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A B S T R A C T

Infection by the novel coronavirus SARS-CoV-2 causing the coronavirus disease (COVID-19), is currently a
global pandemic with more than two million deaths to date. Though a number of vaccines have recently
been approved against the virus, availability remains a big challenge, and also acceptance by most people
has become a big debate. This review discusses possible/proposed natural product remedies and some major
conventional treatment options used to manage the infection and, safety concerns on the use of unproven or
unapproved health products against COVID-19. An extensive literature review indicated that the influx of
unproven and unapproved health products in the global market are on the rise, leading to various forms of
self- medication. To this effect, there have been warnings by the United States Food and Drug Administration
and the World Health Organisation against the use of such products. Conventional drugs such as remdesivir,
chloroquine/hydroxychloroquine and dexamethasone are the major proposed drugs that are currently
undergoing clinical trials for the management of this disease. Efforts are being made globally in the search
for possible therapeutics which may be the best way to eradicating this disease. Some countries have
approved the use of natural products in the management of COVID-19, despite little or no clinical evidence
on their efficacy and safety. Natural products may hold a great potential in the fight against COVID-19 but
without detailed clinical trials, their potency against the virus and their safe use cannot be established. To
attain this goal, extensive research followed by clinical studies are needed. Collaborative efforts between
researchers, clinicians, governments and traditional medicinal practitioners in the search and development
of safe and effective therapeutics from natural products for the treatment of COVID-19 could be a potential
option.

© 2021 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Coronaviruses are a large group of viruses belonging to the family
Coronaviridaea that cause upper-respiratory tract illnesses, ranging
from common colds to more severe diseases (WHO, 2020a). Corona-
viruses are zoonotic with many varieties common in animal species
(WHO, 2020a). From these animal origins, they can undergo muta-
tion, recombination and adaptation and be passed on to humans
(Health24, 2020; Lau et al., 2020; WHO, 2020a). The first coronavirus
was characterised and identified in humans in the mid-1960s
(Kahn and McIntosh, 2005; Andersen et al., 2020; Jaiswal and Sax-
ena, 2020). To date, seven coronaviruses have been recorded in
humans and are classified as a-coronaviruses (NL63 and 229E) and
b-coronaviruses (OC43 and HKU1) (Andersen et al., 2020;
Jaiswal and Saxena, 2020). The b-coronavirus SARS-CoV, which
causes severe acute respiratory syndrome (SARS) was first recorded
in humans in 2002 (Lau et al., 2020). This was followed by the
b-MERS-CoV, known as the Middle East respiratory syndrome
(MERS) coronavirus, in 2012 (CDC, 2020a; Schr€oder, 2020). The
SARS-CoV was transmitted from civet cats to humans with outbreaks
traced to Chinese markets, while the MERS-CoV was believed to have
been contracted by humans first in Saudi Arabi from dromedary cam-
els who may have been infected by bats (Kan et al., 2005;
Paden et al., 2018; WHO, 2019a, 2020a).

The recent outbreak is the SARS-CoV-2, a novel coronavirus which
causes the disease COVID-19 (Lau et al., 2020). The first reported case
was in China in December 2019. The virus was believed to have
developed in bats and later in pangolins (Hassanin, 2020;
Panyod et al., 2020; Zhang et al., 2020) and to have spread from a Chi-
nese seafood marketplace (Shereen et al., 2020). However, recent
studies show a virus with 99% genomic agreement to SARS-CoV-2,
suggesting that the COVID-19 virus is the result of a recombination
between two different viruses. Thus, the exact origin of the virus is
still uncertain (Hassanin, 2020). The virus spreads through saliva
droplets from talking and discharge from the nose and mouth of an
infected person, through coughing or sneezing (CDC, 2020b). When
these droplets are aerosolized, the virus can remain viable in the air
for about 3 h, suggesting possible airborne transmission
(van Doremalen et al., 2020). The presence of SARS-CoV-2 RNA have
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also been detected in stools and urine of infected patients (Sun et al.,
2020; Wang et al., 2020a). With more research, other possible SARS-
CoV-2 routes of transmission may be discovered. Hence, alternative
forms of transmission cannot be excluded when taking safety meas-
ures.

Most people exposed to the COVID-19 virus experience mild to
moderate respiratory illness and recover without requiring special
treatment (WHO, 2020b). However, the older population and those
whose immune systems have been compromised due to medical con-
ditions such as diabetes, obesity, chronic kidney disease, cardiovascu-
lar diseases, chronic respiratory diseases (CRDs), cancers, sickle cell
disease and human immunodeficiency virus - acquired immunodefi-
ciency syndrome (HIV-AIDS) are at higher risk (CDC, 2020c;
Clark et al., 2020). People infected with COVID-19 usually start to
show symptoms between 2-14 days after exposure to the virus
(CDC, 2020d). Symptoms include cough, headache, muscle or body
aches, fever or chills, fatigue, shortness of breath or difficulty with
breathing, new loss of taste or smell, congestion or runny nose, sore
throat, nausea or vomiting and diarrhoea (CDC, 2020d). Due to the
novel nature of the virus, the list of possible symptoms is not exhaus-
tive, and research is still ongoing.

The disease progression and mortality rates of MERS and SARS
cannot be compared to that of COVID-19 which has resulted in
unprecedented number of deaths more than two million and placed
massive pressure on the world economy (Gazeta, 2020). The World
Health Organisation (WHO) declared the COVID-19 outbreak a global
pandemic (WHO, 2020c). Millions of people have been placed under
quarantine all over the world as a measure to curb the COVID-19 out-
break. Only recently has the economy in certain countries started to
open gradually even though the infection rate is still on the increase.
A global situation report by the WHO as of 7:08pm Central European
Summer Time (CEST) on 15 January 2021 showed 91,816,091 con-
firmed cases of COVID-19, including 1,986,871 deaths (WHO, 2020d).
This review highlights: (1) proposed/repurposed therapeutics for the
management of COVID-19 virus including natural products (2) the
dangers of self-medication in using products with no clinical evi-
dence of therapeutic activity, possible mechanisms of action and
safety records against COVID-19 and (3) possible ways forward that
may assist in the fight against the pandemic.

2. Methodology

The information presented in this review was obtained from sci-
entific literature databases such as Google Scholar, Science-Direct,
PubMed, Scifinder, Web of Science and Scopus. Key words used
include; Coronavirus, COVID-19, natural products, traditional, herbal
preparation, toxicity, safety, World Health Organisation, Centers for
Disease Control and Food and Drug Administration. More than 400
units of literature were screened and those relevant to the aim of this
review were considered.

3. Conventional drugs currently under investigation and used in
the management of COVID-19

Though a number of vaccines have recently been approved
against the SARS-CoV-2 virus, availability to the public remains a big
challenge, and also acceptance by most people has become a big
debate. In most cases, patients are given medical care or supportive
therapy with oxygen and fluids to help relieve symptoms
(Auwaerter, 2020; Eyvazzadeh, 2020). Sometimes antibiotics are
used to treat secondary infections (Farooq, 2020; Hassanin, 2020).
However, there are many ongoing clinical trials evaluating potential
treatments. Drugs of target for the treatment of COVID-19 should be
able to stop the replication of the virus SARS-CoV-2 that causes
COVID-19, thereby reducing its disease-causing ability. Some of the
established drugs currently under trials supported by the WHO are:
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remdesivir, chloroquine and hydroxychloroquine, and dexametha-
sone (Jean et al., 2020; Joseph, 2020; WHO, 2020e).

3.1. Remdesivir

Remdesivir is an intravenous antiviral drug which was developed
during the Ebola crisis. The drug can block the replication of viruses
(Jean et al., 2020; Wang et al., 2020b). In a current study, 36 (68%)
COVID-19 patients out of 53 treated with remdesivir showed clinical
improvement (Grein et al., 2020). In another study, 541 patients
were treated with remdesivir while 521 received the placebo.
Patients treated with remdesivir recovered faster than patients in
similar conditions who received the placebo (Beigel et al., 2020). In a
multicentre trial in ten hospitals in Hubei province, China, most
patients administered remdesivir for 10 days recovered faster than
those administered the placebo. However, no significant advantage
was recorded. Adverse events of 66% (102 out of 155) were reported
in patients administered remdesivir while 64% (50 out of 70) were
reported in patients who received the placebo (Wang et al., 2020c).
Currently, there is a randomized controlled clinical trial (Adaptive
COVID-19 Treatment Trial 3 (ACTT 3)), evaluating the safety and effi-
cacy of remdesivir plus the immunomodulator interferon b-1a
(traded as Rebif) in COVID-19 patients. This trial is sponsored by the
National Institute of Allergy and Infectious Diseases (NIAID). The
drug shows antiviral and anti-inflammatory properties, and the type
1 interferon can inhibit SARS-CoV-2, SARS-CoV and MERS-CoV (Med-
scape, 2020).

3.2. Chloroquine and hydroxychloroquine

Chloroquine and hydroxychloroquine are currently used to treat
malaria, arthritis and lupus disease. In a study conducted by
Self et al. (2020), hospitalized patients with respiratory illness from
COVID-19 that were administered hydroxychloroquine compared
with placebo, did not show significant improvement clinically after
14 days. Hence authors suggested that hydroxychloroquine is not
effective against COVID-19. Some other clinical trials using hydroxy-
chloroquine in COVID-19 patients also concluded that it did not in
any way prevent infections better than a placebo (Herper, 2020).
However, some clinical trials on the drug are still being conducted
(Chen et al., 2020). In May 2020, chloroquine, hydroxychloroquine
and remdesivir received emergency use authorization (EUA) from
the Food and Drug Administration (FDA, 2020a) to manage severe
cases of COVID-19 under hospital settings. However, on June 15,
2020, the FDA revoked the emergency use authorisation of chloro-
quine and hydroxychloroquine in cases where clinical trials were
unavailable. The main concern with these drugs was their ability to
cause cardiac problems (FDA, 2020b).

3.3. Dexamethasone

Current studies show dexamethasone as one of the most promis-
ing drugs for managing COVID-19. Dexamethasone is a glucocorticos-
teroid used in the treatment of different inflammatory conditions
related to allergic disorders, skin conditions and lupus, psoriasis,
ulcerative colitis, arthritis and respiratory disorders (Chemo-
care, 2020, WHO, 2020e). Dexamethasone is also used either alone or
in combination with other drugs to treat some types of cancers or to
prevent/treat cancer-related conditions (NCI, 2019). A preliminary
clinical trial released by the University of Oxford, United Kingdom
(UK) to the WHO on June 16, 2020, showed the effective use of dexa-
methasone in patients with COVID-19 under critical conditions. The
treatment reduced mortality in patients on ventilators by about one-
third. For patients requiring only oxygen, mortality was cut by about
one-fifth (WHO, 2020e). The study, however, indicated that the posi-
tive effect was not as clear in patients with milder symptoms of the
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disease. A recent recovery trial conducted on 1007 hospitalised
COVID-19 patients with respiratory failure that were administered a
moderate dose of dexamethasone for 10 days with supplemental
oxygen or mechanical ventilation, showed a reduced mortality rate.
However, the same recovery trial also indicated that there might be
an increased mortality rate in patients administered dexamethasone
in the absence of supplementary oxygen or mechanical ventilator
(Matthay and Thompson, 2020). Following the outcome of the above
studies, it can be deduced that it might not be advisable to administer
dexamethasone to patients without oxygen support or ventilator.

Even though the adverse effects of this drug may be less severe,
this may not be the case with COVID-19 patients with Strongyloidia-
sis comorbidity, a rare but fatal parasitic disease caused by nemato-
des mostly associated with Strongyloides stercoralis (Stauffer et al.,
2020). Therefore, proper diagnosis is very important before adminis-
tering corticosteroids such as dexamethasone to patients. There is a
relationship between corticosteroid therapy and strongyloidiasis
with a two- to three-fold increased risk of being infected by S. stercor-
alis (Fardet et al., 2006). With little knowledge available on the mech-
anism involved in susceptibility, it is hypothesized that this may be
through its suppressive effects on some major mediators of the
immune response such as eosinophils to the parasite (Fardet et al.,
2006). Such hypothesis needs to be tested through clinical studies.

4. Natural products as possible management/treatment options
for COVID-19

The use of natural products in the treatment and management of
infections and diseases has a long history in human existence. Hence,
it is possible that treatment for viral infections such as COVID-19 can
be discovered from natural products such as plants and microorgan-
isms (Sohail et al 2011; Abdalla and McGaw, 2018). For example, one
of the proposed treatments (as explained above) for COVID-19 is
chloroquine (Farooq, 2020). Chloroquine is an anti-malaria drug
which is an analogue of quinine isolated from the plant extract of Cin-
chona officinalis L. belonging to the family Rubiaceae (Lowe, 2020).
Exploration of microorganisms such as endophytes as possible treat-
ment for COVID-19 may also be beneficial as they are sources of treat-
ments for other human diseases (Abdalla and McGaw, 2018).

4.1. Endophytes

Endophytes are microorganisms, mainly bacteria and fungi, living
in the intercellular and intracellular regions of healthy plant tissues
without constituting any harm to the plant. These organisms have a
symbiotic relationship with the host plant. Many plants host at least
one endophytic microbe (Ryan et al., 2008). These endophytes act as
biological defences for the host plants against plant pathogens
through the release of metabolites against plant predators or lyse
affected cells by either inducing cell defence mechanisms or promot-
ing the growth of the plant (Alvin et al., 2014). Endophytes can
release hydrolytic enzymes or active compounds which help prevent
the colonization of plant by pathogens, nematodes or insects (Stro-
bel, 2003; Hallmann et al., 2006). Endophytes produce biologically
active compounds, similar to those present in the host and some-
times distinct compounds that are effective against diseases such as
cancers, viral infections and other life-threatening ailments
(Abdalla and McGaw, 2018). Several compounds have been isolated
from endophytes that are useful for the treatment of various diseases
caused by bacteria, fungi, and viruses. Zhang et al. (2011) evaluated
the antiviral activity of isolated compounds Emerimidine A and
Emerimidine B from the endophytic fungi Emericella sp. from the
mangrove plant Aegiceras corniculatum (L.). These compounds exhib-
ited moderate antiviral activity. An endophytic fungi Pleospora tarda
isolated from Ephedra aphylla Forssk showed a 40.7% inhibition
against herpes simplex virus (HSV) and 15.2% against Vesicular
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stomatitis virus (VSV) (Selim et al., 2018). Although not tested,
authors hypothesised that two compounds; alternariol and alternar-
iol-(9)-methyl ether isolated from the endophytic fungi may be
responsible for the antiviral activity. Extracts of endophytic fungi
such as Alternaria alternata, Nigrospora sphaerica and Phialophora sp.
showed antiviral activity against the HSV (Manganyi and Ateba
2020). Compounds from endophytic fungi Phomopsis sp. isolated
from Achyranthes bidentate Blume was reported to display promising
antiviral activity against HIV-1 (Yang et al., 2020). Following the
above reported antiviral activities, it is not unlikely that effective
therapeutics may be discovered from endophytes. However, this may
not be known if investigations are not carried out. For example, cam-
photothecin and podophyllotoxin are anticancer drugs isolated from
endophytes (Puri et al., 2005, 2006).

4.2. Medicinal plants

A plethora of research exploring herbal formulations and plant-
derived molecules as possible treatments against COVID-19 are ongo-
ing in countries such as China, India, Switzerland, Spain, USA, Saudi
Arabia, Senegal, Nigeria, South Africa, among others (Akindele et al.,
2020; Benarba and Pandiella, 2020; Islam et al., 2020; Koe, 2020;
Li et al. 2020; Orhan and Deniz, 2020; Stirgus, 2020). A natural prod-
uct supplement of curcumin and artemisinin-based oral spray with
the product name artemiC, developed by MCG in collaboration with a
Swiss firm Micelle Technology is currently undergoing clinical trials
as a possible treatment for COVID-19 (Koe, 2020). Another example
is the collaboration between the Universities of Yale, Minnesota and
Michigan in two randomized trials evaluating the efficacy of adminis-
tering a dietary supplement containing resistant starch to non-hospi-
talized COVID-19 patients (Mansour, 2020). There is some scientific
evidence supporting dietary therapy and herbal medicines as poten-
tial antiviral agents against COVID-19, as have been noticed with
other viral diseases (Panyod et al., 2020).

A recent review screened 55 research articles to identify active
phytochemicals against coronavirus infection. Compounds such as
quercetin, tryptanthrin, scutellarein, saikosaponin B2, myricetin, caf-
feic acid, psoralidin, isobavachalcone and griffithsin were reported to
inhibit human coronavirus, serving as leads for further studies
(Mani et al., 2020). The most promising small molecules capable of
inhibiting coronavirus contained a conjugated fused ring structure
with the majority classified as polyphenols (Mani et al., 2020). Thea-
flavin (a polyphenol) from Camellia sinensis (L.) Kuntze suppressed
SARS-CoV-2 via the inhibition of RNA-dependent RNA polymerase
(RdRp) activity (Lung et al., 2020). A detailed mechanism of action
and safety profile for this phytochemical will be necessary. Plant-
derived alkaloids such as emetine, homoharringtonine and cepharan-
thine are other small molecules which display broad-spectrum anti-
viral activities and are currently being targeted as potential
therapeutics for COVID-19 (Wang and Yang, 2020). Cepharanthine
inhibits SARS-CoV-2 through the suppression of agiotensin-convert-
ing enzyme 2 (ACE2) activity (Fan et al., 2020). Other plant molecules
such as 7-methoxycryptopleurine, ouabain, lycorine, silvestrol,
homoharringtonine and tylophorine are also under investigation
(Islam et al., 2020).

The potential of plant molecules with anti-inflammatory proper-
ties in the treatment of COVID-19 are also being considered. One
example is celastrol (Nabavi et al., 2020), a plant-derived product
mainly found in the Celastraceae family (Kutney et al., 1981). Extracts
from the plant family have been used traditionally in the treatment
of oedema, fever and joint pain, and they have low toxicity
(Allison et al., 2001). The compound celastrol has been exploited as a
source of neuroprotective agent. A collaborative screening of existing
drugs against neurodegenerative diseases showed celastrol as one of
the active components (Zhao et al., 2012). The anti-inflammatory
activity of this compound both in in vitro and in vivo animal models
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was evaluated and mechanisms of action established (Nabavi et al.,
2020). Celastrol alleviated chronic obstructive pulmonary disease in
the lungs of mice (Shi et al., 2018). It has an anti-inflammatory path-
way through the suppression of nuclear factor kappa B (NF-kB) sig-
nalling (Zhang et al., 2019). In a study conducted on MERS-CoV and
SARS-CoV infections, the inflammatory response mediated by NF-kB
pathway was regulated by transmembrane serine protease 2
(TMPRSS2) levels within the airway in a TMPRSS2 knockout murine
model (Iwata-Yoshikawa et al., 2019; Nabavi et al., 2020), suggesting
that the inhibition of TMPRSS2 may exert a dual effect on COVID-19,
limiting viral entry by reducing the cleavage of the spike protein in
ACE2 receptor mediated viral entry (Hoffmann et al., 2020;
Nabavi et al., 2020).

There is a high demand for herbal products in the treatment of
COVID-19 in some countries in Africa, Asia and in the United States of
America, with approval by governments in some countries
(Timoshyna et al., 2020). Some scientists have suggested the repur-
posing of available drugs in the market for the management of
COVID-19, as the fastest way to curb the spread of the disease, as
many diseases share overlapping molecular pathways Hodos et al.,
(2016); Ahmad et al., (2020). The use of herbal remedies has been
widely embraced in China with 91.5% of the total number of corona-
virus cases nationwide using repurposed herbal products for treat-
ment. Based on clinical observation, more than 90% efficacy was
observed (Timoshyna et al., 2020). More than 125 plant species are
reported to be used in the Chinese herbal formulations to treat
COVID-19 patients. The most mentioned plants were Schisandra chi-
nensis Turcz. (Baill.), Glycyrrhiza uralensis Fisch., Atractylodes macroce-
phala Koidz., Astragalus membranaceus fisch. ex bunge, Lonicera
japonica Thunb., Scutellaria baicalensis Georgi., Panax quinquenfolius L.
and Angelica sinensis (Oliv.) Diels. Twenty-eight traditional medicine
guidelines that provide treatment measures for COVID-19 have been
documented, of which 26 were issued by the Chinese government
and two by the Korean medicine-professional associations (Ang et al.,
2020). Following these guidelines, the most recommended herbal
formulas were Shen Fu Tang with Angong Niuhuang Pill or Su He
Xiang Pill for treatment of severe case of COVID-19 and a combined
formula of Xiang Sha Liu Junzi Tang and Li Zhong Pill at the recovery
stage (Ang et al., 2020). In the formulation of these herbal remedies
for COVID-19, 12 common herbs include Glycyrrhiza Radix et Rhi-
zoma, Glycyrrhiza uralensis, Armeniacae Semen Amarum, Ephedrae
Herba, Gypsum Fibrosum, Scutellariae Radix, Atractylodis Rhizoma,
Poria Sclerotium, Citri Reticulatae Pericarpium, Pinelliae Praeparatum
Cum Zingiberis, Forsythiae Fructus, Magnoliae Officinalis Cortex and
Agastachis Herba. These herbal formulae were used to treat patients
with mild, moderate to severe cases and in recovery. Another Chinese
herbal product, Lianhua Qingwen which has been clinically proven
active against influenza virus, has also been screened against the
SARS-CoVs (Lv et al., 2020). In a clinical trial, the herbal capsule
reduced symptoms such as cough, fatigue, fever and shortness of
breath in 63 COVID-19 patients (Lv et al., 2020). A 91.5% recovery
rate was recorded in 142 COVID-19 patients after 14 days of adminis-
tering Lianhua Qingwen in a multicenter open-label randomized con-
trolled trial, and this herbal product was confirmed to be safe
(Hu et al., 2020). As part of self-care measures, a recommendation
was made by the Ministry of AYUSH, Government of India on the use
of Ayurveda immune boosters against COVID-19 (Li et al., 2020;
Timoshyna et al., 2020; Vellingiri et al., 2020). Honey has also gained
some attention due to its antiviral properties with reports on its abil-
ity to prevent viral replication (da Cruz et al., 2019; ClinicaTrials.
gov, 2020). With safety in focus, it is pertinent that most of these
repurposed herbal formulations mentioned above with no available
safety data, are properly evaluated for use in COVID-19 patients,
especially those with co-morbidities. It is also very important that
the mechanisms of action of these herbal formulations are known to
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avoid contraindications or interactions with unintended molecular
targets.

4.3. In silico screening of plant secondary phytochemicals against SARS-
CoV-2

In the search for effective therapeutics against COVID-19 from
plant products, focus should be on plant molecules that are able to
interact and bind with the SARS-CoV-2 virus proteins capable of pro-
moting viral entry, replication and infection. Researchers have sug-
gested that any therapeutic of interest should be able to show a high
affinity to binding and inhibiting the SARS-CoV-2 spike protein, main
protease enzyme (Mpro) and RdRp which are associated with host
attachment and viral replication, resulting in infection in the individ-
ual. This has been demonstrated through in silico studies which is a
quick way to identifying potential drugs (Table 1) (e.g Kar et al.,
2020; Puttaswamy et al., 2020). The SARS-CoV-2 spike protein is
known to attach itself to the human receptor ACE2 through the
receptor binding domain (RBD), and this enables viral entry in host
cells causing a breakdown in the system of the host Tai et al., (2020).
In a molecular docking study conducted by Kar et al. (2020) at the
active binding pocket of the RBD of SARS-CoV-2 spike protein, phyto-
compounds such as adhatodine and anisotine, from Justicia adhatoda
L.; beta-amyrin and mangiferin from Swertia chirata C.B.Clarke; beta-
carotene and eugenol from Ocimum sanctum L. were found to exhibit
an inhibitory effect against the spike protein with anisotine showing
the most promising inhibitory potential in terms of binding energy
score of 7.8 kcal/mol. A comprehensive interaction profiling of the
anisotine-RBD SARSCoV- 2 spike protein complex showed that aniso-
tine interacted with the RDB residues Lys417, Tyr453, Tyr495,
Phe497 and Tyr505 of SARS-CoV-2 spike protein. Same inhibitory
effect was observed with anisotine against the SARS-CoV-2 Mpro at
the active binding pocket where there was an interaction against its
residues Gly143, His41, Gln189 and Met165. Considering the findings
from this study it can be deduced that anisotine is a potential drug
target against the SARS-CoV-2 virus. Hence extensive studies should
be carried out on this phytocompound for the possible development
of therapeutic against COVID-19. In another molecular docking study,
Puttaswamy et al. (2020) evaluated 4,704 ligands against four target
proteins: Spike, RdRp, Mpro and the Human TMPRSS2 priming the
SARS-CoV-2 spike protein. Authors observed a unique pattern of
structurally similar interaction of some phytochemicals with the tar-
get proteins. Among the phytochemicals evaluated, triterpenoids
showed more than 50% strong interaction with the spike protein-
RDB. Also, 32% of molecules that showed interesting interaction with
the active site of human TMPRSS2 were flavonoids. Some of the plant
molecules were seen to interact with more than one of the target pro-
teins. For example, agathisflavone was seen to interact with RdRp
and TMPRSS2, amentoflavone interacted with Mpro and spike pro-
tein, while isoginkgetin interacted with RdRp and Mpro. Through an
in silico screening of the Traditional Chinese Medicine Systems Phar-
macology Database (TCMSPD), compounds such as kaempferol, lig-
nan, moupinamide, N-cisferuloyltyramine, quercetin, sugiol,
tanshinone IIa, betulinic acid, dihydrotanshinone, coumaroyltyr-
amine, cryptotanshinone, desmethoxyreserpine and dihomo-g-lino-
lenic acid were identified as potential leads for the development of
COVID-19 treatment (Alamanou, 2020).

5. Safety concerns in the use of unproven natural products
against COVID-19

The use of herbal remedies as complementary or alternative med-
icines has been widely embraced in different parts of the world such
as Africa, Australia, UK and other countries in Europe, North America
and Asia (Calapai, 2008; Braun et al., 2010; Anquez-Traxler, 2011;
Nirmal et al., 2013). In Africa, an estimate of 80% of the population



Table 1
Molecular docking studies of some plant molecules as potential therapeutic targets against SARS-CoV-2.

Protein target Plant molecule Natural source Plant family Binding energy score References

Spike protein Bismahanine Murraya koenigii (L.) Spreng Rutaceae �9.1 Puttaswamy et al. (2020)
Coagulin N NA NA �9.1 Puttaswamy et al. (2020)
Arecatannin A3 NA NA � 8.9 Puttaswamy et al. (2020)
Coagulin K NA NA � 8.9 Puttaswamy et al. (2020)
Tannic acid NA NA � 8.9 Puttaswamy et al. (2020)
Kamalachalcone C Mallotus philippensis (Lam.) M€ull. Arg. Euphorbiaceae � 8.8 Puttaswamy et al. (2020)
Pseudojervine Veratrum album L. Melanthiaceae � 8.7 Puttaswamy et al. (2020)
Flavin adenine dinucleotide NA � 8.6 Puttaswamy et al. (2020)
Graecunin E Trigonella foenum-graecum L. Fabaceae � 8.6 Puttaswamy et al. (2020)
Taraxerol Clerodendrum trichotomum Thunb. Lamiaceae �7.5 Kar et al. (2020a)
Friedelin Clerodendrum trichotomum Thunb. �7.3 Kar et al. (2020a)
Stigmasterol Clerodendrum trichotomum Thunb. 77.2 Kar et al. (2020a)
Anisotine Justicia adhatoda L. Acanthaceae �7.8 Kar et al. (2020)
Adhatodine Justicia adhatoda L. �7.0 Kar et al. (2020)
Beta-carotene Ocimum sanctum L. Lamiaceae �7.2 Kar et al. (2020)
Eugenol Ocimum sanctum L �7.3 Kar et al. (2020)
Mangiferin Swertia chirata (Wall.) C. B. Clarke Gentianaceae �7.5 Kar et al. (2020)
Beta-amyrin Swertia chirata (Wall.) C. B. Clarke �7.1 Kar et al. (2020)
Glycyrrhizic acid Glycyrrhiza glabra L. Fabaceae � 9.5 Puttaswamy et al. (2020)
cis-Miyabenol C Foeniculum vulgareMill. (fennel). Apiacae � 9.4 Puttaswamy et al. (2020)
Proanthocyanidin A2 NA NA � 9.2 Puttaswamy et al. (2020)
Granatin B Punica granatum L. Punicaceae � 9.1 Puttaswamy et al. (2020)
Hippophaenin B NA NA � 9.1 Puttaswamy et al. (2020)
3-Caffeoyl-5-Feruloylquinic Acid NA NA �9.0 Puttaswamy et al. (2020)

TMPRSS2 3,30-Biplumbagin NA NA �8.9 Puttaswamy et al. (2020)
Agathisflavone NA NA �8.9 Puttaswamy et al. (2020)
Aromoline NA NA �8.9 Puttaswamy et al. (2020)
Chrysophanein NA NA �8.9 Puttaswamy et al. (2020)

RdRp Eriodictyol-7-O-rutinoside Citrus limon (L.) BURM.f. Rutaceae �9.9 Puttaswamy et al. (2020)
Narirutin NA NA �9.7 Puttaswamy et al. (2020)
Hippomannin A NA NA �9.6 Puttaswamy et al. (2020)
Isoginkgetin Ginkgo biloba L. Ginkgoaceae �9.5 Puttaswamy et al. (2020)
Kaempferol 3-O-(60 ’-galloyl)-

beta-D-glucopyranoside
NA NA �9.5 Puttaswamy et al. (2020)

Myricetin 3-rutinoside Chrysobalanus icaco L. Chrysobalanaceae �9.5 Puttaswamy et al. (2020)
Rotundioside B Bupleurum rotundifolium L. Apiaceae �9.5 Puttaswamy et al. (2020)
Tellimagradin I NA NA �9.5 Puttaswamy et al. (2020)
Agathisflavone NA NA �9.4 Puttaswamy et al. (2020)
Emblicanin A NA �9.4 Puttaswamy et al. (2020)
Taiwanhomoflavone A Cephalotaxus wilsoniana Hayata Taxaceae �9.8 Joshi et al. (2020)
Beta-carotene Ocimum sanctum L. �7.1 Kar et al. (2020)
Lactucopirin 15-oxolate Lactuca virosa L. Asteraceae �7.6 Joshi et al. (2020)
Taraxerol Clerodendrum trichotomum Thunb. �7.4 Kar et al. (2020a)

Mpro Anisotine Justicia adhatoda L. Acanthaceae �8.4 Kar et al. (2020)
Adhatodine Justicia adhatoda L. �7.9 Kar et al. (2020)
Vasicoline Justicia adhatoda L. �7.4 Kar et al. (2020)
Vasicolinone Justicia adhatoda L. �7.3 Kar et al. (2020)
Beta-carotene Ocimum sanctum L. �7.8 Kar et al. (2020)
Eugenol Ocimum sanctum L. �7.6 Kar et al. (2020)
Caryophyllene Ocimum sanctum L. �7.1 Kar et al. (2020)
Amarogentin Swertia chirata (Wall.) C. B. Clarke �8.0 Kar et al. (2020)
Mangiferin Swertia chirata (Wall.) C. B. Clarke �7.8 Kar et al. (2020)

Mpro Taiwanhomoflavone A Cephalotaxus wilsoniana Hayata Taxaceae �9.6 Joshi et al. (2020)
Lactucopirin 15-oxolate Lactuca virosa L. Asteraceae �8.2 Joshi et al. (2020)
Glycyrrhizin Glycyrrhiza glabra L. Fabaceae �8.1 Narkhede et al.(2020)
Tryptanthrine Strobilanthes cusia (Nees) O.Kuntze Acanthaceae �8.2 Narkhede et al.(2020)
b-sitosterol Strobilanthes cusia (Nees) O.Kuntze �7.2 Narkhede et al.(2020)
Indirubin Strobilanthes cusia (Nees) O.Kuntze �7.6 Narkhede et al.(2020)
Indican NA NA �7.5 Narkhede et al.(2020)
Indigo Isatis indigotica L. Brassicaceae �7.5 Narkhede et al.(2020)
Hesperetin Citrus reticulata Blanco Rutaceae �7.9 Narkhede et al.(2020)
Crysophanic acid Rheum palmatum L. Polygonaceae �7.3 Narkhede et al.(2020)
Rhein Aloe barbadensisMill. Asphodelaceae �8.9 Narkhede et al.(2020)
Berberine Berberis aristata DC. Berberidaceae �8.1 Narkhede et al.(2020)
b-caryophyllene Ocimum spp. Lamiaceae �7.2 Narkhede et al.(2020)
Taraxerol Clerodendrum trichotomum Thunb. Lamiaceae �8.4 Kar et al. (2020a)
Friedelin Clerodendrum trichotomum Thunb. �7.9 Kar et al. (2020a)
Stigmasterol Clerodendrum trichotomum Thunb. �7.7 Kar et al. (2020a)
Friedelin Clerodendrum trichotomum Thunb. �7.1 Kar et al. (2020a)
Stigmasterol Clerodendrum trichotomum Thunb. �7.0 Kar et al. (2020a)
Isoginkgetin Ginkgo biloba L. �9.5 Puttaswamy et al. (2020)
Hypericin Hypericum perforatum L. Clusiaceae �10.4 Puttaswamy et al. (2020)
Amentoflavone Ginkgo biloba L. �9.7 Puttaswamy et al. (2020)
Terflavin B Combretaceae �9.7 Puttaswamy et al. (2020)

(continued)
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Table 1 (Continued)

Protein target Plant molecule Natural source Plant family Binding energy score References

Terminalia chebula Retz.,
Terminalia catappa L.

Mudanpioside J Paeonia delavayi Franch Paeoniaceae �9.6 Puttaswamy et al. (2020)
Quercetin 3,5-digalactoside NA NA �9.6 Puttaswamy et al. (2020)
Vescalagin Castanea sativaMill Fagaceae �9.6 Puttaswamy et al. (2020)

Mpro Ginkgetin Ginkgo biloba L. �9.5 Puttaswamy et al. (2020)
Cyanidin 3,5-diglucoside NA NA �9.4 Puttaswamy et al. (2020)
Delphinidin-3-O-(6-p-coumaroyl)

glucoside
NA NA �9.4 Puttaswamy et al. (2020)

ACE2 Taiwanhomoflavone A Cephalotaxus wilsoniana Hayata Taxaceae �7.6 Joshi et al. (2020)
Epicatechin-(4b,8)-epicatechin-

(4b,6)-catechin
NA NA �8.2

Epicatechin-4-epigallocatechin NA NA �7.2 Joshi et al. (2020)
Lactucopicrin 15-oxalate Lactuca virosa L. Asteraceae �8.3 Joshi et al. (2020)
Lactucopicrin Lactuca virosa L. �8.3
Vitetrifolin D NA NA �7.3 Joshi et al. (2020)
Myricitrin Myristica fragrans Houtt. Myristicaceae �7.1 Joshi et al. (2020)
Apigenin NA NA �7.1 Antonio et al. (2020)
Kaempferol NA NA �7.2 Antonio et al. (2020)
Cassameridin Litsea kawakamii Hayata Lauraceae �8.1 Joshi et al. (2020)
Afzelin Nymphaea odorata Aiton Nymphaeaceae �7.1 Joshi et al. (2020)
Isoquercitrin NA NA �7.8 Antonio et al. (2020)
Silybin NA NA �8.0 Antonio et al. (2020)
Tetrahydrocurcumin NA NA �8.0 Antonio et al. (2020)
Aloin NA NA �8.4 Antonio et al. (2020)
Isoaloresin NA NA �7.8 Antonio et al. (2020)
Quercetin NA NA �8.7 Antonio et al. (2020)
Withaferin A NA NA �9.6 Antonio et al. (2020)
Hinokinin NA NA �7.1 Antonio et al. (2020)
Philligenin NA NA �7.8 Antonio et al. (2020)
Hupehemonside NA NA �7.1 Antonio et al. (2020)
Imperialine-3-b-D-glucoside NA NA �7.1 Antonio et al. (2020)

TMPRSS2 Silybin NA NA �11.9 Antonio et al. (2020)
Tetrahydrocurcumin NA NA �8.8 Antonio et al. (2020)
Corydine NA NA �7.9 Antonio et al. (2020)
Aloin NA NA �9.2 Antonio et al. (2020)
Baicalin NA NA �8.5 Antonio et al. (2020)

TMPRSS2 Geniposide NA NA �14.7 Antonio et al. (2020)
Dictyosphaeric acid A NA NA �14.0 Antonio et al. (2020)
Durumolide K NA NA �13.9 Rahman et al. (2020)
Microcarpin NA NA �13.3 Antonio et al. (2020)
Isogemichalcone B NA NA �13.1 Antonio et al. (2020)

Only plant molecules with binding anergy score between -7 and -15 are reported.
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use herbal remedies (Mahomoodally, 2013; WHO, 2019b). Herbal
remedies have a global annual market of about US$60 billion
(WHO, 2019b). The international trade in medicinal plants is expected
to reach US$5 trillion by 2050 (Niraml et al., 2013). Thus, natural prod-
ucts have contributed immensely in the health care system globally.
However, natural products may have adverse effects and must be used
with caution. It is essential that the general public is aware of the risk
associated with the use of unproven or uncertified products.

Since the beginning of the COVID-19 pandemic, people have
resorted to self-medication. The internet has been flooded with
numerous products acclaimed to fight the virus. This led the United
States Food and Drug Administration (FDA) to issue warnings to
more than 68 firms producing and marketing these products
(FDA, 2020c). Some of these products are: cannabidiol, restorative
botanicals, hemp products, colloidal silver, vitamins, minerals, grape-
fruit seed extract amongst many others (Table 2). The warnings were
issued as urgent measures to protect consumers from the negative
effects that might result, as these products have not been proven,
approved or authorised for use against COVID-19 (FDA, 2020c). For
example, colloidal silver can cause serious side effects such as perma-
nent bluish-grey discoloration on the skin (argyria) and contra-indi-
cations with antibiotics and thyroxine (NCCIH, 2017). A previous
warning on the use of colloidal silver was issued by the FDA in 1999
indicating that the product is not safe or effective for treating any dis-
ease or condition (FDA, 1999). Kratom from Mitragyna speciosa plant
391
is another acclaimed treatment. It is used traditionally to treat diar-
rhoea and fatigue and as a possible treatment for pain and manage-
ment of opioid withdrawal symptoms (NCCIH, 2018). The extract is
sold as a treatment for muscle pain or to suppress appetite
(Mayo Clinic, 2020). Two compounds,7-hydroxymitragynine and
mitragynine, isolated from the leaves interacts with opioid receptors
in the brain, producing sedation, pleasure, and decreased pain when
administered in high doses (NCCIH, 2018). However, no scientific evi-
dences of its health benefits exist (NCCIH, 2018). Side effects of kra-
tom include increased aggression, hallucinations and delusion,
nausea, constipation, irritability, anxiety, itching, difficulty in breath-
ing, loss of appetite and weight, tremor, psychosis, seizures, liver
damage and cases of fatalities (NCCIH, 2018; Mayo Clinic, 2020). Gin-
seng detoxication pills which probably originated from the genus
Panax, is another example of an acclaimed product in the manage-
ment of COVID-19 (FDA, 2020c). The genus Panax in Greek means “all
healing.” It is so called because it is believed to cure any kind of
human disease (Kim, 2018). Ginseng is one of the most popular
herbal remedies in the global market and there are several pharma-
cological reports on its ginsenoside compounds (Kim, 2018). How-
ever, the product also causes mastalgia and vaginal bleeding even
when used at the recommended doses (Baldwin et al, 1986;
Dunnick and Nyska, 2013). Other side effects include lack of concen-
tration, headaches, transient nervousness, excitation, epistaxis and
allergies (Ekor, 2014). A case of Stevens�Johnson syndrome was



Table 2
A list of acclaimed new drug products related to the fight against Coronavirus Disease 2019 (COVID-19) with no scientific proof.

Product Unproven/Unapproved claims Product originally
intended

Issued date of
warning

References

CorecyteTM Healthy lung wellness injection and
other CoreCyte products

Treat and/or prevent COVID-19 via intravenous admin-
istration; Improve and support lung health and pro-
tect against coronavirus.

� 17 Aug 2020 FDA 2020c

Salt inhaler products Boost the immunity of your lungs and respiratory
tracts with breathing salt therapy to effectively fight
coronavirus.

� 11 Aug 2020 FDA 2020c

Chaga products It may help fight against coronavirus. � 6 Aug 2020 FDA 2020c
BERSIH antiseptic alcohol 70% hand sanitizer

and hand sanitizer gel
Contains 70% alcohol � 4 Aug 2020 FDA 2020c

Clearcare nogerm advanced hand sanitizer and
lavar gel hand sanitizer

Products contain 70% and 75% ethanol � 23 July 2020 FDA 2020c

MMS tablets, nasal and mouth spray If you have any flu-like symptoms or confirmed to have
COVID-19, take 125 mL of one tablet dissolved in 2 L
of water every two hours for eight days; One tablet
dissolved in 1.5 L of water to be used in nasal or
mouth dispensers into the nose and deep into the
throat with three squirts per application against
COVID-19.

� 3 Aug 2020 FDA 2020c

E-Munity The antiviral tincture boosts immune system and
strengthen the body against COVID-19 and similar
diseases.

� 10 July 2020 FDA 2020c

Traditional Chinese Medicines (TCM) TCM Lianhua Qingwen plays an important role in fight-
ing against COVID-19 and its capsule has been
proven effective for the treatment of COVID-19;
Research provides scientific evidence for Lianhua
Qingwen; Combining Western medicine and TCM
appear to be the best approach to treating COVID-19.

� 6 July 2020, 26
June 2020

FDA 2020c

COVID supplement protection pack, Thymosin-
Alpha, and Methylene blue capsules

Improve immunity of the tissues most susceptible to
COVID viral attack; Improve immune response once
the virus has entered the body; Improve immune
response after one experiences respiratory symp-
toms or fatigue; Improve immune response for those
at high risk of moderate-to-severe COVID disease;
Methylene blue works by producing a hydrogen per-
oxide burst within the blood to kill the coronavirus
on contact.

�
30 June 2020, 19

June 2020
FDA 2020c

Iodine products Taking iodine in the form of Lugol’s iodine (the Corona-
virus Terminator) internally kills COVID-19 or any
other virus; Adding Lugol's iodine to ‘Ciggy Juice’
ramps up the application of antiviral iodine to sensi-
tive lung tissue.

Dietary supplement 10 June 2020 FDA 2020c,
NIH 2020

Essential oil Potent antiviral properties and a powerful antibiotic,
particularly for RNA viruses, like the coronavirus
responsible for acute respiratory syndromes.

Aromatherapy 8 June 2020, 26
May 2020

FDA 2020c

Silver Biotics, Silver Lozenges with Vitamin C Take three or four swigs of liquid silver product a day
as prophylactic against COVID -19.

To enhance immune
system

1 June 2020 FDA 2020c

Silver gel ultimate skin and body care Dab the silver gel around your nostrils. First aid for skin 1 June 2020 FDA 2020c
Non-alcohol-based hand sanitizer - PurifiTM The product is certified against coronavirus. � 28 May 2020 FDA 2020c
StayWell copper Prevent, treat, mitigate, or cure COVID-19. Antimicrobial germ

killer
28 May 2020 FDA 2020c

Colloidal silver Boost immune system; Colloidal silver has been a very
effective way to kill virus; It’s a potent remedy for
any infection; Drink the silver and even nebulize it to
get it directly in the lungs and at the site of the virus;
Atomized fumes through ultrasonic humidifier can
be inhaled deep into the lungs which may inhibit the
virus from replicating too quickly; Colloidal silver
1100 PPM Immune support protect your immune
system.

� 14 Aug 2020, 26
May 2020, 11
May 2020, 1
April 2020, 6
March 2020

FDA 2020c

Nano silver 10 PPM (silver solution) The Nano silver 10 PPM is your totally non-toxic key to
halting COVID-19 attachment, penetration, and rep-
lication, with no reason to panic about COVID-19.

� 15 May 2020 FDA 2020c

Vitamins New study reveals vitamin D may be the key to COVID-
19; Severity of coronavirus patient outcomes is
directly tied to the patient’s vitamin D status.

Immune support 26 May 2020, 20
May 2020

FDA 2020c

Vitamin D3-K2. Immune support 11 May 2020 FDA 2020c
Your Coronavirus Secret Weapon � Vitamin C. � 13 July 2020, 26

May 2020, 20
May 2020, 6
April 2020

FDA 2020c

Herb oils and minerals - General wellbeing 26 May 2020 FDA 2020c
COVID-19 cough syrup and COVIDXIX syrup Prevent, treat, mitigate, or cure COVID-19. � 8 May 2020 FDA 2020c
Grapefruit seed extract Gives a little extra daily protection. 26 May 2020 FDA 2020c

(continued)
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Table 2 (Continued)

Product Unproven/Unapproved claims Product originally
intended

Issued date of
warning

References

General health
benefits

Colostrum Colostrum is nature’s way of protection against any
immune threat.

Immune boaster,
growth
maintenance

26 May 2020 FDA 2020c

Cod liver oil products Can help clear off cellular debris after any viral
infection.

Source of vitamin A
and D for general
health benefits

26 May 2020 FDA 2020c

Cannabidiol (CBD) oils and other CBD products CBD may suppress the productions of cytokines in the
setting of infection; CBD oil and related products
help combat COVID-19.

Anxiety, insomnia,
epilepsy and
other health ben-
efits

19 Aug 2020, 26
May 2020, 21
May 2020,
16 April 2020

FDA 2020c,

Grinspoon 2020
nCoV19 spike protein vaccine (NCB) Two shots get you a titer that binds the spike protein

and the receptor binding domain and make you
immune to nCoV-2019.

� 21 May 2020 FDA 2020c

Kratom Contains compounds that can strengthen the immune
system and keep the coronavirus at bay; May be type
of master key against COVID-19.

� 15 May 2020 FDA 2020c

CBD Hemp extract and supplements Helps build a higher functioning immune system that
can aid with symptoms and help a person stay
healthy, to fight off illness and can help with COVID-
19.

� 15 May 2020 FDA 2020c

White Eagle native herbs Yahweh: This formula works for almost every disease
such as coronavirus.

� 14 May 2020 FDA 2020c

Kolon Kleen: Works against coronavirus. � 14 May 2020 FDA 2020c
Maska Miakoda: Works with Yaweh formula for
coronavirus.

� 14 May 2020 FDA 2020c

Shar Mar formula � 14 May 2020 FDA 2020c
Socota and Henna herbal tea: Recommended for all
respiratory viruses especially the coronaviruses.

� 14 May 2020 FDA 2020c

Dietary supplements NAC (N-acetylcysteine): Recommended for
coronavirus.

General wellbeing 14 May 2020 FDA 2020c

Adaptogens: Reduce cortisol levels and improve
immune response.

� 14 May 2020 FDA 2020c

Zinc: Reduce the severity and duration of colds, flu,
infections, wounds, and many other diseases.

14 May 2020 FDA 2020c

Magnesium: Assist with immune response and reduce
susceptibility to viral infections.

General wellbeing 14 May 2020 FDA 2020c

Immune shot Contains vitamin D3 that may help to fight COVID-19
by reducing the incidence, severity, and risk of death
from current COVID -19.

� 11 May 2020 FDA 2020c

Plum dragon herbs (Chinese herbs for cold-
damp) Shanghan Lun phase of COVID-19

Boast immune system in the fight against COVID -19. � 8 May 2020 FDA 2020c

Durisan hand sanitizer The water-based and alcohol-free kills 99% of human
coronavirus.

� 7 May 2020 FDA 2020c

Medicinal mushrooms Mushrooms to be taken alongside each other in tinc-
ture form for both prevention and treatment and
should be doubled if symptoms of COVID-19 begin.

General wellbeing 7 May 2020 FDA 2020c

Elderberry Syrup � � 7 May 2020 FDA 2020c
Liquorice root Liquorice root act as a potential treatment for COVID-

19.
� 7 May 2020 FDA 2020c

Stephen Buhner COVID herbal blends, COVID-19
core formula

� � 7 May 2020 FDA 2020c

Glutagenic virus protection kit Use for prevention and as treatment against COVID-19 � 6 May 2020 FDA 2020c
Liposomal sublingual gel supplement The mixture gives a rapid and thorough reversal of

COVID-19.
� 6 May 2020 FDA 2020c

Liposomal vitamin C with silver excelsior
immunity boost bundle

Help keep the immune system at top performance. � 4 May 2020 FDA 2020c

Transdermal patch (Santiste Labs LLC) Offers possible resistance to the novel coronavirus;
Boost your immune system and provide antiviral
support all day.

� 27 April 2020 FDA 2020c

Hopewell products (Warrior essential oil, Cin-
namon bark, lung support, respiratory relief)

� � 27 April 2020 FDA 2020c

Prefense non-alcoholic hand and skin sanitizer Prefense hand and skin sanitizer offers an alternative
to alcohol-based gels; The only product on the mar-
ket today that kills germs on contact and offers con-
tinuous protection for up to 24 hours or 10 hand
washings with only one application.

� 23 April 2020 FDA 2020c

CopperTouch Kills coronaviruses. � 21 April 2020 FDA 2020c
Earth Angel oils Rub on top of the feet, wrists, and chest to fight viruses. General wellbeing 14 April 2020 FDA 2020c
ViralDefense tincture � � 13 April 2020 FDA 2020c
Alpha 11 and Alpha 21 � 13 April 2020 FDA 2020c

(continued)
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Table 2 (Continued)

Product Unproven/Unapproved claims Product originally
intended

Issued date of
warning

References

The use of Arogya’s ayurvedic products like Alpha 21
and Alpha 11 prevent you from being infected with
coronavirus.

Herbs of Kedem Contain compounds that may inhibit the attachment of
the new coronavirus to cells in the body.

General wellbeing 10 April 2020 FDA 2020c

Super silver toothpaste, super blue toothpaste,
super silver wound gel and superblue silver
immune gargle

Boost your immune system against virus. � 9 April 2020 FDA 2020c

Respiratory aid kit The kit gives support to the immune system and the
lungs and helps get through the respiratory illnesses
more quickly and more easily.

� 9 April 2020 FDA 2020c

Miracle mineral solution (MMS) (chlorine
dioxide)

Confirmed cases of COVID-19 patients recovered after
treatment with MMS.

� 8 April 2020 FDA 2020c

Fortify humic beverage concentrate Clinically proven antiviral that could help fight COVID-
19; Can fight latent infections, because once the
virus reactivates, it prevents the newly created
viruses from entering your cells and reproducing,
reducing your viral load over time.

� 8 April 2020 FDA 2020c

Electric fulvic beverage concentrate Extremely effective as antiviral. � 8 April 2020 FDA 2020c
China Corona Nosode Boost immune system. � 7 April 2020 FDA 2020c
CoronaDefender herbal sachet Formulated for modifying your body surface so that the

novel coronavirus stands less chance to survive on
your body.

� 6 April 2020 FDA 2020c

Chinese herbal tea Prevent COVID-19. General wellbeing 6 April 2020 FDA 2020c
Chinese herbal solutions Use for prevention and treatment of COVID -19. � 6 April 2020 FDA 2020c
Herbal Agastachis pill � � 6 April 2020 FDA 2020c
CoronaDefender Herbal tea Formulated for internal use to better prepare yourself

for fighting with the novel coronavirus when
necessary.

� 6 April 2020 FDA 2020c

Ginseng detoxication pill Use it if infected with the novel coronavirus. � 6 April 2020 FDA 2020c
Honeysuckle and forsythia formula Use it if infected with coronavirus. � 6 April 2020 FDA 2020c
Cannabis indica It speeds up recovery from coronavirus. � 6 April 2020 FDA 2020c
Saline therapy It strengthens the lungs to fight against the novel

coronavirus.
General wellbeing 30 March 2020 FDA 2020c

Corona-Cure antiseptic nasal defense Kills COVID-19; Protect the vulnerable nasal passages
from COVID-19 infection.

� 26 March 2020 FDA 2020c

Quinessence antivirus synergy It can’t hurt to use the essential oils to avoid infection
until a cure has been developed.

� 6 March 2020 FDA 2020c

Vivify holistic clinic formula #1 and #3 Works against coronavirus. � 6 March 2020 FDA 2020c
Vivify holistic clinic � Boneset (Loose leaf tea) Effective against coronavirus. � 6 March 2020 FDA 2020c
Baptized COVID organics Relief symptoms of COVID-19. � 4 May 2020 Mugabi 2020,

WHO, 2020f
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reported after the administration of ginseng to a patient for three
days (Dega et al., 1996). The plant products may also have carcino-
genic effects in the liver and thyroid and can induce tumorigenesis in
the nasal cavity (Ekor, 2014).

While acknowledging the fact that traditional medicines have
enormous health benefits that may be exploited as possible thera-
peutics for COVID-19, the WHO recently warned against the use of
unproven traditional herbs in the treatment of COVID-19
(Mugabi, 2020; WHO, 2020f). This came after a herbal drink named
Baptized COVID Organics was introduced in Madagascar and
acclaimed as being helpful in the treatment of COVID-19. Some Afri-
can countries such as Guinea, Equatorial Guinea, Guinea-Bissau,
Liberia and Tanzania purchased large quantities of this herbal drink
(Mugabi, 2020). The drink is derived from an anti-malaria plant Arte-
misia and mixed with other herbs. Although, the drink is acclaimed
as helpful in relieving symptoms of COVID-19, there is currently no
scientific proof or evidence. There is the fear of possible toxicity
which may lead to adverse effects and no published safety evidence
for this drink exists. A concern is that people who consume this drink
may become susceptible to malaria as they may develop resistance to
the drug artemisinin (Mugabi, 2020). Several herbal formulations
have received approval from the Chinese Government and three pat-
ented herbal drugs are currently being used to treat COVID-19, with
no strong scientific evidence of efficacies and safety (Ang et al., 2020;
Cunningham et al., 2020; Yang, 2020). Finding an effective treatment
for an ailment is important but safety is a major priority that must
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never be ignored. It cannot be disputed that all drugs, be it conven-
tional, complementary or alternative, carry risks for the users
(Juhn et al., 2007; Ghenadenik et al., 2012; Yang, 2020). However,
with detailed clinical studies, safe dose ranges are attained, and pos-
sible adverse effects or contra-indications are known. Such important
information assists in the prescription of such therapeutics to
patients. Hence, it is of utmost importance that rigorous clinical stud-
ies with safety as a major focus are carried out on herbal remedies.

There is much misleading information available on the internet on
the use of garlic (Allium sativum L.) against COVID-19, which has led
to the increased demand of garlic (McClain, 2020; Wiesemeyer, 2020).
Although garlic has some medicinal properties, there is no evidence
of its efficacy against COVID-19 (WHO, 2020g). Adverse effects which
include light headedness, nausea, alteration of platelet function and
coagulation, burning sensation in the gastrointestinal tract, diaphore-
sis, hypotension and allergy have been associated to the use of garlic
(Rose et al., 1990; Borrelli et al., 2007; WebMD, 2020a).

Another example of widely spread, misleading information is the
use of ginger (Zingiber officinale Rosc.) to cure COVID-19. Ginger is
often included in diets to treat nausea, vomiting, diabetes, migraine,
menstrual cramps and osteoarthritis (Mashhadi et al., 2013;
WebMD, 2020b). The plant possesses anticancer, anti-inflammatory,
antidiabetic and antioxidant properties (Mashhadi et al., 2013). How-
ever, its cure against COVID-19 has not been established. The WHO
warned in a message conveyed by the executive director of the WHO
Health Emergencies Program, Michael Ryan on 3rd April 2020 that,
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though, ginger can have some health benefits, no evidence on its abil-
ity to cure COVID-19 exist (Wintle, 2020). Some side effects of ginger
include heartburn, mouth irritation and diarrhoea. Although there
are no reports of its contra-indication, there are concerns that ginger
may interact with anticoagulants NCCIH (2016). Hence, it is not wise
to use unproven natural products with the notion that they are
completely free of side effects.

One of the most used herbs in Chinese and Korean traditional
medicine is the Semen Armeniacae Amarum, known as apricot seed
(Prunus armeniaca L.). It has a long history in controlling acute lower
respiratory infections (Jin et al., 2009). This is one of the common
herbs included in the Chinese herbal formulations against COVID-19
(Ang et al., 2020). In vivo studies have shown its toxicity in rats, lead-
ing to fatalities (Suchard et al., 1998; Kim et al, 2012; Park et al.,
2013). This toxicity has been linked to the presence of amygdalin and
hydrogen cyanide which is more concentrated in the endocarp and
can cause life-threatening respiratory disorders (Park et al., 2013). As
a result, it is advised that the endocarp is removed when using it in
herbal formulations (Park et al., 2013). Hence, a strong quality control
needs to be set for this herb even after clinical studies on its potency
against COVID-19 is established.

6. Collaboration between research scientists, government and
medicinal practitioners as a possible way forward

The inclusion of traditional medicinal practitioners in the man-
agement of health crises is an important option that should not be
overlooked. In many African countries, especially in the rural areas,
and among the poor, traditional medicinal practitioners are often the
closest resource when it comes to health issues with an estimated
80% of the African population using herbal remedies (WHO, 2019b).
Most of these traditional healers have learned a wealth of knowledge
from their ancestors with regards to plant medicinal use. It is
regarded as a trade which helps to sustain their livelihoods
(Karunamoorthi et al., 2013; Hamilton, 2014). These traditional
healers may be aware of the negative effects that might result but do
not have the capacity to follow the drug development process. Hence,
a criticism of traditional healing is that, traditional healers lack a body
of evidence to authenticate their practice through scientific knowl-
edge (Mokgobi, 2014). Having the knowledge that a natural product
can cure, manage or treat an infection is not enough. With the influx
of herbal remedies and increase in self-medication especially in this
COVID-19 era, safe use of drugs is an issue of great public health
importance. The need for extensive toxicity assessment on herbal
products for safe use and protection of public health cannot be over-
emphasized. However, there are many challenges when it comes to
the regulation of herbal medicines in different parts of the world.
Because of this, there is a need for a global standard and strong regu-
latory policies on herbal medicines (Ekor, 2014; WHO, 2019b).

It is risky to use a drug when important parameters such as how it
is absorbed, distributed, metabolized and excreted, the mechanisms
of action of that drug, the safe dosage range, side effects or adverse
effects that may result due to possible toxicity, and its interaction
with other drugs and treatments are not known. Five major processes
are involved in drug development. These include discovery and
development, preclinical research, clinical research, FDA review and
FDA post-market safety monitoring (FDA-CDER, 2016; FDA, 2018).
The WHO has set some basic criteria that need to be followed in
herbal formulations. These processes include efficacy, safety, quality
control, marketing and regulatory guidelines (Akerele, 1993;
WHO Technical Report, 2018). Drug development processes may be
rigorous but seems to be the only way to develop an effective and
safe therapeutic (Yang, 2020). The safety assessment of effective ther-
apeutics is critical for drug use. In silicomethods for the assessment of
drug safety has recently become a useful tool (Arvidson et al., 2008;
Rahman et al., 2020). Such methods are relevant in identifying safe
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doses, drug interaction, among others, thereby giving a quick under-
standing of such a drug and a quick lead for further investigation.
Though dose-response relationship is usually the main focus when it
comes to safety assessment, some researchers have argued that this
is not enough as other parameters need to be taken into consider-
ation, before it can be concluded that a drug is safe. According to
Li (2004), Five key parameters to be considered are; (1) Possible tox-
icity due to drug�target interactions, including interactions with
unintended molecular targets, or with molecular targets in unin-
tended organs; (2) Chemical scaffolding and side-chains with safety
concerns; (3) Toxicity in animals in vivo and in vitro; (4) Safety con-
cerns due to toxification or detoxification, organ distribution, clear-
ance and pharmacokinetic drug�drug interactions and (5)
Physiological, environmental and genetic factors that may enhance a
patient’s susceptibility. Most of these drug development stages need
to be carried out by research scientists and clinicians. Therefore, col-
laborative efforts are needed. For instance, traditional medicine
researchers in Togo are working in collaboration with scientists to
find ways for traditional medicine to be integrated into the treatment
of COVID-19 (Mugabi, 2020). Governments, especially in developing
countries, have pivotal roles to play in these collaborations, such as
capacity building for traditional healers and scientists alike. With the
available wealth of knowledge on natural products with antiviral
properties, possible safe and effective preventive agents or therapeu-
tics against COVID-19 may be discovered through such global collab-
orative efforts and selfless dedication to practice.

7. Recommendation and conclusion

The COVID-19 pandemic has resulted in the influx of high vol-
umes of unproven and unapproved products in the market globally
and increased self-medication. A number of vaccines have recently
been approved for use to curb the spread of the virus. However, avail-
ability and acceptance by some critics is a big challenge. Conventional
drugs such as remdesivir, chloroquine/hydroxychloroquine and
dexamethasone are the major proposed drugs that are currently
under trials for the management of this disease. Repurposing of ther-
apeutics including those of natural products already available in the
market, have been advocated by researchers with some countries
already approving such for treatment or management of COVID-19.
Natural products are helpful in the treatment of infections, but the
consumption of unproven and unapproved products is a great health
risk. It is of utmost importance that proposed or repurposed natural
products against the novel SARS-CoV-2 virus are well evaluated for
efficacy, mechanisms of action and safety before use. Collaborative
efforts between researchers, governments and traditional medicinal
practitioners in the search and development of possible safe and
effective therapeutics from natural products, that may be helpful in
the treatment or management of COVID-19 is a good option to
explore.
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