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Abstract:

The most recent pandemic of coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has challenged the health
systems around the world. Currently, there is no definite treatment for COVID-19 and
researchers are exploring herbal plant species. Withania Somnifera (WS) and its active
ingredients may have potential benefits against COVID-19 activity and related cytokine
storm. COVID-19 manifestations are not limited to the respiratory system and extend to
vital body organs, a syndrome called multiple organ failure. WS also showed protective
effects in different organs such as the lung, heart, liver, and kidneys. In this review, we
aimed to summarize the pharmacological effects and underlying mechanisms of WS
against COVID-19 and related complications. WS showed anti-inflammatory,
antioxidant,  hepatoprotective,  cardioprotective, antifibrotic, anticancer, and

immunomodulatory effects, mainly by downregulating NF-xB and related pathways. The
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suggested clinical benefits of WS for COVID-19 were investigated by clarifying their

underlying mechanisms in this review.

Keywords: Coronavirus,

pharmacology

INTRODUCTION
The
coronavirus 2 (SARS-CoV2) pandemic

severe acute respiratory
Is the most recent outbreak which has
caused a potential threat to human life.
In symptomatic cases, the disease
develops with flu-like symptoms and
then lung injury (1). However, recent
studies have revealed that the disease
will into

symptoms progress

endotheliitis, cardiovascular diseases,
cardiac injury, renin-angiotensin system
disorders, renal involvement and kidney
failure, liver damage with the portal and
enzymatic changes, and gastrointestinal
Other

complications related to coronavirus

involvement. potential late
disease (COVID) are nervous system
manifestations and rhabdomyolysis (2).
The innate and adaptive immune system
function is associated with viral
replication and host response control.
The activation of T cell and its subsets
(CD4" and CDS8") is essential for
immune response against invasions.
Exaggerated immune response caused
by SARS- CoV2, is responsible for
hyperproduction ~ of  inflammatory

cytokines, i.e., cytokine storm (3).

Interleukin-6 (IL-6) acts as a key

Ashwagandha, Withania Somnifera, Herbal
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medicine,

mediator
cytokine

in hyperinflammation and
storm.  Hypercytokinaemia
may then lead to acute respiratory
distress syndrome and other clinical
outcomes such as multiorgan failure (4,

5).

The breakout of the disease and
also no scientific evidence that any
alternative remedies can prevent or cure
COVID-19, made researchers seek out
novel approaches using natural products
and alternative medicine for the
prevention and treatment of COVID-19.
Currently, researchers are trying to find
remedies to improve clinical outcomes
(6, 7). Withania Somnifera (WS) also
known as Ashwagandha or Indian
ginseng is a widely used herbal
medicine that has been suggested as a
complementary therapy for COVID-19
(8, 9). Previous studies have identified a

wide range of chemical components in

WS, including steroidal lactones
(withanolides, Withaferin A) and
alkaloids  (withanine,  withananine,

tropanol, somniferiene, pseudotropine,

cuscohygrine), that produce anti-

inflammatory, antiviral, antimicrobial,
antitumor, and

antistress effects (10-14).

immunomodulatory,
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The main suggested mechanism by
SARS-CoV-2

influences on beginning and amplifying

which exerts its

systemic inflammation, is activating
transcription  of  pro-inflammatory
cytokines by mediating nuclear factor
kB (NFxB) (15, 16). Besides this, the
active ingredients of different parts of
WS also showed potent regulatory
effects against the production of
inflammatory mediators, probably by
inhibiting NFkB and related pathways

(17, 18).

In this narrative review, we aimed
to summarize the potential benefits of
WS on
protection in patients with SARS-CoV-
2.

inflammation and organ

MATERIALS AND METHODS

This narrative review is aimed to
investigate the potential benefits of WS
in COVID-19 patients.
strategy for this review was entirely
PubMed, Web of

Science, Scopus, and Google Scholar

The search

Internet-based.

databases were searched to retrieve
eligible publications. A list of terms and
phrases, including Withania somnifera,
Ashwagandha, Indian ginseng, 2019

novel coronavirus, coronavirus, SARS-
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CoV-2, COVID-19, and 2019-nCoV
infection were used to narrow down the
search. There was no restriction on the
date, place, and type of study to select
articles to be reviewed. Studies
published

were excluded.

in non-English languages

RESULTS and Discussion

Phytochemical
Ashwagandha: Withanolide A and

withaferin A at a glance

properties of

Preliminary phytochemical

analyses have been conducted to
identify the bioactive components of
Ashwagandha. Different parts of the
plant have been investigated, and the
extracts from leaves and roots showed
potential immunomodulatory and anti-
inflammatory properties (19). Malik et
al. observed that Ashwagandha root
extract could exert an up-regulating
effect on humoral and cell-mediated
immune response in mice model. The
amplification of subdividing CD4+ T
cells into T helper 1 cells, was
attributed to the main component of
Ashwagandha, Withanolide A. They
increase in

also observed an

macrophage  functions in  mouse

splenocytes following treatment with



Ashwagandha root extract (20). In
another study, treatment with isolated
withanolide A in stress-induced rats
enhanced the expression of interferon-
gamma and interleukine-2. They also
found elevated levels of glutathione in

plasma (21).

Withanolide A

antioxidant activity in microglial BV-2

also  induced
cells. In a study carried out by Sun et
al., pretreatment of the cells with
withanolide A attenuated oxidative
stress induced by lipopolysaccharide
(LPS); hence, withanolide A resulted in
reduction in reactive oxygen species
(ROS) production and

nuclear factor erythroid 2-related factor

increase in

2 and heme-oxygenase 1 expression
(22). Besides this, there is evidence
suggesting  withanolide A as a
promising therapeutic agent for neuritic

and synaptic dysfunction (23).

Withaferin A
component of Ashwagandha, which

is another main
mainly accumulates in the leaves of the
plant. This steroidal lactone component
exhibits  antioxidant and  anti-
inflammatory properties probably by
prevention of the NF-«kB and related

pathways. In a study conducted by
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Sorelle et al., inflammatory responses
were measured in human pancreatic
islets after treatment with a cytokine
cocktail including TNF-a, IFN-y, and
IL-1pB. After adding withaferin A to the
culture, they observed reduction in the
levels of tissue factor, induced nitric
oxide  synthase and  monocytic
chemotactic IFNy-
induced protein 10 (24). Withaferin A

shows a

protein-1, and

protective role against

endothelial dysfunction induced by
rat aortic tissue.
ROS

nitric

palmitic acid in
Inhibition  of production,
(NO)

production, and vasorelaxation have

restoration  of oxide
also been observed following withaferin
A treatment (25). Some studies have
also shown withaferin A as an inhibitor
of NF-xB activity (26, 27), probably
through modulation of NEMO/IKKf
complex, which is responsible for the
augmented expression of inflammatory
cytokines (28).



Table 1. Summary of bioactive components and their potential activitie
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Component Activity Plant part
(34-37) (34-37) (34-37)
Withanolide A Immunomodulatory, neuritic rejuvenation Leaves and roots
Withanolide D Immunomodulatory, inhibition of tumor growth Leaves and roots
Withanolide E Immunomodulatory, anti-leukemia Leaves and roots
Withanolide F Anticancer Leaves
Anticancer, antiarthritic, anti-inflammatory, antiangiogenic,
Withaferin A Leaves and roots
antibacterial and antifungal
Withanone Anti-inflammatory, antiarthritic Leaves and roots
Sominone Neural growth promoter Whole plant
Withasomniferol A Immunomodulatory Roots
Viscosalactone B Antiproliferative Whole plant

Table 2. Potential benefits of Ashwagandha in COVID-19 patients

Organ/ Plant part/
Findings Potential mechanism Study
System Extract
Vasorelaxation in the aortic Enhancing nitric oxide Animal
Root extract (48)
rings generation study
Decreasing systolic blood Adaptogenic activity on
= Clinical
3 Root extract | pressure (on workload sympathetic nervous (46)
8 trial
> .
5 exercise) system
=
3+
© Reducing the sensitivity of
Decreasing systolic and Animal
Root powder the heart to adrenergic (47)
diastolic blood pressure study
stimulation

28




Attenuating oxidative

stress (MDA, P. carbonyl,

hypertrophy, reducing

apoptosis changes

1o and NFkB expression

Root and leaf | Protecting against Animal
MPO levels, bcl-2 (44)
extract cardiotoxicity study
expression), and calcium
content in heart tissue
Reducing serum cardiac
troponin | and LDH, Reducing inflammation,
improving cardiac fibers activation of Nrf2 pathway, | Animal
Leaf extract (45)
histology, elevating SOD, improving contractile study
GPx, GR, and GST, and apparatus
decreasing TBARS levels
Attenuating blood lipids (TC, | Improving lipid Animal
Root powder (64)
LDL, TG, and VLDL) mechanisms in the liver study
Improving blood lipids (TC,
Attenuating inflammation Clinical
Plant extract | TC, LDL, and HDL), SBP, (72)
and oxidative stress trial
and DBP
Downregulating TGF-f1,
Inhibiting lung injury and Animal
Withaferin A collagen I, 111, and a-SMA (73)
fibrosis progression study
expression
Suppressing expression of
Reducing pulmonary fibrosis In vivo and
g Withaferin A NF«B p65, IL-1B, TNF-a, (74)
2 progression in vitro
> and pro-fibrotic proteins
o
c
g Improving pulmonary
>
- endothelial dysfunction, Attenuating eNOS
Animal
Root powder | reversing right ventricular expression, reducing HIF- (52)
study

29
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Reducing the expression of

Inactivating Akt and NFxB

Withaferin A | adhesion molecules (ICAM- In vitro (31)
translocation
1, VCAM-1)
Different types Human
of Improving mitochondrial study
Increasing VO,max (75)
supplementatio function (meta-
ns analysis)
Increasing protein content
in renal tissue, increasing
Improving renal toxicity and Animal
Root extract antioxidant enzymes (56)
histopathology study
(GSH, CAT, SOD),
decreasing MDA levels
Improving renal Animal
Retrieving serum protein
Root extract corpuscles, tubules and study (76)
concentrations
epithelial cells (fish)
Protection against Inhibiting the increase of
Animal
c Plant extract | nephrotoxicity and improving | BUN, creatinine, and uric (60)
i) study
w . .
& renal function acid
=
gcg Improving histopathology Inducing antioxidant and
and renal function, increasing | anti-inflammatory effects, | Animal
Root extract (58)
total protein, decreasing urea | inhibiting TNF-a and IL- study
and creatinine levels 1B
Protecting against
nephrotoxicity, decreasing Reversing oxidative stress | Animal
Root extract (59)
serum urea and creatinine in renal tissue study
levels
Improving histopathological Increasing the activities of | Animal
Root extract (57)
and enzymatic changes GSH and SOD in renal study
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(BUN, creatinine, total
protein [decreased], ALB

[decreased])

tissue, reducing MDA

levels

Improving renal histological

Decreasing renal lipid

TBARS

Animal
Root powder | and functional markers (urea, | peroxidation, lysosomal (61)
study
creatinine, and uric acid) enzymes and glycoproteins
Producing antioxidant and
Improving histopathology
anti-inflammatory effects,
and hepatic function, Animal
Root extract inhibiting TNF-o and IL- (58)
Decreasing the levels of study
1B, hepatoprotection via
AST, ALT, and ALP
the Nrf2 pathway
Removing urea-related
Improving hepatic enzymes peptides, increasing the Animal
Root extract (57)
(ALP, ALT, and AST) antioxidant activity and study
free radical scavenging
Removing urea-related
% Improving hepatic enzymes peptides, increasing total _
= Animal
§ Root powder | (AST and ALT) and total antioxidant status and SOD (64)
| study
bilirubin level levels, decreasing MDA
levels
Improving histopathology Reducing the production of
and liver markers (ALT, ROS, increasing
Animal
Plant extract | AST, ALP, and total antioxidant markers (SOD, (65)
study
bilirubin), increasing serum CAT, GST, and active
total protein GSH)
Decreasing liver markers ) o )
Reducing oxidative stress Animal
Rootextract | (AST, ALT, and LDH) and N o (66)
(lipid peroxidation) study
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Decreasing liver damage

markers (AST, ALT, ALP,

Inhibiting NF«xB

antibody titer and antibody

forming cells

differentiation of stem cells

Animal
Root extract GGT, and MDA), improving | activation, protecting (63)
study
antioxidant markers (SOD, against oxidative stress
GPx, and GSH)
Improving anti-
Elevating RBCs, CD4 and Clinical
Root extract inflammatory effects and (68)
CD8 counts study
immune responsivity
Stimulating responsiveness
Increasing the number of Animal
Root extract in certain immune effector (70)
CD4" and CD3" T cells study
cells
Increasing CD4" and CD8" T | Adaptogenic properties, Animal
Root extract (69)
cells decreasing cortisol study
g : :
*u; Improving selective cell-
© . .
= mediated immune response | Animal
E Attenuating CD4" and CD8"
= Plant extract Th1 by increasing IFN-y study (71)
T cells, decreasing viral load
and IL-2 cytokine (chicks)
production
Enhancing total WBC count
Anti-inflammatory and
and bone marrow cells,
immunomodulatory Animal
Root extract | increasing circulating )
properties, enhancing the study
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The

withaferin A

preventive  impact  of

against  myocardial
ischemia/reperfusion injury was studied
in a study, in which low doses of
withaferin A improved cardiac function,
inhibited

after

reduced infarct size, and

cardiomyocyte apoptosis
administration of withaferin A in an
animal model (29). The administration
of withaferin A has also been reported
to reduce myocardial fibrosis following

isoproterenol treatment in mice (30).

In the case of pulmonary cells,

withaferin A suppressed nuclear

translocation of NF-«xB and
phosphorylation of Akt. Inflammation-
induced expression of adhesion
molecule-1 and vascular cell adhesion
molecule-1 is inhibited by
withaferin A in A549 cell line (31). Gao

et al. investigated the effectiveness of

also

withaferin A on acute lung injury in
neonatal rats. Withaferin A attenuated
infiltration

pulmonary  neutrophil

(measured by myeloperoxidase),
pathological changes, and pulmonary
edema. Moreover, Pretreatment with
withaferin A decreased inflammatory
TNF-a,

cytokines including

33

interleukine-6, IL-1B, and macrophage

inflammatory protein-2 (32).

There are some evidence that
indicates that the bioactive components
anti-

of WS can act as potent

inflammatory, anti-apoptosis,
antioxidant, anti-arthritic, and humoral
and cellular immune-modulating agents
(33). Table 1 summarizes the bioactive
components of the plant and their

activities observed in previous studies.

Probable benefits of Ashwagandha
for COVID-19 patients

As mentioned earlier, not only
COVID-19 patients are afflicted by
pulmonary complications but also the
virus can spread beyond the lungs and
damage other organs including the liver,
kidneys, lymphocytes, heart, and
nervous system (38). In addition to
and

antiapoptotic anti-inflammatory

benefits, WS extracts have shown
immunomodulatory and multiple organ-
protective properties, suggesting that
the plant can be used as an adjuvant

therapy for COVID-19 (38, 39).
Cardiovascular system

Several studies have reported

cardiovascular complications such as
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cardiomyopathy, myocarditis,

endothelial dysfunction, and
arrhythmias in SARS-CoV2 cases (40).
In a systematic review of cardiac
autopsies from COVID-19 patients,
cardiac hypertrophy, cardiac dilation,
myocardial fibrosis, myocardial edema,
myocardial infarction, myocarditis, and
microscopic ischemia were seen in
postmortem examination (41). Elevated
levels of Troponin 1 and Lactate
dehydrogenase were also observed in

patients (42, 43).

Protective effects of WS have been
studied in doxorubicin-induced cardiac
WS

supplementation, attenuated oxidative

toxicity in rats. following

damage reducing cardiac
Malondialdenyde  (MDA),
carbonyl, and increasing expression of
anti-apoptotic protein Bcl-2 (44). WS

through
protein

leaf extract also induced an improving
effect on cardiac troponin | and lactate
(LDH)

alterations in

dehydrogenase levels, and
histopathological
contractile apparatus (45). Improving
effects on systolic (46) and diastolic
blood pressure (47), and vasorelaxation
of the aortic rings (48) have been

observed in human and animal trials;
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therefore, WS may protect the

cardiovascular system against
hyperinflammation induced by SARS-

CoV-2.
Pulmonary system

The pulmonary system, particularly
the lungs, are the most affected organ
by SARS-CoV2. Acute lung injury,
pulmonary

edema, pulmonary

hypertension, and pulmonary
vasculature are main symptoms among
COVID-19

inflammation and alveolar injury (40),

patients. Interstitial
followed by pulmonary fibrosis (49),
have also been reported in patients with
SARS-CoV2.

In an animal study, withaferin A
exhibited protective properties against
lung injury and fibrosis progression via
downregulating expression of
transforming growth factor-p1 (TGF-
B1), collagen type I and III, and also a-
smooth muscle actin (a-SMA) [24].
These  types of

collagens  are

upregulated in the lung tissues of
patients  with
fibrosis (50). a-SMA is a well-known

protein used for the assessment of

idiopathic  pulmonary

activated fibroblasts in different tissues



including the lungs (51). The
improvement of endothelial dysfunction
and apoptotic changes were observed
after WS root powder supplementation.
The probable underlying mechanism is
reduction of NFxB expression and
1 (HIF-1),
whose functions are reversed by WS
extract (52). Inactivation of AKT and
NF«B followed by

adhesion

hypoxia-induced factor

translocation,
reduced expression  of
molecules such as intercellular adhesion
molecule (ICAM) and vascular cell
adhesion molecule-1 (VCAM-1), were
observed in an in vitro study (31).
ICAM-1 seems to have high expression
lung tissues of COVID-19

while it

in the

patients, could induce
endotheliitis and hyper-inflammation by
attracting leukocytes (51). It has been
widely acknowledged that cytokine
storm and the related inflammation
SARS-CoV2,

detrimental to the lung tissue by the

resulting  from are
same token in other tissues (40). WS
may play a beneficial role in reversing
the hyperinflammation with respect to

the proposed mechanisms.
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Renal system

In addition to other endothelial
disorders, acute kidney injury (AKI) is
another common underlying disorder in
patients with COVID-19. Development
of AKI
mortality among hospitalized patients.

Is associated with higher

Abnormal  urinary  analysis
along  with
antioxidant defense (40, 53). Patients
with SARS-CoV2 showed decreased

levels of total protein, whole blood cell,

was

observed impaired

and superoxide dismutase (SOD) in
COVID-19 patients compared to the
control group (54). Bastug et al.
reported elevated urea and creatinine
concentrations, and reduced levels of
glomerular filtration rate (GFR), total
protein, and albumin levels in COVID-

19 patients in ICU (55).

Several studies have demonstrated
curative and protective properties of
WS extract for nephrotoxicity and renal
markers. In the study of Chand et al.,
increased antioxidant enzymes and
protein content in renal tissue were

observed after WS supplementation in

mice model (56). Another study
demonstrated histopathological
improvement (57, 58) and renal
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function (decreased urea creatinine
(58, 59). The

mechanism due to

levels) underlying

which  renal
dysfunction and altered GFR may be
associated with oxidative stress is the
impacts of ROS and free radicals on
mesangial cells. Free radicals may lead
to a contraction of mesangial cells and
eventually decrease in GFR (60). By
increasing the levels of antioxidants
such as glutathione (GSH), SOD, and
reducing MDA, WS can

oxidative stress and inflammation in

improve

renal  tissue (57). And renal
histopathology alterations and
dysfunction may be reversed by WS
probably through decreasing lipid
peroxidation  products (61) and

inhibiting TNF-a and IL-1p expression
(58).

Liver tissue

Liver dysfunction is another
complication of SARS-Cov2. Acute
liver failure (ALF) occurs due to direct
invasion of SARS-CoV2 but the exact
remains

mechanism unknown  (40).

Histopathological examinations have
shown a number of manifestations such
as sinusoidal dilatation and occasional

necrosis in COVID-19 liver tissues;
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however, there are no clear cytopathic

changes.  Serum have
demonstrated increased AST, ALT, and
GGT

levels (hypoalbuminemia).

analyses

levels and decreased albumin
Increased
serum bilirubin levels also reflect liver
dysfunction (62).

WS root extract attenuates liver damage
markers (AST, ALT, ALP, GGT, and
MDA) in animal models (63). Similarly,
studies have shown the improvement of
total bilirubin levels, MDA (64), serum
total protein, and antioxidant markers
(SOD, CAT, and GSH) (65). Decrease
in LDH and TBARS have also been
reported after treatment with WS root

powder or extracts (66).

Vasavan et al. observed a
protective effect of WS root extract in
induced
The

alteration of histology and biochemical

nandrolone  decanoate -

hepatorenal toxicity in rats.
parameters of hepatic damage such as
AST, ALT, and ALP were attenuated
after treatment with WS root extract.
They also attributed this
hepatoprotective effect to WS’s role in
activating Nrf2 signaling, by which
TNF-o and IL-1B and related pathways

are inhibited (58). Govindappa et al.



claimed that the reverse of hepatic
dysfunction and damage might be
related to the capability of WS bioactive
components for removal of urea-related
peptides and scavenging free radicals
(57).

Immune system

Hematological changes including
lymphopenia, decreased CD4 and CD8
counts, thrombocytopenia, and
occasionally leukopenia are common
among COVID-19 patients. CD4" and
CD8'T

subtypes of lymphocytes that play an

lymphocytes are important
important role in eliminating virus-
infected cells, and both cell counts are
useful in predicting clinical outcomes.
CD3", CD4", and CD8" T lymphocytes
are inversely associated with COVID-
19 severity and decrease in critical cases
of the disease (67).

In a clinical study, WS root extract,
as an adjuvant therapy, in patients with
tuberculosis resulted in the elevation of
CD4 and CD8 cell counts. Health-
related quality of life also improved in
the WS group compared to the placebo
group (68). WS can exert adaptogenic
properties and improve Thl lymphocyte
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subset distribution in stress-induced
mice. The augmentation of CD3+,
CD4+, and CD8"

alongside a decrease in cortisol levels

T cells occurs

(69). Mikolai et al. found an elevation
of CD3" and CD4" T cells after
supplementation with WS root extract,
and  the

suggested  underlying

mechanism  was  stimulation  of

responsiveness in  certain immune
effector cells, which are crucial for
immunomodulation (70). In a study on
the effectiveness of WS extract on
infected chicks (via chicken infectious
cbh4*

decreased in the positive control group

anemia  virus), cell count
while in the WS group, CD4" cell count
increased. The flow cytometry results
demonstrated a significant decrease in
CD8" T cells but a slight reduction in
the cell count was observed in the WS
group. They concluded that WS might
induce an effective resistance in
infected chicks probably by improving
cell-mediated immune response Thl
and increasing IFN-y and IL-2 cytokine

production (71).

Abbreviations: MDA:
malondialdehyde, MPO:
myeloperoxidase, bcl-2: B-cell
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LDH:
SOD:
dismutase, GPx: glutathione peroxidase,
GR: GST:
glutathione-S-transferase, TBARS:

Thiobarbituric acid reactive substances,

lymphoma 2, lactate

dehydrogenase, super-oxide

glutathione  reductase,

Nrf2: nuclear factor erythroid 2-related
factor 2, TC: total cholesterol, LDL,
HDL: high-
density lipoprotein, SBP: systolic blood

low-density lipoprotein,

pressure, DBP: diastolic blood pressure,

WBC: white blood cell, PT:
prothrombin time, COX:
cyclooxygenase, TGF: transforming

growth factor, SMA: smooth muscle
actin, NF-kB: Nuclear factor kappa B,
eNOS: endothelial nitric oxide synthase,
ICAM: Adhesion
Molecule, vascular
CAT:
BUN: blood urea nitrogen, TNF: tumor
GSH:  [reduced]
albumin, ALP:

ALT: alanine
trans-aminase, AST: aspartate trans-
GGT:
Thl: T-helper 1,

interferon, IL: interleukin

Intercellular
VCAM:

molecule,

cell

adhesion catalase,

factor,
ALB:

alkaline phosphatase,

necrosis

glutathione,

aminase, gamma-glutamyl

transferase, IFN:
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CONCLUSION

This narrative review addressed the
possible inhibitory effects of WS on
SARS-CoV-2

findings. Current evidence demonstrates

based on research
that WS can produce a wide range of

anti-inflammatory and  antioxidant
effects against SARS-CoV-2 and the
resulting multiple organ failure. This
review suggested the efficacy of WS in
combating COVID-19-induced cytokine
storm that is mainly attributed to its
bioactive components. However, there
are limited clinical trial studies
examining the benefits of WS in human
COVID-19 cases. Therefore, WS can be
considered as a medicinal herb if further
preclinical and clinical investigations on

the treatment of COVID-19 confirm the

argument; high-quality human trials
usingt WS and its compounds for
COVID-19 should be conducted.

Studies on the coagulation system cited
in this study suffered from some

limitations.
CONFLICT OF INTERESTS

None.
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