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Abstract

Objective

To establish the therapeutic action of a nicotinic cholinergic agonist agent composition in synergy with
other non-cholinergic molecules (CA) in the COVID-19 symptoms in a group of human patients infected
with SARS-CoV-2 vs. control group.

Methods

Randomized open-label trial pilot study where 80 patients were randomly assigned to receive standard
of care (SOC) treatment as outpatient treatment after PCR+ test; SOC plus CA was administered in the
intervention group (40 patients). SOC was administered in the control group (40 patients).

Basic Odds Ratio study (95% confidence interval) in 40 patients for intervention group and 40 patients
for the control group. The evaluation in the groups was carried out during 15 days assessing the
improvement or worsening of each symptom daily.

Results:

Fever (OR=0.897), Cough (OR = 0.571), Dyspnea (OR = 0.460), Muscle fatigue (OR = 0.250), Cephalea
(OR = 0,570), Ageusia (OR = 0.150), Anosmia (OR = 0.650), General malaise (OR = 0.316), Nasal
congestion (OR= 0.890), are less than 1 converting the use of the cholinergic agent in a protective and
therapeutic factor showing therefore improvement of these symptoms, after its use, compared to the
control group.

Conclusions:

The positive results obtained on the symptoms caused by COVID-19 by delivering mixture of cholinergic

agonists molecules and other non-cholinergic supportive molecules (CA) with special oral and nasal
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route of administration and specific pharmacological design against COVID-19 in humans infected by
SARS-CoV-2 versus the control group is a (novel) promising therapeutic approach to fight SARS-COV-2.

Larger multicentrical trials in humans are encouraged.
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PATIENTS VS. CONTROL GROUP
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HIGHLIGTHS:

¢ A nicotinic hypothesis for SARS-CoV-2 has been proposed by several authors.

¢ An alternative interaction other than S/ACE2 that disrupts nicotinic receptors trough alternative epitopes
or extracellular domains linked to nAChrs, a so-called TBS (toxin-binding site), has been reported.

e ACE2/S-SARS-CoV-2 RBD plays a key role in infectivity.

e TBS linked to nAChRs, involving a cholinergic epitope or cryptic epitope, may play a crucial role in
severity and mortality observed in COVID-19 disease.

e This issue should be addressed and targeted urgently being cholinergic agonist molecules one of the

Qeios ID: DP7ZSF.2 - https://doi.org/10.32388/DP7ZSF.2 2/29



Q Qeios, CC-BY 4.0 - Article, June 21, 2021

best candidates for this purpose.
e A nicotinic cholinergic agonist composition has been tested in humans showing preliminary significant
effectiveness for the improvement and reduction of the major symptoms of COVID-19 when compared to

a control group.

ABSTRACT

Objective

To establish the therapeutic action of a nicotinic cholinergic agonist agent composition in synergy with
other non-cholinergic molecules (CA) in the COVID-19 symptoms in a group of human patients infected
with SARS-CoV-2 vs. control group.

Methods

Randomized open-label trial pilot study where 80 patients were randomly assigned to receive standard of
care (SOC) treatment as outpatient treatment after PCR+ test; SOC plus CA was administered in the
intervention group (40 patients). SOC was administered in the control group (40 patients).

Basic Odds Ratio study (95% confidence interval) in 40 patients for intervention group and 40 patients for
the control group. The evaluation in the groups was carried out during 15 days assessing the improvement
or worsening of each symptom daily.

Results:

Fever (OR=0.897), Cough (OR = 0.571), Dyspnea (OR = 0.460), Muscle fatigue (OR = 0.250), Cephalea (OR
= 0,570), Ageusia (OR = 0.150), Anosmia (OR = 0.650), General malaise (OR = 0.316), Nasal congestion
(OR= 0.890), are less than 1 converting the use of the cholinergic agent in a protective and therapeutic
factor showing therefore improvement of these symptoms, after its use, compared to the control group.
Conclusions:

The positive results obtained on the symptoms caused by COVID-19 by delivering mixture of cholinergic
agonists molecules and other non-cholinergic supportive molecules (CA) with special oral and nasal route
of administration and specific pharmacological design against COVID-19 in humans infected by SARS-CoV-
2 versus the control group is a (novel) promising therapeutic approach to fight SARS-COV-2. Larger

multicentrical trials in humans are encouraged.
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ABBREVIATIONS

Ach, Acetylcholine; ADAM17, ADAM metallopeptidase domain 17; ACEi, Angiotensin-converting enzyme
inhibitors; ARBs, Angiotensin Il receptor blockers; CA, Cholinergic Agent (mixed with supportive non
cholinergic molecules); CNS, Central Nervous System; CS, Cholinergic System; CRS, Cytokine release
syndrome; HLH, hemophagocytic Lymphohistiocytosis; IL-6, interleukin 6; IS, Immune System; LPS,
lipopolysaccharides; NRT, Nicotine Replacement Therapy; nAChRs, Nicotinic acetylcholine receptors; NK,
Nuclear factor; NF-Kb, Nuclear factor kappa beta; PRR, pattern recognition receptor; RAAS, Renin-
Angiotensin-Aldosterone System; SARS, Severe Acute Respiratory Syndrome ; SOC, standard of care
treatment; STAT, Signal Transducer and Activator of Transcription; RBD, receptor-binding domain; TBS,
toxin-binding site; TNFa, tumor necrosis factor alpha; TNFRI, TNF receptor-1; TNFRII , TNF receptor-2
KEYWORDS

Cholinergic agonists; Cholinergic system; Nicotine; Nicotinic acetylcholine receptors; nAChR;COVID-19;
SARS-CoV-2; nAChR; Nicotinic hypothesis; Human trial; RAAS (Renin-Angiotensin-Aldosterone System);
ACE2; Anti-inflammatory cholinergic pathway, Long Covid, Post-Covid Syndrome

1. INTRODUCTION
1.1 THE NICOTINIC CHOLINERGIC HYPOTHESIS AND THE USE OF NICOTINIC CHOLINERGIC AGONISTS
AGAINST SARS-COV-2

Clinical evidence from hospitals and researchers from several countries (2) (16) and data from the US
CDC (5) including peer-reviewed studies found a lower prevalence of COVID-19 among smokers, which it
could be attributed to a probable protective factor for nicotine contained in the cigarettes but not from
cigarette or smoking itself.

A nicotinic hypothesis on SARS-COV-2/COVID-19 (2) (3) and on the probable effectiveness of cholinergic
agonists in COVID-19 disease has been established (8) (11).

This hypothesis is based and sustained on clinical observations and on several peer-reviewed studies
(6,7), from the US CDC (5), and systematic reviews (8,9) meta-analysis (9,10)

L'Assistance Publique - Hopitaux de Paris is testing in a large multicentrical-randomized study nicotinic
drugs as cholinergic agonists against COVID-19 in the form of nicotine patches (12).

he present randomized open-label trial pilot study in humans has been carried out with a new drug that
has recently been specifically designed against COVID-19 by the company Niccovid® and that has been
preliminarily named Cholinergic Agent (CA).

Cholinergic agonist molecules such as nicotine used therapeutically do not have a toxicity and are well

Qeios ID: DP7ZSF.2 - https://doi.org/10.32388/DP7ZSF.2 4/29



Q Qeios, CC-BY 4.0 - Article, June 21, 2021

tolerated (15,16) and safe even at long-term use (17), they do not have relevant or minimal side effects,
nor addiction potential or withdrawn symptoms when applied to non-smokers (16), even at high

doses (18), nor significant cardiovascular risk (19-22) even in patients with previous cardiovascular and
coronary events (23,24) even with concomitant smoking (25) when administered at appropriate
therapeutic doses and posology and taking into account the risk-benefit ratio (26). Nicotine itself as a
molecule, aside from the cigarette, does not exhibit carcinogenic properties (27) and its medicinally
inhaled nasal application does not significantly alter lung function, nor diastolic blood pressure when
compared with placebo (28).

In silico studies support the hypothesis that nicotine interacts positively in the disruption of SARS-CoV-2 on
the human angiotensin-converting enzyme Il (ACE2) (29,30) and also in the dysregulation of the nicotinic-
cholinergic system by SARS-CoV-2 (3,31).

1.2 PATHOPHYSIOLOGY OF SARS-COV-2 AND THE ROLE OF THE POSSIBLE MECHANISM OF ACTION OF
NICOTINIC CHOLINERGIC AGONISTS IN COVID-19

B-coronaviruses have the ability to enter the peripheral nerves and spread through the brainstem, affecting
the respiratory and cardiovascular centers.

A cryptic epitope in the S1-SARS-CoV?2 (aa 365-390) is not mutating and it is involved in the disruption with
innate immune cells from ACE2 and a7-nAChR (36).

SARS-CoV-2 activates NF-KB (Nuclear factor kappa beta) (37) that controls immune and inflammatory
responses through pattern recognition receptors (PPR) and accumulated Angll. Several studies indicate
that cholinergic agonists such as nicotine inhibits the production of pro-inflammatory cytokines in
macrophages by inhibiting NF-KB 8 that requires ubiquitination of IkB (38) through a modulatory
mechanism dependent on the cholinergic system via a7nAChRs (39).

The activation of a7nAChRs, deregulated by SARS-Cov-2, can prevent IkB degradation and p65 nuclear
translocation in addition to modulating the signaling pathways of p38 kinase and nuclear factor-kB (40),
which would explain why nicotinic cholinergic agonists have a therapeutic potential in monocytes,
macrophages, and endothelial cells affected in COVID-19. All this induces the production of inflammatory
cytokines such as TNFa and IL-6 by means of ADAM17 (Metalloprotease) (41) followed by the activation of
IL6 AMP (Amplifier).

The ACE2 receptor is affected by SARS-CoV2 causing cytopathic damage and pyroptosis in cells that
express this enzyme (50,51). Once the binding and fusion with ACE2 is completed, the virus manages to
internalize itself, raising angll levels and activating the angl receptor due to RAAS imbalance with the
overexpression of ADAM17 and TNFa, establishing a vicious inflammatory cycle. When the levels of
expression of ACE2 and ADAM17 or their functions are altered, blood pressure can be affected in its
regulation from the central nervous system, as well as the regulation of neuro-inflammatory

processes (51). The nervous system and the immune system have an interface that involves the vagus
nerve and the anti-inflammatory nicotinic pathway with acetylcholine and its nicotinic receptors (52).Vagus

nerve and its function play a key role in preventing viral infections. Its hyperactivation through nAChR
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could regulate RAAS system helping in the SARS-CoV-2 ravages (53).

Activation of immune cells to produce pro-inflammatory cytokines is common in infections of viral origin.
The vagus nerve and the CNS can be activated by these proinflammatory cytokines, affecting via afferent
CNS processing centers such as the respiratory centers. In the efferent pathway, the body can activate the
vagus nerve to fight inflammatory processes by inhibiting the overproduction of cytokines (54) in
macrophages.

The role of ACh is not only a modulator of immune cells, but it is the main neurotransmitter of the vagus
nerve and is in charge of the nervous regulation of the functions associated with homeostasis and organs.
Some regulatory T lymphocytes can mimic the nervous system through the synthesis of ACh in order to
mitigate or regulate an eventual overproduction of cytokines by macrophages. This ACh mechanism is
carried out thanks to the specificity and efficiency of the a7 subunits of the nicotinic receptors, which are
very important regulators in inflammatory processes (55,56).

SARS-CoV-2 dysregulates ACE2 and a7nAChR receptors in human macrophages (57) by increasing or
promoting cytokine storm by hindering the regulatory role of the cholinergic anti-inflammatory pathway on
the production of inflammatory cytokines.

Researchers found that a diminished cardiac vagal activity observed in patients with pulmonary and
cardiometabolic disease could lead to death or critical illness and that an increase in the vagal tone can be
a protective factor from a cytokine release syndrome (53). Active nicotine intake stimulates the cholinergic
anti-inflammatory pathway, which is a protective factor in various infectious and inflammatory illnesses as
e.g. ulcerative colitis (58,59). This, despite the fact that smoking has a negative impact on health.

1.4 NICOTINE AND SARS-COV-2

Nicotine is an alkaloid found in various plants, especially in the Nicotiana sp. leaf, and it is only one of the
7,000 chemical components released by the burning industrial cigarette and therefore, a single molecule
cannot be comparable to the cigarette in its entirety and nor is it the cause of the multiple ravages of
smoking on human health. That is why it is necessary to highlight that the effects of nicotine in the body
are always related to the dosage, the route of administration, and the chemical compounds with which it
reacts (60). The inhaled route with smoke inhalation is the most widespread in the world and represents
many health risks due to all the chemical residues resulting from cigarette combustion. However, nicotine
and other cholinergic agonists administered without the combustion pathway have other effects.

An approach to nicotine and other direct nicotinic cholinergic molecules with added supportive non-
cholinergic molecules for antiviral, anti-inflammatory and immunomodulatory prophylactic and therapeutic
purposes trough an intranasal and oral route of administration differs radically from the smoked route
being potentially a valid option.

The nicotinic cholinergic system is one of the major modulators of the immune response and of the stress
axis (hypothalamus - pituitary - adrenal). The endogenous ACh agonist (Acetylcholine) and the exogenous
nicotine agonist for any nAChR open ion channels in the receptor, allowing cation flow and inducing a wide

variety of biological responses. The acetylcholine receptor modulates the interactions between the nervous
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system and the immune system.

Pharmacological subunit clearance assays revealed that presynaptic nAchRs include the alpha 7 subunit
and that nAChRs present in CNS enhance rapid excitatory transmission, revealing a likely mechanism for
the CNS and behavioral effects of nicotine (62). For this reason, we propose a therapeutic and prophylactic
route of nasal administration that mimics the entry route of the virus through the nasal mucosa to increase
transmission and a rapid excitatory response with higher bioavailability and rapid arrival to the CNS, a
phenomenon that is not seen with NRT products like chewing gums or transdermal patches.

Nicotine has a high power of action on the nAChRs of alveolar macrophages and on the central nAChRs of
macrophages associated with the CNS and the bronchial tree. SARS-CoV-2 blocks the cholinergic system
by dysregulation of nAChRs, inhibiting the nicotinic cholinergic anti-inflammatory pathway, triggering
hemophagocytic Lymphohistiocytosis (HLH), viral sepsis, and lung damage (63). It can also infect terminal
areas of the afferent or efferent fibers of the vagus nerve causing a down regulation of ACE2 producing
local inflammation by interruption of the cholinergic pathway. Experimental studies indicate that direct
stimulation of the efferent vagus nerve in response to endotoxin exposure in rodents had an inhibitory
effect on TNF reducing both systemic inflammation and mortality (64).

The activity of the vagus nerve is clearly decreased by SARS-CoV-2 and is itself decreased in patients with
obesity and diabetes, affecting the body's immunity and anti-inflammatory capacity (65). a7nAChR are
present in interstitial and alveolar macrophages in mices’ lungs, having induced-obesity in mice an impact
in the number of a7nAChR cells in alveolar and interstitial macrophages that may affect the cholinergic
anti-inflammatory pathway (66).

Computational modeling studies found that nicotine has a binding affinity at certain terminal amino acid
residues in the binding site pocket of ACE2/SARS-CoV-2-S with antagonistic effect (29).

The alpha7nAChR subunit is abundant in alveolar macrophages, immune cells, nervous system and airway
associated macrophages (67). An acute nicotinic effect mediated by receptors has been identified in
alveolar macrophages with anti-inflammatory therapeutic potential in animal models, which is curiously
reversed by alpha-bungarotoxin (68), a nAChR antagonist toxin which is also contained in the SARS-CoV-2
genomic sequence (2).

SARS-CoV-2 blocks ACh (Acetylcholine) by efferent pathways of the vagus nerve, affecting communication
with macrophages and a7nAChR. This results in an inhibition of the cholinergic anti-inflammatory pathway
of macrophages and a7nAChR-dependent cytokines. The consecuence is secondary hyperinflammation
due to the inability to modulate TNF-a downwardly.

Modulation of ADAM17 (TNF-a converting enzyme) (69) by cholinergic agonists could have a beneficial
and protective effect against COVID-19 (70). Additionally, nicotine and cholinergic agonists (71) have a
regulatory effect on the RAAS axis.

1.5 SARS-COV-2 AND NACHR SUBUNITS:

Farsalinos et al. identified an interaction between aa381-386 of the SARS-CoV-2 glycoprotein S and aal89-

192 of the extracellular domain of the alpha9 subunit of nAChR, a region that forms the core of the "toxin
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binding site" from the nAChRs (57). The authors also identified an interaction very similar to the interaction
between a9 nAChR and a-bungarotoxin and a similar interaction was observed between a7 pentameric
NAChR and SARS-CoV-2 glycoprotein S in addition to an interaction between the binding domain of ligands
of a pentameric a7 of the nicotinic receptor and the S1 subunit of the SARS-CoV-2 glycoprotein S.

Recent computational modulations (72) showed a clear interaction between SARS-CoV-2 and nAChR and
the disruption in the anti-inflammatory response of the cholinergic system. This interaction between the
alpha 7 subunits and the SARS-CoV-2 glycoprotein S1 was disrupted when cholinergic agonists and
molecules such as Acetylcholine, Carbamylcholine, Cytisine, Epibatidine, Galantamine, Nicotine,

Succinylcholine and Varenicline were docked.

1.6 MECHANISM OF ACTION AND DESIGN OF ANTIVIRAL, ANTI-INFLAMMATORY AND IMMUNOMODULATORY
CHOLINERGIC AGONIST (CA) COMPOSITION AGAINST SARS-CoV-2

A composition called preliminary CA (Cholinergic Agent) has been developed by Niccovid® and contains 16
main active ingredients based on nicotine along with several other cholinergic and non-cholinergic
molecules whose mechanism of action and pharmacodynamics is specifically designed to work in synergy
against SARS-CoV-2 to prevention, treatment and probably also for the recovery of patients suffering from
Post-Covid Syndrome.

The design of the CA drug is not only intended as an antiviral but also as an anti-inflammatory and
immunomodulator. These qualities potentially give it a therapeutic effect against SARS-CoV-2 dangerous
mutations and against current or new variants as well. If such new strains may appear, they should not a
priori outdate the mechanism of CA’s therapeutic action.

The drug not only contains nicotine but also specific cholinergic agonist molecules that exhibit nicotine
replacement properties and more specifically regulate a9 and a7nAChRs and stimulate a wide variety of
nicotinic acetylcholine receptors (nAChR), such as neuromuscular receptors (a12B1yd or al2f1lye) and
which are inhibited by the snake venom peptide a-bungarotoxin. In addition, these other molecules may be
more specific and effective than nicotine against cognitive disorders and neuroinflammation, problems
observed in a large group of patients affected by COVID-19. Several of these molecules exhibit substitutive
as well as synergistic properties with nicotine and its enhancing effects, a priori increasing its
pharmacokinetic and therapeutic activity, acting as allosteric modulators in nAChRs.

On the other hand, other molecules of non-cholinergic origin were introduced into CA for modulating the
oxidative stress of nicotine and do also have anti-inflammatory, antifungal, antioxidant, neuroprotective
and gastroprotective properties (the enteric system is also affected by SARS-CoV-2), facilitating, some of
them, the healthy regulation of glucose in diabetics. The mentioned supporting molecules for the
cholinergic agonist molecules contained in CA would provide synergies and extra effectiveness through a
differentiated pathway of the Renin-Angiotensin-Aldosterone axis by regulating the ACE enzyme and iron
(serous ferritin values are overexpressed in many severe COVID-19 patients) in addition to having

analgesic, antipyretic, chemopreventive, angiogenic, and antiemetic properties. The have also known
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properties against certain types of pulmonary fibrosis and exhibit antioxidants properties also, and they do
mediate in the modulation of the NF-kB activation cascade.

Thus, the CA agent has a synergy of cholinergic agonists molecules together with non-cholinergic agonists
added molecules that enhance trough complementary and alternative pathways CA’s mixture properties
for fighting COVID-19.

The CA composition has been designed to have specific anti-inflammatory properties through the effect of
some of its molecules in the reduction of TNF-a levels in the brain, reduction of IL-6 levels and in the
prevention of STAT3 and NFKB phosphorylation induced by lipopolysaccharides (LPS) or TNF- a in SH-SY5Y,
HEK293, human microglia, and human blood mononuclear cells.

Although the aforementioned nicotinic hypothesis proposed by several authors has been based exclusively
on the study of the nicotine molecule against SARS-CoV-2, we believe that a drug with a mixture of several
molecules with the described properties and by a combined administration of oral drops and especially of a
nasal spray, would have a much greater effectiveness in the preventive and therapeutic management of
COVID-19. The administration of CA in pulverized intranasal aerosol or nasal spray has been specifically
designed to achieve an excitatory and therapeutic effect much faster and more directly on arrival at the
CNS than other routes such as sublingual or transdermal. The intranasal liquid spray solution can reach the
higher centers through the olfactory receptor neurons of the olfactory mucosa via the cribriform plate and
the nerve endings of the olfactory bulb. Moreover, the nasal spray has the advantage of offering better
absorption and higher bioavailability of cholinergic agonist molecules than patches or tablets and prevents
the exhalation of viral particles or other particles unlike, for example, in the case of a theoretical
nebulization administration with inhalation. Thus, the pharmacokinetic strategy of CA use is to provide a
slow systemic effect by the oral route with the administration of oral drops in combination with a rapid
neurotropic effect by nasal spray administration, adapting dosage according to the patient's profile and
needs.

2. METHODS

2.1 Ethics committee approval

This study has been verified and evaluated by the Cediff Biomedical Research Ethics Committee, stating
that the protocol complies with the ethical standards described in the national and international
regulations related to biomedical research. The risk-benefit ratio was found favorable by the Ethics
Committee for the subjects participating in the research, which is widely described in the justification of
the study, protocol, and informed consent. This study has been endorsed by Ethics Committee
guaranteeing its adherence to the following international standards related to biomedical research on
human subjects: Nuremberg Code (International Tribunal of Nuremberg) 1947. Declaration of Helsinki.
World Medical Association, 1964 and later revisions; Belmont Report, Report of the National Commission
for the Protection of Human Subjects of Biomedical and Behavioral Research 1979; Universal Declaration
on Bioethics and Human Rights, UNESCO 2005. Likewise, it adheres to the following national Colombian
regulations: Resolution 8430 of 1993, Resolution 3823 of 1997, Resolution 2378 of 2008 and all the
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guidelines and updates issued by Colombian regulatory agency (INVIMA) or the Colombian Ministry of

Health and Social Protection in relation to the subject.

2.2 Study design

The composition to be studied is made up of cholinergic agonist agents and other non-cholinergic agonist

agents (CA) with synergistic interactions and with a specific route of administration.

CA has been patented (2 patents were applied under numbers #2013130.6 and #2013131.4 at Uk’'s Patent

Office which form the basis for international protection) and its design, dosage and route of administration

have been made specifically to combat COVID-19 in form of oral drops and nasal spray.

Group A: infected patients (40 patients): After a positive COVID-19 PCR test, patients receive SOC plus a

daily dose of CA nasal spray (1 puff on each nostril every twelve hours) and oral drops (9 drops in 175 mL

of water every 6 hours).

Group B: control patients (40 patients): a control group taking only SOC has been established also after a

positive COVID-19 PCR test.

The same daily monitoring evaluation was done in both groups to assess the evolution of the disease based

on scientifically supported medical scales for each symptom.

Ethnicity: the subjects were Colombian from white ethnicity (88% of Colombian population is white).

Inclusion criteria:

e positive patient for COVID-19 by PCR with results no more than 5 days old.

e outpatient under ambulatory care (non-hospitalized)

e Recruitment: patients were randomly recruited from a database of patients diagnosed with positive PCR
tests for SARS-CoV-2 from several hospitals in Colombia.

Exclusion criteria:

e patient under in-ward hospital care, even if they have positive antigens and / or PCR.

e Decline in study participation.

e Under 18 years old.

2.3 Data collection

Group A received SOC + CA nasal spray and CA oral drops daily in the indicated dose according to the

following criteria:

Clinical data: Date of suspected infection, date of onset of symptoms, date of PCR + or positive antigen for

COVID-19, previous comorbidities (heart disease, kidney disease, lung disease, smokers <10 cigarettes /

day, smokers > 10 cigarettes / Day, non-smokers, liver disease, pheochromocytoma, hyperthyroidism,

hypertension, diabetes mellitus, drug dependence, other diseases.

Pharmacological data before COVID-19 infection. Following medications for ongoing comorbidities -

previously to COVID-19- were collected in both groups: ACEi, ARBs, Beta blockers, Salbutamol,

Benzodiazepines, Antidepressants, Hydroxychloroquine, Heparin, Enoxaparin, Statins, INT-therapy,

corticosteroids, NSAIDs, opiates, levothyroxine.

Pharmacological data prescribed as SOC for COVID-19: Following medications (SOC) for mitigating COVID-
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19 symptoms, that were prescribed by head physicians to the patients, were collected in both groups:
Salbutamol, ASA, NSAIDs, Azithromycin, Nebulizers, lvermectin, Enoxaparin, Heparin, Hydroxychloroquine,

Corticosteroids, Oxygen therapy, Antihistamines, Anti-influenza drugs, Antipyretics, Antibiotic.

2.4 The following symptoms and tolerance to CA measured:

Symptoms:

e fever, cough, dyspnea, muscle fatigue, cephalea, ageusia, anosmia, chest pressure, general malaise,
nasal congestion.

CA tolerance: side-effects and their time duration:

e Nasal itching, oropharyngeal discomfort, dizziness, nausea, headache, slight increase in heart rate,
rhinorrhea, lacrimation, general malaise.

Measurements were made according to internationally accepted standard medical criteria and scales

under the design of an expert in epidemiology.

Group B did receive SOC but did not receive CA and was used as an epidemiological control group to

compare the efficacy of CA who have gone through the disease with some already existing treatment

protocols as i.e. NSAIDs and/or ivermectin among others.

The evaluation in groups A & B was carried out for 15 days assessing the improvement or worsening of

each symptom on a daily basis, with day 0 being the day of measurement of symptoms without the

administration of CA and taking days 1 to 14 the measurement of the evolution of each symptom with SOC

+ CA for group A and without CA but with SOC for group B.

2.5 Analysis plan

A basic OR study analysis was performed by analyzing the information collected with Microsoft SPSS

software. Statistically significant tests were considered if the p-value was less than 0.05 (IC 95%); as well

as a concept of the tendency of some inconclusive outcome will be given.

2.6 Methods and clinical scales for evaluation of each symptom

1. Fever calculated in:

e -"Yes", | have a fever

e - "No", I don't have a fever

For statistical purposes we have converted "Yes"/"No" to "1"/"0" in order to calculate the following values:

Day 0 (before starting treatment). CA treatment from Day 1 to Day 14

2. Dyspnea calculated from 0 to 4 according to the modified mMMRC (Medical Research Council) scale,
within the indirect scales, was initially used to study pneumoconiosis, but has since been modified to
measure dyspnea. Of English origin, it has prognostic value. Previously, the MRC scale ranged from 1 to 5,
but now the ATS recommends a scale that is incorporated into the BODE and which mainly measures the

magnitude of the task that causes the patient to experience shortness of breath. The grades are:
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e “0" Dyspnea occurs only with great physical effort

e “1” Dyspnea occurs when walking fast on the flat or when climbing a gentle slope

e “2" Dyspnea makes it impossible to keep up with other people of the same age

e “3” You have to stop and rest when walking ~100 m or within a few minutes of walking on the flat

e “4" The dyspnea prevents the patient from leaving the house or appears with activities such as dressing
or undressing

3. Headache (cephalea) calculated in:

e -"Yes", | have a headache

- "No", I don't have a headache

For statistical purposes we have converted "Yes"/"No" to "1"/"0" in order to calculate the following values:
Day 0 (before starting treatment). CA treatment from Day 1 to Day 14

4. Muscular fatigue calculated according to:

Muscle fatigue calculated from 0 to 10 according to Gunnar Borg's updated scale devised in the 1980s and
improved a few years ago, a system for assessing intensity based not on value measurements but on the
patient's own perception of effort. This is a fatigue scale that measures the perception of fatigue from 1 to
10, which was originally intended as a way of assessing medical damage, obtaining a standardized
response to the sensations of pain, so different in each patient. In sports and, in particular, in exercise
tests, the rating of perceived effort (RPE), measured by Borg's rating of the scale of perceived effort (RPE
scale), is a quantitative measure of the frequent use of perceived effort during physical activity. In
medicine, this is used to document the patient's exertion during a test, and sports coaches use the scale to
assess training intensity and competition. This scale is especially used in the clinical diagnosis of choking
and dyspnea, chest pain, angina, and musculoskeletal pain. The CR-10 scale is most appropriate when
there is a predominant sensation arising from a specific area of the body, for example, muscle pain,
quadriceps pain or fatigue or from lung responses.

The Borg scale can be compared with other linear scales such as the Likert scale or a visual analogue
scale. The sensitivity and reproducibility of the results are generally very similar, although the Borg can
exceed the Likert scale in some cases.

5. Cough calculated in:

- "Yes", | have a cough

- "No", I don't have a cough

For statistical purposes we have converted "Yes"/"No" to "1"/"0" in order to calculate the following values:
Day 0 (before starting treatment). CA treatment from Day 1 to Day 14

6. Ageusia calculated in:

e "Yes", | have ageusia

e "No", | don't have ageusia

The patient is asked about the sensation of taste and the flavors he feels with the food (sweet, spicy, salty,

etc.).
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For statistical purposes we have converted the "Yes"/"No" to "1"/"0" in binary to calculate the following
values:

Day O (before starting treatment). CA treatment from Day 1 to Day 14

7. Anosmia calculated in:

e "Yes", | have anosmia, | don't smell "Coffee" and/or "Vinegar"

e "No", I don't have anosmia, | smell correctly "Coffee" and/or "Vinegar"

The patient is asked about the sensation of smell and the smells he feels when smelling coffee and
vinegar. The coffee and vinegar anosmia test used for COVID-19 patients in South Korea and other
countries, such as by the Argentinean Ministry of Health, was used in this study.

For statistical purposes we have converted the "Yes"/"No" to "1"/"0" in binary to calculate the following
values:

Day 0 (before starting treatment). CA treatment from Day 1 to Day 14

8. Chest tightness calculated in:

The patient is asked if he feels "tightness in the chest or thorax".

e "Yes", | have chest tightness

e "No", I don't have chest tightness

For statistical purposes we have converted "Yes"/"No" to "1"/"0" in order to calculate the following values:
Day 0 (before starting treatment). CA treatment from Day 1 to Day 14

9. General malaise:

There are several scales for measuring the intensity of “general malaise" which are normally calculated in

a similar way to VAS from 0 to 10.
"General malaise" calculated in:

¢ 0, | have no general malaise

e to

e 10, maximum general malaise, extremely intense.

10. Nasal congestion:

The patient is asked if he feels "nasal congestion".

Nasal congestion calculated in:

e "Yes", | have nasal congestion

¢ "No", no nasal congestion

For statistical purposes we have converted "Yes"/"No" to "1"/"0" in order to calculate the following values:

Day 0 (before starting treatment). CA treatment from Day 1 to Day 14

3. RESULTS
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3.1 Descriptive statistics.

Within the intervention group, 47.50% correspond to the male gender while 52.50% to the female gender,
the mean age is 45,15 years with a standard deviation of 18.03634 years. For the control group, 67,50%
corresponded to female gender with a mean age of 53.7 years and 32,50% were male. SD was 13.13041
for group B.

Within the medical history, following diseases were present in the intervention A Group as follows:
hypertension 27.5%; diabetes mellitus 2.5%, heart disease 0%, kidney disease 2.5%, lung disease 25.0%,
liver disease 2.5%, pheochromocytoma 0.0%, autoimmune thyroiditis 12.5%, gastrointestinal disease
2.5.%, drug dependence 0.0%, obesity 5.0%, cancer 1%.

Within the medical history, following diseases were present in the B control group as follows: hypertension
37.5%; diabetes mellitus 0%, heart disease 25.0%, kidney disease 15.0%, lung disease 12.5%, liver
disease 2.5%, pheochromocytoma 0.0%, autoimmune thyroiditis 12.5%, gastrointestinal disease 5.0%,
drug dependence 0.0%, obesity 5.0%, cancer 1%.

The number of smokers of <10 cigarettes / day and smokers > 10 cigarettes / day was zero in the A group
as well in the B control group (Colombia has a low prevalence of smokers of 7.0% according to official data)
which avoids biases in the study for this specific case.

Regarding the previous use of medications, patients were told to not suspend any medication for their
previous comorbidities nor the SOC treatments as NSAIDs or others that were prescribed for COVID-19
symptoms treatment by their physicians. This applies for both groups.

Following medications for ongoing comorbidities -previously to COVID-19- were reported in group A
(intervention group): ACEi 15.0%, ARB 5.0%, Beta blockers 12.5%, Salbutamol 2.5%, Benzodiazepines
0.0%, Antidepressants 0.0%, Hydroxychloroquine 0.0%, Heparin 0.0%, Enoxaparin 2.5%, Statins 10.0%,
INT-therapy 0.0.%, corticosteroids 2.5%, NSAIDs 0.0.%, opiates 12.5%, levothyroxine 5.0%.

Following medications (SOC) for mitigating COVID-19 symptoms, that were prescribed by head physicians
to the patients, were reported in group A: Salbutamol 5.0%, ASA 17.5% , NSAIDs 27.5%, Azithromycin
10.0%, Nebulizers 2.5%, Ivermectin 17.5%, Enoxaparin 0.0%, Heparin 0.0%, Hydroxychloroquine 0.0%,
Corticosteroids 10.0%, Oxygen therapy 2.5% , Antihistamines 12.5%, Anti-influenza drugs 20.0%,
Antipyretics 17.5% , Antibiotics 2.5%.

Following medications for ongoing comorbidities -previously to COVID-19- were reported in group B
(control group): ACEi 12.5%, ARB 10.0%, Beta blockers 0.0%, Salbutamol 10.0%, Benzodiazepines 0.0%,
Antidepressants 2.5%, Hydroxychloroquine 0.0%, Heparin 0.0%, Enoxaparin 2.5%, Statins 0.0%, INT-
therapy 0.0.%, corticosteroids 2.5%, NSAIDs 2.5.%, opiates 0.0%, levothyroxine 7.5%.

Following medications (SOC) for mitigating COVID-19 symptoms, that were prescribed by head physicians
to the patients, were reported in group B: Salbutamol 27.5%, ASA 35.0% , NSAIDs 12.5%, Azithromycin
37.5%, Nebulizers 5.0%, Ivermectin 10.0%, Enoxaparin 0.0%, Heparin 0.0%, Hydroxychloroquine 0.0%,
Corticosteroids 10.0%, Oxygen therapy 2.5% , Antihistamines 0.0%, Anti-influenza drugs 2.5%,
Antipyretics 62.5% , Antibiotics 7.5%.
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Likewise, the discomforts that occurred after the use of CA in the research subjects were evaluated, finding
the following effects for nasal spray administration: Nasal itching 91.4%, oropharyngeal discomfort 85.7%,
dizziness 28.6%, nausea 37,1%, headache 65.71%, slight increase in heart rate 8.6%, hypotension 5.7%,
rhinorrhea 34.3%, lacrimation 71.4%, general malaise 40%.

No discomforts were observed among any patient in the oral drops intake. In the more intrusive but more
therapeutical designed route of administration trough nasal spray application the duration of discomforts
remained only for a few days (see table 1). Discomforts only remained for a few minutes after each
application (7.21 minutes as average for all discomforts with SD of 4,22556) -as expected- and each of
them was taken into account as the difference between the moment when it was presented and the
moment when it was resolved.

Tablel. CA’s DISCOMFORT IN NASAL SPRAY ADMINISTRATION (days)

N Minimum duration in days Maximum duration in days Median duration in days SD

Nasal itching 32 0 14 8.51 4.20343
Oropharyngeal discomfort 30 0 14 6.29 4.30848
Dizziness 10 0 5 0.80 1.38903
Nausea 13 0 8 1.34 2.14123
Headache 23 0 9 3.06 2.90984
falitgeht increase in heart 3 o 5 0.40 1.33284
Hypotension 2 0 5 0.20 0.90097
Rhinorrhea 4 0 11 1.37 2,45051
Lacrimation 13 0 14 7.03 5,39327
General malaise 6 O 11 2.77 3,71076

An analysis was carried out through the calculation of the OR and the corresponding expected impact for
each variable that were evaluated in the study, the OR values with their 95% confidence intervals,

presented in table 2.

Table 2. Evaluation between intervention group and control group
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Variable OR IC P value
Fever 0,897 0,36-2,23 0,816
Cough 0,571 0,17-0,93 0,017*
Dyspnea 0,460 0,12-1,15 0,799

Muscle fatigue 0,250 0,05-1,28 0,077

Cephalea 0,570 0,16 -1,92 0,363
Ageusia 0,150 0,06 -0,92 0,037*
Anosmia 0,650 0,56 - 0,85 0,049*

Chest tightness 1,350 0,56 - 3,25 0,502
General malaise 0,316 0,03 -3,18 0,305

Nasal Congestion 0,890 0,35-2,30 0,809

* P value < 0,05 statistical significance

In relation to the OR values, the variables fever (OR=0.897) Figure 1, Cough, (OR = 0.571) Figure 2,
Dyspnea (OR = 0.460) Figure 3, Muscle fatigue (OR = 0.250) Figure 4, Cephalea (OR = 0,570) Figure 5,
Ageusia (OR = 0.150) Figure 6, Anosmia (OR = 0.650) Figure 7, General malaise (OR = 0.316) Figure 9,
Nasal congestion (OR= 0.890) figure 10, are less than 1, making the use of CA a protective factor, thus
showing improvement in these symptoms after its use compared to the control group. Chest tightness
(OR=1,350) Figure 8, although it presents an OR value greater than 1, it also present confidence intervals
that cross 1, this being inconclusive that they do not favor the reduction of said symptoms.

The expected impact is the difference in the distance of change or difference that occurs at the time of
measuring the event in days, that is, it defines whether there is a change in the experimental group vs. the
control group in the reduction of each of the events (symptoms). P value confirms that there is a

statistically significant difference between the intervention group and the control group.

3.2. Figures

Figurel. Graphic compares CA vs control in terms of expected impact on fever duration in days. OR:

0.897.

Figure 2. Graphic compares CA vs control in terms of expected impact on cough duration in days. OR:

0.571.
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Figure 3. Graphic compares CA vs control in terms of expected impact on dyspnea duration in days. OR:
0.460.

Figure 4. Graphic compares CA vs control in terms of expected impact on Muscle fatigue duration in days.

OR: 0.250.

Figure 5. Graphic compares CA vs control in terms of expected impact on Cephalea duration in days. OR:

0.570.

Figure 6. Graphic compares CA vs control in terms of expected impact of Ageusia duration in days. OR:

0.150.

Figure 7. Graphic compares CA vs control in terms of expected impact on Anosmia duration in days. OR:

0.650.

Figure 8. Graphic compares CA vs control in terms of expected impact on Chest tightness duration in days.
OR: 1.350.

Figure 9. Graphic compares CA vs control in terms of expected impact on General Malaise. OR: 0.316.

Figure 10. Graphic compares CA vs control in terms of expected impact on Nasal Congestion. OR: 0.890.
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4. DISCUSSION

4.1 Observations around the results

CA drug showed to be a protective factor for fever, cough, dyspnea (probably the worst indicator for
COVID-19), muscle fatigue, cephalea, ageusia, anosmia, general malaise, and nasal congestion with an OR
are less than 1, without ruling out the possibility that the drug may be also effective in larger-sample
studies chest tightness.

4.2 The need of a specific drug against COVID-19 with a potential for covering new strains and other

existing or to appear beta-coronaviruses

In the absence of effective drugs to fight COVID-19 the validation of the nicotinic hypothesis in humans is
of critical relevance, since the CA drug is of rapid development, low cost and exhibits tolerance and safety
in agreement with other drugs of the same category.

New strains of SARS-CoV-2 with several mutations or variations of concern (VOCs) (76,77) in the spike
protein have been discovered since November 2020 in various countries and are spreading very fast. There
are serious concerns of increased mortality risk for current existing VOCs (78). This could potentially
compromise current COVID-19 vaccines (79) trough immune escape as is already the case with many
other viruses. CA has a particular mechanism of action, that evades the mutagenesis problem of SARS-
COV-2, being thus of potential application in all current existing VOCs and in other future strains of SARS-
CoV-2 covering most likely future appearances of new coronaviruses, as well as existing coronaviruses,
such as those of the common cold. This should be studied further.

Accordingly to Lagoumintzis et al. (80) a “toxin-like” epitope on the Spike Glycoprotein has been reported
having interestingly protein complexes that involve a vast part of the “toxin-like” sequences of SARS-CoV-1
and SARS-CoV-2 Spike glycoproteins and toxin binding site of human a7nAChR. Probably, too much
attention has been driven to the RBD of ACE2-S Glycoprotein, ignoring that one thing is the binding and
infectivity capacity of the virus through the RBD of ACE2 and another thing is the interactions with epitopes
that do not interfere with ACE2 but can be determinants in the lethality and severe progression of the
disease. A different approach going beyond the binding interactions of betacoronaviruses with ACE2 by
focusing more on the disruptive interactions of this family of viruses with other epitopes is essential. It
could be the key to reducing the lethality and severe forms of disease by betacoronaviruses such as the
common cold, SARS-CoV-1 and SARS-CoV-2. This way, the efforts should not only be directed to a design
for only avoiding binding with the RBD of ACE2 but towards the development of new drugs capable of
antagonizing alternative disruptions in epitopes such as those related to nAChR. In view of the appearance
of currently and future VOCs or even new betacoronaviruses, a convenient strategy would be, therefore, to
tackle the complications derived from the disruption of the cholinergic and immune system by modulating
hyperinflammation and immune deregulation processes, which would fight lethality and complications due
to viremia through an alternative mechanism, in an independent way, making less relevant the capacity of

infectivity and mutagenesis of such viruses.
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4.3 The long Covid: a coming public health’s issue challenge

It is also important to point out the therapeutic potential to be explored of CA in the cases of "Long Covid".
In the absence of more conclusive studies, preliminary data from studies published to date (81-85)
indicate that between 10% to 53% of those infected with SARS-CoV-2, including especially also healthy
youth and adults with no history of comorbidities and mostly not hospitalized, who passed the COVID-19 in
a mild manner reaching a prevalence of 80% in the sequelae at 3 months in this subgroup according to a
study by Goéertz et al. (86), suffer preliminary neurological sequelae such as mental fog, fatigue, headache,
shortness of breath, muscle pain and moderate damage to heart, lung, kidney, liver and pancreas.
According to a CDC Morbidity and Mortality Weekly Report (87), 35% of patients had not returned to their
usual state of health when interviewed 2/3 weeks after the test. Although it is still early to have clear
scientific evidence on the impact of long-Covid, it is very likely that persistent symptoms exist for weeks,
months or even years in a significant number of patients. This phenomenon was described by the WHO
and by two studies (88,89) showing persistent symptoms as impaired exercise capacity and health for 24
months in the case of survivors of SARS-CoV-1 in 2003. About 40% of people recovering from SARS-CoV-1
had to deal with symptoms of chronic fatigue even 3.5 years after they had overcome the illness. Although
it has yet to be determined, the ravages of Long-Covid should not be underestimated and are a source of
logical concern. A reason for Long-Covid could be the endocytosis that SARS-CoV-2 performs on ACE2.
ACE2 mid or long-term downregulation could turn into a more or less chronic or prolonged RAAS axis
imbalance in Long-covid patients. Thus, RAAS’ ability to return to homeostasis of the lung, kidney, heart, or
other organs would be impaired. Another reason could be the involvement in the CNS by the neurotropism
of SARS-CoV-2 being at the base of the symptoms of Long-Covid. Also, an alteration, short-circuiting or
disruption of the immune system through the SN and Immune System interface with macrophage
interactions or an alteration of the cholinergic anti-inflammatory system could explain the persisting
symptoms of Long-Covid. Therefore, it is necessary and urgent to address a therapeutic approach for this
Long-Covid or Post-Covid Syndrome that will most likely affect millions of people. In this context,
cholinergic agonists should be further studied and, if their therapeutic action during infection is further
confirmed and validated, the same therapeutic action could also be valid to address the therapeutic
management of Long-Covid symptoms since the same mechanism of action that offers therapeutic
advantages during infection could offer a promise of accelerated recovery in Long-Covid symptoms. This
should be further examined.

5. CONCLUSION

Despite the limitation of study in the sample of patients, the positive results obtained on the symptoms
caused by COVID-19 using cholinergic agonists molecules in humans infected by SARS-CoV-2 versus the
control group, opens the door to a promising therapeutic approach in fighting COVID-19. Larger
multicentrical double blind randomized trials in humans are encouraged in the light of the previous
existent evidence. The preliminary evidence of nicotine’s therapeutic potential and other cholinergic

molecules trough medicinal administration in several other diseases and the safety and well-known
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tolerance of NRT’s products approved by regulatory agencies as over-the-counter products -even for

pregnant women- are also valuable for partially endorsing a safe and therapeutic approach on COVID-19.

Tolerance to the drug was good, mild side effects lasted only a few minutes as expected in liquid nasal

application of cholinergic agonists that enhance the vagal reflex, and it correlates with the tolerance and

safety observed in other drugs such as NRTs.

This is study in humans shows preliminary evidence on the therapeutic effect against COVID-19 of

cholinergic agonist molecules trough a specific pharmacological design and with combined oral and nasal

administration routes, and could preliminarily strength the clinical observations of the low prevalence of

smokers observed among COVID-19 infected patients, explaining the paradox about smoking being itself a

dangerous and not recommended tool to combat COVID-19 but that nicotine and/or other cholinergic

agonists molecules could offer a promising therapeutic tool when administered in a medicinal way and
imitating most common viral entry route through the olfactory mucosa. The study shows preliminary
effectiveness of use of cholinergic agonist agents having the capacity to antagonize with SARS-CoV-2
probably either at the RBD of the ACE2, or at the "Toxin-like-site" in disruptive interaction with the nAChRs.

The cholinergic mechanism of action of nicotinic agonists could explain the regulation of

hyperinflammatory processes linked to malfunctioning of the RAAS by viremia, the regulation the

cholinergic anti-inflammatory system or of immune dysfunctions linked to failures in the interface of the

ADAM17/TNF-a modulation. However, larger multicenter studies should be conducted to gather more

clinical and scientific evidence.

LIMITATIONS OF THE STUDY

Sample size: The study results are limited to the number of patients included in it, 80 (40 for intervention

group and 40 for control group). This has been a randomized open-label trial pilot study. It is suggested

that the same study be conducted with larger multicentrically studies that include higher number of
patients in both groups with double blind randomized trials with placebo group.
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