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(37) ABSTRACT

Provided are methods for delaying or preventing onset of
progressive memory decline by administering a muscarinic
M2 receptor blocking compound to patients 1dentified as at
risk of developing a condition characterized by progressive
memory decline, prior to onset of the condition.
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MUSCARINIC M2 RECEPTOR BLOCKADLE
TO DELAY OR PREVENT ONSET OF
PROGRESSIVE MEMORY DECLINE

RELATED APPLICATION

[0001] The present application 1s a Continuation of U.S.
application Ser. No. 15/912,370, filed 5 Mar. 2018, which
claims priority to U.S. provisional application No. 62/467,

024, filed on 3 Mar. 2017, the contents of which are
incorporated herein by reference 1n their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates to the use of musca-
rinic M2 receptor blockade to delay or prevent onset of
progressive memory decline.

BACKGROUND

[0003] Alzheimer’s disease (AD) 1s a dementia climically
characterized by progressive memory loss and cognitive
decline, and pathologically featured with selective cholin-
ergic neurodegeneration. Millions of people 1n the United
States, for example, are aflected, yet there 1s no disease-
modifying treatment. A disease-modifying therapy for AD
should interfere with the disease process to slow down, stop
or even reverse the disease progression. It should also
include eflective prevention therapy, meamng that if the
treatment 1s given early enough before the disease onset, the
treatment can significantly delay or prevent the actual onset.
[0004] Unifortunately, there 1s no eflective preventative
pharmaceutical approach to Alzheimer’s disease available to
date. Some treatments have claimed to be preventive, but the
ellicacies remain to be demonstrated or have been proven
wrong. For instance, cholinesterase inhibitors (ChEIs) were
once claimed to prevent AD, but 1t 1s now clear that ChFEIs
have no preventive eflect. Blocking of presynaptic musca-
rinic M2 receptor 1s known to increase acetylcholine release,
which was believed to be able to compensate the cholinergic
hypofunctioning 1n AD. There was a pharmaceutical cam-
paign 1n the 1990’s to make use of M2 antagonists as
alternative cholinomimetic drugs to the cholinesterase
inhibitors. However, that eflort eventually failed because,
even though the entire category of cholinomimetic drugs
were essentially eflective only as symptom management
drugs, the M2 blockers were even less potent as compared
to ChEIs.

[0005] Similarly, the eflicacy of estrogen on cognitive
decline 1s 1n question because it does not work 1n most cases,
except for when administered around the time of meno-
pause. AP vaccination had great results in animal models,
but failed on human trials due to severe side effects. The use
of monoclonal antibody against Ap was once hopetul but the
most recent failure of the phase 3 trial for Solanezumab was

just announced by Eli Lily. See Honig L S, Vellas B et al.,
1vial of Solanezumab for Mild Dementia Due to Alzheimer’s

Disease. N Engl J Med. 2018 Jan. 25;378(4):321-330. Tnals
on cafleine-based reduction of on adenosine receptors on
cognitive decline on 1n are still ongoing.

[0006] Some non-pharmaceutical approaches may be par-
tially effective for AD prevention. For example, some com-
mon approaches known to delay aging or aging-related
diseases are believed to delay AD onset as well. These may
include physical exercise, dietary supplements, environmen-
tal enrichment, and physical therapy.
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[0007] Therefore, even though numerous treatment and
prevention eflorts are known 1n the art, there 1s still a need
for a preventative pharmaceutical approach to diseases that
are at least in part characterized by progressive memory
decline. The present invention provides such an approach.

SUMMARY

[0008] Provided herein 1s a method for delaying or pre-
venting onset of progressive memory decline 1n patients in
need of such treatment, wherein said method comprises
identifying a patient that 1s at risk of developing a condition
characterized by progressive memory decline; and admin-
istering to the patient, prior to onset of the condition, a
therapeutically eflective amount of a muscarinic M2 recep-
tor blocking compound; wherein the patient has not been
diagnosed as currently experiencing a condition character-
1zed by progressive memory decline at the time of admin-
istration of the muscarinic M2 receptor blocking compound,
1s provided.

[0009] As used herein, the terms “treat”, “treating,” and
“treatment” refer to at least one of (a) preventing the onset
ol a disease or disorder altogether and (b) delaying the onset
of the disease or disorder or at least one of the clinical
symptoms of a disease or disorder 1n a subject which may be
predisposed to a disease or disorder even though that subject
does not yet experience or display symptoms of the disease
or disorder.

[0010] Also provided 1s a method where the patient 1s
identified as being at risk of developing dementia. Also
provided 1s a method where the patient 1s 1dentified as being
at risk of developing Alzheimer’s disease. Also provided 1s
a method where the patient 1s 1dentified as being at risk of
developing early onset Alzheimer’s disease. In one embodi-
ment, a muscarinic M2 receptor blocking compound 1s
initially admimstered prior to patient’s onset of memory
decline. Also provided 1s a method where the muscarinic M2
receptor blocking compound 1s administered orally.

[0011] In another aspect of the inventive subject matter,
provided 1s a method comprising identifying a subject that 1s
at risk of developing a condition characterized by progres-
stve memory decline; administering a therapeutically eflec-
tive amount of a muscarinic M2 receptor blocking com-
pound to the subject prior to onset of progressive memory
decline; and delaying onset of progressive memory decline
in the subject by repeated administration of the therapeuti-
cally effective amount of a muscarinic M2 receptor blocking
compound to the subject. Also provided 1s a method where
the subject has not been diagnosed as currently experiencing
the condition characterized by progressive memory decline
at a time of a first admimstration of the muscarinic M2
receptor blocking compound. Also provided 1s a method
where the condition characterized by progressive memory
decline 1s dementia. Also provided 1s a method where the
condition characterized by progressive memory decline 1s
Alzheimer’s disease. Also provided 1s a method where the
subject 1s 1dentified as being at risk of developing early onset
Alzheimer’s disease. Also provided 1s a method where the
first administration of the muscarinic M2 receptor blocking
compound 1s prior to the subject’s onset of memory decline.
Also provided 1s a method where the muscarinic M2 recep-
tor blocking compound 1s administered orally.

[0012] In vyet another aspect of the inventive subject
matter, provided 1s a method comprising identifying a sub-
ject that 1s at risk of developing a condition characterized by
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progressive memory decline; and delaying onset of progres-
stve memory decline 1n the subject by repeated administra-
tion of a therapeutically eflective amount of a muscarinic
M2 receptor blocking compound to the subject. Also pro-
vided 1s a method where the subject has not been diagnosed
as currently experiencing the condition characterized by
progressive memory decline at a time of a first administra-
tion of the muscarinic M2 receptor blocking compound.
Also provided 1s a method where the condition characterized
by progressive memory decline 1s dementia. Also provided
1s a method where the condition characterized by progres-
stve memory decline 1s Alzheimer’s disease. Also provided
1s a method where the subject 1s 1dentified as being at risk of
developing early onset Alzheimer’s disease. Also provided
1s a method where the first administration of the muscarinic
M2 receptor blocking compound 1s prior to the subject’s
onset of memory decline. Also provided 1s a method where
the muscarimic M2 receptor blocking compound 1s admin-
istered orally.

[0013] Other features and advantages of the present inven-
tion will become more readily apparent to those of ordinary
skill 1n the art after reviewing the following detailed descrip-
tion and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The methods of the present imvention will be
understood from a review of the following detailed descrip-
tion and the accompanying drawings:

[0015] FIG. 1 shows genotypes and GRKS5 expression 1n
TgAPPsw mice with reduced GRKS5 (GAP) mice. Top panel,
an example of the genotyping results for the WT (APPsw™'~
GRK5"%), GRKS5-Heterozygote (APPsw™~/GRK5"),
TgAPPsw (APPsw*/GRK5**) and the GAP mice
(APPsw*'~/GRKS5*") using the ascribed five primers. 500
base pair (bp) band, human APPsw; 425 bp band, WT
GRKS5; 200 bp band, mactivated GRKYS5. Bottom panels are
representative Western blots for GRKS and p-actin (internal
control for the amount of sample loaded).

[0016] FIG. 2 shows a scheme of AAD23 synthesis.

[0017] FIG. 3 shows preventive eflect of AAD23 on
spontaneous alternation rate of GAP mice in Y maze.
Spontaneous alternation 1n Y maze tests animal’s short term
spatial memory due to rodents’ mnnate tendency to explore a
novel environment. The animal’s performance was rated
correct only when they chose an arm that was diflerent from
previous two entries. The WT control had a correct rate of
40%, whereas the GAP mice at 12 months displayed a
significantly (p<0.03) reduced correct rate below 20%. By
contrast, the AAD?23 treated GAP mice showed a correct rate
of 34%, which was significantly (p<0.03) better than the
untreated GAP mice.

[0018] FIG. 4 shows preventive eflect of AAD23 on
Morris Water Maze (MWM) platform probing test of GAP
mice. The WT mice at 12-months of age had an average
latency of 18.2 seconds to first enter the platform area, while
the untreated GAP mice at the same age spent significantly
longer time (42.2 Sec, p=0.013) to enter the platiform area.
In contrast, the AAD23 treated GAP mice at 12-months of
age spent much less time (22.3 sec, p=0.001) to {irst enter the
platiorm area, than the untreated GAP mice.

[0019] FIGS. 5A, 5B, 5C, and 35D show preventive eflect
of AAD23 on MWM platiorm probing test of GAP mice.
FIG. 5A shows preventive eflect of AAD23 1n terms of
entries ito goal quadrant. FIG. SB shows preventive eflect
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of AAD?23 1n terms of time (sec) in goal quadrant. FIG. 5C
shows preventive eflect of AAD23 in terms of distance (m)
in goal quadrant. FIG. 5D shows preventive eflect of AAD23
in terms of latency (sec) to goal quadrant. These are addi-
tional results 1n support of the MWM platform experiment
described 1n data presented in FIG. 4. The results showed
significant effects (as indicated) of AAD23 on spatial refer-
ence memory 1f use the parameters of goal quadrant as the
measurements.

DETAILED DESCRIPTION

[0020] Unless otherwise defined herein, scientific, clini-
cal, and technical terms used in connection with the present
invention shall have the meanings that are commonly under-
stood by those of ordinary skill in the art. Further, unless
otherwise required by context, singular terms shall include
pluralities and plural terms shall include the singular.
[0021] All patents and other publications identified are
expressly incorporated herein by reference in their entirety
for the purpose of describing and disclosing, for example,
the methodologies described in such publications that might
be used 1n connection with mformation described herein.
[0022] Certain embodiments disclosed herein provide for
a method for delaying or preventing onset ol progressive
memory decline in patients 1 need of such treatment,
wherein said method comprises 1dentifying a patient that 1s
at risk of developing a condition characterized by progres-
stve memory decline; and administering to the patient, prior
to onset of the condition, a therapeutically eflective amount
of a muscarinic M2 receptor blocking compound; wherein
the patient has not been diagnosed as currently experiencing
a condition characterized by progressive memory decline at
the time of administration of the muscarinic M2 receptor
blocking compound, 1s provided. Also provided 1s a method
where the patient 1s 1dentified as being at risk of developing
dementia. Also provided 1s a method where the patient 1s
identified as being at risk of developing Alzheimer’s disease.
Also provided 1s a method where the patient 1s 1dentified as
being at risk of developing early onset Alzheimer’s disease.
In one embodiment, a muscarinic M2 receptor blocking
compound 1s 1mtially administered prior to patient’s
memory decline. Also provided 1s a method where the
muscarinic M2 receptor blocking compound 1s administered
orally.

[0023] Also provided 1s a method comprising 1dentifying
a subject that 1s at risk of developing a condition character-
1zed by progressive memory decline; administering a thera-
peutically eflective amount of a muscarinic M2 receptor
blocking compound to the subject prior to onset of progres-
stve memory decline; and delaying onset of progressive
memory decline 1n the subject by repeated administration of
the therapeutically effective amount of a muscarinic M2
receptor blocking compound to the subject. Also provided 1s
a method where the subject has not been diagnosed as
currently experiencing the condition characterized by pro-
gressive memory decline at a time of a first administration
of the muscarinic M2 receptor blocking compound. Also
provided 1s a method where the condition characterized by
progressive memory decline 1s dementia. Also provided 1s a
method where the condition characterized by progressive
memory decline 1s Alzheimer’s disease. Also provided 1s a
method where the subject 1s 1dentified as being at risk of
developing early onset Alzheimer’s disease. Also provided
1s a method where the first administration of the muscarinic
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M2 receptor blocking compound 1s prior to the subject’s
onset of memory decline. Also provided 1s a method where
the muscarimic M2 receptor blocking compound 1s admin-
istered orally.

[0024] Also provided 1s a method comprising 1dentifying
a subject that 1s at risk of developing a condition character-
1zed by progressive memory decline; and delaying onset of
progressive memory decline i the subject by repeated
administration of a therapeutically eflective amount of a
muscarinic M2 receptor blocking compound to the subject.
Also provided 1s a method where the subject has not been
diagnosed as currently experiencing the condition charac-
terized by progressive memory decline at a time of a first
administration of the muscarinic M2 receptor blocking com-
pound. Also provided i1s a method where the condition
characterized by progressive memory decline 1s dementia.
Also provided 1s a method where the condition characterized
by progressive memory decline 1s Alzheimer’s disease. Also
provided 1s a method where the subject 1s 1dentified as being
at risk of developing early onset Alzheimer’s disease. Also
provided 1s a method where the first administration of the
muscarinic M2 receptor blocking compound is prior to the
subject’s onset of memory decline. Also provided 1s a
method where the muscarimic M2 receptor blocking com-
pound 1s administered orally.

[0025] Adfter reading this description 1t will become appar-
ent to one skilled 1n the art how to implement the imnvention
in various alternative embodiments and alternative applica-
tions. However, although various embodiments of the pres-
ent invention will be described herein, 1t 1s understood that
these embodiments are presented by way of example only,
and not limitation. As such, this detailed description of
various alternative embodiments should not be construed to
limit the scope or breadth of the present invention as set
forth 1n the appended claims.

[0026] Unlike previous applications of muscarinic M2
receptor blockers 1n Alzheimer’s disease 1t was discovered
that blockade of muscarinic presynaptic M2 receptor by
application of an M2 receptor blocker, prior to disease onset,
produced a preventative eflect, delaying, or preventing onset
of progressive memory decline. Behavioral tests performed
alter the acute drug eflects were completely washed off and
no longer i eflect to ensure the treatment was disease-
moditying, confirmed this result. This mnvention makes use
of muscarinic M2 receptor blocking compounds and the
strategy to block M2 receptors for correcting cholinergic
neuronal vulnerability that 1s independent of the acetylcho-
line release. As described herein, the efhicacy of this strategy
was demonstrated and was superior and specific for pre-
venting spatial memory decline.

[0027] Certain types of progressive memory impairments
can cause permanent damage to the brain, which cannot be
reversed. For example, memory loss 1s one of the first or
more-recognizable signs of dementia. Dementia 1s not a
specific disease but a set of symptoms, including impairment
1n memory, reasoning, judgment, language, and other think-
ing skills. Dementia can be caused by Alzheimer’s disease,
cerebrovascular conditions (e.g., multi-infarct disease and
stroke), frontotemporal conditions, Lewy body disease, Par-
kinson’s disease, Huntington’s disease, and other diseases
and conditions.

[0028] Alzheimer’s disease 1s a dementia clinically char-
acterized by progressive memory loss and cognitive decline
and 1s the most common form of dementia. Alzheimer’s
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disease most commonly affects older adults, 65 or over
(“late onset”), but when 1t 1s diagnosed 1n younger patients,
it 1s referred to “early-onset” or “younger-onset” Alzheim-
er’s disease.

[0029] Early-onset Alzheimer’s disease can develop at any
time 1n a person’s life from their 20°s to early 60’s, typically
aflecting people 1n their 50°s. Familial Alzheimer’s 1s a form
of early-onset where a genetic predisposition leads to the
disease. People with a parent, or sibling with Alzheimer’s
are more likely to develop the disease themselves, with the
risk increasing 1f more than one family member has the
disease. When the disease runs in families, genetic or
environmental factors, or both, may play a role. Certain
inherited gene mutations have been 1dentified as causing this
form of the disease. FAD mutations, for example, include
mutations on chromosome 21 causing the formation of
abnormal amyloid precursor protein (APP), mutations on
chromosome 14 causing formation of abnormal presenilin-1
(PS-1), and mutations on chromosome 1 causing formation
ol abnormal presenilin-2 (PS-2).

[0030] The known FAD gene mutation carriers are usually
identified based on family history and pedigree analysis, and
confirmed by sequencing their three FAD genes (APP, PS1
and PS2) for mutations. Once a known mutation 1s found, no
further test 1s needed.

[0031] Down syndrome patients are usually i1dentified
carly in their life by chromosome examination.

[0032] The APOE ¢4 allele of the apolipoprotein E
(APOE) gene on chromosome 19 has been identified as a
risk-factor gene for Alzheimer’s disease because 1t increases
the risk of developing the disease and 1s also associated with
an earlier age of disease onset. However, inheriting an
APOE ¢4 allele does not definitely mean the person will
develop Alzheimer’s disease. Typically, a person has up to
two alleles, having more alleles increases the risk of devel-
oping the disease. The APOE €2 allele may provide some
protection against the disease, 11 Alzheimer’s disease occurs,
it usually develops later 1n life than 1t would 1n someone

having the APOE €4 allele.

[0033] Forpeople with a high risk of developing Alzheim-
er’s disease, 1t 1S necessary to consider a combination of
multiple factors. The factors include but not limited to the
following:

[0034] (1) Memory complaint with the Mim1 Mental

State Examination (MMSE) or other memory test indi-
cating mild cogmtive impairment (MCI);

[0035] (2) ApoE allele assay revealing as €4 allele
carrier;

[0036] (3) Age 1s older than 65;

[0037] (4) Female;

[0038] (5) Having a family member or relatives sutler-

ing from AD (even though no known mutations are
identified);
[0039] (6) Medical history of having other related dis-

ease such as cardiovascular diseases, stroke, diabetes,
brain trauma, etc

[0040] (7) Functional MRI (IMRI) revealing reduced
cerebral blood flow and brain metabolism.

[0041] (8) Others, such as GRKS5 deficiency.

These factors altogether may point a particular patient
having high risk (the more factors, the higher risks) of
developing AD later on. These patients would be considered
a high priority population in need of preventive therapy.
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[0042] Reference to family history of onset and progres-
sion of disease 1n aflected family members can be used to
inform treatment strategies, such as timing of mitial admin-
istration of a muscarinic M2 receptor blocking compound,
as well as dose frequency and duration.

[0043] Muscarinic M2 receptor blocking compounds.
Muscarinic M2 receptor antagonists are well known 1n the
art. Such compounds include, but are not limited to, the
anthranilamide derivative known as AAD23 and methoc-
tramine (MT) that are used 1n the art. Other examples of M2

receptor antagonists including earlier dibenzodiazepinone-
based compounds (such as BIBN 99, YM-59981, and
DIBD), tripitramine, 3-o.-Chloroimperialine, Himbacine,
piperidine, and recently described allosteric modulators of
M2 receptors, etc.

[0044] Memory decline may be evaluated by any number
of methods known 1n the art, including, for example, taking
a medical history and performing physical and/or neurologi-
cal examinations. Memory complaint with the Mini Mental
State Examination (MMSE) or other memory test indicating
mild cognitive impairment (MCI) tests may be used. Imag-
ing of the brain using functional magnetic resonance 1mag-
ing (IMRI) may also be used.

[0045] As discussed above, the term “treatment™ as used
herein refers to at least one of (a) preventing the onset of a
disease or disorder altogether and (b) delaying the onset of
the disease or disorder or at least one of the climical
symptoms of a disease or disorder 1n a subject which may be
predisposed to a disease or disorder even though that subject
does not yet experience or display symptoms of the disease
or disorder.

[0046] As used herein, “therapeutically effective amount™
refers to the amount of a compound that, when administered
to a subject for delaying or preventing onset of progressive
memory decline, 1s suflicient to affect such treatment. The
“therapeutically eflective amount™ can vary depending on
the compound, the disease or disorder, the age of the subject
to be treated, and/or the weight of the subject to be treated,
for example. Accordingly, this term 1s not limited to a single
dose, but may comprise multiple dosages required to bring
about a therapeutic or prophylactic response 1n the subject.
An appropriate amount 1n any given istance can be readily
apparent to those skilled 1n the art or capable of determina-
tion by routine experimentation.

[0047] Pharmaceutical compositions that comprise a
therapeutically effective amount of muscarinic M2 receptor
blocking compound are administered to a patient in a
manner appropriate to the indication. The muscarinic M2
receptor blocking compound may be administered via oral,
mucosal (including sublingual, buccal, rectal, nasal, or vagi-
nal), parenteral (including subcutaneous, ntramuscular,
bolus injection, intra-arterial, or intravenous), transdermal,
or topical administration. The muscarinic M2 receptor
blocking compound may be in a form suitable for oral use,
for example, as tablets, troches, lozenges, aqueous or oily
suspensions, dispersible powders or granules, emulsions,
hard or soit capsules, or syrups or elixirs.

[0048] The following examples, including the exper-
ments conducted and the results achieved, are provided for
illustrative purposes only and are not to be construed as
limiting the scope of the appended claims.
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EXAMPLES

Example 1

[0049] Animal preparation. The creation of GAP mice was
achieved by cross-breeding GRKS5KO mice with Tg2376
(TgAPPsw) mice. GRK5KO mice were previously gener-
ated by targeted deletion of exons 7 and 8 of the GRKS5 gene,
encoding critical sub-elements I through III of the protein
kinase catalytic domain, as detailed previously. Tg2576
mice were developed by Hsiao et al previously by over-
expression of human APP gene carrying the Swedish muta-
tions. See Hsiao, K. et al. Correlative memory deficits, Abeta
clevation, and amyloid plaques 1n transgenic mice. Science
274, 99-102. (1996). Both strains have been previously bred
with C57/BL6 mice for more than 10 generations, therefore
all having the same genetic background. After breeding
these two strains of mice, the resulted oflspring were geno-
typed to i1dentity those that contain both genetic modifica-
tions (FIG. 1). The genotyping protocol 1s described 1n detail
as the following.

[0050] Mouse-taill DNA was prepared and genotyping was
performed as previously described. See L1, L., Liu, J. & Suo,
W. Z. GRKS5 deficiency exaggerates inflammatory changes
in TgAPPaw mice. J Neuromnflammation 5, 24 (2008).
Genotyping was performed by polymerase chain reaction
(PCR) amplification of the tail genomic DNA using two
human APP-specific primers which amplity a 500 bp DNA
fragment and were used to identily the presence of the
human APP transgene; three additional primers specific for
wild type (WT) murine GRKS (425 bp) and the GRK5KO
loc1 (200 bp) which were used to 1dentify the presence of
WT or the targeted murine GRKYS5 gene. PCR was used for
amplification. The 20 ul reaction volume contained 1.25
units of Flex1 DNA polymerase (Promega, Madison, WI),
200 uM dNTPs, 2 mM MgCl2, and 250 nM of each of the
APP primers and 1 uM of each of the three GRKS primers.
The amplification protocol entailed 35 cycles of denatur-
ation at 94° C. for 15 s, annealing at 62° C. for 15 s and
extension at 72° C. for 15 s, and then followed by a 10-min
final extension at 72° C. The PCR products (10 ul) were then
analyzed and visualized on 2.0% agarose gels. F1G. 1 shows
an example of typical genotyping result including the four
different genotypes used 1n this application.

[0051] Since these mice have been shown to display
gender differences, only female GAP mice were used for the
experiments. See e.g., L1, L., Liu, J. & Suo, W. Z. GRKS5
deficiency exaggerates intlammatory changes in TgAPPaw
mice. J Neurointlammation 5, 24 (2008); Li, L. et al.
Augmented axonal defects and synaptic degenerative
changes 1n female GRKS deficient mice. Brain Res Bull 78,
145-51 (2009); and Suo, W. Z. & L1, L. Dysfunction of G
protein-coupled receptor kinases i Alzheimer’s disease.
ScienceWorldJournal 10, 1667-78 (2010). There were a total
of 30 female GAP mice for this experiment at the beginning.
They were randomly grouped into two arms for AAD23
treatment (n=8) and control (n=22).

[0052] The GAP mouse 1s the Swedish APP mice (Tg23576
or APPsw) deficient in G-protein coupled receptor kinase-5
(GRKY5). Compared to APPsw mice, GAP mice displayed
more severe pathological changes such as more A3, plaques,
and inflammation, as well as more prominent cholinergic
neurodegeneration that other AD models lack. See e.g.,
Hernandez, D. et al. Survival and plasticity of basal fore-
brain cholinergic systems 1n mice transgenic for presenilin-1
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and amyloid precursor protein mutant genes. Neuroreport
12, 1377-84 (2001); Boncristiano, S. et al. Cholinergic
changes 1n the APP23 transgenic mouse model of cerebral
amyloidosis. J Neurosc1 22, 3234-43 (2002); and German,

D. C. et al. Cholinergic neuropathology 1n a mouse model of
Alzheimer’s disease. ] Comp Neurol 462, 371-81 (2003).

Example 2

[0053] Drug Synthesis. Synthesis and purification of an
anthranilamide derivative, AAD23, was completed step-by-
step as shown below and 1n FIG. 2. A synthetic method 1s
also provided 1n Clader, J. W. et al. Muscarinic M2 antago-
nists: anthranilamide derivatives with exceptional selectivity
and 1n vivo activity. Bioorganic & Medicinal Chemistry 12,
319-326 (2004).

[0054] Compound 3: A solution of 4-benzylpiperidine 3
(Compound 1) (202 g, 1.15 mol) in dichloromethane (1.5 L)
was treated with 216 ml (1.53 mol) of trifluoroacetic anhy-
dride (TFAA) added drop-wise over 30 min to produce
trifluoroacetic 4-benzylpiperidine (Compound 2). The mix-
ture was allowed to stir an additional 90 minutes at room
temperature and then cooled to 0° C. 1n an ice bath.
Methanesulfonic acid (MsOH) (306 ml) was added 1n por-
tions followed by dibromodimethylhydantoin (171 g, 0.6
mol) also added 1n portions, and the resulting mixture was
stirred overnight while coming to room temperature. After
again cooling 1n an 1ce bath, the mixture was quenched by
addition of saturated Na,S0, (1.6 L) added over 30 minutes.
The aqueous layer was separated and washed with dichlo-
romethane (2x2 L). The combined organic layers were dried
over magnesium sulfate and concentrated. The residue was
purified by silica gel chromatography, eluting with hexanes,
5% ethyl acetate-hexane, and 10% ethyl acetate-hexane to
yield 52 g of compound 3, which was used directly 1n the
next step.

[0055] Compound 4: A solution of compound 3 1n 890 ml
methanol was treated with 47 g potassium carbonate i 157
ml water. The mixture was stirred for 3 hours, then concen-
trated under vacuum. The residue was treated with 2 N
NaOH (1 L) and extracted with dichloromethane (2x1 L).
The combined organic layers were dried over magnesium
sulfate and evaporated to give 38.4 g of compound 4 as oil.
[0056] Compound 3: A suspension of compound 4 1n 500
ml dichloromethane was treated with 1-tert-butoxycarbonyl-
4-piperidone (32.3 g), glacial acetic acid (19.2 ml), and
sodium triacetoxyborohydride (97 g). The mixture was
allowed to stir overnight at room temperature, then poured
into 2 N NaOH (1 L). After stirring an additional 30 minutes,
the layers were separated, and the aqueous layer was
extracted with ethyl acetate (2x700 ml). The combined
organic layers were dried over magnesium sulfate and
evaporated, and the residue was purified by flash chroma-
tography, eluting with ethyl acetate to give 289 g of
compound 3.

[0057] Compound 6: A solution of compound 5 (28 g) 1n
115 ml dry THF at -78° C. was treated with 26.4 ml of 2.5
M n-butyllithium 1n hexanes followed by a solution of
3-chlorobenzenesulionyl fluoride (13 g, prepared from
3-chlorobenzenesulionyl chloride and KF) in 70 ml of dry
THF. The mixture was stirred at —78° C. for 2 hours then
allowed to come to room temperature overnight. The reac-
tion was quenched with water, concentrated under vacuum,
and partitioned between ethyl acetate and 10% sodium
carbonate. The organic layer was washed with water, dried
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over magnesium sulfate, and evaporated. The residue was
purified over silica gel, eluting with 5% methanol-ethyl
acetate, and the purified residue was crystallized from ethyl
acetate to give 7.9 g of compound 6.

[0058] Compound 7: To a cooled (0° C.) mixture of 6 (7.9
g), CH2CI2 (60 ml) and H20 (0.35 ml) trifluoroacetic acid
(15 ml) was added dropwise. The cooling bath was removed

and the mixture was stirred for 2 hours. The volatile mate-
rials were removed 1 vacuo, CH2CI2 (60 ml) and 10%

NaOH (50 ml) was added, and the resulting mixture was
stirred for 3 minutes. The CH2CI2 layer was removed, the
aqueous layer was extracted with CH2CI2 (3x50 ml), the
organic extracts were dried over Na,SO,, filtered and evapo-
rated to give compound 7 as a white foam (6.5 g).

[0059] Compound 8: EDC (4.3 g) was added to a mixture
of the compound 7 (6.5 g), dimethylformamide (215 ml),
hydroxobenzotriazole (3 g), diisopropylethylamine (11 ml),
and the benzoic acid (3.4 g). The resulting solution was
stirred at room temperature overnight and then partitioned
between 1000 ml of ethyl acetate and 110 ml 2 N sodium
hydroxide. The aqueous layer was extracted with ethyl
acetate (3x300 ml), and the combined organic layers were
dried over sodium sulfate and evaporated. The residue was
purified by silica gel tlash chromatography to give the crude
compound 8 as 1ts free base. The free base was dissolved 1n
200 ml ethyl acetate and treated with 15 ml of 2 M HCI 1n
Et20 at 0° C. The salt was precipitated by addition of ether,
filtered, washed with ether, and dried under vacuum to give
the HCI salt. The above salt was recrystallized from 1-PrOH
and treated with 2N NaOH—CH2CI2. Organic phase was
dried with sodium sulfate and evaporated to give 5.1 g of

98% pure compound 8 (AA023), according to LC-MS data.

Example 3

[0060] Drug administration. AAD23 dosing was pre-de-
termined 1n an acute experimental model 1n the GAP mice,
and the optimal dose was between 2-3 mg/kg, 11 given orally.
For actual amimal treatment, 1t was administered orally by
incorporating 1t into the diet with a concentration of 18.75
mg/kg dry diet M8626D (prepared by Harlan Laboratories).
If in average an adult mouse weights 30 grams, and con-
sumes approximately 4 grams of diet, 1t equals to take 2.5
mg/kg of the drug daily. In order to distinguish the drug-
containing diet, non-toxic food color (pink) was added. This
compound has no bad smell or taste that significantly
aflected the amount of diet consumed, according to our
observation. For a 6-month drug treatment plan, incorpora-
tion of the drug into the diet was the way with the least stress
for the animals.

Example 4

[0061] Behavioral tests. Both AAD23-treated and
untreated control mice were transierred to behavioral testing
room 1immediately after preventing the drug treatment. They
were housed 1n the behavioral room for two weeks to adapt
to the new environment before being subjected to open field,
balance beam, string agility, elevated plus maze, swimming,
prescreening, Y maze and Morris water maze tests.

[0062] The two-week behavioral test battery provided an
essential analysis of sensorimotor functioning, anxiogenic
tendencies, and mnemonic performance. For all behavioral
testing, the operator was blind to the experimental variables
of genotypes and treatments (all animals were randomly
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coded throughout the experiments). Standard stress control
and habituation procedures applied. All tests were monitored
and recorded by Stoelting Any Maze™ Video Tracking
System. The detailed behavioral test protocol may found 1n
our previous publications. See Singh, P. et al GRKS defi-
ciency leads to susceptibility to intermittent hypoxia-in-
duced cognmitive impairment. Behav Brain Res 302, 29-34
(2016). Below 1s a brief description of the methods.
[0063] Open Field evaluated activity/exploratory behavior
(1 day). The total travel distance in the open field over a
3-minute period was analyzed.

[0064] Balance Beam evaluated vestibular and general
motor balance (1 day). Latency to fall from a beam in 3
successive trials (60 seconds maximum) was analyzed.
[0065] String Agility evaluated agility and grip capacity (1
day). Animals were permitted to grasp a suspended string
only by their forepaws and then released. During a single 60
second trial, each animal was assessed using a 0-5 rating
system.

[0066] Flevated Plus-Maze evaluated level of anxiety (1
day). Closed and open arm entries over a 3-minute period
were analyzed.

[0067] Swimming Screeming excluded potential swim-
ming deficiency or dismotivation (1 day). 13-sec rest on
plattorm followed by 75-sec free-swimming/exploration.
Free-tloating or idling mice (none for these groups) were
removed from subsequent cognitive tests.

[0068] Y-Maze evaluated spontaneous alternation behav-
1ior and mnemonic spatial memory (1 day). Correct (different
from previous two entries) arm entry rate was analyzed.

[0069] Morris Water Maze (MWM) evaluated spatial ret-

erence learming over 5 days and spatial reference memory 1n
three intermediate and one final probe trial on day 6. The
Morris water maze trained the animals to remember a
platform 1n goal quadrant for escaping from the water no
matter where they start, therefore it tested the animal’s
spatial reference memory. For the probing trial, the platform
was removed. The animals that remembered where the
plattorm used to be entered that area quicker (shorter
latency).

[0070] Data collection, analysis and report. For the behav-
ioral test results, no significant differences were identified
between any groups for open field, balance beam, string
agility and elevated plus maze tests, indicating these animals
were not impaired for their sensorimotor function and anx-
10genic tendencies. However, for the two tasks that measure
mnemonic performance (Y maze and MWM), the untreated
GAP mice were known to be impaired at 12-month for Y
maze spontaneous alternation and MWM platiorm probing,
according to our previous data. With 6 months of treatment
of AAD23, they performed significantly better than those
untreated GAP mice, and their levels of performance were as
good as the W'T mice (FIGS. 3, 4, and 5). These results
suggest that 6 months of AAD23 treatment significantly
prevented the memory decline in the GAP mice.

[0071] Thus, a pharmaceutical approach has been dis-
closed, specifically blocking presynaptic muscarinic M2
receptor, and successiully preventing memory decline in
GAP mice. It should be apparent, however, to those skilled
in the art that approaches besides those already described are
possible without departing from the inventive concepts
herein. The mventive subject matter, therefore, 1s not to be
restricted except 1n the spirit of the disclosure. Moreover, in
interpreting the disclosure all terms should be interpreted 1n
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the broadest possible manner consistent with the context. In
particular the terms “comprises” and “comprising” should
be mterpreted as referring to the elements, components, or
steps 1 a non-exclusive manner, indicating that the refer-
enced elements, components, or steps can be present, or
utilized, or combined with other elements, components, or
steps that are not expressly referenced.

What 1s claimed 1s:

1. A method for delaying or preventing onset of progres-
stve memory decline 1n patients in need of such treatment,
wherein said method comprises:

identifying a patient that 1s at risk of developing a

condition characterized by progressive memory
decline; and
administering to the patient, prior to onset of the condi-
tion, a therapeutically effective amount of a muscarinic
M2 receptor blocking compound;

wherein the patient has not been diagnosed as currently
experiencing a condition characterized by progressive
memory decline at the time of administration of the
muscarinic M2 receptor blocking compound.

2. The method according to claim 1, wherein the patient
1s 1dentified as being at risk of developing dementia.

3. The method according to claim 1, wherein the patient
1s 1dentified as being at risk of developing Alzheimer’s
disease.

4. The method according to claim 1, wherein the patient
1s 1denfified as being at risk of developing early onset
Alzheimer’s disease.

5. The method according to claim 4, wherein the musca-
rinic M2 receptor blocking compound 1s 1itially adminis-
tered prior to patient’s onset of memory decline.

6. The method according to claim 1, wherein the musca-
rinic M2 receptor blocking compound 1s administered orally.

7. A method comprising:

identifying a subject that 1s at rnisk of developing a
condition characterized by progressive memory
decline;

administering a therapeutically eflective amount of a
muscarinic M2 receptor blocking compound to the
subject prior to onset of progressive memory decline;
and

delaying onset of progressive memory decline in the
subject by repeated administration of the therapeuti-
cally eflective amount of a muscarinic M2 receptor
blocking compound to the subject.

8. The method of claim 7, wherein the subject has not
been diagnosed as currently experiencing the condition
characterized by progressive memory decline at a time of a
first administration of the muscarinic M2 receptor blocking
compound.

9. The method of claim 7, wherein the condition charac-
terized by progressive memory decline 1s dementia.

10. The method of claam 7, wherein the condition char-
acterized by progressive memory decline i1s Alzheimer’s
disease.

11. The method of claim 7, wherein the subject 1s 1den-
tified as being at risk of developing early onset Alzheimer’s
disease.

12. The method of claim 11, wherein the first adminis-
tration of the muscarinic M2 receptor blocking compound 1s
prior to the subject’s onset of memory decline.

13. The method of claim 7, wherein the muscarinic M2
receptor blocking compound 1s administered orally.
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14. A method comprising:

identifying a subject that 1s at risk of developing a
condition characterized by progressive memory
decline; and

delaying onset of progressive memory decline in the
subject by repeated administration of a therapeutically

ellective amount of a muscarinic M2 receptor blocking

compound to the subject.

15. The method of claim 14, wherein the subject has not
been diagnosed as currently experiencing the condition
characterized by progressive memory decline at a time of a
first administration of the muscarinic M2 receptor blocking
compound.

16. The method of claim 14, wherein the condition
characterized by progressive memory decline 1s dementia.

17. The method of claim 14, wherein the condition
characterized by progressive memory decline 1s Alzheimer’s
disease.

18. The method of claim 14, wherein the subject is
identified as being at risk of developing early onset Alzheim-
er’s disease.

19. The method of claim 18, wherein the first adminis-
tration of the muscarinic M2 receptor blocking compound 1s
prior to the subject’s onset of memory decline.

20. The method of claim 14, wherein the muscarinic M2
receptor blocking compound 1s administered orally.

G e x Gx ex
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