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1 | INTRODUCTION

By the end of April 2022, over 510 million individuals had been
infected with coronavirus-2 (severe acute respiratory syndrome

coronavirus 2 [SARS-CoV-2]) worldwide, with over 6 million reported

Abstract

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection is
linked with inflammatory disorders and the development of oxidative stress in
extreme cases. Therefore, anti-inflammatory and antioxidant drugs may alleviate
these complications. Ginkgo biloba L. folium extract (EGb) is a herbal medicine
containing various active constituents. This review aims to provide a critical
discussion on the potential role of EGb in the management of coronavirus disease
2019 (COVID-19). The antiviral effect of EGb is mediated by different mechanisms,
including blocking SARS-CoV-2 3-chymotrypsin-like protease that provides trans-
variant effectiveness. Moreover, EGb impedes the development of pulmonary
inflammatory disorders through the diminution of neutrophil elastase activity, the
release of proinflammatory cytokines, platelet aggregation, and thrombosis. Thus,
EGb can attenuate the acute lung injury and acute respiratory distress syndrome in
COVID-19. In conclusion, EGb offers the potential of being used as adjuvant
antiviral and symptomatic therapy. Nanosystems enabling targeted delivery,
personalization, and booster of effects provide the opportunity for the use of EGb

in modern phytotherapy.
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deaths globally.™ The majority of patients with coronavirus disease
2019 (COVID-19) present with mild respiratory symptoms. However,
acute respiratory distress syndrome (ARDS) is developed in about 5%
of cases.”! Although most people with COVID-19 recover, in many
cases, they remain in critical condition with various associated serious

Abbreviations: 3CLP™, 3-chymotrypsin like protease; ACE2, angiotensin-converting enzyme 2; ALI, acute lung injury; Ang Il, angiotensin Il; ARDS, acute respiratory distress syndrome; EGb,
Ginkgo biloba extract; ET-1, endothelin 1; GA, ginkgolic acid; GB, Ginkgo biloba; HA, hemagglutinin; HBV, hepatitis B virus; HNE, human neutrophil elastase; HO-1, heme oxygenase-1; HSV,
herpes simplex virus; iINOS, inducible nitric oxide synthase; MAPK, mitogen-activated protein kinase; NA, neuraminidase; nAChR, nicotinic acetylcholine receptor; NLRP3, node-like receptor

pyrin 3; NO, nitric oxide; PAF, platelet-activating factor; PEDV, porcine epidemic diarrhea virus; PL

Pro papain-like protease; RAS, renin-angiotensin system; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2; TLR4, toll-like receptor 4.

© 2022 Deutsche Pharmazeutische Gesellschaft.

Arch. Pharm. 2022;355:€2200188.
https://doi.org/10.1002/ardp.202200188

wileyonlinelibrary.com/journal/ardp 1of 11


https://orcid.org/0000-0002-5306-9904
mailto:kujawska@ump.edu.pl
mailto:gaberbatiha@gmail.com
https://wileyonlinelibrary.com/journal/ardp

AL-KURAISHY ET AL.

% _L_DPhG ARCH

complications.®! The significant risk factors for COVID-19 severity
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are old age, male gender, and comorbidities such as hypertension and
diabetes mellitus that increase the risk of post-COVID-19 complica-
tions, which may prove fatal.l**! Post-COVID-19 sequelae range
from mild such as fatigue, to severe such as pulmonary fibrosis, which
requires prolonged oxygen supplementation or lung transplanta-
tion.[¥! Inflammatory response and oxidative stress are the leading
players of the ARDS development during coronavirus infection.
Therefore, anti-inflammatory and antioxidant agents may play a

significant role
71

in alleviating the complication of COVID-19
patients. In this context, plant-derived compounds, such as
secondary metabolites, offer great potential in the biodiscovery of
therapeutics.'®! Moreover, many published studies on the antiviral
activity of plant products and their phytoconstituents indicate their
capability to affect various targets at different stages of the virus life
cycle.m As recently reviewed, searching multiple databases and
computational and a few in vitro studies prove that some of them
possess potent activity against SARS-CoV-2 or can play an essential
role in COVID-19 management?~*!! (Figure 1).

Ginkgo biloba L. (Gb) is a medicinal herb, and its extract collected
from dried green leaves is one of the most widely used phytother-
apeutic products globally. The extracts are prepared with different
extraction yields depending on the applied method. Active constitu-
ents from Gb are extracted and purified with the use of deep eutectic
solvents or ionic liquids, graphene oxide-, ultrasound- or
mechanically-assisted enzymatic extractions, silver-containing adsor-
bents, or macroporous resin. Validated high-performance liquid

chromatography with various detection methods is used to quantify

isolated constituents.!*® The available herbal medicines based on
Ginkgo biloba extract (EGb) are mostly standardized on ginkgo flavon
glycosides and terpene lactones—EGb 761® (Tebonin®, Tana-
kan®).[14 Recently, strategies for the synthesis, biosynthesis, and
biotechnological production of the active Gb’ phytoconstituents such
as terpenoids, flavonoids, and alkyl phenolic acids are also devel-
oped.*>! The EGb-based products are widely used to treat peripheral
vascular diseases, dementia in adults, and age-related macular
degeneration. EGb has beneficial properties for the promotion and
management of health because of its active constituents, including
flavonoids (such as quercetin, kaempferol, and isorhamnetin),
biflavones (such as sciadopitysin and ginkgetin), terpene trilactones
(ginkgolides and bilobalide), and alkylphenols (ginkgolic acids [GAs])

and antiviral (16.17]

with anti-inflammatory, antioxidant, activity
(Table 1). EGb also contains other active constituents such as
and bilobol,

reactions.[*®! The ability to modulate the body's immune functions,

adipostatin causing otherwise severe allergic
besides the anti-inflammatory, antioxidant, and antiviral activity,
supports the therapeutic role of EGb in managing COVID-19
treatment. While there is enough level of evidence to merit the
potential use of this herbal medicine to alleviate symptoms and
potentially improve the general wellbeing of patients, recent studies
have revealed they act as a coronavirus inhibitor and thus offer the
potential for their use as besides symptomatic adjuvant therapy.[**!

EGb and other medicinal plants are gaining popularity because of
the various advantages, such as fewer side effects, low cost, and
good patient compliance.?®! A long history of using herbal medicines,

including EGb, made the public believe that they are safe for humans
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Natural products in coronavirus disease 2019 (COVID-19) management.m]
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TABLE 1 Main chemical constituents of EGb
Class1 Compound Main structure
Terpenes Diterpenes: Ginkgolides A, B, C, J
Sesquiterpene: Bilobalide
Flavonoids Flavanols: Catechins

Flavonols: Isorhamnetin, kaempferol,
quercetin, myricetin

Flavones: Biflavones
(BilobetinaGinkgetina)

Organic acids  Alkyl phenolic acids: Ginkgolic acid

Other Polysaccharides

Abbreviation: EGb, Ginkgo biloba extract.

Possible Side-effects of /

Ginkgo Biloba Allergic Skin Reaction
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FIGURE 2 Mild adverse effects of Ginkgo biloba products.*#!

as they are natural.'®2%! However, many studies have provided
evidence that phytochemicals, even in low doses/concentrations,
have the potential for adverse effects.?*?? Although the safety is
promising, EGb, similarly to other herbal medicines, may cause
adverse effects and induce herbal-drug interactions.*®2% |t can
interact with antiplatelets and anticoagulants, leading to an increased
risk of bleeding, particularly in elderly patients.ml However, Ryu
et al.®¥ have revealed that although EGb enhances the antithrom-
botic and antiplatelet effects of cilostazol, there was no risk of
bleeding. EGb, due to the inhibitory impacts on P-glycoprotein and
cytochrome 450, can also cause interactions with nutritional agents,
like grapefruits.?® The available toxicological/safety data from
clinical trials for EGb 761 prove the low toxicity of G. biloba extract.
Although, as depicted in Figure 2, mild adverse effects of GB
products, including dizziness, headache, vomiting, nausea, diarrhea,
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Percentage Biological activity

2.8%-3.4% Activity: Antioxidant, anti-inflammatory,

antiapoptotic
Effects: Neuroprotective, antianxiety,
antiplatelet

2.6%-3.2%

2% Activity: Antioxidant, antibacterial, antiviral,
22%-27% anti-inflammatory, antithrombin
Effects: Neuroprotective, anticancer,
antiadipogenesis, antiobesity,
hepatoprotective, nephroprotective

<0.0005%  Activity: Antioxidant

Effects: Antitumor

Activity: Anti-inflammatory, antiproliferative,
proapoptotic

Effects: Protective in diabetic retinopathy and
nonalcoholic fatty liver disease

chills, pruritus, rash, and erythema as well as bleeding of several
organs, have been demonstrated, these adverse events profiles of
EGb products and placebo were similar with no statistically significant
differences in the rate of serious adverse events.['*] Nevertheless, it
is necessary to follow the combined use of drugs and nutrition
guidelines when using GB products, especially in critically ill
patients.[26]

Paying attention to the significance of herbal products to manage
COVID-19 and the anti-inflammatory, antiviral, and antioxidant
effects of EGb, this review aims to provide a critical overview of
the potential use of this phytomedicine in adjuvant antiviral and
symptomatic therapy.

2 | ANTIVIRAL ACTIVITY OF G. biloba

EGb rich in various phytochemicals with broad-spectrum antiviral
activity can affect the viral life cycle stages, including viral binding,
fusion, viral entry, protein expression, and viral protein assembly and
release.!l'¢1! Significantly, the antiviral effects of EGb were observed
below the cytotoxic threshold.?” Its inhibitory effect has been
demonstrated against influenza A (H1IN1 and H3N2) and influenza B
viruses through the direct disruption of the hemagglutinin (HA)
function in adsorption to host cells.?”) A key factor determining
influenza A virus transmissibility is the interaction of the surface
glycoproteins HA and neuraminidase (NA) with sialic acid from the
cell surface receptor. HA is generally responsible for binding to the
sialic acid to allow virus internalization, while the NA is a sialidase
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responsible for cleaving sialic acid in virus spread and release.
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[28]

Ginkgetin, a natural biflavone isolated from leaves of GB, has been
reported to block the activity of sialidase of influenza virus, thus
preventing adsorption of the virus on the host cell surface. The ICsq
values of ginkgetin against HIN1 and H3N2 sialidases were 55.00
and 9.78 ug/ml, respectively. Moreover, Ginkgetin-sialic acid con-
jugates showed a distinct survival effect in the H1N1-infected
mice.??! Wang et al.B% have demonstrated that polyphenols from
EGb exerted antiviral activity against the H3N2 influenza virus and
hepatitis B virus (HBV). In in vitro experimental study, the authors
established that the polyphenols from GB leaves had 70% viricidal
activity at a concentration of 100 pg/ml with a 74.9% protection rate
against the H3N2 influenza virus and with a 67.32% inhibition effect
on HBV surface antigen.®? It is suggested that GB polyphenols exert
direct antiviral activity, resulting from disrupting viral fusion and
potentially protective effect on the host cell membrane by reducing
permeability and improving its stability.l®Y Results from in vivo and in
vitro studies indicate that isorhamnetin, also present in EGb, inhibits
NA and HA of the influenza HIN1 virus at the gene expression level.
Moreover, this flavonoid suppressed virus-induced autophagy,
reactive oxygen species production, and mitogen-activated protein
kinase (MAPK) phosphorylation.[3?!

Polysaccharide from Gb exocarp has been demonstrated to limit
binding and entry of porcine epidemic diarrhea virus (PEDV) with
50% inhibitory concentration at 100 pg/ml. This polysaccharide
inhibited PEDV infection in Vero cells in a dose- and time-
dependent manner.*%! EGb significantly reduced also the infectivity
of herpesviruses (HHV-1 and HHV-2) through the interruption of
viral adsorption to the cell surface. Most likely, flavonoids, especially
isorhamnetin, contribute to the antiviral activity of GB. EGb has been
established to be not toxic for normal cells up to 150 pg/ml, though
minor toxic effects were observed at concentrations in the range of
200-250 pg/ml. Indeed, nontoxic concentrations of EGb have
potential of antiherpesviral agents. Moreover, the potential thera-
peutic effect of EGb in managing multidrug resistant herpes simplex
virus (HSV) infections both of oral and genital types, was
suggested.’* GA of Gb possesses broad-spectrum antiviral effects
by reducing viral replication in a dose-dependent manner. It can
inhibit infection of arboviruses, including the ZIKA virus, responsible
for frequent epidemic outbreaks.® The potential antiviral mecha-
nisms of GA include fusion inhibition of the enveloped viruses, such
as human immunodeficiency virus, Ebola virus, influenza A virus, the
impedance of nonenveloped viruses' entry, and downregulation of
protein synthesis of DNA viruses.*®! Experimental studies have
revealed that GA inhibited viral DNA and protein syntheses and
impeded viral fusion by generating positive impulsive curvature, thus
inhibiting hemifusion.*?! Interestingly, GA was also reported to
inhibit the formation of HSV-1 zosteriform vesicles on the skin flanks
of BALB/cJ mice.l®® Likewise, virus inactivation mechanisms exerted
by disinfectants target binding viruses to the host cell surface,
limiting, therefore, cell-virus interactions.®”! Moreover, EGb compo-
nents, specifically GA, can inactivate viral particles by modifying viral
genomes and proteins.*®! The net antiviral effect of GB and its

constituents is mediated by different mechanisms, including inhibi-

tion of viral binding, entry, replication, assembly, and viral release.

3 | ANTI-INFLAMMATORY EFFECTS
OF G. biloba

EGb and its constituents exert wide-ranging anti-inflammatory
effects mainly via inhibiting proinflammatory cytokines and activating
anti-inflammatory cytokines.®® A study by Sochocka et al.®*! has
shown that EGb 761—a standardized extract with 24% flavones and
6% terpenes including bilobalide, enhanced gamma interferon pro-
duction while inhibiting the release of proinflammatory cytokines in
peripheral blood leukocytes stimulated by vesicular stomatitis virus.
These findings indicate an improvement in the innate immune
response during viral infections upon EGb treatment. It has been
established that biflavones of EGb, mainly ginkgetin, strikingly
suppressed the abnormal expression of p38 and Akt pathways in
the human neutrophil elastase (HNE)-stimulated adenocarcinomic
human alveolar basal epithelial A549 cells. Biflavones also inhibited
the messenger RNA expression of respiratory tract mucin (MUC5AC),
causing mucociliary clearance failure, both in HNE-activated A549
cells and in ovalbumin-sensitized and challenged BALB/c (male/
female) mice. In the allergic mice, EGb treatment attenuated allergen-
induced airway inflammation; therefore, it has been suggested as a
potential agent for treating airway inflammation.?! Tang et al.#!
have demonstrated that EGb reduced airway inflammation in
asthmatic patients by reducing the infiltration of inflammatory cells,
mainly lymphocytes, and eosinophils. In addition, it attenuated the
activation of protein kinase alpha (PKC-a) of lymphocytes, thereby
decreasing the local release of interleukin 5 (IL-5) in the respiratory
epithelial cells. Therefore, EGb could be considered for managing
asthma due to its anti-inflammatory effects.['®*?! Ginkgolide B,
diterpene trilactone of GB, has also been demonstrated to reduce the
inflammatory reactions in the airway of asthmatic patients by
inhibiting the release of platelet-activating factor (PAF). This
phytoconstituent suppressed the release and action of T-helper 2
cytokines like IL-5 and IL-13 in bronchoalveolar lavage fluid with a
significant reduction of eosinophils accumulation.'*®! Ginkgolide A
downregulated in vitro the MAPK and nuclear factor kappa-B (NF-
kB) while promoting the AMP-activated protein kinase (AMPK
pathway) in lipopolysaccharide (LPS)-stimulated mouse peritoneal
macrophages as well as in RAW264.7 cells and differentiated human
monocytes, thus inhibiting proinflammatory mediators production.
Consistently, in mice, ginkgolide A inhibited the LPS-stimulated
systemic release of tumor necrosis factor-alpha (TNF-a) and IL-6.144
As AMPK activation exerts potent anti-inflammatory effects,
modulation of this pathway is suggested as a pharmacological target
in treating acute lung injury (ALI) and other neutrophil-driven acute
inflammatory conditions.!**! Gb-derived polysaccharides by affecting
the expression of p-p65 p-IkBa, TNF-a, and IL-1B proteins can also
signaling pathway.[46] Kotakadi

modulate the inflammation

et al.*’! have shown that EGb 761 inhibited macrophage activations.
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FIGURE 3 Anti-inflammatory effects of Ginkgo biloba (GB):

GB stimulates the release of interferon-gamma (INF-y) and release of
anti-inflammatory cytokines, inhibits angiotensin Il (Ang Il) and
release of proinflammatory cytokines. GB suppresses inflammatory
mediators, including; mitogen-activated protein kinase (MAPK), signal
transducer and activator transcription 3 (STAT-3), protein kinase C
alpha (PKC-a), and retinoic acid-related orphan nuclear receptor
(ROR-yt) with upregulation of forkhead winged-helix transcription
factor 3 (Fox-3).

In colitis mice, treatment with this extract downregulated inflamma-
tory stress marker p53 and proinflammatory cytokines, like IL-6 and
TNF-a, with suppression of CD4 effector.

EGb is regarded to exert anti-inflammatory and antioxidant
effects by suppressing the inflammatory response and improving
human endogenous antioxidant capacity.*®! It enhances immune
function by controlling organ index and T lymphocyte subsets.
Besides this, EGb suppresses the release of TNF-a and IL-18 and
upregulates anti-inflammatory cytokines IL-4 and IL-10 with the
regulation of the Th17/Treg axis.“?°%1 EGb reduced expression of
retinoic acid-related orphan receptor yt and upregulated expression
of forkhead winged-helix transcription factor 3 in peripheral blood,
thus attenuating the imbalance of Th17/Treg cells and the propaga-
tion of inflammatory reactions.’®>Y On the other hand, ginkgolide B
inhibited acute spinal cord injury in rats by suppressing the signal
transducer and activator transcription 3 signaling pathway.[52]

What is more, EGb (Ginaton) attenuated angiotensin Il (Ang II)-
induced inflammation, vascular injury, endothelial dysfunction, and
hypoxia in human vascular endothelial cells by regulating mitochondrial
integrity and inhibiting endothelin-mediated endothelial damage.l>?!

Based on the above, as shown in Figure 3, EGb may modulate the
immune responses in various inflammatory conditions by regulating
inflammatory signaling pathways.

4 | G. biloba AND COVID-19

The replication of SARS-CoV-2 is mainly processed through the 3-
chymotrypsin-like protease (3CLP™) enzyme, which is regarded as a
plausible target for direct-acting antiviral agents attributable to its
indispensable role in virus replication.>* Juki¢ et al.®®! have noted
that this protease with no mutations in the reported pandemically
relevant variants may be a valuable therapeutic target providing
trans-variant effectiveness. EGb, particularly present therein GA and
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bioflavone—sciadopitysin, can block SARS-CoV-2 3CLP™ as demon-
strated in inhibition kinetic studies and docking simulation.”® In in
vitro experiments, EGb effectively inhibited SARS-CoV-2 3CLP™
activity at a concentration of 6.68 ug/ml,[56] while GA at a
concentration of 16.30 uM.[57] A molecular docking study by Cherrak
et al.l®® revealed that glycosylated flavonoids present in EGb, like the
quercetin and rutin derivatives, exerted inhibitory effects on the
replication of SARS-CoV-2 by constraining the 3CLP™ func-
tion. Among the tested flavonoid derivatives, quercetin-3-O-
rhamnoside represented the highest binding affinity (-9,7 kcal/mol).
The binding affinity to the active site of SARS-CoV-2 protease is
mainly structure-dependent. Based on the dynamic behavior and
stability of the protein in complex, rutin demonstrated the highest
potential to inhibit the function of 3CLP™ of coronavirus. Although
these compounds showed superior inhibitory effects on the SARS-
CoV-2 protease, the authors stressed the need to verify this activity
experimentally.’8" A glycosylated derivative of kaempferol—also
present in EGb, has been selected alongside other four phytochem-
icals with the highest binding energies for SARS-CoV-2 main
protease from screened 6570 herbal compounds. Moreover, the
docking results support the ability of kaempferol to inhibit SARS-
CoV-2 protease with modulating effects on intracellular and
extracellular signaling pathways.[>”) Besides 3CLP™, the papain-like
protease (PLP™) is the second viral cysteine protease critical for the
translation of the viral RNA and therefore attractive antiviral drug
target. Chen et al.,*”) in an enzymatic inhibition assay, found that GA
acts as an irreversible inhibitor also against PLP™ at a nontoxic
concentration of 1.79 uM. Similarly, quercetin, the main component
of the EGb flavonoid fraction, has been demonstrated to interfere
with the replication of SARS-CoV-2 through inhibition of 3CLP™ and
PLP™ with corresponding docking energy of 6.25-4.62 kcal/mol.[¢%)
The mitigation of associated coagulopathy and hyperinflammatory
reactions is indicated. Indeed, this flavonoid may inhibit SARS-CoV-2
replication and protect against associated inflammatory and pro-
thrombotic conditions.[*®! Moreover, kaempferol and quercetin with
robust channel blocking activity inhibit the SARS-CoV envelope
protein E, suppressing virus activity and proliferation.’! Broad-
spectrum antiviral activity and its potential role in COVID-19
management of GA should be emphasized as well. Bhutta et al.l?
have demonstrated that this phytochemical significantly protected
against human coronavirus strain 229E (HCoV-229E) infection in
human epithelial lung cells (MRC-5) by restricting progeny virus
production, viral protein expression, and cytopathic effects. Signifi-
cantly, the anti-inflammatory activity of quercetin through stabiliza-
tion of mast cells, modulation of dendritic cells activity, and inhibition
of proinflammatory cytokines release from activated macrophages in
the lung has also been reported.[*>** Quercetin and quercetin-rich
extract suppress oxidative stress and inflammatory reactions by
inhibiting the NF-kB signaling pathway as demonstrated in various
cell lines.[6%
Due to the wide range of quercetin antiviral activity, its
coadministration with vitamin C has been suggested to be an
effective combination in preventing and treating COVID-19 as an
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adjuvant with anti-SARS-CoV-2 medications such as a convalescent
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plasma or remdesivir.® Vitamin C exerts direct antiviral activity,
scavenges radical species, inhibits vascular inflammation and en-
dothelial dysfunction with the restoration of mitochondrial func-
tion.le”¢81 Quercetin-rich extracts trigger various biological effects,
including anti-inflammatory, antioxidant, and antiplatelet effects, and
inhibit proinflammatory mediators such as phospholipase A2 and
lipooxygenase (LOX).[*”! Quercetin anti-inflammatory activity is
mediated mainly by regulating prostaglandin/leukotriene pathways
and threonine/serine kinases such as inducible nitric oxide synthase
(iNOS) and phosphatidylinositol kinase.l’®’ As reviewed, there is
evidence that coadministration with vitamin C and quercetin can
provide synergistic therapy for the prevention and treatment of
COVID-19. This combination leads to synergistic antiviral effects
against SARS-CoV-2. Overlapping of immunomodulatory effects on
the development of cytokine storms by inhibiting the release of IL-6
and other proinflammatory cytokines-induced ALl is also suggested.
Notably, the capacity of ascorbate to recycle quercetin is relevant for
increasing its efficacy.l*®!

Furthermore, in SARS-CoV-2 infections, deregulation of inflam-
matory responses is characterized by activation of node-like
receptor pyrin 3 (NLRP3) inflammasome and TH17 that increase
proinflammatory cytokines and neutrophil release recruitments,
respectively.”*! Quercetin and other phytochemicals found in EGb
block activation of NLRP3 inflammasome and TH17, thus mitigating
hyperinflammation and hypercytokinemia state with suppression
development of cytokine storm.”? The adjuvant treatment with
this flavonoid shortened the time to virus clearance as well as
reduced severe symptoms and negative predictors of COVID-19
patients.[”3! Quercetin and kaempferol blocked phosphorylation of
protein kinase and the expression of a cation-selective channel (3A
channel) in the infected cells by SARS-CoV-2. They also suppress
the release of proinflammatory cytokines, expression of iINOS, and
production of reactive free radicals.’¥ Thus, quercetin and
kaempferol might apply beneficial effects in the treatment of
COVID-19 because of their antioxidant, immunomodulatory, anti-
inflammatory, and antiviral effects.

SARS-CoV-2 infection is linked with the development of various
immunological and inflammatory hyperactivations that per se may
cause tissue injury, including ALl and ARDS.”®! Both LOX and
cyclooxygenase (COX) enzymes are activated in SARS-CoV-2
infection leading to bronchial inflammatory reactions and progression
of ALl in patients with severe COVID-19.[47¢! EGb, mainly its
constituent ginkgetin, inhibited prostaglandin and leukotriene path-
ways due to the suppression of phospholipase A2 enzyme activity in
the mast cells.””? EGb modulated inflammatory reactions in an
experimental model with chronic asthma, and its role as an
alternative and complementary therapy in asthma management has
been suggested.”®! Tao et al.l*?! have demonstrated that EGb and
ginkgetin could inhibit the development of pulmonary inflammatory
disorders through the diminution of HNE activity. Taken together,
these findings support the EGb use to attenuate ALI/ARDS.

Recently, several studies have revealed the therapeutic potential
of bilobalide in ALI. This GB's terpenoid prevented sepsis-induced ALI
by reducing proinflammatory activation and suppression of NF-kB
and COX-2 activity.””) Mechanistic studies demonstrated that
pretreatment with bilobalide reduced the expression of COX-2,
heme oxygenase-1 (HO-1), iNOS, and phosphorylation of pé5 with
IkB activation in the lung in mice with ALI. Bilobalide treatment
attenuated oxidative stress-induced ALl via upregulation of antiox-
idant enzymes and HO-1."% Therefore, EGb, mainly bilobalide, might
be beneficial in preventing ALl by mitigating inflammation and
oxidative stress. Moreover, this EGb's constituent regulated the
expression of toll-like receptor 4 (TLR4), NF-kB, and myeloid
differentiation factor 88, preventing the development of ALI.E%
Significantly, these proinflammatory mediators, mainly TLR4 and NF-
kB, contribute to an inflammatory response with subsequent
development of ALI/ARDS in severe cases of SARS-CoV-2 infec-
tion.[8182 Therefore, it is believed that GB products may prevent the
development of ALl and cytokine storm in COVID-19 by down-
regulation of lung proinflammatory signaling pathways, mainly NF-kB
pathway and expression TLR4.[83!

The receptors for binding and entry of SARS-CoV-2 are
angiotensin-converting enzyme 2 (ACE2), cluster differentiation
147, and dipeptidyl peptidase 4. ACE2 is the most dominant and
highly expressed receptor in pulmonary alveolar type 2 cells.®¥ The
interaction between SARS-CoV-2 and ACE2 leads to its notable
downregulation. ACE is involved in controlling and regulating
the renin-angiotensin system (RAS) through conversion of the
renin-angiotensin vasoconstrictor Ang |l into vasodilator anti-
inflammatory Ang 1-7 and Ang 1-9. Accordingly, downregulation
of ACE2 and progression of high circulating Ang Il during SARS-CoV-
2 infection might be the conceivable mechanism overdue initiation of
inflammatory instabilities and progression of ALL®E>8¢! |t has been
reported that extract EGb 50 blocked activation of local RAS through
mitigation of over-stimulated NF-kB/TLR4 pathway, thus reducing
the increased expression levels of angiotensinogen and ATla
receptors in cardiomyocytes.’®”) EGb 50 is a concentrated extract
of G. biloba leaves containing 6.4% ginkgolides, 26.4% flavonoid
glycosides, and 44.1% total flavonoids.'®® EGb 761, comprising 24%
flavonoid glycosides and 6% terpenoids, inhibited platelet activation,
p53-mediated and
mitochondrion-dependent proapoptotic effects doxorubicin-induced

removed free radicals, and mitigated
cardiac toxicity.®”! EGb 50 also exerted beneficial effects against
myocardial ischemia-reperfusion (IR) by reducing the oxidative stress
in the reperfused myocardium and increasing immunity and
antioxidant activities in IR rats.[??! Moreover, EGb 50, by inhibiting
the p38MAPK and NF-kB pathways, attenuated inflammatory
response also in microglial cells.”Y Liu et al.”? demonstrated that
EGb 50 is a potential anti-inflammatory herbal agent suppressing
NLRP3 inflammasome-induced microglial activation. Thus, EGb could
play an important role in reducing SARS-CoV-2-induced inflamma-
tory and oxidative stress disorders with attenuation of RAS
deregulation.
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Some peptides isolated from EGb also exhibit a potent inhibitory
effect on the ACE activity, signifying the hypotensive effect of the
extract through reduction of vasoconstrictor effect of Ang Il levels.
This finding supports the protective impact of EGb against Ang IlI-
mediated ALl in COVID-19.%3! A meta-analysis study illustrated that
combination of EGb with antihypertensive drugs might improve
blood pressure and renal function in patients with hypertensive
nephropathy.”# Significantly, EGb protects endothelial cells by
inhibiting thromboxane A2 activity and promoting the production
and release of prostacyclin 12 and nitric oxide (NO). Likewise, EGb
inhibited endothelin 1 (ET-1) release, thereby controlling tissue blood
flow and vascular tension in patients with coronary artery disease.””!
Both NO and ET-1 are highly disturbed in patients with severe
COVID-19. NO, which decreased level is associated with vascular
dysfunction and immune inflammation in patients with COVID-19, is
considered a possible therapeutic strategy for managing COVID-19-
induced ARDS.”®?7! Importantly, Farhangrazi et al.”®! showed that
high circulating ET-1 level is linked with COVID-19 severity due to
activation of NF-kB and development of ARDS. Indeed, ET-1
antagonist bosentan reduced COVID-19 severity by inhibiting the
necroptosis pathway and altering microvascular endothelial cells.
Thus, EGb may reduce COVID-19 severity by modulation of
endothelial NO and inhibition of ET-1.

Moreover, high circulating Ang Il levels, together with SARS-
CoV-2 infection, lead to endothelial dysfunction through activation of
p38MAPK.P?! L et al.l*% found that EGb impeded the progression
of inflammatory reactions in myocardial injury by suppressing the
p38MAPK pathway. EGb rich in biflavones with potent human
thrombin inhibitor activity can prevent p38MAPK-induced thrombo-
sis and platelet activations.[*°11%2 Moreover, GB's ginkgolides inhibit

11031 \yhich is crucial

PAF-mediated aggregation of human platelets,
for mitigating cardiovascular complications. Likewise, EGb attenuates
endothelial dysfunction, which is triggered by inflammatory media-
tors and oxidative stress via the regulation of endothelial cells
NO.11%4 Therefore, EGb may reduce the progression of SARS-CoV-2-
induced ALI through modulation of the Ang II/p38MAPK axis with
attenuation of endothelial dysfunction and pulmonary microvascular
thrombosis.

On the other hand, escalation of COVID-19 severity is related to
the sympathetic storm and vagal suppression that forms fatal
COVID-19 complications like cytokine storm. Therefore, vagal
stimulation could be appreciated in COVID-19 patients by suppress-
ing the sympathetic storm and releasing proinflammatory cyto-

kines.[10%]

Indeed, cholinergic agonists inhibit inflammation by
clamping inflammatory signals such as high mobility group protein
1 (HMGB1). Also, a molecular docking study has shown that the
nicotinic acetylcholine receptor (nAChR) might be a possible requisite
receptor for SARS-CoV-2. Blocking nAChR by SARS-CoV-2 leads to
the progression of cytokine storm through inhibition of vagal anti-
inflammatory effect.l’%” The SARS-CoV-2 also invades the brain,
causing downregulation of ACE2 in the inhibitory GABAergic
neurons, leading to the augmentation of sympathetic flow with the

development of the sympathetic storm.[*°”! Therefore, sympathetic

7 of 11
Archiv der Pharmazie D Ph G
storm in SARS-CoV-2 is due to a central inhibition of GABAergic
neurons and peripheral inhibition of the parasympathetic-nACh axis.
It has been reported that EGb, mainly flavonoids, and ginkgolides,
exert inhibitory effects on the acetylcholinesterase activity that
increases acetylcholine activity, which may counterbalance the
sympathetic over-activity and inflammatory reactions through
NAChRs.[*%8:19%) On the other hand, EGb may antagonize the anti-
inflammatory and central inhibitory effect of GABAergic neurons,
increasing cortical neuronal activity with the risk of convulsion.!*1!
However, a meta-analysis study has confirmed that the anxiolytic
effect of EGb that occurs through modulation of GABAergic neurons
is without risk of convulsion.***! These findings highlight the
potential role of EGb in the modulation of the autonomic nervous
system and augmentation of the anti-inflammatory role of para-
sympathetic division in COVID-19 patients.

Besides this, anxiety disorders are developed in COVID-19
patients that might be due to sympathetic overactivity or high
proinflammatory cytokines that affect brain neurotransmitters lead-
ing to a stressful state with a risk of cardiopulmonary complica-
tions.'"°”) EGb has been reported to reduce anxiety and stress
disorders, particularly in elderly patients with a cognitive decline, by
improving brain neurotransmitters.[*1?!

In the COVID-19 era, with substantial development of anti-
SARS-CoV-2 vaccines, antibody titers postvaccination, however, may
not be persistent in immune-comprised patients. Thus, it is suggested
that some patients whose antibody titers diminish more rapidly than
in healthy individuals will need a booster (comparable with hepatitis B
vaccination)."*3  Though, EGb, through its immunomodulating
effects, may enhance the host immune response to the vaccines.[*14
In line with this, Al-Kuraishy et al.***! have reported that levamisole
enhanced the humoral immune response to the hepatitis B vaccine.
As it has been shown that EGb improves human humoral immune
response,[“é'] it appears to be a promising immune response booster
for anti-SARS-CoV-2 vaccines.

Given the above evidence, GB preparations might be considered
potential candidates for adjuvant therapy in managing COVID-19
through different mechanisms (Figure 4). However, experimental and
clinical trial studies are recommended to verify the beneficial effect
of EGb in the management of COVID-19.

5 | PERSPECTIVES AND CHALLENGES

Taken together, the herbal medicine, as it is EGb, offers its use as an
adjuvant both in the symptomatic and antiviral therapy to COVID-19.
However, there is a need to validate its therapeutic potential and
safety profile to scientifically support recommendations on the
benefits and risks of its use in managing COVID-19 treatment.[**”!
Regarding effectiveness, poor membrane permeability, solubility, and
oral bioavailability, exhibited by GB phytochemicals, require consid-
erable attention. To overcome this obstacle, effective delivery
nanosystems crossing biological barriers and enabling sustained
release to achieve therapeutic concentrations in target tissues are
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FIGURE 4 Role of Ginkgo biloba (GB) in COVID-19: GB inhibits replication of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
through inhibition of 3-chymotrypsin like protease (3CLP™). GB inhibits the release of proinflammatory cytokines via suppression of nuclear
factor kappa B (NF-kB) and node-like receptor pyrin 3 (NLRP3) inflammasome. GB inhibits thrombosis and endothelial dysfunction (ED) via
inhibition of angiotensin Il (Ang Il) and mitogen-activated protein kinase (MAPK). Also, GB reduces the activity of cyclooxygenase (COX) and
lipoxygenase (LOX) involved in releasing proinflammatory cytokines. GB antioxidant effects inhibit the expression of toll-like receptor 4 (TLR4)
and myeloid differentiation primary response (MyD88), thereby attenuating proinflammatory cytokines. GB antioxidant effects also inhibit
cytokine storm and the development of acute lung injury (ALI) and acute respiratory distress syndrome (ARDS). GB blocks the development of
the sympathetic storm, which increases the risk of ALI, ARDS, cytokine storm, and release of proinflammatory cytokines.

developed.®®118! Several nanotechnology-based systems, such as
polymeric, solid lipid, magnetic, metal, and inorganic nanoparticles,
polymeric micelles, liposomes, nanospheres, nanocapsules, quantum
dots, nanoemulsions, and dendrimers have been developed for the
successful delivery of natural products. Moreover, nanocarriers with
stimuli-responsive characteristics sensitive to temperature, pH,
electric or magnetic field, light, ultrasound, and salt content enable
controlled medication administration.!*'”! Based on patient medical
history and using the power of artificial intelligence, nanomedicine
can even be developed towards therapy optimized at the individual
level by achieving maximum efficacy and the least amount of adverse
effects.['?°! Moreover, given the ability of nanoparticles to inhibit
viral entry and infected cell protein fusion during initial attachment
and membrane fusion, their direct antiviral activity could potentiate
EGb effects in the management at various stages of COVID-
191181211 Ag the SARS-CoV-2 virus exhibits strain variation,
managing its treatment is challenging. High-performance nano-
technology with manipulative features can address the consequences
of newer SARS-CoV-2 variants efficiently and promptly.mz] The
outcomes of such manipulative therapy, consisting of an anti-SARS-
CoV-2 virus agent and nanocarriers with the variant independent

activity, appear to be a promising approach.!*2%124]

6 | CONCLUSION

EGb has potent anti-inflammatory, antioxidant, and antiviral
properties, including anti-SARS-CoV-2 effects through modulation
of proinflammatory cytokines release, endothelial dysfunction-
mediated thrombotic complications, and progression of ALI/ARDS
in patients with COVID-19. Moreover, structural studies alongside
biological evaluation experiments on the inhibiting activity of GB

against SARS-CoV-2 3CLP™ support its trans-variant effectiveness.
Therefore, EGb could be a potential therapeutic modality in
managing COVID-19. However, there is a need to assess the
benefits/risks balance of this herbal medicine to scientifically
substantiate future recommendations on their use in the manage-
ment of COVID-19. Clinical trials with experimental studies are
necessary to authorize the use of EGb in the reviewed indication.
Moreover, as nanotechnology offers improved delivery to the
target tissue and action enhancement, the opportunity to benefit
from GB-based nanomedicine in modern phytotherapy is worth

considering.
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