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Abstract

Purpose of this article is to project from the point of view of the scientific data
concerning PAF and as a new approach by involving PAF, in order to contribute to
clarification and proposal a possible mechanism of action of the coronavirus SARS-
CoV-2 and to give a possible explanation for its observed side effects-complications
of Covid-19 disease. The article is not intended to suggest any specific drugs, but
clarifying the mechanism is the first step in illuminating the direction of prescribing
the targets of medication that may be appropriate for the prevention, treatment, and
cure of Covid-19 disease.

More specifically, the purpose of this article is to provide unequivocal
evidence indicating that:

1 It would not be unexpected for PAFR to participate in the entry of coronavirus
SARS-CoV-2 into the cell.

2 There is interdependence and relationship of the receptors ACER and PAFR,
which means the involvement of PAF in the processes related to coronavirus
SARS-CoV-2 as well as to its effects exercised by the coronavirus SARS-
CoV-2.

3 The receptors ACER, PAFR and TLRs are also involved in inflammation as
well as in virus binding to stabilize and enter into the cell, and so they are
"communicating vessels" with PAF being " a missing link"

4 Consequently there is a correlations of COVID-19 disease manifestations and
biological characteristics with those caused by PAF, which shows the
involvement of PAF in COVID-19 disease.
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Introduction

To date, a substantial body of evidence concerning the mechanism of action
of the coronavirus SARS-CoV-2 and the Covid-19 disease has been published but
the possible participation of PAF is largely ignored. There are, of course, few
references to PAF in scientific journals and other media, but there is not a
comprehensive- global- holistic proposal involving PAF in the mechanism of action of
the coronavirus SARS-CoV-2 and in the side effects-complications of Covid-19
disease
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Specifically, until today, there are two papers concerning coronavirus SARS-
CoV-2 where PAF is reported [1,2]. However, there are also papers [3-6] that do not
mention PAF, but they do mention and involve well-known PAF inhibitors [7].
Probable PAF implications with SARS-CoV-2 are also mentioned on youtube [8]
and in an advertising prospect [9].

PAF is the most potent known lipid inflammatory factor, found in 1972 [10]

In 1979 Demopoulos et al. elucidated its structure as a glyceryl-ether lipid (1-O-alkyl-
2-acetyl-sn-glycero-3-phosphocholine) described also its synthetic preparation [11].

After the elucidation of the structure of PAF, several international congresses,
entirely focused on worldwide PAF research were organized every three years from
1983 until 2004. Since PAF research became interdisciplinary and expanded to
virtually all areas of biochemistry and medicine, after 21 years the PAF congresses
stopped being organized as much of the research surrounding PAF were
disseminated at various international conferences. Nevertheless, attempts have
been made to reignite these congresses and five years ago, on February 2015 in
Tokyo Japan, the lipid mediator PAF communications were presented in special
sessions at the "6th International Conference on Phospholipase A2 and Lipid
Mediators" [12].

PAF is produced by many cells, eukaryotic, prokatiotic and plant cells as
well as by tissues-organs in animals and humans. In addition it has many effects on
cells and tissues-organs, which are usually the same cells and tissues-organs that
produce it [13].

When the conditions on earth were initially intense, the cell-membrane
phospholipids were mainly glyceryl-ether lipids, because the ether bond is a very
stable bond and for the same reason mowedays halobacteria contain glyceryl mono-
and di-ether lipids. When the conditions became milder and until today in the course
of evolution the lipids became glyceryl-ester lipids, where the ester bonds are much
less stable bond than the ether bonds. However, some glyceryl-ether lipids of great
biological importance remained and have been preserved to this day. One such
glyceryl-ether lipid is PAF [14]. For this reason PAF exists and acts in all cell types,
eukaryotic, prokaryotic and plants. Today, PAF is considered as "a universal cellular
biological regulator”, belonging to a family of molecules where PAF is the most active
known member today.

PAF is implicated in almost all inflammatory conditions and plays a central
role in inflammation. The figure 1 shows the main cellular and tissue-organs
biological responses orchestrated by PAF. PAF participates in a vicious cycle where
PAF triggers actions on cell/tissues-organs (e.g. cytokine secretion), which in turn re-
triggers PAF release [13].
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Figure1 . The main cellular and tissue-organs biological responses orchestrated by
PAF

It is pointed out that PAF is a "molecule signal- message " and therefore its
actions (beneficial or harmful) are depending on the place, quantity and duration can
be beneficial or harmful.

The PAF receptor (PAFR) involvement in the entry of bacteria and
viruses into the cells.

As shown in the schematic representation of the main PAFR-induced signal
transduction pathways (figure 2), the binding of PAF to its receptor initiates a
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cascade of intracellular events, which determines cell's response to PAF.

Figure 2: The main PAFR-induced signal transduction pathways.

Most of the well-characterized signal transduction pathways (PLC-mediated
phosphoinositide turnover, Ca? mobilization, PI3K/Akt, MAPK, janus kinase
(JAK)/signal transducer and activator of transcription protein STAT) are activated by
PAF in a cell specific manner. PAFR is coupled with several isoforms of G-proteins.
The type of cell and ligand determines the G-protein isoform(s) activated by PAFR
each time. The ability of PAF to stimulate distinct signaling pathways via multiple G-
proteins may explain the diverse biological responses of human cells to it [13].

PAF receptor is implicated in the entry not only of bacteria but also of the
virus into the cell. It has been shown the entry of PAF in H1IN1 and H3N2 viruses as
well as the beneficial effects of PAF receptor inhibitors, such as the BN 52021
ginkgolide [15-18].

PAF and its receptor are known to be involved in viral infections such as HIV
[19] with beneficial effects of PAF receptor inhibitors, such as the BN 52021
ginkgolide [20]. In addition, evidence in humans shows that highly active
antiretroviral therapy with anti-PAF effects may attenuate PAF metabolism in the
blood of HIV patients [21,22]. PAF-R antagonists have also been investigated for
their anti-inflammatory effects in HIV-1-associated neurocognitive disorders [23].

PAF and its receptor are also known to be involved in dengue virus where
PAFR blockade prevents more severe disease manifestations after infection with no
increase in systemic viral titers [24], in respiratory syncytial virus [25] and in lung
injury caused by influenza A [26], where PAF-R antagonism in mice suffering
influenza A induced protection against lung injury and mortality.

Consequently, it would not be unexpected for PAFR to participate in the entry of
coronavirus SARS-CoV-2 into the cell.

After all, it is very likely that the coronavirus SARS-CoV-2 can enter into the cells in
other ways and not only the Angiotensin-Converting Enzyme receptor is participated

in the entry.
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Angiotensin-Converting Enzyme receptor (ACER) and PAF

It is known that ACE receptor participates in the regulation of blood pressure,
but also in the regulation of the immune system and in the management of
inflammation. But when these receptors malfunction, instead of acting protectively,
they are involved in virus binding to stabilize and favor the entry of the coronavirus
SARS-CoV-2 into the cells.

In pathological conditions associated with damage-dysfunction in ACE
receptors, the literature shows the implication and primary role of PAF. The
increased mortality from SARS-CoV-2 must also be due to these [27]. Disruption of
receptor function leads also to immune system dysfunction, loss of the body's ability
to keep the virus out of its cells, and susceptibility to infection, which appears to be
the main aggravating factor in the development of the disease [28]. It has also been
shown that the ACE receptor causes inflammation and is involved in inflammatory
diseases [29].

In addition, Angiotensin produces PAF and PAF increases angiotensin-
converting enzyme activity. Angiotensin increases intracellular calcium in glomerular
mesangial cells and activates phospholipase A2, factors required for the formation of
the lipid mediator of inflammation, PAF [30].

ACE is stimulated by PAF, and its activity in endothelial cells may be
mediated by the Pl-turnover pathway via changes in PLC activity and IPs-mediated
Ca? release from intracellular stores [31].

When PAF is added to pulmonary artery endothelial cells, the conversion of
angiotensin | to angiotensin |l was enhanced about twofold at 10° mol/l PAF [32].
This explains why ACE is involved in the same diseases as PAF that is, ACE
appear critical in a variety of disease states, including hypertension, diabetes,
ageing, renal impairment, and cardiovascular disease [33]. Angiotensin-converting
enzyme is a key enzyme in the renin-angiotensin-aldosterone system, converting
angiotensin | to the vasoactive peptide angiotensin Il. Besides being an important
factor for normal regulation of blood pressure, ACE appears to be involved in the
pathogenesis of atherosclerosis [34]. Also, ACE inhibitors have anti-inflammatory
action and beneficial effects on the diseases where PAF is implicated [35].
Angiotensin-converting enzyme inhibitors reduce cardiovascular mortality in insulin-
resistant patients [36].

Angiotensin-converting enzyme inhibitors have anti-inflammatory activity [37].
The effects of statins, acetylsalicyclic acid and angiotensin-converting enzyme
inhibitors on stroke prevention may partly be attributable to their profound anti-
inflammatory actions [38].

Captopril, and platelet-activating factor (PAF) antagonist prevent cardiac
allograft vasculopathy in rats. Endogenous PAF and PAF-like compounds play a
significant role [39].

Ramiprilat, prevents PAF-induced myocellular and endothelial injury in a
neutrophil-perfused heart preparation [40].

Anti-ACE MoAb reveals PAF-induced changes in the status of the pulmonary
ACE and therefore can be used for the studies of pathology of the pulmonary
endothelium [41].
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Statins and angiotensin receptor blockers have been effective in treating
patients with sepsis, pneumonia and influenza, and a statin/ARB combination
appeared to dramatically reduce mortality during the recent Ebola outbreak [42].

In fact, it seems that PAF and ACE have interdependent action. The
interdependent effects of ACE and PAF-AH polymorphisms on the progression of
IgA nephropathy might be more important than the effect of the individual
polymorphisms [43].

Consequently, there is interdependence and relationship of the receptors ACER and
PAFR, which means the involvement of PAF in the processes related to coronavirus
SARS-CoV-2 as well as to its effects exercised by the coronavirus SARS-CoV-2.

Toll Like Receptors (TLRs) and PAF

TLRs is a transmembrane protein that belongs to the pattern recognition
receptor family (PRR family), it recognizes molecules like lipopolysaccharide (LPS)
and activate transcription factors like inducing proinflammatory cytokines
expressions and Interferon

ACER, PAFR and TLRs, it is proven in the literature that they have
common molecules that activate them, as molecules-agonists, one of which is PAF
and the activation of all the above receptors can cause PAF release, too [44,30].

The aforementioned receptors ACER, PAFR and TLRs are also involved in
inflammation as well as in virus binding to stabilize and enter into the cell, and so
they are "communicating vessels" with PAF being a " the missing link".

Indicatively:

TLR4 is associated with infections but also with tissue damage, and this damage-
dependent pathway may be amplified in the acute stages of the infection. For this
reason,TLR4-null mice are highly resistant to infection by the mouse adapted
influenza A virus. In addition, TLR4 antagonists or specific anti-receptor antibodies
show protection against influenza infections in mouse models. Another option in
targeting host inflammatory response could then be targeting the TLR4 [45].

TLR4 engagement participate in platelet activation and amplify the secretion of
proinfammatory mediators, providing an integrated view of platelet responses to
pathogen- and host-derived agonists. This is potentially involved in platelet-mediated
inflammation and cytokine-induced pathogenesis in dengue [46] where PAFR
blockade prevents more severe disease manifestation after infection [47].

HIV-1 can be detected via interaction with TLRs (TLR7 and TLR8) by
neutrophils which TLRs recognize subsequently viral nucleic acids and induce the
generation of reactive oxygen species by MPO-derived oxidants that trigger NET
formation and elimination of HIV-1. By this way, TLRs are on the one hand critical for
host defense against pathogens and on the other hand contribute to the
pathogenesis of autoimmunity [48].

Is highlighted that TLR agonists and antagonists are regarded as promising
therapeutic agents for the treatment of sepsis, asthma, vaccine adjuvants, and
autoimmunity
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The side effects-complications of Covid-19 disease are related to
actions of PAF and drugs that are inhibitors of PAF.

Coronavirus SARS-CoV-2 infection induces impairment of multiple organ
function. Even though the pathogenesis and etiology of COVID-19 disease remain
unclear, this multiple organ function includes acute respiratory distress syndrome
(ARDS), acute cardiac injury, acute kidney injury, liver impairment, neurological
injury, gastrointestinal symptoms, immune system derangement e.t.c. But most
cases of the disease caused by most pathogenic coronaviruses are mild with
coagulation impairment [49].

Next, we describe the correlations of COVID-19 disease manifestations and
biological characteristics with those caused by PAF.

Reactive oxygen species (ROS), which play a crucial role in the
inflammatory response, produce PAF and PAF also produces ROS. For this reasons
antioxidant properties may also be considered to reduce the cytokine storm induced
by the vira infection, and antioxidative therapies are being considered for
ameliorating cardiac injuries in critically ill COVID-19 patients [50].

Concerning SARS-CoV-1 has the ability of inducing production of
compounds like oxidized-phospholipid (OxPL) both in humans and animals which
induce cytokine production and acute lung injury via TLR4 [51]. It is reminded that,
as we have published [52] that the oxidized lipids contain PAF and structural
analogues of PAF that also show biological action PAF. For this reason SARS-CoV-
2 may induce acute lung injury and cytokine production, like that of IL-6 [45].

Neutrophil extracellular traps (NETs) is a neutrophil function that can be
regarded as a double-edged sword: Neutralizing invading micro-organisms, but also
can be harmful to the host, as its exposed by-products that are toxic to endothelial
cells and parenchymal tissue [48]. Neutrophil activating factors may be derived from
the host [e.g., platelet activating factor (PAF), leukotriene B4, interleukin-8 (IL-8)], or
from pathogens [e.g., formylated peptide (fMLP) and lipopolysaccharide (LPS)].
NET-inducing factors identified to date include IL-8, PMA, bacteria, mycobacteria,
fungi, protozoa, PAF, LPS, and M1 protein. COVID-19 disease manifestations and
biological features correlate with those consecutive to uncontrolled NET formation
causing various sterile or infectious diseases and NETs by-products may play a key
role in COVID-19 pathogenesis. ROS act as key signaling molecule for NET
formation. On the other hand, platelets promote inflammation and injury through
critical interactions with neutrophils. It is well known that this tale place in sepsis
where the activation of platelet TLR4 is a potent stimulus for the release of NETs by
neutrophils. In addition, platelet accumulation on NETs may perpetuate platelet
aggregation and activation and to promote coagulation in the lung microcirculation,
leading to ischemic consequences. Cytokines released by neutrophils can also alter
the membrane profile of vascular cells, and thus to participate in coagulation
activation and to septic shock-induced endothelial dysfunction. In all the above cases
and actions of NET, according to the literature, PAF is also involved.

A lot of biological actions of PAF after systematic or topical PAF
administration, which are described in the literature, coincide to COVID-19 disease
manifestations which are described by Jiancheng Zhang et al. [49]. For example, the
following are common to PAF and COVID-19. Lungs: Pneumonia, acute respiratory
distress syndrome. Cardiovascular system involvement: Arrhythmia, acute cardiac
injury, shock. Liver impairment: Microvesicular steatosis, hepatocyte degeneration
and necrosis, decrease in albumin level. Immune system derangement:


https://doi.org/10.20944/preprints202006.0253.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 June 2020 d0i:10.20944/preprints202006.0253.v1

Lymphocytopenia. Gastrointestinal symptoms: Diarrhea, oesophageal bleeding due
to erosions and ulcers. Kidney injury: Increase in creatinine and urea nitrogen levels,
proteinuria. Neurological injury: CNS symptoms, PNS symptoms, skeletal muscular
symptoms. Coagulation disorders: Increase in D-dimers' and fibrinogen degradation
products' levels, prolongation of prothrombin time. In addition development of Sepsis
[62] and the most recently reported Kavasaki-like disease [53], in which PAF is
implicated in, have been linked with Covid-19 infection.

A new therapeutic trend that has been consolidating in the last decade
worldwide, opening new, more effective and safer ways to manage certain diseases,
is multifunctional - hybrid drugs. They are suitable in the treatment of multifactorial
diseases (many factors are involved in their manifestation) and these drugs act on
more than one target. They come from the chemical combination of two or more
different pharmaceutical molecule or pharmaceutical groups. On the other hand
there is the use of "cocktail" drugs or a combination of different active molecules in
one drug form. There is also the pleiotropy of the drugs. In pharmacology, pleiotropy
includes all of a drug's actions other than those for which the agent was specifically
developed.

Pharmaceutical objectives of the Covid-19 disease, since it is a multifactorial
disease, should include pharmaceutical treatment which intend to inhibit the entry of
virus into the cell, to have antiviral activity, and to inhibit the side effect-complications
of Covid-19 disease. With other words the appropriate drug must be multifunctional -
hybrid drugs, or "Cocktail" of drugs or a combination of different active molecules in
one drug form or drugs with the suitable pleiotropical actions for Covid-19 disease.

Indeed, there are many examples of the aforementioned drugs mentioned in
the case of Covid-19 disease presenting anti-PAF action. Specific examples are
listed below:

Statins, as mentioned, may be partly due to their beneficial effects on their
deep anti-inflammatory effects [38, 42]. As we have published statins are in vitro and
in vivo PAF inhibitors too [54].

The effects of PAF as well as of Covid-19 on organs and specifically to heart
are well known. We have studied and demonstrated the inhibition of the actions of
PAF (then called AGEPC) in the heart by the well-known Digoxin, presented as PAF-
inhibitor too [55].

PAF receptor is implicated in the entry not only of bacteria but of the virus
into the cell. It has been shown the entry of PAF in HIN1 and H3N2 viruses as well
as the beneficial effects of PAF receptor inhibitors, such as the BN 52021 ginkgolide.
The beneficial effects of PAF receptor inhibitors, such as the BN 52021 ginkgolide in
the entry of the virus into the cell has been reported [18]. It is also well know that BN
52021 ginkgolide is the best specific PAF receptor inhibitor. This beneficial effects of
BN 52021 ginkgolide has been reported by our group in the case of another virus,
the HIV [20].

Kaletra (Ritonavit, Lopinavir-r) have been studied by our group and we have
published that Ritonavit, Lopinavir-r and Tenofovir-DF are the best inhibitors of both
action and metabolism of PAF [56,19]. On the other hand, PAF is produced by Tat
protein in the case of HIV. It is not unreasonable to be produced in the case of the
coronavirus SARS-CoV-2, too.

The dysfunction of the ACE receptors used by the coronavirus SARS-CoV-2
to enter the body is due to a number of broader metabolic disorders, including
metabolic disorders of vitamin D [28]. It is also suggested that increasing vitamin D
intakes may reduce the risk of infections and, also, COVID-19 [57]. On the other
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hand, vulnerable groups need to maintain their vitamin D status to reduce the risk of
respiratory infections, including COVID-19 [6]. Adequate levels of vitamin D promote
the innate immune response, since stimulation of TLR2 by a lipopeptide from an
infectious organism results in increased expression of VDR, and then in the induction
of cathelicidin. In addition, systemic factors such as vitamin D influence the adaptive
immune response [58]. Our team has published that vitamin D is an in vitro and in
vivo PAF-inhibitor, too [59]. So PAF may be a link among Vit. D, TLR and ACE
receptor.

Sepsis is also implicated in Covid-19 disease. In our study of antibiotics for
sepsis, since sepsis according to the literature is related to PAF, we found that
Clarithromycin and Azithromycin are the best inhibitors of both the action and the
metabolism of PAF, but with Azithromycin to be the best of the two drugs [60,61,62].

In relation to thrombotic complications in covid-19, it is well known that PAF
is the strongest thrombotic factor and our unpublished data shows that almost all of
the antiplatelet drugs are also PAF-inhibitors. Therefore, antiplatelet agents may be
considered to treat COVID-19 [1].

Since a substantial body of evidence suggests how heparin can be beneficial
in selected high-risk COVID-19 patients, today the development of heparin-based
therapeutics is suggested. Indeed Rannuci et al. [63] showed that the use of an
increased dose of low-molecular-weight heparin appeared to reduce the downstream
thrombotic effects of the marked inflammatory response to COVID-19 as it seems to
decrease the contribution of microvascular thrombosis in severely hypoxemic COVID
patients. On the other hand Sasaki published [64] that low-molecular-weight heparin
is a PAF-inhibitor.

One of the treatments tested in the randomized controlled trial of
‘RECOVERY” was Ilow-dose dexamethasone. Dexamethasone is an old,
inexpensive and proven drug that is a form of cortisone that has been used for many
decades in many diseases and has a strong anti-inflammatory effect.
Dexamethasone, till now, is the first drug to be shown to improve survival in COVID-
19 disease. Some examples of the relationship between dexamethasone and PAF
are the following:

For many decades [695] it is well known that dexamethasone inhibits PAF-induced
inflammation as well as [66] gastrointestinal damage induced by PAF. In addition, it
has been shown [67] that PAF-induced granulocyte accumulation in guinea pig lung
is inhibited by dexamethasone. Ibbotson and Wallace [68] studied the inhibitory
effects of dexamethasone in endotoxic shock and its relationship to PAF synthesis in
the gastrointestinal tract and lung. The onset of tissue damage and increases in
vascular permeability in the gastrointestinal tract correlate temporally with changes in
PAF synthesis and have previously been shown to be inhibited by PAF antagonists.
But also pretreatment with dexamethasone resulted in a significant attenuation of
endotoxin-induced hemoconcentration, hypotension and damage in the duodenum
and stomach. Dexamethasone also significantly reduced PAF synthesis by the lung.
Watanabe, Yagi et al. [69] studies indicated that the stimulation of neutrophil
adherence to vascular endothelial cells by histamine and thrombin was inhibited by
PAF antagonists and dexamethasone.

Our publication in 1988 [70], showed, for the first time, the implication of PAF
in allergic rhinitis. Rupatadine-PAF inhibitor (the only drug-PAF inhibitor on the
market, as RUPAFIN after RUpatadine PAF INhibitor) comes off in 2003 for allergic
rhinitis [71]. This drug has together anti-histaminic and anti-PAF action.
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The development of multifunctional - hybrid drugs with anti-PAF activity is
also studied in other cases, as in the case of anticancer drugs. It has been found
from in vitro and in vivo experiments that co-administration of PAF inhibitors with
anticancer drugs significantly improves their pharmacological action, because PAF is
produced in the tumor area. Of course, the classic anti-cancer drugs (e.g. cis-platin)
also have some anti-PAF action. Attempts are currently being made to design and
manufacture complex compounds that also have anti-PAF action and are anti-cancer
multifunctional - hybrid drugs [72].

Consequently there is a correlation of COVID-19 disease manifestations and
biological characteristics with those caused by PAF. which shows the involvement of
PAF in COVID-19 disease.

Conclusion

In conclusion, the goals for Covid-19 treatment, in addition to inhibiting virus
reproduction, should be focused on two points:

The first is the entry of the virus into the body, where PAF receptor may be
implicated in the entry of the virus into the cell.

The second concerns the treatment of SARS-CoV-2 -induced infection which
induces impairment of multiple organ function. Going back to Figure 1, it is
understandable that Covid-19 problems should be addressed on one hand by
inhibiting inflammation and cytokine-induced pathogenesis as well as by inhibiting
the direct actions of PAF exerted on cells and organs, but on the other hand by
inhibiting the vicious cycle orchestrated by PAF where PAF triggers actions on cell /
tissues-organs (eg cytokine secretion), which in turn re-triggers PAF release.

So the goals for Covid-19 treatment can be achieved by the use of pleiotropic drugs
where their pleiotropic action includes the inhibition of PAF or multifunctional - hybrid
drugs, or "Cocktail" of drugs that are also inhibitors of PAF.

All the aforementioned data show that PAF constitutes an interesting example

of an inflammatory molecule with promising role against coronavirus SARS-
CoV-2.
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