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From Molecular Pathology of COVID-19 to
Nigella Sativum as a Treatment Option:
Scientific Based Evidence of Its Myth or Reality
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ABSTRACT COVID-19 virus is a causative agent of viral pandemic in human beings which specifically targets
respiratory system of humans and causes viral pneumonia. This unusual viral pneumonia is rapidly spreading
to all parts of the world, currently affecting about 105 million people with 2.3 million deaths. Current review
described history, genomic characteristics, replication, and pathogenesis of COVID-19 with special emphasis on
Nigella sativum (N. sativum) as a treatment option. N. sativum seeds are historically and religiously used over
the centuries, both for prevention and treatment of different diseases. This review summarizes the potential role
of N. sativum seeds against COVID-19 infection at levels of in silico, cell lines and animal models.
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Coronaviruses (CoVs) belong to the Nidovirales order
of Coronaviridae family which causes numerous illnesses
of respiratory tract and respiratory syndromes.” CoVs
mainly target humans and wild animals such as birds and
mammals.® Four major subgroups of CoVs have been
identified as: «-CoVs, B-CoVs, y-CoVs and &-CoVs
with 17 subtypes.® A novel coronavirus (2019-nCoV) which
is 70% identical to severe acute respiratory syndrome
coronavirus (SARS-CoV) was for the first time reported
in December 2019 from Wuhan, China.” This unusual
viral infection quickly spread to all parts of the world with
more than 105 million cases and about 2.3 million deaths
globally so far.® This virus was first isolated on 7th January,
2020 from a throat swab of COVID-19 patient by Chinese
Center for Disease Control and Prevention (CDC). The
virus was eventually named as 2019-nCoV by World Health
Organization (WHO).® Initially, a typical COVID-19 patient
shows pneumonia-like symptoms, which later on aggravate
to many respiratory illnesses like acute respiratory failure
and acute respiratory distress syndrome (ARDS).*”

Genome (Strains and Evolutionary Capability)
Viruses belonging to Coronaviridae family
are positive sense, single stranded RNA viruses.®
A coronavirus is a pleomorphic, spherical, and enveloped
particle. The virus contains a matrix protein and its RNA
is coupled with a nucleoprotein inside a capsid. There are
club-shaped projections of glycoproteins on its envelope.
The genome of coronavirus encodes 4 structural
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proteins; envelope (E), membrane (M2), nucleocapsid
(N) and spike (S) proteins.” The COVID-19 virus
attaches to the host surface receptors by its receptor-
binding domain (RBD), present on the S protein, which
is involved in fusion of the host and viral cell membranes
to permit the viral entry into the host cell.®’ The S-protein
of coronavirus contains multiple epitopes for its binding
to the host cell. Thus the neutralization of S protein, can
make it an ideal candidate for vaccine design.””

Recent phylogenetic analyses of CoVs have
shown that COVID-19 is phylogenetically similar to
Bat CoV (BCov) and SARS-CoV.""” SARS-CoV and
COVID-19 genomes share an average sequence
similarity of 79% with their S protein is 76.47% similar.""
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The full-length genome sequencing of COVID-19 virus
showed that it is divergent form MERS-CoV and SARS-CoV
which caused past epidemics and it belongs to 8 -CoVs."

The phylogenetic analyses of various coronavirus
lineages have shown variable number of small open reading
frames (ORFs) among different conserved regions of the
genome and at the downstream to nucleocapsid gene.
The S gene of coronavirus possesses a unique N-terminal
fragment. The genome of all coronaviruses has shown that
the important structural genes exist in the direction of 5'-3'
at the order of S, E, M, and N. Hemagglutinin-esterase (HE)
protein such as 3a/b and 4a/b proteins are also present
in some coronaviruses which play essential role in virus
replication and genome repairs."®

Pathogenesis

Patients diagnosed with COVID-19 present
abnormal respiratory findings, elevated levels of
plasma pro-inflammatory cytokines and leukocyte
count."” COVID-19 targets the respiratory system
causing viremia, severe pneumonia, along with
the manifestation of ground-glass opacities, and
severe cardiac injury.”’ The increased secretions of
chemokines and pro-inflammatory cytokines leads to
cytokine storm and include fibroblast growth factor 2
(FGF2), granulocyte colony-stimulating factor (GCSF),
granulocyte-macrophage colony-stimulating factor
(GMCSF), interferon gamma (IFN v ), interferon gamma-
induced protein 10 (IP10), monocyte chemoattractant
protein-1 (MCP1), macrophage inflammatory proteins
alpha (MIP1 «), macrophage inflammatory proteins beta
(MIP1 ), platelet derived growth factor subunit B (PDGFB),
tumor necrosis factor-alpha (TNF-« ), vascular endothelial
growth factor A (VEGFA), interleukin 1 (IL-1) beta (IL1-B),
IL receptor antagonist (IL1RA), IL-7, IL-8, and IL-9.“

COVID-19 virus enters and infects the host cell by the
attachment of its S protein with the host cell surface receptor
known as angiotensin converting enzyme 2 (ACE,). To
completely enter the host cell, the S protein must be primed
with a host protease enzyme named as transmembrane
protease, serine 2 (TMPRSS2)">' (Figure 1).

After the entrance of COVID-19 virus into the host
cell, uncoating of the virus occurs. The transcription and
translation of the virus occurs at the host cytoplasmic
membranes. This step requires coordination between
continuous and discontinuous RNA synthesis which is
regulated by a large complex viral replicate protein. This
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Figure 1. Schematic Representation of
Attachment and Entry of SARS-CoV and
COVID-19 Virus into Host Cell

Notes: The spike (S) protein of both SARS-CoV and
COVID-19 virus uses the same host transmembrane serine
protease (TMPRSS?2) and angiotensin converting enzyme 2 (ACE,)
for its entrance into the host cell. Currently, the commercially
available licensed drugs target TMPRSS2 in the lung cells to inhibit
COVID-19 infection.™

complex viral replicate protein is encoded by replicase gene
of about 20-kb size and contain 16 viral subunits along with
many cellular proteins.”” Most of the RNA viruses contain
RNA helicase, RNA dependent RNA polymerase (RdRp),
and protease activities. However, COVID-19 virus replicase
has been found to use several RNA processing enzymes
that are not present or exceedingly rare in other RNA
viruses. These enzymes include putative sequence specific
endoribonuclease, ADP ribose 10-phosphatase and 30-50
exoribonuclease, 20-O-ribosemethyltransferase and group 2
coronaviruses cyclic phosphodiesterase."® After synthesis,
assembly of proteins takes place at the cell membrane and
there occurs insertion of the genomic RNA into viral coat to
make a mature virion particle which is released by budding
from the internal cell membranes."?

Factors Affecting COVID-19 Viral Pathogenesis

Cerebrovascular, cardiovascular and diabetes are the
most common co-morbidities associated with COVID-19
infection. Many other disorders such as myocardial injury,
kidney and hepatic injury, coagulation activation, cellular
immunodeficiency, and secondary bacterial infections in
COVID-19 patients are also noted.”” Chronic inflammation
and lymphopenia have also been reported in most instances
of serious illness. In fact, these findings of COVID-19 patients
are closer to the findings observed in patients having SARS
and demonstrate a probable common biological process
behind these epidemiological disorders.?”

Vaccines and Therapeutic Approaches against
COVID-19 Infection
Many types of vaccines and antiviral drugs using S
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protein of coronavirus have been tested. Du, et al® revealed
that vaccines can be made using full-length S protein, DNA,
viral vector, recombinant RBD protein and recombinant S
protein. The only partial success in treatment of COVID-19
infection has been achieved by some recombinant
compounds like interferon in combination with ribavirin.® It is
noteworthy that receptor-binding domain of SARS-CoV has
lower affinity for ACE,, while the receptor-binding domain of
COVID-19 has a higher affinity for ACE,.”® Depending on
this information, Gurwitz®? proposed the use of angiotensin
receptor 1 (AT1R) blockers like losartan as a therapeutic
approach against COVID-19 infection.

Currently, the treatment of choice against COVID-19
infection is monoclonal antibodies along with a novel
adenosine analogue prodrug, remdesivir which was
effectively used against Ebola infection in the past.?'*®
Any adaptations in the sequence of the SARS-COV-2
may improve its transmission leading to its high virulence,
however, SARS-COV-2 is predicted to become less
virulent after human to human transmissions as genetic
bottlenecks of RNA viruses usually occur by respiratory
droplet transmissions.®**”

Herbal Treatment against COVID-19 Infection
The outcomes of COVID-19 infection are mainly
dependent on the immune status of the infected subjects,
thus any herbal treatment possessing immune-modulatory
functions may potentially prevent or cure the disease.?**®
The recent studies from China have demonstrated that
the treatment efficacy of Chinese medicine (CM) was
more than 90%, and only few COVID-19%? subjects were
admitted to intensive care unit (ICU). People from China
are effectively using a collection of CM for thousands
of years to treat various types of respiratory distress
illnesses (RDI).®"* Recently it has been shown that
Keguan-1-based integrative therapy was safer and more
effective than the standard treatment in supressing the
development of ARDS in COVID-19 patients.®®

Nigella sativum against COVID-19 Infection
Recently the synergistic effect of N. Sativum (NS)
and honey against COVID-19 infection was under clinical
trial in Pakistan from April 30 to July 29, 2020.% The study
recruited 313 patients; 210 were moderate and 103 were
severe syndrome patients. In both categories, almost half
of the patients were administered honey and Nigella sativa
(HNS), while the remaining half were administered placebos.
The results showed that the time taken to alleviate COVID-19
symptoms was almost 50% reduced by HNS treatment.
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Moreover, HNS treatment also cleared the virus 4 days
earlier than the placebos. The mortality rate in severe cases
was 4 times less in HNS-treated group than the placebos.
Additionally, there was no side effect of HNS treatment.®”

NS is the member of the Ranunculaceae (buttercup)
family which has been widely studied and recognized
worldwide.® NS is a native plant in Southern Europe,
Northern and Asia Minor. It is extensively cultivated in
India and Pakistan.®**® Despite its significant cultivation
in Eastern Europe and North America, best grown seed
are produced in Egypt.®® It is known as Habbatus Sauda,
Allahabhat Alsawada and Alkamoun Alaswad in Islamic
society and shuniz, kodera, black cumin or dark caraway
in different part of the world.“”

It has been reported by numerous researchers
that NS seeds possess many remedial properties such
as immunopotentiation, bronchodilatation, antitumor,
antihistaminic, antidiabetic and antihypertensive effect.
Researches also support its anti-inflammatory properties,
antibacterial, hepatoprotective, and gastroprotective
properties. These medicinal effects are attributed to its
quinone constituents.“'**

Bioactive Constituents of NS

So far, several dynamic compounds are recognized
from different types of NS seeds,® which contain
24.76%-40.35% of fixed oil, 0.5%—-1.5% volatile oil,
quinones, alkaloids, saponins, and many additional
compounds in less amounts.“"” The essential oil has
property of yellow to dark amber liquid and possess no
fluorescence, even when diluted with alcohol.“®

Fatty acids, more specifically, unsaturated fatty
acids are the major component of NS seeds. 50%—60%
of fatty acids are linoleic acid, 20% are oleic acid,
10% are dihomolinoleic acid, while remaining 3% are
eicodadienoic acid. The saturated fatty acids such as
palmitic acid and stearic acid are also present but only in
lesser amount, 30% or less.®® Furthermore, isochinoline
alkaloids are present in the form of nigellimin and
nigellimin-N-oxide, while pyrazol alkaloids are present
in the form of nigellidin and nigellicin. Overall, NS seeds
contain 29% fat followed by protein (27%), carbohydrates
(25%), crude fiber (8%) and total ash (5%). NS seeds
also have a little quantity of many vitamins and minerals
such as copper, phosphorus, zinc, and iron.***®

It is shown by the literature that commercial NS oil is the
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most important ingredient of all NS plants. The oil effect of NS
is mainly due to quinone component, especially the essential
oil quinone containing thymoquinone (TQ), which is an
important bioactive substance that accounts for 30%—48% of
all compounds.“” Other components of NS oil are p-cement,
thymohydroquinone (TSQ), dihydroethymoquinone (DHTQ),
a -thujene, thymol, t-anethole, B -pinene, «-pinene,
and v -terpinene.“® NS seeds are also a good source of
Ca*, Fe*, and K* ions.“® It is also revealed that NS seeds
contain a novel acetylated triterpene saponin compound
(penta hydroxyl pentocyclic triterpene).*® NS seeds contain
flavonoids which have been studied in detail in many
studies.®™ The other chemical compounds of NS seeds
include nigellone, cholesterol, citrostadienol, cycloeucalenol,
avenasterol-5-ene, campesterol, gramisterol, lophenol,
obtusifoliol, stigmastanol B -amyrin, butyrospermol,
cycloartenol, taraxerol, and tirucallol.***®

Importantly, the ratio of thymoquinone in essential olil
depends on the geographical origin of the seeds, because
Iranian-derived essential oil has lower thymoquinone
concentrations than Indian origin essential 0il.“® In one
study, concentrations of Iranian-derived NS essential
oil contained 13.7% thymoquinone while Indian-derived
essential oil contained up to 50% thymoquinone. Storing
essential oil when exposed to sunlight can cause chemical
degradation of thymoquinone and high oligocondensation
products.®® Therefore, due to mild photo-isomerization
of thymoquinone, the essential oil needs to be protected
from sunlight. Otherwise, it will lead to the accumulation of
dithioquinone which is a thymoquinone dimer.®?

In silico Studies of NS Compounds against
COVID-19

A recent study from Bouchentouf and Missoum®®”
demonstrated the potential role of NS biochemical
components against COVID-19 infection. The technique
of molecular docking was used to detect novel possible
inhibitors from NS against COVID-19 virus.

Docking Score of NS Compounds and Other
Clinical Trial Phase Drugs

Currently, different supportive treatment
options for COVID-19 are available.®” Mostly, these
treatment regimens are comprised of chloroquine,
hydroxychloroquine, azithromycin, arbidol, remdesivir
and favipiravir.®*®¥ The best obtained docking score
among the drugs under clinical trial was for arbidol,
when complexed with 6LU7.°**" The docking score of
remdesivir followed by chloroquine, hydroxychloroquine
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and azythromycine.®* The highest energy was provided
by favipiravir when complexed with 6LU7.® The best
obtained docking score among the drugs under clinical
test was for remdesivir, when complexed with 2GTB. After
attaining the results, it was observed that nigellidine from
NS seeds provides the lower energy when complexed
with 6LU7, that is preeminent score when matched to
other docked complexes. Nigellidine's score is also
close to the energy score of chloroquine and better than
hydroxychloroquine and favipiravir. When o -hederin was
complexed with 2GTB active site, the energy score was
better than chloroquine, hydroxychloroquine and favipiravir.
All other compounds of NS (nigellicine, nigellimine,
carvacrol, 6-thymol, thymoquinone, dithymoquinone and
thymohydroquinone) included in the study gives energy
score related to favipiravir.®”

Favipiravir is an antiviral drug which target RdRP
and it is currently approved drug against influenza infection
in Japan with half maximal inhibitory concentration (ICs,)
of 0.013-0.48 p.g/mL.®® Chen, et al® reported that
favipiravir significantly improved the latency to relief for
pyrexia and cough. Du, et al®’ summarized 8 clinical
trials and concluded that favipiravir provides a substitute
for compassionate use in COVID-19 infection.

Interaction of NS Compounds with 6LU7

The interactions and 2D diagrams of other NS
compounds with 6LU7 and 2GTB were also demonstrated.®®
Maximum 3 hydrogen interactions with amino acids of 6LU7
were observed by NS compounds; « -hederin, carvacrol
followed by 2 hydrogen interactions of NS compound,
nigellicine. Only 1 hydrogen interactions with amino acids of
6LU7 were observed by NS compounds, including thymol,
thymoquinone, dithymoquinone and thymohydroquinone,
and no interaction in the case of nigellimine.®”

Interaction of NS Compounds with 2GTB

The interactions between compounds from NS
with 2GTB showed that only nigellicine has maximum 3
hydrogen interactions with amino acids of 2GTB. Only one
hydrogen interaction was observed in case of nigellidine,
nigellimine and thymohydroquinone. The NS compounds
with no interactions with 2GTB were carvacrol, thymol,
thymogquinone and dithymoquinone.®”

Effects of NS on Coronvirus Cell Lines

It has been shown that NS extract can reduce the
growth of coronavirus in the infected cell line epithelial
carcinoembryonic anti-gen-related cell adhesion molecule 1
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(HeLa-CEACAM1a).® The NS extract increases IL-8
secretion. IL-8 is possibly involved in priming of dentritic
cells (DCs) with T cells during coronavirus infection and
stimulation of calcium signaling which may further be
associated with the transient receptor potential proteins
(TRPs).” TRP genes are involved in multiple cellular
functions including regulation of intracellular Ca** ions.""
There are 7 sub-families of TRP genes including TRPV
(vanilloid), TRPM (melastatin), TRPC (canonical), TRPN
and TRPA (ankyrin), TRPML (mucolipin) and TRPP
(polycystin).” There are several stimuli for triggering
TRP channels such as, different growth factors, depletion
of intracellular calcium level, different chemicals and
temperatures. etc. The triggering pattern and selection of
TRPs channels can also be dependent on stimulus.™

It has been shown that the levels of TRPM6, TRPM7,
TRPA1, TRPC4 are downregulated by NS extract.®” The
increased intracellular Ca®* ions are involved in enhanced
viral replication. It is demonstrated that intracellular
calcium signaling leads to enhanced production of reactive
oxygen species in mitochondria which effect replication of
influenza virus." It is also noted that poliovirus infection
increases intracellular calcium concentration.”® Thus,
increased intracellular calcium concentration might play
crucial role in viral replication. On the contrary, viruses
might target those cellular mechanisms which regulate
intracellular calcium ion concentration. It was noted that
NS extract significantly decreased coronavirus load in
HeLa-CEACAM1a cell line. It was observed that after NS
extract treatment and 6 h post infections, the number of
viruses was very low and it was 1/10th as compared to
the control amount at 8 h post infection.®”

NS Mechanism of Action against COVID-19
Infection
NS on Mast Cells and Inflammatory Mediators

One of the most important immune cells that are
activated during the pathogenesis of SARS-COV-2 virus are
the mast cells (Appendix 1A). The mast cells have important
role in inflammation and allergy. Once activated, secretion of
histamine and proteases occur. The late mast cell activation
leads to the secretion of pro-inflammatory cytokines (IL-1,
IL-6, and TNF-a).” It is observed in COVID-19 subjects
that there is systematic elevation of pro-inflammatory
cytokines leading to the condition known as "cytokine storm"
occurring more specifically in the lungs.”” The condition
may further lead to sepsis with fatal organ damage.”® Thus
the mast cell stabilizers such as ketotifen are most likely
to possess antiviral activities.” It has been observed in
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mice model of viral-induced sepsis that all mice treated with
ketotifen and antiviral survived as compared to the untreated
mice. Moreover, it was observed that virus induced lung
lesions were also suppressed by ketotifen.®® Human
studies of rheumatoid arthritis subjects have shown that
the serum level of an anti-inflammatory cytokine like IL-10
was significantly increased when oil capsules of NS were
administered.®” Furthermore, it has been observed that
two enzymes in human blood cells i.e. 5-lipoxygenase and
leukotriene C4 synthase, which can produce inflammatory
mediators like leukotrienes and prostaglandins are also
suppressed by NS oil and thymogquinone (Appendix 1A).%
The anti-inflammatory and anti-histamine activities of
different bioactive components of NS is well established in
various animals models.®*®

NS on Autophagy

The coronavirus infection leads to activation of unfolded
protein response (UPR) as the virus replication require
excessive protein biosynthesis to provide the sources for viral
proteins and use of endoplasmic membrane for formation of
double membrane vesicles (DMVs).®® The autophagy and
UPR are interconnected, activation of UPRs may lead to the
induction of autophagy.®"®® Therefore, it is suggested that
COVID-19 infection may promote autophagy via activation of
UPR in cells (Appendix 1B).

Presently most of the potential drug candidates
(58%) against COVID-19 infection are autophagy
modulators. It is interesting that all these modulators do
not seem to directly antagonize the effects of coronavirus
infection. The beneficial effects of these drugs are likely
due to over accumulation of autophagosomes which leads
to apoptotic cell death of virally infected cells and disrupt
the viral replication cycle.® It is highly recommended
that pharmacological agents which stimulate autophagy
may have potentially antiviral effects, more specifically
against coronaviruses.®” A study has shown that one of
NS compounds, thymoquinone acts as a cardioprotective
agent by promoting autophagy in cardiac patients.®”

NS on Oxidative Stress

Recently it has been shown that NADPH oxidase-2
(NOX-2) expression is elevated in COVID-19 subjects.?
Another study has revealed that blockade of NOX-2 in
macrophages leads to decreased oxidative stress.® It is
noted that proinflammatory cytokines and other agonists in
endothelial cells may mobilize NOX proteins, leading to local
oxidative stress and endothelial dysfunction (Appendix 1C).*¥
The endothelial dysfunction in COVID-19 subjects is also
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caused by the production of ROS via NAD(P)H oxidase,
leading to reduction in bioavailability of nitric oxide. Decreased
level of nitric oxide leads to vasoconstriction, inflammation,
and redox imbalance.® It is observed that administration of
NS thymoquinone improved cisplatin-induced abnormality
of enzymatic and nonenzymatic antioxidant defense
mechanism in rat intestine.®® It is also noted in the study of
30 postmenopausal women that consumption of both Allium
sativum and NS seeds continuously for 2 months reduces the
oxidative stress."® Another study revealed that consumption
of NS seeds oil with a low-calorie diet significantly reduced
oxidative stress in 50 obese subjects.”

Conclusions

COVID-19 pandemic has become a serious public
health concern with high transmission rate affecting
millions of lives worldwide. NS is a potential antiviral
therapy for combating COVID-19 infection. Molecular
docking studies have indicated that nigellidine and
o -hederin are major compounds in NS which have
capability to constrain COVID-19 infection. NS extract has
potential to increase IL-8 levels and alter the expression of
TRP genes during coronavirus infection. NS seed extracts
also has potential to block cytokine storm and oxidative
stress produced during COVID-19 infection. These
encouraging and supportive results provided an approach
to further perform in vitro and in vivo research.
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