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LEVOCETIRIZINE AND MONTELUKAST IN THE TREATMENT OF
INFLAMMATION MEDIATED CONDITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This patent application claims the benefit of priority to U.S. Provisional

Patent Application No. 62/050,668, filed September 15, 2014. The foregoing application is

fully incorporated herein by reference in its entirety for all purposes.

BACKGROUND

Field of the Invention

[0002]  The disclosure generally relates to the field of treatment for viral infection
and disease using levocetirizine and montelukast.

Description of the Related Art

[0003]  Several viruses are currently the focus of attention due to their severe
acute symptoms and potential for mortality. For instance, Ebola virus elicits a highly lethal
hemorrhagic fever for which there are currently no effective vaccines or countermeasures.
Ebola also carries a high rate of mortality. West Nile infection, Dengue fever, and yellow
fever, caused by mosquito-borne viruses, and tick-borne encephalitis (“TBE”), a tick borne
disease caused by the tick borne-encephalitis virus, cause debilitating and long lasting
symptoms and, in some instances, also lead to mortality. Each of these viral infections
carries a risk of prolonged secondary issues resulting from the acute phase of the viral
infection. Malaria, a parasitic infection, also mosquito-borne, also causes debilitating and
long lasting symptoms and, in some instances, leads to mortality. This parasitic infection
carries a risk of prolonged secondary issues resulting from the acute phase of the infection.

[0004]  Alzheimer’s disease, dementia, dementia with Lewy bodies, Parkinson’s,
Amyotrophic lateral sclerosis (ALS), frontotemporal dementia, and Huntington’s disease are
debilitating progressive neurological diseases and disease states. These diseases and disease

states currently are inadequately treated.
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SUMMARY

[0005] Some embodiments described herein pertain to a method of treating a
patient having an inflammation-mediated condition. In some embodiments, the method
comprises administering to a patient an effective amount of a combination of
levocetirizine and montelukast.

[0006] Some embodiments described herein pertain to a method of treating a
patient having an NFkB-mediated condition. In some embodiments, the method
comprises administering to the patient an effective amount of a combination of
levocetirizine and montelukast.

[0007] Any of the embodiments described above, or described elsewhere
herein, can include one or more of the following features or steps. In some
embodiments, the condition is a neurological disease.

[0008] In some embodiments, the condition treated by administering an
effective amount of montelukast and levocetirizine is a condition selected from the group
consisting of Alzheimer’s disease, dementia, dementia with Lewy bodies, Parkinson’s,
Amyotrophic lateral sclerosis, frontotemporal dementia, and Huntington’s disease. In some
embodiments, the condition is one that is caused by a viral infection. In some
embodiments, the condition is caused by a virus selected from the group consisting of
the Ebola virus, the West Nile virus, the Dengue virus, the tick borne-encephalitis virus,
and HIV. In some embodiments, the condition is caused by a parasitic infection. In
some embodiments, the parasitic infection is caused by Malaria.

[0009] In some embodiments, the combination of levocetirizine and
montelukast is administered in a sequential manner. In some embodiments, the
combination of levocetirizine and montelukast is administered in a substantially
simultaneous manner. In some embodiments, the combination of levocetirizine and
montelukast is administered to the patient by one or more of the routes consisting of enteral,
intravenous, intraperitoneal, inhalation, intramuscular, subcutaneous and oral. In some
embodiments, the levocetirizine and montelukast are administered by the same route. In
some embodiments, the levocetirizine and montelukast are administered via different routes.
In some embodiments, one or more of levocetirizine or montelukast are provided as a slow

release composition.
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[0010] In some embodiments, the combination further comprises other
medications known for use in treating one of the listed conditions. In some embodiments,
the combination further comprises a steroid.

[0011] Some embodiments pertain to methods of treating a patient having a
condition selected from the group consisting of Alzheimer’s disease, dementia, dementia
with Lewy bodies, Parkinson’s, Amyotrophic lateral sclerosis, frontotemporal dementia, and
Huntington’s disease. In some embodiments, the method comprises administering to the
patient an effective amount of a combination of levocetirizine and montelukast.

[0012] Some embodiments pertain to methods of treating a patient having a
condition selected from the group consisting of Ebola virus, West Nile virus, Dengue
virus, tick-borne-encephalitis (TBE), and HIV. Some embodiments pertain to methods
of treating a patient having Malaria. In some embodiments, the method comprises
administering to the patient an effective amount of a combination of levocetirizine and
montelukast.

[0013] Some embodiments pertain to methods of treating a patient having an
inflammation-mediated condition. In some embodiments, the method comprises
identifying a patient with an inflammation-mediated condition. In some embodiments,
the method comprises administering to the patient an effective amount of a combination
of levocetirizine and montelukast.

[0014] Some embodiments pertain to a combination of levocetirizine and
montelukast for use in the treatment of an inflammation-mediated condition.

[0015] Some embodiments pertain to a combination of levocetirizine and
montelukast for use in the treatment of a viral infection. In some embodiments, the viral
infection selected from Ebola virus, West Nile virus, Dengue virus, tick-borne
encephalitis (TBE), or HIV. Some embodiments pertain to a combination of
levocetirizine and montelukast for use in the treatment of a parasitic infection. Some
embodiments pertain to a combination of levocetirizine and montelukast for use in the
treatment of Malaria.

[0016] Some embodiments pertain to a combination of levocetirizine and
montelukast for use in the treatment of a neurodegenerative disease. In some

embodiments, the neurodegenerative disease is selected from Alzheimer’s disease,
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dementia, dementia with Lewy bodies, Parkinson’s, Amyotrophic lateral sclerosis,
frontotemporal dementia or Huntington’s disease.

[0017] Some embodiments pertain to the use of a combination of
levocetirizine and montelukast for the manufacture of a medicament for the treatment of
an inflammation-mediated condition, a viral infection or a neurodegenerative disease.

[0018] Some embodiments pertain to a method of treating a patient having an
NF«B mediated condition is disclosed. In some embodiments, the method comprises
administering to the patient an effective amount of a combination of levocetirizine and
montelukast.

[0019] In some embodiments, a method is disclosed for treating a patient having a
condition caused by a virus selected from the group consisting of Ebola virus, West Nile
virus, Dengue virus, tick-borne encephalitis virus (TBE), and HIV. In some embodiments,
the method comprises administering to the patient an effective amount of a combination of
levocetirizine and montelukast.

[0020]  In some embodiments, a method is disclosed for treating a patient having a
condition caused by Malaria. In some embodiments, the method comprises administering to
the patient an effective amount of a combination of levocetirizine and montelukast.

[0021]  In some embodiments, a method is disclosed for treating a patient having a
condition selected from the group consisting of Alzheimer’s disease, dementia, dementia
with Lewy bodies, Parkinson’s, Amyotrophic lateral sclerosis, frontotemporal dementia, and
Huntington’s disease. In some embodiments, the method comprises administering to the

patient an effective amount of a combination of levocetirizine and montelukast.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]  Figure 1 is a schematic diagram illustrating an NF-kB mediated pathway
utilized by RNA viruses, Ebola and Dengue, in upregulating the inflammatory cascade.
[0023]  Figure 2 is a schematic diagram illustrating the actions of levocetirizine

and montelukast in treating NF-kB mediated conditions.
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DETAILED DESCRIPTION

[0024]  Some examples described herein illustrate the use of levocetirizine and
montelukast as a medicament for the treatment of viruses and/or diseases. In some
embodiments, target viruses and diseases are those that are exacerbated by the inflammatory
responses they produce in the body. In some embodiments, by reducing the inflammatory
responses they elicit in the body, the viruses and diseases are treated. In some embodiments,
the use of a combination of levocetirizine and montelukast targets multiple inflammatory
pathways in the body, decreasing inflammation and allowing treatment of viral infection and
disease. The examples described herein are illustrative and not intended in any way to
restrict the general inventions presented and the various aspects and features of these
inventions. Furthermore, the phraseology and terminology used herein is for the purpose of
description and should not be regarded as limiting. No features or steps disclosed herein are
essential or indispensable.

[0025]  As used herein, “treatment” pertains to broadly to alleviating the acute
and/or long term effects of a virus or disease. Treatment may comprise one or more of
slowing progression, shortening duration, decreasing pathogens associated with, alleviating
or reducing the symptoms associated with, decreasing the duration of symptoms associated
with, and alleviating and/or decreasing long term or residual effects and/or secondary issues
associated with viral infection or disease.

[0026]  Without being bound to any particular theory, it is believed that the
combination of levocetirizine and montelukast simultaneously block multiple overlapping
and/or separate inflammatory pathways in the body thereby effecting treatment of viruses or
diseases (e.g., neurodegenerative disease). It is believed that unchecked, pro-inflammatory
reactions divert immune-competent cells in the body, detracting them from their otherwise
beneficial anti-pathogenic functions. Exacerbating the problem, and in contrast to clearing
the pathogen (e.g., virus or a misfolded protein) or reducing the inflammatory response, the
activated cells instead release additional pro-inflammatory mediators diverting immune-
competent cells from their roles in immune surveillance. These augmented inflammatory
responses contribute to the development and progression of the wviral infection or
neurodegenerative disease. In some embodiments, levocetirizine and montelukast act by

down regulating pro-inflammatory mediators elicited by viruses or diseases allowing the

5.

SUBSTITUTE SHEET (RULE 26)



WO 2016/044095 PCT/US2015/049767

body’s own defenses to attack invasive pathogens. In some embodiments, the levocetirizine
and montelukast additionally have anti-pathogenic effects that treat viral infections and
disease.

[0027]  In some embodiments, the combination of levocetirizine and montelukast
can be used in methods to treat RNA viruses. In some embodiments, the combination of
levocetirizine and montelukast is used in a method to treat one or more viruses selected from
the group consisting of Ebola virus, West Nile infection, Dengue fever, Yellow Fever, TBE,
and HIV. In some embodiments, the methods of treating RNA viruses (or other viruses) with
levocetirizine and montelukast achieve synergy by acting on multiple inflammatory signaling
pathways in the body. In some embodiments, the combination of levocetirizine and
montelukast can be used in methods to treat parasitic infection. In some embodiments, the
combination of levocetirizine and montelukast is used in a method to treat Malaria.

[0028]  In some embodiments, the combination of levocetirizine and montelukast
can be used in methods to treat one or more diseases (e.g., neurodegenerative diseases). In
some embodiments, the combination of levocetirizine and montelukast are used in methods
to treat one or more diseases selected from the group consisting of Alzheimer’s disease,
Parkinson’s disease, multiple sclerosis, Amyotrophic lateral sclerosis, and Huntington’s
disease. In some embodiments, the combination of levocetirizine and montelukast can be
used in methods to treat dementia.

[0029]  Levocetirizine is an antihistamine and montelukast i1s a leukotriene
receptor antagonist. Levocetirizine, as a potent H1- antihistamine, acts in part by down-
regulating the H1 receptor on the surface of mast cells and basophils to block the IgE-
mediated release of histamine — the agent responsible for the cardinal symptoms of innate
immune responses, including fever, sneezing, rhinorrhea, nasal congestion, itchy palate, and
itchy red and watery eyes. Levocetirizine even decreases certain viral titers in vitro by log-2
(e.g., thinovirus). Montelukast, a leukotriene receptor antagonist, acts by binding with high
affinity and selectivity to the CysLTI receptor to inhibit the physiologic actions of the
leukotriene LTD4 (see FIG. 2). Leukotrienes are fatty signaling molecules whose effects
include airway edema, smooth muscle contraction and altered cellular activity associated
with the inflammatory process. Overproduction of leukotrienes 1s a significant contributor to

inflammation in viral infection and neurodegenerative disease.
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[0030]  Levocetirizine and montelukast are in different drug classes and target
different receptors in the body. Whereas they target different receptors in the body,
levocetirizine and montelukast can achieve their effect via different molecular pathways. In
some embodiments, the combination of montelukast and levocetirizine achieves synergy to
shorten the course of viral infection and disease by targeting these different pathways in the
body. In some embodiments, multiple inflammatory signaling pathways in the body are
targeted to achieve treatment of viral infection or disease with levocetirizine and
montelukast. In some embodiments, synergy is achieved by downregulating certain
inflammatory processes. In some embodiments, the use of the combination of montelukast
and levocetirizine decreases one or more of the symptoms of, the duration of, morbidity
from, and mortality from viruses and inflammation-related diseases and viruses. In some
embodiments, the combination of levocetirizine and montelukast decreases the rate of virus
and/or disease progression. In some embodiments, the combined levocetirizine and
montelukast therapy can improve quality of life by ameliorating symptoms / side effects / the
viral or disease process itself, resulting in decreased health-care costs. In some
embodiments, a synergistic effect can be observed in the use of a combination of
levocetirizine and montelukast to treat inflammation.

[0031]  Without being bound to any particular theory, the effect of the
combination of levocetirizine and montelukast is due, at least in part, to the fact that both
levocetirizine and montelukast affect eosinophil migration/quantity, the eosinophil is
considered by scientists/clinicians as one hallmark of inflammation. ~Additionally, as
discussed elsewhere herein, the response may be related, at least in part, due to
levocetirizine’s interference with the toll-like receptors (TLRs) and montelukast’s separate
interference with the leukotriene-related pathways to inflammation.

[0032] In some embodiments, the combination of levocetirizine and montelukast
can be used in methods to treat viruses and diseases that activate the immune system via
pathogen-associated molecular patterns (PAMPs). PAMPs are molecular structures carried
on pathogens and that have been substantially conserved over time. PAMPs comprise
glycoproteins, lipopolysaccharides, proteoglycans and nucleic acid motifs broadly shared by

microorganisms that are essential to their survival =~ Because PAMPs have been
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evolutionarily conserved in nature, the mammalian innate immune system has evolved to
recognize them.

[0033] Immune recognition of these PAMPs is accomplished using encoded
protein pattern recognition receptors (PRRs). PRRs can be activated by pathogens such as
viruses (e.g., RNA viruses), at which time they upregulate the transcription of cytokines,
chemokines, type I interferons (IFNs), and antimicrobial proteins. This upregulation initiates
one or more inflammation cascades that may interfere with the body’s ability to defend
against viruses. Triggered innate immune mechanisms are also emerging as a crucial
component of major neurodegenerative diseases. Microglia and other cell types in the brain
can be activated in response to pathogens (e.g., misfolded proteins or aberrantly localized
nucleic acids). This diverts microglia from their physiological and beneficial functions, and
leads to their sustained release of pro-inflammatory mediators. Activation of innate immune
signaling pathways- in particular, the NOD-, LRR- and pyrin domain-containing 3 (NLRP3)
inflammasome by aberrant host proteins can lead to the development of diverse
neurodegenerative disorders. During chronic activation of microglia, the sustained exposure
of neurons to pro-inflammatory mediators can cause neuronal dysfunction and contribute to
cell death. Because chronic neuroinflammation is observed at relatively early stages of
neurodegenerative disease, targeting the mechanisms that drive this process is useful for
therapeutic purposes.

[0034]  In some embodiments, the combination of levocetirizine and montelukast
treats viruses that activate the innate immune system by blocking certain inflammatory
responses. In some embodiments, the combination of levocetirizine and montelukast can be
used in methods to treat viruses that activate the innate immune system via PRRs and/or that
upregulate pro-inflammatory factors including one or more of cytokines, chemokines, and
type I interferons (IFNs). In some embodiments, the combination of levocetirizine and
montelukast treat viruses that upregulate one or more of cytokines, chemokines, type I
interferons (IFNs), and antimicrobial proteins by decreasing inflammation associated with
these viruses and/or by blocking upregulation of these pro-inflammatory factors. In some
embodiments, the combination of levocetirizine and montelukast treat viruses by down

regulating one or more of cytokines, chemokines, and type I interferons (IFNs). In some
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embodiments, in addition to downregulating the above agents, the combination of
levocetirizine and montelukast act by decreasing viral titers.

[0035] In some embodiments, the combination of levocetirizine and montelukast
treats pathogens (e.g., misfolded proteins) that contribute to inflammation-related diseases
(e.g., neurodegenerative diseases) that activate the innate immune system. In some
embodiments, the combination of levocetirizine and montelukast treat neurodegenerative
disease by blocking certain inflammatory responses. In some embodiments, the combination
of levocetirizine and montelukast can be used in methods to treat diseases that progress
through prolonged activation of the immune system (e.g., the adaptive as well as the innate
immune system) via PRRs. In some embodiments, the combination of levocetirizine and
montelukast treat neurodegenerative diseases by preventing the upregulation of one or more
of cytokines, chemokines, and type I interferons (IFNs) and by decreasing inflammation
associated with these factors. In some embodiments, the combination of levocetirizine and
montelukast down regulate one or more of cytokines, chemokines, and type I interferons
(IFNs) to treat neurodegenerative disease. In some embodiments, in addition to
downregulating the above agents, the combination of levocetirizine and montelukast
contributes to a decrease in pathogens associated with neurodegenerative disease.

[0036]  Toll-like receptors (TLRs) are a particular type of PRR that have
substantial importance in the initiation of antiviral response upon infection. In some
embodiments, the combination of levocetirizine and montelukast can be used in methods to
treat viruses and/or disease by interfering with the innate immune system signaling pathways
that operate, at least in part, through TLRs. In some embodiments, the combination of
levocetirizine and montelukast treats viruses, such as RNA viruses, and neurodegenerative
diseases that activate innate immune receptors (such as RNA viruses or neurodegenerative
diseases). In some embodiments, the combination of levocetirizine and montelukast treats
viruses and diseases that activate immune responses via TLRs by interfering with TLR
activation.

[0037]  TLRs comprise of family with 10 members in humans (TLRI, TLR2,
etc.). TLR2, TLR3, TLR4, TLR7 and TLRS are of importance in recognizing structural

features of RNA viruses — both double-stranded and single-stranded — as well as surface
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glycoproteins. Table 1 below demonstrates some viral targets of TLRs for which the

combination of levocetirizine and montelukast are effective in treating:

Table 1. Individual TLRs and the RNA viruses recognized by them.

Receptor Virus

Ligand

TLRY

TLRS

TLR3

TLRZ

TLR4

Influenza A virus

Vesicular stomatitis virus

Human immunodeficiency
virus

Dengue virus

Sendai virus

Lactate dehvdrogenase-
elevating virus

Mouse mammary tumor virus

Murine leukemia virus

Human immunodeficiency
virus

Reoviridae

Respiratory syncytial virus
Waest Nile virus
Coxsackievirus B3
Poliovirus

Influenza A virus

Punta Toro virus

Measles virus

Lymphocytic
choriomeningitis virus

Hepatitis C virus

Respiratory syncytial virus
Coxsackievirus B4

Mouse mammary tumor virus
Murine leukemia virus

ssBRINA
SSRINA
ssEINA

ssENA
ssRINA
sSENA

ssENA
ssEINA

ssBINA

dsRNA
dsRNA
dsRNA
dsRNA
dsRNA
dsRNA
dsRNA

HA

Core protein/NS3

Fusion protein

¢
Envelope protein
Envelope protein

The TLR family is also involved in the recognition a broad range of RNA viruses as well as

non-RNA viruses, fungi, parasites, and bacteria. In some embodiments, the combination of

levocetirizine and montelukast treats inflammation-related disease where inflammation is

propagated via TLRs.

In some embodiments, the combination of levocetirizine and

montelukast is used in methods to treat inflammation-related disease or viral infection by
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down regulating inflammation activated at least in part through receptors consisting of the
group consisting of TLR7, TLRS, TLR3, TLR2, TLR4, and combinations thereof.

[0038] A common feature of all TLR recognition is the activation of three major
signaling pathways: nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB),
mitogen-activated protein kinase (MAPKs), and one or more of the interferon regulatory
factors (IRFs). In some embodiments, the combination of levocetirizine and montelukast is
used in methods to treat viruses and/or inflammation-related disease by blocking activation
of one or more of these pathways.

[0039]  NF-kB plays a pivotal role across a spectrum of inflammation, immunity,
cell proliferation, differentiation, and survival. In some embodiments, the combination of
levocetirizine and montelukast is used in methods to treat viruses and diseases that elicit
cellular activity or inflammatory responses via NF-kB. In some embodiments, the
combination of levocetirizine and montelukast treats viruses and/or inflammation-related
disease by blocking activation through the NF-kB pathway. In some embodiments, the
combination of levocetirizine and montelukast treats viruses and/or inflammation-related
disease by blocking TLR activation through the NF-kB pathway and at least one other
cellular signaling pathway selected from the group consisting of the MAPKs pathway and the
IRFs pathway. In some embodiments, the combination of levocetirizine and montelukast
treats viruses and/or inflammation-related disease by blocking cellular signaling pathways
other than those mediated by TLRs.

[0040] MAPKs active activator protein 1, together with NF-kB, induces the
expression of genes required for inflammatory responses (and for adaptive immune
responses) including IL-1B, IL-6, IL-18, and tumor necrosis factor (TNF). In some
embodiments, the combination of levocetirizine and montelukast are used in methods to
treats viruses and disease in part through blocking activation of MAPK pathways. In some
embodiments, the combination of levocetirizine and montelukast treats viruses and disease
by blocking or inhibiting the expression of one or more of IL-1p, IL-6, IL-18, and tumor
necrosis factor (TNF).

[0041]  IFNs also play a central role in the induction of antiviral responses and
trigger transcription of IFN-inducible genes that influence protein synthesis, growth

regulation, apoptosis, maturation of dendritic cells, cytotoxicity of natural killer cells, and
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differentiation of wvirus-specific cytotoxic T lymphocytes. IFNs are also linked to
inflammatory responses related to viral infection and disease. In some embodiments, the
combination of levocetirizine and montelukast treats viruses and/or inflammation-related
disease in part through blocking activation of IRF and/or IFN pathways. IRF3 and IRF7 are
essential for the induction of the type I interferons (IFN). In some embodiments, the
combination of levocetirizine and montelukast treats viruses and/or inflammation-related
disease in part through blocking activation of one or more of IRF3 and IRF7.

[0042]  Retinoic acid-inducible gene I (RIG-I) like receptors (RLRs) are cytosolic
protein sensors expressed by most cells of the human organism. RLRs are critical sensors of
viral infection in most cell types. Upon binding to viral RNA structures produced during
viral replication, two repeats of a cysteine-aspartic protease (caspase)-recruiting domain
(CARD)-like region at the N terminus are exposed. These then interact with other CARD
containing proteins to trigger downstream signaling events. RLRs are typically found in low
concentrations in the cell, but, once a virus is detected, they are upregulated in much greater
concentrations. In some embodiments, the combination of levocetirizine and montelukast is
used in methods to down regulate activation of RLRs. In some embodiments, the
combination of levocetirizine and montelukast are used in methods to treat viruses in part by
down regulating the activation of RLRs.

[0043] RIG-I, as an RLR, is important in recognizing and initiating cytokine
production in response to a wide range of viruses from many different families. These
families include the Ebola Virus. Recognition is antagonized by the Ebola virus V35 protein,
as the secreted V35 binds the dsRNA ligand preventing the activation of RIG-1 mediated
signaling. Table 2, below, shows several RNA virus targets of RIG-I.

-12-

SUBSTITUTE SHEET (RULE 26)



WO 2016/044095 PCT/US2015/049767

Table 2. Individual RLRs and the RNA viruses recognized by them

Receptor Virus Ligand

RIG-1 Sendai virus ss/dsRNA
Newcastle disease virus ss/dsRNA
Respiratory syncytial virus ss/dsRNA
Measles virus ss/dsRNA
Nipah virus ssfdsRNA
Vesicular stomatitis virus ss/dsRNA
Rabies virus ss/dsRNA
Influenza A virus ss/dsRNA
Influenza B virus ss/dsRNA
Ebola virus ss/dsRNA
Lassa virus ss/dsRNA
Lymphocytic choriomeningitis s8/dsRNA

virus

Rift Valley fever virus ss/dsRNA
Japanese encephalitis virus ss/dsRNA
Hepatitis C virus ss/dsRNA
‘West Nile virus ss/dsRNA
Dengue virus ss/dsRNA
Rotavirus ss/dsRNA

MDAS Encephalomyocarditis virus dsRNA
Theiler’s virus dsRNA
Mengo virus dsRNA
Rabies virus dsRNA
West Nile virus dsRNA
Sendai virus dsRNA
Dengue virus dsRNA
Rotavirus dsENA
Murine hepatitis virus dsRNA
Murine norovirus ! dsRNA

In some embodiments, the combination of levocetirizine and montelukast is used in methods
of blocking activation of inflammation via the RIG-I pathway. In some embodiments, the
combination of levocetirizine and montelukast treats viruses (and/or neurological disease) by
blocking activation of the RIG-I pathway.

[0044] Melanoma differentiation-associated antigen 5 (MDAS) is structurally
similar to RIG-L. It initiates cytokine and type I IFN production via IPS-1 similarly to RIG-I

and 1is important in initiating cytokine responses to picornaviruses, including
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encephalomyocarditis virus, Theiler’s virus, and Mengo virus. MDAS is important in
antiviral activation against Sendai virus and works cooperatively with RIG-I to respond to
West Nile virus, rabies virus, Dengue virus, and rotavirus. Table 2 contains a list of known
viral targets of RIG-I and MDAS. In some embodiments, the combination of levocetirizine
and montelukast is used in methods of downregulated MDA-5 activation. In some
embodiments, the combination of levocetirizine and montelukast is used in methods of
treating viruses and/or inflammation-related disease by downregulating activation of
inflammatory responses through the MDA-5 pathway. In some embodiments, the above
methods are accomplished using a sustained release formulation. In some embodiments, the
sustained release formulation targets the NF-kB pathway.

[0045]  Laboratory of genetics and physiology 2 (LGP2) is another RLR. The
LGP2 gene lacks the region encoding CARD in RIG-I and MDAS. Since this region is
responsible for association with IPS-1 and therefore further signaling events, LGP2 is
thought to be a negative regulator of RLR signaling via interaction between the RD of LGP2
and that of RIG-1. LGP2 is assumed to be a modulator of the innate immune response to a
viral infection and not a sensor of PAMPs in that LGP2 does not initiate antiviral gene
expression. LGP2 may mediate the modulator role by inhibiting RIG-I signaling via
competitive interaction with viral dsRNA species in one scenario, while in another,
enhancing the ability of MDAS to sense long dsSRNA structures by complexing with MDAS.
In some embodiments, the combination of levocetirizine and montelukast is used in methods
to treat viruses and/or inflammation-related disease that elicit inflammation by upregulating
the LGP2 pathway. In some embodiments, the combination of levocetirizine and
montelukast 1s used in methods to treat viruses and/or inflammation-related disease by
interfering with the LGP2 pathway.

[0046] Interferon promoter stimulator 1 (IPS-1) is located at the cytosolic face of
the outer mitochondrial membrane, and this mitochondrial association is initiates further
signaling events. Both RIG-I and MDAS interact with the adaptor IPS-1 through CARD
repeats. IPS-1-deficient mice are impaired in the production of proinflammatory cytokines
and type I IFN in response to all RNA viruses recognized by RIG-I and MDAS, indicating a
key role of IPS-1 in downstream signaling from RIG-I and MDAS. While IPS-1 itself is

probably not directly involved in the signaling process it likely serves plays a role in
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orchestrating the activation of IRF3 and NF-kB. In some embodiments, the combination of
levocetirizine and montelukast is used in methods of downregulated IPS mediated activation
of IRF3 and NF-kB pathways. In some embodiments, the combination of levocetirizine and
montelukast is used in methods of treating viruses and/or inflammation-related disease by
downregulating activation of inflammatory responses through IPS mediated activation of
IRF3 and NF-kB pathways.

[0047]  Another stimulator of IFN genes, called STING (also called MITA) and
found in the mitochondrial membrane, interacts with RIG-I and IPS-1 in the mitochondrial
membrane — potentially initiating communication between organelles in viral sensing. Given
that some viruses replicate in the membranes of organelles, the STING stimulator is a target
for interfering with viral-based inflammation and/or replication. In some embodiments, the
combination of levocetirizine and montelukast treats viruses and/or inflammatory related
disease by interfering with the STING stimulator.

[0048]  IPS-1 coordinates the activation of two pathways which leads to NF-kB
nuclear translocation and the activation of inhibitors of NF-kB kinase (IKK) (see FIG. 1).
Central in the initiation of both pathways is the TNF receptor-associated death domain
(TRADD), which is recruited to IPS-1 and coordinates interactions with downstream
molecules. The IPS-1/TRADD complex recruits TRAF3, which together with TANK and
IKK/NEMO initiates the activation of IKKs. Similarly, this complex recruits receptor
interacting protein 1 (RIP1) (in a complex with the Fas-associated death domain [FADD]) for
the initiation of the NF-KB pathway. In some embodiments, the combination of
levocetirizine and montelukast treats viral infection or disease at least in part by interfering
with these pathways. As shown in FIG. 1, this interference may specifically target the NF-
kB receptor.

[0049]  Not to be bound by a particular theory, in some embodiments, the cellular
mechanism of action is proposed to be at least in part a reduction of the activation of the
intracellular protein complex NF-kB (nuclear factor kappa B) which is in turn responsible for
the reduction of certain transmembrane proteins (e.g., [CAM-1). [-CAM-1, a transmembrane
protein, is viewed as the portal of entry of some viruses into the cell (e.g., rhinovirus).
Rhinovirus can be found in ~ 50% of cases of acute asthma and is responsible for 30-50%

cases of the “common cold.” A one-log reduction in viral titers has been independently
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determined to correlate with improved symptoms. In addition, levocetirizine has been shown
to decrease eosinophil migration/quantity and decrease inflammatory mediators, IL-4, IL-6,
and IL-8. IL-6, a signaling protein, regulates in part: fever, the body’s response to trauma,
and the acute (immediate) phase of an immune response. It is believed that these same
effects through modulation the innate/adaptive immune system, may reduce viral titers of one
or more of the Ebola virus, the Dengue virus, the West Nile virus, the Yellow fever virus,
and the TBE virus. It is also believed that these effects through modulation the
innate/adaptive immune system may reduce parasite levels in, for example, Malaria. Parasitic
disease is classically associated with an eosinophilic response. Regarding montelukast, the
cysteinyl leukotrienes (e.g., LTC4, LTD4, LDE4, etc.) are products of arachidonic acid
metabolism. These leukotrienes are released from various cells including mast cells and
eosinophils. They bind to receptors in the human airway and on other pro-inflammatory cells
including eosinophils and certain myeloid stem cells. The cysteinyl leukotrienes have been
correlated with the pathophysiology of asthma and allergic rhinitis. In some embodiments,
the combination of levocetirizine and montelukast treats viral infection of disease at least in
part by interfering with these pathways, ligands, and/or receptors.

[0050]  Without being bound by any particular theory, it is believed that as RLR
(RIG-I-like receptor) signaling converges on pathways also utilized by the TLRs, the induced
gene expression is also similar, leading to synthesis and release of type I IFN s and
proinflammatory cytokines in order to launch an antiviral inflammatory response. RLR
signaling 1s modified by ubiquitination, direct protein interactions, and caspase activity in an
elaborate network of both positive and negative regulation. In some embodiments, the
combination of levocetirizine and montelukast treats viral infection or disease at least in part
by interacting with these pathways.

[0051] In addition to the signaling pathway described above, RIG-I activation
may trigger inflammasome formation and cysteine-aspartic protease 1 (caspase-1) activity,
leading to the maturation of proinflammatory cytokines such as interleukin-1f3 (IL-1p). This
IPS-1-independent pathway is also used by NLRP3. NLRs or NOD-like receptors
(nucleotide-binding oligomerization domain-containing) are cytosolic proteins regulating the
inflammatory and apoptotic responses (NLRP3, NLRC2, and NLRCS). These receptors are

additionally important in antiviral defense. In some embodiments, the combination of
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levocetirizine and montelukast treats viral infection or disease at least in part through
interaction with one or more of these pathways or ligands.

[0052] NLRP3, NOD-like receptor family, pyrin domain-containing 3,
presumably through lysosomal degeneration and membrane disruption ultimately mediates
the formation of fully functional IL-1p and IL-18. The specific stimuli initiating aggregation
of the NLRP3 inflammasome are still unresolved. It shares a common pathway with NF-kB
and is likely an indirect sensor of viral invasion. (Table 3, Figure 1).

Table 3. Individual NLRs and the RNA viruses recognized by them

Receptor  Virus Ligand
NLRP3 Influenza A virus Virus—cell stress?
Sendai virus Virus—cell stress?

NLRC2 Respiratory syncytial virus ~ ssRNA
Influenza A virus ssRNA
Parainfluenza virus ssRNA

Figure 1 also shows the RIG-1 and NLRP3 signaling pathway. In some embodiments, the
combination of levocetirizine and montelukast treats viral infection of disease at least in part
through interaction with these pathways.

[0053] In some embodiments, combined levocetirizine and montelukast therapy
decreases, in part, upregulation of ICAM-1 and IL-6. ICAM-1, in the established pathway to
leucocyte extravasation, is a significant biomarker for hemorrhage. IL-6 is a significant
biomarker for fatality. Ebola is a highly virulent pathogen which operates in part through the
ICAM-1 and IL-6 pathways. The Ebola virus genus includes five different viruses: Sudan
virus (SUDV), Tai Forest virus (TAFV), Reston virus (RESTV), Ebola virus (EBOV), and
Bundibugyo virus (BDBV). Ebola has the highest fatality rate (25-90%) followed by Sudan
virus and has the present risk of becoming endemic in Africa. In some embodiments, the
combination of levocetirizine and montelukast are effective for treating one or more of Sudan
virus (SUDV), Tai Forest virus (TAFV), Reston virus (RESTV), Ebola virus (EBOV), and
Bundibugyo virus (BDBV).

[0054]  The incubation period of Ebola virus is between 2-21 [World Health

Organization] days followed by the onset of headache, fever, extreme fatigue, and
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gastrointestinal distress. Initial principal viral targets are the dendritic cells (DCs), vascular
monocytes, and tissue macrophages. Infection of the monocytes and macrophages leads to a
massive release of pro-inflammatory cytokines and chemokines. This “cytokine storm”
recruits additional antigen presenting cells to the site of infection to escalate the process.

[0055]  Altered chemistries include, but are not limited to, an elevated AST
(aspartate aminotransferase — liver enzyme), D-dimer, blood urea nitrogen, and creatinine.
Serum calcium and albumin are lower in fatal cases. Elevated signaling proteins include in
part, IL-6, IL-8, 1l-10, and macrophage inflammatory protein 13 (MIP-1p). A rise in an acute
phase signaling protein, IL-6, and ICAM-1 (Intracellular adhesion molecule-1), have been
correlated with death and hemorrhage, respectively. In some embodiments, the combination
of levocetirizine and montelukast treats these viral infections at least in part through
interaction with these pathways.

[0056]  Clinically, bleeding, petechiae (small hemorrhages) and a maculopapular
rash frequently occur between 2 and 7 days. Death can follow and is underscored by massive
tissue injury and multi-organ system failure characterized by vascular permeability,
dissemination intravascular permeability and hemorrhage. It 1s commonly held that the
abatement of the coagulopathy in both Ebola and sepsis improves survival outcomes. The
clinical response to existing therapy has been limited by multiple strategies through which
the virus antagonizes the INF-o. and INF-P response. Terminal stages of Ebola are
underscored by a dysregulated inflammatory response resulting in vascular permeability,
dissemination intravascular coagulation and multiorgan system failure.  In some
embodiments, the combination of levocetirizine and montelukast alleviates or decreases one
or more of bleeding, petechiae (small hemorrhages), a maculopapular rash, massive tissue
injury, multi-organ system failure characterized by vascular permeability, and death
associated with Ebola infection.

[0057]  The Ebola virus as a highly virulent organism has evolved to sustain itself
through different pathways. First, two structural proteins, viral protein 24 (VP24) and viral
protein 35 (VP35) act in concert to desensitize hosts cells to the effects of [FN-a/f and IFN-
¥. Second, the EBOV glycoprotein (GP) facilitates budding from infected cells and
participates in epitope masking and steric shielding. The resulting dense concentration of

glycans creates a difficult environment for the binding of neutralizing antibodies. The glycan
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barrier contributes to the pathogenesis. In some embodiments, the combination of
levocetirizine and montelukast treats viral infection at least in part through interaction with
one or more of these pathways or ligands.

[0058] In general RIG-1 is activated by viral RNA to induce a type I IFN
responses to control viral replication. A cellular dsSRNA binding protein called PACT can
also activate RIG-1. Recent science appears to support the concept that a mutual antagonism
between the Ebola virus VP35 protein and RIG-1 activator PACT determines the infection
outcome. That being said, although PACT interacts with the C terminus of RIG-1, the
structural and biochemical basis by which it modulates RIG-1 activation remains
incompletely understood.

[0059]  Ebola as a highly pathogenic organism will more likely than not require
sustained tissue levels to decrease morbidity and mortality (25-90%). Initial flu-like
symptoms rapidly progress to severe nausea, diarrhea, shortness of breath, hypotension,
bleeding and coma. The current focus of therapy for the Ebola virus is supportive.
Traditional measures, assuming such basics are available in medically underserved regions,
include intravenous fluid for hydration and maintenance of electrolyte balance, insulin for
regulation of glucose, supplemental oxygen when necessary to provide adequate tissue
saturation, analgesics for pain, headache, and myalgia, and prophylactic antibiotics to treat
secondary opportunistic bacterial infections.

[0060]  The use of platelet transfusions and fresh frozen plasma are the standard of
care for the treatment of DIC (disseminated intravascular coagulation). Heparin may be of
value in patients with low-grade DIC; however, there are no controlled clinical trials.
Therapeutic intervention focusing on coagulopathy in nonhuman models of EBOV
(Recombinant human activated protein C, Recombinant inhibitor of factor VIla/tissue factor)
have only moderately increased survival. Recently the use of statins have been suggested to
decrease inflammation and potentially improve survival, however, IV forms of these
medications have not been developed.

[0061]  West Nile virus is an infectious virus transmitted by mosquitos. Like for
Ebola, there are currently no vaccines for West Nile Virus. Symptoms of West Nile infection
(when present) typically occur between 2 and 15 days after infection and may include one or

more of the following: fever, headache, fatigue, muscle pain or aches (myalgia), malaise,
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nausea, anorexia, vomiting, and rash. In some patients, neurological diseases can occur.
Those more susceptible to major symptoms of West Nile virus are the elderly, the very
young, or those with immunosuppression (e.g., medically induced, such as those taking
immunosuppressive drugs, or medically compromised due to a pre-existing medical
condition such as HIV infection). Neurological diseases associated with West Nile virus
encephalitis, which causes inflammation of the brain, West Nile meningitis, which causes
inflammation of the meninges, which are the protective membranes that cover the brain and
spinal cord, West Nile meningoencephalitis, which causes inflammation of the brain and also
the meninges surrounding it, and West Nile poliomyelitis—spinal cord inflammation, which
results in a syndrome similar to polio, which may cause acute flaccid paralysis.

[0062] Like Ebola and West Nile, there are also currently no vaccines for the
Dengue virus. In Dengue fever (caused by the Dengue virus) symptoms typically occur from
about 3 to 14 days after exposure to the virus. Symptoms (where present) can include fever,
headache (typically located behind the eyes), muscle and joint pains, rash, nausea, vomiting,
bleeding from the mucous membranes of the mouth and nose, leakage of plasma from the
blood vessels (resulting in fluid build-up in the abdomen, loss of circulation and organ
dysfunction), dengue shock syndrome, and hemorrhagic fever.

[0063]  Yellow Fever is another potentially fatal infectious virus. Unlike Ebola,
West Nile, and Dengue virus, a vaccine to Yellow fever exists. Yellow Fever symptoms
typically occur approximately 3 to 6 days after exposure to the yellow fever virus. Most
cases only cause a mild infection with fever, headache, chills, back pain, fatigue, loss of
appetite, muscle pain, nausea, and vomiting. In about 15% of cases, however, people enter a
toxic phase of the disease with recurring fever, accompanied by jaundice due to liver
damage, abdominal pain, and bleeding in the mouth, the eyes, and the gastrointestinal tract
(which causes vomit to contain blood). This toxic phase is fatal in about 20% of cases,
making the overall fatality rate of the disease about 3%. In severe epidemics mortality may
exceed 50%

[0064]  Tick-Borne Encephalitis (TBE) is caused by the TBE virus which has
three subtypes: (a) European or Western TBC, (b) Siberian TBE, and (c) Far Eastern TBE.

TBE can infect the brain (encephalitis), the meninges (meningitis) or both
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(meningoencephalitis) resulting in a 1% to 2% mortality rate; generally about 5 to 7 days
after the onset of neurologic symptoms.

[0065]  Each ofthe Ebola virus, the Dengue virus, the West Nile virus, the Yellow
fever virus, and the TBE virus, have common inflammatory pathways shown above.
Clinically effective therapy for a high virulent organism (such as one or more of the Ebola
virus, the Dengue virus, the West Nile virus, the Yellow fever virus, and the TBE virus)
requires a multifaceted approach to more than one target within the inflammatory cascade.
Using the steroid pathway (FIG.2) as an accepted and time-proven clinical model,
levocetirizine acts not only at the Hl-receptor but also at the level of NF-kB (see FIG. 1).
Simultaneously montelukast functions at the LTD4 receptor to synergistically decrease
inflammation. In some embodiments, the combination of levocetirizine and montelukast
treats one or more of these viruses by acting on multiple pathways. In some embodiments,
the combination of levocetirizine and montelukast provides a synergistic effect by disrupting
different inflammatory pathways simultaneously. In some embodiments, the combination of
levocetirizine and montelukast is used in methods of treating any of the viruses listed in any
one of Tables 1-3. In some embodiments, the combination of levocetirizine and montelukast
is used in methods of treating any of the viruses listed in any one of Tables 1-3 through the
synergistic activities of levocetirizine through one of the above named pathways and through
montelukast’s activity through an alternative pathway.

[0066] Malaria is a mosquito-borne parasite. Signs and symptoms of malaria
typically begin 8-25 days following infection; however, symptoms may occur later in those
who have taken antimalarial medications as prevention. Initial manifestations of the
disease—common to all malaria species— are similar to flu-like symptoms, and can include
headache, fever, shivering, joint pain, vomiting, hemolytic anemia, jaundice, hemoglobin in
the urine, retinal damage, and convulsions. The classic symptom of malaria is paroxysm—a
cyclical occurrence of sudden coldness followed by shivering and then fever and sweating,
occurring every two days (tertian fever) in P. vivax and P. ovale infections, and every three
days (quartan fever) for P. malariae. P. falciparum infection can cause recurrent fever every
36-48 hours, or a less pronounced and almost continuous fever. Severe malaria is usually
caused by P. falciparum (often referred to as falciparum malaria). Symptoms of falciparum

malaria arise 9-30 days after infection. Individuals with cerebral malaria frequently exhibit
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neurological symptoms, including abnormal posturing, nystagmus, conjugate gaze palsy
(failure of the eyes to turn together in the same direction), opisthotonus, seizures, or coma.

[0067] Malaria and other parasitic infections also operate though some of the
inflammatory pathways shown above. In some embodiments, the combination of
levocetirizine and montelukast treats one or more parasites by acting on multiple
inflammation pathways. In some embodiments, the combination of levocetirizine and
montelukast provides a synergistic effect by disrupting different inflammatory pathways
simultaneously to treat Malaria.

[0068] Some embodiments provide the combination of levocetirizine and
montelukast as a medicament for the treatment of viruses and diseases that activate innate
immune responses or that are exacerbated and/or caused by immune responses (e.g., the
adaptive immune response). In some embodiments, the combination of levocetirizine and
montelukast treats viruses and/or diseases that activate innate immune responses at least in
part via Toll-Like Receptors (TLRs). In some embodiments, the combination of
levocetirizine and montelukast reduces the activation of one or more elements of the NF-kB
family of transcription factors (NF-kB: nuclear factor kappa B) resulting in a therapeutic
effect. In some embodiments, the combination of levocetirizine and montelukast reduces the
activation of the NF-kB / toll-like receptors and/or other intracellular or extracellular protein
complexes (e.g., exosomes, histones). In some embodiments, the combination of
levocetirizine and montelukast treats viruses or other diseases that are activated at least in
part through NF-kB. Without being bound to a particular theory, delivery of levocetirizine
and montelukast (e.g., sustained, intermittent, or otherwise) will stabilize NF-kB through the
overexpression of the Hl-receptor in a dose-dependent manner.

[0069] As discussed above, innate immune activation also plays a role in
neurodegenerative disease. In neurodegenerative diseases, microglia cells are exposed to
activated by pathogens through the triggering of PRRs, including TLR2, TLR4, and TLR6.
In addition to these receptors, some TLR ligands also engage co-receptors such as CD36
(also known as platelet glycoprotein 4), CD14 and CD47. The activation of TLRs and their
co-receptors by danger-associated molecular patterns (DAMPs) and PAMPs initiates an
immune response. As there is a strong overlap between the signaling pathways that are

induced by PAMPs and DAMPs, microglia may not be able to discriminate between invading
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pathogens and misfolded or aberrant endogenous molecular patterns. Various self molecules
that are present in degenerating brains can activate immune receptors - for example,
aggregated amyloid-p and a-synuclein, mutant huntingtin (HTT), mutant superoxide
dismutase 1 (SOD1), the SIOOA9-SIOOAS8 complex (also known as MRP14-MRP8) and
chromogranin A. In some embodiments, the combination of levocetirizine and montelukast
treat neurodegenerative disease by targeting one or more of these receptors or by blocking
one or more of these ligands from inducing inflammatory activity.

[0070] A common feature of neurodegenerative diseases is the excessive
production and release of pro-inflammatory cytokines of the interleukin-1p (IL-1B) family,
including IL-1P and IL-18. Inflammasomes consist of a sensor molecule from the NOD-like
receptor (NLR) family or the pyrin and HIN domain-containing protein (PYHIN) family, the
adaptor protein ASC and caspase 1. The NOD-, LRR- and pyrin domain-containing 3
(NLRP3) inflammasome is of particular importance in the development of acute and chronic
inflammatory responses, as it can sense a wide range of aggregated molecules. There are
other inflammasomes - such as absent in melanoma 2 (AIM2), NLRPI and NLRP2 - that
might have a pathological role in the brain.

[0071]  Activated microglia are characterized by the retraction of their processes,
which is a phenotypic change that may correlate with an impaired ability to remodel
synapses. This effect, along with the suppressive effects of cytokines and NO, may contribute
to 1mpaired synaptic plasticity 1in neurodegenerative disease. Furthermore,
neuroinflammation restricts the supply of neurotrophic factors to glial cells and likely affects
physiological processes that are important for intraneuronal protein handling. Microglial
cell-driven neuroinflammation may not only affect neurons but may also cause detrimental
feedback effects on microglia in the diseased tissue. For example, sustained exposure to pro-
inflammatory mediators restricts microglial phagocytosis of misfolded and aggregated
proteins.

[0072]  Without being bound to any particular mechanism, pathogens, including
B-amyloid plaques, are thought to trigger the formation of TLR-2-TLR-6 in microglial cells.
TLR-2-TLR-6 augments NF-kB signaling which leads to the assembly of inflammasomes.
Inflammasomes then produce cytokines and pro-inflammatory factors including one or more

of IL-1B, TNF, IL12p40, IL-12, and IL-23. In some embodiments, the combination of
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levocetirizine and montelukast disrupt this inflammatory cascade by interfering with the
activation of NF-kB. In some embodiments, the combination of levocetirizine and
montelukast disrupt this inflammatory cascade by interfering with the release of one or more
of IL-1p, TNF, IL12p40, IL-12, and IL-23. In some embodiments, the combination of
levocetirizine and montelukast prevent inflammation associated with one or more of
Alzheimer’s disease, dementia, dementia with Lewy bodies, Parkinson’s, Amyotrophic
lateral sclerosis, frontotemporal dementia, and Huntington’s disease. In some embodiments,
the combination of levocetirizine and montelukast decrease cytokine levels that contribute to
the pathology of one or more of Alzheimer’s disease, dementia, dementia with Lewy bodies,
Parkinson’s, Amyotrophic lateral sclerosis, frontotemporal dementia, and Huntington’s
disease. In some embodiments, the combination of levocetirizine and montelukast block
inflammation caused by microglial cell activation.

[0073]  Levocetirizine offers a short time to peak plasma level, 0.9 hr., a short
time to steady state level, 40 hours, a low volume of distribution, 0.4 L/kg, and an enhanced
receptor affinity of S5x over first generation mepyramine in an acidic pH (many acute
inflammatory disease states are associated with acidosis, a low physiologic pH).
Levocetirizine has a 24 hour receptor occupancy of ~75%, the highest of the commercially
available antihistamines. Receptor occupancy of the second generation antihistamines
appears to correlate with the pharmacodynamic activity in skin wheal and flare studies and
with efficacy in allergen challenge chamber studies. Levocetirizine has been objectively
established a potent antihistamines through histamine induced wheal and flare data. For
example, levocetirizine at 5 mg per day is more effective than fexofenadine at its commonly
prescribed dose of 180 mg per day in the United States. In Europe the adult dose is 120 mg
per day. Levocetirizine has a lower volume of distribution, greater histamine receptor
affinity in an inflamed state (low pH), and greater receptor occupancy at 24 hours at

physiologic doses than fexofenadine. The corresponding values are shown in Table 4.
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TABLE 4
COMPARISON BETWEEN FEXOFENADINE AND LEVOCETIRIZINE
Fexofenadine Levocetirizine
Vd -L/kg 5.6 L/kg 0.4 L/kg
Receptor affinity in an acidic ph increased 2x increased Sx
Histamine receptor occupancy at 24 hours ~25% ~15%
Steady-state level 3 days 40 hours

[0074]  Leukotriene D4 is the most potent of the cysteinyl leukotrienes in
contracting airway smooth muscle. Leukotriene receptors, such as CysLT; are found
throughout the cells of the respiratory tree (including airway smooth muscle cells and airway
macrophages) as well as on other pro-inflammatory cells in the body, particularly eosinophils
and certain myeloid stem cells. Leukotrienes also function to promote the recruitment of
eosinophils, dendritic cells and T cells. Eosinophil infiltration is considered by some
authorities as a hallmark of inflammation.

[0075]  Montelukast is FDA approved in the US for the treatment of perennial
allergic rhinitis, asthma, seasonal allergic rhinitis, and exercised induced bronchospasm.
Montelukast has been shown to be ineffective in improving asthma control or cold symptom
scores caused by experimental rhinovirus infection. Unlike levocetirizine, no decrease in
viral shedding was observed in rhinovirus-infected individuals treated with montelukast and
there was no significant difference in reported cold symptom scores compared to placebo-
treated individuals. Analysis of secondary outcomes suggests that montelukast may protect
against reductions in lung function and increases in sputum eosinophils caused by common
cold infections. During the recovery phase the percentage of sputum eosinophils was
elevated in the placebo group, while the montelukast group remained at baseline levels.
Further, peak expiratory flow was not decreased in the montelukast-treated patients.
Montelukast treatment has no effect on the respiratory symptoms of patients with acute
respiratory syncitial virus bronchiolitis. However, some studies indicate that treatment with
montelukast reduced the number of days with worsened asthma symptoms and unscheduled

doctor’s visits in children with mild allergic asthma and resulted in a modest reduction of
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symptoms in children with recurrent wheezing when given at the first sign of upper
respiratory tract illness.

[0076]  Montelukast reaches a steady state level, like the second generation
antihistamine, levocetirizine, in less than two days. Unlike other currently available
leukotriene modulators, zileuton and zafirlukast, routine monitoring of liver function tests is
not required. There are no drug interactions with warfarin, theophylline, digoxin,
terfenadine, oral contraceptives, or prednisone.

[0077]  The two molecules are safe, i.e., FDA approved in the United States for
allergic disorders down to age six months. They can be given instead of or in conjunction
with existing therapeutic protocols for the treatment of, including but not limited to, the
Ebola virus, the Dengue virus, the West Nile virus, the Yellow fever virus, and the TBE
virus. Levocetirizine and montelukast can also be given instead of or in conjunction with
existing therapeutic protocols for inflammation related to, including but not limited to, the
Ebola virus, the Dengue virus, the West Nile virus, the Yellow fever virus, and the TBE
virus.

[0078]  Both medications are pregnancy category B (Table 5).
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TABLE 5
PREGNANCY CATEGORY DEFINITIONS

Category Definition Explanation

A Generally acceptable Controlled studies in pregnant women show no
evidence of fetal risk.

B May be acceptable Either animal studies show no risk but human
studies not available or animal showed minor risks
and human studies were done and showed no risk.

C Use with caution if | Animal studies show risk and human studies not
benefits outweigh risks | available or neither animal nor human studies were
done.
D Use in life-threatening | Positive evidence of human fetal risk.

emergencies when no
safer drug is available

X Do not use in pregnancy | Risks involved outweigh potential benefits. Safer
alternatives exist.

[0079]  Existing treatment of inflammation focuses on the underlying condition
and nature of the presentation. Commonly employed are a myriad of agents such as:
diphenhydramine (Benadryl®), oxygen, epinephrine, steroids, beta-agonists, non-steroidal
anti-inflammatory agents (NSAIDS), antipyretics, antibiotics, antifungals, and antivirals.
Paradoxically, the commonly employed NSAIDS actually increase the production of
leukotrienes. Antipyretics as a class have been shown in a meta-analysis to increase the
mortality rate in influenza animal models.

[0080]  Steroids, which are widely used to treat inflammation, have significant
short and long-term side-effects (Table 6). With regard to treating inflammation associated
with rhinosinusitis, nasal steroids have their limitations, particularly in the elderly and those
patients on aspirin, clopidogrel or warfarin prescribed to reduce the risk of stroke and heart
attack. Even in patients who do not take these traditional “blood thinners,” the risk of
spontaneous epistaxis from nasal steroid sprays is between 4-22%. The risk of epistaxis is

medication dependent. Epistaxis is a significant consideration in many patients 55 or older.
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TABLE 6
STEROID SIDE EFFECTS

Short term Long term

Increased  propensity for  opportunistic | Glaucoma

infection Cataracts

Increased blood pressure High-blood pressure

Mood changes Heart disease

Increased blood sugar Diabetes mellitus

Increased intraocular pressure

Obesity
Water retention Acid reflux/GERD
Weight gain Osteoporosis
Increased risk for congestive heart failure Myopathy
Flushing Increased  propensity for opportunistic
Increased appetite infection
Insomnia Cushing syndrome

[0081]  The typical daily dosage for levocetirizine is 5 mg for adults, and
levocetirizine exhibits the following advantageous properties: 1) Short time to reach peak
plasma levels - 0.9 hr; 11) Short time to steady state level - 40 hrs; ii1) Low volume of
distribution (goes directly to the target receptor); iv) High receptor occupancy at 24 hours ~
75%; v) Increased receptor affinity in inflamed tissue (acidic pH; up to 5x that of first
generation molecules); vi) Pregnancy category B; vii) FDA approved down to six months for
other disease states, 1.e., perennial allergic rhinitis and chronic idiopathic urticaria; viii) Anti-
inflammatory properties; and ix) immunologically modulated anti-viral properties. Studies in
humans have shown that doses of levocetirizine up to 30 mg/day can be safely administered.

[0082]  Montelukast, a leukotriene receptor antagonist, acts concurrently to protect
the respiratory tree as well as block mediators in the inflammatory cascade.  The typical
daily dosage of montelukast is 10 mg for adults, and montelukast exhibits the following
advantageous properties: 1) montelukast is a selective receptor antagonist, inhibiting the
physiologic action of LTDy, at the CysLT; receptor; ii) montelukast binds with high affinity

and selectivity to the CysLT; receptor without producing any agonist activity; iii)
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montelukast is rapidly absorbed; iv) montelukast reaches a peak plasma concentration in 3-4
hours; v) the oral bioavailability and C..x of montelukast are not affected by a standard
meal; vi) montelukast has a linear pharmacokinetics to 50 mg; vit) doses as low as 5 mg in
adults cause substantial blockage of LTD4-induced bronchoconstriction; viii) in a placebo
controlled crossover study, montelukast inhibited early-phase bronchoconstriction due to
antigen challenge by 75%; 1x) montelukast is FDA approved down to six months of age; and
x) montelukast has no drug interactions with warfarin, theophylline, digoxin, terfenadine,
oral contraceptives, or prednisone. Montelukast has been administered at doses up to 200
mg/day to adult patients for 22 weeks and in short-term studies, and up to 900 mg/day to
patients for approximately one week without clinically relevant side effects.

[0083]  Accordingly, both levocetirizine and montelukast are pregnancy category
B in the United States and are FDA approved in the United States down to six months of age
for other disease processes. Moreover, both drugs have only once daily dosing, and no
routine monitoring of blood work is necessary for most clinical situations. Further, both
drugs exhibit minimal clinically relevant interactions with other medications. As described
herein, both levocetirizine and montelukast [administered orally] reach steady state levels
within two days to rapidly produce a synergistic and complementary anti-inflammatory
effect.

[0084] Here, we describe the unexpected synergistic effects of combining
levocetirizine and montelukast. Not wishing to be bound by a particular theory, a detailed
examination of the pharmacokinetics of levocetirizine at the cell level illuminates the unique
inflammatory properties that extend beyond the IgE mediated release of histamine including
those pathways disclosed elsewhere herein. Levocetirizine exhibits a low volume of
distribution (0.4L/kg), prolonged dissolution time from the H1 receptor in an acidic pH,
enhanced receptor affinity as a pure isomer of cetirizine, and the highest receptor occupancy
at 24 hours of any currently available antihistamine. Such parameters impart an
inflammatory effect by down regulating various ligands and cytokines including but not
limited to IL-4, IL-6, IL-8 as well as cellular adhesion molecules and ligands as discussed
elsewhere herein. The later are a homogeneous group of inducible immunoglobulins,
integrins and selectins involved in cell-to-cell adhesion, cellular recruitment, homing and

healing. In addition and as described above, levocetirizine has been shown in vivo to
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decrease ICAM-1, IL-6, IL-8, TLR3 expression and NF-kappa B activation resulting in
decreased viral titers (e.g., human rhinovirus titers by log-2). A one log reduction in viral
shedding results in a significant clinical benefit in virally-infected patients. Many virus
serotypes share the same cellular receptor identifying ICAM-1 as the portal of entry into the
cell. Levocetirizine inhibits virus-induced ICAM-1 and cytokine expression and viral
replication. Experimentally, montelukast has been shown to decrease levels of soluble serum
ICAM-1 (SICAM-1).

[0085]  An unmet clinical need exists for the treatment of Ebola virus, West Nile
infection, Dengue fever, Yellow Fever, and/or TBE. Not wishing to be bound by a particular
theory, the steroid model suggests that levocetirizine acts in a non-IgE-mediated capacity at
the level of NF-kB (See FIG. 2) and montelukast acts at the CysLT1 receptor to inhibit
inflammation. In some embodiments, inflammation is inhibited by blocking the physiologic
actions of LTD4. Both molecules are known to reduce the quantity of eosinophils and
neutrophils / migration to site of inflammation. Montelukast, in addition, also decreases the
recruitment of dendritic cells and T cells and other inflammation-related cells, an important
concept to the overall approach to treating Ebola virus, West Nile infection, Dengue fever,
Yellow Fever, TBE, Alzheimer’s disease, dementia, dementia with Lewy bodies,
Parkinson’s, Amyotrophic lateral sclerosis, frontotemporal dementia, and Huntington’s
disease.

[0086] The actions of levocetirizine plus montelukast surpass the individual
physiologic mechanisms of each, well beyond the treatment of allergic rhinitis and asthma.
At least in part, it is the immunologically modulated anti-viral and anti-inflammatory
properties of levocetirizine vis-a-vis NF-kB, 1L-6, [CAM-1, RANTES; the inhibition of the
actions of LTD4 by montelukast, underscored by ability of both levocetirizine and
montelukast to inhibit the eosinophil and neutrophil quantity/migration, which impart
synergy in the treatment of viruses selected from the group consisting of Ebola virus, West
Nile infection, Dengue fever, Yellow Fever, TBE, Alzheimer’s disease, dementia, dementia
with Lewy bodies, Parkinson’s, Amyotrophic lateral sclerosis, frontotemporal dementia, and
Huntington’s disease. This synergy is reflected by significantly improved clinical outcomes
in a myriad of acute and chronic inflammatory disease states including but not limited to

Ebola virus, West Nile infection, Dengue fever, Yellow Fever, and TBE.
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Mechanism of Actions — Synergy within the Inflammatory Pathway
Antihistamine, leukotriene receptor antagonist, NF-kB. I1L-6, I-CAM-1, 1L-4, IL-8.
eosinophils, RANTES., TLR3, AP-1.

[0087]  Nuclear factor-k B as a family of transcription factors plays a critical role
in mediating responses to a remarkable diversity of external stimuli (see elsewhere herein).
In some embodiments, administration of a therapeutically effective amount of the
combination of levocetirizine and montelukast can be used in a method of treating each of
the conditions disclosed above, including one or more of Ebola virus, West Nile infection,
Dengue fever, Yellow Fever, and TBE. In some embodiments, administration of a
therapeutically effective amount of the combination of levocetirizine and montelukast can be
used in a method of treating each of the conditions disclosed above and in, for instance,
Tables 1-3, including one or more of Influenza (A and B) virus, vesicular stomatitis virus,
human immunodeficiency virus, Sendai virus, lactate dehydrogenase-elevating virus, mouse
mammary tumor virus, murine leukemia virus, reoviridae, respiratory syncytial virus,
coxsackievirus (B3 and B4), poliovirus, Punta toro virus, Measles virus, lymphocytic
choriomeningitis virus, hepatitis C virus, Newcastle disease virus, nipah virus, rabies virus,
Lassa virus, Lymphocytic choriomeningitis virus, Rift Valley fever virus, Japanese
encephalitis virus, Rotavirus, Encephalomyocarditis virus, Theiler's virus, Mengovirus,
Murine hepatitis virus, Murine norovirus 1, and Parainfluenza virus. This family of
transcriptional factors (NF-kB) is a pivotal element across the spectrum of inflammation,
immunity, cell proliferation, differentiation, and survival. NF-kB is expressed in almost all
cell types and tissues. Specific binding sites are present in the promoters/enhancers of a large

number of genes. Table 7 lists the remarkable array of NF-kB target genes.
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Table 7. NF-kB Target Genes

Cytokines/Chemokines and their Modulators
Immunoreceptors

Proteins Involved in Antigen Presentation
Cell Adhesion Molecules

Acute Phase Proteins

Stress Response Genes

Cell Surface Receptors

Regulators of Apoptosis

Growth Factors, Ligands and their Modulators
Early Response Genes

Transcription Factors and Regulators
Viruses

Enzymes

Courtesy Boston University Biology

[0088]  One example of the influential nature the NF-kB family of transcription
factors is RANTES (regulated on activation, normal T cell expressed and secreted) In the
‘late’ or adaptive phase of the immune response, RANTES is a chemokine generally
expressed three to five days after T-cell activation. RANTES expression, mediated
exclusively through NF-kB, attracts eosinophils, monocytes, mast cells and lymphocytes,
activates basophils and induces histamine release from these cells.

[0089] Select H1 receptor antagonists (e.g., levocetirizine) have the remarkable
ability to inhibit nuclear factor kappa-B (NF-kB) and activator protein-1 (AP-1) activity
though H1 receptor — dependent and independent mechanisms. The induction of AP-1 and
NF-kB activity by mizolastine and desloratadine required overexpression of the H1 receptor
in a dose-dependent manner to decrease the tumor necrosis factor-a production of the
chemokine, RANTES. Diphenhydramine, the prototype first generation antihistamine, H2
and H3 receptor antagonists were ineffective.

[0090]  Mizolastine has not been approved in the United States. Although the
bioavailability of mizolastine is high and the drug is mainly metabolized via glucuronidation,
systemic dosing of ketoconazole and erythromycin moderately increases the plasma
concentration of mizolastine.

[0091]  As such, concomitant use is therefore contraindicated. The concomitant

use of other potent inhibitors or substrates of liver oxidation (cytochrome P450 / 3A4) with
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mizolastine must be carried out with caution. Approximately 50% of commonly prescribed
medications are metabolized via the cytochrome P450 3A4 or 2D6 pathways in the liver.

[0092]  Desloratadine, the long-acting tricyclic metabolite of loratadine, is
extensively metabolized through the CYP P450 3A4 and 2D6 pathways. The half-life of 27
hours increases to > 50 hours in slow metabolizers (7% of the Caucasian and 20% of the
African-American population). Moreover, in a double-blind, placebo controlled crossover
study, levocetirizine was 8x more effective in inhibiting wheal and flare responses in the
skin. The pharmacokinetics of both mizolastine and desloratadine do not support their use in
acute and critical care medicine.

[0093] Levocetirizine has been shown to inhibit human rhinovirus (HRV)-
induced ICAM-1, cytokine expression, and viral replication in airway epithelial cells from
both the nose and lung. Overexpression of the H1 receptor in the laboratory resulted in the
inhibition of the HRV-induced upregulation of ICAM-1, 1I-6, TLR3 expression and NF-kB
activation. Levocetirizine reduced the levels of HRV-induced increases in ICAM-1
regardless of whether the levocetirizine was added before, after, or at the time of the HRV
infection. The results were in agreement with previous research on the inhibitory effects of
levocetirizine ICAM-1 up-regulation.

[0094]  In some embodiments, the methods described herein involve identifying a
patient in need of treatment. Once identified, the patient the combination of levocetirizine
and montelukast is administered to the patient for a period of time. In some embodiments,
the administration of the combination can be terminated at a time when the combination is no
longer needed.

[0095] In some embodiments, the period of administration comprises a period
starting when the patient first displays symptoms until a time when the viral infection or
disease state is controlled or cured (e.g., the acute symptoms have subsided, viral titers have
decreased to a baseline, risk factors for disease or viral progression have decreased, etc.). In
some embodiments, the period of time comprises a period spanning from when the patient or
doctor suspects the patient has been exposed to a virus to a time when the patient is no longer
at risk of developing acute infection from that virus. In some embodiments, the combination
of levocetirizine and montelukast is given to alleviate symptoms of a chronic disease and the

combination is given for the duration of the disease state (e.g., for the lifespan of the patient).
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In some embodiments, the combination of levocetirizine and montelukast is administered
preventatively for a period during high exposure risk or during a period when the disease is
likely to display symptoms.

[0096]  In some embodiments, patients in need of treatment include those who are
at risk for being exposed to viral infection (e.g., by traveling to areas where infectious
outbreaks are occurring or have occurred in the past). In some embodiments, patients in need
of treatment can include those who are at a high likelihood of developing diseases states
because of genetic factors or due to lifestyle variables (e.g., former drug users, people who
are prone to concussion or have suffered multiple concussions, those who have family
members with neurologic diseases, etc.). In some embodiments, for those at risk patient
groups, the combination of levocetirizine and montelukast can be administered after age 30,
40, 50, 60, 70, 80, 90, or above, throughout the rest of the patient’s life.

[0097] In some embodiments, the patients comprise any type of mammal (e.g.,
humans, cows, sheep, horses, cats, dogs, goats, rodents, etc.).

[0098] In some embodiments, the levocetirizine montelukast combination is
administered in a sequential manner. In some embodiments, levocetirizine is administered
first. In some embodiments, montelukast is administered first. In some embodiments, the
combination is administered in a substantially simultaneous manner.

[0099] In some embodiments, levels of levocetirizine utilized in the laboratory
model can be safely achieved in a clinical setting; however, are above the standard adult dose
of 5 mg daily used for the treatment of allergy and asthma. In some embodiments, the
addition of montelukast, also above the standard 10 mg adult dose for allergy and asthma
results in a remarkable synergistic effect which has been shown in our clinical setting to
safely decrease the symptoms and duration of the viral infection.

[0100] In some embodiments, the combination is administered to the patient by
one or more of the routes consisting of enteral, intravenous (including, but not limited to a
long-acting injectable, e.g., an extended release preparation), intraperitoneal, inhalation,
intramuscular (including, but not limited to a long-acting injectable, subcutaneous and oral).
In some embodiments, the levocetirizine and montelukast are administered by the same

route. In some embodiments, the levocetirizine and montelukast are administered by
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different routes. In some embodiments, the combination is dosed to the patient using an
effective amount of a combination of levocetirizine and montelukast.

[0101] In some embodiments, dosing and delivery of the combination of
levocetirizine and montelukast can be performed for periods between five days — twelve
months to achieve continuous tissue levels of the drug combination. In some embodiments,
dosing and delivery of levocetirizine and montelukast can be performed for periods of at least
about 1 day, 5 days, 10 days, 20 days, 30 days, 50 days, 100 days, 200 days, 300 days, ranges
and values between the aforementioned values and otherwise. In some embodiments, the
rationale is to achieve sustained tissue levels to modulate NF-kB at multiple targets within
the immune system (Constant overexpression of the H1 Receptor).

[0102] In some embodiments, levocetirizine and montelukast are provided in
long-acting delivery formats to treat the viruses. In some embodiments, the levocetirizine
and montelukast are provided in once-daily or multiple-daily doses. In some embodiments,
traditional oral delivery systems: film strips, bilayer tablets, capsules, tablets, nebulized
therapy, etc. could be utilized if administered on at least a twice daily regimen, early in the
course of the disease, 1.e., the first seventy-two hours. Otherwise, with the onset of nausea
and diarrhea, or manifestation of any of the systemic indicators: (a) shortness of breath, (b)
hypotension, (c) bleeding, (d) coma, an IV (intravenous), IM (intramuscular) or LAI (long-
acting injectable) can be successful in changing the outcome (e.g., EBOLA).

[0103]  Depending upon the patient’s age, weight, BMI (body mass index) and
severity of the disease on presentation, the dosing (oral, IV, IM) or dose (LAI) can be titrated
to effect over the following range:

[0104]  Levocetirizine: 1.25-30 mg / 24 hours

[0105]  Montelukast: 4 mg — 50 mg / 24 hours for a duration of at least five days

[0106]  Computer modelling should allow for precise dosing and delivery which
will vary depending upon the nature and extent of the clinical presentation.

[0107]  Given the half-lives of the molecules and other pharmacokinetic
considerations, once oral daily dosing, particularly in an acutely ill patients, may not be
effective. As such, in some embodiments, in a difficult-to-treat or harsh environment, a long-
acting injectable may be employed. In some embodiments, a formulation (e.g., a long-acting

injectable) comprising 50-100 mg of levocetirizine and 100-200 mg of montelukast within a
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pharmaceutically acceptable medium or as a pharmaceutically acceptable medium (e.g.,
reconstituted lyophilized powder) is dosed to maintain a steady state level for seven days. In
some embodiments, the injectable can be configured to deliver the oral equivalent of between
5 mg and 20 mg of levocetirizine and between 10 mg and 40 mg of montelukast to the patient
per day (depending on the nature and extent of the disease process; taking into consideration
patient weight, age, etc.). In some embodiments, oral dosing can also be used where
appropriate dosing between 5 mg and 20 mg of levocetirizine and between 10 mg and 40 mg
of montelukast / day, respectively. Divided oral daily dosing may be employed. In some
embodiments, the formulation comprises about 50 mg, about 100 mg, about 150 mg, about
200 mg, about 300 mg, about 400 mg, about 500 mg, or more of levocetirizine. In some
embodiments, the formulation comprises about 50 mg, about 100 mg, about 150 mg, about
200 mg, about 300 mg, about 400 mg, about 500 mg, or more of montelukast.

[0108] In some embodiments, long-acting comprises injectables that peak in a
short period of time (e.g., within about 1-3 hours, or less than about 1 hour, about 2 hours,
about 3 hours, about 4 hours, about 5 hours, ranges between those values or otherwise). In
some embodiments, long-acting injectables are those that maintain a nearly constant plasma
or CNS level for a sustained period of time (e.g., about 3 days, about 4 days, about 5 days,
about 6 days, about 7 days, about 14 days, about 21 days, about 28 days or more, ranges
between those values or otherwise). In some embodiments, a nearly constant blood
concentration is one that is about 25 ng/mL (combined plateau of both drugs), about 50
ng/mL, about 150 ng/mL, about 250 ng/mL, about 350 ng/mL, about 450 ng/mL, about 550
ng/mL, about 650 ng/mL, or more (plus or minus about 25-50 ng/mL).

[0109] In some embodiments, oral BID dosing can be used to saturate
levocetirizine and montelukast receptors in an estimated ratio of 3 mg / 6 mg (respectively)
one in the AM and two HS (e.g., for Dengue, Yellow Fever, and TBE. Separately, 6mg/12
mg at night for long-term treatment of HIV. In some embodiments, for the innate CNS
disorders (e.g., Alzheimer's, Parkinson's disease and ALS) therapy would be long-term,
months to years, qd to bid with an optimal daily dosing range of 6-8 mg/ 12-18 mg: levo /
monte; titrated to effect from monthly to quarterly patient visits, neuropsychiatric

assessments at six month intervals and QOL questionnaires at each patient visit. In some
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embodiments, both molecules cross the blood-brain barrier at 0.1 mg/kg. In some
embodiments, lower (or higher) dosing could be used.

[0110]  In some embodiments, the treatments described above further comprise
the administration of a steroid.

[0111]  The technology has evolved to repurpose levocetirizine + montelukast in a
long-acting injectable. This concept is particularly useful where the patient (a) is unable to
swallow, (b) where there are limited resources for overall care and management, (c) for
prophylaxis in a pandemic, and (d) for use as a bioterrorist counteragent.

[0112]  Predictive modelling software can be utilized to take existing information
on the API (active pharmaceutical ingredient), excipients, the desired release profile, and end
environment (body v CNS) and calculate a formulation which can then be used to
manufacture microparticles that encapsulate the API and release it at the desired rate. Using
computer metrics, the laboratory to manufacturing formulation variances can be minimized
during the design phase.

[0113]  Delivery vehicles include but are not limited to injectable microparticles,
nanoparticles, matrix implants, and device coatings. Release profiles can be designed as
constant rate (where doses are released at desired profiles for a period of days, weeks, or
months), delayed release, or sequential release. In some embodiments, a wide variety of
controlled release systems can be formulated. In some embodiments, the delivery vehicle is
an selected from the group consisting of injectable microparticle, nanoparticles, pellets, rods
discs, tablets, thin film coatings, matrix implants, device coatings, and combinations thereof.
In some embodiments, the delivery vehicle formulated from one or more of Poly(lactic-co-
glycolic acid) (PLGA), Polyanhydrides (PSA, PSA:FAD), Polylactides (PLA), Poly-ortho-
esters (POE), or HPMC hydrogels. The release profile can be tailored between Constant
Rate (days, weeks, months), Delayed Release, and Sequential Release.

[0114]  Proactive inhibition of recognition receptors, for example, the Rig-I-like
receptor (RLR) in the treatment of EBOLA virus (and/or one or more of West Nile virus,
Dengue virus, tick borne-encephalitis, HIV, and Yellow Fever virus, or their respective
receptors: West Nile virus — at least RIG-I, TLR3; Dengue virus — at least RIG-I, MDAS,
TLR7; TBE virus — at least TLR3; HIV — at least TLR7, TLRS; Yellow Fever — at least TLR

7) is an important tenet. Similarly efficacious is the proactive inhibition of pathogen
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recognition receptors (PRRs), for example, the toll-like receptors in the treatment of parasites
(e.g., Malaria and its respective receptors — at least TLR7, TLR9). This concept is supported
by the observation that preactivation (or treatment prior to exposure in a clinical setting) of
RIG-I reduces EBOV titers in cell culture up to ~1000-fold. Clinically, the magnitude of the
viremia has been correlated with host survival. Patients with fatal outcomes had higher viral
loads, 1.e., median tissue culture infective doses (TCIDs¢/ml) of ~ 10°-10° contrasted to 10°-
10* in survivors. The combination of levocetirizine and montelukast can be designed in
multiple formats as a bioterrorist counteragent.

[0115]  TCID50/ml is the measure of infectious virus titer. This endpoint dilution
assay quantifies the amount of virus required to kill 50% of infected hosts or to produce
a cytopathic effect in 50% of inoculated tissue culture cells.

[0116]  Levocetirizine and montelukast also can be used for in the treatment of
HIV: (For instance, an HIV patient with significantly improved CD4 cell counts (objective
measurable data) and additionally the absence of respiratory tract infections at 2 + years (i.e.,
the combined therapy is also prophylactic against the common cold) on long-term
levocetirizine + montelukast therapy with no interval change in HIV retroviral medications).

[0117]  In addition to the viruses, parasites and diseases above, the combination of
levocetirizine and montelukast can be used it the treatment of other viruses and diseases as
well. Combination therapy could potentially be applied to any NF-kB dysregulated pathway
to improve quality of life or to treat viral infection and disease. In some embodiments, a
medicament comprising levocetirizine or the combination of levocetirizine and montelukast
is used in a method of treating a condition that is, at least in part, mediated by the NF-xB
pathway.

[0118]  For example, some embodiments pertain to the treatment one or more of
Alzheimer’s disease, dementia, dementia with Lewy bodies, Parkinson’s, Amyotrophic
lateral sclerosis, frontotemporal dementia, and Huntington’s disease by administering a
medicament comprising levocetirizine, or the combination of levocetirizine and montelukast
to a patient.

[0119]  Turning to neuroscience, it has been shown that animal subjected to
traumatic brain injury can exhibit elevated levels of NK-kB for up to one year. Activation of

the NOD, NLRP3 inflammasome by aberrant host proteins (the latter of which would also
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exist in an EBOV infection) is a common step in the development of a diverse array of
neurodegenerative disorders. Understanding that MIl-like activated microglial cells are
responsible for chronic brain inflammation, structural damage to neurons, and neuronal
dysfunction, with a resultant poor neurological outcome, LAI therapy in a TBI animal model
would decrease microglial cell activation through NF-kB.

[0120]  Separately in a mouse model of amyotrophic lateral sclerosis (ALS),
classic NF-kB activation was required to induce motor-neuron death. The extent of
microglial cell activation positively correlated with the severity of the clinical symptoms.

EXAMPLES
EXAMPLE 1: Ebola Virus

[0121] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0122] A cohort of 40 patients between the ages of 15-30 years of age (with no
other co-morbid viral or disease processes) infected with Ebola Virus is identified. Each
patient is identified as having an Ebola symptom (e.g., one or more of headache, fever,
fatigue, myalgia, gastrointestinal distress, and hemorrhage) ideally within the first 48 hours
of symptom onset. The experimental group patients (n=20; “EXPT”) receives levocetirizine
and montelukast. The control group patients (n=20; “CONT”) receive conventional
treatments for EBOLA infection.

[0123]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history, and previous surgery are logged at the initial visit and the patient’s
symptom profile tracked in a controlled environment.

[0124]  If possible, an applicable quality of life questionnaire is filled out by the
patient and health care provider.

[0125]  Onset, duration, and intensity of symptoms are logged in addition to the
time to resolution of symptoms (time zero - first dose of medication(s)).

[0126]  Depending upon the treatment location (e.g., Africa) the following studies
and special chemistries may not be available. If available, the following testing is performed.

[0127]  Screening laboratory studies consisting of a complete blood count,

comprehensive metabolic panel, C-reactive protein, T and B cell lymphocyte panel, chest x-
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ray, EKG, HIV testing, viral cultures, viral load, blood cultures and aerobic cultures of the
airway are taken the time of presentation.

[0128]  Additional specimens are drawn for analysis:

[0129]  Once to twice daily serum levels of levocetirizine and montelukast for
seven days;

[0130] Samples for NF-kB, TLR3, ICAM-1, sICAM-1, RIG-I

[0131] Samples for chemokines, cytokines, biomarkers of inflammation, and
biomarkers of coagulopathy. These include but are not limited to: Granulocyte macrophage
colony stimulating factor (GM-CSF); GROq; Interferon o2 (IFNo2); IFNB; IFNx; IL-10;
Interleukin 12p70 (IL-12p70); IL12p40; Interleukin la (IL-1co); IL-1B; IL-1 receptor
antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; IL-8; IFN-y-inducible protein 10 (IP-10);
Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony stimulating factor
(MCSF); MIP-0, MIP-18; Soluble CD40 ligand (sCD40L); Soluble E-selectin (sE-selectin);
Soluble Fas ligand (sFasL);, Tumor necrosis factor a. (TNF- «); Vascular endothelial growth
factor A (VEGF-A); D-dimer; Tissue plasminogen activator (TPA); Plasminogen activator
inhibitor-1 (PAI-1); Serum amyloid antigen (SAA); Regulated on activation, normal T-cell
expressed and secreted (RANTES); sVCAM-1; Fibrinogen; Ferritin; Cortisol; Tissue factor
(TF); and Thrombomodulin.
Dosing

[0132] In some embodiments, in the treatment of life-threatening disease,
sustained tissue levels are used to oversaturate the H1 and leukotriene receptors in order to
achieve the desired clinical outcome. The above markers are used to analyze patient
response and further define the mechanism of the medication. In some embodiments, one or
more of the above cytokines, chemokines, biomarkers of inflammation, and biomarkers for
coagulopathy return to normal/non-infected levels at an accelerated rate versus CONT
groups.

[0133]  For levocetirizine, peak concentrations are typically 270 ng/ml and 308
ng/ml following a single and repeated 5 mg once daily oral dose, respectively.

[0134]  For montelukast, the pharmacokinetics are nearly linear for oral doses up
to 50 mg with safety studies up to 900 mg/day for one week. A standard 10 mg oral dose is
reflected by a mean AUC 2689 ng/hr/ml (range 1521 to 4595) and mean Cmax of 353 ng/ml.
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[0135] Given the half-lives of the molecules and other pharmacokinetic
considerations, once daily oral dosing, particularly in an acutely ill patient with nausea and
vomiting, may not be effective. As such, particularly in a difficult-to-treat or harsh
environment, a long-acting injectable may be employed. For instance, a long acting
injectable comprising 50-100 mg of levocetirizine and 100-200 mg of montelukast within a
pharmaceutically acceptable medium (e.g., reconstituted lyophilized powder) is dosed to
maintain a steady state level for seven days. The injectable can be configured to deliver the
oral equivalent of between 5 mg and 20 mg of levocetirizine and between 10 mg and 40 mg
of montelukast to the patient per day (depending on the nature and extent of the disease
process; taking into consideration patient weight, age, etc.). Oral dosing can also be used
where appropriate to achieve similar blood levels (e.g., daily, bid, tid, or more).

[0136]  With a mortality rate of up to 90% it would be considered unethical by
international standards (World Health Organization) to conduct a placebo arm. As such, 10
EXPT patients would receive a long-acting injectable preparation (computer modeled on a
mg/kg basis) to deliver a sustained plasma level of both levocetirizine and montelukast in the
range of 350 ng/ml for 7 days (the EXPT1 group). The second group of 10 patients would
receive a higher dose to sustain plasma levels in the range of 500 ng/ml for a period of 7 days
(The EXPT2 group), while the CONT group receives conventional EBOLA abatement
treatments. The EXPT1 and EXPT2 groups also receive conventional EBOLA supportive
measures in addition to the levocetirizine and montelukast combination.

Outcomes

[0137]  The primary endpoint of the study is the percentage reduction in mortality
when compared to age and symptom matched controls at time zero as determined from the
WHO database. The long-acting injectable is found to decrease in the mortality by up to
25% base on published mortality rates of 57-90%. A dose-response curve trending favorably
to the higher high mean serum concentration range of 500 ng/ml. Levels of IL-6 (attenuated
by levocetirizine) directly correlate with mortality.

[0138]  Secondary endpoints are: (a) abatement of the hemorrhage and (b) mean
time to clinical resolution.

[0139] Hemorrhage is considered an independent variable with no statistically

significant difference between hemorrhage and death; however, hemorrhage does statistically
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correlate with the concentration of soluble [CAM-1 (sICAM-1). Experimentally, montelukast
has been shown to decrease the levels of SICAM-1.

[0140]  In summary, treatment of EBOLA with a long-acting injectable containing
levocetirizine and montelukast will significantly decrease the morbidity and mortality
associated with the disease.

[0141]  Patients receiving the levocetirizine and montelukast exhibit less severe
symptoms. Patients report, on a pain intensity scale (0-10), headaches that are 30% and 60%
less intense and fatigue that is 40% and 70% less intense in the EXPT1 and EXPT2 groups,
respectively, when compared to the CONT group. Also, 30% and 50% fewer patients
display gastrointestinal distress in the EXPT1 and EXPT2 groups, respectively. Fever levels
in EXPT1 and EXPT 2 groups are an average of 2 and 3°F lower in the EXPT1 group and the
EXPT2 group, respectively, than the CONT group after 2 days of dosing. In patients making
a full recovery, the patients in the EXPT1 and EXPT2 group have normal temperatures on
average 3 and 4 days faster than those in the CONT group, respectively.

[0142] By day 3 of treatment viral titers in EXPT1 and EXPT2 patients are, on
average, 25% and 35% lower, respectively, than in the CONT group. In patients making a
full recovery, the patients in the EXPT1 and EXPT2 groups are virus free (by measure of
viral titers) on average 3 and 4 days faster than those in the CONT group.

[0143]  The death rate for the EXPT1 and EXPT2 groups at day 14 is 25% and
30% lower, respectively, than the CONT group. Of the survivors, those in the EXPT1 and
EXPT?2 groups have 30% and 40% lower incidences of prolonged secondary issues resulting
from the acute infection, respectively. Incidences of hemorrhage decrease by 15% and 25%
in the EXPT1 and EXPT2 groups, respectively, compared to the CONT group. Severity of
hemorrhage decreases by 25% and 45% in the EXPT1 and EXPT2 groups, respectively,
compared to the CONT group.

EXAMPLE 2: EBOLA Virus / Levocetirizine and Montelukast as Adjunct Therapy to

Existing Treatment / Novel Antiviral

[0144] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.
[0145] A cohort of 40 patients between the ages of 15-30 years of age (with no

other co-morbid viral or disease processes) infected with Ebola Virus are identified. Each
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patient is identified as having onset of Ebola symptoms (e.g., one or more of by the onset of
headache, fever, fatigue, myalgia, gastrointestinal distress, and hemorrhage) ideally within
the first 48 hours of symptom onset.

[0146]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m2), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history, and previous surgery are logged at the initial visit and the patient’s
symptom profile tracked in a controlled environment.

[0147]  If possible an applicable quality of life questionnaire is filled out by the
patient and health care provider.

[0148]  Onset, duration and intensity of symptoms are logged in addition to the
time to resolution of symptoms (time zero - first dose of medication(s)).

[0149]  Depending upon the treatment location (e.g., Africa) the following studies
and special chemistries may not be available.

[0150]  Screening laboratory studies consisting of a complete blood count,
comprehensive metabolic panel, C-reactive protein, T and B cell lymphocyte panel, chest x-
ray, EKG, HIV testing,

[0151]  wiral cultures, viral load, blood cultures and aerobic cultures of the airway
are taken the time of presentation.

[0152]  Additional specimens are drawn for analysis:

[0153]  Once to twice daily serum levels of levocetirizine and montelukast for
seven days;

[0154] Samples for NF-kB, TLR3, ICAM-1, sICAM-1, RIG-I,

[0155] Samples for chemokines, cytokines, biomarkers of inflammation, and
biomarkers of coagulopathy. These include but are not limited to: Granulocyte macrophage
colony stimulating factor (GM-CSF); GROq; Interferon o2 (IFNo2); IFNB; IFNy; IL-10;
Interleukin 12p70 (IL-12p70); IL12p40; Interleukin la (IL-lo); IL-1B; IL-1 receptor
antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; IL-8; IFN-¥-inducible protein 10 (IP-10);
Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony stimulating factor
(MCSF); MIP-0, MIP-1B; Soluble CD40 ligand (sCD40L); Soluble E-selectin (sE-selectin);
Soluble Fas ligand (sFasL); Tumor necrosis factor a (TNF- a); Vascular endothelial growth
factor A (VEGF-A), D-dimer; Tissue plasminogen activator (TPA); Plasminogen activator
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inhibitor-1 (PAI-1); Serum amyloid antigen (SAA); Regulated on activation, normal T-cell
expressed and secreted (RANTES), sVCAM-1; Fibrinogen; Ferritin, Cortisol; Tissue factor
(TF); and Thrombomodulin.

[0156]  Then existing EBOLA medication(s) including any novel antiviral is
logged into the patient record. The above markers are used to analyze patient response and
further define the mechanism of the medication. In some embodiments, one or more of the
above cytokines, chemokines, biomarkers of inflammation, and biomarkers for coagulopathy
return to normal/non-infected levels at an accelerated rate versus CONT groups.

Dosing

[0157]  With a mortality rate of up to 90% it would be considered unethical by
international standards (World Health Organization) to conduct a placebo arm.

[0158]  As such standard or novel EBOLA therapy (experimental or approved
antiviral) is administered at the recommended dose (e.g. brincidofovir)

[0159]  In the first treatment arm, half the patients, i.e., 20, are given the standard
therapy or antiviral (e.g. brincidofovir) without the LAI containing levocetirizine and
montelukast. In second arm of the study the standard therapy or antiviral (e.g., brincidofovir)
is given in conjunction with the LAI containing levocetirizine and montelukast. The duration
of the medications are predicated upon the nature and extent of the disease process upon
presentation or the development of complications during treatment, i.e., the LAI (sustaining
serum levels of approximately 350 ng/ml) may be required at seven day intervals for two to
three sequential doses depending upon the status of the patient.

[0160] Side effects of the medication(s) are recorded for each treatment arm.

[0161]  Anticipated is a more robust time to resolution, decreased morbidity and
overall mortality rate when contrasted with like patients from the WHO database.
Additionally anticipated are fewer overall side effects (e.g., nausea, urticaria, unanticipated
changes in serum chemistries or blood count, headache, etc.).

[0162] In summary, treatment of EBOLA with standard therapy or a novel
antiviral (e.g., brincidofovir) in conjunction with a LAI containing the combination of
levocetirizine and montelukast, would enhance the effectiveness of that therapy in addition to

mitigating side effects from the standard therapy or novel antiviral.
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EXAMPLE 3: West Nile Virus

[0163] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0164] A cohort of 40 patients between the ages of 20-30 years of age (with no
other co-morbid viral or disease processes) infected with West Nile virus is identified. Each
patient is identified as having West Nile viral infection symptoms (e.g., one or more of the
following: fever, headache, fatigue, muscle pain or aches (myalgia), malaise, nausea,
anorexia, vomiting, and rash) ideally within the first 48 hours of symptom onset. The
experimental group patients (n=20; “EXPT”) receives levocetirizine and montelukast as well
as conventional West Nile therapies. The control group patients (n=20; “CONT”) receive
conventional therapies for treating West Nile alone.

[0165]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history and previous surgery are logged at the initial visit and the patient’s
symptom profile tracked in a controlled environment.

[0166]  If possible, an applicable quality of life questionnaire is filled out by the
patient and health care provider.

[0167]  Onset, duration, and intensity of symptoms are logged in addition to the
time to resolution of symptoms (time zero - first dose of medication(s)).

[0168]  Screening laboratory studies consisting of a complete blood count,
comprehensive metabolic panel, C-reactive protein, T and B cell lymphocyte panel, chest x-
ray, EKG, HIV testing, viral cultures, viral load, blood cultures and aerobic cultures of the
airway are taken the time of presentation.

[0169]  Additional specimens are drawn for analysis:

[0170]  Once to twice daily serum levels of levocetirizine and montelukast for
seven days;

[0171] Samples for NF-kB, TLR7, RIG-,MDAS, ICAM-1, sICAM-1;

[0172] Samples for chemokines, cytokines, biomarkers of inflammation, and
biomarkers of coagulopathy. These include but are not limited to: Granulocyte macrophage
colony stimulating factor (GM-CSF); GROq; Interferon o2 (IFNo2); IFNB; IFNy; IL-10;
Interleukin 12p70 (IL-12p70); IL12p40; Interleukin la (IL-la); IL-1B; IL-1 receptor
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antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; IL-8; IFN-y-inducible protein 10 (IP-10);
Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony stimulating factor
(MCSF); MIP-a, MIP-1B; Soluble CD40 ligand (sCD40L); Soluble E-selectin (sE-selectin);
Soluble Fas ligand (sFasL); Tumor necrosis factor a (TNF- a); Vascular endothelial growth
factor A (VEGF-A); D-dimer; Tissue plasminogen activator (TPA); Plasminogen activator
inhibitor-1 (PAI-1); Serum amyloid antigen (SAA); Regulated on activation, normal T-cell
expressed and secreted (RANTES), sVCAM-1; Fibrinogen; Ferritin, Cortisol; Tissue factor
(TF); and Thrombomodulin.

[0173] In some embodiments, in the treatment of life-threatening disease,
sustained tissue levels are used to oversaturate the H1 and leukotriene receptors in order to
achieve the desired clinical outcome. For levocetirizine, peak concentrations are typically
270 ng/ml and 308 ng/ml following a single and repeated 5 mg once daily oral dose,
respectively. In extreme cases this can be doubled, tripled, otherwise increased. In mild
cases, this amount can be halved, quartered, or otherwise reduced.

[0174]  For montelukast, the pharmacokinetics are nearly linear for oral doses up
to 50 mg with safety studies up to 900 mg/day for one week. A standard 10 mg oral dose is
reflected by a mean AUC 2689 ng/hr/ml (range 1521 to 4595) and mean Cmax of 353 ng/ml.

[0175]  Given the half-lives of the molecules and other pharmacokinetic
considerations, once oral daily dosing, particularly in an acutely ill patient with nausea and
vomiting, may not be effective. As such, particularly in a difficult-to-treat or harsh
environment, a long-acting injectable may be employed. For instance, a long acting
injectable comprising 50-100 mg of levocetirizine and 100 - 200mg of montelukast
optionally within a pharmaceutically acceptable medium (e.g., reconstituted lyophilized
powder) is dosed to maintain a steady state level for seven days. The injectable can be
configured to deliver the oral equivalent of between 5 mg and 20 mg of levocetirizine and
between 10 mg and 40 mg of montelukast to the patient per day for seven days (depending
on the nature and extent of the disease process; taking into consideration patient weight, age,
etc., €.g., mean serum concentration range of 500 ng/ml Oral dosing can also be used where

appropriate to achieve similar blood levels.
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[0176]  The primary endpoint of the study is the percentage reduction in mortality
when compared to age and symptom matched controls at time zero as determined from the
WHO database. The long-acting injectable or oral dosing is found to decrease in the
encephalitis by up to 50% based on published mortality rates.

[0177]  The secondary endpoint is the mean time to clinical resolution.

[0178]  Patients receiving the levocetirizine and montelukast exhibit less severe
symptoms. Patients report, on a pain intensity scale (0-10), headaches and muscle pain are
50% less intense and fatigue is 60% less intense in the EXPT group when compared to the
CONT group. Also, 40% fewer patients display vomiting in the EXPT group. Fever levels
in EXPT group is an average of 3°F than the CONT group after 2 days of dosing. In patients
making a full recovery, the patients in the EXPT group have normal temperatures on average
3 days faster than those in the CONT group.

[0179] By day 4 of treatment, viral titers in EXPT patients are, on average, 35%
lower than in the CONT group. In patients making a full recovery, the patients in the EXPT
group are virus free (by measure of the viral load) on average 3 days faster than those in the
CONT group.

[0180]  Those in the EXPT group have 20% lower incidences of prolonged
secondary issues resulting from the acute infection. Incidences of hemorrhage decrease by
25% in the EXPT group compared to the CONT group.

EXAMPLE 4: West Nile Virus Case Study |

Overview:

[0181]  West Nile virus is a mosquito borne virus for which there is currently no
effective treatment. The disease is characterized by the sudden onset of an acute, nonspecific
flu-like illness lasting 3-6 days, with high fever and chills, malaise, headache, backache,
arthralgia, myalgia, and retro-orbital pain without overt neurological signs. Other non-
specific features include anorexia, nausea, vomiting, diarrhea, cough and sore throat. A
maculopapular rash has been reported in approximately 50% of cases.

[0182]  Neurological disease occurs in fewer than 1% of infected individuals, with
a typical prodrome of 1-7 days. Acute flaccid paralysis caused by the infection of the anterior
horn of the spinal cord (myelitis) suggests a clinical picture of poliomyelitis; paralysis is

frequently asymmetric and may or may not be associated with meningoencephalitis. Once
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paralysis has been established, little long-term improvement has been described in the
literature.

[0183]  The overall case fatality rate for hospitalized patients ranges from 4-14%.

[0184]  West Nile virus receptors: RIG-I, TLR3

[0185]  Name: IN

[0186] DOB: 03/24/1976 Age at presentation: 36

[0187]  Date of Exam:  October 5

[0188] HPI: 36 year old male with a history of West Nile meningitis preceded
by onset of backache and fatigue on 09/07. The following day he was seen at an Urgent Care
in Newport Beach, Ca. and given oseltamivir (Tamiflu®) 75 mg po bid x five days for a
presumed case of influenza. By 09/11 symptoms had progressed to include insomnia and
severe mid-lower back pain radiating down the left side of his leg. On Wednesday, 09/12, he
returned to Urgent Care and was given oxycodone for pain scaled 7-8/10 in addition to
ibuprofen 800 mg twice a day.

[0189] By 09/14 the patient had developed a low grade fever to 100°F with chills,
myalgia, back pain, and fatigue. Over that weekend he could barely get out of bed. On 09/15
he went to a different Urgent Care and was sent to the Emergency Department at Hoag
Hospital, Newport Beach, Ca. The physicians discharged him on ciprofloxacin 500 mg,
orally twice a day and oxycodone with a working diagnosis of acute prostatitis. By 10:30
PM that night he had developed nausea, confusion, and a fever to 102°F. The evening of
09/16 he returned to Hoag Hospital in an ambulance and admitted for treatment of West Nile
meningitis.

Hospital stay — 9/16-9/21

[0190]  Over the two weeks prior to our visit on 10/05 he was gradually
improving; however, continued to exhibit marked fatigue, left lower extremity weakness, and
pain in the lower back and left leg scaled 4/10. Flexeril® (cyclobenzaprine) was taken at
night as a muscle relaxant. Physical therapy was ongoing in a frequency of twice a week.

[0191]  Medications: Flexeril® (cyclobenzaprine) 10 mg, prn, multivitamins

[0192]  Allergies to Medications: none

[0193]  Additional major medical problems: none

[0194]  Surgery: none
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[0195]  Habits:

[0196] Cigarettes — none

[0197] Alcohol — occasional use

[0198]  Occupational history: Commercial real estate
Pertinent Physical Examination: 10/05

[0199]  VS: normal

[0200]  Weight: 188.9% / 85.8.5 kg, previously 205# /93 kg

[0201]  General: polite male exhibiting significant fatigue and weakness for his
stated age, gait unsteady

[0202]  Otherwise oriented to time, place and person.

[0203]  Subtle muscle wasting — left leg

[0204]  Left leg and lower back pain

[0205] Ears: tympanic membranes — gray

[0206]  Nose: left deviated nasal septum, no erythema

[0207]  Throat: 2+/4+ tonsils, no evidence of acute infection

[0208]  Neck: without adenopathy

[0209]  Lungs: clear

[0210]  Cor: SI, S2 distinct, no murmur
Chart review — Hoag Hospital Admission 09/16 —09/21

[0211]  Salient information:

[0212] CPK 803 09/15 (Hoag ED) — elevated, normal <300 IU/L, cardiac

arrhythmia
[0213] CXR -normal 09/17
09/17
[0214]  Lumbar puncture
[0215]  CSF protein 108 mg/dl normal 12-60 elevated
[0216]  CSF glucose 55 mg/dl normal 40-70  elevated
[0217] CSFWBC 519 /cumm elevated
09/20
[0218] WBC 3.6 KuL normal 4-10 low*
10/05
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[0219]  Laboratory Data

[0220]  Pacific Diagnostic Laboratories

[0221] 89 S. Patterson Ave.

[0222] Santa Barbara, Ca. Ca. 93111

[0223] CBC

[0224] WBC* 3.6 KuL normal 4-10 *low;
consistent with a viral infection

[0225]  Hgb 14.3 g/dl normal: 13-17 Note:
continued suppression of the white blood cell count following discharge 09/21

Hct 42.2 % WBC from 09/20/12 — 10/05

[0226]  Platelet count 173 K/uL normal: 150-450
[0227] CPK 121 TU/L normal: <300

[0228] CRP <4.0 mg/L normal <10.0
[0229]  Sedrate 4  mm/hr normal 0.0-15.0
[0230]  Total IgE 283 kU/L normal  0-60

[0231]  West Nile Ab, IgM - positive

[0232]  West Nile Ab, IgG — positive

[0233]  Assessment. West Nile meningitis with fatigue, left lower extremity
weakness and pain.

[0234]  Treatment: levocetirizine — 5 mg po hs and montelukast — 10 mg orally at
night x six months to stabilize the inflammatory process and enhance recovery. Telephone
call (10/25): feeling much better and stronger with significantly less fatigue and muscle
weakness. Back to work. No side effects from the medication.

[0235]  Advised to continue levocetirizine and montelukast through the end of
March the following year.

Summary

[0236]  This is a remarkable case of confirmed West Nile meningitis treated post
discharge from the hospital with levocetirizine and montelukast. Physicians at Hoag
Memorial Hospital had informed him it would take a year to fully recover. He clinically

recovered in three weeks with no side effects.
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[0237]  West Nile virus has a variable presentation. Dosing for hospitalized
patients would range from:

Therapeutic Dosing for Acute Disease:

[0238]  levocetirizine 10-20 mg, divided dose bid, or in an injectable format to
achieve sustained serum levels of at least 350 ng/ml plus

[0239]  montelukast 20-40 mg/ day, divided dose bid, or in an injectable format
to achieve sustained dosing of at least 350 ng/ml.

[0240]  Higher total daily dosing would be required to treat meningitis or
meningoencephalitis

[0241]  Both medications, if so required, cross the blood brain barrier at a dose of
0.1 mg/kg.

Therapeutic Dosing during the Convalescent Phase of the Disease:

[0242]  The long-term convalescent dose used in the present case was
levocetirizine — 5 mg, orally, and montelukast 10 mg, orally once a day. More significant
CNS pathology would require higher dosing.

EXAMPLE 5: Dengue Fever

[0243] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0244] A cohort of 40 patients between the ages of 20-30 years of age (with no
other co-morbid viral or disease processes) infected with Dengue Fever virus is identified.
Each patient is identified as having Dengue symptoms (e.g., headache, muscle and joint
pains, rash, nausea, vomiting, bleeding from the mucous membranes of the mouth and nose,
leakage of plasma from the blood vessels, dengue shock syndrome, and hemorrhagic fever)
ideally within the first 48 hours of symptom onset. The experimental group patients (n=20;
“EXPT”) receives levocetirizine and montelukast as well as conventional Dengue fever
therapies. The control group patients (n=20; “CONT”) receive conventional therapies for
treating Dengue fever alone.

[0245]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history, and previous surgery are logged at the initial visit and the patient’s

symptom profile tracked in a controlled environment,
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[0246]  If possible, an applicable quality of life questionnaire is filled out by the
patient and health care provider.

[0247]  Onset, duration, and intensity of symptoms are logged in addition to the
time to resolution of symptoms (time zero - first dose of medication(s)).

[0248] Screening laboratory studies consisting of a complete blood count,
comprehensive metabolic panel, C-reactive protein, T and B cell lymphocyte panel, chest x-
ray, EKG, HIV testing, viral cultures, viral load, blood cultures and aerobic cultures of the
airway are taken the time of presentation.

[0249]  Additional specimens are drawn for analysis:

[0250]  Once to twice daily serum levels of levocetirizine and montelukast for
seven days;

[0251] Samples for NF-kB, TLR3, ICAM-1, sSICAM-1, RIG-I

[0252] Samples for chemokines, cytokines, biomarkers of inflammation, and
biomarkers of coagulopathy. These include but are not limited to: Granulocyte macrophage
colony stimulating factor (GM-CSF); GROq; Interferon o2 (IFNo2); IFNB; IFNy; IL-10;
Interleukin 12p70 (IL-12p70); IL12p40; Interleukin la (IL-leo); IL-1B; IL-1 receptor
antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; IL-8; IFN-y-inducible protein 10 (IP-10),
Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony stimulating factor
(MCSF); MIP-a,, MIP-1; Soluble CD40 ligand (sCD40L); Soluble E-selectin (sE-selectin);
Soluble Fas ligand (sFasL); Tumor necrosis factor a (TNF- a); Vascular endothelial growth
factor A (VEGF-A); D-dimer; Tissue plasminogen activator (TPA); Plasminogen activator
inhibitor-1 (PAI-1); Serum amyloid antigen (SAA); Regulated on activation, normal T-cell
expressed and secreted (RANTES); sVCAM-1; Fibrinogen; Ferritin, Cortisol; Tissue factor
(TF); and Thrombomodulin.

Dosing

[0253] In some embodiments, in the treatment of life-threatening disease,
sustained tissue levels are used to oversaturate the H1 and leukotriene receptors in order to
achieve the desired clinical outcome. For levocetirizine, peak concentrations are typically
270 ng/ml and 308 ng/ml following a single and repeated 5 mg once daily oral dose,
respectively. In extreme cases this can be doubled, tripled, otherwise increased. In mild

cases, this amount can be halved or otherwise reduced.
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[0254]  For montelukast, the pharmacokinetics are nearly linear for oral doses up
to 50 mg with safety studies up to 900 mg/day for one week. A standard 10 mg oral dose is
reflected by a mean AUC 2689 ng/hr/ml (range 1521 to 4595) and mean Cmax of 353 ng/ml.

[0255]  Given the half-lives of the molecules and other pharmacokinetic
considerations, once daily oral dosing, particularly in an acutely ill patient with nausea and
vomiting, may not be effective. As such, particularly in a difficult-to-treat or harsh
environment, a long-acting injectable may be employed. For instance, a long acting
injectable comprising 50-100 mg of levocetirizine and 100-200 mg of montelukast within a
pharmaceutically acceptable medium (e.g., reconstituted lyophilized powder) is dosed to
maintain a steady state level for seven days. The injectable can be configured to deliver the
oral equivalent of between 5 mg and 20 mg of levocetirizine and between 10 mg and 40 mg
of montelukast to the patient per day for seven days (depending on the nature and extent of
the disease process; taking into consideration patient weight, age, etc.). Oral dosing can also
be used where appropriate to achieve similar blood levels.

[0256]  The primary endpoint of the study is the percentage reduction in mortality
when compared to age and symptom matched controls at time zero as determined from the
WHO database. The long-acting injectable is found to decrease in the mortality by up to
50% base on published mortality rates with mean serum concentration ranges between 350-
500 ng/ml. Levels of IL-6 (attenuated by levocetirizine) directly correlate with mortality.

[0257]  Secondary endpoints are: (a) abatement of the symptoms and (b) mean
time to clinical resolution.

[0258]  Patients receiving the levocetirizine and montelukast exhibit less severe
symptoms. Patients report, on a pain intensity scale (0-10), headaches and muscle pain are
50% less intense and fatigue is 70% less intense in the EXPT group when compared to the
CONT group. Also, 30% fewer patients display vomiting in the EXPT group. Fever levels
in EXPT group is an average of 3°F than the CONT group after 2 days of dosing. In patients
making a full recovery, the patients in the EXPT group have normal temperatures on average
5 days faster than those in the CONT group.

[0259] By day 4 of treatment, viral titers in EXPT patients are, on average, 35%
lower than in the CONT group. In patients making a full recovery, the patients in the EXPT
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group are virus free (by measure of viral titers) on average 5 days faster than those in the
CONT group.

[0260]  Those in the EXPT group have 20% lower incidences of prolonged
secondary issues resulting from the acute infection. Incidences of hemorrhage decrease by
25% in the EXPT group compared to the CONT group. Severity of hemorrhage decreases by
45% the EXPT group.

EXAMPLE 6: Yellow Fever

[0261] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0262] A cohort of 30 patients between the ages of 20-35 years of age (with no
other co-morbid viral or disease processes) infected with Yellow Fever virus is identified.
Each patient is identified as having one or more symptoms (e.g., fever, headache, chills, back
pain, fatigue, loss of appetite, muscle pain, nausea, vomiting, hematemesis, epistaxis nasal
bleeding, gum bleeding, gastrointestinal bleeding, and icterus) ideally within the first 48
hours of symptom onset. The experimental group patients (n=15; “EXPT”) receives
levocetirizine and montelukast as well as conventional Yellow fever therapies. The control
group patients (n=15; “CONT”) receive conventional therapies for treating Yellow fever
alone.

[0263]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, social history, cigarette
and alcohol use, and previous surgery are logged at the initial visit and the patient’s symptom
profile tracked in a controlled environment.

[0264]  If possible, an applicable quality of life questionnaire is filled out by the
patient and health care provider.

[0265]  Onset, duration, and intensity of symptoms are logged in addition to the
time to resolution of symptoms (time zero - first dose of medication(s)).

[0266] Screening laboratory studies consisting of a complete blood count,
comprehensive metabolic panel, C-reactive protein, T and B cell lymphocyte panel, chest x-
ray, EKG, HIV testing, viral cultures, viral load, blood cultures and aerobic cultures of the
airway are taken the time of presentation.

[0267]  Additional specimens are drawn for analysis:
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[0268]  Once to twice daily serum levels of levocetirizine and montelukast for
seven days;

[0269] Samples for NF-kB, TLR3, ICAM-1, sICAM-1, TLR-7;

[0270]  Samples for chemokines, cytokines, biomarkers of inflammation, and
biomarkers of coagulopathy. These include but are not limited to: Granulocyte macrophage
colony stimulating factor (GM-CSF); GROq; Interferon o2 (IFNo2); IFNB; IFNy; IL-10;
Interleukin 12p70 (IL-12p70); IL12p40; Interleukin la (IL-lo); IL-1B; IL-1 receptor
antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; IL-8; IFN-y-inducible protein 10 (IP-10);
Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony stimulating factor
(MCSF); MIP-a; MIP-1; Soluble CD40 ligand (sCD40L); Soluble E-selectin (sE-selectin);
Soluble Fas ligand (sFasL); Tumor necrosis factor a (TNF- a); Vascular endothelial growth
factor A (VEGF-A); D-dimer; Tissue plasminogen activator (TPA); Plasminogen activator
inhibitor-1 (PAI-1); Serum amyloid antigen (SAA); Regulated on activation, normal T-cell
expressed and secreted (RANTES); sVCAM-1; Fibrinogen; Ferritin, Cortisol; Tissue factor
(TF); and Thrombomodulin.

Dosing

[0271] In some embodiments, in the treatment of life-threatening disease,
sustained tissue levels are used to oversaturate the H1 and leukotriene receptors in order to
achieve the desired clinical outcome. For levocetirizine, peak concentrations are typically
270 ng/ml and 308 ng/ml following a single and repeated 5 mg once daily oral dose,
respectively. In extreme cases this can be doubled, tripled, otherwise increased. In mild
cases, this amount can be halved, quartered, or otherwise reduced.

[0272]  For montelukast, the pharmacokinetics are nearly linear for oral doses up
to 50 mg with safety studies up to 900 mg/day for one week. A standard 10 mg oral dose is
reflected by a mean AUC 2689 ng/hr/ml (range 1521 to 4595) and mean Cmax of 353 ng/ml.

[0273]  Given the half-lives of the molecules and other pharmacokinetic
considerations, once oral daily dosing, particularly in an acutely ill patient with nausea and
vomiting, may not be effective. As such, particularly in a difficult-to-treat or harsh
environment, a long-acting injectable may be employed.

[0274]  For instance, a long acting injectable comprising 50-100 mg of

levocetirizine and 100-200mg of montelukast within a pharmaceutically acceptable medium
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(e.g., reconstituted lyophilized powder) is dosed to maintain a steady state level for seven
days. The injectable can be configured to deliver the oral equivalent of between 5 mg and 20
mg of levocetirizine and between 10 mg and 40 mg of montelukast to the patient per day for
seven days (depending on the nature and extent of the disease process; taking into
consideration patient weight, age, etc.). Oral dosing can also be used where appropriate to
achieve similar blood levels.

[0275]  The primary endpoint of the study is the percentage reduction in mortality
or symptoms when compared to age and symptom matched controls at time zero as
determined from the WHO database. The long-acting injectable is found to decrease in the
mortality by up to 90% base on published mortality rates for patients with toxic phase disease
with a mean serum concentration level between 350-500 ng/ml. Levels of IL-6 (attenuated
by levocetirizine) directly correlate with mortality.

[0276]  The secondary endpoint is the mean time to clinical resolution.

[0277]  Patients receiving the levocetirizine and montelukast exhibit less severe
symptoms. Patients report, on a pain intensity scale (0-10), headaches, fever, chills and
muscle pain are 40% less intense and fatigue 1s 50% less intense in the EXPT group when
compared to the CONT group. Also, 50% fewer patients display vomiting in the EXPT
group. Fever levels in EXPT group is an average of 2°F lower than the CONT group after 2
days of dosing. In patients making a full recovery, the patients in the EXPT group have
normal temperatures on average 4 days faster than those in the CONT group.

[0278] By day 4 of treatment, viral titers in EXPT patients are, on average, 55%
lower than in the CONT group. In patients making a full recovery, the patients in the EXPT
group are virus free (by measure of viral titers) on average 4 days faster than those in the
CONT group.

[0279]  Those in the EXPT group have 50% lower incidences of prolonged
secondary issues resulting from the acute infection.

EXAMPLE 7: TBE

[0280] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.
[0281] A cohort of 40 patients between the ages of 20-35 years of age (with no

other co-morbid viral or disease processes) infected with TBE virus is identified. Each

-56-

SUBSTITUTE SHEET (RULE 26)



WO 2016/044095 PCT/US2015/049767

patient is identified as having two or more symptoms of encephalitis or meningitis (and, e.g.,
fever, headache, malaise, nausea, vomiting, myalgis, and fasiculations). The experimental
group patients (n=20; “EXPT”) receives levocetirizine and montelukast as well as
conventional TBE therapies. The control group patients (n=20; “CONT”) receive
conventional therapies for treating TBE alone.

[0282]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history and previous surgery are logged at the initial visit and the patient’s
symptom profile tracked in a controlled environment.

[0283]  If possible, an applicable quality of life questionnaire is filled out by the
patient and health care provider.

[0284]  Onset, duration, and intensity of symptoms are logged in addition to the
time to resolution of symptoms (time zero - first dose of medication(s)).

[0285]  Screening laboratory studies consisting of a complete blood count,
comprehensive metabolic panel, C-reactive protein, T and B cell lymphocyte panel, chest x-
ray, EKG, HIV testing, viral cultures, viral load, blood cultures and aerobic cultures of the
airway are taken the time of presentation.

[0286]  Additional specimens are drawn for analysis:

[0287]  Once to twice daily serum levels of levocetirizine and montelukast for
seven days;

[0288] Samples for NF-kB, TLR3;

[0289] Samples for chemokines, cytokines, biomarkers of inflammation, and
biomarkers of coagulopathy. These include but are not limited to: Granulocyte macrophage
colony stimulating factor (GM-CSF); GROq; Interferon 02 (IFNo2); IFNB; IFNx; IL-10;
Interleukin 12p70 (IL-12p70); IL12p40; Interleukin la (IL-1c); IL-1B; IL-1 receptor
antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; IL-8; IFN-y-inducible protein 10 (IP-10);
Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony stimulating factor
(MCSF); MIP-a; MIP-1; Soluble CD40 ligand (sCD40L); Soluble E-selectin (sE-selectin);
Soluble Fas ligand (sFasL); Tumor necrosis factor o, (TNF- a); Vascular endothelial growth
factor A (VEGF-A); D-dimer; Tissue plasminogen activator (TPA); Plasminogen activator
inhibitor-1 (PAI-1); Serum amyloid antigen (SAA); Regulated on activation, normal T-cell
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expressed and secreted (RANTES); sVCAM-1; Fibrinogen; Ferritin, Cortisol; Tissue factor
(TF); and Thrombomodulin.
Dosing

[0290] In some embodiments, in the treatment of life-threatening disease,
sustained tissue levels are used to oversaturate the H1 and leukotriene receptors in order to
achieve the desired clinical outcome. For levocetirizine, peak concentrations are typically
270 ng/ml and 308 ng/ml following a single and repeated 5 mg once daily oral dose,
respectively. In extreme cases this can be doubled, tripled, otherwise increased. In mild
cases, this amount can be halved, quartered, or otherwise reduced.

[0291]  For montelukast, the pharmacokinetics are nearly linear for oral doses up
to 50 mg with safety studies up to 900 mg/day for one week. A standard 10 mg oral dose is
reflected by a mean AUC 2689 ng/hr/ml (range 1521 to 4595) and mean Cmax of 353 ng/ml.

[0292] A long acting injectable comprising 50-100 mg of levocetirizine and 100-
200mg of montelukast within a pharmaceutically acceptable medium (e.g., reconstituted
lyophilized powder) is dosed to maintain a steady state level for seven days. The injectable
can be configured to deliver the oral equivalent of between 5 mg and 20 mg of levocetirizine
and between 10 mg and 40 mg of montelukast to the patient per day for seven days
(depending on the nature and extent of the disease process; taking into consideration patient
weight, age, etc.). Oral dosing can also be used where appropriate to achieve similar blood
levels.

[0293]  The primary endpoint of the study is the percentage reduction in sequelae
of the disease when compared to age and symptom matched controls at time zero as
determined from the WHO database. The long-acting injectable is found to decrease the
sequelae by of up to 50% base on published data for patients presenting with toxic phase
disease. Patients receiving the levocetirizine and montelukast exhibit less severe symptoms;
have an average 30% reduction in meningitis duration, 40% reduction in encephalitis
duration, and a 50% reduction in the duration of meningoencephalitis in the EXPT group
versus those in the CONT group.

[0294] By day 4 of treatment, viral titers in EXPT patients are, on average, 55%
lower than in the CONT group. In patients making a full recovery, the patients in the EXPT
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group are virus free (by measure of viral titers) on average 4 days faster than those in the
CONT group.

[0295]  Those in the EXPT group have up to a 50% lower incidence of prolonged
secondary issues resulting from the acute infection (asthenia, headache, memory loss,
decreased concentration, anxiety, and emotional lability).

EXAMPLE 8: Malaria

[0296] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0297] A cohort of 40 patients between the ages of 20-35 years of age (with no
other co-morbid viral or disease processes) infected with Malaria is identified. Each patient
is identified as having one or more of symptoms of Malaria (e.g., headache, fever, shivering,
joint pain, vomiting, hemolytic anemia, jaundice, hemoglobin in the urine, retinal damage,
and convulsions). The experimental group patients (n=20; “EXPT”) receives levocetirizine
and montelukast as well as conventional Malaria therapies. The control group patients
(n=20; “CONT”) receive conventional therapies for treating Malaria alone.

[0298]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, , cigarette and alcohol
use, social history and previous surgery are logged at the initial visit and the patient’s
symptom profile tracked in a controlled environment.

[0299]  If possible, an applicable quality of life questionnaire is filled out by the
patient and health care provider.

[0300]  Onset, duration, and intensity of symptoms are logged in addition to the
time to resolution of symptoms (time zero - first dose of medication(s)).

[0301]  Screening laboratory studies consisting of a complete blood count,
comprehensive metabolic panel, parasite analysis, C-reactive protein, T and B cell
lymphocyte panel, chest x-ray, EKG, HIV testing, viral cultures, viral load, blood cultures
and aerobic cultures of the airway are taken the time of presentation.

[0302]  Additional specimens are drawn for analysis:

[0303]  Once to twice daily serum levels of levocetirizine and montelukast for
seven days;

[0304]  Samples for NF-kB, TLR3, TLR7, TLRO;
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[0305] Samples for chemokines, cytokines, biomarkers of inflammation, and
biomarkers of coagulopathy. These include but are not limited to: Granulocyte macrophage
colony stimulating factor (GM-CSF); GROq; Interferon o2 (IFN¢2); IFNB; IFNy; IL-10;
Interleukin 12p70 (IL-12p70); IL12p40; Interleukin la (IL-lo); IL-1B; IL-1 receptor
antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; IL-8; IFN-¥-inducible protein 10 (IP-10);
Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony stimulating factor
(MCSF); MIP-a; MIP-1B; Soluble CD40 ligand (sCD40L); Soluble E-selectin (sE-selectin);
Soluble Fas ligand (sFasL); Tumor necrosis factor a (TNF- a); Vascular endothelial growth
factor A (VEGF-A); D-dimer; Tissue plasminogen activator (TPA); Plasminogen activator
inhibitor-1 (PAI-1); Serum amyloid antigen (SAA); Regulated on activation, normal T-cell
expressed and secreted (RANTES); sVCAM-1; Fibrinogen; Ferritin, Cortisol; Tissue factor
(TF); and Thrombomodulin.

[0306] In some embodiments, in the treatment of life-threatening disease,
sustained tissue levels are used to oversaturate the H1 and leukotriene receptors in order to
achieve the desired clinical outcome. For levocetirizine, peak concentrations are typically
270 ng/ml and 308 ng/ml following a single and repeated 5 mg once daily oral dose,
respectively. In extreme cases this can be doubled, tripled, otherwise increased. In mild
cases, this amount can be halved, quartered, or otherwise reduced.

[0307]  For montelukast, the pharmacokinetics are nearly linear for oral doses up
to 50 mg with safety studies up to 900 mg/day for one week. A standard 10 mg oral dose is
reflected by a mean AUC 2689 ng/hr/ml (range 1521 to 4595) and mean Cmax of 353 ng/ml.

[0308] A long acting injectable comprising 50-100 mg of levocetirizine and 100-
200 mg of montelukast within a pharmaceutically acceptable medium (e.g., reconstituted
lyophilized powder) 1s dosed to maintain a steady state level for seven days. The injectable
can be configured to deliver the oral equivalent of between 5 mg and 20 mg of levocetirizine
and between 10 mg and 40 mg of montelukast to the patient per day for seven days
(depending on the nature and extent of the disease process; taking into consideration patient
weight, age, etc.). Oral dosing can also be used where appropriate to achieve similar blood

levels.
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[0309]  The primary endpoint of the study is the percentage reduction in mortality
or symptoms when compared to age and symptom matched controls at time zero as
determined from the WHO database. Patients receiving the levocetirizine and montelukast
exhibit less severe symptoms.

[0310]  Patients receiving the levocetirizine and montelukast exhibit less severe
symptoms. Patients report, on a pain intensity scale (0-10), headaches, fever, chills and
muscle pain are 20% less intense and fatigue is 30% less intense in the EXPT group when
compared to the CONT group. Also, 50% fewer patients display vomiting in the EXPT
group. Fever levels in EXPT group is an average of 2°F than the CONT group after 2 days
of dosing. In patients making a full recovery, the patients in the EXPT group have normal
temperatures on average 4 days faster than those in the CONT group.

EXAMPLE 8: HIV

[0311] HIV is a single-stranded RNA retrovirus that may present as a
mononucleosis type syndrome with a myriad of nonspecific symptoms. This constellation of
symptoms is also known as the acute retroviral syndrome. The most common findings are
fever, lymphadenopathy, sore throat, rash myalgia/arthralgia and headache. None of the
findings are specific for acute HIV infection but certain features, especially prolonged
duration of symptoms and the presence of mucocutaneous ulcers are suggestive of the
diagnosis.

[0312]  The presence and increased severity and the duration of symptoms appear
to be poor prognostic factors. Following HIV seroconversion, each additional symptom
present at the time of acute infection is associated with an increasing risk of overall mortality.

[0313]  The differential diagnosis of acute HIV infection includes mononucleosis
due to Epstein-Barr virus, cytomegalic virus (CMV), toxoplasmosis, rubella, syphilis, viral
hepatitis, disseminated gonococcal infection, and other infections.

[0314]  Diagnosis of acute or early HIV infection is established by the detection of
HIV viremia in a setting of a particular HIV serological test pattern. Early HIV infection is
characterized by markedly elevated HIV RNA levels, easily detectable with the HIV RNA
(viral load) assays commonly used for monitoring of HIV disease. In a study of 436 patients
with symptoms consistent with acute HIV infection all the 54 patients diagnosed with acute

HIV had RNA levels greater than 100,000 copies per ml.
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[0315]  Opportunistic infections are usually associated with later stage HIV
disease. Eradication of the latent reservoir of HIV has been a focus of novel interventions
aimed at curing the infection.

[0316]  Population-based studies of the natural history of HIV infection have
suggested that the main CD4 cell count is approximately 1000 cells per microliter prior to
seroconversion and decreases to 780 cells per microliter at 6 months following
seroconversion and to 670 cells per microliter at one year. With depletion of CD4 cells,
humoral immunity wanes over time. The acquired immunodeficiency syndrome (AIDS) is
the outcome of chronic HIV infection and consequent depletion of CD4 cells. AIDS is
defined as a CD4 cell count less than 200 cells per microliter or in the presence of any AIDS
defining condition regardless of the CD4 cell count. AIDS defining conditions are
opportunistic illnesses that occur more frequently or more severely because of
immunosuppression.  These include many opportunistic infections, but also certain
malignancies as well as conditions without a clear alternative etiology thought to be related
to the uncontrolled HIV infection itself such as wasting or encephalopathy.

[0317]  This case represents a patient with chronic HIV treated with levocetirizine
and montelukast over a period of 3 years. During that period on standard retroviral therapy
the CD4 count significantly increased. There have been no infections.

[0318] HIV receptors: TLR7, TLR8

[0319] Name: GT

[0320] DOB: 10/16/1951  Age at first visit 55

[0321]  Date of initial examination: 01/15/2007

[0322] HPI: The patient is a 63-year-old male originally seen in the office in
2007 with a diagnosis of chronic sinusitis. The history sinusitis dates back to 2000 at which
time he underwent endoscopic sinus surgery at UCLA without improvement.

[0323]  Symptoms included facial pressure, post nasal drainage, eustachian tube
dysfunction, and headaches occurring in the frequency of 2 to 3 times per week, lasting for
hours and scaled 5-6/10. Previous allergy testing had the documented sensitivities to
mugwort and peanut. A CT Scan of the Sinuses obtained at Santa Barbara cottage Hospital

01/05/2007 demonstrated opacification of the right frontal sinusitis and an osteoma in the left
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frontal sinus. Initial medical management included daily Nasonex® (mometasone), a steroid
nasal spray, Allegra® (fexofenadine) and an immune workup.

[0324]  Levocetirizine was initiated in October 2007 followed by the addition of
montelukast in 2008 Generic levocetirizine utilized in 2012 was switched to ‘brand’ given
the pharmacokinetic and dosing variances encountered with the generic product.

Past Medical/Surgical History
[0325]  HIV infection
[0326]  Parkinson’s disease

[0327]  congestive cardiomyopathy

[0328]  degenerative disc disease

[0329]  hypothyroidism on replacement

[0330]  pulmonary embolism 09/09

[0331]  asthmatic bronchitis

[0332]  chronic sinusitis status post surgery 2000

[0333]  right shoulder surgery, 2004

[0334]  left shoulder surgery, 1996

[0335]  low back pain L5-S1 decompression surgery 2013
Medications:

[0336] levocetirizine 5 mg per day

[0337]  montelukast 10 mg per day

[0338]  aspirin 81 mg orally per day

[0339] Cozaar® (losartan)25 mg per day - ARBs

[0340]  carvedilol 6.25 mg twice a day

[0341]  spironolactone 25 mg per day

[0342]  Duratuss® (dextromethorphan/guaifenesin) 10/200 one daily

[0343]  testosterone 200 mg IM weekly

[0344]  Epzicom® (300 mg lamivudine/600 mg abacavir) daily for HIV

[0345]  Viramune® (nevirapine) 400 mg per day for HIV

[0346]  Nasacort (triamcinolone) two puff each nostril bid

[0347]  Astelin (azelastine) 2 puffs each nostril bid, as needed

[0348]  ropinirole 0.75 mg three times per day
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[0349]  Nandrolone 200mg IM per week

[0350]  Cialis 5 mg per day

[0351]  Atrovent 2 puffs each nostril as needed

[0352]  carisoprodol 350 mg as needed — muscle relaxant

[0353]  hydrocodone/acetaminophen (10mg / 325mg) as needed for pain

[0354]  Allergies to Medications: ciprofloxacin, Coreg (confusion)

[0355]  Habits:

[0356] Cigarettes — none

[0357] Alcohol - none

[0358]  Occupational history: retired from the film making industry
Review of Systems: 03/09/2015

[0359]  General: no recent fevers, chills or weight loss.

[0360]  HEENT: no headache, visual or auditory changes. Chronic sinusitis.

[0361]  Pulmonary: history of asthmatic bronchitis. No recent cough, sputum,
hemostasis, or wheezing

[0362]  Cardiovascular: congestive cardiomyopathy

[0363]  Gastrointestinal: no nausea, vomiting, diarrhea, constipation, history of
G.IL bleeding, or peptic ulcer disease.

[0364]  Genitourinary: no nocturia, dysuria, urgency, frequency, hematuria or
decrease stream.

[0365]  Musculoskeletal: joint pain — shoulder and back

[0366] Skin: no recent lesions

[0367]  Endocrine thyroid disease. No diabetes.

[0368]  Neurologic: no TIA, CVA or seizures.

[0369]  Psychiatric: no anxiety or depression.
Objective Findings:

[0370]  Vital signs: weight 219 pounds, height 6’17, BMI 28.89 kg/m2

[0371]  B/P 140/84, heart rate 79 and regular, respiratory rate 14 and unlabored.

[0372]  ENT:

[0373]  Ears: gray tympanic membranes
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[0374]
infection
[0375]
[0376]
Laboratory Data:

[0377]

04/30/2015
[0378]
[0379]
[0380]
[0381]
[0382]
[0383]
[0384]
[0385]
[0386]

[0387]
[0388]
likely cardiac
05/04/2015
[0389]
20-10,000,000.
[0390]
[0391]

PCT/US2015/049767

Nose: open anterior airway, 2 x 3.5 cm septal perforation, no evidence

Throat: 2+ tonsils, no erythema.

Neck: supple no JVD. Normal carotid pulses, without 3. No thyromegaly

Salient information:

Laboratory Data

Pacific Diagnostic Laboratories
89 S. Patterson Ave.

Santa Barbara, Ca. Ca. 93111

CBC

WBC* 7.0 KuL normal  4-10
Hgb 15.7 g/dl normal; 13-17
Hct 479 %

Platelet count 294 K/l normal: 150-450

Comprehensive metabolic panel - normal

CRP 11.1 mg/L normal <10.0 elevated / very

HIV-1 RNA by PCR <20 copies/ml The reportable range for this test is

07/21/2011 CD4 helper count 689
2015 CD4 helper count >1100

Assessment / Summary:

[0392]
[0393]
[0394]
[0395]

63 year old male with multiple major medical problems as delineated
Congestive cardiomyopathy
HIV

Chronic sinusitis
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[0396]  CD4 helper count stabilized / improved on levocetirizine and montelukast
over the past three years with no change in retroviral therapy / HIV-1 RNA by PCR -
normal.

[0397]  No significant interval infection. Note, the patient’s Parkinson’s disease
also stabilized under the combination dose of montelukast and levocetirizine provided.

[0398] Based on these clinical results using levocetirizine and montelukast, the
following results are projected using controlled studies. Patients using a combination of
levocetirizine and montelukast experience delayed progression of HIV, decreased HIV
symptoms, reduced incidence of opportunistic infection, and an increased quality of life.

EXAMPLE 9: Alzheimer’s Disease

[0399] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0400]  Alzheimer’s disease is a progressive and fatal neurodegenerative disease
affecting motor neurons in the spinal cord, motor cortex, and brain. It is characteristically a
disease of older age and exceptional to occur before the age of 60. The incidence and
prevalence increase exponentially with age. Cardinal symptoms are memory impairment and
often the earliest symptom. Language and visual spatial skills tend to be affected relatively
early, while deficits in executive function and behavioral symptoms often manifest later in
the disease course.

[0401] A cohort of 60 patients with Alzheimer’s disease between the ages of 60-
70 years of age is identified by both a neurologist and neuropsychiatrist. A detailed cognitive
and general neurological examination is paramount, complete with the use of standardized
mental status scales, in particular, the Mini-Mental Status Examination (MMSE), to
document the progression of dementia and the Montreal Cognitive Assessment (MoCA)
owing to its superior sensitivity in detecting mild cognitive impairment and increased
sensitivity to executive and language dysfunction. A neurophyschological assessment will
establish a baseline in order to follow the patient over time.

[0402]  The differential diagnosis includes dementia with Lewy bodies parenthesis
DLB) which may be the 2™ most common type of degenerative dementia after Alzheimer’s
disease. Clinical features that help distinguish dementia with Lewy bodies from Alzheimer’s

disease include prominent early appearance of visual hallucinations, along with
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parkinsonism, cognitive fluctuations, dysautonomia, sleep disorders, and neuroleptic
sensitivity.

[0403]  Routine laboratory tests are generally not useful in the positive diagnosis
of Alzheimer’s disease; however, some laboratory testing (e.g., complete blood count,
comprehensive metabolic panel, thyroid function studies, vitamin B12) are indicated to
exclude other/contributing secondary causes.

[0404]  The experimental group patients (n=20; “EXPT1”) receives levocetirizine
and montelukast once a day. The experimental group patients (n=20; “EXPT2) receives
levocetirizine and montelukast twice a day. The control group patients (n=20; “CONT”)
receive a placebo

[0405]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history, and previous surgery are logged at the initial visit and the patient’s overall
status tracked monthly over one year.

[0406]  Additional specimens are drawn for analysis:

[0407]  Serum levels of levocetirizine and montelukast monthly;

[0408] Sample for NF-kB, initially and at the conclusion of the study;

[0409]  Samples for chemokines, cytokines, and biomarkers of inflammation at
the time of entry into the study and at completion (52 weeks). These include but are not
limited to: Granulocyte macrophage colony stimulating factor (GM-CSF); GROaq,; Interferon
a2 (IFNo2); IFNB; IFNx; IL-10; Interleukin 12p70 (IL-12p70); [L12p40; Interleukin 1o (IL-
la); IL-1PB; IL-1 receptor antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; 1L-8; IFN-¥-inducible
protein 10 (IP-10); Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony
stimulating factor (MCSF); MIP-a; MIP-1p; Soluble CD40 ligand (sCD40L), Soluble E-
selectin (sE-selectin); Soluble Fas ligand (sFasL); Tumor necrosis factor a. (TNF- a); Serum
amyloid antigen (SAA); regulated on activation, normal T-cell expressed and secreted
(RANTES); Cortisol; CSF for molecular biomarkers of AB protein deposition: CSF AB42,
total tau and phosphor-tau initially and at the completion of the study.

[0410]  Imaging: MRI of the brain
Dosing
“EXPT1” - levocetirizine 5 mg, orally at night, montelukast 10 mg orally at night
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“EXPT2” - levocetirizine: 2.5 mg orally in the morning and 5.0 mg orally at night
plus montelukast: 5 mg orally in the morning and 10 mg orally at night

“CONT” - placebo

Outcome

[0411]  The clinical course, as measured by the MMSE and Clinical Dementia
Rating Scale is not necessarily linear, however, a number of studies have found that patients
decline 3 to 3.5 points on the average on the MMS capital E each year, with a minority
(<10%) having a more rapidly progressive decline of 5 to 6 points on annual MMSE.

[0412]  Patients receiving the levocetirizine and montelukast (EXPT1 and EXPT?2)
remain at baseline or deteriorate more slowly the control group (CONT), based on multiple
scales of clinical efficacy.

[0413]  Patient receiving bid dosing of levocetirizine and montelukast (EXPT2)
remain at baseline or deteriorate even more slowly than the group dosed once per day
(EXPT1) or (CONT), based on multiple scales of clinical efficacy. The EXPT1 group
declines at 20% the rate of the CONT group and the EXPT2 group declines at 15% the rate
of the CONT group.

[0414] Both (EXPTI1) and (EXPT2) have a lower dropout rate than the control
group, (CONT) (a dropout rate that is 40% and 20% of that of the CONT group for EXPT1
and EXPT2, respectively)

[0415] In summary, levocetirizine and montelukast significantly decreases the
rate of clinical deterioration when administered to a group of Alzheimer’s patients over one
year.

EXAMPLE 10: Dementia

[0416] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0417]  Dementia (or senility) is a broad category of brain diseases that cause a
long term and often gradual decrease in the ability to think and remember such that a person's
daily functioning is affected. This broad category comprises Alzheimer’s disease, vascular
dementia, Lewy body dementia, and frontotemporal dementia, among others (e.g., normal
pressure hydrocephalus, Parkinson's disease, syphilis, and Creutzfeldt-Jakob disease, etc.).

Other common symptoms include emotional problems, problems with language, and a

-68-

SUBSTITUTE SHEET (RULE 26)



WO 2016/044095 PCT/US2015/049767

decrease in motivation. For the diagnosis to be present it must be a change from a person’s
usual mental functioning and a greater decline than one would expect due to aging. The
incidence and prevalence increase with age. Cardinal symptoms are memory impairment and
often the earliest symptom. Language and visual spatial skills tend to be affected relatively
early, while deficits in executive function and behavioral symptoms often manifest later in
the disease course.

[0418] A cohort of 60 patients with dementia between the ages of 60-70 years of
age 1s identified by both a neurologist and neuropsychiatrist. A detailed cognitive and
general neurological examination is paramount, complete with the use of standardized mental
status scales, in particular, the Mini-Mental Status Examination (MMSE), to document the
progression of dementia and the Montreal Cognitive Assessment (MoCA) owing to its
superior sensitivity in detecting mild cognitive impairment and increased sensitivity to
executive and language dysfunction. A neurophyschological assessment will establish a
baseline in order to follow the patient over time.

[0419]  The experimental group patients (n=20; “EXPT1”) receives levocetirizine
and montelukast once a day. The experimental group patients (n=20; “EXPT2) receives
levocetirizine and montelukast twice a day. The control group patients (n=20; “CONT”)
receive a placebo.

[0420]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history, and previous surgery are logged at the initial visit and the patient’s overall
status tracked monthly over one year.

[0421]  Additional specimens are drawn for analysis, which include:

[0422]  Serum levels of levocetirizine and montelukast monthly;

[0423]  Sample for NF-kB, initially and at the conclusion of the study;

[0424]  Samples for chemokines, cytokines, and biomarkers of inflammation at
the time of entry into the study and at completion (52 weeks). These include but are not
limited to: Granulocyte macrophage colony stimulating factor (GM-CSF); GROq,; Interferon
a2 (IFNo2); IFNB; IFNx; 1L-10; Interleukin 12p70 (IL-12p70); [L12p40; Interleukin 1o (IL-
la); IL-1PB; IL-1 receptor antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; IL-8; IFN-¥-inducible
protein 10 (IP-10); Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony
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stimulating factor (MCSF); MIP-o; MIP-1f; Soluble CD40 ligand (sCD40L); Soluble E-
selectin (sE-selectin); Soluble Fas ligand (sFasL); Tumor necrosis factor o, (TNF- a); Serum
amyloid antigen (SAA); regulated on activation, normal T-cell expressed and secreted
(RANTES); Cortisol; CSF for molecular biomarkers of AP protein deposition: CSF AB42,
total tau and phosphor-tau initially and at the completion of the study.

[0425]  Imaging: MRI of the brain
Dosing
“EXPT1” —levocetirizine 5 mg, orally at night, montelukast 10 mg orally at night
“EXPT2” - levocetirizine: 2.5 mg orally in the morning and 5.0 mg orally at night

plus montelukast: 5 mg orally in the morning and 10 mg orally at night
“CONT” - placebo
Outcome

[0426]  The clinical course, as measured by the MMSE and Clinical Dementia
Rating Scale is not necessarily linear, however, a number of studies have found that patients
decline 3 to 3.5 points on the average on the MMS capital E each year, with a minority
(<10%) having a more rapidly progressive decline of 5 to 6 points on annual MMSE.

[0427]  Patients receiving the levocetirizine and montelukast (EXPT1 and EXPT2)
remain at baseline or deteriorate more slowly the control group (CONT), based on multiple
scales of clinical efficacy. Patient receiving bid dosing of levocetirizine and montelukast
(EXPT2) remain at baseline or deteriorate even more slowly than the group dosed once per
day (EXPT1) or (CONT), based on multiple scales of clinical efficacy. The EXPT1 group
declines at 20% the rate of the CONT group and the EXPT2 group declines at 15% the rate
of the CONT group.

[0428]  Both (EXPT1) and (EXPT2) have a lower dropout rate than the control
group, (CONT) (a dropout rate that is 40% and 20% of that of the CONT group for EXPT1
and EXPT2, respectively)

[0429]  In summary, levocetirizine and montelukast significantly decreases the
rate of clinical deterioration when administered to a group of dementia patients over one

year.
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EXAMPLE 11: Dementia with Lewy Bodies

[0430] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0431] Dementia with Lewy Bodies (LBD) is a form of dementia closely
associated with Parkinson's disease. It is characterized anatomically by the presence of Lewy
bodies, clumps of alpha-synuclein and ubiquitin protein in neurons, detectable in post
mortem brain histology. LBD is a progressive degenerative dementia primarily affecting
older adults that manifests as cognitive decline, which can lead to hallucinations, as well as
varied attention and alertness when compared to a person’s baseline function. Persons with
LBD display an inability to plan or a loss of analytical or abstract thinking and show
markedly fluctuating cognition. Often wakefulness varies from day to day, and alertness and
short-term memory rise and fall. REM sleep behavior disorder (RBD) is a symptom often
first recognized by the patient's caretaker. RBD includes vivid dreaming, with persistent
dreams, purposeful or violent movements, and falling out of bed. Persistent or recurring
visual hallucinations with vivid and detailed pictures are often an early diagnostic symptom.
LBD symptoms overlap clinically with Alzheimer's disease and Parkinson’s disease, but are
more commonly associated with the latter. Because of this overlap, LBD in its early years is
often misdiagnosed.

[0432] A cohort of 60 patients with LBD between the ages of 60-70 years of age
is identified by both a neurologist and neuropsychiatrist. A detailed cognitive and general
neurological examination is paramount, complete with the use of standardized mental status
scales, in particular, the Mini-Mental Status Examination (MMSE), to document the
progression of LBD and the Montreal Cognitive Assessment (MoCA) owing to its superior
sensitivity in detecting mild cognitive impairment and increased sensitivity to executive and
language dysfunction. A neurophyschological assessment will establish a baseline in order
to follow the patient over time.

[0433]  The experimental group patients (n=20; “EXPT17) receives levocetirizine
and montelukast once a day. The experimental group patients (n=20; “EXPT2) receives
levocetirizine and montelukast twice a day. The control group patients (n=20; “CONT”)

receive a placebo.
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[0434]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history, and previous surgery are logged at the initial visit and the patient’s overall
status tracked monthly over one year.

[0435]  Additional specimens are drawn for analysis, which include:

[0436]  Serum levels of levocetirizine and montelukast monthly;

[0437]  Sample for NF-kB, initially and at the conclusion of the study;

[0438]  Samples for chemokines, cytokines, and biomarkers of inflammation at
the time of entry into the study and at completion (52 weeks). These include but are not
limited to: Granulocyte macrophage colony stimulating factor (GM-CSF); GROa,; Interferon
a2 (IFNo2); IFNB; IFNx; IL-10; Interleukin 12p70 (IL-12p70); [L12p40; Interleukin 1o (IL-
la); IL-1PB; IL-1 receptor antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; 1L-8; IFN-¥-inducible
protein 10 (IP-10); Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony
stimulating factor (MCSF); MIP-o; MIP-1f; Soluble CD40 ligand (sCD40L); Soluble E-
selectin (sE-selectin); Soluble Fas ligand (sFasL); Tumor necrosis factor a. (TNF- a); Serum
amyloid antigen (SAA); regulated on activation, normal T-cell expressed and secreted
(RANTES); Cortisol; CSF for molecular biomarkers of AP protein deposition: CSF AB42,
total tau and phosphor-tau initially and at the completion of the study.

[0439]  Imaging: MRI of the brain
Dosing
“EXPT1” - levocetirizine 5 mg, orally at night, montelukast 10 mg orally at night
“EXPT2” —levocetirizine: 2.5 mg orally in the morning and 5.0 mg orally at night

plus montelukast: 5 mg orally in the morning and 10 mg orally at night
“CONT” - placebo
Outcome

[0440]  The clinical course, as measured by the MMSE and Clinical Dementia
Rating Scale is not necessarily linear, however, a number of studies have found that patients
decline 3 to 3.5 points on the average on the MMS capital E each year, with a minority
(<10%) having a more rapidly progressive decline of 5 to 6 points on annual MMSE.

[0441]  Patients receiving the levocetirizine and montelukast (EXPT1 and EXPT2)

remain at baseline or deteriorate more slowly the control group (CONT), based on multiple
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scales of clinical efficacy. Patient receiving bid dosing of levocetirizine and montelukast
(EXPT2) remain at baseline or deteriorate even more slowly than the group dosed once per
day (EXPT1) or (CONT), based on multiple scales of clinical efficacy. The EXPT1 group
declines at 10% the rate of the CONT group and the EXPT2 group declines at 5% the rate of
the CONT group.

[0442]  Both (EXPT1) and (EXPT2) have a lower dropout rate than the control
group, (CONT) (a dropout rate that is 40% and 20% of that of the CONT group for EXPT1
and EXPT2, respectively)

[0443] In summary, levocetirizine and montelukast significantly decreases the
rate of clinical deterioration when administered to a group of LBD patients over one year.

EXAMPLE 12: Parkinson’s Disease

[0444] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0445]  Parkinson’s Disease (also known as idiopathic or primary parkinsonism,
hypokinetic rigid syndrome, or paralysis agitans) is a degenerative disorder of the central
nervous system mainly affecting the motor system. Parkinson’s disease may manifest from
the death of dopamine-generating cells in the substantia nigra, a region of the midbrain.
Early in the course of the disease, the most obvious symptoms are movement-related; these
include shaking, rigidity, slowness of movement and difficulty with walking and gait. Later,
thinking and behavioral problems may arise, with dementia commonly occurring in the
advanced stages of the disease, whereas depression is the most common psychiatric
symptom. Other symptoms include sensory, sleep and emotional problems. Parkinson's
disease 1s more common in older people, with most cases occurring after the age of 50; when
it is seen in young adults, it is called young onset Parkinson’s Disease.

[0446] The main motor symptoms are collectively called parkinsonism, or a
“parkinsonian syndrome.” The disease can be either primary or secondary. Primary
Parkinson’s disease is referred to as idiopathic (having no known cause), although some
atypical cases have a genetic origin, while secondary parkinsonism is due to known causes,
e.g., toxins. Many risks and protective factors have been investigated: the clearest evidence
is an increased risk of Parkinson’s in people exposed to certain pesticides and a reduced risk

in tobacco smokers. The pathology of the disease is characterized by the accumulation of
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protein in neurons (Lewy bodies), and from insufficient formation and activity of dopamine
in certain parts of the midbrain. The location of the Lewy bodies is often related to the
expression and degree of the symptoms of an individual. Diagnosis of typical cases is mainly
based on symptoms, with tests such as neuroimaging used for confirmation.

[0447] A cohort of 60 patients with Parkinson’s disease between the ages of 40-
65 years of age 1s identified by both a neurologist and neuropsychiatrist. A detailed motor,
cognitive, and general neurological examination is paramount, complete with the use of
standardized motor status scales, mental status scales, in particular, the Mini-Mental Status
Examination (MMSE), to document the progression of Parkinson’s and the Montreal
Cognitive Assessment (MoCA) owing to its superior sensitivity in detecting mild cognitive
impairment and increased sensitivity to executive and language dysfunction. A
neurophyschological assessment will establish a baseline in order to follow the patient over
time.

[0448]  The experimental group patients (n=20; “EXPT1”) receives levocetirizine
and montelukast once a day. The experimental group patients (n=20; “EXPT2) receives
levocetirizine and montelukast twice a day. The control group patients (n=20; “CONT”)
receive a placebo.

[0449]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history, and previous surgery are logged at the initial visit and the patient’s overall
status tracked monthly over one year.

[0450]  Additional specimens are drawn for analysis, which include:[0445]

Serum levels of levocetirizine and montelukast monthly;

[0451]  Sample for NF-kB, initially and at the conclusion of the study;

[0452]  Samples for chemokines, cytokines, and biomarkers of inflammation at
the time of entry into the study and at completion (52 weeks). These include but are not
limited to: Granulocyte macrophage colony stimulating factor (GM-CSF); GROw,; Interferon
a2 (IFNo2); IFNB; IFNx; IL-10; Interleukin 12p70 (IL-12p70); [L12p40; Interleukin 1o (IL-
la); IL-1PB; IL-1 receptor antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; 1L-8; IFN-¥-inducible
protein 10 (IP-10); Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony
stimulating factor (MCSF), MIP-o; MIP-1f; Soluble CD40 ligand (sCD40L), Soluble E-
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selectin (sE-selectin); Soluble Fas ligand (sFasL); Tumor necrosis factor a. (TNF- a); Serum
amyloid antigen (SAA); regulated on activation, normal T-cell expressed and secreted
(RANTES); Cortisol; CSF for molecular biomarkers of AP protein deposition: CSF AB42,
total tau and phosphor-tau initially and at the completion of the study.

[0453]  Imaging: MRI of the brain
“EXPT1” - levocetirizine 5 mg, orally at night, montelukast 10 mg orally at night
“EXPT2” - levocetirizine: 2.5 mg orally in the morning and 5.0 mg orally at night

plus montelukast: 5 mg orally in the morning and 10 mg orally at night
“CONT” - placebo
Outcome

[0454]  The clinical course, as measured by the MMSE and Clinical Dementia
Rating Scale is not necessarily linear, however, a number of studies have found that patients
decline 3 to 3.5 points on the average on the MMS capital E each year, with a minority
(<10%) having a more rapidly progressive decline of 5 to 6 points on annual MMSE.
Standardized motor testing 1s also performed.

[0455]  Patients receiving the levocetirizine and montelukast (EXPT1 and EXPT2)
remain at baseline or deteriorate more slowly the control group (CONT), based on multiple
scales of clinical efficacy (cognitive and motor). Patient receiving bid dosing of
levocetirizine and montelukast (EXPT2) remain at baseline or deteriorate even more slowly
than the group dosed once per day (EXPT1) or (CONT), based on multiple scales of clinical
efficacy. The EXPT1 group declines at 15% the rate of the CONT group (both cognitively
and for motor function) and the EXPT2 group declines at 5% the rate of the CONT group
(both cognitively and for motor function).

[0456]  Both (EXPT1) and (EXPT2) have a lower dropout rate than the control
group, (CONT) (a dropout rate that is 30% and 20% of that of the CONT group for EXPT1
and EXPT2, respectively)

[0457]  In summary, levocetirizine and montelukast significantly decreases the
rate of clinical deterioration when administered to a group of Parkinson’s patients over one

year.
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EXAMPLE 13: Huntington’s Disease

[0458] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0459]  Huntington's disease (HD) is a neurodegenerative genetic disorder that
affects muscle coordination and leads to mental decline and behavioral symptoms.
Symptoms of the disease can vary between individuals and affected members of the same
family, but usually progress predictably. The earliest symptoms are often subtle problems
with mood or cognition. A general lack of coordination and an unsteady gait often follows.
As the disease advances, uncoordinated, jerky body movements become more apparent,
along with a decline in mental abilities and behavioral symptoms. Physical abilities
gradually worsen until coordinated movement becomes difficult. Mental abilities generally
decline into dementia. Complications such as pneumonia, heart disease, and physical injury
from falls reduce life expectancy to around twenty years from the point at which symptoms
begin. Physical symptoms can begin at any age from infancy to old age, but usually begin
between 35 and 44 years of age. The disease may develop earlier in life in each successive
generation. About 6% of cases start before the age of 21 years with an akinetic-rigid
syndrome; they progress faster and vary slightly. The variant is classified as juvenile,
akinetic-rigid, or Westphal variant HD.

[0460] A cohort of 60 patients with Huntington’s disease between the ages of 30-
45 years of age is identified by both a neurologist and neuropsychiatrist. A detailed motor,
cognitive, and general neurological examination is paramount, complete with the use of
standardized motor and mental status testing. A motor, muscular, and neurophyschological
assessment will establish a baseline in order to follow the patient over time.

[0461]  The experimental group patients (n=20; “EXPT1”) receives levocetirizine
and montelukast once a day. The experimental group patients (n=20; “EXPT2) receives
levocetirizine and montelukast twice a day. The control group patients (n=20; “CONT”)
receive a placebo.

[0462]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital
signs, major medical problems, medications, allergies to medications, cigarette and alcohol
use, social history, and previous surgery are logged at the initial visit and the patient’s overall

status tracked monthly over one year.
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[0463]  Additional specimens are drawn for analysis, which include:

[0464] Genetic molecular testing for HD [0458]  Serum levels of
levocetirizine and montelukast monthly;

[0465]  Sample for NF-kB, initially and at the conclusion of the study;

[0466]  Samples for chemokines, cytokines, and biomarkers of inflammation at
the time of entry into the study and at completion (52 weeks). These include but are not
limited to: Granulocyte macrophage colony stimulating factor (GM-CSF); GROu,; Interferon
a2 (IFNo2); IFNB; IFNx; IL-10; Interleukin 12p70 (IL-12p70); [L12p40; Interleukin 1o (IL-
la); IL-1PB; IL-1 receptor antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; 1L-8; IFN-¥-inducible
protein 10 (IP-10); Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony
stimulating factor (MCSF); MIP-o; MIP-1f; Soluble CD40 ligand (sCD40L); Soluble E-
selectin (sE-selectin); Soluble Fas ligand (sFasL); Tumor necrosis factor a. (TNF- a); Serum
amyloid antigen (SAA); regulated on activation, normal T-cell expressed and secreted
(RANTES); Cortisol,

[0467]  Imaging: MRI of the brain
Dosing
“EXPT1” —levocetirizine 5 mg, orally at night, montelukast 10 mg orally at night
“EXPT2” - levocetirizine: 2.5 mg orally in the morning and 5.0 mg orally at night

plus montelukast: 5 mg orally in the morning and 10 mg orally at night
“CONT” - placebo
Outcome

[0468]  Patients receiving the levocetirizine and montelukast (EXPT1 and EXPT2)
remain at baseline or deteriorate more slowly the control group (CONT), based on multiple
scales of clinical efficacy (both cognitive and motor). Patient receiving bid dosing of
levocetirizine and montelukast (EXPT2) remain at baseline or deteriorate even more slowly
than the group dosed once per day (EXPT1) or (CONT), based on multiple scales of clinical
efficacy (both cognitive and motor). The EXPT1 group declines at 25% the rate of the
CONT group (both cognitively and for motor function) and the EXPT2 group declines at
20% the rate of the CONT group (both cognitively and for motor function).
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[0469] Both (EXPTI1) and (EXPT2) have a lower dropout rate than the control
group, (CONT) (a dropout rate that is 30% and 20% of that of the CONT group for EXPT1
and EXPT2, respectively)

[0470]  In summary, levocetirizine and montelukast significantly decreases the
rate of clinical deterioration when administered to a group of Huntington’s patients over one
year.

EXAMPLE 14: Amyotrophic Lateral Sclerosis (ALS)

[0471] Based on the inventor’s clinical experience using levocetirizine and
montelukast, the following results are projected using controlled studies.

[0472]  Amyotrophic lateral sclerosis (ALS) is a disorder that involves the death
of neurons. ALS is characterized by stiff muscles, muscle twitching, and gradually
worsening weakness due to muscle wasting. This results in difficulty speaking, swallowing,
and eventually breathing. About 5-10% of cases are inherited from a person’s parents.
About half of these genetic cases are due to one of two specific genes. Recently, ALS has
been correlated with repeated head injury with resultantdeath of the neurons that control
voluntary muscles. The diagnosis is based on a person’s signs and symptoms with testing
done to rule out other potential causes.

[0473]  The disease usually starts around the age of 60 and in inherited cases
around the age of 50. The average survival from onset to death is three to four years. About
10% survive longer than 10 years. Most die from respiratory failure.

[0474] A cohort of 60 patients with ALS between the ages of 45 and 60 years of
age 1s identified by both a physician. A detailed motor and general neurological examination
is paramount, complete with the use of standardized motor testing (e.g., EMG —
electromyogram and nerve conduction studies), to document the progression of ALS. This
establishes a patient baseline.

[0475]  The experimental group patients (n=20; “EXPT1”) receives levocetirizine
and montelukast once a day. The experimental group patients (n=20; “EXPT2) receives
levocetirizine and montelukast twice a day. The control group patients (n=20; “CONT”)
receive a placebo.

[0476]  Age, sex, race, height, weight, BMI (Body Mass Index / kg/m?), vital

signs, major medical problems, medications, allergies to medications, cigarette and alcohol
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use, social history, and previous surgery are logged at the initial visit and the patient’s overall
status tracked monthly over one year.

[0477]  Additional specimens are drawn for analysis, which include:

[0478]  Serum levels of levocetirizine and montelukast monthly;

[0479] Sample for NF-kB, initially and at the conclusion of the study;

[0480]  Samples for chemokines, cytokines, and biomarkers of inflammation at
the time of entry into the study and at completion (52 weeks). These include but are not
limited to: Granulocyte macrophage colony stimulating factor (GM-CSF); GROa,; Interferon
a2 (IFNo2); IFNB; IFNx; IL-10; Interleukin 12p70 (IL-12p70); [L12p40; Interleukin 1o (IL-
la); IL-1PB; IL-1 receptor antagonist (IL-1RA); IL-2; IL-4; IL-5; IL-6; 1L-8; IFN-¥-inducible
protein 10 (IP-10); Monocyte chemoattractant protein 1 (MCP-1); Macrophage colony
stimulating factor (MCSF); MIP-a; MIP-1p; Soluble CD40 ligand (sCD40L), Soluble E-
selectin (sE-selectin); Soluble Fas ligand (sFasL); Tumor necrosis factor a. (TNF- a); Serum
amyloid antigen (SAA); regulated on activation, normal T-cell expressed and secreted
(RANTES); Cortisol.

[0481]  Imaging: MRI of the brain
Dosing
“EXPT1” —levocetirizine 5 mg, orally at night, montelukast 10 mg orally at night
“EXPT2” - levocetirizine: 2.5 mg orally in the morning and 5.0 mg orally at night

plus montelukast: 5 mg orally in the morning and 10 mg orally at night
“CONT” - placebo
Outcome

[0482]  Patients receiving the levocetirizine and montelukast (EXPT1 and EXPT?2)
remain at baseline or deteriorate more slowly the control group (CONT), based on multiple
scales of clinical efficacy and electrodiagnostic testing Patient receiving bid dosing of
levocetirizine and montelukast (EXPT2) remain at baseline or deteriorate even more slowly
than the group dosed once per day (EXPT1) or (CONT), based on multiple scales of clinical
efficacy and electrodiagnostic testing. The EXPT1 group declines at 25% the rate of the
CONT group (clinical and electodiagnostic testing) and the EXPT2 group declines at 20%
the rate of the CONT group (clinical and electrodiagnostic testing).
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[0483]  Both (EXPT1) and (EXPT2) have a lower dropout rate than the control

group, (CONT) (a dropout rate that is 30% and 20% of that of the CONT group for EXPT1
and EXPT2, respectively)

[0484]  In summary, levocetirizine and montelukast significantly decreases the

rate of clinical deterioration when administered to a group of ALS patients over one year.
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WHAT IS CLAIMED IS:

1. A method of treating a patient having an inflammation-mediated
condition, the method comprising administering to the patient an effective amount of a
combination of levocetirizine and montelukast.

2. A method of treating a patient having an NFkB-mediated condition, the
method comprising administering to the patient an effective amount of a combination of
levocetirizine and montelukast.

3. The method of Claim 1 or 2, wherein the condition is a neurological
disease.

4. The method of Claim 1 or 2, wherein the condition is selected from the
group consisting of Alzheimer’s disease, dementia, dementia with Lewy bodies, Parkinson’s

disease, amyotrophic lateral sclerosis, frontotemporal dementia, and Huntington’s disease.

5. The method of Claim 1 or 2, wherein the condition is caused by a viral
infection.
6. The method of Claim 1 or 2, wherein the condition is caused by a virus

selected from the group consisting of the Ebola virus, the West Nile virus, the Yellow
Fever virus, the Dengue virus, the tick-borne-encephalitis virus, and HIV.

7. The method of any one of the preceding claims, wherein the combination
of levocetirizine and montelukast is administered in a sequential manner.

8. The method of any one of Claims 1 to 6, wherein the combination of
levocetirizine and montelukast is administered in a substantially simultaneous manner.

9. The method of any one of Claims 1 to 8, wherein the combination is
administered to the patient by one or more of the routes consisting of enteral, intravenous,
intraperitoneal, inhalation, intramuscular, subcutaneous and oral.

10.  The method of any one of Claims 1 to 9, wherein the levocetirizine and
montelukast are administered by the same route.

11.  The method of any one of Claims 1 to 9, wherein the levocetirizine and

montelukast are administered via different routes.

12. The method of any one of Claim 1 to 11, wherein one or more of

levocetirizine or montelukast are provided as a slow release composition.
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13.  The method of any one of Claims 1 to 12, wherein the combination further
comprises other medications known for use in treating one of the listed conditions.

14.  The method of any one of Claims 1 to 13, wherein the combination further
comprises a steroid.

15. A method of treating a patient having a condition selected from the group
consisting of Alzheimer’s disease, dementia, dementia with Lewy bodies, Parkinson’s
disease, amyotrophic lateral sclerosis, frontotemporal dementia, and Huntington’s disease,
the method comprising administering to the patient an effective amount of a combination
of levocetirizine and montelukast.

16. A method of treating a patient having a condition selected from the group
consisting of Ebola virus, Yellow Fever virus, West Nile virus, Dengue virus, tick-borne
encephalitis, and HIV, the method comprising administering to the patient an effective
amount of a combination of levocetirizine and montelukast.

17 A method of treating a patient having an inflammation-mediated
condition, the method comprising:

identifying a patient with an inflammation-mediated condition; and
administering to the patient an effective amount of a combination of
levocetirizine and montelukast.

18. A combination of levocetirizine and montelukast for use in the treatment
of an inflammation-mediated condition.

19. A combination of levocetirizine and montelukast for use in the treatment
of a viral infection.

20. The combination of Claim 18, wherein the viral infection is selected from
Ebola virus, Yellow fever virus, West Nile virus, Dengue virus, tick borne-encephalitis
or HIV.

21. A combination of levocetirizine and montelukast for use in the treatment
of a neurodegenerative disease.

22. The combination of Claim 20, wherein the neurodegenerative disease is
selected from Alzheimer’s disease, dementia, dementia with Lewy bodies, Parkinson’s

disease, amyotrophic lateral sclerosis, frontotemporal dementia or Huntington’s disease.
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23. Use of a combination of levocetirizine and montelukast for the
manufacture of a medicament for the treatment of an inflammation-mediated condition, a

viral infection or a neurodegenerative disease.
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