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(7) ABSTRACT

Methods and compositions are disclosed that provide ace-
tylcholinesterase inhibitors for the prevention and treatment
of diseases and disorders of the central nervous system,
including dementia such as Alzheimer’s disease, to the
central nervous system via intranasal delivery. The methods
and compositions of the present invention provide therapeu-
tic concentrations of the acetylcholinesterase inhibitor in the
cerebrospinal fluid of a mammal without the attendant
disadvantages, risks and side effects of oral or injection
delivery.
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ADMINISTRATION OF
ACETYLCHOLINESTERASE INHIBITORS TO THE
CEREBRAL SPINAL FLUID

[0001] This claims priority under 35 U.S.C. §119 (e) to
U.S. Provisional Application No. 60/382,122 filed May 21,
2002, the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] The teachings of all of the references cited herein
are incorporated herein by reference.

[0003] Acetylcholinesterase inhibitors are an important
class of drugs for the prevention and treatment of diseases
and disorders of the central nervous system. These diseases
include, inter alia, neurological conditions associated with
memory loss, cognitive impairment and dementia in mam-
mals, including Alzheimer’s Disease, Parkinson’s-type
dementia, Huntington’s-type dementia, Pick’s-type demen-
tia, CJ-type dementia, AIDS-related dementia, Lewy Body
dementia, Rett’s syndrome, epilepsy, brain malignancies or
tumors, cognitive disorder associated with multiple sclero-
sis, Down’s syndrome, progressive supranuclear palsy, cer-
tain forms of schizophrenia, depression, mania and related
psychiatric conditions, Tourette’s syndrome, mysasthenia
gravis, attention deficit disorder, autism, dyslexia, forms of
delirium, or dementia as a sequela to vascular stroke or
cranial bleeding and brain injury, in their chronic, acute and
relapsing forms. Pathological changes in Alzheimer’s dis-
ease, for example, involve degeneration of cholinergic neu-
rons in the subcortical regions and of neuronal pathways that
project from the basal forebrain, particularly Meynert’s
nucleus basalis to the cerebral cortex and hippocampus
(Robert P H et al. 1999. “Cholinergic Hypothesis and
Alzheimer’s Disease: The Place of Donepezil (Aricept),
”Encephale 5:23-5 and 28-9). These pathways are thought to
be intricately involved in memory, attention, learning, and
other cognitive processes.

[0004] The earliest signs of dementia appear as mild
cognitive and memory impairment. This occurs progres-
sively in underlying conditions such as Alzheimer’s disease
and suddenly in dementia related to vascular embolism or
bleeding aneurism. Dementia in its advanced form is asso-
ciated with aggressive behavior, irrational and paranoid
ideation, loss of memory, loss of sense of smell, and often
with cataracts. Non-vascular dementia is always related to
abnormal deposition of a particular protein in the nerve
bodies and sheaths. In Alzheimer’s the abnormal deposits of
amyloid protein are called plaques. Plaques containing other
unique proteins appear in Parkinson’s disease, Huntington’s
disease, Pick’s disease and in prion disease associated with
cognitive impairment. These plaques can be identified his-
tologically at autopsy. Dense tangles of the tau protein are
also observed intracellularly in dementia. Certain alleles at
several loci, most notably the ApoE e4 allele, have been
noted to have a higher incidence of late-onset dementia. Late
and early onset forms of the disease are differentiated by the
age at onset; 65 years of age can be taken as a cutoff for
“early” onset versus late onset disease.

[0005] Vascular dementia may present with unique symp-
toms, such as gait abnormality and urinary incontinence,
generally due to multiple cerebral infarctions, intracerebral
hemorrhage, strokes, or infectious vasculitis of Lyme’s
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disease, and autoimmune vasculitis of lupus erythrematosis,
among other related conditions.

[0006] Of all testing methods for dementia and delerium,
the most objective early measure is cognitive testing. Stan-
dardized testing in humans may be performed using the
Reye Auditory Verbal Learning Test, the Mini-Mental State
Exam (MMSE) the Weschler Logical Memory Test, or the
Selective Reminding Test, among others. The cognitive
subscale is also a major indication in the Alzheimer’s
Disease Assessment Scale (ADAS-cog), and simultaneously
assesses short term memory, orientation in place and time,
attention span, verbal ability and praxis. ADAS-cog testing
is used diagnostically, higher scores indicating cognitive
impairment, but may also be used to evaluate success in
treatment. Reduced scores following treatment with tacrine,
donepezil and the longer-acting rivastigmine have been
noted.

[0007] Tt is believed that acetylcholinesterase inhibitors
exert their therapeutic effect in the central nervous system by
enhancing cholinergic function, i.c., by increasing the con-
centration of acetylcholine through reversible inhibition of
its enzymatic hydrolysis by the cholinesterases. This phar-
macotherapeutic approach also has some value in treatment
of nicotine withdrawal and sleep apnea, as well as the
dementia and delerium states described above. The three
acetylcholinesterase inhibitor drugs presently on the market
are delivered orally in the form of tablets and capsules.
During oral delivery, drug passes down the digestive tract
and is absorbed into blood capillaries of the duodenum and
ileum, enters the portal vein, and is then transported to the
liver before reaching the target organ, the brain. Unfortu-
nately, oral delivery of acetylcholinesterase inhibitors is
associated with several disadvantages, including, inter alia:

[0008] (1) hepatic first pass metabolism and clear-
ance,

[0009] (2) gastrointestinal destruction of the drug by
digestive enzymes and by the acidic pH conditions of
the digestive tract;

[0010] (3) inferior and unpredictable uptake and bio-
availability, especially as affected by food ingestion;
and

[0011] (4) serious adverse effects, including nausea,
vomiting, loose stools, diarrhea, anorexia and in
severe cases, irreparable esophageal tears.

[0012] A recent report of an esophageal tear in an Alzhe-
imer’s patient receiving the ACE inhibitor, rivastigmine,
(Kumar V. 2001. Spontaneous rupture of oesophagus (Boer-
haave’s syndrome) related to rivastigmine. Age Ageing
30:177) emphasizes the danger of oral administration of
these drugs in debilitated patients. Longitudinal rupture of
the esophagus is often not surgically repairable.

[0013] The possibility of injection or topical application of
a cholinesterase has been superficially disclosed, and suffi-
cient information has been disclosed to enable a suitable
injectable dose form of donepezil in PCT/US01/07027.
However, injectables are not suitable for many patients with
low muscle mass, are inherently dangerous in patients who
lack a fully functional immune system, and require extra
expense, time and training. When one considers that a dose
of these drugs may be required up to 4 times a day, the highly
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invasive route of administration by injection seems a flatly
unacceptable alternative unless the patient is hospitalized
and has a central IV line open at all times.

[0014] Another option that has been contemplated for the
delivery of acetylcholinesterase inhibitors is by inhalation
and absorption via the pulmonary mucosa. This method is
alluded to in PCT/US01/07027 (“Novel Methods Using
Cholinesterase Inhibitors”). The disclosure discloses that
aerosol sprays and fine powdered solid dosage forms can
reach the lung when administered by pressurized spray or
ventilatory support through the nose or mouth. These inha-
lation dosage forms are formulated with propellants for use
in insufflators or nebulizers. However, in order to reach the
large surface area of the alveoli, special equipment is often
needed. The formulations require propellants or other means
of achieving a very fine mist or powder with particle size
less than 10 um diameter. The mist or powder is then
administered to the lungs via the mouth or the nose (using
intubation). If possible, the patient must be trained to
actively inhale during dosing, or pressurized respiratory
assist may be required, as in patients suffering from asthma,
chronic obstructive pulmonary disease, emphysema or
physical debilitation due to ageing. Generally, in these
patients, the assistance of a trained technician is required to
achieve efficacious dosing. Unfortunately, consistency of
dosing with mists or powders has been problematic, and
most research has been directed to high-density powders
because liquid solutions of drug, especially aqueous solu-
tions, do not have the low surface tension needed to form a
dense and slow settling microaerosol suitable for inhalation
therapy. The methods employed do not readily lend them-
selves to home dosing of elderly patients and are inherently
expensive due to the costs associated with the specialized
delivery devices and route of administration. Metered dose
inhalation is one of the most complex drug delivery systems
on the market. More information about pressurized devices
used for aerosol inhalation drug delivery is provided in
Remington: The Science and Practice of Pharmacy, 19" ed.
Chapter 95 “Aerosols”, and a descriptive definition of the
inhalation route for drug delivery is provided in Chapter 41,
“Drug Absorption, Action and Disposition” under the head-
ing of Absorption of Drugs: Inhalation Route, and is quoted
herein as a definition for the nasal and oral methods of
inhalation drug delivery (vide infra).

[0015] Therefore, the problem remains for delivery of
acetylcholinesterase inhibitors. What is needed is a simple,
improved method of delivery of acetylcholinesterase inhibi-
tors for the prevention and treatment of diseases and disor-
ders, e.g., of the central nervous system that avoids the
toxicity and low bioavailability associated with oral deliv-
ery, and the expense, training and difficulty of dosing by
injection and inhalation therapy. The methods and compo-
sitions of the present invention meet this urgent need.

[0016] There have been attempts to deliver other drugs
intranasally, i.e. without formulation or devices for inhala-
tion, in the treatment of brain disorders. For example, U.S.
Pat. No. 6,180,603 discloses a method for actively and
transaxonally delivering therapeutic agents which are the
autologous counterparts of endogenous proteins, peptides
and complex lipids, all of which are native to the brain.
Delivery of this class of drugs is accomplished via inter-
neuronal transport in nerve cell bodies and membranes.
Specifically, the patent discloses the transport of insulin,
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insulin-like growth factors, nerve growth factors, ganglio-
sides, phosphatidylserine, brain-derived neurotrophic fac-
tors, fibroblast growth factors, glia-derived nexins, ciliary
neurotrophic factors and cholinergic enhancing factors via
the axon of the olfactory nerve. However, there is no
disclosure or teaching of any useful intranasal delivery by
this mechanism of non-naturally occurring, xenogenic drugs
including synthetic heterocyclic amines, substituted pip-
eridines, and substituted phenols, further encompassing ace-
tylcholinesterase inhibitors, and, in particular, Xenogenic,
non-native acetylcholinesterase inhibitors. No disclosure is
made of excipients useful for increasing paracellular and
transcellular uptake.

[0017] 1t was wholly unexpected that the pharmaceutical
compositions of the invention containing acetylcholinest-
erase inhibitors and at least one permeation-enhancement
agent could be delivered in efficacious quantity via the
intranasal administration methods disclosed herein because
these cationic drugs are not native to the body, and there
would have been no expectation of preferential delivery to
the brain or any organ, except to the liver for metabolism and
excretion.

[0018] The uptake I describe for ACE inhibitors is sub-
stantially paracellular. And because the enhancement is
paracellular, the drug rapidly enters the CSF and blood
where it is distributed throughout the brain. Data collected
with apomorphine as a small molecule xenogenic model
drug shows elevated concentrations in cortex, midbrain,
medulla oblongata, cerebellum and CSF. CSF data for
apomorphine is higher than expected from comparative
studies with oral or intravenous administration, possibly by
the subarchnoid plexus, although this is speculative.

[0019] The present invention is directed to a method and
composition that provides the acetylcholinesterase inhibitors
to the central nervous system via paracellular intranasal
delivery. The rich vascular plexus of the nasal cavity of a
mammal provides a direct route into the bloodstream for the
acetylcholinesterase inhibitors that readily cross mucous
membranes. Due to the direct absorption into the blood-
stream, problems of gastrointestinal destruction and hepatic
first pass metabolism are avoided, thereby improving the
bioavailability of the drug relative to oral delivery. The
method and composition of the present invention provide a
higher bioavailability and maximum concentration in the
central nervous system of the mammal relative to other
simple modes of delivery, without the attendant disadvan-
tages and side effects of oral or injectable dosing. Specifi-
cally, the serious gastrointestinal problems associated with
present methods of oral delivery are avoided.

[0020] The pharmaceutical compositions of the present
invention minimize the transport of the acetylcholinesterase
inhibitors from the nasal passages into the lungs. As is well
known in the art, acetylcholinesterase inhibitors have some
crossreactivity with butylcholinesterase inhibitors. Butyl-
cholinesterases are a structurally-related enzyme family, but
have very different biological functions. Whereas inhibition
of acetylcholinesterase can lead to beneficial accumulation
of acetylcholine in synapses, inhibition of butylcholinest-
erase can result in respiratory failure, especially when the
inhibitor enters the lung. This toxicity forms the basis for the
widely known use of butylcholinesterase inhibitors as poi-
sons and insecticides. Therefore, the methods of the present
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invention, wherein nasal application is proposed for com-
mercial use in treatment of disease, are specifically designed
to restrict contact of the formulation to the nasal turbinates
and oropharynx. Droplet size of sprays are larger than about
20 to 100 um, so that the spray droplets immediately drop to
the nasal mucosa and do not enter the lungs as an aerosol.
While a few droplets potentially can escape and enter the
oropharynx, essentially no material will enter the lungs in
the form of an aerosol. Gel formulations for intranasal
application are also applied with simple pump or squeeze
devices and do not permit acetylcholinesterase inhibitor to
enter the lungs. Dose volume is typically limited to less than
0.9 mL per nostril, more preferentially to 0.2 mL per nostril,
and most preferentially to less than or equal to 0.1 mL per
nostril. Nose droplets may also be used without risk. There-
fore, the products are designed to be safe and do not lead to
toxic poisoning, as is an evident possibility with nasal or oral
inhalation methods when used with acetylcholinesterase
inhibitors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 shows a plot of Donepezil cereberal spinal
fluid/plasma ratio in a rat, following single-dose nasal
administration at time zero, followed by dual measurements
of CSF and plasma at 5, 10, 15, 30 and 60 minutes.

BRIEF SUMMARY OF THE INVENTION

[0022] In a first embodiment, the invention is directed to
a pharmaceutical composition for the for treatment or pre-
vention of a disease or condition in a mammal in need of
treatment by therapeutic administration of an acetylcho-
linesterase inhibitor, comprising:

[0023] a. a liquid or gel solution for nasal adminis-
tration of at least one acetylcholinesterase inhibitor;
and

[0024] b. at least one, preferably a plurality of, per-
meation-enhancement agents for transmucosal drug
uptake.

[0025] These diseases include Alzheimer’s disease and
other neurological conditions associated with cognitive
impairment in a mammal.

[0026] Preferably, the acetylcholinesterase inhibitor is
donepezil, tacrine, rivastigmine or a pharmaceutically-ac-
ceptable salt or derivatives thereof. Preferably, the acetyl-
cholinesterase inhibitor is substantially free of native neu-
robiomolecules. In some embodiments, the
acetylcholinesterase inhibitor is administered to the mam-
mal in an effective dose of between about 0.1 mg to about
100 mg per dose, and up to 6 doses per day, more prefer-
entially about 1 to 50 mg per dose, and most preferentially
1.5 to 12 mg per dose. Dosage is given preferably once per
day, but acceptably four times per day or more. Dosing may
have to be gradually increased to develop tolerance. The
dosage regime is expected to be dependent on the degree and
severity of symptomatology, body weight, the presence or
absence of renal failure or cirrhosis, and other factors that
may be evaluated by the attending physician or veterinarian,
and may vary widely.

[0027] In another preferred embodiment, the pharmaceu-
tical composition of the invention following intranasal
adminstration to a mammal yields a peak concentration of
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the acetylcholinesterase inhibitor in a central nervous system
tissue or fluid of the mammal that is at least equal to,
preferably at least 10%, 15%, 20%, 25%, 30%, more pref-
erably 35% and most preferably 40% greater than the
therapeutic plasma concentration of the acetylcholinesterase
inhibitor in a blood plasma of the mammal. Improvements
on this are expected with further research.

[0028] In another embodiment, the invention is directed to
a method for treating or preventing a disease or condition in
a mammal in need of treatment by therapeutic administra-
tion of an acetylcholinesterase inhibitor, including the step
of administering a pharmaceutical composition containing:

[0029] a. a liquid or gel solution for nasal adminis-
tration of at least one acetylcholinesterase inhibitor;
and

[0030] b. at least one, preferably a plurality of, per-
meation-enhancement agents for transmucosal drug
uptake.

[0031] Preferably, the components of the pharmaceutical
composition are administered simultaneously, consecu-
tively, or separately. Preferably, the pharmaceutical compo-
sition is administered as a single solution. Most preferen-
tially, the components of the composition are administered
intranasally.

[0032] In other embodiments, the invention is directed to
an administering device, preferably a nasal dispenser or
pump for use with said composition, which may optionally
be a multidose device. In further embodiments, the invention
is directed to an article of manufacture comprising the
pharmaceutical composition of the invention in a childproof
package suitable for sale and distribution.

[0033] As used herein, the following definitions are pro-
vided as an aid in interpreting the claims and specification
herein. Where works are cited by reference, and definitions
contained therein are inconsistent with those supplied here,
the definition used therein shall apply only to the work cited
and shall not be applied to this disclosure.

[0034] “Mammal” shall include any of a class of warm-
blooded higher vertebrates that nourish their young with
milk secreted by mammary glands and have skin usually
more or less covered with hair, and non-exclusively includes
humans and non-human primates, their children, including
neonates and adolescents, both male and female, livestock
species, such as horses, cattle, sheep, and goats, and research
and domestic species, including dogs, cats, mice, rats,
guinea pigs, and rabbits. “Patient” or “subject” is used
herein interchangeably with “mammal.”

[0035] “Dementia” shall mean a broad deterioration of
intellectual functioning with impaired or absence of clarity
in conscious awareness, and is characterized by one or more
symptoms of impaired short term memory, impaired judg-
ment, impaired rational intellect, and/or disorientation with
respect to place or time. Dementia is considered “irrevers-
ible” when, as is typical, accompanied by organic brain
disease. Dementia is always associated with disability in the
conduct of an independent lifestyle. The symptoms of
dementia encompass but are worse than those of cognitive
impairment.

[0036] “Cognitive impairment” is a disorder in memory,
problem solving, abstract reasoning and orientation that
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weakens an individual’s ability to maintain an independent
lifestyle. Mild cognitive impainnent does not rise to the level
of Alzheimer’s disease and is not unusual in ageing. A
hallmark is memory impairment with resulting confusion in
the conduct of daily affairs.

[0037] “Intranasal delivery” shall mean delivery of a drug
primarily via the mucosa of the nasal cavity. This includes
the superior, middle and inferior nasal turbinates and the
nasal pharynx. Note that the olfactory region is concentrated
in the superior (upper %) of the nasal turbinates. Cilial action
pushes material back toward the oropharynx, so material
deposited in the nasal vestibule encounters the nasal mucosa
before entering the throat.

[0038] “Acetylcholinesterase inhibitor” shall mean a
xenogenic or naturally-occurring compound that increases
the concentration of acetylcholine through reversible inhi-
bition of its hydrolysis by acetylcholinesterase.

[0039] “Native neurobiomolecule” refers to any cellular or
humoral signal molecule that is genetically encoded for by
a mammal or is formed in the normal metabolism of a
mammal, and is found in normal mammals in the brain or
CSF. By way of example, native neurobiomolecules include
ganglioside, phosphatidylserine, brain-derived neurotropic
factor, fibroblast growth factor, insulin, insulin-like growth
factors, ciliary neurotropic factor, glia-derived nexin, cho-
linergic enhancing factors, phosphoethanolamine, and thy-
roid hormone T3. It is thought that lipids such as phosphati-
dylserine are components of a vesicular transport
mechanism specific for these molecules. In contrast, note
that the acetylcholinesterase inhibitors that are the subject of
this invention are ex vivo synthetic, non-naturally occurring
chemicals herein termed “xenogenic molecules” or “xeno-
genic acetylcholinesterase inhibitors™.

[0040] “Xenogenic” refers herein to any synthetic product
of man’s chemical art and skills which is not found in nature
as the natural product of a biosynthetic pathway of a
mammal.

[0041] “Naturally occurring” refers to biomolecules that
are extracted or derivatized from plant or animal sources,
including oleagenous and petroleum deposits.

[0042] “Inhalation route”: As described in Remington’s,
“Inhalation may be employed for delivering gaseous or
volatile substances into the systemic circulation, as with
most general anesthetics. Absorption is virtually as rapid as
the drug can be delivered into the alveoli of the lungs, since
the alveolar and vascular epithelial membranes are quite
permeable, blood flow is abundant and there is a very large
surface area for absorption. Aerosols of nonvolatile sub-
stances also may be administered by inhalation, but the route
is used infrequently for delivery into the systemic circulation
because of various factors that contribute to erratic and
difficult-to-achieve blood levels. Whether or not an aerosol
reaches and is retained in the pulmonary alveoli depends
critically upon particle size. Particles greater than 1 um in
diameter tend to settle in the bronchioles and bronchi,
whereas particles less than 0.5 um fail to settle and are
mainly exhaled.” MR Franklin. “Drug Absorption, Action
and Disposition” in Remington: The Science and Practice of
Pharmacy. 19" ed. pp 711-12.

[0043] “Nasal route:” Drugs may be given intranasally by
direct application to the nasal mucosa lining the nasal
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turbinates. The mucosa is richly vascularized and enervated
and extends from the nasal nares to the upper boundary of
the oropharynx and the lower boundaries of the sinus
passages. Drugs applied to the nasal mucosa permeate
trans-mucosally by either paracellular diffusion (passive), or
by transcellular diffusion (passive or facilitated diffusion, or
active transport). Passive diffusion is most conveniently
employed for molecules less than 1 kilodaltons in size,
perhaps up to 5 kilodaltons as a maximum for any substan-
tial uptake. However, uptake by the nasal route of admin-
istration is not so limited. Nasal uptake of peptides and
proteins of up to several hundred kilodaltons has been
demonstrated in the past few years. Drug crossing the
mucosal barrier enters nasal capillaries and the general
circulation, bypassing the liver on the first pass. It is thought
that drug may also enter the olfactory or trigeminal nerve
bundle and be transported intra-axonally to the central
nervous system (CNS). It is further speculated that drug may
also diffuse into the cerebrospinal fluid (CSF) by the sub-
arachnoid plexus and is transported in the flow of the CSF
to other parts of the brain and spinal cord. Thus the nasal
route of administration has multiple pathways and special
relevance to drugs that target the CNS.

[0044] “Pharmaceutically acceptable” refers to a compo-
sition which, when administered to a human or a mammal by
the indicated route of administration, provokes no adverse
reaction which is unacceptably disproportionate to the ben-
efit gained by administration of said compound. Note that
the therapeutic substance may be the source of the adverse
reaction, but in some cases substitution of other excipients
may modulate this toxicity. And when the excipient itself is
the source of the toxicity, reformulation will remove the
discomfort. Excipients required for one route of drug deliv-
ery may not be required for an alternate route. Thus the art
of drug formulation encompasses both choice of route of
drug delivery and choice of excipient.

[0045] “Delivery system” refers to a combination of
excipients used to promote and make pharmaceutically
acceptable a formulation (with or without a device) used to
deliver a measured dose or sufficient quantity of a drug by
the chosen route of administration.

[0046] “Permeation-enhancement agent” refers to excipi-
ents in a composition for intranasal drug administration that
enhance overall delivery, dose consistency and/or pharma-
ceutical acceptance. The methods for assessing enhance-
ment are quantitative and are defined in the examples herein.
Functional in vitro cell-based testing and methods are used
to compare the effects of drug molecule by itself versus the
same mass of drug molecule formulated and administered
with excipients. “Enhancement” is a multivariant value
proposition encompassing total bioavailability, net uptake,
consistency of uptake and dosing, drug metabolism, degra-
dation during dosing, drug targeting to active site(s),
mucosal irritation, and overall safety and toxicity. In some
cases, the relative benefit of the drug is used to optimize the
excipient composition of the formulation, even at the
expense of factors such as comfort and side effects. As
explained when “pharmaceutical acceptance” was defined,
the benefits of therapy may outweigh the discomfort of
delivery. Chronic administration must also be considered.
However, comfort and safety are optimized when overall
delivery is not unacceptably compromised. As an illustration
of the balance, pH may improve the stability of a drug and






