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(57) Abrégé/Abstract:

Embodiments of the present disclosure relate to use of Mebendazole, a tyrosine kinase inhibitor or both in combination to treat a

coronavirus infection in a subject.
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Abstract:

Embodiments of the present disclosure relate to use of Mebendazole, a tyrosine kinase inhibitor or
both in combination to treat a coronavirus infection in a subject.
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USE OF MEBENDAZOLE FOR TREATING VIRAL INFECTION

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to use of compounds and compositions for
treating a viral infection. In particular, the embodiments of the present disclosure relate to use of

compounds and compositions for treating a coronavirus infection.

BACKGROUND

[0002] The appearance of a novel coronavirus, referred to as SARS-CoV-2, on the world stage has
affected substantially every population in the world. This virus has afflicted millions of individuals and
caused a disease, referred to as COVID-19. COVID-19 can develop into a significant health risk and result

in death, which has placed a high strain on healthcare resources and society in general.

[0003] SARS-CoV-2 is a single-strand, positive-sense ribonucleic acid (RNA) virus with a similar
receptor-binding domain structure to that of SARS-CoV and MERS-CoV. SARS-CoV-2 is transmitted
between individuals via airborne droplets accessing nasal mucosa. Within the nasal mucosa SARS-CoV-2
can rapidly reproduce and be shed in nasal secretions (sputum). Sputum can be transmitted to other
individuals via airborne droplets, thus repeating the transmission cycle. The SARS-CoV-2 virus can spread

between individuals before the onset of symptoms, during the symptomatic period and even after recovery.

[0004] The clinical spectrum of the infection is wide, ranging from mild signs of an upper
respiratory tract infection to severe pneumonia, multi-organ failure and death. At the onset, SARS-CoV-2
primarily attacks the respiratory system, as it represents the main point of entry into the host, but SARS-
CoV-2 also can affect multiple organs of an infected individual. The severity of COVID-19 is typically
associated with comorbidities such as, but not limited to: hypertension, diabetes, obesity, and/or advanced

age that can exacerbate the consequences of COVID-19.

[0005] There exists a need for a therapy that is capable of mitigating the impact of COVID-19 in

such a manner that it slows down physiological impact on an infected individual.
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SUMMARY

[0006] Embodiments of the present disclosure provide one or more therapies for ameliorating
and/or inhibiting some or substantially all of the risks, symptoms and development of severe disease in a
subject infected with a coronavirus. In some embodiments of the present disclosure, the coronavirus is

SARS-CoV-2.

[0007] Some embodiments of the present disclosure relate to a use of Mebendazole for
ameliorating and/or inhibiting some or substantially all of the risks, symptoms and development of severe

disease caused by a coronavirus infection.

[0008] Some embodiments of the present disclosure relate to a method of treating an individual
infected with a coronavirus, wherein said method comprises the steps of: providing a therapeutically
effective amount of Mebendazole; and, administering the therapeutically effective amount of Mebendazole
to said individual to ameliorate and/or inhibit some or substantially all of the risks, symptoms and

development of severe disease in a subject infected with a coronavirus.

[0009] Some embodiments of the present disclosure relate to a use of Mebendazole and a tyrosine
kinasc inhibitor for amecliorating and/or inhibiting somc or substantially all of the risks, symptoms or

development of severe disease caused by a coronavirus infection.

[0010] Some embodiments of the present disclosure relate to a method of treating an individual
infected with a coronavirus, wherein said method comprises the steps of: providing a therapeutically
cffective amount of Mcbendazole and a therapeutically effective amount of a tyrosine kinasc inhibitor;
administering said therapeutically effective amounts of Mebendazole and the tyrosine kinase inhibitor to
said individual for ameliorating and/or inhibiting some or substantially all of the risks, symptoms or

development of severe disease caused by a coronavirus infection.

[0011] Some embodiments of the present disclosure relate to a method of making an agent/target
cell complex, the method comprising a step of administering a therapeutically effective amount of the agent
to a subject, wherein the agent/target cell complex inhibits a virus from entering, fusing with and/or
replicating within the cells of the agent/target complex. In some embodiments of the present disclosure,

the agent is Mebendazole or a tyrosine kinase inhibitor or both.
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[0012] Some embodiments of the present disclosure relate to a method of making an agent/target
virion complex, the method comprising a step of administering a therapeutically effective amount of the
agent to a subject, wherein the agent/target virion complex inhibits the agent/target virion complex from
entering, fusing with and/or replicating within one or more cells of a subject. In some embodiments of the

present disclosure, the agent is Mebendazole or a tyrosine kinase inhibitor or both.

[0013] Some embodiments of the present disclosure relate to a pharmaceutical composition that
comprises Mebendazole in a first therapeutically effective amount; a tyrosine kinase inhibitor in a second
therapeutically effective amount, wherein the first and second therapeutically effective amounts are

different or not; and at least one excipient.

[0014] Without being bound by any particular theory, it is postulated that Mebendazole may target
the SARS-CoV-2 virus by inhibiting the entry or fusion of the virus with a subject’s cell and/or inhibiting
replication of the virus once inside a subject’s cell. While Mebendazole is a known anthelminthic,
surprisingly it may also be useful in treating COVID-19 because Mebendazole interferes in viral tubulin

formation and it may target viral calmodulin-domain protein kinase 1 also.

[0015] Without being bound by any particular theory, it is postulated that a tyrosine kinase
inhibitor, such as Imatinib, when used in combination with Mebendazole, may also be usetul as a therapy
for ameliorating and/or inhibiting some or substantially all of the risks, symptoms and development of
severe disease in a suhject infected with a coronavirus. In some emhodiments of the present disclosure,
Imatinib which is a known ABL kinase inhibitor, may be useful in as part of a combination treatment, with
Mebendazole, for COVID-19 because Imatinib is known to target one or more of TK ALK, platelet-derived

growth factor receptor alpha, TK ABL1 / Ber-Abl, or Mast/stem cell growth factor receptor Kit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other features of the present disclosure will become more apparent in the

following detailed description in which reference is made to the appended drawings.

[0017] FIG. 1 shows in vitro experimental data regarding the percent viral inhibition and percent

inhibition of cell viability cells treated with Mebendazole.

[0018] FIG. 2 shows in vitro experimental data from cells treated with Imatinib, wherein FIG. 2A

shows TCID50/mL data {as a pcrcent of control); and, wherein FIG. 2B shows the percent inhibition data.
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[0019] FIG. 3 shows in vitro cytotoXicity experimental data from two cell lines treated with
Imatinib.
[0020] FIG. 4 shows in vitro percent viral inhibition experimental data and percent cytotoxicity

experimental data from cells reated with Mebendazole and Imatinib.

[0021] FIG. 5 is a Kaplan-Meier survival curve showing in vivo experimental data from mice
infected with SARS-CoV-2 virus and then treated with a placebo or various treatments according to

embodiments of the present disclosure.
[0022] FIG. 6 is a line graph show the percent body weight change in the mice of FIG. 5.

[0023] FIG. 7 is a histogram showing in vivo experimental data from the mice of FIG. 5, including
serum levels of ALT, AST and BUN from the control group and the groups of mice treated according to

embodiments of the present disclosure.

DETAILED DESCRIPTION

[0024] Unless defined otherwise, all technical and scientific terms used herein have the meanings
that would be commonly understood by one of skill in the art in the context of the present description.
Although any methods and materials similar or equivalent to those described herein can also be used in the
practice or testing of the present disclosure, the preferred methods and materials are now described. All
publications mentioned herein are incorporated herein by reference to disclose and describe the methods

and/or materials in connection with which the publications are cited.

[T 2 T

[0025] As used herein, the singular forms “a”, “an”, and “the” include plural references unless the
context clearly dictates otherwisc. For cxample, reference to “an agent” includes onc or morc agents and

reference to “a subject” or “the subject” includes one or more subjects.

[0026] As used herein, the terms “about” or “approximately” refer to within about 25%, preferably
within about 20%, preferably within about 15%, preferably within about 10%, preferably within about 5%
of a given value or range. It is understood that such a variation is always included in any given value

provided herein, whether or not it is specifically referred to.
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[0027] As used herein, the term “activity” is used interchangeably with the term “functionality”

and both terms refer to the physiologic action of a biomolecule.

[0028] As used herein, the terms “agent” and “therapeutic agent” refer to a substance that, when
administered to a subject, causes one or more chemical reactions and/or one or more physical reactions
and/or or onc or morc physiological rcactions and/or onc or morc pharmacological reactions and/or onc or

more immunological reactions in the subject.

[0029] As used herein, the term “ameliorate” refers to improve and/or to make better and/or to

make more satisfactory.

[0030] As used herein, the term “cell” refers to a single cell as well as a plurality of cells or a
population of the same cell type or different cell types. Administering an agent to a cell includes in vivo, in

vitro and ex vivo administrations and/or combinations thereof.

[0031] As used herein, the term “complex” refers to an association, either direct or indirect,
bectween onc or more particles of an agent and onc or morc target virions. This association rcsults in a
change in the metabolism or functionality of the target virions. As used herein, the phrase “change in
metaholism” refers to an increase or a decrease in the one or more target virions” production of one or more
proteins, and/or any post-translational modifications of one or more proteins. As used herein, the phrase
“change in functionality” refers to a difference in physiological function of one or more aspects of a virion

within an agent/virion complcx as comparcd to a virion that is not part of such a complcx.

[0032] As used herein, the terms “dysregulation” and “dysregulated” refer to situations or
conditions wherein homeostatic control systems have been disturbed and/or compromised so that one or
more metabolic, physiologic and/or biochemical systems within a subject operate partially or entirely

without said homeostatic control systems.

[0033] As used herein, the term “excipient” refers to any substance, not itself an agent, which may
be used in a composition for delivery of one or more agents, and the like to a subject or alternatively
combined with ...one or more carriers and the like (e.g., to create a pharmaceutical composition) to improve
its handling or storage properties or to permit or facilitate formation of a dose unit of the composition (e.g.,
formation of a topical hydrogel which may then be optionally incorporated into a transdermal patch).
Excipients include, by way of illustration and not limitation, binders, disintegrants, taste enhancers,
solvents, thickening or gelling agents (and any neutralizing agents, if necessary), penetration enhancers,

solubilizing agents, wetting agents, antioxidants, lubricants, emollients, substances added to mask or
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counteract a disagreeable odor, fragrances or taste, substances added to improve appearance or texture of
the composition and substances used to form the pharmaceutical compositions. Any such excipients can be
used in any dosage forms according to the present disclosure. The foregoing classes of excipients are not

meant to be exhaustive but merely illustrative.

10034 ] As uscd herein, the terms ““inhibit”, “inhibiting”, and *‘inhibition” rcter to a dccrcasc in
activity, response, or other biological parameter of a biologic process, disease, disorder or symptom thereof.
This can include but is not limited to the complete ablation of the activity, response, condition, or disease.
This may also include, for example, a 10% reduction in the activity, response, condition, or disease as
compared to the native or control level. Thus, the reduction can be a 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 100%, or any amount of reduction in between the specifically recited percentages, as

compared to native or control levels.

[0035] As used herein, the term “medicament” refers to a medicine and/or pharmaceutical
composition that comprises an agent and that can promote recovery from a disease, disorder or symptom
thereof and/or that can prevent a disease, disorder or symptom thereof and/or that can inhibit the progression

of a disease, disorder, or symptom thereof.

10036] As used herein, the term ‘“‘pharmaceutical composition” means any composition
comprising, but not necessarily limited to, one or more agents to be administered a subject in need of therapy
or treatment of a disease, disorder or symptom thereof. Pharmaceutical compositions may include additives
such as pharmaceutically acceptable carriers, pharmaceutically accepted salts, excipients and the like.
Pharmaceutical compositions may also additionally include one or more further active ingredients such as

antimicrobial agents, anti-inflammatory agents, anaesthetics, analgesics, and the like.

[0037] As used herein, the term “pharmaceutically acceptable carrier” refers to an essentially
chemically inert and nontoxic component within a pharmaceutical composition or medicament that does
not inhibit the effectiveness and/or safety of the one or more agents. Some examples of pharmaceutically
acceptable carriers and their formulations are described in Remington (1995, The Science and Practice of
Pharmacy (19th ed.) ed. A. R. Gennaro, Mack Publishing Company, Easton, PA), the disclosure of which
is incorporated herein by reference. Typically, an appropriate amount of a pharmaceutically acceptable
carrier is used in the formulation to render said formulation isotonic. Examples of suitable pharmaceutically
acceptable carriers include, but are not limited to: saline solutions, glycerol solutions, ethanol, N-(1(2, 3-
dioleyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTMA), dioleolphosphotidylethanolamine

(DOPE), and liposomes. Such pharmaceutical compositions contain a therapeutically effective amount of
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the agent, together with a suitable amount of one or more pharmaceutically acceptable carriers and/or
excipients so as to provide a form suitable for proper administration to the subject. The formulation suits
the route of administration. For example, oral administration may require enteric coatings to protect the
agent from degrading within portions of the subject’s gastrointestinal tract. In another example, injectable
routes of administration may be administered in a liposomal formulation to facilitate transport throughout

a subject’s vascular system and to facilitate delivery across cell membranes of targeted intracellular sites.

[0038] As used herein, the phrases “prevent”, “prevention of”” and “preventing” refer to avoiding

the onset or progression of a disease, disorder, or a symptom thereof.

[0039] As used herein, the term “subject” refers to any therapeutic target that receives the agent.
The subject can be a vertebrate, for example, a mammal including a human. The term *“subject” does not
denote a particular age or sex. The term “subject” also refers to one or more cells of an organism, an in
vitro culture of one or more tissue types, an in vitro culture of one or more cell types, ex vivo preparations,

and /or a sample of biological materials such as tissue and/or biological fluids.

[0040] As used herein, the term “target cell” refers to one or more cell types within a subject that
can interact with a coronavirus by the virus fusing with the outer membrane of the one or more cell types,
entering into the cell and/or replicating therein. Without being bound to any particular theory. target cells
of a subject can include any cells within a subject that express the receptors and/or co-factors required for
viral interaction. Examples of these types of cells include, but are not limited to: epithelial cells of the
upper airways and conducting airways (ciliated and non-ciliated); alveolar epithelial cells (both type 1 and
2); epithelial cells and neurons of the olfactory system; neurons of the central or peripheral nervous system;
epithelial cells, enteroctytes and gland cells of the gastrointestinal tract; cells of the blood, including

immune effector cells; cardiovascular cells; and, renal cells.

[0041] As used herein, the term “target virion” refers to one or more viral particles of coronavirus
that have the capacity to cause a viral infection within a subject cell. In some embodiments of the present

disclosure, the viral particles are of one or more variants of SARS-CoV-2.

[0042] As used herein, the term ‘“therapeutically effective amount™ refers to the amount of the
agent used that is of sufficient quantity to ameliorate, prevent, treat and/or inhibit one or more of a disease,
disorder or a symptom thereof. The “therapeutically effective amount™ will vary depending on the agent
used, the route of administration of the agent and the severity of the disease, disorder or symptom thereof.
The subject’s age, weight and genetic make-up may also influence the amount of the agent that will be a

therapeutically effective amount.
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[0043] As used herein, the terms “treat”, “treatment” and “treating” refer to obtaining a desired
pharmacologic and/or physiologic effect. The effect may be prophylactic in terms of completely or partially
preventing an occurrence of a disease, disorder or symptom thereof and/or the effect may be therapeutic in
providing a partial or complete amelioration or inhibition of a disease, disorder, or symptom thereof.
Additionally, the term “treatment” refers to any treatment of a disease, disorder, or symptom thereof in a
subject and includes: (a) preventing the disease from occurring in a subject which may be predisposed to
the disease but has not yet been diagnosed as having it; (b) inhibiting the disease, i.e., arresting its

devclopment; and, (¢) amcliorating thc discasc.

[0044] As used herein, the terms “unit dosage form™ and “unit dose” refer to a physically discrete
unit that is suitable as a unitary dose for patients. Each unit contains a predetermined quantity of the agent
and optionally, one or more suitable pharmaceutically acceptable carriers, one or more excipients, one or
more additional active ingredients, or combinations thereof. The amount of agent within each unit is a

therapeutically effective amount.

[0045] In embodiments of the present disclosure, the pharmaceutical compositions disclosed
herein comprise one or more agents that may be administered to a subject by one or more routes, such as
oral, intra-venous injection, intra-muscular injection, topical, transmucosal or combinations thereof. In
some embodiments of the present disclosure, the one or more agents are administered orally to deliver a
therapeutically effective amount, characterized as a total predetermined daily dose that is administered over
a course of a predetermined number of days. In some embodiments of the present disclosure, the total
predetermined daily dose may be administered in one or more smaller doses through a given day so that

when all smaller doses are administered, the subject will have received the total predetermined daily dose.

[0046] In embodiments of the present disclosure, the pharmaceutical compositions disclosed
herein comprise one or more agents, as described herein, in a total amount by weight of the composition of
about 0.1% to about 95%. For example, the amount of the agent by weight of the pharmaceutical
composition may be about 0.1%, about 0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, about
0.7%, about 0.8%, about 0.9%, about 1%, about 1.1%, about 1.2%, about 1.3%, about 1.4%, about 1.5%,
about 1.6%, about 1.7%, about 1.8%, about 1.9%, about 2%, about 2.1%, about 2.2%, about 2.3%, about
2.4%, about 2.5%, about 2.6%, about 2.7%, about 2.8%, about 2.9%, about 3%, about 3.1%, about 3.2%,
about 3.3%, about 3.4%, about 3.5%, about 3.6%, about 3.7%, about 3.8%, about 3.9%, about 4%, about
4.1%, about 4.2%, about 4.3%, about 4.4%, about 4.5%, about 4.6%, about 4.7%, about 4.8%. about 4.9%,
about 5%, about 5.1%, about 5.2%, about 5.3%, about 5.4%, about 5.5%, about 5.6%, about 5.7%, about
5.8%, about 5.9%, about 6%, about 6.1%, about 6.2%, about 6.3%, about 6.4%, about 6.5%, about 6.6%,
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about 6.7%. about 6.8%, about 6.9%, about 7%, about 7.1%, about 7.2%, about 7.3%, about 7.4%, about
7.5%, about 7.6%, about 7.7%, about 7.8%, about 7.9%, about 8%, about 8.1%, about 8.2%, about 8.3%,
about 8.4%, about 8.5%, about 8.6%, about 8.7%, about 8.8%, about 8.9%, about 9%, about 9.1%, about
9.2%, about 9.3%, about 9.4%, about 9.5%, about 9.6%, about 9.7%, about 9.8%, about 9.9%, about 10%,
about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%,
about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%, about 90% or about 95%.

[0047] In embodiments of the present disclosure, the pharmaceutical compositions disclosed
herein comprise two or more agents as described above in a total amount by weight of the composition of
about (0.1% to about 95%. For example, the amount of a first agent and a second agent may be the same or
different. The amount of the first agent and the second agent by weight of the pharmaceutical composition
may be about 0.1%, about 0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%,
about 0.9%. about 1%, about 1.1%, about 1.2%, about 1.3%, about 1.4%, about 1.5%, about 1.6%, about
1.7%, about 1.8%, about 1.9%, about 2%, about 2.1%, about 2.2%, about 2.3%, about 2.4%, about 2.5%,
about 2.6%. about 2.7%, about 2.8%, about 2.9%, about 3%, about 3.1%, about 3.2%, about 3.3%, about
3.4%, about 3.5%, about 3.6%, about 3.7%, about 3.8%, about 3.9%, about 4%, about 4.1%, about 4.2%,
about 4.3%, about 4.4%, about 4.5%, about 4.6%, about 4.7%, about 4.8%. about 4.9%, about 5%, about
5.1%, about 5.2%, about 5.3%, about 5.4%, about 5.5%, about 5.6%, about 5.7%, about 5.8%, about 5.9%,
about 6%, about 6.1%, about 6.2%, about 6.3%, about 6.4%, about 6.5%, about 6.6%, about 6.7%, about
6.8%, about 6.9%, about 7%, about 7.1%, about 7.2%, about 7.3%, about 7.4%, about 7.5%, about 7.6%,
about 7.7%, about 7.8%, about 7.9%, about 8%, about 8.1%, about 8.2%, about 8.3%, about 8.4%, about
8.5%, about 8.6%, about 8.7%, about 8.8%, about 8.9%, about 9%, about 9.1%, about 9.2%, about 9.3%,
about 9.4%, about 9.5%, about 9.6%, about 9.7%, about 9.8%, about 9.9%, about 10%, about 11%, about
12%, about 13%, about 14% about 15%, about 16%, about 17%, about 18%, about 19%, about 20%, about
25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90% or about 95%.

[0048] In embodiments of the present disclosure, the pharmaceutical compositions disclosed
herein comprise two or more agents as described above in a total amount by mass of each agent, whereby
a subject may be administered a given mass of each of the two or more agents so as to receive the
predeterminced daily amount. For cxample, the amount of a first agent and a sccond agent may be the same
or different. In some embodiments of the present disclosure, predetermined daily amount of the first agent
may be between about 25 mg / day and about 500 mg / day, or between about 50 mg / day and about 450
mg /day, or between about 75 mg / day and about 425 mg / day, or between about 100 mg / day and about

9
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400 mg / day, or between about 125 mg / day and about 375 mg / day, or between about 150 mg / day and
about 350 mg / day, or between about 175 mg / day and about 325 mg / day, or between about 200 mg /
day and about 300 mg / day. In some embodiments of the present disclosure, the predetermined daily dose
of the first agent may be between about 185 mg / day and about 215 mg / day, or between about 190 mg /
day and about 210 mg / day, or between about 195 mg / day and about 205 mg/ day. In some embodiments
of the present disclosure, the predetermined daily dose of the first agent may be about 200 mg / day,

delivered orally and the first agent may be Mebendazole.

[0049] In some embodiments of the present disclosure predetermined daily dose of the second
agent may be zero or it may be between about 400 mg / day and about 1200 mg / day, or between about
500 mg / day and about 1100 mg/ day. or between about 600 mg / day and about 1000 mg / day, or between
about 700 mg / day and about 900 mg / day. In some embodiments of the present disclosure, the
predetermined daily dose of the second agent may be between about 700 mg / day and about 900 mg / day,
or between about 725 mg / day and about 875 mg / day, or between about 750 mg / day and about 850 mg
/ day, or between about 775 mg / day and about 825 mg / day. In some embodiments of the present
disclosure, the predetermined daily dose of the second agent may be about 800 mg / day, delivered orally

and the second agent may be a tyrosine kinase inhibitor, such as Imatinib.

[0050] In some embodiments of the present disclosure, the first agent and the second agent may
be administered separately or they may be administered as a single combined therapy, over a course of
between 5 and 15 days, or between 6 and 14 days, or between 7 and 13 days, or between 8 and 12 days, or
between 9 and 11 days. In some embodiments of the present disclosure, the subject is administered the
predetermined daily dose of the first agent and the predetermined daily dose of the second agent over a
course of about 10 days. In the embodiments where the first and second agents are administered separately,
both agents will be given with at least 60-minute interval (starting with Imatinib followed by Mebendazole

60+ minutes later).

[0051] In the embodiments where the first and second agents are administered as a single
combined therapy, the amount of the first agent and the second agent within a given administration of the
combincd therapy may provide the cntire predetermined daily dosc of the first and second agent, or a portion

of each agent’s predetermined daily dose.

[0052] Where a range of values is provided herein, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the upper and

lower limit of that range and any other stated or intervening value in that stated range, is encompassed

10
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within the disclosure. The upper and lower limits of these smaller ranges may independently be included
in the smaller ranges, and are also, encompassed within the disclosure, subject to any specifically excluded
limit in the stated range. Where the stated range includes one or both of the limits, ranges excluding either

or both of those included limits are also included in the disclosure.

10053] COVID-19 paticnts have demonstrated that the time from symptom onsct to development
of dyspnea may be between 5 to 10 days. In some COVID-19 patients, it may take between 10 and 14 days
to develop severe respiratory distress syndrome. The probability of progress to end-stage disease is
unpredictable, with the majority of these patients dying from multi-organ failure. Inhibiting progression in
spontaneously breathing patients with mild to moderate COVID-19 could translate to reduced morbidity

and mortality and in a lower use of limited healthcare resources.

[0054] The SARS-CoV-2 virus may cause gastrointestinal symptoms, such as vomiting, diarrhea,
or abdominal pain during the early phases of the disease. Gastrointestinal dysfunction may induce changes

in intestinal microbes and an increase in inflammatory cytokines.

[0055] Mebendazole is an anthelmintic agent that exhibits broad spectrum activity against single
or mixed helminthic infestations. Mebendazole binds selectively to tubulin in the intestines of helminths
and interteres with microtubule formation, blocking glucose uptake and generation of ATP, resulting in
impaired digestive function, inhibition of larval development, and death of the helminths. Preclinical studies
suggest that Mehendazole may have anti-neoplastic activity hy inhihiting a wide range of factors involved
in tumor progression such as tubulin polymerization, angiogenesis, matrix metalloproteinases, and multi-
drug resistance protein transporters. Mebendazole was also shown to inhibit several drug transporters

including ATP-binding cassette (Imatinib) transporters.

[0056] The SARS-CoV-2 virus has spike proteins that are known to interact with cytoskeleton
filaments (e.g., actin, tubulin) for successful entry of the virus into host cells. Entry of the virus is a key

step in viral infection.

[0057] Following oral administration of Mebendazole, peak plasma concentrations are achieved
in 2 to 4 hours. Animal and human studies indicate slight to moderate oral absorption. In humans, less
than about 10% of a single oral dose reaches systemic circulation due to extensive first-pass metabolism.
An oral bioavailability of 17% has been reported. Following administration of 100 mg twice daily for three
consecutive days, plasma concentrations of Mebendazole did not exceed 0.03 pg/mL (0.1 uM). Following
long-term oral administration, increased plasma concentrations resulted in about a 3-fold higher exposure

to steady-state. In subjects on chronic Mebendazole chemotherapy, peak plasma concentrations ranged
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from 0.1 to 0.5 pg/mL (0.3 to 1.69 uM). Systemic exposure is reportedly higher in children compared to
adults. Evidence suggests small amounts of Mebendazole are present in human milk following oral
administration. Mebendazole is extensively metabolized in the liver to several inactive metabolites that
demonstrate higher plasma concentrations compared to those of Mebendazole. The metabolites of
Mebendazole likely undergo enterohepatic recirculation. Excretion is primarily fecal; <2% of an oral dose

is excreted in urine. The elimination half-life ranges from 3 to 6 hours.

[0058] Imatinib is a kinase inhibitor indicated for treatment of adult and pediatric patients with
Philadelphia chromosome positive chronic myeloid leukemia (Ph+ CML) and acute lymphoblastic
leukemia (Ph+ ALL).

[0059] In addition to the anti-inflammatory effects, Imatinib also exhibits antiviral properties. The
antiviral activity of Imatinib appears to occur at the early stages of infection, following cellular entry and
endosomal trafficking, by inhibiting fusion of the virus at the endosomal membrane. The potential antiviral
properties of this drug have been previously demonstrated in preclinical assays where Imatinib
demonstrated a potent inhibitory effect on SARS-CoV and MERS-CoV replication in in vitro assays,
mainly via its inhibition of ABL type 2 kinase. In these studies, Imatinib demonstrated low toxicity and
inhibited SARS-CoV and MERS-CoV with EC50 values in the range of 9.8 to 17.6 uM. These data suggest
that the ABL1 pathway may be important for replication of different virus families and, therefore, inhibitors
of this pathway have the potential to be broad-spectrum antivirals. Additionally, pharmacokinetic studies
have demonstrated that the IC50 of Imatinib for ABL1, BCR-ABL1, and ABL2 kinase inhibition is around
0.3 uM, which is below the expected trough plasma concentration (1.7 uM) of an oral Imatinib dose of 400
mg/day. Initial estimates suggest an EC50 value of approximately 2.5 pM for the inhibition of SARS-CoV-
2 virus. This concentration is achievable in vivo following administration of an oral dose of about 800
mg/day Imatinib in patients, thus one of the therapeutically effective amounts comprised in the combination

therapy according to embodiments of the present disclosure.

[0060] Based on pre-clinical models, Mebendazole given orally, showed only about 15%
bioavailability and the rest of the drug remained in the gastrointestinal tract. On the contrary, Imatinib
showed an cxcellent absorption (98% bioavailability after oral administration). In somc embodiments of
the present disclosure, the two drugs may be given with at least 60-minutes between administration. For
example, treatment could start with administering a therapeutically effective amount of Imatinib, waiting
about 60 minutes or more, followed by administering a therapeutically effective amount of Mebendazole.

This approach could minimize any possible drug-drug interactions during treatment.
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[0061] In some embodiments of the present disclosure, Mebendazole and Imatinib may be used as
agents, individually or in combination, with the same or different therapeutically effective amounts. As a
non-limiting example, Mebendazole and Imatinib may be provided in one or two or more medicaments that
deliver a dose of between 1 mg and 1000 mg of each or both of Mebendazole and Imatinib. In further non-
limiting examples, the one or two or more medicaments may deliver a single dose of each or both of
Mebendazole and Imatinib of between about 5 mg and about 995 mg, between about 10 mg and about 990
mg, between about 25 mg and about 975 mg, between about 50 mg and 950 mg, between about 75 mg and
925 mg, between about 100 mg and about 900 mg, between about 200 mg and 800 mg, between about 300

mg and 700 mg, between about 500 mg and 600 mg and combinations thereof.

[0062] Some embodiments of the present disclosure relate to a pharmaceutical composition that
comprises both Mebendazole and Imatinib with the same or different therapeutically effective amounts of
each agent for treating COVID-19. In some embodiments of the present disclosure, the pharmaceutical

composition further comprises one or more carriers and/or one or more excipients.
[0063] Example 1 - Protein-Protein Binding Modelling

[0064] The Louisiana State University (LSU) DeepDrug™ computational artificial intelligence
(Al) system identified Mebendazole and Imatinib as likely to be effective against SARS-CoV-2 based on
the similarity of the drugs to antiviral peptides (AVPs) known to target SARS-CoV-1 and other viruses.
AVPs are fragments of human proteins that respond to a viral infection hy targeting key steps in the viral
replication life-cycle including (1) virus binding to the cell surface and internalizing into endosomal
compartments (entry), (2) virus being released from endosomal compartments into the cytosol (fusion), and

(3) viral protein processing and replication of the viral genome (replication).

[0065] An Al technique was used to generate “fingerprints” for Mebendazole, Imatinib, and the
AVPs in a mathematical representation of all protein interactions in a cell. This mathematical representation
was created based on the following datasets: AVPdb, a dataset of 2,683 AVPs including 98 from SARS-
CoV-1; HPIDB, a dataset of 981 HIV AVPs; hu.map, a dataset of 17.5 million protein-protein interactions;
Corum, a dataset of 4,274 mammalian protein complexes; STRING, a dataset of 4,584,628 proteins from
5,090 organisms; DrugBank, a datasct of 13,491 drugs; and BindingDB, a datasct of 846,857 drugs and

7,605 protein targets.

[0066] An Al technique called a Siamese Network (SNet) was used to compare the fingerprints of
Mebendazole and Imatinib to the fingerprints of AVPs. SNet predictions were based on a small number of

SARS-CoV-1 AVPs that exhibited the strongest antiviral effects. Additionally, SNet provided separate
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predictions for the three mechanisms of viral infection (e.g., entry, fusion, and replication), which afforded
a higher degree of specificity in drug screening. The SNet projected fingerprints into a multidimensional
space and calculated distances between them, and the closer the prediction was to zero, the more similar a
pair of fingerprints were and the more a drug resembled AVPs. Predictions less than the optimal threshold
of 0.63 indicate a significant similarity between the fingerprint of a drug and AVP (i.e., a drug having

antiviral effects).

[0067] The three mechanisms are relevant for the following reasons: entry is important because

inhibiting viral entry into the cell would reduce the amount of virus that acts on a subject cell.

[0068] Fusion is worth noting because not all viral entry into a subject cell occurs through the
standard mechanisms. In some instances, the virus may be capable of fusing directly with the membrane
of the subject cell and through this fusion, the virus can enter and infect the subject cell. Though this
happens at about 1/10th the rate of the standard entry mechanism, it is still a mechanism which was desirable

to target for inhibiting.

[0069] Likewise, inhibition of replication is important for reducing the amount of viral load
generated and spread to other cells after a cell has been infected. Finally, the fingerprints of these specific
peptides were created by using the human proteome and a large graph ot the proteins involved in all the
processes therein. By comparing these fingerprints to the drug fingerprints, the identification of drugs with

a potential for a similar (antiviral) effect on the human proteome as the AVPs was carried out.

[0070] Both Imatinib and Mebendazole received significant support (i.e., SNet distances closest
to zero) for each of the viral mechanisms (e.g., entry, fusion, and replication). Based on comprehensive
analysis of SNet predictions for 4,118 FDA-approved drugs, Imatinib and Mebendazole ranked within the
top 99" percentile for each mechanism (Table 1). Although several other tyrosine kinase inhibitors and
antiparasitic drugs were identified as having SNet distances close to zero, Imatinib and Mebendazole are

currently off-patent (generic) FDA-approved drugs indicated for treatment of human diseases.

CA 03213205 2023-9-22

[0071] Table 1. SNet Predictions of Imatinib and Mebendazole for Entry, Fusion and Replication
Drug Entry Prediction Fusion Prediction [Replication Prediction

[Ranking] [Ranking] [Ranking]

Percentile) Percentile) (Percentile)
Imatinib 0.1455 0.0955 0.2424

[20%] [9"] [27%]

(99.51) {(99.78) (99.34)
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Mebendazole 0.1072 0.0796 0.2033
[4th] [2nd] [loth]
(99.90) {(99.95) (99.76)
[0072] An assessment of the potential of small therapeutics to bind with COVID-19 virus particles

was carried out. Using three different mechanisms for potential binding sites for small molecules, the
likelihood of protein-protein binding was determined. Using a template of the crystal structure of an

essential SARS-CoV-2 protease, the functional centers of the protease inhibitor-binding pocket were

identified.
[0073] First binding mechanism
[0074] A number of therapeutic compounds were studied to determine their propensity to bind to

COVID-19 particles according to a first binding mechanism. The interactions where further evaluated by
assessing the likelihood the therapeutic compounds would impact the entry of COVID-19 into mammalian
cells; the fusion of COVID-19 particles with mammalian cells; and ultimately the replication of the COVID-

19 infected cells. Table 1 summarizes the data obtained in this first round of modeling data analysis.

[0075] Table 2: Results of Protein-Protein modeling data which mimics a first mechanism

of interaction between COVID-19 and each one of the identified compounds

Drug Modeling scores (higher than 0.25 = favorable score)
Corona Entry Fusion Replication Entry, Fusion
or replication
Mebendazole | 0.6323 0.3207 0.3885 0.0847 Entry &
Fusion
Imatinib 0.5696 0.0892 0.0092 0.3522 Replication
[0076] According to the data collected in the study of the first binding mechanism, the tested

compounds demonstrated a propensity to bind to COVID-19 particles.

[0077] Second binding mechanism
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[0078]

COVID-19 particles according to a second binding mechanism. The interactions where also further

The same compounds were subsequently studied to determine their propensity to bind to

evaluated by assessing the likelihood the therapeutic compounds would impact the entry of COVID-19 into
mammalian cells; the fusion of COVID-19 particles with mammalian cells; and ultimately the replication
of the COVID-19 infected cells. Table 2 summarizes the data obtained in this second round of modeling

data analysis.

[0079]

mechanism of interaction between COVID-19 and each one of the identified compounds

Table 3. Results of Protein-Protein modeling data which mimics a second

Drug Modeling scores (lower than 0.5 = unfavorable score)
Entry Fusion Replication

Mcbendazole | 0.8928 0.9204 0.7967

Imatinib 0.8545 0.9045 0.7576

[0080]
compounds demonstrated a propensity to bind to COVID-19 particles.

According to the data collected in the study of the second binding mechanism, the tested

[0081]

Third binding mechanism

[0082]

19 particles according to a third binding mechanism. The interactions where also further evaluated by

The same compounds were again studied to determine their propensity to bind to COVID-

assessing the likelihood the therapeutic compounds would impact the entry of COVID-19 into mammalian
cells; the fusion of COVID-19 particles with mammalian cells; and ultimatcly the replication of the COVID-

19 infected cells. Table 3 summarizes the data obtained in this third round of modeling data analysis.

[0083] Table 3.

of interaction between COVID-19 and each one of the identified compounds

Results of Protein-Protein modeling data which mimics a third mechanism

CA 03213205 2023-9-22

Drug Modeling scores Cos Sim (higher = better)
Entry Fusion Replication
Mebendazole | 0.725615118 | 0.719017032 | 0.645826892
Imatinib 0.527941877 | 0.61502544 0.486479492
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[0084]
compounds demonstrated a propensity to bind to COVID-19 particles.

According to the data collected in the study of the third binding mechanism, the tested

[0085]

directly or indirectly affected by Mebendazole. For Mebendazole, protein interaction scores for 22 proteins

Using data from the public domain, a causality analysis was performed to identify proteins

were identified: the top four were calmodulin-domain protein kinase 1 (CDPK1) from the parasite
Toxoplasma gondii (a score of 0.67), vascular endothelial growth factor receptor 2 (VEGF2) (0.62),
Abelson tyrosine protein kinase 1 (ABL1) (0.57), and proto-oncogene tyrosine protein kinase Src (SRC)
(0.55) (Tablc 4). Scveral viral protcins were identified as potential protcin targets of Mcbendazolce,
including genome polyprotein from West Nile virus (0.20), RNA polymerase subunit P3 from influenza A
virus (0.15), and capsid protein from Hepatitis B virus. These data support a direct or indirect interaction
between Mcebendazole and viral protcins that arc involved in the processing, transport, and rcplication of
viruses. Although viral proteins of coronaviruses were not identified using this analytical method, which
could have been due to a limited availability of data, other analyses indicated a potential for Mebendazole

to have antiviral effects similar to antiviral peptides that target SARS-CoV-1.

[0086]
Mebendazole

Table 4. Protein Interaction Scores Derived from Causality Analysis for

Protein veraction Score
for pebendazoin

Protsin Name Qrgapism UniProt 1D

Cabrodudin-domaln protein kinase
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sloon tyeosine-protein kinase 3
fo-oncagane tyrasine-protein kinsse Sro
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fegrin *ipha-5
denylate cycase type 6 Hynan

Ganome polyprotein

tysosomead-sssociaied membosne proteln 3
Trans-activator protain BZLFL

s RNA-directend RNA polyierase subuaif P3
Capsig protein

frdegrin aipha-3
Tyrosine-proteds kinase Yes
Protein LARAL
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[0087] A similar analysis was also identified for Imatinib, which produced protein interaction

scores for 36 proteins, including a number of tyrosine protein kinases (Table 5).

[0088] Table 4. Protein Interaction Scores Derived from Causality Analysis for

Mebendazole

Protain interaction
Soare for matinih

Pradei Name Qrganiun indProt i

(‘t*"k t‘i&\i‘}‘f‘. wpphor-arsociatad Kngse 1

yrosiose-peedei \‘»smi\ Far
Sivogen-activated protein kinase Rivas
rasine-grotaim kinsse Fn

d}
P
£
5
%
@&
B~
&

WMiRogan-acthaated protein kinase 10 S
ss na-protain knase Borat st

Fasn kinass TNMSK YR

T Einase Xl Husmen

Kinase 8

saday vms‘\t‘wi a gronwh fantor cuceptor 2

T B g
.61 Abetsan byrasira-pro

T Profo-onongaon byrasire-posteir kivase S

[0089] Example 2: In Vitro Studies

18

CA 03213205 2023-9-22



WO 2022/204318 PCT/US2022/021598

[0090] The in vitro efficacy of Mebendazole and other potential antiviral compounds against
SARS-CoV-2 (USA-WA1/2020 Isolate) was assessed in human lung cancer (Calu-3) cells. A stock solution
of 4 uM of Mebendazole was prepared in DMSO and tested at eight concentrations of 5000 nM, 1670 nM,
555.6 nM, 185.2 nM, 61.7 nM, 20.6 nM, 6.9 nM, and 2.3 nM. Calu-3 cells were cultured in 96-well plates
and tested in triplicate. A pretreatment/treatment regimen was utilized where cells were incubated with
Mebendazole for 24 + 4 hours, cells were then inoculated at a multiplicity of infection (MOI) of 0.005
TCIDso (median tissue culture infectious dose) per cell (200 TCIDso/well) with SARS-CoV-2 and incubated
for 60 — 90 minutcs. Immcdiatcly following incubation, viral inoculum was rcmoved, cclls were washed,
and wells were overlaid with 0.2 mL Eagle’s Modified Essential Media (EMEM) with 2% Fetal Bovine
Serum (FBS) containing Mebendazole or control articles and incubated in a humidified chamber at 37°C +
2°Cin 5 *+ 2% COs. At 48 + 6 hours following virus inoculation, cells were fixed and evaluated for the
presence of virus by the immunostaining assay (for cytopathic effect (CPE) by the MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay).

[0091] For each well on the assay plate, inhibition of SARS-CoV-2 was calculated as the
percentage of reduction of the absorbance value (A450 of Mebendazole dilution) relative to mean
absorbance values from wells designated as positive control (A450 virus control; no drug and 0% inhibition)

and negative control {A450 of cell control; no virus and 100% inhibition) by the following formula:

Sy g _ __ {A450 of mebendazole dilution—A4500f cell control)
[0092] Percent Inhibition =100 ( A450 o f virus control—A450 of cell control x 100
[0093] The effective concentration (ECsy) was defined as the concentration of Mebendazole that

causes 50% reduction of the mean absorbance value of the virus control (0% inhibition) relative to the cell
control (100% inhibition). The cytotoxicity of Mebendazole at the 8 concentrations was also evaluated as

determined by percent inhibition of cell viability.

[0094] FIG. 1 shows concentration-response curves for the efficacy (% inhibition of SARS-CoV-
2) and cytotoxicity (% inhibition of cell viability) of Mebendazole at 2.3 nM — 5000 nM. Calu-3 cells were
infected with SARS-CoV-2 at an MOI of 0.005 TCIDS50/cell (200 TCIDS50/well). Mebendazole was shown
to be active against SARS-CoV-2 (with an EC50 of 102 nM) and with no apparent cytotoxicity (CC50
>5000 nM). Inhibition of 100% of SARS-CoV-2 with an ECs) of 102 nM was determined for Mebendazole.
The cytotoxic concentration (CCsp) was estimated at >5 uM based on an absence of observed cytotoxicity
(~0% inhibition of cell viability) at all tested concentrations up to a maximum concentration of 5000 nM,
indicating a widc margin of safcty bectween the cffective concentrations and the cytotoxic concentrations

reported in these human lung cells.
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[0095] Further in vitro experiments demonstrated that Imatinib also inhibited SARS-CoV-2 in
Vero 76 African green monkey kidney cells infected with SARS-CoV-2 (New York-PV091158/2020
strain) Imatinib was added to cells at the same time as the virus (“Imatinib pre & post viral infection™), or
after a 1-hour incubation with the virus (“Imatinib post viral infection”) in order to evaluate if the presence
of Imatinib could impair entry of the virus into the cell, which could be represented in the data as increased
SARS-CoV-2 inhibition. For the pre- & post-treatment arm, percent inhibition of SARS-CoV-2 by Imatinib
was 43% (1 pM), 51% (50 pM), and 74% (100 pM) (see FIG. 2B). For the post-treatment arm, SARS-
CoV-2 inhibition by Imatinib was 24% (1 uM), 3% (50 uM), and 55% (100 uM) (data not shown). For
both arms, SARS-CoV-2 inhibition by the highest concentration of Imatinib (100 uM) was statistically

significant by one-way ANOVA analysis.

[0096] Cytotoxicity experiments were performed in parallel using the same experimental
conditions and including another cell line (Calu-3) in addition to Vero 76 cells, and no cytotoxicity was
observed at any concentration tested (up to 100 uM) (see FIG. 3). These data show that Imatinib appreciably
inhibited SARS-CoV-2 at concentrations as low as 1 uM and was not cytotoxic at 100 pM, lending support
for a good therapeutic index in humans. Furthermore, increased antiviral activity was observed when
Imatinib was added to cells prior to the addition of the virus to the cells, suggesting that Imatinib may be

affecting how the virus enters cells in addition to affecting viral replication.

[0097] The in vitro efficacy and cytotoxicity of Imatinib in combination with Mebendazole was
evaluated in Calu-3 cells (see FIG. 4). Imatinib at 4 difterent concentrations (25, 50, 100, or 250 nM) and
Mebendazole at 4 concentrations (0.1, 0.3, 1, and 3 uM) were added to cells following the same protocol
as described above for FIG. 1. Imatinib in combination with Mebendazole at these drug concentrations

achieved dose-dependent inhibition of SARS-CoV-2 without evidence of cytotoxicity.

[0098] Example 3: In Vivo Study

[0099] The objective of the in vivo study was to test the in vivo efficacy of antiviral therapeutics
against SARS-CoV-2, the causative agent of COVID-19, in the ACE2 mouse model, using female mice
(strain: B6.Cg-Tg(K18-hACE2)2Prlmn/J). Efficacy was determined by quantifying viral shedding, as
measured by RT-qPCR, and viral infectivity, as measured by a TCIDS50 analysis of lung tissue, both of

which are standard endpoints to quantify the amount of infectious virus in animal models of viral infection.

[0100] In brief, the study protocol was as follows: At initiation of dosing (Day 0), mice were
approximately 7 - 10 weeks old, weighed between 15.7 - 22.3 g, and were quarantined for at least seven

days prior to assignment to the study. Mice were anesthetized via an intraperitoneal (IP) injection of
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ketamine (100 mg/kg) and xylazine (10 mg/kg) mixture and challenged intranasally with a 30 pL solution
containing 5 x 10° TCIDsp SARS-CoV-2 virus (USA WA1/2020). Following exposure to the inoculum the
mouse was held upright to allow the virus to be inhaled thoroughly then the mouse was returned to its cage.
A quantitative viral infectivity assay (e.g., TCID50 assay) was performed at on a portion of the prepared
viral challenge solution. Mice (11 in each group) were administered virus 4-6 hours prior to administration
of placebo, 50 mg/kg/day Mebendazole, 100 mg/kg/day Imatinib or 50 mg/kg/day Mebendazole and 100
mg/kg/day Imatinib, once daily for 10 days by oral gavage. All handling of SARS-CoV-2 virus was

performed under Biosafety Level 3 conditions.

[0101] Animal rooms were lighted with fluorescent lights and maintained on a 12-hr light/dark
cycle. To the maximum extent possible, room temperature was maintained at approximately 20-26°C and
relative humidity at approximately 30-70% in accordance with the National Research Council's "Guide for
the Care and Use of Laboratory Animals”, 2011. Room temperature and relative humidity values were

recorded daily.

[0102] Throughout the study, mice were observed twice daily for mortality or evidence of
moribundity, and abnormal clinical signs were recorded. On Day 6, the interim endpoint, a gross necropsy
examination was performed on the lungs and the left lung was harvested for RT-qPCR and TCIDsy analysis.
Additionally, nasal turbinate, gastrointestinal tissue (e.g., stomach, jejunum, ileum, and colon), leg bone,
and bronchial lymph nodes were collected for microscopic examination and blood was collected for clinical

chemistry determinations.

[0103] The concentration of virus in lung tissue samples was determined by RT-qPCR analysis.
RNA was extracted using the Quick-RNA Viral Kit (Zymo Research) according to the manufacturer’s
protocol and stored in RNA/DNA Shield (Zymo Research). RT-qPCR analysis was performed using the
iTaq Universal Probes One-Step Kit (Bio-Rad). The following RT-qPCR cycling conditions were used:
50°C for 15 minutes (reverse transcription), 95°C for 2 minutes (denature), then 40 cycles of 10 seconds at
95°C followed by 45 seconds at 62°C. The concentration of the virus in the lung was determined using

RT-gPCR using the primers indicated in Table 5 below.

[0104] Table 5. RT-gqPCR Primer Sequences
Primer Sequence
2019-nCoV_N1-F 5’-GACCCCAAAATCAGCGAAAT-3
2019-nCoV_NI1-R 5’-TCTGGTTACTGCCAGTTGAATCTG -3’
Probe: 2019-nCoV_N1-P 5-FAM-ACCCCGCATTACGTTTGGTGGACC-BHQ1-3’
21
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[0105] RT-gPCR analysis of lung samples (viral titet/mRNA levels) from treated mice are shown
in Table 6 and Table 7. The mean viral titer of the Mebendazole-treated mice and Mebendazole + Imatinib-
treated mice was lower compared to placebo, with a percent reduction of 44.2% and 42.4%, respectively,
when compared to untreated control. However, no statistically significant differences were observed using
a one-way analysis of variance (ANOVA) with a Tukey’s post-hoc comparison. Though differences were
not statistically significant between group means, there was a biologically significant trend towards reduced
viral titers in mice treated with Mebendazole alone and Mebendazole + Imatinib. For example, two mice
trcatcd with Mcbendazole + Imatinib (animals #62 and #63) showced a ~97% dccrcasc in viral titcr comparcd

to the group mean of placebo-treated mice.

[0106] Table 6. Lung Tissue RT-qPCR Titers
4.86E+07  |7.7 7.53E+07  |7.9
6.40E+07 7.8 3.12E+08 8.5
6.67E+07 7.8 3.67E+07 7.6
2.54E+06 6.4 5.37E+07 7.7
Placeho 8.70E+07 7.9 Tmatinib 7.80E+07 7.9
2.13E+08 8.3 9.13E+07 8.0
06.51E+07 7.8 2.15E+07 7.3
J | i o =
A7 &‘V\\i
RLLRER
e
45 7.15E+07 7.9 : 2 41E+07 7.4
48 4 97E+07 7.7 1.94E+07 7.3
49 7.76E+07 7.9 1.51E+08 8.2
50 1.90E+07 7.3 3.92E+07 7.6
M 52 2.03E+07 7.3 Imatinib  + 7.66E+07 7.9
ebendazole
54 3.73E4+07 |7.6 Mebendazole 236E+06  |6.4
2.95E+07 . ) 2.11E+06 6.3
q o 1 S = 2
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[0107] Table 7. Percent Reduction of Virus in Lung Samples
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45 8.45%
48 36.36%
49 0.64%
50 75.67%
52 74.01%
54 52.24%
55

62.23%

56 69.1%
58 75.2%
59 ND

60 49 8%
61 1.90%
62 97.0%
63 97.3%

.. .

[ND] Not Determined because the viral titer of this animal was greater than the viral titer group mean of

placebo treated mice.

[0108] The results of the TCIDsy analysis of lung samples are shown in Table 8. Briefly, Vero
C1008 (E6) cclls were inoculated with 100 pLL of appropriatc dilution of virus stock or trcated with lung
tissue samples and incubated at 37°C + 2°C, 5% =+ 1% CO2, >70% relative humidity for 120 hours. After
120 hours plates were removed from the incubator and scored for the presence of cytopathic effects (CPE)
using an inverted microscope. Although differences between groups were also statistically non-significant,
there was a trend towards decreased titers in the Mebendazole treated mice and Mebendazole + Imatinib-
treated mice. In the TCIDsp assay, decreased viral titer was observed for 5 out of 7 Mebendazole + Imatinib
treated mice, but this was not the case for Imatinib-treated mice, demonstrating a potential for Mebendazole
to have more direct antiviral effects against SARS-CoV-2. Based on the mechanism of action, Imatinib is
suggested to reduce the pathological effects of viral infection (i.e., reducing the severity of symptoms by

acting as an anti-inflammatory agent and reducing cytokine storm).
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[0109] Table 8. TCIDso Analysis Samples (RT-qPCR data)
Placebo 05 6.5 Imatinib 17 8.3
SRR ¥§§§§mf\\ -
Mebendazol 5 53 Imatinib 1 :
ebendazole o) ’ Mebendazole 6 8.5
54 7.3 62 4.3
55 6.5 63 4 5
i i s = %
[0110] Body weights were recorded within two days of receipt and at randomization. All study

animals were weighed prior to challenge then for 14 days post challenge. The change in percent change
body weight was calculated for each animal. FIG. 5 shows the percent survival from study day O to study
day 14. FIG. 6 shows the body weight data (% of initial body weight) for all of the experimental groups.
Without becing bound by any particular thcory, it is notcd that micc in cxpcrimental group trcatcd with

Mebendazole and Imatinib recovered body weight after the seven day mark.

[0111]

On Day 6, serum biochemistry markers were assessed for liver or renal injury and no
significant changes in ALT, AST, or BUN levels were observed for Imatinib-treated, Mebendazole-treated,
and Imatinib + Mebendazole-treated mice, suggesting no significant toxicities following the treatments (see
FIG. 7). Furthermore, no abnormal histopathological findings in tissues and samples collected (nasal
turbinates, stomach, jejunum, ileum, colon, femur, bronchial lymph node, and right lung) at

necropsy were observed, supporting a favorable safety profile of Mebendazole and Imatinib in combination.
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[0112] Without being bound by any particular theory, the embodiments of the present disclosure
relate to treatments for subjects infected with (or likely to be infected with) one or more variants of the
SARS-CoV-2 virus. In some embodiments of the present disclosure, Mebendazole is administered and in
some embodiments of the present disclosure, Mebendazole is administered with Imatinib. Some
embodiments of the present disclosure relate to methods of preventing entry of the virus into target cells
that have formed an agent / target cell complex. Some embodiments of the present disclosure relate to a
method of inhibiting fusion of the virus with target cells that have made an agent / target cell complex.
Somc cmbodiments of the present disclosure relate to a method of inhibiting replication of the virus within
target cells that have made an agent / target cell complex. Some embodiments of the present disclosure
relate to methods of preventing entry of the virus into a subject’s cells where an agent / virion complex has
formed. Some embodiments of the present disclosure relate to a method of inhibiting fusion of the virus
with a subject’s cells where an agent / virion complex has formed. Some embodiments of the present
disclosure relate to a method of inhibiting replication of the virus within a subject’s cells where an agent /

virion complex has formed. The agent may be Mebendazole, Imatinib or both.
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CLAIMS
I claim:

1. Use of Mebendazole for treating a coronavirus infection.

2. Use of Mebendazole and Imatinib for treating a coronavirus infection.

3. Use of Mebendazole to inhibit entry of a coronavirus into a subject’s cell.

4. Use of Mebendazole to inhibit fusion of a coronavirus with a subject’s cell.

5. Usc of Mebendazole to inhibit replication of a coronavirus within a subject’s ccll.

6. The use of any one of claims 3 to 5 further comprising use of Imatinib.

7. The use of any one of claims 1 to 6, wherein the coronavirus infection is caused by a variant of
SARS-CoV-2 virus.

8. A method of treating a subject exposed to a coronavirus, wherein said method comprises the steps

of:

a. providing a therapeutically effective amount of Mebendazole; and
b. administering said therapeutically effective amount of Mebendazole to said individual to
ameliorate the risks or symptoms associated with a coronavirus infection.

9. The method of claim 8, further comprising a step of administering a therapeutically effective
amount of a tyrosine kinase inhibitor.

10. The method of claim 9, wherein the tyrosine kinasc inhibitor is Imatinib.

11. The method of claim 8, wherein the coronavirus infection is caused by a SARS-CoV-2 virus
variant.

12. A method of making an agent/target cell complex, the method comprising a step of administering
a therapeutically effective amount of an agent to a target cell for forming the agent/target cell
complex, wherein the agent/target cell complex decreases the ability of a virus to enter, fuse with
and/or replicate within one or more cells of a subject.

13. The method of claim 12, wherein the target cell is one or more of an airway epithelial cell; an

CA 03213205 2023-9-22

alveolar epithelial cell; an olfactory epithelial cell, olfactory neural cell; a central nervous system
neuron; a peripheral nervous system neuron; a gastrointestinal epithelial cells, a gastrointestinal
enteroctyte; a gastrointestinal glandular cell; an immune effector cell; a cardiovascular cell; and, a

renal cell.
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14. A method of making an agent/target virion complex, the method comprising a step of administering
a therapcutically ctfective amount of an agent to a virion for forming the agent/target cell complex,
wherein the agent/target cell complex decreases the ability of the agent/target virion complex to

enter, fuse with and/or replicate within one or more cells of a subject.

15. The method of claim 12 or claim 14, wherein the agent is Mebendazole, a tyrosine kinase inhibitor,

or both in combination.

16. The mcthod of claim 15, wherein the tyrosine kinasc inhibitor is Imatinib.
17. The method of claim 12, wherein the virion is of a SARS-CoV-2 virus variant.
18. A pharmaceutical composition comprising:

a. Mebendazole in a first therapeutically effective amount;

b. a tyrosine kinase inhibitor in a second therapeutically effective amount, wherein the first

and sccond therapcutically cffective amounts arc different or not; and

Q

at least one excipient.

19. The pharmaceutical composition of claim 16, wherein the tyrosine kinase inhibitor is Imatinib.
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