
Therapeutic Potentials of Antiviral
Plants Used in Traditional African
Medicine With COVID-19 in Focus: A
Nigerian Perspective
Alfred Francis Attah1*, Adeshola Adebayo Fagbemi2, Olujide Olubiyi 3,4,
Hannah Dada-Adegbola5, Akinseinde Oluwadotun6, Anthony Elujoba7 and
Chinedum Peace Babalola2,8,9*

1Department of Pharmacognosy and Drug Development, Faculty of Pharmaceutical Sciences, University of Ilorin, Ilorin, Nigeria,
2Department of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Ibadan, Ibadan, Nigeria, 3Department of
Pharmaceutical Chemistry, Obafemi Awolowo University, Ile-Ife, Nigeria, 4Institute of Biological Information Processing, Structural
Biochemistry (IBI-7), Forschungszentrum Jülich, Jülich, Germany, 5Department of Medical Microbiology and Parasitology,
College of Medicine, University of Ibadan, Ibadan, Nigeria, 6Nestle Nigeria Plc, Ilupeju Avenue, Lagos, Nigeria, 7Department of
Pharmacognosy, Faculty of Pharmacy, Obafemi Awolowo University, Ile-Ife, Nigeria, 8Centre for Drug Discovery, Development
and Production, University of Ibadan, Ibadan, Nigeria, 9College of BasicMedical Sciences, Chrisland University, Abeokuta, Nigeria

The coronavirus disease 2019 (COVID-19) pandemic is caused by an infectious novel
strain of coronavirus known as severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) which was earlier referred to as 2019-nCoV. The respiratory disease is the most
consequential global public health crisis of the 21st century whose level of negative impact
increasingly experienced globally has not been recorded since World War II. Up till now,
there has been no specific globally authorized antiviral drug, vaccines, supplement or
herbal remedy available for the treatment of this lethal disease except preventive measures,
supportive care and non-specific treatment options adopted in different countries via
divergent approaches to halt the pandemic. However, many of these interventions have
been documented to show some level of success particularly the Traditional Chinese
Medicine while there is paucity of well reported studies on the impact of the widely
embraced Traditional African Medicines (TAM) adopted so far for the prevention,
management and treatment of COVID-19. We carried out a detailed review of publicly
available data, information and claims on the potentials of indigenous plants used in Sub-
Saharan Africa as antiviral remedies with potentials for the prevention and management of
COVID-19. In this review, we have provided a holistic report on evidence-based antiviral
and promising anti-SARS-CoV-2 properties of African medicinal plants based on in silico
evidence, in vitro assays and in vivo experiments alongside the available data on their
mechanistic pharmacology. In addition, we have unveiled knowledge gaps, provided an
update on the effort of African Scientific community toward demystifying the dreadful
SARS-CoV-2 micro-enemy of man and have documented popular anti-COVID-19 herbal
claims emanating from the continent for the management of COVID-19 while the risk
potentials of herb-drug interaction of antiviral phytomedicines when used in combination
with orthodox drugs have also been highlighted. This review exercise may lend enough
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credence to the potential value of African medicinal plants as possible leads in anti-COVID-
19 drug discovery through research and development.

Keywords: COVID-19, phytomedicines, Traditional African Medicine, herbal immuno-stimulants, herb-drug
interaction

INTRODUCTION

The current pandemic threatening the global community, a
highly communicable viral infection otherwise known as
Coronavirus disease 2019 (COVID-19), is caused by the Severe
Acute Respiratory Syndrome Coronavirus two or SARS-CoV-2
(Figures 1, 2) (Chan et al., 2020a). The sudden emergence of the
disease was first noticed in Wuhan city, China, East Asia (Chan
et al., 2020b; Guo et al., 2020). Social distancing, hand washing,
alcoholic disinfectants or hand sanitizers, isolation/quarantine,
travel restrictions, wearing of face mask, community
containments and partial or total lockdown (World Health
Organization, 2020) have continued to remain effective non-
pharmaceutical preventive measures.

Despite all the divergent efforts to halt the spread andmortalities
associated with COVID-19, the devastating micro-enemy has
continued to spread causing more deaths and a lot of socio-
economic implications. While most of the affected countries in
Europe and America are relying solely on orthodox drugs, South-
East Asia and in particular, China where the COVID-19 pandemic
appear to have originated, has adequate documentation of
successful outcomes following the integration of Traditional
Chinese Medicine (TCM) with orthodox medicines in COVID-
19 management (Chang et al., 2020; Gao et al., 2020). Interestingly,
overwhelming literature evidence suggests that China and
neighboring Asian territories practice a robust age-long
traditional medicine system that has been favorably integrated
with the western medicine; the TCM-western system of
healthcare was therefore adopted to combat the earlier outbreak
of SARS-CoV in Guangdong, China in 2002 leading to the reported
defeat of the epidemic (Leung, 2007). Top among the well
documented herbal recipes and formulations used as adjuvants
alongside western medicines during the time included San Ren
Tang, Yin Qiao San, Ma Xing Shi Gan Tang, Gan Lu Xiao Du Dan,
and Qing Ying Tang, a polyherbal formulation containing many
indigenous plants. In addition, Hong Kong has documented the
traditional application of Sang Ju Yin and Yu Ping Feng San, Isatis
tinctoria L. (Brassicaceae) and Scutellaria baicalensis Georgi
(Lamiaceae), for prophylactic use among health workers against
SARS-CoV infection (Hensel et al., 2020; Luo et al., 2020).
Following the reported success with the use of herbal adjuvants
during the previous outbreaks of viral infections in China, the
outbreak of SARS-CoV2 received an immediate authorization of
integral Traditional Chinese–Western medicines to treat COVID-
19 (Gao et al., 2020). This means Traditional Chinese Medicine -
TCMs (mainly plant-based) were co-administered with western
drugs as adjuvants.

However, in Africa, the use of phytomedicines which is also
referred to as herbal medicine or phytotherapy is well embraced in
different Pan African territories where 80–90% of its rural

populations rely on traditional medicines (mainly plant-based)
for primary healthcare (Elujoba et al., 2005; Mahomoodally,
2013). The extensive use of the predominantly plant-derived
traditional medicine in Africa otherwise referred to as
Traditional African Medicine, has been described to be
associated with African socio-economic and socio-cultural
endowments (Elujoba et al., 2005). For this reason, the WHO
has continued to sensitize African Member states toward the
integration of TAM into their health system (Mahomoodally,
2013) as the body recognizes the relevance of traditional,
complementary and alternative medicine to Africa which has a
long history of TAM and knowledgeable indigenous practitioners.
For instance, there has been an unprecedented use of
phytomedicines in Africa following the outbreak and global
spread of COVID-19 pandemic, a situation which has been
compounded by lack of authorized medicines that are effective,
affordable and accessible to the populations coupled with a
relatively weak African health sector (Lone and Ahmad, 2020;
WHO, 2020). Coincidentally, available evidence from Africa
Center for disease Control and Prevention (Africa CDC)
suggests that the African continent is the last to be hit by the
viral pandemic and least affected continent whose mortality rate
(2.1%) until July 21, 2020 was less than half of the reported global
mortality (5%) rate. Hence, despite the vulnerability of the African
continent, it accounts for only 5% of the globally reported cases of
COVID-19. While several factors may be attributable to this
seeming positive trend, the near absolute dependence on the
obvious potentials of the African medicinal plants for COVID-
19management may not be ruled out. As a malaria endemic region,
the Sub-Saharan Africa often co-administer herbal remedies alone
or combined with orthodox drugs as adjuvants and many of these
plant-based medicines have since been informally repurposed by
various users for COVID-19 prevention and symptomatic
management as simple home remedies. Unlike the Traditional
Chinese Medicine, there is a paucity of well reported studies on
the impact of the widely embraced TAM adopted so far for the
prevention, management and treatment of COVID-19. This review
is therefore aimed at the documentation of Africanmedicinal plants
and their therapeutic potentials in the prevention and management
of COVID-19. The potential risks associated with herb-drug
interaction of antiviral phytomedicines when used in
combination with orthodox drugs have been highlighted. In
addition, we document the pharmacokinetic considerations in
developing potential anti-COVID19 herbal products.

METHODS

In this review, a literature search was carried out and popular
scientific databases including PubMed, PubChem, Google
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Scholar, HINARI; these were searched to retrieve scientific
peer-reviewed publications on African traditional medicinal
plants with antiviral potentials. Considering the framework of
unveiling the role played by antiviral plants commonly used in
Traditional African Medicine (TAM) in tackling deadly
infectious diseases such as COVID 19, the traditional uses,

bioactive metabolites, in silico, in vitro, in vivo, and clinical
studies as well as the sustainable use of these plants in African
ethnomedicine and associated challenges were considered and
included. Articles published in English before July 2020 using
the keywords; “Africa”, “antiviral plants”, “SARS COV”,
“COVID-19”, “antiviral phytomedicines”, “Traditional

FIGURE 1 | SARS- CoV two Structure (Cascella et al., 2020). Contributed by Rohan Bir Singh, MD; Made with Biorender.com.

FIGURE 2 | Important molecular targets in SARS-CoV2 structure for interaction with antiviral compounds in phytomedicines. Many African herbal solutions are
polyherbal with potentials for more than one therapeutic targets on the viral particle (A) PDB 6M71: Structure of the RNA-dependent RNA polymerase from COVID-19
virus (Gao et al., 2020); (B) PDB 5X29: NMR structure of the SARS Coronavirus E protein pentameric ion channel (Surya et al., 2018); (C) PDB 6W9C: The crystal
structure of papain-like protease of SARS CoV-2 (Walls et al., 2020); (D) PDB 6MQ: SARS-CoV-2 3CL protease (3CL pro) apo structure (Su et al., 2010); (E) PDB
6VXX: Structure of the SARS-CoV-2 spike glycoprotein (closed state) (Osipiuk et al., 2020).
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African Medicine”, “herbal immuno-stimulants”, “herb-drug
interaction” were subsequently retrieved. Generally accepted
and popular anecdotal claims on plant-based COVID-19
treatment options have also been included wherever
appropriate. Excluded from this review were studies carried
out on plants not found in Africa, repetitive studies and
publications that have failed to meet the inclusion criteria.
Following the minimal impact of the much earlier outbreaks
of the severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS) epidemics on the African
continent, SARS and MERS have not attracted a significant
TAM-related research attention; and therefore are not a focus
of this review.

In order to rightly place the claims made in proper context
with regards to the availability of research data, we have defined
and categorized the claims reported in this review based on the
relevance of different plants and plant products in COVID-19
management; consequently, to reveal what level of evidence exists
for a reported plant, the following classifications have been
described;

Level I evidence - Evidence from at least one clinical study.
Level II evidence - Inferences supported by in vivo
experiments.
Level III evidence - Detailed mechanistic and other in vitro
evaluations support the conclusion.
Level IV evidence - Evidence from preliminary in vitro
screening or in silico data (IV*).

Level V evidence - Claims are extrapolated from activities
demonstrated against other similar viruses or in contextually
related settings.

These defined levels of evidence are indicated in square
brackets within the review, e.g [Level I] for claims derived
from at least one human study.

Medicinal Plants of African Origin with
Antiviral Activities
Africa, with one of the richest cultural heritage in the traditional
application of plants in healthcare, is endowed with a vast plant
biodiversity (Cunningham, 1997; Dzoyem et al., 2013). An
estimated 68,000 plant species have been reported to grow
within the continent, over half (35,000) of which are endemic
to Africa (UNEP-WCMC, 2016).

The peculiar diversity and uniqueness of climatic, soil, rainfall
and environmental factors have encouraged the growth of an
extensive plant diversity, endemism and great variation in
indigenous plants across the entire region (James et al., 2007).
The proximity, accessibility and abundance of African medicinal
plant resources may have informed their amazing acceptability
and popularity by African populations for meeting primary
healthcare needs (Neuwinger, 2000) especially during
emergency scenarios as in COVID-19.

Diverse plants, with their isolated products and derivatives
with antiviral properties including alkaloids, flavonoids, phenolic

FIGURE 3 | The role of primary and secondary plant metabolites as antiviral agents.
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compounds, terpenes, polysaccharides and polypeptides
(Figure 3), have been reported (Badia-Boungou et al., 2019;
Maroyi 2014). As nature’s biological laboratories containing
hundreds and thousands of bioactive metabolites, African
medicinal plants abundantly accumulate phytochemical
markers and defense compounds of chemotaxonomic
significance in different plant families (Figure 4). This
variation in bioactive chemical markers in different plants has
facilitated and justified the use of some plants in some families
more often than others following their superior efficacy for
conditions they are meant to treat in Traditional African
Medicine (TAM) including viral outbreaks. Plant families
which accumulate antiviral classes of compounds have been
summarized in Figure 4. The antiviral properties and
immuno-modulatory activities of these compounds can be
utilized in the prevention, treatment and management of
COVID-19, which till date awaits effective, safe, affordable and
accessible treatment options. The efficacy of some plants and
derived phytochemicals of African origin have been established
following their potential to interfere with the replication and
transcription machinery of some causative agents of viral
infections (Mehrbod et al., 2018a; Mehrbod et al., 2019).
Documented antiviral potency of these medicinal plant
extracts justifies their selection for further studies as potential
agents for prophylactic administration or potential therapeutic
intervention against COVID-19. However, an in-depth and
rigorous analysis of their efficacy and safety using
internationally acceptable protocols is germane during clinical
trials prior to healthcare utilization.

Cos and colleagues (Cos et al., 2002a) reported some African
plants that are active against poliomyelitis, coxsackie, semliki
forest, measles, and vesicular stomatitis virus (VSV). The antiviral
activity of the extracts investigated was determined as the
reduction factor (RF) of the viral titer which is interpreted as
the ratio of the virus titer in the absence and in the presence of the
extract. The leaves of Macaranga kilimandscharica Pax
(Euphorbiaceae) exhibited considerable in vitro effect against
measles. The 80% ethanol extracts were found to block the

viral replication of Coxsackie and Measles. The leaf extracts of
Guizotia scabra (Vis.) Chiov. (Asteraceae) were active against
Coxsackie and Polio, while Pavetta ternifolia Hiern (Rubiaceae)
(leaves) was shown to display high activity against only
Coxsackie. The leaves of Eriosema montanum Baker f.
(Fabaceae) have been reported to have considerable activity
against all the tested viruses. The stems of Entada abyssinica
(EnE) Steud. ex A. Rich (Fabaceae) were highly potent against
Polio while displaying intermediate efficacy against other viruses
tested with the exception of Measles. The leaves of EnE have
profound antiviral effects against Semliki forest virus (Cos et al.,
2002a). The antiviral activity of aqueous extract of Syzygium
brazzavillense Aubrév. and Pellegr. (Myrtaceae) against
coxsackievirus (CV) and poliovirus type 1 was revealed by
Badia- Boungou et al. The extract was found to inhibit
replication of CVB4 in HEp-2 cell cultures and also limit the
cytopathic effect (CPE) induced by type 1 polioviruses and by
CVB2, CVB3, and CVB4 (Badia-Boungou et al., 2019) and may
possibly interfere with SARS-CoV-2 replication. Active fractions
and metabolites (such as flavonoids and terpenenoids) reported
in these African plants have now been documented to be
promising COVID-19 (da Silva Antonio et al., 2020; James
et al., 2007; Nworu et al., 2017) remedies making these plants
sustainable biomass for drug discovery against COVID-19 [Level
V]. However, little is known about the toxicity of the plants while
in vivo data as well as elaborate and mechanistic in vitro
investigations will be required to support the current
preliminary in vitro findings.

In another experiment, Cos et al. (Cos et al., 2002b)
investigated the antiviral activity of certain Rwandan plants
against human immunodeficiency virus type-1. They showed
that ethanolic extract of Aspilia pluriseta Schweinf. ex Engl.
(Asteraceae) exhibited pronounced antiviral activity by
enabling an absolute cell-resilient against HIV-induced
cytopathic effect compared to the controls. The selective index
value of the extract was found to be greater than 12 (Cos et al.,
2002b). Also, thiarubrine-A (93) isolated from the leaves of A.
pluriseta demonstrated phototoxic activity against enveloped

FIGURE 4 | Family of Plants endemic to Africa expressing and accumulating antiviral primary and secondary metabolites.

Frontiers in Pharmacology | www.frontiersin.org April 2021 | Volume 12 | Article 5968555

Attah et al. African Antiviral Phytomedicines and COVID-19

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


viruses such as cytomegalovirus and Sindbis virus (Hudson et al.,
1986). The ethanolic extract of Rumex nepalensis Spreng.
(Polygonaceae) with a selective index of 11 was able to achieve
89% cell protection against HIV-induced cytopathic effect. The
residue obtained when ethanolic extract of Tithonia diversifolia
(Hemsl.) A. Gray (Asteraceae) was suspended in 60% methanol
and was subsequently extracted with petroleum ether and ethyl
acetate concurrently: it displayed significant inhibitory effect as
anti-HIV-1 agent having a selective index greater than 461 (Cos
et al., 2002b). In addition, the aqueous fraction showed
pronounced anti-HIV-1 activities at concentrations of 200, 40,
8, 1.6 and 0.32 μg/ml. Furthermore, isolation of sesquiterpene
lactones such as diversifolin (91), diversifolin methyl ether, and
tirotundin (92) from T. diversifolia has been reported with
relevant pharmacological properties (Asres et al., 2001; Cos
et al., 2002b). The mode of action of these compounds is
associated with decline in the production of inflammatory
mediators including cytokines and chemokines. The reported
mechanism involves the interference with the DNA binding
activity of the transcription factor NF-ҡB (Rüngeler et al.,
1998). The fact that some of these products exhibit biological
activities involving host inflammatory response may indicate
their potential treatment potentials in COVID-19 with its
reported inflammatory undertone [Level III, V]. Another
bioactive compound with anti-HIV-1 activity isolated from the
mature stems of T. diversifolia is an artemisinic acid derivative
(Bordoloi et al., 1996). Artemisinic acid is a sesquiterpenoid
precursor of artemisinin and the semi-synthetic product 12-N-
butyl deoxoartemisinin has been reported to inhibit HIV activity
(Jung et al., 2012). It should however be pointed out that in-depth
in vivo and clinical investigations will need to be conducted to
objectively establish the clinical relevance of these plant products.
Interestingly however, the major component of the Madagascar’s
COVID organics (CVO), a herbal formulation containing
Artemisia annua L. (Asteraceae), is the antimalarial compound
artemisinin. Although the efficacy and safety of CVO is yet to be
clinically validated, the overwhelming willingness of other
African countries to participate in the clinical trials highlights
the priority accorded plant-derived medicines in Africa. The
WHO and African Health Ministers have agreed to allow
herbal and indigenous health products to go through requisite
clinical trials to establish their efficacy and safety prior to
adoption as treatment options for COVID-19 (WHO, 2020).
Increasing evidence suggests that these plant-derived antimalarial
sesquiterpene lactones, an active component T. diversifolia and A.
annua may hold a promise in COVID-19 treatment provided
further research attention is given to support efficacy and safety
(Rahman et al., 2020; da Silva Antonio et al., 2020).

Helichrysum foetidum Moench (Asteraceae) is one of the
selected Rwandan medicinal plants (Sindambiwe et al., 1999)
whose ethanol extract (200 mg/ml), after a 10-fold dilution
produced antiviral activity by limiting the extracellular viability
of herpes simplex virus type 1 (HSV 1) and Semliki forest virus
A7 (SF A7) while Chamaecrista mimosoides (L.) Greene
(Fabaceae) and Ipomoea involucrata P.Beauv. (Convolvulaceae)
under the same experimental conditions and concentration
displayed high antiviral potential against HSV 1. Ipomoea

involucrata was potent as a virucidal agent against vesicular
stomatitis virus T2 (VSV T2), SF A7 and measles virus strain
Edmonston A (MV-EA). Findings from this study showed that C.
mimosoides, Rotheca myricoides (Hochst.) Steane and Mabb.
(Lamiaceae) and Helichrysum cymosum (L.). D. Don ex G.
Don (Asteraceae) demonstrated virucidal activity against HSV
1, measles virus strain Edmonston A (MV-EA), and Semliki
forest virus A7. In addition, the study highlights the virucidal
activity of Maesa lanceolata Forssk. (Primulaceae) against the
screened enveloped viruses which was exceptional compared to
the other tested plants, making this plant an interesting candidate
for further research consideration against SARS-CoV-2 [Level
V]. Also investigated is a mixture isolated from methanol extract
of M. lanceolata (leaves) termed maesasaponin mixture A. This
mixture was found to reduce the titer and infectivity of herpes
simplex virus type 2 (HSV 2) at concentrations of 100 μg/ml and
250 μg/ml, respectively. More so, it incapacitated the virus at
500 μg/ml concentration. Maesasaponin mixture A also repressed
the activity of vesicular stomatitis virus T2 (VSV T2)
(Sindambiwe et al., 1999). Maesasaponin mixture A may be a
promising potential source of active antiviral metabolites which
may produce activity against SARS-CoV-2 following a more
elaborate preclinical, clinical investigations and phytochemical
standardization of extracts which are lacking in the study under
review [Level V].

The extracts of Pittosporum viridiflorum Sims (Pittosporaceae)
and Rapanea melanophloeos (L.) Mez (Primulaceae) were
reported by Mehrbod et al. (Mehrbod et al., 2018a) to have
inhibitory effect against influenza A virus (IAV). The activity of
the extracts resulted in averages of 7.4 and five logs
hemagglutination (HA) decrements for R. melanophloeos and
P. viridiflorum, respectively. This shows the potency of the plants
against IAV (Mehrbod et al., 2018a). In another study, Mehrbod
and colleagues again evaluated the activity of a glycoside flavone
(73) (quercetin-3-O-α-L-rhamnopyranoside) isolated from R.
melanophloeos against IAV. Quercetin-3-O-α-L-
rhamnopyranoside (73) was reported to decrease the virus
titer at 150 μg/ml by directly inhibiting the virus replication,
and modulation of cytokine production (Mehrbod et al., 2018b).
Research evidence supports the antiviral activity and more
specifically, anti-COVID-19 potentials of a combination of
quercetin and vitamin C, some common components of the
mainly polyherbal extracts used in TAM (Colunga Biancatelli
et al., 2020) [Level III]. Interestingly, emerging evidence suggests
that the anti-SARS-2 activity of glycosylated forms of flavonoids
may be significantly higher than their respective aglycons while
plant extracts and fractions may be significantly more effective
than isolated pure compounds (Zakaryan et al., 2017; da Silva
Antonio et al., 2020). However, the indigenous formulations
containing these plant species require preclinical and clinical
standardization for evidence-informed application and for a
possible clinical use.

In a study demonstrating the antiviral activity of Ethiopian
medicinal plants against both HIV-1 and HIV- 2, the methanol
fraction obtained from the root bark of Bersama abyssinica
Fresen. (Francoaceae) and the leaves of Combretum
paniculatum Vent (Combretaceae) at median effective
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concentrations (EC50) of 3.1 and 5.2 μg/ml were the most potent
in inhibiting the replication of HIV-1 having a selective index of
3.8 and 6.4, respectively [Level V]. The extracts obtained from the
leaves of Dodonaea viscosa subsp. angustifolia (L.f.) J. G. West
(Sapindaceae) and the stem bark of Ximenia americana L.
(Olacaceae) were found to be slightly active against HIV-1
with EC50 values ranging from 8.3 to 27.7 μg/ml and
selectivity indices that ranged from 3.9 to 4.9. The acetone
fraction of C. paniculatum displayed an inhibitory potential
against HIV-2 with a relatively high selectivity index of 32 at
an EC50 value of 3.0 μg/ml while demonstrating moderate activity
against HIV-1 with EC50 value of 15 and selectivity index of 6.4.
Also, the replication in HIV-2 was altered by hydroalcohol
fraction of X. americana at EC50 value of 27.1 μg/ml (Asres
et al., 2001). In addition to lack of robustness and quality
issues associated with these investigations, it remains to be
determined if in vitro studies would suggest potential benefits
of clinical relevance.

Another study involving human subjects, carried out in
collaboration with herbal practitioners in different districts of
Uganda, revealed that HIV-positive patients showed a treatment
outcome with significant decrease in CD4 positive T-cell
lymphocytes in the blood when treated with Aloe spp.,
Erythrina abyssinica Lam. (Fabaceae), Nauclea latifolia Sm
(Rubiaceae), Psorospermum febrifugum Spach (Hypericaceae),
Mangifera indica L. (Anacardiaceae), and Warburgia salutaris
(G. Bertol.) Chiov. (Canellaceae) (Lamorde et al., 2010). The use
of Calendula officinalis L([Asteraceae) have also been shown to
result in progressive decline in viral loads and in CD4 T-cell
counts in HIV-positive volunteers (Mills et al., 2005). However,
these human studies lack adequate comparative data so that it
remains unclear whether the patient recovered because of the use
of particular herbal preparation or the general clinical care
received. While findings from this study may be of interest,
there is need for further investigation to establish an elaborate
toxicological data, in vivo evidence and clinical proof of safety and
efficacy. These documented antiviral African medicinal plants
hold promise in the ambitious search for potent medicines to
defeat the lethal COVID-19 pandemic [Level V].

African Plant-Derived Antiviral Metabolites,
Immunomodulation and Molecular Targets
Phytomedicnes have shown potentials as immunoadjuvants for
their ability to increase the effectiveness of vaccines while plant-
derived chemical compounds including ellagic acid (80),
curcumin (72), flavonoids and quercetin possess anti-infective
properties that work either by directly attacking the pathogen or
indirectly by stimulating innate and acquired defense
mechanisms of the host (Sodagari et al., 2018; Afolayan et al.,
2020). Chemically diverse antiviral compounds including
primary plant metabolites such as polysaccharides, proteins,
lectins, protein hyrolysates and aminoglycans (Monzingo et al.,
1993; Bouckaert et al., 1996; Sankaranarayanan et al., 1996;
Harata and Muraki, 2000; Meagher et al., 2005) as well as
secondary metabolites including alkaloids, phenylpropanoids,
tannins, flavonoids, lignans, coumarins, glycosides, steroids,

terpenes, polypeptides, antimicrobial peptides, defensins,
cyclotides (1–7) and many other plant-derived cystine-knot
peptides (Kapoor et al., 2017; Rex et al., 2018; Younas et al.,
2018; Berit et al., 2020; Ghildiyal et al., 2020; He et al., 2020) have
been detected and isolated from African medicinal plants
(1–172). The role of these antiviral compounds and their
main molecular target have been presented in Figure 3 while
plant families native to Africa which abundantly express and
accumulate these phytocompounds that have found uses as anti-
infective agents in TAM are presented in Figure 4.

Phytomedicines with a long history of use in traditional
medicines and bioactive compounds obtained from them have
been shown to exert antiviral, anti-inflammatory and
immunomodulatory effects and these bioactivities have been
proposed to be linked (Fialho et al., 2016), following their
ability to modulate the immune response (Han et al., 1998;
Zhang et al., 2002; Shivaprasad et al., 2006; Cruz et al., 2007;
Sodagari et al., 2018) and in parallel reduce viral or parasite load
(Omoregie and Pal, 2016; Michelini et al., 2018; Jasso-Miranda
et al., 2019; Salinas et al., 2019; Afolayan et al., 2020). These
desirable dual antiviral effects have been demonstrated in
indigenous plants used in TAM for the treatment of various
viral diseases (Goren et al., 2003; Esimone et al., 2005; Akram
et al., 2014; Buba et al., 2016; Donma and Donma, 2020; Jacques
et al., 2020; Kumar and Venkatesh, 2016; Kumar et al., 2015;
Nawrot et al., 2014; Nworu et al., 2017; Osadebe and Omeje, 2007;
Parvez et al., 2019; Raza et al., 2015). For instance, Combretum
micranthum G. Don is one of the main constituents of an
indigenous Nigerian antiviral phytomedicine called “Seven
Keys to Power” used in the traditional management of
smallpox, chicken pox, measles and HIV/AIDS (Esimone
et al., 2005). In addition, R. capparoides has been used by
herbalists in the eastern part of Nigeria for the treatment of
chickenpox, smallpox and hepatitis, while C. cajan is used in
ethnoveterinary medicine for the treatment of several viral
diseases of cattles in Northern Nigeria (Esimone et al., 2005).
However, rigorous, robust and well validated scientific
investigations are needed to turn these potential antiviral
remedies to clinical use. At this time, these data are not
available, thus limiting their application.

A typical medicinal plant is a biological factory of a plethora of
complex bioactive metabolites and most of the phytomedicines
used in TAM are polyherbal with potential multiple targets in
host and/or pathogen structure. Expectedly, complex
phytotherapeutics which target both the pathogen as well as
the host structure required for infection of viruses without a
significant cytotoxicity to the host, could represent an alternative
way to develop new and effective antiviral phytotherapies
(Bekerman and Einav, 2015). Illustrated in Figures 1, 2 are
some important molecular targets identified in SARS-CoV-2
and featuring druggable structural components capable of
fostering interaction with nature-inspired antiviral metabolites
biosynthesized from both primary and secondary metabolic
pathways presented in Figure 3 (da Silva Antonio et al., 2020;
Ghildiyal et al., 2020). Bioactive protein hydrolysates and
cysteine-rich polypeptides target viral membrane and proteins,
alkaloids and glycosides target viral proteins and RNA, terpenes
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target viral membrane while steroids and flavonoids target viral
RNA synthesis (Figure 3). For instance, the interaction between
the spike glycoproteins of SARS COV-2 and the host cell

angiotensin converting enzyme 2 (ACE2) receptors which
leads to viral attachment and entry, culminating in COVID-19
could be prevented or blocked effectively [Level V] by

TABLE 1 | Selected antiviral Angiosperm plants of African origin and the major class of phytochemicals present based on widespread use and documented evidence.

S/N Plants Class of
phytochemicals present

Identified phytochemicals
with antiviral

activity

Indications Country

1 Achyranthes aspera L.
(Amaranthaceae)

Flavonoids, alkaloids, terpenoids
Goyal et al. (2007)

Oleanolic acid (168)
Mukherjee et al. (2013)

HSV-1 Africa, south
AfrciaHSV-2

HIV- Mukherjee et al. (2013)
2 Adansonia digitata L.

(Malvaceae)
Phenolics Nil HSV-1 Nigeria

Senegal
Sulaiman et al.
(2011)

3 Andrographis paniculata
(Burm.f.) Nees (Acanthaceae)

Diterpenoids, flavonoids,
polyphenols Pongtuluran and
Rofaani (2015)

Andrographolide (63)
(Pongtuluran and Rofaani (2015)

HSV-1 Nigeria Hamidi
et al. (1996)SRV

EBV Wiart et al. (2005)
DV Panraksa et al. (2017)

4 Aspalathus linearis (Burm.f.)
R.Dahlgren (Fabaceae)

Phenolics Rahmasari et al. (2017) Aspalathin (105), nothofagin (106),
isoorientin (104), orientin (103),
quercetin (73), luteolin (170)
Rahmasari et al. (2017)

HIV South Africa
Influenza Rahmasari et al.
(2017)

5 Azadirachta indica A. Juss.
(Meliaceae)

Carbohydrates Polysaccharides P1 and P2 PV-1 Faccin-Galhardi et al.
(2012)

African countries

6 Bulbine frutescens (L.) Willd.
(Xanthorrhoeaceae)

Phenolics, alkaloids, flavonoids
Shikalepo et al. (2018)

Myricitin (32), xanthohumol (96),
scutellarin (95), methoxyflavone (169)
Shikalepo et al. (2018)

HIV-1 Shikalepo et al.
(2018)

South Africa

7 Canavalia ensiformis (L.) DC.
(Fabaceae)

Protein Lectins (Concanavalin A) Figure 6 HSV Marchetti et al. (1995) Nigeria Africa

8 Cocos nucifera L. (Arecaceae) Phenolics Esquenazi et al. (2002) Catechins (133) Esquenazi et al.
(2002), myricetin (136) Vlietinck et al.
(1997)

EBV Kenya
Tannins Lima et al. (2015) CMV
Flavonoids Vlietinck et al. (1997) VV Lima et al. (2015) HIV-1

Vlietinck et al. (1997)
9 aCombretum micranthum

G.Don (Combretaceae)
Phenolics, tannins Ferrea et al.
(1993), Flavonoids Welch (2010)

Catechin (133), catechinic acid
Ferrea et al. (1993) cinnamtanins (98),
pavetanins (97), AOCA(Alkaline
auto-oxidized catechins)
Vlietinck et al. (1997),
Apigenin (156) Welch (2010)

HSV-1 Nigeria
HSV-2 Ferrea et al. (1993)
HIV-1 Vlietinck et al. (1997)

10 Echinacea purpurea (L.)
Moench (Compositae)

Phenolics, Alkamides Vimalanathan
et al. (2005)

Cichoric acid (108)
Vimalanathan et al. (2005) Iwu (2014)

HIV Awortwe et al. (2013) South Africa
ZimbabweHSV

Influenza Barnes et al.
(2005)

11 Glycyrrhiza glabra L.
(Fabaceae)

Triterpenes (saponins), flavonoids
Vlietinck et al. (1997)

Glycyrrihizin and its derivatives (107),
liochalchone, isolicoflavonol,
glycocoumarin, glycyrrhizoflavone,
licopyranocoumarin

HSV-1 South Africa
HIV Vlietinck et al. (1997)

12 Macaranga barteri Müll. Arg.
(Euphorbiaceae)

Phenolics (stilbenes) Ogbole et al.
(2018), Segun et al. (2019)

Vedehanin (110), schwenfurthin,
mappai Ogbole et al. (2018),
Segun et al. (2019)

EVb Ogbole et al. (2018),
Segun et al. (2019)

Nigeria

13 Musa acuminata L. Musa spp
(Musaceae)

Protein Lectins Peumans et al. (2000) Figure 7 Anti-HIV Swanson et al.
(2010)

Nigeria, tropical
Africa

14 Oldenlandia affinis (Roem. and
schult.) DC. (Rubiaceae)

Peptides Cyclotides (KB1, KB8)
Ireland et al. (2008) Figure 5

HIV Daly et al. (2004) Dr. Congo

15 Papaver somniferum L.
(Papaveraceae)

Alkaloids Vlietinck et al. (1997) Papaverine (99) Vlietinck et al. (1997) HIV-1 Vlietinck et al. (1997) Nigeria

16 Rapanea melanophloeos (L.)
Mez (Primulaceae)

Flavonoids Mehrbod et al. (2018a) Quercetin (73) Mehrbod et al. (2018a) Influenza A Mehrbod et al.
(2018a)

South Africa

17 Zingiber officinale Roscoe
(Zingiberaceae)

Terpenoids Chrubasik et al. (2005),
Iwu (2014)

Beta sesquiphellandrene (109)
Chrubasik et al. (2005), Iwu (2014)

RhV Nigeria
RSV Chrubasik et al.
(2005), Iwu (2014)

HIV–Human Immunodeficiency Virus; HSV 1–Human Simplex Virus one; HSV 2–Human Simplex Virus two; RhV–Rhinovirus; RSV–Respiratory Syncytial Virus; EBV–Epstein-Barr Virus;
CMV–Cytomegalovirus; VV–Visna Virus; DV–Dengue Virus; SRV–Simian Retrovirus; PV-1 -Poliovirus type 1.
aAs a part of the seven Keys preparation, it is used to treat small-pox, chicken pox and measles. Welch (2010).
bIt is only effective against serotypes E7 and E19. (Segun, et al., 2019); (Ogbole et al., 2018).
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antiadhesive phytocompounds such as phenolics, tannins and
polysaccharides (Jassim and Naji, 2003; Hensel et al., 2020)
reported in some African antiviral plants including Adansonia
digitata L., Andrographis paniculata (Burm.f.) Nees, Combretum
micranthum G.Don, Macaranga barteri Müll. Arg., Azadirachta
indica A. Juss. (Table 1). These antiviral metabolites accumulate
in high amounts in several plant families used in TAM including
the Lamiaceae, Meliaceae, Asteraceae, Arecaceae, Acanthaceae,
Combretaceae, Zingiberaceae, Euphorbiaceae and Malvaceae
(Figure 4). However, further mechanistic studies, safety
investigation as well as clinical studies are required for their
clinical applications.

Plant-derived cysteine knot peptides including antimicrobial
peptides and defensins whose bioactivities like other types of
defensins are able to block viral infection by clustering the viral
particles and blocking receptor binding (Nguyen et al., 2016;
Weber, 2020). These hormone-like disulphide-stabilized peptides
have been described to mediate in the inhibition of viral entry,
viral particle disruption, interference with essential cell signaling
or viral gene expression, or by other poorly-understood
mechanisms. Furthermore, in addition to the direct antiviral
activities outlined above, antimicrobial peptides and defensins
modulate adaptive immune responses following their ability to
attract immune cells (Weber, 2020). Cystine knot polypeptides
(Figure 5) are well distributed in tropical African flora within the
Apocynaceae, Rubiaceae, Violaceae, Curcubitaceae,
Leguminoseae, Poaceae and Fabaceae plant families (Figure 4).
Molecular studies have shown that these suites of peptides bind to
viral spike and membrane proteins (Nguyen et al., 2016) and may
therefore be early acting in preventing viral attachment and entry
into the host cell. As some of the most exploited plant families in
TAM (with the exception of Violaceae), plants species from them
could help in COVID-19 treatment [Level V] and therefore
deserve further anti-SARS CoV-2 molecular studies.
Interestingly, knottin peptidyl therapeutics are stable to

extreme conditions and easily extracted under aqueous
mediums commonly used in TAM. Unfortunately, despite
their emerging therapeutic potentials, research in cysteine
knotted polypeptides has not received adequate scientific
attention as less than 1% of African flora has been screened
for peptide drug discovery (Attah et al., 2016a). Carbohydrate-
binding lectin proteins from African Musa species and Canavalia
ensiformis (L.) DC. Fabaceae have shown interesting broad
spectrum antiviral. However, the clinical application of lectin
proteins will require further in-depth research to circumvent
inherent limitations including toxicity, stability and
bioavailability in order to ensure that their druggable targets
will offer a therapeutic benefit (Mitchell et al., 2017).

Therapeutic Convergence in the Use of
Antimalarial Plants Against Viral Infections
in Africa
Antimalarial drugs derived from medicinal plants used in
Traditional African Medicine have been found useful as
repurposed drugs in managing other diseases including viral
infections such as HIV, Ebola, and other viral hemorrhagic
diseases due to lack of effective therapeutic agents. The active
constituents of these plants have various mechanisms of action
which are often not fully elucidated against malaria parasites. The
complexity of these constituents sometimes lead to side effects
that have been studied for repurposing them for the treatment of
other conditions such as non-malaria infectious diseases (Das,
2015; Haładyj et al., 2018; Wolf et al., 2006). The geographical
distribution between malaria and viral diseases where malaria
endemic regions of the world such as Africa and Asia appear to
experience relatively low cases of COVID-19-related mortalities
led to the consideration of a possible therapeutic convergence
between antimalarial plants (which have continued to be used
against malaria in Africa) and viral pathogens including the

FIGURE 5 | Antiviral cyclotides (cysteine-rich peptides) isolated from plants.
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dreaded SARS CoV-2. One possible explanation attributable to
this unresolved therapeutic convergence is the mechanism of
activity of these medicinal plants; several antimalarial
phytomedicines which tend to produce more bioactivity as
antioxidants, anti-inflammatory and immunomodulatory may
function both as antimalarials and antiviral since the
underlying mechanism of activity is not directly targeting the
pathogen but rather boosting the immunity of the host, effective
and efficient resolution of early inflammatory/anti-inflammatory
cytokines (Afolayan et al., 2020) and scavenging of generated
lethal free radicals (Iheagwam et al., 2020). This school of thought
has been put forward to explain why many widely used African
phytomedicines have gained more anecdotal claims of efficacy yet
they do not easily kill the malaria parasite in vitro but produce
good in vivo activity. For instance, Adebayo et al. (2017)
demonstrated the poor in vitro but potent in vivo antimalarial
activity of disulphide-rich peptide fraction of Morinda lucida
(Adebayo et al., 2017). These antimicrobial peptides have been
reported to possess immunostimulating and antioxidant activities
(Nguyen et al., 2016) as well as antiviral property (Boas et al.,
2019). Apparently, the lethal COVID-19 is reported to be induced
by the invasion of SARS CoV-2 into a human host and has been
associated with cytokine storm (Jose and Manuel, 2020) and
neutrophil-induced oxidative stress (Laforge et al., 2020) which
often result in mortality. So, it is reasonable to assume that
antimalarial plants widely used in TAM with well documented
in vivo antioxidant, anti-inflammatory and immunomodulatory
potentials might offer some therapeutic benefits in COVID-19
management. A treatize of antimalarial plants used in TAM with
documented antioxidant, anti-inflammatory and
immunomodulatory activities as well as level of documented
evidence has been presented in Supplementary Table S1.
However, the authorization of the repurposed use of these
botanical antimalarials should be evidence-informed with
impressive clinical data and supported by the best evidence.
Considering repurposing antimalarial African traditional
phytomedicines for COVID-19 management, endemic and
naturalized African plants which have shown therapeutic
promise as antimalarials following clinical studies should be
considered and these include Vernonia amygdalina, Nuclea
pobeguinii (Pobéguin ex Pellegr.) Petit, Argemone mexicana L.,
Artemisia annua L., Citrus aurantiifolia (Christm.) Swingle
(Aracil and Green, 2019) and Morinda lucida Benth
(Rubiaceae). Interestingly, available evidence indicates that
these promising antimalarial plants additionally have the
potential to tackle oxidative stress, regulate inflammatory
response and stimulate the immune system to overcome
complications observed in COVID-19 [Level III] (Haudecoeur
et al., 2018; Asante et al., 2019; Madzuki et al., 2019; Afolayan
et al., 2020; Jain et al., 2020; Zibaee et al., 2020). Meanwhile, some
of these reports lack quality and will require validation. Bioactive
compounds identified in the plants include; for V. amygdalina -
vernolide (116), vernodalin (117), hydroxyvernolide (120)
and vernodalol (123), vernoniosides B1-B3 and vernoniosides A1-
A4 (124); for N. pobeguinii - strictosamide (138), 19-O-
methylangustoline, angustoline (139), A. Mexicana - berberine
(140), tetrahydroberberine, protopine (141), benzophenanthridines,

8-acetonyl dihydrosanguiranine, 8-methoxy dihydrosanguiranine
(142), pancorine (144), O-methylzanthoxyline (145), nor-
chelerythrine (125), arnottianamide (146) cryptopine (147),
muramine (148), argemexicaine A, argemexicaine B (149); for
A. annua - artemisinin (157); C. aurantiifolia - apigenin (156)
and Morinda lucida - Morindin (154), oruwal (152), oruwalol
(155), oruwacin (150), molucidin (151), Damnacanthal (153),
Ursolic acid (17), polypeptides (Kraft et al., 2003; Challand and
Willcox, 2009; Brahmachari et al., 2013; Haidara et al., 2016;
Haudecoeur et al., 2018; Divneet Kaur, 2019). Overwhelming
evidence supports the standardization of the leaf and seed of
M. oleifera for a possible clinical application [Level III] as it has
demonstrated broad range of antiviral activity in various studies
(Biswas D. et al., 2020) while the disulphide-stabilized
miniproteins (Morintides), lectins, hevein-like peptides,
protein hydrolysates and glucosinolates/isothiocynates
isolated from the plant have shown impressive effects,
including as antiadhesives, anti-inflammatory, antioxidants
and immunomodulatory compounds (Kini et al., 2017;
Moura et al., 2017; Coriolano et al., 2018; Fahey et al., 2019;
Liang et al., 2019; Sousa et al., 2020). Aside immunomodulation
and free radical scavenging, one mechanism of activity of these
lectins and stable polypeptides involve the competitive
inhibition of adhesion of pathogen proteins to host
polysaccharide receptors [Level III, V] (Sharon, 1986; Boas
et al., 2019). Further in vivo and clinical evaluations will be
required to assess the specific significance of these reports and in
particular the possible role of Moringa-derived products in
COVID-19 management.

Traditional African Medicines of the D. R. Congo and Nigeria
have developed N. pobeguinii and N. latifolia for clinical
application in malaria therapy which may form a starting
point for herbal repurposing for COVID-19 management. For
instance, a diherbal preparation containingN. latifolia and Cassia
occidentalis (Manalaria®), was authorized for malaria treatment
in D.R. Congo which later formed part of the Congolese List of
Essential Drugs (Pousset et al., 2006; Memvanga et al., 2015;
Haudecoeur et al., 2018). While in Nigeria, aqueous extracts of N.
pobeguinii (codenamed PR 259 CT1) was successfully taken
through preclinical investigation and phase 1 of clinical trials
[Level I, for malaria] for the treatment of uncomplicated malaria
(Mesia et al., 2011; Mesia et al., 2012a; Mesia et al., 2012b) and
could offer hope in COVID-19 management after requisite
investigative screening and standardization. Furthermore, the
aqueous root extract of N. latifolia otherwise known as
NIPRD AM1®, has been clinically studied in uncomplicated
malaria and found to be therapeutically helpful as an
antimalarial (Gamaniel, 2009) and should therefore be given
attention for investigative management of COVID-19 [Level I,
for malaria]. Nevertheless, such investigation should follow after
these chemically complex herbal mixtures have been taken
through extensive acute, subacute and chronic toxicity studies
as well as the metabolite profiling using modern analytical
methods.

MAMA Powder and MAMA Decoction are authorized
indigenous polyherbal antimalarials which have been
scientifically formulated by Prof Elujoba, the Head of the
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Village Chemist located within Obafemi Awolowo University, Ife,
Nigeria. MAMA Powder contains stem bark of Alstonia boonei
De Wild (Apocynaceae) and seed of Picralima nitida Stapf
(Apocynaceae) while MAMA Decoction is made up of the
leaves of Mangifera indica L. (Anacardiaceae), Alstonia boonei
DeWild (Apocynaceae),M. lucida andAzadirachta indicaA. Juss
(Meliaceae) (Odediran et al., 2014). In an in vivo experiment
using rodents (Adepiti et al., 2014), MAMA Decoction showed
antimalarial activity at 240 mg/kg without any observable toxic
effect when administered up to 2 g/kg body weight. Human
observational study has further reinforced the in vivo activity
while the efficacy claims by treated patients on MAMA herbal
remedy has multiplied malarial patients’ demand for the herbal
medicine. An elaborate preclinical study with superior scientific
quality, documentation of chemical fingerprint as well as clinical
trial and a possible repurposing for COVID-19 management is
encouraged.

Azadirachta indica A. Juss. (Neem) (Dongoyaro, Margosa)
Meliaceae, is a medicinal plant with more than 140 chemically
active compounds isolated from the different parts including its
flowers, leaves, seeds, roots, fruits, and bark and had been
employed in managing many diseases. The active compounds
have been identified as anti-inflammatory, anti-ulcer, anti-
hyperglycaemic, immune-modulator, anti-mutagenic, anti-
oxidant, antiviral and anti-carcinogenic drugs. The earliest
three active constituents to be characterized namely nimbin
(81), nimbidin (126) and nimbinene (127) were described in
1942. Since then several compounds have been isolated and
characterized and were shown to be chemically similar and
biogenetically derivable from a tetracyclicterpenes. The neem
kernel accumulates liminoids responsible for the bitterness and
also found in other plant species such as Rutaceae and
Simaroubaceae. Their biological activities include pesticides,
antifeedants and cytotoxic properties. The leaves yielded
quercetin (73) and nimbosterol as well as liminoids (nimbin
and its derivatives). Quercetin (73) and Beta-sitosterol (85) were
the first flavonoid and phytosterol purified from the fresh leaves
of neem and were known to have antifungal and antibacterial
activities (Fabricant and Farnsworth, 2001). Although the
mechanism of action has not been fully elucidated, it is
speculated that the observed therapeutic role of Azadirachta
indica is due to the rich source of antioxidant and other
valuable active compounds which include azadirachtin (84),
nimbolinin (87), nimbin (81), nimbidin (126), nimidol (89),
salannin (83) and quercetin (73). An earlier study reported
the virucidal activity of the leaf extract of A. indica against
Coxsackievirus B-4 whose mechanism was proposed to be via
interference with an early stage of the virus replication cycle
(Badam et al., 1999). In a recent study, the in vivo intraperitoneal
administration of methanol extracts of A. indica at a dose of
25 mg/kg body weight to murine hepatitis virus infected mice
significantly reduced the expression of viral Nucleocapsid protein
at the acute stage of infection. Since the murine hepatitis virus
represents a prototype coronavirus, the therapeutic potential of
the flavonoid, phytosterol and terpenoid-rich extracts of A indica
has been reinforced [Level V]. In vitro, Neuro-2A cell-line treated
with 200 μg/ml methanol extracts of A. indica inhibited virus-

induced cell-to-cell fusion (Sarkar et al., 2020). More recently, a
computational prediction of SARS-CoV-2 structural protein
inhibitors from A. indica indicated their potential to inhibit
the functionality of membrane and envelope proteins [Level
IV*] (Borkotoky and Banerjee, 2020). The free radical
scavenging activity has been linked to the presence of
nimbolide (88) and azadirachtin (84) while the anti-
inflammatory activity is thought to be via the regulation of
proinflammatory enzyme activities including cyclooxygenase
(COX) and lipoxygenase (LOX) enzyme (Biswas K. et al.,
2020) [Level IV]. This plant, although a component of some
polyherbal antimalarial remedies including MAMA Decoction,
has not been extensively validated preclinically, clinically and
standardized as an anti-infective remedy and therefore deserves
further scientific attention especially as a potential herbal remedy
in COVID-19 treatment.

Therefore, application of Neem in health management
includes the use of its leaf, flower and stem bark in disease
prevention because of its strong antioxidant potential
(Sithisarn et al., 2005; Priyadarsini et al., 2009). The anti-
inflammatory activity has been related to suppression of the
functions of macrophages and neutrophils relevant to
inflammation by nimbidin. Other findings revealed
immunomodulator and anti-inflammatory effect of the stem
bark and leave extracts, and antipyretic activities of the seed
oil. The antimicrobial activities of Neem include inhibition of
growth of organisms such as viruses, bacteria and pathogenic
fungi (Ghonmode et al., 2013). The antimalarial activity of
extracts using Plasmodium berghei revealed reduced level of
parasitaemia with the limonoids being the active ingredients
(Akin-Osanaiya et al., 2013). Another study using P.
falciparum also showed significant reduction in both
gametocytes and asexual forms of the parasite (Udeinya et al.,
2008). Few of these studies lack depth and will require further
work to make this plant an interesting candidate for clinical
evaluation.

There are several compounds from various African plants that
have been proven to have antimalarial properties which may
provide researchers with starting points for antiviral drug
discovery. Indoles with antimalarial properties have been
derived from two plants species growing in Cameroon such as
Penianthus longifolius Miers (Menispermaceae) and Glossocalyx
longicuspis Benth (Siparunaceae). The compounds include
Palmitine (130) from P. longifolius Miers, Linodenine from G.
brevipes Benth. Also fromNigeria plant, there is Fagaronine (128)
from Fagara zanthoxyloides Lam. (Rutaceae) and Alstonine (129)
from Picralima nitida (Stapf) T. Durand and H. Durand (family
Apocynaceae). Triphyophyllum peltatum (Hutch. and Dalziel)
Airy Shaw (Dioncophyllacea) is a tropical African plant from
which a potent antimalarial alkaloid, Habropetaline A (131) was
isolated. The compound showed good effect against P.
falciparum, without cytotoxicity, with respective IC50 values
5.0 and 2.3 ng ml−1 for the strains K1 (Chloroquine and
pyrimethamine resistant) and NF54 (sensitive to all known
drugs). It was found to be almost as active as artemisinin and
one of the most potent natural products used against P.
falciparum (Bringmann et al., 2003). There are several
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observations that point to the fact that naphthoisoquinoline
alkaloids are promising lead compounds for the development
of anti-malarial drugs which of course could be tried against viral
pathogens. Cryptolepines (36) from Sida acuta Burm.f.
(Malvaceae), a plant growing in Ivory coast showed a good
antimalarial activity (Banzouzi et al., 2004). Cryptolepis
sanguinolenta (Lindl.) Schltr. of the family Periplocaceae
growing in diverse regions in Africa, have also exhibited
potent anti-malarial properties (Ablordeppey et al., 1990;
Cimanga et al., 1999; Barku et al., 2012). Following a recently
reported in silico experiments, several of these antimalarial
alkaloids from African plants have shown interesting predicted
inhibition of SARS CoV-2 viral proteins [Level IV] (Li et al., 2005;
Borquaye et al., 2020) and this support the need for further
in vitro, in vivo and clinical investigation on their therapeutic
potential for COVID-19 treatment.

Bisnorterpenes, purified from the roots of Salacia
madagascariensis Lam. DC. of the family Celastraceae, a shrub
found in East Africa whose roots are used in the treatment of
malaria fever and menorrhagia specifically in Tanzania for its
potent antiprotozoal activity (Murata et al., 2008). Recent in silico
studies supports the anti-SARS CoV-2 activity [Level IV] of
bisnorterpenes such as 22-Hydroxyhopan-3-one and 6-
Oxoisoiguesterin which have been isolated from endemic
African plants with impressive binding affinities for the 3CLpro

of coronaviruses of −8.6 and 9.1 kcal mol−1 respectively (Gyebi
et al., 2020). Aframomum exscapum (Sims) Hepper
(Zingiberaceae) synthesizes acyclic triterpenes compounds
such as S-nerolidol (157) isolated from the seeds and
represents an important constituent of essential oils used in
the treatment of malaria. This compound is also found in
Artemisia herba alba Asso and in Cymbopogon citratus (DC.)
Stapf. (Poaceae), and is able to arrest development of the

intraerythrocytic stages of malaria (Titanji et al., 2008) and as
such may be considered in future search for anti-viral agents
including SARS-CoV-2. Hyptis suaveolens (L.) Poit. from Nigeria
has also yielded abietane-type diterpenoid endoperoxide, a
molecule with high anti-plasmodial activity (Chukwujekwu
et al., 2005). Sesquiterpenes and sesquiterpene lactones (51)
derived from Vernonia spp. are known to have interesting
anti-plasmodial activities. Vernodalin (132) is the most active
compound in bitter leaf. The plant has many uses in Traditional
AfricanMedicine, the leaves ofV. amygdalinaDel. are used in the
treatment of various diseases including malaria and viral
infections. Recent in silico anti-SARS-CoV-2 investigation
reported promising activity of terpenes, iridoids and lignans
which are able to effectively interact with the host enzyme
transmembrane protease serine 2 (TMPRSS2) [Level IV]. This
enzyme facilitates viral particle entry into host cells, and its
inhibition blocks virus fusion with angiotensin-converting
enzyme 2 (ACE2). The structural complexity of these plant
metabolites and the presence of hydroxyl moieties and
aromatic rings significantly improves the inhibition of their
molecular target (Rahman et al., 2020). Traditional African
Medicine knowledge could be very useful in drug discovery
efforts from African medicinal plants, but the quality and
reproducibility of such investigation is key. Chinedu and
colleagues in a review of plants used in malarial treatment,
reported over one hundred indigenous plants which have been
employed traditionally in the management of malaria infection in
six African Countries namely Nigeria, Ghana, Ethopia, Benin,
Cameroon and Togo (Chinedu et al., 2014). Komlaga and
colleagues have also evaluated some of the plants employed in
the traditional management of malaria in Ghana, namely Persea
americana Mill (Lauraceae), Theobroma cacao L. (Malvaceae)
and Tridax procumbens (L.) L. (Compositae) and found that they

FIGURE 6 | Antiviral proteins isolated from plants.
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TABLE 2 | African Plants with evidence-based in silico therapeutic potentials against SARS-CoV-2 [Level IV].

African plant Country Plant
organ

Bioactive compound
tested In silico

Viral protein
targeted

Binding
affinity
(Kcal/
mol)

References

Amaranthus tricolor L.
(Amaranthaceae)

Nigeria (Benin),
Kenya and
Tanzania

Seedlings Amaranthin (134) bSARS-CoV-
2 3CLpro

−18.14 Kaur et al. (2006), National Center for
Biotechnology Information (2020); ul
Qamar et al. (2020), Wu et al. (2006), Xin
et al. (2011)

Camellia sinensis L. Kuntze
(Theaceae)

East Africa
(Kenya, etc)

Root barks Myricetin 3-O-beta-
D-glucopyranoside (136)

bSARS-CoV-
2 3CLpro

−18.42 Xu et al. (2008)

Fraxinus Sieboldiana blume
(Oleaceae)

Sub-saharan
Africa

Stem bark Calceolarioside B (135) bSARS-CoV-
2 3CLpro

−19.87 Kim et al. (2002), Lin et al. (2008), Lin
et al. (2007), National Center for
Biotechnology Information (2020)

Glycyrrhiza uralensis Fisch.
ex DC. (Fabaceae)

South Africa,
Libya

Leaves Licoleafol (137) bSARS-CoV-
2 3CLpro

−19.64 Das et al. (2020), National Center for
Biotechnology Information (2020), ul
Qamar et al. (2020)

Hyptis atrorubens Poit
(Lamiaceae)

Nigeria, sub-
saharan Africa

Leaves and
stem

Methyl rosmarinate (31) bSARS-CoV-
2 3CLpro

−20.62 Abedini et al. (2013), National Center for
Biotechnology Information (2020), ul
Qamar et al. (2020); Woo and Piao
(2004)

Myrica Cerifera L.
(Myricaceae)

Nigeria Root bark Myricitrin (32) bSARS-CoV-
2 3CLpro

−22.13 National Center for Biotechnology
Information (2020), Paul et al. (1974), ul
Qamar et al. (2020)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed oil A-terpineol (21) aSARS-CoV-
2:ACE2
interface

−5.8 Ahmad et al. (2020), Ali and Blunden
(2003)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed oil P-cymene (22) aSARS-CoV-
2:ACE2
interface

−5.8 Ali and Blunden (2003), Malik et al.
(1995)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed oil T-anethole (23) aSARS-CoV-
2:ACE2
interface

−6.2 Ali, B. H. and Blunden (2003), Malik and
Zaman (1992)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed oil Carvacrol (24) aSARS-CoV-
2: ACE2
interface

−7.0 (Arunasree (2010), Azizi et al. (2012),
Lima et al. (2013), Landa et al. (2009), Li
et al. (2016), Yin et al. (2012)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed Thyhydromoquinone (25) aSARS-CoV-
2:ACE2
interface

−6.1 Khan et al. (2011), Salim. (2020),
Worthen et al. (1998)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed oil Thymol (26) aSARS-CoV-
2:ACE2
interface

−6.1 Bulugaha and Arachchige. (2012), Islam
et al. (2004), Salem (2005)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed oil Thymoquinone (TQ) (27) aSARS-CoV-
2:ACE2
interface

−6.7 Badary et al. (2003), Bulugahapitiya and
Arachchige (2012), Houghton et al.
(1995), Kacem and Meraihi (2006),
Randhawa, (2008), Salem (2005), Salim
(2020)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed Dithymoquinone (nigellone) (28) aSARS-CoV-
2:ACE2
interface

−8.6 El-Dakhakhny (1965), Mahmoud et al.
(2002), Randhawa (2008), Salem (2005)

Nigella sativa L.
(Ranunculaceae)

Algeria Seed Carone aSARS-CoV-
2:ACE2
interface

−6.5 Salem (2005), Salim. (2020)

Phaseolus vulgaris L.
(Fabaceae)

Nigeria, sub-
saharan Africa

Root 3,5,7,3′,4′,5′-hexahydroxy
flavanone-3-Obeta-
D-glucopyranoside (33)

bSARS-CoV-
2 3CLpro

−19.10 National Center for Biotechnology
Information (2020), Rao, (1990), ul
Qamar et al. (2020)

Phyllanthus Emblica L.
(Phyllanthaceae)

Nigeria, Ghana,
North Africa

Leaves and
branches

(2S)- eriodictyol 7-O-(6″
O’galloyl)-beta-
dglucopyranoside (33)

bSARS-CoV-
2 3CLpro

−19.47 National Center for Biotechnology
Information (2020), ul Qamar et al.
(2020)

Psorothamnus
fremontii (Torr. ex A.Gray)
barneby (Fabaceae)

Uganda, South
Africa

Roots 5,7,3′,4′-tetrahydroxy-2’-(3,3-
dimethylallyl) isoflavone (30)

bSARS-CoV-
2 3CLpro

−29.57 National Center for Biotechnology
Information (2020), ul Qamar et al.
(2020)

aSARS-CoV-2:ACE2 interface: Binding affinities of docked compounds were obtained using Autodock/vina with Chloroquine as reference standard scoring a binding energy of -7.2;
Dithymoquinone (nigellone) (28) demonstrated the most promising binding energy lower than the reference standard (Ahmad et al., 2020).
bSARS-CoV-2 3CLpro, Molecular Operating Environment (MOE) was used for molecular docking, ligand-protein interaction and drug likeness analyses while the antiviral drug, nelfinavir
was used as the standard drug which produced a binding energy of −17.31. All compounds reported showed a lower binding energy than the reference compound used.

Frontiers in Pharmacology | www.frontiersin.org April 2021 | Volume 12 | Article 59685513

Attah et al. African Antiviral Phytomedicines and COVID-19

http://www.theplantlist.org/1.1/browse/A/Leguminosae/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


have good antiplasmodial activities to justify their employment in
such treatment (Komlaga et al., 2015). African Medicinal plants
used in treating malaria may therefore represent promising areas
to investigate for their potential in treating viral infections
including the novel coronavirus (COVID-19) and HIV.
However, since their findings are only preliminary, there is
still a long path to clinical application as these remedies must
be well standardized, authorized for use and administered by
qualified medical personnel to African populations.

Beyond Claims: Identifying Key COVID-19
Potential Phytotherapies in Africa
Medicinal plants have continued to play an important role in
providing primary healthcare needs across the African region
particularly during sudden outbreak of deadly diseases like
COVID-19. Emerging technologies, including the mining of
plant-derived chemical libraries and application of
computational techniques including ligand docking and other
methods in computer-aided drug design (CADD), are
increasingly deployed in rapidly selecting candidate screening
compounds for a fast-tracked drug discovery process particularly
during emergency situations like the ongoing COVID-19
pandemic. In silico analysis reduces the investigational time-
line to identify “hits” and the analysis of their suitability in
combating pathogenic diseases and thus shortens the drug
discovery pipeline (Terstappen and Reggiani, 2001; Pascolutti
and Quinn, 2014; Ubani et al., 2020). Documented hits
compounds which have demonstrated interesting in silico
activities against SARS-CoV-2 and isolated from African
plants (Figure 7) include amaranthin (134) (Amaranthus
tricolor L.- Amaranthaceae), myricitrin (32) (Myrica cerifera
(L.) Small - Myricaceae), isoflavones (30) (Psorothamnus
arborescens (A.Gray) Barneby - Fabaceae), nigellicine (21),
nigellidine (22), nigellone (28), carvacrol (24), hederin (25),
thymol (26), thymoquinone (27), thymohyroquinone (29)
(Nigella sativa L.), Calceolarioside B (135) (Fraxinus
sieboldiana Blume - Oleaceae), Licoleafol (137) (Glycyrrhiza
uralensis Fisch. ex DC - Fabaceae), methyl rosmarinate (31)
(H. atrorubens Poit), myricetin 3-O-beta-D glucopyranoside
(136) (Camellia sinensis L. Kuntze - Theaceae). Table 2
presents a full list of these compounds and the plants
producing them while Figure 6 presents the chemical
structures of the compounds. These in silico findings with
limited evidence should form the basis for future in-depth
in vitro, in vivo and clinical studies rather than indiscriminate
application of preliminary data which could constitute a public
health concern.

Attempts are at present being fast-tracked to discover,
repurpose or otherwise develop preventive and treatment
options for COVID-19 from the wealth of indigenous
knowledge on the use of plants sourced from African plant
biodiversity in combating infectious diseases. However, for a
phytomedicine to be officially approved and authorized for
use, it needs to be scientifically investigated and taken through
accelerated clinical trials. The African media, especially the social
media, internet, television and radio has been populated with

anecdotal claims on COVID-19 herbal vaccines, symptomatic
treatment and even cure. Several of these claims are coming from
important personalities in the society including religious leaders,
traditional/community leaders, Traditional Medical Practitioners
(TMPs), research institutions or from establishments producing
herbal remedies. Many of these yet-to-be validated claims have
originated from Eastern Africa (Madagascar), West Africa
(Nigeria) and Central Africa (Cameroon). In fact, Madagascar
was the foremost African country to authorize the use of an
indigenous herbal remedy known as COVID Organics (CVO) for
the prevention and cure of COVID-19. The World Health
Organization (WHO) carefully discouraged the official
positioning of CVO as a magic bullet for the cure of the
disease and emphasized that only evidence-based claims with
satisfactory efficacy and safety margins via clinical trials could
justify the claims of the government of Madagascar. As a result,
the WHO and African CDC are cooperating with and supporting
the government to design and conduct clinical trials to validate
the efficacy and possible adverse effects of CVO polyherbal
formulation. This may involve multi-centre clinical trials
involving countries in Africa such as Tanzania, Equatorial
Guinea and Congo-Brazzaville that had received the herbal
remedy (WHO, 2020).

In Nigeria, the social media, television, internet and radio
media have been flooded with claims of symptomatic treatment,
cure or prevention of COVID-19. Many of these anecdotal claims
flying over the virtual space have provided African researchers
starting points for a plant-derived drug discovery studies against
COVID-19; many of the claims have originated from eminent
Nigerians such as the traditional leader of the Yoruba nation,
religious prophets and Priests, Botanists, Biochemists and a host
of Nigerian scientists in academia; several of these claims are
currently under scientific investigation for adverse effects and
efficacy. Officially, the Nigerian government has not approved or
authorized the use of any indigenous phytomedicine to combat
COVID-19, reason being that no herbal remedy currently
claimed to prevent, manage or cure the infectious disease has
been taken through a rigorous scientific investigation via clinical
trials. Meanwhile, the Nigerian government through the National
Agency for Food and Drug Administration and Control
(NAFDAC) is now processing not less than 21 herbal
formulations for “safe use” under listing status. These
polyherbal formulations according to NAFDAC, have been
claimed to boost immunity with a parallel anti-infective
activity capable of providing relief to symptoms associated
with COVID-19. More so, a documented evidence of clinical
trial which is required to support efficacy claims is lacking until
the time of this writing. However, the Bioresources Development
Group (BDG), Abuja, Nigeria; International Center for
Ethnomedicine and Drug Development (InterCEDD) Nsukka,
Nigeria, has submitted the previously NAFDAC listed IHP Detox
tea for clinical trials which is titled: “Efficacy and safety of IHP
Detox Tea (a special blend of Andrographis paniculata (Burm.f.)
Nees (Acanthaceae), Garcinia kola Heckel (Clusiaceae) and
Psidium guajava L. (Myrtaceae)) for treatment of COVID-19):
a pilot placebo-controlled randomized trial”. The clinical trial is
to be undertaken at the Nigeria Center for disease Control
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TABLE 3 | African Plants which are less widely applied in TAM with in vivo and in vitro evidence-based antiviral potentials [Level V].

African plant Country Plant
organ

Bioactive compound
isolated

Viral protein
targeted

References

Alangium chinense (Lour.)
harms (Cornaceae)

Cameroon,
Ethiopia, tropical
Africa.

Roots Sesquiterpenoids and
alkaloids

Coxsackie B3 Zhang et al. (2013)

Azadirachta indica A. Juss
(Meliaceae)

Ghana Bark Bark extract HSV-1 Martins et al. (2009)

Azadirachta indica A. Juss
(Meliaceae)

Ghana NP Polysaccharides Poliovirus Faccin-Galhardi et al. (2012)

Calophyllum L.
(Calophyllaceae)

Kenya, Madagascar NP Coumarin and xanthone HIV RT≠

Camellia sinensis (L.) kuntze
(Theaceae)

South Africa Green tea Epigallocatechin (171),
lucidone (172)

HBV Xu et al. (2008)
Kenya
Malawi
Rwanda
Nigeria

Cryptopleura ramosa
(hudson) L. Newton
(Delesseriaceae)

South Africa NP Sulfated galactans HSV-1 and HSV-2
replication in vero

Carlucci et al. (1997)

Ferula narthex Boiss.
(Apiaceae)

North Africa NP Sesquiterpenecoumarins (51) Influenza Lee et al. (2009)

Glycine max (L.) Merr.
(Fabaceae)

Zambia, Zimbabwe
and South Africa

NP Rhamnogalacturonan CMV≠ cytotoxicity Steinmassl and Anderer (1996), Huisman
et al. (2001)

Glycyrrhiza glabra L.
(Fabaceae)

North Africa Leaflets Chalones (52) Influenza Dao et al. (2011)

Griffithsia (wrangeliaceae) South Africa NP Griffithsin HIV clade C Danaher et al. (2011)
Hypericum perforatum L.
(hypericaceae)

South Africa Stem and
petals

Hypercin (47) HCV≠ Jacobson et al. (2001)

Ligustrum lucidum W.T.Aiton
(Oleaceae)

South Africa Oleanolic acid (168) and
ursolic acid (17)

HCV Kong et al. (2013)
Algeria

Marrubium peregrinum L.
(Lamiaceae)

Northern Africa NP Ladanein (173) (BJ486K), a
flavonoid

All HCV genotypes Haid et al. (2012)

Momordica charantia L.
(Cucurbitaceae)

Nigeria NP Recombinant MAP 30 HIV

Phyllanthus niruri L.
(Phyllanthaceae)

West Africa Leaf bNiruriside (48) HIV Dharmaratne et al. (2002), Lee-Huang et al.
(1995), Qian-Cutrone et al. (1996)

Piper longum L. (Piperaceae) Madagascar Longumosides and amide
alkaloids

HBV Jiang et al. (2013)

Punica granatum L.
(Lythraceae)

North Africa Punicagalin Enterovirus 71 Mouhajir et al. (2001), Yang et al. (2012)

Punica granatum L.
(Lythraceae)

South Africa NP aPolyphenols Enveloped viruses,
Food borne surrogate
viruses

Kotwal (2008), Neurath et al. (2004),
Neurath et al. (2005), Su et al. (2010),
Sundararajan et al. (2010)

Reynoutria japonica houtt.
(Polygonaceae)

South Africa Leaves cResveratrol+ HIV, EBV, HCV De Leo et al. (2012), Heredia et al. (2000)

Rubus fruticosus L.
(Rosaceae)

South Africa NP Extract HSV-1≠ Danaher et al. (2011)

Salvia rosmarinus spenn.
(Lamiaceae)

North Africa Np Carnosic (49) RSV Shin et al. (2013)
Ethiopia

Sambucus nigra L.
(Adoxaceae)

Northern Africa NP Liquid extract Influenza Krawitz et al. (2011)

Swietenia macrophylla king
(Meliaceae)

West Africa Stem d3-hydroxy caruilignan (3-
HCL-C)

HCV Wu et al. (2012)

Woodfordia fruticosa (L.)
kurz (Lythraceae)

Tanzania,
Madagascar

Flowers Gallic acid (54) Enterovirus HCV Choi et al. (2010)

NPNot Provided. ≠Only in vitro activitiy reported;
aHIV-1 entry inhibitors from pomegranate juice adsorbed onto corn starch. The resulting complex blocks virus binding to CD4 and CXCR4/CCR5 and inhibits infection by primary virus
clades A to G and group O; the antiviral effects of pomegranate polyphenols are mediated in different ways depending on the nature of the virus. In the case of influenza virus, elimination of
infectivity by pomegranate polyphenols is primarily a consequence of damage to virion integrity, rather than simply a coating of viral particles.
binhibitory activity against protein binding to RNA.
cprotein synthesis inhibition, decreases reactive oxygen species (ROS) levels, and suppressession of the EBV-induced activation of the redox-sensitive transcription factors NF–kB and
AP-1.
d3-HCL-C interfered with HCV replication by inducing IFN-stimulated response element transcription and IFN-dependent anti-viral gene expression. HIV–Human Immunodeficiency Virus;
HSV 1–Human Simplex Virus one; HSV 2–Human Simplex Virus two; EBV–Epstein-Barr Virus; CMV–Cytomegalovirus; HBV–Hepatitis B Virus; RSV–Respiratory Syncytial Virus;
HCV–Hepatitis C Virus.
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(NCDC) COVID-19 isolation site in Lagos, Nigeria and has been
registered with the Pan African Clinical Trials Registry: at www.
pactr.org with registration number of PACTR202004761408382.
The identified main bioactive phytoconstituents of the
Andrographis paniculata is andrographolide (61) while
kolaviron, Garcinia biflavonoids (59–60) has been reported in
Garcinia kola (Lin et al., 2009; Buba et al., 2016).

Other indigenous anti-COVID-19 herbal remedies and
polyherbal formulations listed by the Nigerian NAFDAC but
still lack clinical trial data and not yet authorized for use by the
government but available in the market space include: IHP
Garcinia, IHP Detox, IHP Immunovit (products of
(InterCEDD, Nigeria), CUGZIN capsule, 290 mg (produced by
PaxHerbal, Nigeria) and VIVE active (Rx Agroprocessing,
Nigeria). The Nigerian Federal Ministry of Health in

collaboration with NAFDAC is supporting three foremost and
promising remedies for funding considerations to enable clinical
trials in a bid to champion an evidence-informed use of
indigenous phytomedicines in Nigeria.

Cameroon is another country located in central Africa
whose anti-COVID-19 herbal claims has attracted much
attention and use of unauthorized herbal remedies is
widespread despite serious concerns expressed by the WHO
regarding such uninvestigated anecdotal claims which could place
African populations in great risk, create false confidence and
discourage them from adherence to recommended global
preventive measures. For instance, two phytomedical remedies
(Elixir COVID and Adsak COVID) which have been developed
from undisclosed indigenous plants have been claimed to reverse
the effect of COVID-19, clear the virus from patients’ body fluid while

FIGURE 7 | Structures of some plant-derived secondary metabolites with antiviral activities.
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essential oils have been claimed to cure at least 1500 COVID-19
patients. These remedies lack scientific evidence (Africa CDC, 2020;
WHO, 2020) and should be holistically validated for a possible clinical
application.

Perspectives on the Therapeutic Potentials
of African Plants
Africans may lack access to western repurposed drugs that are
now used to manage COVID-19 in developed countries, but they
have unlimited access to medicinal plants which can be
standardized for effective and safe use. These tropical plants
accumulate both primary and secondary metabolites with a
broad range of in silico, in vitro and in vivo activities
including antiviral properties (Tables 1–3). Many of the
antiviral primary metabolites such as polysaccharides and
antiviral proteins (Figures 5, 6) accumulated in African plants
reported in this review have not attracted much research
attention and exploitation in antiviral drug discovery. Even of

more scientific interest are the highly stable low molecular weight
peptides known as cysteine-knot peptides among which,
cyclotides (Figure 5; 1–7) are most stable due to their
continuous circular configuration, low molecular weight,
abundance, sequence variability, oral bioavailability, target
specificity, low in vivo toxicity and wide distribution in plants
families including Violaceae, Rubiaceae, Fabaceae, Curcubitaceae
and Solanaceae (Gründemann et al., 2013; Attah et al., 2016b; de
Veer et al., 2019). Reported antiviral cyclotides include Cter M
(1), vhl-2 (2), cyclotide vhl-1 (3), CIRCULIN A (4), kalata B1(5),
kalata B8 (6), Cyclotide Palicourein (7) and Alstotide S1 (8) (Daly
et al., 1999; Daly et al., 2004; Chen et al., 2005; Poth et al., 2011;
Wang et al., 2017). The hydrophobic nature of these interesting
peptides appear to be very important for their activity against
enveloped viruses (Badani et al., 2014; Wang et al., 2017).
Antiviral Kalata B1 and B8 have been isolated from an
indigenous plant Oldenlandia affinis (Roem. and Schult.) DC.
(Rubiaceae) used in Traditional African Medicine to aid delivery
in Central Africa (Gran et al., 2000) and as an antimalarial herb in

FIGURE 7 | (Continued).
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Nigeria (Nworu et al., 2017); cyclotide-rich aqueous extract of
Oldenlandia affinis DC. represent a potential multitarget peptide
drug candidate that awaits scientific investigation against
COVID-19. However, phytomedicines containing antiviral
Kalata B1 may be contraindicated in pregnancy (Saether et al.,
1995) and more useful during the late stage of hyper-
inflammation observed in COVID-19 owing to the
immunosuppressant activity of Kalata B1 (Grun̈demann et al.,
2013). Meanwhile, the therapeutic potentials of these peptides
still lacks clinical evidence to support the interesting in vitro and
in vivo findings.

Exploring and exploiting medicinal plants for antiviral
activity should be premised on the demonstration of
prophylactic and/or therapeutic efficacy at an optimal
amount in metabolic fluid. Similarly, plants and their
bioactive metabolites have been shown to modulate
immunological activities making them suitable candidates
for biological response modifiers with the potential to

alleviate symptoms and prevent death associated with
infectious viral outbreak (Kurokawa et al., 2010). Therefore,
the Africa Centers for disease Control and Prevention (Africa
CDC) has provided standard guidelines for Member States
when herbal remedies or medicines are proclaimed or
developed in their countries (Africa CDC, 2020).

Since the global R and D community is relentlessly working on
getting an effective treatment to stop the COVID-19 pandemic,
symptomatic management of the viral symptoms and Prevention
of infection through divergent approaches should be encouraged.
For instance, evidence-based and documented scientific
publications on the antiviral and immunomodulatory
potentials of African plants could provide some clues on
prevention and management of COVID-19. Examples of such
African plants widely used in traditional medicine across the
region which have received in silico anti-COVID19 screening
(Rowaiye et al., 2020) for bioactivity include M. indica L.,
Manihot esculenta Crantz. (Euphorbiaceae), A. occidentale L.,

FIGURE 7 | (Continued).
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Uraria picta (Jacq.) Desv. (Fabaceae) and Corchorus olitorius
L.(Malvaceae) Others are simply immune boosters including V.
amygdalinaDelile., M. oleifera Lam, Telfairia occidentalisHook.f.
(Cucurbitaceae), among others. Findings from this preliminary
study have limited evidence until indepth preclinical and clinical
studies are done. Some commonly used Nigerianmedicinal plants
that may have potentials for the symptomatic management of
COVID-19 include Capsicum L (Solanaceae), Z. officinale Roscoe,
Xylopia ethiopica (Dunal) A.Rich. (Annonaceae), C. papaya L., A.
cepa L., G. kolaHeckel, A. sativum L. Several other antiviral plants
(Table 1) used in Nigerian ethnomedicine such as Senna siamea
(Lam.) H.S.Irwin and Barneby (Fabaceae) and Zephyranthes
candida (Lindl.) Herb (Amaryllidaceae) (Ogbole et al., 2013)
could also be of scientific interest for further research. Tannins
and glucosinolates (94) with broad anti-infective activities
(Chodur et al., 2018; Hensel et al., 2020; Nie et al., 2020) from
seeds ofM. oleifera Lam., a popular and widely used tropical plant
may equally be of research interest as potential prophylactic and

anti-COVID-19 herbal supplement. B. ferruginea Benth is
another tropical plant for future investigation against COVID-
19; it is popular in African ethnomedicine to fight difficult
infectious diseases as well as a prophylactic in some anti-
infective remedies [Level V] (Ozerov et al., 1994; Cimanga
et al., 1999). P. guajava L. has shown interesting broad
spectrum antimicrobial activities, good antiviral property and
polyphenolic compounds (catechin-133, quercetin-73 and gallic
acid - 54) derived from the stem bark and leaves have been linked
with the reported bioactivity (Sriwilaijaroen et al., 2012; Naseer
et al., 2018; Trujillo-Correa et al., 2019). Howbeit, this study lacks
in vivo and clinical evidence as only preliminary in silico and a
more elaborate in vitro data has been documented.

A recent CADD-directed fluorogenic enzyme inhibition assay
reported corilagin and rhoifolin, two natural products of African
origin, with micromolar range inhibitory activity against the main
protease (3CLpro) enzyme of the SARS-CoV2 (Loschwitz et al.,
2020). Interestingly, the investigation which had commenced
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with the screening of an over 1.2 million virtual compound library
(Olubiyi et al., 2020) identified corilagin and rhoifolin in the top
eight compounds with respect to main protease inhibitory
activity. Corilagin, an ellagitannin, is widely distributed in
several African plants and is known to be present in the plant
families including Euphorbiaceae (e.g. Acalypha wilkesiania
Muell Arg and Acalypha australis L., Euphorbia longana Lam.,
Phyllanthus emblica L., P. urinaria L., P. tenellus Roxb., P. niruri
L., etc), Geraniaceae (Geranium sibiricum L.), Combretaceae
(Terminalia catappa L.), to mention a few. Rhoifolin on the
other hand is a tri-substituted flavone and has been reported in
Uraria picta (Jacq.) DC, a perennial tropical plant with
distribution extending through most parts of Sub-Saharan
Africa. With in vitro inhibitory activities of both natural
products in the micromolar range, it is yet to be determined if
the reported potencies will extend to in vivo situations. But the
establishment of the SARS-CoV2 3CLpro inhibitory activities for
both natural products further support the potential of African
plants to potentially furnish herb-based remedies and lead
compounds that can be developed into clinically useful
treatment for COVID-19 [Level III].

Coadministration of Phytomedicines and
Western Medicines in COVID-19
Management: Drawback of Herb-Drug
Interaction
The use of phytomedicines as adjuvants in the therapeutic
treatment of diseases has received a drawback due to the
occurrence of deleterious herb-drug interactions (Rivera and
Loya, 2013). A typical medicinal plant is a biological
laboratory of hundreds of bioactive metabolites with
significant influence on the pharmacokinetics and
pharmacodynamics of drugs when co-administered or used as
adjuvants. The co-administration of orthodox drugs alongside
herbal medicines may bring about pharmacodynamic
interactions that may result in synergistic, additive or
antagonistic pharmacological end-points. More so, an
important consequence of herb-drug interactions is the
pharmacokinetic dimension that alters the level of the drug in
systemic circulation. This may result from the activity of the herbs
leading to elevation or inhibition of the function of certain drug
metabolizing enzymes or efflux transporters. As a rule of the
thumb, the bioavailabilities of bioactive compounds are enhanced
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by the inhibition of drug metabolizing enzymes or efflux
transporters; in contrast, induction of drug metabolizing
enzymes or efflux transporters reduces drug bioavailability
(Patil et al., 2014). Hence, precautionary measures and
adequate monitoring (pharmacovigilance) are essential when
co-administering drugs with narrow therapeutic window or
safety margin with herbs as any variation in plasma
concentrations can result in adverse events or treatment
failure (McFadden and Peterson, 2011).

Generally, most of the drugs used in humans are metabolized
by a class of enzymes known as cytochrome P450 (CYP)
(Thomford et al., 2016). The CYP enzyme comprises diverse
isoenzymes whose function can be altered by phytochemicals
present in phytomedicines. In herb-drug interaction, the herbal
drug may induce or inhibit the same isoenzyme that is
responsible for the metabolism of the synthetic drug. If the co-

administered herbal drug inhibits the isoenzyme, the synthetic
drug will not be metabolized; this will lead to high levels of the
drug in physiological fluid which consequently results in toxicity.
In contrast, if the herbal drug induces the isoenzyme, this could
result in rapid metabolism of the drug whose optimal therapeutic
concentration in systemic circulation may not be reached leading
to treatment failure, and possibly development of resistance
(Zhou et al., 2003). Herb-drug interaction can also occur if the
same isoenzyme is responsible for the metabolism of both the
herbal drug and synthetic drug. For instance, in vitro studies have
shown that CYP3A4, 3A5 and CYP19 enzymes are inhibited by
hypoxoside, an active component of Hypoxis hemerocallidea
Fisch., C.A. Mey. and Avé-Lall. (Hypoxidaceae); Hyptis
suaveolens (L.). Poit. (Lamiaceae), Boerhavia diffusa L
(Nyctaginacea), Launaea taraxacifolia (Willd.) Amin ex C.
Jeffrey (Asteraceae) and Myrothamnus flabellifolia Welw.
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(Myrothamnaceae) inhibit CYP2B6 activity in a concentration
-dependent manner. Sutherlandia frutescens (L.) R.Br. (Fabaceae)
was shown to inhibit CYP3A4. In other words, the drugs
metabolized by these enzymes will become toxic if
administered concurrently with these plants commonly used
in African Traditional medicine. On cultured cells, Agarista
salicifolia (Lam.) G.Don (Ericacea), Turraea holstii Gürke
(Meliaceae) and Sterculia africana (Lour.) Fiori (Malvacea)
causes more than two-fold induction of CYP3A4 mRNA
(Mills et al., 2005). Unfortunately, only limited data exist in
Africa regarding in vivo herb-drug interaction since most patients
do not report intake of herbal medicines to health practitioners
during treatment. Yet one common practice in Sub Saharan
Africa is the prescription of antimicrobials and the parallel
consumption of widely used traditional medicines which are
potentially harmful to the liver (Riebensahm et al., 2019).

Western drugs which have so far attracted attention as
potential treatment options for COVID-19 include
chloroquine (158), hydroxychloroquine (159), azithromycin

(160), ceftriaxone (161) (for patients with pneumonia),
remdesivir (162), favipiravir (163), ribavirin (164),
lopinavir–ritonavir (165) (used in combination) and of recent
dexamethasone that have been shown to reduce mortality rate of
COVID- 19 patients. The CYP enzymes such as CYP2C8,
CYP3A4, CYP2D6 and CYP1A1 can metabolize chloroquine
(Spaldin et al., 1994; Projean, 2003a; Kim et al., 2003; Gil and
Gil Berglund, 2007) and catalyzes the dealkylation of chloroquine
(158) and hydroxychloroquine (159) to pharmacologically active
compound (McChesney, 1983; Spaldin et al., 1994; Furst, 1996;
Projean, 2003b) CYP3A4 is responsible for the metabolism of
Dexamethasone (DEX) (166) to 6-hydroxyDEX (6OH-DEX)
(167) (Tomlinson et al., 1997). Remdesivir (162) metabolism
is mediated by hydrolases, however, it has been shown to exert
weak inhibitory effects on CYP3A4, OATP1B1, OATP1B3, bile
acid export pump, multidrug resistance-associated protein
(Sciences, 2020), and sodium-taurocholate cotransporter
protein. It is also established that remdesivir (162) is a
substrate of CYP2C8, CYP2D6, CYP3A4, OATP1B1,
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OATP1B3, bile acid export pump, multidrug resistance-
associated protein (European Medicines Agency, 2020), and
sodium-taurocholate cotransporter protein. Lopinavir and
ritonavir (165) therapy strongly induces CYP2C19 activity and
mildly induces CYP1A2 and CYP2C9. Both intestinal and hepatic
CYP3A are inhibited by lopinavir and ritonavir therapy, the
former being greatly affected (Yeh et al., 2006). The
metabolism of favipiravir (163) is mediated by aldehyde
oxidase (AO) and xanthine oxidase in the hepatocyte cytosol,
and not by CYP450 enzymes. But there are reports which support
favipiravir (163) as an inhibitor of CYP2C8 (Madelain et al.,
2016).

Several widely distributed African medicinal plants with long
history in therapeutic use, are employed in the management of
different infectious diseases (Tables 1–3) and many of them are
being repurposed for COVID-19 by herbal firms and local
healthcare providers in Africa. Some of such plants e.g
Artemisia plant species including Artemisia abrotanum L.
(Asteracea), Artemisia caruifolia Buch. -Ham. ex Roxb

(Asteracea), Artemisia pontica L. (Asteracea), Artemisia herba-
alba Asso (Compositae), Artemisia absinthium L. (Asteracea),
Artemisia afra Jacq (Asteraceae) significantly inhibits CYP3A4
(Lazaridi, 2014). Aqueous infusions (3.3 mg/L) of Artemisia
annua displays significant reduction in the CYP3A4 activity
(Lazaridi, 2014). Many of the plants applied in TAM
accumulate bioactive polyunsaturated fatty acids (PUFA) such
as linoleic (75), linolenic (74), docosahexaenic acid (67) which
have been reported to have profound inhibitory effect on
CYP3A4. Linoleic (75) and linolenic acid (74) are the most
common acids found in plants of the Artemisia family.
Artemisia annua is the main active component of the claimed
anti-COVID-19 herbal formulation popularly called COVID
organics by Madagascar. In another study, 75, 52 and 5% of
CYP3A4 were respectively inhibited by100 μg/mL grapefruit oil,
Eucalyptol (77) and menthol (65) (Zhang and Lim, 2008).
Curcumin (72) (40 µM), 6-gingerol (79) (100 µM), citral (78)
(250 µM), d-limonene (64) (400 µM), β-caryophyllene (66)
(500 µM), 1,8-cineole (77) (1 mM), myrcene (1 mM) shows
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inhibitory effect on CYP3A4; piperine (76) has been shown to
enhance bioavailability (Lutgen, 2016). These bioactive plant
metabolites which have demonstrated antiviral properties have
been reported in several plants used in TAM for the symptomatic
treatment of COVID-19 in Nigeria (Table 1 and Figure 2). This
means the co-administration of these herbal medicines with
orthodox drugs used in COVID-19 management could result
in herb-drug interaction that potentially may be hepatotoxic.
However, this area of study has not received adequate scientific
attention, particularly by in vivo experiments and should be of
research interest in future.

Garcinia kola (bitter kola) is widely used in TAM, the West
African sub-region in particular, for a host of conditions
including infectious diseases and management of upper
respiratory infections (Buba et al., 2016). GARCINIA-IHP,

used for symptoms of cold and sore throat, pains, cough, nasal
congestion, viral infections and inflammation, is one of the herbal
health products marketed by InterceDD Health Products in
Nigeria. This herbal formulation is currently under
consideration as a repurposed remedy in COVID-19
management after successful clinical trials. As a result of the
radical media promotion of claims on Garcinia kola in COVID-
19 prevention and management which lacks scientific evidence,
the seed of the plant has become one of the many other local
herbal recipes consumed without any control by a majority of
people in West Africa. The correct doses of bitter kola to achieve
the best therapeutic effects and without any adverse side effects
are often not followed. However, scientific report suggests that
Garcinia kola induces CYP3A4 transcription by a multiple of 3.7-
factors in HepG2 cells at 90 μmol/L (Nwankwo et al., 2000)
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increasing the possibility for herb-drug interaction. Future
investigations will therefore focus on the extensive in vitro and
in vivo anti-SARS CoV-2 activities of extracts of Garcinia kola, in
depth toxicity studies and a holistic investigation of a possible
herb-drug interaction.

Allium species (Allium cepa and Allium sativum) are widely
used in Traditional African medicines for the management of
infectious diseases and has since been regularly canvassed by
some of the COVID-19 infected users in West Africa for the
prevention and symptomatic management of COVID-19. These
species are among the recipes recommended by the traditional
leadership of the Yoruba ethnic nationality in Nigeria and are
claimed to be efficacious in COVID-19 prevention and “cure”.
Garlic oil, obtained from A. sativum bulb contains sulfur-
compounds such as diallyl sulfide (69) (DAS), diallyl disulfide
(70) (DADS), and diallyl trisulfide (71) (DATS) which induce
CYP2B and NAD(P)H quinone oxidoreductase 1 (NQO1). DAS
(69) facilitate the induction of CYP2B10 mRNA and also activate
human CYP2B6 and NQO1 promoters which are primarily
regulated by constitutive androstane receptor (CAR) and
nuclear factor E2-related factor 2 (Nrf2) transcription factors,
respectively (Fisher et al., 2007). Further investigation is therefore

needed to unveil the mechanisms of possible herb-drug
interaction.

Pharmacokinetic Considerations in
Developing Potential anti-COVID-19 Herbal
Medicines
The popular school of thought tends toward the discovery of a
single metabolite specific for one macromolecular target.
However, modern medicine via the formulation of multi-
component medications containing two, three, or more active
components is increasingly accepting the limits of the single-
molecule hypothesis. Such multi-component medications are of
special importance in anti-infective therapies, and in fact have
become the obligatory standard of management in malaria, a
protozoan infection, tuberculosis a bacterial infection, and
acquired immune deficiency syndrome a viral infection. The
overarching aim is to employ the combined drug compounds
to target multiple macromolecular targets.

Such multi-component systems natively form a core aspect of
plant-derived preparations which range from crude extracts, to
carefully designed fractional combinations, and to a lower extent
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pure natural products. Since most component active principles
exist in lower amounts than found in mainstream
pharmaceuticals, toxicities from these preparations are
generally rarer especially when prepared using properly
validated quality assurance processes or following some local
preparation methods. Additionally benefit results from the
presence of multiple natural products capable of modulating
multiple aspects of the biochemical process of interest, a
property that is of special interest in antiviral and antimalarial
management. Interestingly, some of these botanicals have been
suggested to produce strong biological effects even at the low
concentrations at which they are present in herbal preparations
(Johanna et al., 2012). Together with their beneficial ability to
prevent resistance development, herb-based preparations should
preferably form a core component of the search for treatment of
the current COVID-19 pandemic.

Since the pharmacodynamic effects resulting from herb-based
preparations eventually depend on the component principles
interacting with biological macromolecules, their successful use
also depends critically on pharmacokinetics. With respect to the
pharmacokinetics of herbal products, the simultaneous presence
of multiple structurally distinct natural products in the same

preparation presents a definite layer of challenge not seen with
single compound pharmaceuticals but that is often of clinical
significance (Fugh-Berman, 2000). Each natural product present
in such multi-component preparations possess physicochemical
attributes that are often divergent such that it is hardly realistic to
describe the overall pharmacokinetics based on a single natural
product however significant such compound may be. Instead, it is
sometimes more prudent to define these parameters for the bulk
product based on an all-or-none basis rather than merely trying
to extrapolate the properties from data derived for individual
natural products. This was aptly demonstrated in a 2013 study
showing the strong CYP3A4-inhibiting activity of an African
herbal preparation NIPRD-AM1 with antimalarial activities
(Bulus Adzu et al., 2013). NIPRD-AM1 was developed in
Nigeria and found to be responsible for diminishing by half
the enzymatic activity of the cytochrome P450 enzyme, but
following co-administration with metronidazole it was
reported to exert no effect on the metabolic disposition of the
drug (Obodozie et al., 2011). It is certainly not inconceivable to
expect to find present individual natural products with varied
effects on the hepatic enzymes in such herbal formulations as
NIPRD-AM1; it is however the overall effect of the mixture that is

FIGURE 7 | (Continued).

Frontiers in Pharmacology | www.frontiersin.org April 2021 | Volume 12 | Article 59685526

Attah et al. African Antiviral Phytomedicines and COVID-19

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


of practical importance for quality assurance as well as for clinical
applicability especially involving the analysis of interference with
different metabolizing enzymes and with the absorption process
of drugs that are likely to be co-administered.

Absorption and bioavailability profiling is challenging for
herbal mixtures, partly because existing mathematical models
can only suitably describe single drug molecules. The AUC and
bioavailability for example, are referenced against measured
systemic concentrations of individual drugs and can only
describe one drug substance at a time. This however is not to
downplay the importance of equivalent means of profiling herb-
based preparations. In fact, many natural products are associated
with deficient molecular properties compromising solubility,
membrane permeation and thus absorption and bioavailability.
This is however not surprising since the evolutionary process that
emerged the natural products inside plants is isolated from

processes within the human biological system where a fine
balance of molecular features is often required for receptor
interaction. Natural products present in plants have no such
evolutionary imperative beyond the functions natively played in
their host plants. Therefore, a good number of natural products
with good in vitro biological profiles have been reported with
suboptimal physicochemical properties. Interestingly both the
pharmacological potency and poor absorption properties of the
component natural products are closely tied with their complex
chemical structures. Polyphenols are a class of phytochemicals
whose immunomodulatory properties can be useful in herbal
preparations for COVID19. They are however often characterized
by poor absorption and deactivation by gastric conditions
(D’Archivio et al., 2010). In the same category is the group of
curcuminoids whose antiviral, anti-inflammatory and
antioxidant properties should ordinarily qualify as viable
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components of anti-COVID19 treatment. However,
curcuminoids (72) are associated with high logP values that
are generally above 3.0 for the monomeric forms like

curcumin and turmeric, and logP values higher than 7.0 for
the dimer forms: this together with the high molecular weight
associated with dimerized curcuminoids (72) associate these
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compounds with low bioavailability. In spite of its established
diverse pharmacological activities (Sreejayan and Rao, 1996; Goel
et al., 2001; Chainani-Wu, 2003; Xu et al., 2008; Mathy-Hartert
et al., 2009; Henrotin et al., 2010; Shakibaei et al., 2011; Zhang
et al., 2016), only trace amounts of curcumin (72) were found in
the systemic circulation following oral administration (Bisht
et al., 2007). This has expectedly limited clinical applications.
And by extension, poor pharmacokinetics in vivo may hide
otherwise potent anti-SARS-CoV2 preparations and such
considerations should be factored in designing anti-SARS-
CoV2 activity exploration experiments.

A positive aspect of the use of herb-based preparations in
pharmacotherapy is the observation that the derivable
pharmacological benefits often emanate from multiple
constituent natural products that are sufficiently structurally
diverse and yet related to permit the modulation of varied and
yet related biochemical processes. It is crucial to point out that the
anti-coronavirus activities identified for these natural products
were obtained by in vitro experiments often involving enzyme-
based inhibition assays against isolated viral enzymes. In the
absence of biological membranes and the complexity associated
within vivo systems, pharmacokinetics is thus unlikely to
constitute any real challenge. On the other hand, had these
natural products or their multi-component herbal preparations
been tested in in vivo situations, they might have been thought to
lack the anti-coronavirus activities with which they have been
credited. Pharmacokinetic factors and experimental design are
thus crucial considerations in the identification of potent anti-
SARS-CoV2 herb-based products, and it is recommended that
testing should in the first stages employ enzyme-based assays
while physicochemical/pharmacokinetic liabilities can later be
remedied by employing appropriate formulation techniques.

CONCLUSION

In this review, several in silico, in vitro and few in vivo studies
have revealed the therapeutic potential of plant-derived bioactive
compounds for the treatment of viral infections in TAM, but the
data are too preliminary to be adopted in clinical settings. We
have shown clearly that available data are not sufficient to
encourage the clinical use of TAM against viral infections,
COVID-19 in this special case. Despite the huge potential of
TAM, one big and notable gap in knowledge of antiviral
application of TAM is the lack of well documented human
studies with comparative data. This calls for more research
effort geared toward the clinical application of TAM during
viral epidemics. Among the primary and secondary
metabolites documented, polysaccharides, lectins, cyclotides,
alkaloids, flavonoids, tannins and terpenes have been widely
exploited and studied for the treatment of several viral
diseases and virtually tested for efficacy against SARS-CoV-2.
However, only a few of these identified compounds such as KB1,
KB8 and andrographolide have good scientific evidence; others
require a more elaborate evidence while quite a few have evidence
that are rather inconclusive or outright poor quality evidence.
For instance, the cyclotide Kalata B1 and B8 from O. affinis have

been supported by a good evidence for antiviral (anti-HIV)
as well as immunostimulating activities in addition to their
well-documented oral bioavailability, target specificity, low
toxicity, desirable stability in body fluid, mechanism of activity
and the uterotonic potential of KB1. Homologues of these knottin
peptide therapeutics have recently been identified in some
endemic tropical African plants including Rinorea dentata and
Rinorea oblongifolia, thus expanding their natural sources in
planta.

The emergence of the deadly COVID-19 pandemic has
demonstrated the extent of (over 85%) dependence of African
populations on medicinal plants for primary healthcare needs.
Traditional Chinese Medicine (TCM), which is currently on a
progressive pre-clinical and clinical standardization path, has
proved to be effective during the outbreak of SARS-CoV and
now SARS-CoV-2 as TCM has been well integrated to western
medicines with outcomes supporting their continued use and
integration. Africa can follow this same path to evidence-based
application of indigenous phytomedicines in the prevention and
treatment of viral diseases including COVID-19. Findings from
this review indicates that extensive clinical studies are urgently
needed to evaluate their therapeutic efficacy and adverse effects
especially herb-drug interaction. Importantly, the identification
of commercially available herbal medicines used in TAM as
documented in this review, which have received an initial
regulatory approval for use in humans, and active against
viruses, might accelerate their repurposed considerations,
observational applications, clinical trials and eventual clinical
use, particularly during sudden outbreaks of highly pathogenic
viruses like the SARS COV-2. However, future research should
equally investigate their mechanism of activity in order to
improve their formulation, antiviral activity and to reduce the
risk of side effects.

While few of the anti-COVID 19 herbal claims are now
undergoing scientific investigation for efficacy and safety,
many of the claims are content-secretive making it difficult to
validate scientifically destroying the prospect for their clinical
application. Although no indigenous phytomedicine has been
scientifically validated and authorized for use to prevent or treat
COVID- 19, yet there is a growing interest in traditional
medicines as potential remedies for COVID-19 in Africa. As a
follow up, the World Health Organization (WHO) and the Africa
Centers for disease Control and Prevention (Africa CDC)
launched a 25-member Regional Expert Committee on
Traditional Medicine for COVID-19 to support countries in a
collaborative effort to conduct clinical trials on traditional
medicines in compliance with international standards.

Phytomedicines used in Traditional African Medicines are
most often sourced from the wild and less often cultivated, serves
over 85% of the populations within the region, yet have not
received utmost respect for good clinical practice (GCP) during
the production process. Plants used in Traditional African
Medicine are, until now substantially and unsustainably
collected from the wild. The tropical forests, including the
Sub-Saharan tropical African flora, which covers up to half of
the world’s angiospermic plants have been described to be in
danger of a continuous decline at an estimated 16.8 million ha/
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annum (Purvis et al., 2019). This riotous and unabated
competition for the unsustainable depletion of plant resource
in Africa which are most often collected for medicinal and non-
medicinal purposes constitutes a threat to plant biodiversity and
their availability to future generations. Thus, the sustainable use
of medicinal plant resource in Africa should encourage their
purpose-driven cultivation for use in African ethnomedicine as
well as for production of evidence-led phytomedicines. In
addition, the establishment of requisite programs for medicinal
plant resource utilization and conservation of endemic African
plants are opportunities for future studies. This has become
urgent as plant cultivation offers pharmacological advantages
over collection from the wild due to variation in quality and
composition resulting from environmental and genomic
mutations (WHO et al., 1993). Furthermore, cultivated plants
reduces the possibility for variation in addition to the unlikely
event of getting the therapeutic benefit. More so, the sustainable
use of plants via cultivation has the potential of reducing the
likelihood of adulteration and wrong identification. The efficacy
and toxicity assessment of phytomedicines used in Africa for the
prevention and treatment of COVID-19 is urgently needed to
justify or discourage their local uses. According to WHO Africa,
“even if therapies are derived from traditional practice and
natural, establishing their efficacy and safety through rigorous
clinical trials is critical”. Therefore, future research should focus
on an indepth scientific investigation to demystify the bioactive
component and establish chemical fingerprint for such complex
herbal phytomedicines and mechanistically study them for an
evidence-rooted and verifiable plant-derived medicines with potential
for COVID 19 management. Consequently, the integration of
Traditional African Medicine into the western-based national
healthcare structure and clinical study of potential herb-drug
interaction are research outlook for consideration by research
institutions in Africa and the government of African countries.
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