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ABSTRACT

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) was first reported in Wuhan, China in
December 2019 and was quickly escalated into a global pandemic by the World Health Organisation (WHO)
in 2020. Subsequently, concerted efforts were directed towards designing therapies and development of
vaccines. To date safety and efficacy concerns still linger. Evidence suggests that in Traditional African
Medicine there have been encounters with patients treated for COVID-19-like symptoms, and there are
substantial claims of clinical efficacy. Such claims, coupled with the immense global disease burden attributed
to the disease, has increased the prominence of plant-derived biomolecules in the search for potential
therapeutic agents against SARS-CoV-2. Medicinal plants used in East Africa for COVID-like ailments have
primarily been subjected to in-vitro and in-silico studies. Such studies tend to reveal the mechanistic pathways
upon which activity is achieved and is the fundamental basis of this review. We therefore uncover potentially
useful plants and their active phytoconstituents, as well as identify their proposed therapeutic targets both on
susceptible host cells and on the virus. Despite the downgrading of COVID-19 to an endemic disease, the virus
continues to mutate and long-term adverse effects like Long-COVID continue to impact public health.
Therefore, the findings from this review can form the basis for further clinical investigation on the identified
medicinal plants used in East Africa. As such, a number may find application in preventive medicine or as safe
and efficacious standalone or adjuvant treatments for coronaviruses in future.
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INTRODUCTION

The novel coronavirus that causes the COVID-19,
SARS-CoV-2 was first reported in Wuhan, China
in December 2019. This novel disease quickly
cascaded into a global pandemic as declared by the
World Health organisation on 11w March 2020
(WHO, 2020). The rapid spread was in part due to
its mode of human-to-human transmission. This is
mainly via droplets or direct contact exacerbated
by high social mobility of modern times as well as
the innate virulent characteristics of the virus (Hu
et al., 2020).

As of 30m September 2023, Kenya confirmed
343,995 cases and 5,689 deaths, the vast majority
occurring before June 2022 (WHO, 2023b). Kenya
followed the global trend where its fatalities and
hospital admissions declined in 2022. Eventually
the WHO downgraded it from a global health
emergency in March 2023, but provided guidelines
for long term disecase management (Wise, 2023).
This action suggests that although we are in the
post-pandemic phase, the virus and its long-term
effects such as long COVID may continue to
linger.

It is noteworthy that SARS-CoV-2 constantly
keeps mutating. Prominent variants include alpha,
beta, delta and omicron, each eliciting unique
properties with regard to transmissibility, severity
of disease, and susceptibility to natural or vaccine-
induced immune responses as well as monoclonal
antibodies. For instance, Omicron, identified in
November 2021, exhibits remarkable mutations on
the spike that are associated with increased
infectivity and also aid in immune evasion (Jacobs
et al., 2023). Global epidemiological suggests that
EG. 5 a subvariant of Omicron is mostly
responsible for a surge in infections leading to
September  2023. Fortunately, these spike
mutations did not result in changes in disease
severity (Dyer, 2023; Zappa et al., 2023)

Globally, the conventional healthcare system is
fashioned around allopathic interventions as
recommended by international and country
specific guidelines (MOH-Kenya, 2021; WHO,
2022). Current therapy is characterised by antiviral
agents, mono and polyclonal antibodies, janus
kinase inhibitors, steroids and convalescent plasma
therapy as well as vaccination as a preventive
strategy (Yuan et al., 2023)(WHO, 2023a). The
therapeutic landscape is fraught with many
challenges that have been extensively reviewed by
others (Robinson et al., 2022)(M. Singh & De Wit,
2022). Similarly, vaccines do provide hope but also
present with limitations. For example, frequent
mutations reported in Kenyan epidemiological
data is associated with limited effectiveness. The
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long-term effects of vaccination are yet to be
established too, a factor that could partly be
driving the high levels of vaccine hesitancy
(Mohamed et al., 2022)(Lazarus et al., 2023). The
unmet needs highlighted led us to focus our
current research the on safety and efficacy
evaluation of local medicinal plants for which
there are claims of effectiveness in management of
COVID-19 like symptoms.

China, where the pandemic was first reported, has
illustrated the benefits of alternative therapeutic
models in COVID-19, some of which have been
successfully integrated with modern medical
practice (X. V. Wu et al., 2021). East Africa, like
China, is rich indigenous knowledge and the
practice of robust age-long traditional forms of
medicine continue to linger on. Despite this rich
heritage coupled with a vast biodiversity of flora,
there has been paucity of data with respect to
current, reliable and robust scientific knowledge
on the potential of phytomedicines in mitigating
COVID-19 in our settings (Gwenzi & Rzymski,
2021).

Our group is in advanced stages of investigating
safety and efficacy of traditionally used medicinal
plants with the view of validating their anti-
COVID 19 claims. Several African groups have
reviewed the topic (Adeleye et al., 2021; Attah et
al., 2021; Binyane et al., 2022) Ours is unique in
that we focus on unravelling the definite cellular
and molecular basis of therapeutic activity for
plants used in East African traditional medicine.

It is proposed that SARS-CoV-2 pathogenesis
follows three sequential steps namely viral
replication, host immune hyperactivity and
pulmonary destruction (C. Li et al., 2021). From
the clinical perspective, the phases are viremia
phase, the acute phase characterised by
dysregulated immune response and multiple organ
damage and finally the recovery phase (Lin et al.,
2020). As such therapeutic interventions against
COVID-19 can be fashioned around either virus
or host factors.

METHODOLOGY

We conducted a literature search for scientific
and peer reviewed articles published in English
after Jan 1, 2000 focussing on ‘African medicinal
plants with COVID-19 potential’ in the following
electronic databases: PubMed, PubChem, Google
Scholar, HINARI, African Journals OnLine
(AJOL) and Web of Science. Our MeSH words
included: East Africa, COVID-19, SARS-COV-2
and Traditional African Medicine.
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All included information were restricted to
research articles published in the English language.
Anecdotal evidence based on widely utilised plant-
based therapies against COVID-19 were also
included.

We excluded studies carried out on plants that
were not endemic to East Africa or were not widely
used in traditional/complementary medicine or
nutrition in the region. We also excluded studies
that were limited to previous outbreaks of
coronaviruses such as severe acute respiratory
syndrome (SARS) and Middle East respiratory
syndrome (MERS) because their occurrence had
little impact on the disease burden in East Africa.

Plant-based Diet

The East African staple diet is rich in plant-based
foods; such as whole grains, legumes, vegetables,
potato, sweet potato, yams, pumpkin, banana,
and lower consumption of meat. Losso and
colleagues hypothesised that this diet was in part
responsible for lower COVID-19 reported cases
compared to non-African countries with
comparable populations (Losso et al., 2021). The
stated diet is an excellent source of protease
inhibitors including the trypsin and trypsin-
chymotrypsin inhibitors that are readily
bioavailable and can inhibit SARS-CoV-2
attachment to host cells. They can also help
prevent blood clotting, a factor associated with
severity, including fatalities associated with
COVID-19 (Srikanth & Chen, 2016)(Otlewski &
Polonica, 1996).

In countries like Uganda, Rwanda and Burundi
coloured beans, Phaseolus spp, which are
particularly rich in the proteases, constitute up to
three meals of the average household’s diet. These

Table 1:
Therapeutic Targets in COVID 19

VIRUS HOST

Spike

Structural .

ruc. ura glycoprotein, M, Host genes
proteins .

E, N proteins

Non-structural RdRp, M, Epigenetic
proteins PL"° Nsp mechanisms
Accessory ORF3a, ORF7a, Important
proteins ORFS§, ORF9a pathways
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countries recorded disproportionately low
morbidity and mortality rates, particularly at the
peak of the pandemic. Comparable results were
reported in tofu (a soy-based staple) consuming
countries of the Far East. China and Japan, for
instance, recorded fewer cases and deaths per
capita compared to predominantly Caucasian
countries. The isoflavone genistein is considerably
present in soy products and has been shown to
suppress TMPRSS2 gene expression (Akiyama et
al., 1987). TMPRSS2 plays a supportive role to
ACE-2 in viral attachment and entry into host
cells and has been proposed as a therapeutic target
in COVID-19. A meta-analysis assessing racial
differences reported that Caucasian men showed
higher TMPRSS2 gene expression than their
African and Asian counterparts (C. Zhou et al.,
2017). These differences may be attributed to
dietary differences with regard to dry beans-based
diet.

The proposition that plant-based diets could be
beneficial seems to have been validated by recent
epidemiological studies evaluating COVID-19
disease severity in diverse populations (Soltanich
et al., 2023)(H. Kim et al., 2021)

Therapeutic targets

There are numerous potential targets for
therapeutic interventions that have been reviewed
elsewhere (Y. W. Zhou et al., 2021) and have been
summarised in the table below and illustrated in
Figure 2.

ACE2, TMPRSS2, Cathepsin L, ADAM-17,
CD147, HMGBI1, SWI/MNF chromatin
remodelling complex, Neuropilinl, RAB 7A,
Specific host RNAs

ACE2, Envelope protein, M?*°, PLP™, IFN, IL-6,
NF- kB

Endocytic pathways, Autophagic pathways,
Metabolism related signalling pathways,
Exosomal pathways, Immune system related
pathways, Others
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Figure 1: Structure of SARS-Co V-2 illustrating the structural proteins

Viral entry is one of the most promising therapeutic targets against SARS-COV-2 for several reasons;
entry is the initial step in COVID-19 infection, since the virus relies on the host cell for replication and
propagation. Secondly, major mediators of infection (both viral and host cell) can easily be accessed
as extracellular targets. Focus on viral entry has taken a two-pronged approach. Individual
compounds (both synthetic and natural) have been shown to inhibit SARS-COV-2 entry in vitro by
targeting either the virus or the host via various mechanisms. Nevertheless, clinical uptake has been
limited to a few, majorly due to safety and efficacy concerns in humans. Antibody and antibody-like
products have also been extensively studied and tested as promising targets viral entry (Sabbah et al.,
2021; Xiu et al., 2020).
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Figure 2: SARS-CoV-2 entry pathways: Left, Cell surface pathway and Right; Endosomal Entry
pathway. A, B and C represent potential phytotherapeutic targets
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Therapeutic targets: Computer Aided Drug
Design

Emerging technologies in Computer Aided Drug
Design (CADD) such as molecular docking and
molecular dynamics simulation are increasingly
being utilised to identify potential lead
biomolecules. Such techniques can significantly
expedite the process of screening and drug
development particularly in emergency situations
such as pandemics. In silico analysis of African
plants has remarkably reduced investigational time
required to identify ‘hits and further evaluations of
their suitability as safe and effective potential
treatments in SARS-COV-2 infections (Ubani et
al., 2020). It is noteworthy that in silico analyses
are  valuable in  providing  preliminary
understanding of ligand—protein interactions but
cannot be solely relied upon in drug development.
Findings require experimental validations using in
vitro, in vivo and ultimately clinical studies.
Documented hit compounds are discussed in the
later sections of this review.

SARS-CoV-2
Recent in silico studies involving
phytocompounds isolated from Sub-Saharan

plants have yielded numerous hits, on the basis of
binding affinity to targeted COVID-19 proteins.

Nevertheless, physicochemical and
pharmacokinetics  properties of  molecular
inhibitors of SARS-COV-2 are fundamental

considerations with respect to the eventual safety
and  effectiveness. In  silico  absorption,
distribution, metabolism, excretion and toxicology
(ADMET) can help better understand the
potential therapeutic properties of the candidate.
They are used as an effective approach to screen
of potential small drug-leads for a specific target
receptor.

Table 2:
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Many investigators apply the Lipinski rule of five
(drug likeness) to assess for the physicochemical
properties. The parameters evaluated define the
physiochemical ranges required for a drug to be
suitable for oral drug use, also called their drug-
likeness (Lipinski, 2004) in addition to various
methods for evaluation of ADMET. From the
resource’s standpoint, such an investigation can
mitigate the risk of late-stage disapproval of lead
compounds. Actually, some cited studies reported
remarkable reduction in the number of potential
compounds consequent to ADMET screening.

SARS-CoV-2 Enzymes

Targeting enzymes that play critical roles in the
life cycle of these SAR-CoV-2 has also been
explored. Hypothetically, inhibiting any of these
could reduce the virulence and transmissibility of
the virus. Notably, SARS-CoV-2 main protease
(MP®) also called SARS-CoV-2 3C-like main
protease (3CLypro) (Huff et al., 2022) (Mamidala et
al., 2020), SARS-CoV-2 RNA-dependent RNA
polymerase (SARS-CoV-2 RdRp) (C. Wu et al.,
2020)(Kirchdoerfer & Ward, 2019), and the SAR-
CoV-2 receptor Dbinding domain (RBD)
(Rodriguez-Morales & ..., 2020)(P. Zhou et al.,
2020) have been comprehensively investigated as
potential therapeutic targets. Of these MP® has
attracted the most interest because its importance
in viral replication.

Molecular docking and molecular dynamics
simulation studies have shown that
phytocompounds isolated from plants used in
East African traditional medicine do exhibit
favourable binding modes in the active site of
target enzymes with corresponding strong
interactions.

Potential Lead Phytocomponds Against SARS-COV=-2 Identified by Target Binding Strength on Major

Enzyme Viral Targets

Bindi t th
i

arabic acid Acacia senegal 3CLP™ (Dwarka et al., 2020)
L-canavanine ;Zﬁi’;i’idia 3CLP -5.2 (Dwarka et al., 2020)
uzarin MXZ;ZEZZ“’” RdRp 3.5 (Dwarka et al., 2020)
Curcumin, Curcuma longa RdRp -6.7 (J. Singh et al., 2020)
Demethoxycurcumin  Curcuma longa RdRp -6.5 (J. Singh et al., 2020)
Piperine Piper nigrum RdRp -6.0 (J. Singh et al., 2020)
Nimbolide Azardirachta indica RdRp -7.8 (Sharma et al., 2020)
Hesperidine Not Specified RdRp -8.8 (Tomic et al., 2020)
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Ancistrocladus

Mpro
robertsoniorum
Ancistrocladus MPP
tanzaniensis
Chrysoeriol-7-O-b-D-
y . Conyza sumatrensis MPre
glucuronopyranoside
Crocin Crocus Sativus MPre
Digitoxigenin Nerium Oleander MPre
B-Eudesmol Lauris Nobilis MPr
margonolone Azadirachta indica \Y G
Nimbolide Azadirachta indica MPe
Luteolin-7-O-
. Ocimum sanctum MPe
glucoronide
Sesamin Sesamum indicum MPe
Hisperidine Not Specified \Y

These studies compare the affinity and binding
strengths of the phytocompounds with drugs that
were originally indicated for other diseases but
were candidates for repurposing during the
pandemic. The binding energies of interaction with
MP® reference drugs such as chloroquine (-6
kcal/mol), nelfinavir (-7.8 kcal/mol) (Aanouz et al.,
2021)(Fouedjou et al., 2021). Cited findings in
Table 1 show comparable to superior energy values
of interaction attributable to the tested
compounds.

Notably, Nimbolide obtained from the Ileaves
Azadirachta indica reported a remarkably high
binding strength for the viral enzyme MP®. The
Neem tree is fondly referred to as Mwarubaini in
Swahili, loosely translated as ‘The cure for forty
diseases. Traditionally, it has a well-established
reputation as an antiviral, acting via multiple direct
and indirect mechanisms. It is also among the
more promising anti-COVID-19 plants based on
our yet to be published work. Similarly, the
ubiquitous flavonoid hesperidine when obtained
from the native medicinal plants Ancistrocladus
robertsoniorum and Ancistrocladus tanzaniensis
reported comparable binding strength for MP®°.
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(Kuhana A et al.,
-12.26 2021)
(Kuhana A et al.,
-11.28 2021)
6.7 (Fouedjou et al.,
2021)
-8.2 (Aanouz et al., 2021)
-7.2 (Aanouz et al., 2021)
-7.1 (Aanouz et al., 2021)
-7.9 (Abdalla et al., 2021)
(Srivastav et al.,
-12.3 2020)
-6.8 (Abdalla et al., 2021)
-8.2 (Natesh et al., 2021)
-5.8 (Tomic et al., 2020)
Spike glycoprotein

This is the most studied therapeutic intervention
point with regard to SARS-CoV-2 structural
proteins. It is domiciled on the virion envelope
and plays a key role in virus entry specifically by
mediating receptor recognition and fusion
between the virus and host cell membranes.
Structurally, it contains membrane-distal S1 and
membrane-proximal S2 subunits. A component of
the S1 subunit is the Receptor-Binding Domain
responsible for binding to ACE2. This triggers a
cascade of events that characterise fusion and
entry (Y. W. Zhou et al., 2021). In the initial
stages of the pandemic, a myriad of drugs
approved for RNA-viruses were tested as direct
inhibitors to S-glycoprotein and several were
shown to strongly bind to it (Toor et al., 2021). It
is against this backdrop that various plant-derived
compounds were mechanistically evaluated as
presented in the table below.
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Table 3:

Binding Strength of Phytocompounds Against S-glycoprotein

Bindi t th ADMET
|

B-tocopherol Moringa oleifera -7.

Chrysoeriol-7-O-b-D-

. Conyza sumatrensis -8

glucuronopyranoside
Margonolone Azadirachta indica -7.2
L lin-7-O-

uteolin ,7 2 Ocimum sanctum -7.6
glucoronide
Sesamin Sesamum indicum -7.0
Hesperidin Citrus limon peel -8.1
cannabigerolic acid . .

CBGA Cannabis sativa -6.6
tetrahydrocannabinoli . .
¢ acid THCA-A Cannabis sativa -6.5
Withanolide A Withania somnifera -7.0

It is generally accepted that docking scores
exceeding -7 kcal/mol are considered as high scores
and therefore points to strong ligand-receptor
interactions (Hall & Ji, 2020). From the findings
presented in Table 3 we can deduce that six of the
eight reviewed phytocompounds show strong
interactions with the spike glycoprotein. Notably,
Hesperidin scored highly against both the MP™
enzyme and S-glycoprotein. Ability of a
therapeutic agent to simultaneously inhibit
multiple viral targets can yield better treatment
outcomes when compared to single target
alternatives. This approach is gaining popularity
when screening both natural and synthetic anti-
COVID-19 candidates (Velagacherla et al., 2023).

ACE?2

Sufficient ACE2 expression is a prerequisite to
SARS-COV-2 infection in humans. ACE 2 is
highly expressed in the epithelium of the upper
airway, the usual first site of infection (Nawijn et
al., 2020). Plausibly, ACE2 can be a valuable
molecular target in the fight against the disease.
Nevertheless, the receptor is ubiquitous in
distribution and has been reported to have a dual
role, one protective and the other destructive. The
challenge that naturally presents is to find out the
dominant role and develop appropriate therapies.

(Siddiqui et

2010)

(Fouedjou et al.,
Ak 2021)
Yes (Abdalla et al., 2021)
Yes (Abdalla et al., 2021)
Yes (Natesh et al., 2021)
No (Tomic et al., 2020)

(Van Breemen et al.,
A 2022)

(Van Breemen et al.,
ple 2022)
No (Mondal et al., 2022)

For instance, the downregulation of ACE2 can
lead to exacerbation of inflammatory events
attributed to over-expression of angiotensin 2 in
the RAAS system. Similarly, inducers of ACE2
can exert anti-inflammatory and anti-fibrotic
effects that are beneficial in COVID-19 infections.
Also, ACE2 in systemic circulation, can bind
SARS-COV-2 depleting available virions for
interaction with membrane bound receptors. It is
also known that virulence and infectivity of
COVID 19 among children is much lower in
comparison to older demographics. This
phenomenon appears ironic considering that
ACE2 expression is much higher in children
compared to geriatrics (Banu et al., 2020)(Y. Li et
al., 2020).

In light of the stated contradictions, the paradigm
in the development of treatment from the
perspective of the molecular target should be the
disruption of protein-receptor interaction as
opposed to manipulation of cell surface receptor
expression.



Vol. 4 No. 02 (2025): African Journal of Phar

Table 4:
Binding Strength of Phytocompounds Against ACE-2

macy and Alternative Medicine (AJPAM)

Bindi t th
Phytocompound Plant source 1neing streng ADMET Reference
(kcal/mol)

Vinecin 2 Piper longum -11.755 (2J01;1;1)a1 & Rani,
Margonolone Azadirachta indica -8.5 Yes (Abdalla et al., 2021)
Nimbolide Azadirachta indica -16.7 Yes (Srivastav et al,
2020)

Luteolin-7-O-

uteolin ,7 o Ocimum sanctum -8.2 Yes (Abdalla et al., 2021)
glucoronide
Withanolide A Withania somnifera -7.0 No (Mondal et al., 2022)
From Table 4 above we notice that the highest 7A/PRSS2
binding strength scores are reported for The host cell membrane serine protease

phytoconstituents obtained from Piper longum and
Azadirachta indica. Both of these plants have
widespread use in traditional medicine against
respiratory ailments. Such phytoconstituents
appear promising as eventual therapeutic agents
especially due to the causal role ACE2 plays in

COVID-19 infection. Actually, several
phytochemical groups such as flavonoids,
alkaloids, terpenoids and phenols have been

associated with ACE2 inhibition (Adil et al., 2023).
Table 5:

TMPRSS2 plays a secondary but critical role to
ACE-2 in viral fusion and entry. After fusion
takes place, TMPRSS2 mediates a series of events
characterised by the activation and internalisation
of the virus into the host cell. As a therapeutic
alternative, we can target TMPRSS2-dependent
entry into target cells. Phytocompounds that
strongly bind to this protease are summarised in
the table below.

Binding Strength of Phytocompounds Against TMPRSS2

Bindi t th
Phytocompound Plant source mnding streng ADMET Reference
(kcal/mol)

B-tocopherol Moringa oleifera

Vinecin 2 Piper longum

Although TMPRSS2 plays an adjunct role to
ACE?2 in viral entry, phytotherapeutic agents like
Vinecin 2 that have dual blocking action can, in
theory provide more efficacious therapeutic
options against COVID-19 compared to those that
inhibit ACE2 only.

ACE2-RBD complex

The rationale of disrupting binding between
SARS-CoV-2 spike protein and ACE2 in COVID-
19 is now well understood. Some in silico studies
have attempted to not just target the S-
glycoprotein and ACE2 distinctly, but to evaluate
the effect of candidate therapeutic agents on the

-7.913

(Siddiqui
2010)

(Jindal
2022)

et

& Rani,

Yes

actual interaction between the two. The spike
protein comprises two functional regions: The S1
and S2. The S1 region contains the ACE2 receptor
binding motif (RBM) domiciled in the Receptor
binding domain (RBD) while the S2 region is
responsible for membrane fusion. In summary,
phytocompounds can bind to the S protein RBD
and ACE2 complex (RBD-ACE2) negating the
ability to form a stable bond and ultimately
disrupting entry into the host cell (Hanson et al.,
2020)(Ma et al., 2021).
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Table 6:

Binding Strength of Phytocompounds Against RBD-ACE2 Complex

Bindi t th
Phytocompound Plant source S ST ADMET Reference
(kcal/mol)

Withania
leaf

somnifera
withanone f

B-sitosterol Moringa oleifera

One molecular dynamic simulation study reported
that withanone, obtained from the leaves of
renowned Indian medicinal plant Withania
somnifera (Ashwagandha) was actively involved at
the binding interface. First it formed H-bonds with
both the protein and its receptor. Further, presence
of withanone had a profound destabilizing effect
on ionic interactions at the protein-receptor
complex. The binding interface is generally more
hydrophilic than the protein interiors and
generates electrostatic interactions that play a
central role in binding, in addition to directing of
the cascade of events that follow. The electrostatic
component of binding free energy reduction
recorded with the introduction of withanone was a
substantial 4.3 kcal/mol from an initial 11.55
kcal/mol without the ligand (Balkrishna et al.,
2020). In vitro, commercial withanone efficiently
inhibited ACE2-RBD interaction in a dose
dependent fashion in the concentration range of
0.1-1 ng/mL. Next, withanone was administered to
humanized zebrafish model induced SARS-CoV-2
recombinant S-protein. It was efficacious in
controlling immunological responses and also
helped to limit pathological responses in secondary
organs (Balkrishna et al., 2021).

In Kenya, a herbal tea called ‘Dawa’ that is taken
as a warm drink was popularised during the peak
of the COVID-19 pandemic. Anecdotal evidence
suggests that the drink can help alleviate symptoms
in mild to moderate disease. Its major constituents
include ginger, lemon, turmeric and Garlic in
varied ratios. A study by Sankar and group
reported that each of the plant ingredients
possesses at least three phytocompounds that
significantly destabilise the ACE2-RBD complex
(Sankar et al., 2021).

Cytokine storm

Cytokines are critical for the effective functioning
of the immune system. A wide range of
pathophysiological processes essential for survival,
such as, inflammation, tissue repair, fibrosis, and

-8.66

(Balkrishna et
2021)
(Siddiqui et  al.,
R 2010)
coagulation are mediated by cytokines.

Nevertheless, a dysfunctional immune system can
result in excess production of cytokines, referred
to as a cytokine storm. It is characterised by
systemic hyper inflammation that can be harmful
to multiple organs and may even result in death
(De Jesus et al., 2015). Of note, this phenomenon
is associated with pulmonary oedema, acute lung
injury (ALI) and acute respiratory distress
syndrome (ARDS). Therefore, Cytokine storm is
a fundamental pathogenic factor for SARS-CoV-
2 infections, as well as other coronaviruses.
COVID-19 patients have elevated levels pro-
inflammatory cytokines, including IL-1, IL-2, IL-
6, IL-10, IFN-y, TNF-a, IFN- y-inducible protein
10 (IP-10), granulocyte macrophage-colony
stimulating factor (GM-CSF), and monocyte
chemoattractant protein-1 (MCP-1), and their
titres do correlate with the disease severity (Del
Valle et al., 2020)(Huang et al.,, 2020). The
cytokine storm can also trigger another cascade of
immunological events characterised by
upregulation inflammatory activity of resident
macrophages. They further secrete IL-13 and IL-6
that mediate the recruitment of neutrophils and
CD8+ T cells to the site of infection. These cells
further release compounds such as reactive oxygen
species (ROS), matrix-metalloproteinase (MMPs),
leukotriene that exacerbate injury to Ilung
parenchyma (H. Li et al., 2020).

Wan and group recently observed that COVID-19
patients admitted to intensive care unit (ICU) had
remarkably higher titres of pro-inflammatory
cytokines such as IL-2, IL-7, IL-10, IP-10, TNF-
a, GM-CSF), macrophage inhibitory protein 1-
alpha (MIP1-a), macrophage chemoattractant
proteinl(MCP-1) as compared to patients not
admitted to ICU (Wan et al, 2020).
Phytocompounds that suppress the titres of pro-
inflammmatory cytokines can produce a marked
clinical improvement among COVID-19 patients
majorly by ameliorating inflammation and lung
damage.
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Table 7:
Phytocompounds that Regulate Cytokine Production

Withania somnifera leaf Withaferin A

Methanolic extract of

{IL-2, IL-6, TNF-a, IFN-y, (Mandlik & Namdeo,
IFN-

JIL-1B, TNF-aq,

y protein 10 (IP-10) 2021)

1 nitric

oxide synthase (iNOS) and (Devkar et al., 2016)

t
roo cyclooxygenase-I1 (COX-II)
! Nuclear factor kappa B
NF-kB), P38 d mit
Aqueous extract of root ( . ), S e (Gupta & Kaur, 2018)
activated  protein  kinase

(MAPKSs) signalling pathway

Glycyrrhiza VIL-1B, IL-6 and TNF-a,
glabra (liquorice) Glycyrrhizin CXCR4/CXCRI1 on (S. A. Lee et al., 2019)
rhizome neutrophils

| TLR2 signalling pathway
I NF-kB, JNK and MAPK

TIL-12 and IFNy in Thl,
IL-1B, | IL-6 and TNF-a

L IL-1B, IL-6 and TNF-qa
I NO and TNF-a
LIL-1B, IL-6, TNF-a and

Glycyrrhizic acid

Allium sativum aqueous
extract

Zingiber officinale

Not Specified

Not Specified

Moringa oleifera root  Not Specified

Cinnamomum verum Not Specified

NO

Cinnamomum verum s
. Not Specified
ethanolic extract

Azadirachta indica leaf Not Specified

. . E
Ocimum tenuiflorum ugenol TNF-a
Camellia sinensis Theanine

Piper longum Piperlongumine

Based on the referenced studies we can infer that
select plants and their bio-active phytoconstituents
do possess the ability to suppress inflammation
generally and COVID-19 associated cytokine
storm in particular by inhibiting the releases of
specific pro-inflammatory cytokines. In addition,
compounds like Withaferin inhibit the NF-kB
mediated transcription and translation of nitric
oxide synthase (iNOS) and cyclooxygenase-II
(COX-II). These two compounds contribute to
nitrosative stress and further exacerbate hyper-
inflammatory responses associated with SARS-
COV-2 infection (Devkar et al., 2016).

T1L-8

L IL-6, MCP-1 and TNF-a
lIL-6, MIP-1a, MCP-1 and (Choudhury

VIL-1B, IL-6, and TNF-q,
T IL-10/IFN-y

L IL-6, TNF-a, iNOS

(Kong et al., 2019)
(Zhao et al., 2016)

(Hsieh et al., 2019)

(Cifci et al., 2018)
(Cui et al., 2019)

(Ho et al., 2013)

(Schink et al., 2018)

(J. W. Lee et al., 2017)

&
Bashyam, 2014)

(Wang et al., 2018)

(N. Kim et al., 2018)

Inflammasome silencers

Inflammasomes are receptors or sensors that form
part of the innate immune system that detect
Pathogen-associated molecular patterns (PAMP)
and damage-associated molecular  patterns
(DAMP). In response to these molecules
(exogenous or endogenous) that can elicit immune
responses, inflammasomes participate in the
activation of immune responses. A cascade of
events follow that culminate in the stimulation of
the maturation and secretion of the
proinflammatory cytokines. In summary, SARS-
CoV-2 N protein promotes assembly and
activation of NOD-like receptor pyrin domain-
containing 3 (NLRP3) inflammasomes. In turn
NLRP3 activates caspase-1. Next caspase-1
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catalyzes proteolytic processing of pro-interleukin
(IL)-1B into mature IL-1(. Excess IL-1f then
induces systemic inflammation via NF-kB
pathways resulting in secretion of large amounts of
pro-inflammatory cytokines such as IL-6, TNF- a,
IFN-a, IFN-B3, and TGF-f3 (Pan et al., 2021).

In Kenya, a herbal tea called ‘Dawa’ that is taken
as a warm drink was popularised during the peak
of the COVID-19 pandemic. Anecdotal evidence
suggests that the drink can help alleviate symptoms
in mild to moderate disease. Its major constituents
include ginger, lemon, turmeric and Garlic in
varied ratios. A study by Sankar and group
reported that each of the plant ingredients
possesses at least three phytocompounds that
significantly destabilise the ACE2-RBD complex
(Sankar et al., 2021).

The outstanding anti-inflammatory properties of
curcumin, obtained from Curcuma longa are well
known. Curcumin exerts its potent anti-
inflammatory property primarily through the
direct down-regulation of NLRP3 inflammasomes
(Hasanzadeh et al., 2020).

In vitro, using paraquat induced Acute Lung
Injury in human lung fibroblasts, curcumin
treatment reduced the expression levels of
Thioredoxin interacting protein (TXNIP), NLRP3,
IL-1B, IL-18 and caspase-1. The effect was
reported to be mediated by the effective inhibition
of NLRP3-dependent caspase-1 activation and IL-
13 secretion pathway (Ren et al., 2019).

Several studies have proposed alternative
mechanisms by which curcumin may portend its
beneficial properties in COVID-19 as well as other
diseases whose pathogenesis is related to
inflammation and hyperoxidation and have been
reviewed elsewhere (Sacedi-Boroujeni et al., 2020).

Viral entry (in-vitro studies)

Breemen and group recently demonstrated
cannabidiolic acid (CBDA) or cannabigerolic acid
(CBGA) obtained from Cannabis sativum could
prevent infection of Vero-E6 cells by blocking
SARSCoV-2 cell entry. These compounds are
known to have an affinity for S-glycoprotein, the
investigators did not conclusively determine the
exact mechanism of activity. It is noteworthy that
the discussed mechanisms are not mutually
exclusive and some may take place concurrently.

Interestingly, using microscopic and fluorescence
techniques, the investigators reported a marked
reduction in viral RNA in cells treated with the
two phytocompounds at safe doses (Van Breemen
et al., 2022). This is one of the pioneer studies that
have quantified actual reduction of infection of in

phytocompound-treated susceptible cells exposed
to SARS-CoV-2.

Several groups have investigated the protection of
susceptible cells in-vitro when treated with
medicinal plant extracts and have reported
positive results (Y. Zhou et al., 2021). Although
many do not elucidate the actual mechanism of
activity, our group is in the process of
investigating the actual mechanism of action for
some of the cited medicinal plants such as
Artemisia  affra, Azadirachta indica, Moringa
oleifera and Ocimum spp.

Conclusion

Shortly after the emergence of the pandemic,
numerous traditional claims of efficacy of herbal
medicines followed. These claims had varying
degrees of veracity with some reporting various
levels of scientific validation. China was the
pioneer in approving the utilisation of renowned
TCM formulas (Liahuagingwen, Jinhuaqginggan
and Xuebijing) for the management of mild and
severe cases of COVID-19. At the time, the
approvals were based on in-vitro investigations
and anecdotal clinical data which may not have
conclusively addressed issues of safety. Then,
experts advised the use of herbal medicines with
caution (Yang, 2020).

Today, the questions of safety and efficacy of
both natural and synthetic potential treatments
against COVID-19 have not been conclusively
addressed. With regard to natural remedies, major
strides have been made in identifying candidate
plants and their phytoconstituents through in-
vitro, in-vivo and in-silico studies. Our reliance on
pre-clinical findings is because there is paucity of
regional data with respect to high-quality,
rigorously peer-reviewed clinical trials of herbal
drugs in high impact publications. Therefore,
more detailed pharmacokinetic,
pharmacodynamic and clinical data should be
obtained through well designed clinical studies.

In this review, we comprehensively summarise
current knowledge on the subject and report that
medicinal plants used to manage COVID-19 and
COVID-like ailments in East Africa have
undergone scientific evaluation and some of the
results are promising. Our focus on the
mechanistic ~ pathways  highlights potential
compounds that can be further studied in pre-
clinical and clinical settings. Such herbal
formulations can be useful as potential adjuvants,
prophylactics, and treatment options for COVID-
19 and other coronaviruses that may emerge in
future.
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Aggressive containment and mitigation efforts
globally seem to have significantly suppressed
COVID-19 prevalence. Nevertheless, it is widely
acknowledged that emergence of novel severe
respiratory viral diseases tends to follow a cyclic
pattern (Baker et al., 2022). This justifies the
development of a repository of knowledge and
possibly potent plant-derived anti-viral
formulations as a precaution.
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