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ENHANCED BRAIN BIOAVAILABILITY OF GALANTAMINE BY SELECTED
FORMULATIONS AND TRANSMUCOSAL ADMINISTRATION OF LIPOPHILIC PRODRUGS

DESCRIPTION

The invention relates to selected administration routes for CNS (central nervous system)
therapeutics and highly soluble salts, solutions, emulsions or powder formulations thereof,
having optimal brain delivery due to the mode of administration and the chemical nature of the
compounds of the invention. The therapeutic compounds of the present invention relate to
lipophilic pro-drugs of pharmacologically active compounds that - as prodrugs - are inactive in
regard to their major targets in the CNS, in particular cholinesterases and/or nicotinic
acetylcholine receptors. Via cleavage by endogenous enzymes, the pharmacologically active
parent drugs are produced and act as allosterically potentiating ligands (APL) on nicotinic
acetylcholine receptors (nAChR), and/or as reversible inhibitors of acetylcholinesterases
(AChE) and other cholinesterases (ChE). To maximize transport through the blood-brain
barrier (BBB) and in order to protect the prodrugs of the invention from cleavage by
endogenous esterases before crossing the BBB to their site(s) of action, the pro-drugs are
designed to be highly lipophilic (logP > 2.5) and are delivered via transmucosal absorption

pathways in the oral or nasal cavity.
BACKGROUND OF THE INVENTION

Currently, the first line of drug treatment for Alzheimer’s disease (AD) is the use of
cholinesterase inhibitors, such as donepezil, rivastigmine and galantamine. Among these,
galantamine has been shown to have a distinct second mode of action, i.e. allosterical
sensitisation of nicotinic acetylcholine receptors (Maelicke A; Albuquerque E X (1996) New
appoaches to drug therapy in Alzheimer’'s dementia. Drug Discovery Today 1, 53-59).
Galantamine enhances the probability of channel opening induced by submaximal
concentrations of acetylcholine (ACh), or choline (Ch), or other nAChR agonists. Because
progression of AD is associated by an increasing loss of NnAChR, the APL-enhanced activity of
nicotinic receptors is a suitable symptomatic and possibly also disease-modifying treatment for
AD and other forms of dementia (Storch A et al. (1995). Physostigmine, galantamine and
codeine act as noncompetitive nicotinic agonists on clonal rat pheochromocytoma cells. Eur J
Biochem 290: 207-219; Kihara T et al. (2004) Galantamine modulates nicotinic receptors and
blocks ARR-enhanced glutamate toxicity. Biochem Biophys Res Commun 325: 976-982; Akata
K et al. (2011) Galantamine-induced amyloid-clearance mediated via stimulation of microglial

nicotinic acetylcholine receptors. J Biol Chem 286; Maelicke A (2006) Allosteric sensitisation
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of brain nicotinic receptors as a treatment strategy in Alzheimer’'s dementia. In: Therapeutic
Strategies in Dementia (Eds: Ritchie CW, Ames DJ, Masters CL, Cummings J), Clinical
Publishing, Oxford, 2006; 153-172)).

In contrast to rivastigmine and donepezil, galantamine does not significantly enrich in the
human brain in comparison to blood plasma. This is because galantamine, being a plant
alkaloid rather than a rationally designed drug, is much less lipophilic than the other two
cholinesterase inhibitors used as drugs in AD and hence exhibits in steady-state only a rather

low brain-to-blood concentration ratio (BBCR < 2).

To enhance the lipophilicity of CNS drugs and their passage through the blood-brain barrier,
hydrophobic side chains have been appended to the basic alkaloid structures, as described in
EP1 940 817 B1 and WO 2009/127218 A1. The attached groups were selected in order to
increase the BBRC to larger than 5.

Similar to other cholinesterase inhibitors, galantamine has a clinically significant level of
mechanism-based gastro-intestinal (Gl) side effects, including nausea, vomiting and diarrhea
(Loy C et al., Galantamine for Alzheimer's disease and mild cognitive impairment. Cochrane
Database of Systematic Reviews 2006, Issue 1). To accommodate patients to these side
effects, cholinesterase inhibitors usually are initially administered at a low (non-efficacious)
dose, with the dose being carefully up-titrated to an efficacious one, within a period of months.
Moreover, the maintenance dose often is adjusted to what the patients experience as an
acceptable level of Gl side effects, making it likely that most, if not all, patients never achieve
treatment with the most effective dose. Accordingly, cholinesterase inhibitors are generally
perceived as of only low effectiveness and as associated with unpleasant side effects. In light
of the prior art regarding the administration of galantamine, it becomes apparent that the
potential therapeutic efficacy of galantamine has never been able to be applied in human
subjects to its full extent due to the poor brain-to-blood concentration ratio and significant

peripheral side effects arising from poor brain delivery.

Because galantamine is known to affect motor and evacuative function of intestinal tissue
(Turiiski VI et al. (2004), in vivo and in vitro study of the influence of the anticholinesterase
drug galantamine on motor and evacuative functions of rat gastrointestinal tract. Eur J
Pharmacol 498, 233-239), a reduction in Gl side effects of galantamine was attempted by
intranasal rather than oral administration of the drug (Leonard AK et al. (2007), /n vitro
formulation optimization of intranasal galantamine leading to enhanced bioavailability and

reduced emetic response in vivo. Int J Pharmaceut 335: 138-146).
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Because of the limited volume of spray that can be applied in one spray event to each nostril,
the intranasal route of administration requires highly soluble drug product formulations. This
was only in part achieved for galantamine by replacing in the hydrobromide of the drug the
bromide ion by lactate or gluconate. This change in salt form did not significantly improve
transport through the BBB of galantamine, as it is the rather hydrophilic and polar galantamine
base that is resorbed at the nasal epithelium and then transported across the blood-brain
barrier. Because of these physicochemical limitations, galantamine and its tertiary and
quarternary nitrogen salts exhibit brain-to-blood concentration ratios below 2, meaning that
such drugs must be administered in rather large quantities in order to achieve significant drug
levels in the target organ brain. Sufficiently effective doses in the brain of such hydrophilic
drugs are therefore achieved at the expense of considerable levels of peripheral side effects,
in particular gastro-intestinal side effects. It can be concluded that salt formulations of
galantamine have not provided a satisfactory solution for enhancing the brain drug distribution
via the BBB.

As described previously (W02009/127218 A1), the relatively hydrophilic parent drugs of
interest can be reformulated by chemical conversion to lipophilic ester pro-drugs. Alcoholic OH
groups have been used for attaching aliphatic, aromatic or heteroaromatic carboxylic acids to
the parent drug thereby (i) partially or fully inactivating them pharmacologically, and (ii)

significantly enhancing their lipophilicity and BBB penetration.

Although ester formation is a commonly employed approach to increase the lipophilicity of
polar molecules having limited BBB penetration, the abundance of nonspecific esterases in
brain and peripheral tissues limits the effectiveness of this approach in enhancing
brain/plasma concentration ratios of drugs. To maximize brain drug levels by the pro-drug
approach, the kinetics of absorption, BBB penetration and bioconversion of pro-drug to drug in
the target organ brain have to be sufficiently fast in order to successfully compete with
elimination from brain of the less lipophilic drug after its generation. There remain therefore
significant hurdles in the development of strategies, methods and/or medicinal agents that
allow or exhibit reliable penetration of the BBB and are cleaved in the target organ (brain), in
order to provide an enhanced amount of active substance in the brain without leading to
cleavage in other organs or tissues of the body, which leads in many cases to substantial side-

effects during treatment.

The possibility of intranasal administration of galantamine derivatives is disclosed in US
2009/0253654 A1. No mention is made of enhanced delivery to the brain or of means of
avoiding in vivo enzymatic cleavage by endogenous esterases of the ester prodrug
compounds post-administration. The salts and concentrations of the compounds disclosed in

US 2009/0253654 A1 represent arbitrary disclosures without regard to the in vivo properties of
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the compounds. Neither specific salts nor transmucosal administration routes are disclosed
with respect to GLN 1062.

W02009/127218 A1 and Maelicke et al (J Mol Neurosci, 2010, 40:135-137) disclose GLN
1062 as such and its administration in the treatment of brain disorders with cognitive deficit.
No mention is made of particular modes of administration or of particular salts. These earlier
disclosures are based on intravenous administration of the compounds disclosed therein.
Such bolus injections permit very fast distribution from blood to other organs, including the
brain, and hence reduce the probability of enzymatic cleavage prior to reaching the BBB and
distribution to the brain. Intravenous administration is however not acceptable for daily patient

self-administration. More easily administered but equally effective alternatives are required.

Leonard AK et al. (2007, Int J Pharmaceut 335: 138-146) discloses intranasal administration
of the lactate salt of galantamine. No particular effect is prescribed to the use of the lactate
salt. The polar galantamine base is resorbed at the nasal epithelium and then transported
across the blood-brain barrier, but only poorly, according to its limited propensity for brain drug
distribution via the BBB. US 2004/0254 146 discloses various salts of galantamine including
lactate and gluconate salts and their administration in Alzheimer’s disease. Neither US
2004/0254146 nor Leonard AK et al. is relevant for administration of salts of GLN 1062, which
- due to its prodrug properties - represents the solution to an entirely different technical

problem when compared to galantamine.
SUMMARY OF THE INVENTION

Transmucosal routes of delivery for the compounds described herein in the oral and nasal
cavity have been examined as non-invasive routes of pro-drug administration best suited to
achieve enhanced levels of drug in the brain. For systemic drug delivery, transmucosal routes
are enhanced by prodrug salt formulations that accommodate to the structure and

environment of the particular absorption area.

The advantageous transport properties of the pro-drugs discussed herein can be achieved
when the pro-drugs are administered by intravenous injections, but less well, or only to a very
small extent, when they are administered orally as tablets. This is because the pro-drugs are
esters that have now been found to be instable in acidic environment (such as exists in the
stomach) and are also cleaved enzymatically in many tissues, including in the intestines and in
the liver (first-pass effect). In light of these findings and the problems of the administration
methods of the prior art, and in order to take advantage of the nature of the pro-drugs in the
treatment of CNS diseases, the invention makes use of administration routes that avoid the

gastro-intestinal tract and the first-pass effect. These routes provide brain delivery about as
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efficiently as intravenous injection, which due to significant medical risk is normally not suited
for reliable self-administration. The invention provides special pharmaceutical formulations to
be used for the selected routes of administration that optimize rapid resorption and uptake of

prodrug into the brain.

In light of the prior art the technical problem underlying the present invention is to provide
alternative or improved means for enhanced bioavailability of the CNS therapeutics described
herein, thereby providing effective treatment of brain diseases associated with cognitive

impairment.

This problem is solved by the features of the independent claims. Preferred embodiments of

the present invention are provided by the dependent claims.

Therefore, an object of the invention is to provide a chemical substance according to Formula |
for use as a medicament in the treatment of brain disease associated with cognitive
impairment, wherein said treatment comprises transmucosal administration, selected from
intranasal, sublingual or buccal administration, of a therapeutically effective amount of said

substance,

)(7\
o) R1
o~/
e
H,C O

N

\

CH,

Formulal

wherein

R1 = aromatic or heteroaromatic 5- or 6-membered ring, such as optionally substituted
benzene, naphthaline, thiophene, pyrrole, imidazole, pyrazole, oxazole, thiazole; or
straight or branched chained aliphatic residues, such as CH(C2H5)CH3, CH2-C(CH3)3,
cyclopropane or preferably an aliphatic residue comprising more than 5 C atoms, more

preferably 6 C atoms, or more than 10 C atoms, such as a fatty acid residue.

The invention relates therefore primarily to the use of, or a method of treatment comprising
administration of, the chemical substance as described herein for the treatment of brain

disease associated with cognitive impairment by administering a therapeutically effective
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amount of said chemical substance by a transmucosal route selected from intranasal, buccal

and/or sublingual administration.

In a preferred embodiment the chemical substance of the present invention is characterised in

that the substance is selected from Formula Il,

R3

R6 R4
O
R5

Formula ll

wherein
R2-R6 comprise of any substituent selected from H, halogen, optionally substituted C-C; alkyl
or cyclopropyl, OH, O-alkyl, SH, S-alkyl, NH,, NH-alkyl, N-dialkyl, optionally substituted aryl or

heteroaryl, whereby neighbouring substitutents can cooperate to form an additional ring.

The optional substitution of the substituents described in Formula | and Il relates to
substitution with an alkyl, OH, halogen, NH, alkyl-NH; or NO2 group, or other substituent

described with regard to those compounds provided Table 2.

Compounds according to Formula | or Il with aromatic or heteroaromatic 5- or 6-member rings
at the R1 position of Formula | are preferred; examples of such compounds are found in Table
2, namely GLN-1062, GLN-1081, GLN-1082, GLN-1083, GLN-1084, GLN-1085, GLN-1086,
GLN-1088, GLN-1089, GLN-1090, GLN-1091, GLN-1092, GLN-1093, GLN-1094, GLN-1095,
GLN-1096, GLN-1097, GLN-1098, GLN-1099, GLN-1100, GLN-1101, GLN-1102, GLN-1103,
GLN-1104, GLN-1105, GLN-1113.

In a particularly preferred embodiment the chemical substance of the present invention is
characterised in that the substance is GLN-1062, whereby GLN-1062 is represented by
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GLN-1062

The transmucosal administration of the present invention is based on the unexpected
realisation that the compounds of the present invention exhibit relatively low stability when
administered via oral administration. Cleavage of the ester group occurs in the gut and liver, in
addition to other tissues of the body. The transmucosal administration provides an enhanced
transport into brain and blood and corresponding enhanced efficacy by avoiding the first pass
effect and cleavage of the prodrugs during passage through the gastro-intestinal tract and

other organs.

Transmucosal administration of galantamine according to the prior art provides no such
enhancement, as galantamine is not susceptible to cleavage by endogenous esterases. The
surprising concept of the invention is based on the avoidance of cleavage of the prodrug post-
administration but before partition via the BBB, thereby enhancing brain transport and
increased relative concentration of the active substance after cleavage, which under
conditions of the proposed routes of administration and drug formulations occurs primarily in

the brain.

It was entirely surprising that the transmucosal administration of the prodrugs as described
herein would lead to further enhancements in brain delivery of the prodrug and ultimately (after

cleavage of the prodrug) to an effective dose of galantamine in the brain of subjects.

The invention therefore relates to a chemical substance for use as a medicament in the
treatment of brain disease associated with cognitive impairment as described herein, wherein
transmucosal administration provides avoidance and/or reduction of post-administration

cleavage of the ester group of said substance by endogenous esterases.

This aspect of the invention represents a novel technical effect not previously disclosed or
suggested in the art. The relatively low stability of the ester moiety of Memogain in the gastro-
intestinal tract and liver has not been previously described in the art. A skilled person would

therefore not have attempted to provide the modes of administration, or the salts as described
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herein, in order to improve delivery of the uncleaved compound to the brain. As demonstrated
in the examples provide herein, the recognition of post-administration cleavage after oral
administration in form of tablets has enabled the provision of the transmucosal administration

of the invention, in addition to the salts as described herein.

The avoidance of in vivo esterase cleavage — with regard to the significant improvements
obtained by transmucosal administration and the enhanced delivery of the salts described
herein — enables treatment of patients who previously have avoided treatment with ChE
inhibitors due to strong gastro-intestinal side effects associated with orally administered
tablets. The improved brain delivery via transmucosal administration, in particular of high
concentration aqueous solutions of Memogain salts, permits dosage regimes which were until
now simply not possible with either galantamine itself (due to significant side effects) or

Memogain (due to in vivo degradation).

Despite showing promising effects, galantamine treatment is associated with low compliance
(of approximately 30%) due to strong unwanted side effects, indicating the strong need in the
field for more sustainable therapeutic approaches. The administration routes and salts
described herein enable treatment regimes with Memogain and its active principle
galantamine that have never been achieved before, potentially enabling treatment of severe
neurodegenerative disease — in patients who previously were not able to be effectively treated

due to unwanted side effects — with the means and methods of the present invention.

In a preferred embodiment the chemical substance of the present invention is characterised in
that the chemical substance is present as a salt, preferably a lactate, gluconate, maleate or

saccharate salt.

In a preferred embodiment the salt comprises of stoichiometric and/or non-stoichiometric salts
and/or hydrates of the chemical substances according to Formula I, 1l or lll, whereby the salt is
preferably described as:

Substance of Formula |, [l or Il - n HX - m H20,

whereby n, m = 0 — 5 and n and m can be the same or different, and HX = an acid, selected
preferably from lactic acid, gluconic acid, maleic acid or saccharic acid.

The invention also relates to a chemical substance for use as a medicament in the treatment
of brain disease associated with cognitive impairment, wherein the chemical substance is the
saccharate salt of GLN 1062. The saccharate salt of the present invention enables surprisingly
high concentrations of up to 70% in water, providing an improved stable solution for high

transmucosal doses of prodrug.
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One preferred example of the invention relates to a chemical substance for use as a
medicament in the treatment of brain disease associated with cognitive impairment, wherein

the chemical substance is the gluconate salt of GLN-1062.

The gluconate salt of GLN 1062 has a high solubility, of 40% and more in water, especially in
temperatures of around 25 to 50 degrees C. This high solubility at elevated temperatures can
be used to produce high concentration liquid solutions of the gluconate salt of GLN 1062,

which is relatively stable and can be administered for some days after creation of the solution.

The invention also relates to a chemical substance for use as a medicament in the treatment
of brain disease associated with cognitive impairment, wherein the chemical substance is the
maleate salt of GLN 1062.
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The invention also relates to a chemical substance for use as a medicament in the treatment
of brain disease associated with cognitive impairment, wherein the chemical substance is the
lactate salt of GLN 1062.

The salts of the present invention also additionally show the surprising property of improved
taste (reduced bitterness), reducing the need for taste masking components in the
composition. The salts of the invention also show reduced numbing effects, such are as
known for galantamine, when administered transmucosally. Due to their fast and efficient
uptake the numbing (analgesic) effect and poor taste are reduced compared to those
compositions described in the art.

In one embodiment the chemical substance of the present invention is characterised in that
the chemical substance has solubility in water of at least 10%, preferably > 20%, or more

preferably >30% weight per volume (w/v).

The enhanced solubility of the salts as described herein represents a surprising and beneficial
development. The solubility of the salts described herein enables higher concentrations of the
compound to be administered in smaller volumes, thereby further enhancing the direct

administration to the brain via transmucosal administration as described herein.

The transmucosal administration in combination with the salts of the prodrugs of the present
invention exhibits a synergistic effect. The enhanced solubility allows higher concentrations of
chemical substance to be administered, thereby enabling larger amounts of the active
substance after cleavage (galantamine) to be active in the brain. The transport of substance
(measured either by substance itself in the brain or by galantamine levels in the brain after
cleavage of the prodrug) is greater than the expected sum of effects of transmucosal
administration, administration of salts and administration of the prodrug when considered
individually.

The prodrug properties of the compounds described herein are exploited and enhanced in a
synergistic manner by the transmucosal application of their salts. The transmucosal
administration of salts of prodrugs (with high solubility) provides a unique combination of
administration parameters that enable dosage regimes previously not possible with

galantamine, or salts of galantamine.

In one embodiment the present invention is characterised in that the chemical substance is
administered at a dosage of from 0.1 to 200 mg, 1 to 100 mg, preferably 2 to 40 mg,
preferably from one to three times daily, more preferably twice daily, and even more preferably

only once daily.
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The dosage regimes as described herein represent novel and surprisingly beneficial
developments in comparison to the prior art with respect to effective galantamine treatment.
The biological and medical effect of galantamine has never previously been tested with regard
to the potential effect generated by administration at high doses. Many patients in need of
galantamine treatment have not been able to be treated due to the significant side effects that
occur with regular doses of galantamine. In order to obtain meaningful levels of galantamine in
the brain of subjects, the prior art teaches high but also highly toxic doses. Because only a
small fraction of orally or intranasally administered galantamine drug reaches the brain, the
dose required to show an effect during treatment of brain disease is often intolerably high due
to the large amount of galantamine in other tissues of the body, thereby causing unwanted

side effects.

The dosages of the present invention are enabled by the transmucosal administration of the
prodrugs disclosed herein. Due to enhanced brain delivery of the hydrophobic prodrugs, in
combination with further enhanced delivery due to transmucosal administration, smaller doses
of the prodrug are required in order to achieve the same or greater effect of galantamine in the
brain after prodrug cleavage and release of the active compound. It is entirely surprising that
also lower doses of the prodrugs of the invention, for example GLN 1062, within the ranges of
the invention, lead to more pronounced and/or more potent effect in cognitive recovery

compared to oral administration of galantamine.

These dosage regimes are particularly beneficial when administered in the form of salts of the

compounds as described herein.

In one embodiment the invention relates to a chemical substance as described herein for use
as a medicament in the treatment of brain disease associated with cognitive impairment,
wherein the chemical substance or salt thereof is administered intranasally, bucally or
sublingually as a 2 to 40% weight per volume (w/v) solution at an amount of 20 to 100

microliters, preferably in a single (intranasal or oral) spray event, one to three times daily.

At these doses effective cognitive recovery is possible in patients with brain diseases with no
(or only very minor) observable side effects. It was at the time of the invention unexpected,
that through the combination of prodrug (preferably GLN 1062) and transmucosal
administration such dosages could lead to an effective galantamine treatment through a
dosage regime comprising a relatively small number of administration events of relatively
small volumes of active compound (via sprays or administration of oral transmucosal

formulations).
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In one preferred embodiment the invention relates to a chemical substance as described
herein for use as a medicament in the treatment of brain disease associated with cognitive
impairment, wherein the chemical substance or salt thereof is administered intranasally,
bucally or sublingually as a 10% weight per volume (w/v) solution at an amount of 50

microliters, preferably in a single (intranasal or oral) spray event, one to three times daily.

In one embodiment the invention relates to a chemical substance as described herein for use
as a medicament in the treatment of brain disease associated with cognitive impairment,
wherein the brain disease to be treated is Alzheimer's and/or Parkinson's disease, the
chemical substance is the gluconate or saccharate salt of GLN 1062, which is administered
intranasally, bucally or sublingually as a 2 to 40% weight per volume (w/v) solution at an
amount of 20 to 100 microliters, preferably in a single (intranasal or oral) spray event, one to

three times daily.

The salt formulations of GLN 1062 show surprisingly high solubility, allowing high doses of
GLN 1062 to be applied with ease by the patients themselves in small volumes, providing
therapeutically relevant results without the need for much higher doses of the prodrugs or their

active parent drug galantamine and without the occurrence of significant side effects.

In one embodiment the invention relates to a chemical substance as described herein for use
as a medicament in the treatment of brain disease associated with cognitive impairment,
wherein the brain disease to be treated is Alzheimer’s disease, the chemical substance is the
gluconate salt of GLN 1062, which is administered intranasally, bucally or sublingually as a
10% weight per volume (w/v) solution at an amount of 50 microliters, preferably in a single

intranasal spray event, twice daily.

In one embodiment the chemical substance of the present invention is characterised in that
intranasal application is carried out by administering a therapeutically effective amount of the
chemical substance using a suitable metered dose device such as a atomizer, sprayer, pump
spray, dropper, squeeze tube, squeeze bottle, pipette, ampule, nasal cannula, metered dose
device, nasal spray inhaler, nasal continuous positive air pressure device, and/or breath

actuated bi-directional delivery device.

In one embodiment the invention relates to a chemical substance as described herein for use
as a medicament in the treatment of brain disease associated with cognitive impairment,
wherein the sublingual administration is carried out by administering a therapeutically effective
amount of the chemical substance under the tongue by placing one or more drops of a

solution, or an amount of particulate in the form of freeze-dried powder or emulsion
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underneath the tongue and/or by spraying the underside of the tongue with a preselected

volume of a liquid composition comprising the chemical substance.

In one embodiment the invention relates to a chemical substance as described herein for use
as a medicament in the treatment of brain disease associated with cognitive impairment,
wherein the buccal administration is carried out by administering a therapeutically effective
amount of the chemical substance to the buccal vestibule inside the mouth between the cheek
and the gums as a freeze-dried powder or emulsion, or an orally disintegrating or
orodispersible tablet (ODT).

In one embodiment the chemical substance of the present invention is characterised in that

the subject is a mammal, preferably a human.

In one embodiment the chemical substance of the present invention is characterised in that
the brain disease to be treated is selected from Alzheimer's and/or Parkinson’s disease, other
types of dementia, schizophrenia, epilepsy, stroke, poliomyelitis, neuritis, myopathy, oxygen
and nutrient deficiencies in the brain after hypoxia, anoxia, asphyxia, cardiac arrest, chronic
fatigue syndrome, various types of poisoning, anaesthesia, particularly neuroleptic
anaesthesia, spinal cord disorders, inflammation, particularly central inflammatory disorders,
postoperative delirium and/or subsyndronal postoperative delirium, neuropathic pain, abuse of

alcohol and drugs, addictive alcohol and nicotine craving, and/or effects of radiotherapy.

In one embodiment the chemical substance of the present invention is characterised in that

the distribution of the chemical substance in a patient after administration exhibits a brain-to-
blood concentration ratio of more than 5, preferably more than 10, more preferably between

15 and 25.

The invention further relates to the use of the chemical substance as described herein for the
treatment of brain disease associated with cognitive impairment by administering a
therapeutically effective amount of said chemical substance by a transmucosal route selected

from the group consisting of intranasal, buccal and/or sublingual administration.

In another aspect the present invention relates to a pharmaceutical composition comprising
the chemical substance according to Formula I, Il or GLN 1062 of the present invention and
preferably one or more pharmaceutically acceptable carriers for use in the treatment of brain
diseases associated with cognitive impairment in a mammal, characterised in that the
composition is suitable for intranasal, buccal and/or sublingual application. The invention
therefore relates to nose drops or under-the-tongue drops in the form of a liquid composition

for transmucosal administration via nasal or buccal mucous membranes.
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The invention relates to a pharmaceutical composition comprising the chemical substance
according to Formula I, Il or GLN 1062 of the present invention for use as a medicament in the
treatment of brain diseases associated with cognitive impairment via transmucosal
administration, wherein the composition is an aqueous solution, comprising 2 to 40%,
preferably 5 to 15% and more preferably 10% weight per volume (w/v) of the chemical

substance.

In one embodiment the invention relates to a pharmaceutical composition, wherein the
composition comprises N-ethylpyrrolidone. In a preferred embodiment the invention relates to
a pharmaceutical composition, wherein the composition comprises a self-microemulsifying
drug delivery (SMEDD) system. Such compositions preferably comprise glyceryl caprylate,

polyethyleneglycol, propyleneglycol and/or diethyleneglycolemonoethylether.

The invention also relates to a pharmaceutical composition comprising the chemical
substance according to Formula I, Il or GLN 1062 of the present invention for use as a
medicament in the treatment of brain diseases associated with cognitive impairment via
transmucosal administration, wherein the composition comprises a sustained release

formulation comprising chitosan.

A further embodiment of the invention relates to a pharmaceutical composition comprising a
micronized powder formulation of the chemical substance to be administered, preferably with

a particle size of 0.01 to 1000 microns, preferably 0.1 to 100 or 1 to 10 microns.

The invention relates to a pharmaceutical composition comprising the chemical substance
according to Formula I, Il or GLN 1062 of the present invention for use as a medicament in the
treatment of brain diseases associated with cognitive impairment via transmucosal
administration, wherein the composition comprises a sublingual tablet, preferably comprising
lactose monohydrate, corn starch, polyvinylpyrrolidone (PVP) and/or magnesium stearate, and
optionally with a flavouring agent. Alternatively the composition may comprise a sublingual
tablet comprising mannitol, sodium starch glycolate, croscarmellose, ascorbic acid and/or

magnesium stearate, optionally with a flavouring agent.

The invention also relates to a pharmaceutical composition comprising the chemical
substance according to Formula I, Il or GLN 1062 of the present invention for use as a
medicament in the treatment of brain diseases associated with cognitive impairment via
transmucosal administration, wherein the composition comprises a multi-layered tablet with

digestive acid resistant coating, such as comprising eudragit.

In a preferred embodiment the pharmaceutical composition of the invention comprises the

substance to be administered at 2 to 40 % weight per weight (w/w), preferably 10 to 30%, or
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more preferably 5, 10, 20 or 30 % weight per weight (w/w) in a composition in the form of a
self-microemulsifying drug delivery (SMEDD) system, sustained release formulation

comprising chitosan, micronized powder formulation or sublingual or buccal tablet.

In a particularly preferred embodiment, the CNS therapeutic is the established anti-dementive
drug galantamine, the pro-drug is the benzoic ester of galantamine (galantamine benzoate,
GLN 1062, otherwise mentioned as “Memogain”), and the salt forms used for intranasal
delivery are preferably the lactate, gluconate, maleate or saccharate salts of said benzoylester
of GLN 1062. GLN 1062 is also known as (4aS,6R,8a8)- 4a,5,9,10,11,12-hexahydro-3-
methoxy-11-methyl-6H-Benzofuro[3a,3,2-ef][2]benzazepin-6-ol, 6-benzoate. For example, the

gluconate salt of Memogain is also known as the galantamine benzoate gluconate.

The invention also relates therefore to a method of treatment for brain disease associated with
cognitive impairment by administering a therapeutically effective amount of the above
described chemical substances by a transmucosal route selected from the group consisting of
intranasal, buccal and/or sublingual administration. The method of treatment of the present
invention may also be further defined by embodiments of the invention provided herein with
respect to the administration regime, the substance itself and/or other administration

parameters.
DETAILED DESCRIPTION OF THE INVENTION
A detailed description of the present invention encompasses the following developments:

(1) In preferred embodiments pro-drugs of galantamine are provided that are significantly
more lipophilic than their parent compounds, thereby enhancing their passive transport
through the blood-brain barrier (BBB) into the brain.

(2) These pro-drugs are pharmacologically inactive and hence do not produce any significant
Gl or other side effects, as long as they remain un-cleaved in the particular tissue. After
enzymatic cleavage, from each molecule of pro-drug one molecule of parent drug is formed,
thereby producing the full pharmacological effect of the drug. If cleavage is preferentially in the
brain, due to enhanced distribution into this organ, and the availability of suitable endogenous
enzyme(s) therein, a significantly higher concentration of drug at the target sites in the CNS

and consequently larger medically beneficial effects are achieved.

(3) Preferential transport to the target organ brain is further optimized in a surprising and

beneficial manner by transmucosal routes of administration in the oral or nasal cavity.
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(4) High-dose formulations and extended-release formulations of the pro-drugs further
optimize the pharmacokinetics of uptake into the brain and maintain drug levels therein for

optimal effectiveness of action.

Taken together, these features of the formulations of pro-drugs described herein, foster
delivery to the brain of much higher concentrations of drug than can be achieved by oral
administration in form of tablets of the unmodified drug. The improved distribution of the drug
to the brain dramatically reduces all locally produced side effects in the Gl tract, thereby
permitting to immediately apply an efficacious dose of the drug to its CNS-located target

molecules, e.g. nicotinic receptors and cholinesterases.

As the blood-brain barrier (BBB), located at the level of the brain capillaries, is the major
barrier to the passage of drugs from the blood compartment to the brain, initial focus on
optimizing penetration of the pro-drugs through the BBB yielded promising results. The brain
microvessel endothelial cells forming the BBB have as typical morphological characteristics
tight junctions between cells, absence of fenestrations and diminished pinocytotic activity. A
variety of enzymes further contributes to the restrictive nature of the BBB. The ability of drugs
to cross the BBB mostly depends on their physicochemical properties, such as their
lipophilicity. Consequently, the compounds considered in the present disclosure all are pro-

drugs with improved lipophilicity, in comparison to their parent compounds.

The BBCR is to be understood as the brain-to-blood concentration ratio after transport

equilibrium via the BBB has been achieved.

In general, a LogP value of a galanthamine derivative of approximately 1.3 leads to a BBRC
(brain-to-blood concentration ratio) of approximately 2 or somewhat less than 2, a logP value
of approx. 2 leads to a BBRC of approx. 5 to 10 and a logP value of approx. 3 leads to a
BBRC of approx. 20 or over 20. This is intended as a guideline for comparing logP values with
BBB permeability and may vary for some particular compounds. This guideline does not

represent a limiting feature of the invention.

Pro-drugs are defined as per se therapeutically inactive agents that are predictably
transformed in specific locations in the body to active metabolites. In this sense, pro-drugs are
inactive precursors of parent drugs that undergo transformation into active agents in vivo by
enzymatic cleavage or chemical spontaneous process(es) in a predictable fashion. In the pro-
drugs discussed here, there exists preferably a covalent ester linkage between the parent drug
and the selected transport pro-moiety, and upon cleavage of this ester bond, ideally in the
target organ brain, the inactive pro-drug releases the active parent drug at or close to its target
sites in the CNS.
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Rapid absorption in the oral cavity is best achieved by sublingual administration, as the
mucosal thickness in this area is lower than in other buccal areas, in addition to being
significantly less keratinized (Shojaei A (1998) Buccal mucosa as a route for systemic drug
delivery: a review. J Pharm Pharmaceut Sci 1: 15-30). Fast dissolving sublingual formulations,
such as rapidly degrading tablets or liquid-filled capsules, can additionally help reducing
enzymatic degradation of pro-drug in saliva. The nasal cavity also provides a promising
starting point for alternative administration regimes, with its large surface area, high
vasculature and low enzymatic environment. Intranasal delivery is capable of providing a
similarly high level of bioavailability as intravenous administration with the advantages of non-
invasiveness, ease of self-administration, patient comfort and patient compliance in
comparison to the latter. These advantages may have been known generally by practitioners
of the art; however, significant hurdles remain for developing such application routes. For
chronic systemic delivery, the problems of epithelial damage and toxicity need to be solved,
and that for sufficient bioavailability high concentrations of drug in small volumes of vehicle are
provided. This requires first selection of suitable chemical compounds that enable the required
formulations and concentrations, in addition to finding appropriate methods for administration
and finally developing preferred salts and/or solutions thereof that allow optimal administration

of effective substance to the brain.

It was therefore not predictable in light of the prior art, which compounds would provide
successful outcomes with regard to alternative administration modes. It can also not be
predicted from the prior art, which salts and/or formulations could be generated for the
prodrugs of this invention, nor whether these products would provide an effective BBB

penetration and cleavage to active substance in the brain.

Suitable pro-drug formulations according to the invention were selected as follows. By way of
monitoring the concentrations of the pro-drug in whole brain and blood plasma after

intravenous injection of the pro-drug into animals, we determined their basic BBCR.

By additionally monitoring the concentrations of the released parent drug in brain and blood,
we determined the rates and effectiveness of conversion from pro-drug to drug. These studies
demonstrated that uptake of pro-drug into the brain was very fast indeed, and that the fast
uptake strongly favored conversion of pro-drug to drug to take place in the brain. As most of
the parent drugs under study are known to act as cholinesterase inhibitors, we reasoned and
then proved that the related pro-drugs are cleaved to their active parent drugs by esterases of

the butyrylesterase and carboxyesterase type.

We then changed to transmucosal delivery in the oral and nasal cavity and determined in

animal models again the kinetics of uptake into the brain, the drug levels achieved therein, and
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the pharmacodynamics achieved in comparison to oral delivery of the derivative and parent
drug. The administration of the chemical substances described herein via transmucosal routes
represents a surprising and unexpected advantage in comparison to previously known
methods of oral administration. It was neither disclosed nor suggested in the prior art that
certain derivatives of galantamine could be preferentially transported into the brain via
transmucosal administration. As described above, previous attempts of intranasal application
of galantamine had failed due to poor physicochemical properties. Surprisingly, the
transmucosal application of the galantamine derivatives as described herein as preferred
chemical substances does enable improved brain-to-blood concentration ratios. This effect is
surprising in light of the previous failures of similar administration regimes for galantamine
itself.

A goal of the present invention is therefore to present novel CNS therapeutics having optimal
brain bioavailability due to being formulated as lipophilic pro-drugs and administered via

transmucosal absorption pathways in the oral or nasal cavity

The invention is based on the fundamental understanding that the base compound itself, i.e.
galantamine, has to be delivered to the brain by crossing the blood-brain barrier. Due to the
fact that galantamine itself has a very low LogP value and therefore is not able to pass the
blood brain barrier in sufficiently effective amounts, it is necessary to modify the base
compound in a manner which makes the substance more lipophilic in order to more efficiently
cross the blood-brain barrier. Once the substance has reached the brain, the modified base
compound, preferably a chemical substance (CS) according to formula | or I, is reconverted
by enzymatic cleavage of the ester bond on the R1 residue to the effective base compound

itself, namely galantamine.

An aim of the invention is to deliver the chemical compound in a way into the brain to make
sure that an effective amount of the base compound (after cleavage within the brain following
crossing the blood-brain barrier) is available in the brain, in particular in order to ensure higher

bioavailability of the later base compound galantamine.

As previously described (Maelicke et al., Memogain is a galantamine Pro-drug having
Dramatically Reduced Adverse Effects and Enhanced Efficacy, J Mol Neurosci (2010) 40:135—
137) the substance according to formula | is an inactive pro-drug of galantamine having more
than 10-fold higher bioavailability in the brain than the same doses of galantamine. Said
derivative of galantamine can be obtained by a one-step chemical modification of the parent
drug (galantamine). The modification almost completely abolishes the pharmacological activity
of galantamine on its two major targets in the human body, nicotinic acetylcholine receptor

(nAChR) and acetylcholinesterase (AChE). At the physiologically interesting concentration of 1
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MM, Memogain has less than 4% of the esterase inhibition induced by the same concentration

of galantamine.

Synthesis, preparation and pharmacokinetic data of the substance according to formula | are
previously described in detail in WO 2009/127218 A1 as well as in US 2009/0253654 A1, both

are herewith incorporated by reference.

It is preferred to administer the chemical substance of the present invention by a route
selected from the group consisting of intranasal, buccal, including sublingual, and/or
intravenous administration. This way of administration guarantees a relative short bio-transport
from the site of application, namely mouth, nose, tongue, buccal, intravenous, to the brain.
Therefore the chance of disintegration of the chemical substance is low and the likelihood of

effective transport from the nearby place of application to the blood-brain barrier is high.

In a preferred embodiment, the chemical substance is used as a salt, preferably a quaternary
ammonium salt, preferably a lactate, gluconate, maleate or saccharate salt, having a solubility

in water of at least 10%, preferentially of more than 20%.

It is intended to use the chemical substance in manner that enables distribution of the
chemical substance in a patient after administration at a brain-to-blood concentration ratio of

more than 5, preferably more than 10, more preferably between 15 and 25.

In a preferred embodiment, the CNS therapeutics are galantamine and structurally related
compounds, the pro-drugs are aliphatic, aromatic and heteroaromatic esters of alcoholic OH-
groups being essential for the pharmacological activity of the therapeutics. To be suitable for
transmucosal delivery in the oral or nasal cavity, they are formulated as high-concentration
aqueous salt solutions, or as emulsions, or as selfmicroemulsifying drug delivery systems
(SMEDDs) or as micronized powder formulations. It was surprising, that the pharmaceutically
applicable solutions of Memogain salts fulfilled the criteria for appropriate stability,
concentration, pH, osmolarity, small and nasal mucosal tolerance in solution for intranasal

application, as described in the following table 1.

Table 1.
Acceptance criteria Preclinic Phase 1 Market
Desired maximal concentration 25% 25% 10%
Acceptable maximal concentration | 20% 10% 5%
pH 45-7 5-6.5 5-6.5
Chemical stability > 3 hours > 7 days > 2 years
Stability of solution > 3 hours > 7 days > 2 years
%F in rat > 80% n.a. n.a.
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Osmolarity >250 mosmol/l >250 mosmol/l >250 mosmol/l
Smell not unpleasant not unpleasant not unpleasant
Tolerance of nasal mucosa no significant no irritation in no irritation in
irritation during human human over
28-day repeat period of
dose study in rat administration
& dog

The pharmaceutical composition is preferably an aqueous solution, comprising 2 to 20%
weight per volume (w/v), preferably 5 to 15% weight per volume (w/v), more preferably 10%
weight per volume (w/v) of the chemical substance. To be suitable for transmucosal delivery in
the oral or nasal cavity, they are formulated as high-concentration aqueous salt solutions, or
as emulsions, or as selfmicroemulsifying drug delivery systems (SMEDDs) or as micronized

powder formulations.

The term transmucosal administration relates to the entering of a pharmaceutical agent
through, or across, a mucous membrane. The transmucosal routes of administration of the

present invention are defined as intranasal, buccal and/or sublingual.

Nasal or intranasal administration relates to any form of application of the prodrug or
pharmaceutical composition thereof to the nasal cavity. The nasal cavity is covered by a thin
mucosa which is well vascularised. Therefore, a drug molecule can be transferred quickly
across the single epithelial cell layer without first-pass hepatic and intestinal metabolism.
Intranasal administration is therefore used as an alternative to oral administration of for

example tablets and capsules, which lead to extensive degradation in the gut and/or liver.

Buccal administration relates to any form of application that leads to absorption across the
buccal mucosa, preferably pertaining to adsorption at the inside of the cheek, the surface of a

tooth, or the gum beside the cheek.

Sublingual administration refers to administration under the tongue, whereby the chemical

comes in contact with the mucous membrane beneath the tongue and diffuses through it.

Pharmaceutical compositions suitable for buccal and/or sub-lingual administration may
comprise additional pharmaceutically acceptable carriers, for example a buccal dosage unit
may comprise the active agent to be administered in addition to a polymeric carrier that
bioerodes and provides for delivery of the active agent over a predetermined time period, and,
preferably, a lubricant, such as magnesium stearate. Additional carrier agents are known to
one in the art. This active agent can be physically compounded with materials of some or all of

classes of ingredients that function as pH controls, preservative agents, viscosity control
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agents, absorption enhancers, stabilizing agents, solvents, and carrier vehicles. Such agents

may be presentin either solid or liquid forms of the pharmaceutical composition.

A self-microemulsifying drug delivery system (SMEDDS) may be present in said
pharmaceutical composition, meaning a drug delivery system that uses a microemulsion
achieved by chemical rather than mechanical means. That is, by an intrinsic property of the
drug formulation, rather than by special mixing and handling. It employs the familiar effect
displayed by anethole in many anise-flavored liquors. Microemulsions have significant
potential for use in drug delivery, and SMEDDS (including so-called "U-type" microemulsions)
are the best of these systems identified to date. SMEDDS are of particular value in increasing
the absorption of lipophilic drugs taken by mouth. SMEDDS in may include in a non-limiting
manner include formulations of the drugs anethole trithione, oridonin, curcumin, vinpocetine,

tacrolimus, berberine hydrochloride, nobiletin and/or piroxicam.

The salt relates to any salt of the compounds of formulae | - 1l or of GLN 1062 itself. The term
salt preferably refers to compounds comprising a protonated, positively charged N atom in the

7-member ring structure of the base compound.

"Administration" or "treatment,” as it applies to an animal, human, experimental subject, cell,
tissue, organ, or biological fluid, refers to contact of a pharmaceutical, therapeutic, diagnostic
agent, compound, or composition to the animal, human, subject, cell, tissue, organ, or
biological fluid. "Administration" and "treatment" can refer, e.g., to therapeutic, placebo,
pharmacokinetic, diagnostic, research, and experimental methods. "Treatment," as it applies
to a human, veterinary, or research subject, refers to therapeutic treatment, prophylactic or

preventative measures, to research and diagnostic applications.

The invention encompasses administration of an effective amount of chemical substance as
described herein to a patient in need thereof. "Effective amount" or "therapeutically effective
amount" means an amount sufficient to ameliorate a symptom or sign of a disorder or
physiological condition or an amount sufficient to permit or facilitate a diagnosis of the disorder
or physiological condition. An effective amount for a particular patient or veterinary subject
may vary depending on factors such as the condition being treated, the overall health of the
patient, the method route and dose of administration and the severity of side effects. An
effective amount can be the maximal dose or dosing protocol that avoids significant side
effects or toxic effects. The effect will result in an improvement of a diagnostic measure,
parameter, or detectable signal by at least 5%, usually by at least 10%, more usually at least
20%, most usually at least 30%, preferably at least 40%, more preferably at least 50%, most
preferably at least 60%, ideally at least 70%, more ideally at least 80%, and most ideally at

least 90%, where 100% is defined as the diagnostic parameter shown by a normal subject.
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"Effective amount” also relates to an amount of the prodrug substance or pharmaceutical

composition thereof, sufficient to allow or facilitate the amelioration and/or diagnosis of a

symptom or sign of a disorder, condition, or pathological state.

Preferred chemical substances according to the present invention are provided in Table 2.

Table 2.

molregno

GLN-1062

GLN-1081

GLN-1082

GLN-1083

GLN-1084

molstructure

abbrev.

Bz-Gal

4-Cl-Bz-Gal

4-MeO-Bz-Gal

4-Me-Bz-Gal

3,4-Cl2-Bz-Gal
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GLN-1085 4-tBu-Bz-Gal
GLN-1086 3-CF3-4-CI-Bz-Gal
GLN-1088 4-CF3-Bz-Gal
GLN-1089 2,4-Cl12-Bz-Gal
GLN-1090 4-NO2-Bz-Gal
GLN-1091 3-Cl-Bz-Gal
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GLN-1092 3-CF3-Bz-Gal
GLN-1093 3-NO2-Bz-Gal
GLN-1094 3,5-Cl2-Bz-Gal
GLN-1095 3-Me2N-Bz-Gal
GLN-1096 3-Me-Bz-Gal

N

b

Q cl

GLN-1097 2-Cl-Bz-Gal
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GLN-1098 2,4-F2-Bz-Gal
GLN-1099 2,5-Cl12-Bz-Gal
GLN-1100 4-F-Bz-Gal
GLN-1101 4-NMe2-Bz-Gal
GLN-1102 4-NH2-Bz-Gal

GLN-1103 3-Me-4-NMe2-Bz-Gal
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GLN-1104 3,4-0CH20-Bz-Gal
GLN-1105 4-Ac-Bz-Gal
GLN-1113 2-Ac0O-Bz-Gal
GLN-0993 n-Hex-Gal
GLN-1060

GLN-1061
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GLN-1106 3-Th-Bz-Gal
GLN-1107 2-Th-Bz-Gal
GLN-1108 | 5-Cl-2-Th-Bz-Gal
GLN-1109 5-lm-Bz-Gal
GLN-1110 5-OA-Bz-Gal
GLN-1111 L 5-Th-Bz-Gal
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GLN-0926 N Nic-Gal

FIGURES

The invention is further described by the figures. These are not intended to limit the scope of

the invention.

Fig. 1: Powder diffraction diagram of Memogain gluconate obtained using dioxane.
Fig. 2: Adsorption/desorption isotherm of Memogain gluconate monohydrate.

Fig. 3: Weight loss on heating of Memogain gluconate monohydrate.

Fig. 4: Differential scanning calorimetry (DSC) the wet cake of Memogain gluconate.
Fig. 5: Powder diffraction diagram of Memogain gluconate obtained using ethanol.

Fig. 6: Experimental brain-to-blood concentration ratios for galantamine and several pro-

galantamines.

Fig. 7: Intranasal Memogain is more potent than galantamine. Mice were challenged with
scopolamine and dosed with increasing concentrations of oral galantamine and intranasal

Memogain before performance evaluation in the mouse T-maze model.

Fig. 8: The first-pass effect of GIn-1062 was evaluated after intravenous and intraportal dosing
of 3 mg/kg in Wistar rats.

Fig. 9: Intranasal administration of Memogain leads to low amounts of liberated galantamine in

plasma.
Fig. 10: Memogain produces fewer gastro-intestinal side effects than galantamine.

Fig. 11: Lower toxicity of Memogain is due to the lower steady-state plasma levels of

galantamine resulting from enzymatic cleavage of the pro-drug.
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Fig. 12: The pharmacokinetic profiles of Memogain and galantamine in female Wistar rat after
intra-nasal application of 5% Memogain salt in 10% NEP in water, 10 pyL per nostril, a total of

20 pL containing 1 mg are shown below.

Fig. 13: Mice were injected with 3 mg/kg i.v. of either Memogain or galantamine. The data

demonstrate that galantamine does not penetrate the brain well compared to Memogain.

Fig. 14: Intranasal administration of Memogain in a Rat PK study. 5 mg/kg intranasal (i.n.)

Memogain dosing was performed under GLP-like conditions.

EXAMPLES

The invention is further described by the following examples. The examples are intended to
further describe the invention by way of practical example and do not represent a limiting

description of the invention.

Example 1. High-concentration aqueous salt solutions and organic solvent solutions of

pro-drugs

For one of the drugs considered herein, galantamine, intranasal formulations were previously
developed on the basis of aqueous solutions of highly soluble salts (WO 2005/102275 Af1;
Leonhard AK et al. (2005) Development of a novel high-concentration galantamine formulation
sutable for intranasal delivery. J Pharmaceut Sciences 94: 1736-1746; Leonard AK et al.
(2007) In vitro formulation optimization of intranasal galantamine leading to enhanced

bioavailability and reduced emetic response in vivo. Int J Pharmaceutics 335: 138-146).

While the reported galantamine salt formulations allowed administration of galantamine at
similarly high doses as is recommended for oral administration of tablets, intranasal
administration did not improve the brain/blood concentration ratio of galantamine, as the
physicochemical properties of the drug and hence penetration through the BBB did not change
by this approach. In contrast, when the same salt formulations are formed from the pro-drugs
disclosed herein, a large increase in lipophilicity (logP) is achieved, concomitantly with much

better penetration through the BBB. This can be seen in Figure 1.

The combination of salt formation with prodrug properties, in particularly with regard to GLN
1062, shows a synergistic effect of improved absorption through the mucosal membrane and

direct uptake to the brain, thereby enabling enhanced delivery to the site of action.
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The blood-brain barrier penetration achieved by the various salts of the invention - in
comparison to both the galantamine base compound, but also in comparison to oral
administration of the derivatives themselves, - is increased in an unexpected and significant

manner.
1.1. Salt of Memogain with acetic acid: (General procedure A):

To the solution of Memogain (502 mg, 1.28mmol in 2 ml 96% ethanol) acetic acid (463 mg,
7.71 mmol) was added and the resultant solution was stirred for some time and left overnight
for salt formation resulting in the precipitation of the acetate salt. The yield was improved by
addition of diethyl ether and the precipitate was filtered and washed with 96% ethanol. The
precipitate was dried in a desiccator at r.t. at 40 mbar for 20h.. Results: colorless solid
(Hygroscopic). Yield: 62%, m.p.: 89.3-91.2 °C, HPLC > 95%. Elemental analysis: Calcd. for
C4H2sNQO4 * 1.5 CH3COOH C:71.24, H: 6.46, N: 3.32 Found C: 71.36, H: 6.17, N: 3.43.

Several other crystal forms containing 1-2 molar equivalents of acetic acid were obtained in a
similar manner by changing the relative amounts of Memogain and acid as well as the
precipitation method.

1.2. Salt of Memogain with lactic acid: (General procedure B):

To the solution of 2.5 g Memogain (6.4 mmol) in methanol (4 ml) a solution of 95% racemic
lactic acid (7.85 mmol) in methanol (2 ml) was added at 40-50°C and stirred for 20 min. The
solvent was evaporated and the resulting residue was dried first using a rotavap for 2 hrs at 9
mbar and at 50 — 60°C followed by overnight drying at 40 mbar at r.t. resulting in a solid light
yellow foam that was highly hygroscopic. Yield: 98.92%, m.p.: 62.9-64.1°C, Elemental
analysis: Calcd. for Co4H2sNO,4 * 1.1 C3HgO5 C: 66.84, H: 6.49, N: 2.86. Found: C: 66.69, H:
6.45, N: 2.80 HPLC purity > 97%.

In a similar manner the corresponding salt with (+)-lactic acid was obtained: Calcd. for
Co4H2sNQO4 * 1.5 C3HeO3 C: 65.01, H: 6.51, N: 2.66. Found: C: 64.91, H: 6.28, N: 2.70.

1.3. Salt of Memogain with citric acid:

Using general procedure B but dry ethanol as solvent the citrate was obtained in 91.0 % yield
as sticky solid that turned into a colorless solid after trituration using dry diethyl ether followed
by high vacuum evaporation with m.p.: 117.5-119 °C Elemental analysis: Calcd for C: 73.64,
H: 6.44, N: 3.58 Found C: 59.61, H: 5.93, N:2.26. HPLC > 97%

1.4. Salt of Memogain with Saccharic acid (General procedure C):



10

15

20

25

WO 2014/016430 -31- PCT/EP2013/065880

To a solution of Memogain (1120mg ) in 96% ethanol (4 ml) was added a solution of
saccharolactone (200 - 604 mg) in 96% ethanol (3 ml) at 60°. The hot solution was
immediately diluted with ethyl acetate resulting in the formation of a colorless precipitate that
was filtered after cooling to 5° for 2 hrs, washed with ethyl acetate and dried at 40 mbar for 20
hrs at r.t. to give a 83.7% yield of the saccharic acid salt as colorless solid with m.p.: 132-
134°C and HPLC-purity of > 97%. Elemental analysis: Calcd. for Co4H,sNO4 * CgH100s C:
59.89, H: 5.86, N: 2.33. Found: C: 60.10, H: 5.61, N: 2.37. The lactone of saccharic acid is

hydrolyzed with water present under these conditions resulting in the salt described.

OH  OH

Qi
I

MV =391.5
MF =C24H25NO4

Formula Weight : 192.1+18=210.1
Formula : GsHO; H20 MV =601.6

1.5. Salt of Memogain with Gluconic acid:

Following in general procedure C starting from Memogain (150 mg, 0.38 mmol) but using
dioxane as solvent and a solution of D-gluconic acid delta-lactone (68.2 mg, 0.38 mmol) in
dioxane containg water (13 mg, 0.76 mmol) and stirring at 50-60 °C for 30 min. until a clear
solution was obtained followed by addition of dry diethyl ether (10 ml) to the cooled solution
resulted in a colorless precipitate that was filtered, washed with diethyl ether and dried to
obtain 170 mg (75.6%) of the salt as colorless, crystalline solid. m.p.:159.3-159.4°C HPLC
purity > 98% Elemental analysis: Calcd. for C4H2sNO4 * 1.5 CgH4,07 C: 57.80, H: 6.32, N:
2.04. Found: C: 58.22, H: 5.98, N: 2.28. The powder diffraction diagram of this salt is shown in
Fig. 1.

From a similar experiment on twice the scale but without adding diethyl ether for precipitation

spontaneous crystals were formed on standing at r.t. for 3 days that were filtered, washed with
dioxane and dried to obtain 145 mg (32%) of the 1:1 salt as colorless crystals with m.p. 173.3-
173.4°C Calcd. for Co4H,sNO4 * CgH12,07 C: 61.32, H: 6.35, N: 2.38. Found: C: 61.65, H: 6.27,



10

15

20

25

30

WO 2014/016430 -32- PCT/EP2013/065880

N: 2.64. Microtitration of this salt verified the stochiometry calculated from the elemental

analysis.

Under similar conditions but prolonged drying other salt-forms containing 0-2 equival. of water
in the crystal were obtained. It is known that D-gluconic acid delta-lactone is hydrolyzed to

gluconic acid by water.

In an alternative procedure ethanol was used as a solvent. Thus Memogain (9.4 g, 24 mmol)
in 96% ethanol) was added to a solution of D-gluconic acid delta-lactone (6416 mg, 36 mmol)
in 96% ethanol (10 ml) and heated to 50-60 °C for 30 min. until a clear solution was obtained
that was kept at r.t. for 2 days with the formation of a colorless precipitate that was filtered,
washed with dry ethanol (2 x 20 ml) and isopropanol (60 Im) and dried at 40 mbar at r.t. for 20
hr to obtain 7.91 g (84.2%) of the product as colorless crystalline solid m.p.: 122-126°C,
HPLC purity > 98%. Elemental analysis: Calcd. for Co4HxsNO4 * CgH1207 * H,0 C: 59.50, H:
6.49, N: 2.31. Found: C: 59.60, H: 6.59, N: 2.32.

This salt was used to obtain the adsorption/desorption isotherm of water ( Fig.2) as well as the
weight loss on heating (Fig. 3). Furthermore by differential scanning calorimetry (DSC) of the
wet cake of Memogain gluconate it was determined, that drying takes place between 53 and
87 °C and melting around 123°C (Fig. 4). The powder diffraction diagram of this salt is shown
in Fig. 5

"MNMR (200 MHz, D20): $7.35-7.46(d,2H), 7.09-6.94 (t,1H), 6.92-6.80 (t,2H),6.59-6.36 (m,
2H), 6.14-6.00(d, 1H), 5.85-5.72(m, 1H), 5.16-5.07(s, 1H), 4.48-4.31(m, 4H), 4.13-3.84(m,
5H), 3.73-3.53(m, 6H), 3.53-3.39 (m, 5H), 2.76-2.58(s, 3H)2.39-2.21(d, 1H), 2.06-1.69(m, 3H)
*°NMR (50 MHz, D20): 5178.39 (s, 1C), 167.03 (s.1C), 146.09 (s, 1C), 145.11 (s,1C), 133.09
(s,1C),131.57(s,1C),129.26
(s,1C),128.04(s,1C),123.75(s,1C),123.40(s,1C),119.02(s,1C),118.74(s,1C)118.67(s,1C),
112.05(s,1C), 85.82(s,1C), 73.93(s, 1C), 73.52(s, 1C), 72.46(s, 1C), 71.07(s, 1C), 70.81(s,
1C), 64.23(s, 1C),62.54(s, 1C), 58.51(s, 1C), 55.52(s, 1C), 53.98(s, 1C), 46.50(s, 1C),
40.96(s, 1C)40.82 (s, 1C), 32.07 (s, 1C), 26.83(s, 1C).

Using the general procedures A, B and C the following salts were prepared on a 0.5 to 10
mmol scale in a similar manner and un-optimized yields of 42-91% were obtained. For those
salts that were obtained in a crystalline state the melting points are indicated. Salts that

showed solubility in water higher than 10% or even 20% were investigated further.
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In addition to this list, pharmaceutically acceptable salts as described in table 1 of the book
Pharmaceutical Salts, Properties, Selection and Uses, Stahl, P.H. and Wermuth, C.G., eds.,
VHCA Verlag 2002, can be used.

1.6. Solubility test

10 mg of the corresponding salt and 100 microliters of water were sonicated for 5 min atr.t..
The resulting solution or suspension was centrifuged for 3 min. and filtered using a filter tip. 10
microliters of the filtrate was transferred in a volumetric flask and diluted to 10.0 ml with water
to obtain the sample solution. 20 microliters of this sample solution was injected for HPLC and
the amount of Memogain quantified using a Merck Chromolith RP18 column and a gradient of
5% to 60% acetonitrile and water, both solvents containing 0.1% formic acid, injection volume:

20 microliters.

The Memogain salts of acetic acid, maleic acid, lactic acid (lactate salt), citric acid, saccharic
acid (saccharate salt) and gluconic acid (gluconate salt) all showed solubility at above 10% in

water.

The lactate, gluconate, maleate and saccharate salts of Memogain showed solubility above
10% weight per volume (w/v), sometimes forming meta-stable salts at 20% concentration in
solution. The gluconate salt showed solubility at 40% weight per volume (w/v) and the

saccharate salt at 70% weight per volume (w/v).

Table 3: Additional Memogain Salts

Acid m.p.(°C)
Ascorbic acid 110-131
(decomp.)
Arabic acid 213 (decomp.)
Adipic acid

DL-Mandelic acid

D-Glucoheptono-1,4- 147 (decomp.)

lactone

Formic acid 146-147
Fumaric acid

Galactaric acid 143-144
D-(+)-Galacturonic acid |148-151
Glucuronic acid 145-146

Glycolic acid 97-103
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Hydrobromic acid 221-222
Hydroxy citric acid

Hydrochloric acid

Isethionic acid 191-195
Maleic acid

L-(-)-Malic acid 107-108
Malonic acid

Nicotinic acid 117-118

Phosphoric acid

Succinic acid

Sulfuric acid 172-173
L-(+)-Tartaric acid 185-186
D-(-)tartaric acid 212-213
Meso tartaric acid 107-109

Particularly preferred are quaternary nitrogen salts (otherwise termed quaternary ammonium
salts) of acetic acid, maleic acid, lactic acid (lactate salt), citric acid, saccharic acid

(saccharate salt) and gluconic acid (gluconate salt).

These acids form salts with Memogain and other galantamine pro-drug nitrogen bases having
solubility of up to 70% at neutral pH in water. While high-concentration of the gluconate salt in
aqueous solution is metastable and is later converted to less soluble stable salt forms, the fully
dissolved homogenous solutions can be recovered by warming the aqueous mixtures to > 50
°C until precipitations have disappeared. These metastable homogenous solutions remain
stable for hours and days, provided that precautions are taken to reduce or avoid precipitation
seeding. Appropriate documentation of the dissolution procedure to form such metastable
(hypercritical) solutions renders these solutions suitable drug product formulations for use by
patients and medical personal. A short warming, for example for 5 minutes by hand, before
administration allows optimal administration of such metastable solutions.

As sustained release aqueous formulations of the pro-drugs discussed here, we have
dissolved in water a powder of the natural biopolymer chitosan, and mixed it with Memogain
base or hydrogen salt so as to achieve formulations for intranasal delivery of 5% (w/v) or more
(Mium L et al. (2002). Intranasal delivery of morphine. J Pharmacol Exp Therap 301: 391-400).
The method of application described in lllium et al is also suitable for use with the chemical

substances of the present invention.
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Sustained release formulations of Memogain salts comprising chitosan also proved effective
when applied in solid form in oral sublingual or buccal administration, and showed

unexpectedly fast initial absorption with long release times.

The preferred salts of the present invention represent preferred embodiments that exhibit
unexpectedly surprising and advantageous effects in comparison to what was disclosed in the
prior art or what could have been expected by a skilled person in light of the prior art. The
solubility of the particular preferred salts is unexpectedly good, allowing a higher concentration
of medicament in the pharmaceutical composition (i.e. in the form of a solution in a particularly
preferred embodiment for intranasal administration, but also buccal or sub-lingual application).
This is of great importance in light of the requirements mentioned above for compounds that
are suitable for intranasal, sublingual or buccal administration. Due to the limited size of the
nasal cavity the required concentration of the active substance in solution is high. This means
that salts needed to be found, which could be very soluble and therefore provided at a high
concentration. This is surprisingly the case for the salts mentioned herein, preferably for acetic
acid (acetate salt), lactic acid (lactate salt), citric acid, saccharic acid (saccharate salt) and

gluconic acid (gluconate salt).
Example 2. Emulsions and selfmicroemulsifying drug delivery systems (SMEDDs)

Emulsions and SMEDDs are established means of brain delivery systems (Botner S, Sintov
AC (2011) Intranasal delivery of two benzodiazepines, Midazolam and Diazepam, by a
microemulsion system. Pharmacol Pharmacie 2:180-188). In the present application they were
produced by mixing the pro-drug under investigation, as nitrogen base or as hydrogen salt,
with various organic solvents or by mixing with suitable surfactants, oils and co-surfactants (all
recognized as safe; GRAS) under stirring and/or ultrasound until a clear solution was
achieved. In particular, we avoided using alcohols or other irritant chemicals in the
formulations so as to avoid any irritability of the nasal or buccal mucosa. Typical components
of such microemulsions were Labrasol, N-ethyl-2-pyrrolidone (NEP), glyceryl oleate, PEG,
propylene glycol, Transcutol, and suitable oils, such as palmitate. We achieved drug
solubilities of the order of 10% (w/w), or more, with a maximal water solubilization capacity of
approx.. 50% (the lower the water content, the higher oil concentrations could be achieved,
and the higher the solubility of nitrogen base). The highest solubilities of pro-drug nitrogen

bases or salts were obtained at water concentrations around 20% in the microemulsions.

Preferred embodiments of the self-microemulsifying drug delivery (SMEDD) formulation,

preferably for Memogain maleate, relate to the following:

Used materials:
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Memogain maleate (No. 022563-A-1-1, GALANTOS Pharma GmbH, Germany)
Capmul MCM (Lot: 080726-7, BERENTZ - ABITEC CORP., USA)

(glyceryl caprylate/caprate; Pharm. Eur.)

PEG 300 /400 (Lot: 1349048-41108320, FLUKA, Vienna, Austria)
(polyethyleneglycol; Pharm. Eur.)

Propyleneglycol (Lot: S44324-108, SIGMA, Vienna, Austria)

(propyleneglycol; Pharm. Eur)

Transcutol (Lot: 18703CE, SIGMA, Vienna, Austria)

(diethyleneglycolemonoethylether; Pharm. Eur.)

Preparation of a 10% Memogain maleate SMEDD formulation (1 L):

As the first step, 100 g of Memogain maleate are weighted into an appropriate steel tank. In
the following the solubilizers and fatty oils are added one after each other:

170 ml of Capmul MCM

500 ml PEG 300

220 ml Propyleneglycol

110 ml Transcutol

Finally the SMEDD formulation is treated with ultrasound until the mixture becomes a clear

solution.

The Memogain base and salt emulsion and SMEDD formulations demonstrate reduced local
irritation of the mucosal surface upon application. Furthermore, the bitter taste of the prodrug
is effectively masked through the various lipid and PEG components and no analgesic effect

on the transmucosal surface was evident.
Example 3. Micronized powder formulations and nano-suspensions of pro-drug crystals

Other suitable formulations for transmucosal delivery are pro-drug nano-crystals and
polymeric micro-particles to which pro-drugs are adsorbed. In both cases, the more lipophilic
pro-drug bases were used. The formulations were obtained by co-precipitation of polymer and
pro-drug, by pearl milling and homogenization in water, or as nano-suspensions of pro-drugs
that are lipid conjugates. Such methods are known to one skilled in the art and could be

applied with the chemical substances and methods of administration of the present invention.

The micronized powder compositions of GLN 1062 or salts thereof enable fast absorption and
a reduction in the bitter taste of the compound, compared to when applied as an aqueous

solution.
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Example 4. Memogain-Formulations

Solubility of Memogain

Free Base in Water:

Maleate in Water:

Maleate in 0,9 % NaCl:

Free Base in Cyclodextrin-Vehicle™:

Maleate in CycIodextrin-VehicIe”:

26 ug/ml (66 pM)

7,5 mg/ml (15 mM)
0,6 mg/ml (1,5 mM)
8,9 mg/ml (23 mM)

21 mg/ml (41 mM)

Y15 % (109 mM) Hydroxypropyl-B-cyclodextrin, 96 mM NaCl

Table 4. Formulations

Name GEA1
Type Sublingual Tablet
API Memogain maleate
API/Tablet 1 mg
Tablet mass 20 mg
Carrier Lactose monohydrate
Ethanol "
Corn starch
Povidon K30 (polyvinylpyrrolidone (PVP))
Magnesium stearate
") removed during production
Name GEA2
Type Sublingual Tablet
API Memogain maleate
API/Tablet 2 mg
Tablet mass 50 mg
Carrier Mannitol

Explotab (sodium starch glycolate)
Croscarmellose
Ascorbic acid Magnesium stearate

Orange flavour
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Name Evonik 1

Type Multi-layered Pellets (ca. 1 mm) with digestive acid resistant
coating

API Memogain maleate

APIl-amount 1%

Pellet core Cellet 700 (MCC)

API-layer Memogain maleate and Methocel E5 (HPMC)

Subcoating Methocel E5 (HPMC)

Coating Eudragit FS30D, Talc, Triethylcitrate

Layer thickness Approx. 30 ym bei 15 % Coating;

Eudragit also Pellets with 5§ % and 10 % were manufactured.

Name Evonik 2

Type Multi-layered Tablets (appr. 9 mg) with digestive acid resistant
coating

API Memogain maleate

APl-amount 2mg

Pellet core Memogain maleat, Avicel PH 102 (MCC), corn starch,
Methocel E5 (HPMC), Magnesium stearate

Subcoating Methocel E5 (HPMC)

Coating Eudragit FS30D, Talc, Triethylcitrate

Layer thickness appr. 90 ym bei 15 % coating;

Eudragit also Pellets with 5§ % and 10 % were manufactured.

The sub-lingual tablets and multi-layered formulations of the present invention show
surprisingly good adsorption properties, enabling quick uptake and reduced flavour bitterness,
in addition to reduced analgesic effects in the mouth of the patient. The fast adsorption of
chemical substance enables a reduced risk of swallowing; thereby ensuring the administration
occurs transmucosally through the oral mucous membrane, avoiding unwanted degradation of

the prodrug.
Example 5. Interaction with carrier substance and Eudragit (Poly(meth)acrylate)

Experiment 1: a small amount (0,1 mg) of Memogain maleate in 1 ml HBSS-Puffer, pH 7,4
was incubated with various carriers at 37 °C 2,5 h. The amount of free (not bound to the
particle of the carrier substance) of Memogain was then measured by HPLC. Typical amounts

of carrier substance were applied and shown in Table 5.
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Table 5.
Nr. Substance mg carrier Non-absorbed
Memogain
(% of control)
control |none 0 100
1 Lactose 10 105
2 MCC 10 100
3 HPMC 1 105
4 Corn starch 5 100
5 Eudragit L100 2 21
6 Eudragit FS30D 1,8 7
7 Talc 2 94
8 Mg Stearate 0,1 101
0,1 plus 0,1 %

9 Mg Stearate + Tw20 Tw20 103
10 Aerosil (SiO,) 1 89
11 Emcompress (CaHPO,) 10 101
12 Explotab 2 99
13 Triethylcitrat 0,2 101

Result: Eudragit L100 and Eudragit FS30D adsorb Memogain.

Experiment 2: a fixed amount of Eudragit (0,5 mg/ml) was incubated with various amounts of
Memogainmaleate for 2h in a saline solution (HBSS). The amount of free (not bound to the
particle of the carrier substance) of Memogain was then measured by HPLC. In parallel the

solubility of the Eudragit amount alone in the salt solution was analysed.

Result: L100 is completely soluble in the provided concentration, FS30D forms a cloudly
solution. FS30D binds to Memogain over the entire tested concentration range. As of 0,25
mg/ml Memogain forms a precipitate with L100, which can be re-solubilised by the addition of
6 % Cycldodextrin (HPCD).

Example 6. In vitro studies of permeation behavior, pre-systemic metabolism and

stability

Permeation behavior of pro-drug formulations was tested using tissue samples of 3-4 cm?
freshly excised porcine nasal or buccal mucosa inserted in an Ussing-type chamber displaying

a permeation area of 0.64 cm? and a volume of 1ml on both sides. The apical side of the
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tissue was facing the donor compartment. One ml of pre-warmed (37°C) permeation medium
was added to the donor and acceptor chamber. The temperature within the chambers was
maintained at 37°C throughout the entire experiment. After a pre-incubation time of 15 min the
permeation medium in the donor chamber was substituted by a 1% solution of the pro-drug
formulation under investigation. Every 30 min aliquots of 100 ul were withdrawn from the
acceptor compartment and immediately replaced by 100 ul of fresh pre-warmed permeation
medium over a time period of 180 min. The concentration of compounds in the collected
aliquots was determined via HPLC. Corrections were made for previously removed samples.
Apparent permeability coefficients (Papp) were calculated. Control samples were withdrawn
from the donor compartment after 180 min and analyzed to investigate the stability of the

compound in the formulation under investigation.

During the above described permeation experiments, 10 yl aliquots were withdrawn from the
donor compartment at time points 0, 60, 120 and 180 min. These aliquots were analyzed by

HPLC to determine the degree of pre-systemic metabolism over time.

Using these methods, aqueous solutions of pro-drug salts, and solutions of pro-drug bases in
organic solvents, co-solvents and surfactants were tested as to their solubility, their
permeation coefficient, and their pre-systemic metabolism and stability. The formulations
further studied had solubilities of at least 10% (m/v), and permeation coefficients of pro-drugs
of Papp > 1-10°° cm/s. Within the time periods tested, there was no significant pre-systemic

metabolism of pro-drugs in both porcine mucosa preparations.
Example 7. Pharmacokinetics

The pharmacokinetics of pro-drugs and parent drugs after transmucosal delivery in the nasal
or buccal cavity were tested in Wistar rats. These data confirmed rapid (within minutes) uptake
into blood and brain of the pro-drugs under investigation, bioavailabilites in the brain of pro-
drugs similar to those produced by intravenous injections, and much higher BBRC, as

compared to oral delivery as tablet of the related parent drug.

Because redistribution of parent drug via BBB to the circulation, after enzymatic production
from pro-drug in the brain, is very fast indeed, pharmacokinetic studies do not suffice to
exactly determine the momentary concentrations of parent drug in the brain. We therefore
used pharmacodynamics studies to determine the effective concentrations of parent drug in
suitable experimental conditions, such as the reversal of scopolamine-induced temporary
amnesia in the T-maze cognitive paradigm studied in mice. These studies confirmed that

several fold higher (up to 20fold) BBRC of parent drug (and related effectiveness in cognitive
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enhancement) can be achieved by transmucosal delivery of pro-drug formulations via the

nasal or buccal cavity.

Experiments directly comparing potency and reduced Gl side effects of Memogain between
oral and transmucosal (nasal) administration also demonstrate that intranasally administered
Memogain exhibits surprisingly beneficial properties in comparison to orally administered

Memogain.

Pharmacokinetc studies were carried out using intranasal and sublingual administration of the

Memogain maleate salt.

Intranasal report:

This experimental plan describes the blood and brain pharmacokinetic profiles of the pro-
galantamine Memogain maleate and galantamine in female wistar rat following intra-nasal

application of the Memogain maleate and galantamine Hydrobromide in various formulations.
a. 5% galantamine in water, 10 pL per nostril, a total of 20 pL containing 1 mg 5%
b. Memogain salt in 10% NEP in water, 10 pL per nostril, a total of 20 L containing 1 mg
¢. 5% Memogain salt in an emulsion, 10 pL per nostril, a total of 20 yL containing 1 mg
d. 20% Memogain salt in an emulsion, 10 pL per nostril, a total of 20 yL containing 4 mg

e. Intravenous administration of Memogain salt at dose rate of 5 mg\kg (previously

carried out as control)

Sublingual report:

This experimental plan describes the blood and brain pharmacokinetic profiles of the pro-
galantamine Memogain maleate and galantamine in female wistar rat following sub-lingual

application of the Memogain maleate and galantamine Hydrobromide in various formulations.

=

5% galantamine in water, 20 pL under tongue containing 1 mg

b. 5% Memogain salt in 10% NEP in water, 20 uL under tongue containing 1 mg
¢. 5% Memogain salt in an emulsion, 20 uL under tongue containing 1 mg

d. 20% Memogain salt in an emulsion, 20 pL under tongue containing 4 mg

e. intravenous administration of Memogain salt at dose rate of 5 mg\kg as control
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Both the intranasal and sublingual studies show that beneficial pharmacokinetic (PK)
properties were observed with the maleate salt. Similar results are to be expected from the
other preferred salts of the invention, when considering the additional experimentation
described herein and in light of preliminary studies with nasal or buccal mucosa, which show
good uptake across the mucosal membranes of all preferred salts of the invention. The PK
data show that Memogain was detected in the brain for extended periods of time, and showed
high brain to blood concentration ratios, indicating that very little of the applied prodrug is
carried into the blood stream and subsequently degraded. Over time the levels of Memogain in
the brain decrease, as levels of galantamine in the brain increase, which indicates cleavage of
the prodrug to its active form in the brain of the subject. One example is shown for the

intranasal experiment in Figure 12, sample b.

The administration of the Memogain salt intranasally provides a very effective method of
directing the prodrug specifically to the brain, where it is processed thereby releasing the

active compound galantamine.

Memogqain gluconate:

Further tests were performed with Memogain gluconate. It has a much larger BBRC than
galantamine (see Figure 6). The pharmacokinetics and brain-to-blood concentration ratios
(BBRC) of several galantamine derivatives and their cleavage product galantamine were
evaluated after intranasal administration in Swiss albino mice at a dose of 3 mg/kg. After
extraction from brain and blood, the drug concentrations were determined by LC/MS/MS. For
comparison, the BBRC for the parent drug galantamine was also determined. As
demonstrated in the figure, the studied pro-galantamines all display larger BBRCs than

galantamine, with a particularly large BBRC for GIn-1062

Memogain gluconate is highly water soluble and has no burning sensation to nose, or any
taste or smell. Intranasal dosing can be done with simple spray-pump methods, although also
many other methods can be used. As Memogain is a pharmacologically inactive precursor of
galantamine and was administered intranasally as gluconate, no Gl side effects were

observed.

Example 8. Memogain shows improved brain penetration and low blood levels

compared to galantamine

Data are shown in Figure 13. Mice were injected with 3 mg/kg i.v. of either Memogain or
galantamine. The data demonstrate clearly that galantamine does not distribute into the brain
well (BBRC ~ 1:1), whereas Memogain has a much higher BBRC (8:1).
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Additional data are shown in Figure 14 for i. n. administration. A Rat PK study was carried out
with 5 mg/kg intranasal (i.n.) Memogain dosing performed under GLP-like conditions. The data

demonstrate that Memogain has a much higher BBRC (10:1).
Example 9. Intranasal Memogain is more potent than galantamine

To test whether intranasal Memogain is in-vivo a more effective cognition enhancer than
galantamine, the following cognition paradigm was applied. Mice were treated with
scopolamine to induce acute amnesia and were then tested for performance in a T-maze, in
the absence or presence of oral galantamine or intranasal Memogain (Fig. 7). Clearly,
Memogain was more effective than galantamine in reversing the acutely induced amnesia.
Mice were challenged with Scopolamine i.p. in a T-maze assay to induce
disorientation/amnesia (set to 0% performance recovery). Co-application of galantamine (i.p.)

or of Memogain® (i.n.) rescues orientation in the T-maze in a dose-dependent manner.
Example 10. First pass effect of Memogain

The first-pass effect of GIn-1062 was evaluated after intravenous and intraportal dosing of 3
mg/kg in Wistar rats (Fig. 8). GIn-1062 was observed to undergo first-pass effect by rapidly
decreasing blood concentration levels independently of whether it was administered i.v. ori.n.
In contrast, the concentration levels of galantamine liberated from GIn-1062 by enzymatic
cleavage did not decrease similarly rapidly. Moreover, higher maximal concentration levels of
GIn-1062 were observed in brain and blood following i.v administration as compared to
intraportal administration. From these data, the first-pass effect was estimated to be between
35 and 45%.

When GIn-1062 was administered intranasally at the same dose, similarly high maximal
concentration levels were observed in the brain as after i.v. administration, indicating that
uptake into the brain was as efficient as after i.v. administration and with little impairment by a

first-pass effect.

Example 11. Intranasal administration of Memogain leads to low amounts of liberated

galantamine in plasma

The study was performed in dogs. A single dose of 4 mg/kg intranasal Memogain was
administered and the plasma levels of Memogain and liberated galantamine were determined
as a function of time after administration. As Memogain is preferentially partitioned into the
brain, only a small fraction of the pro-drug appears in the blood. The levels of galantamine

liberated from Memogain are much smaller, as galantamine is rapidly metabolized and
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excreted (Fig. 9). This leads to a much reduced likelihood of side effects, considering the small

amounts of systemic galantamine present in the blood after i. n. administration.

The data from the dog experiments demonstrate:

Brain : Blood ratio of Memogain (@120 min post administration) = 9

- Brain : Blood ratio of galantamine (@120 min post administration)=1-1.5
- Memogain in blood t/2 = 90 min (conscious animals)

- Galantamine t¥2 = 6 h (conscious animals)

- Low blood levels of galantamine indicates fewer side effects

- High brain concentrations of Memogain indicate release of galantamine from Memogain

mainly in the brain.
Example 12. Memogain produces fewer gastro-intestinal side effects than galantamine

These studies were performed in ferrets that were dosed i.p. with either 20 mg/kg galantamine
(maximal tolerated dose), or with 20, 40 and 80 mg/kg Memogain, respectively. At 20mg/kg
Memogain, no adverse effects were observed. From the dose dependency of adverse effects,
at least 4 times lower toxicity in this animal model was observed for Memogain, as compared

to galantamine (Fig. 10).

Similarly, much less adverse effects than observed with galantamine were seen in the Irwin
assay, respiratory toxicity studies, both performed in rats, and in a cardiovascular toxicity

study in dogs.
Example 13. Memogain is at least 10 times safer than galantamine

This study was performed in dogs, and both drugs were administered as intravenous bolus.
The lower toxicity of Memogain is due to the much lower steady-state plasma levels of

galantamine resulting from enzymatic cleavage of the pro-drug (Fig. 11).

Medical benelfits of galantamine pro-drugs and their formulations for transmucosal delivery to

the nasal and buccal cavily:

The key benefits are as follows:

1. Higher bioavailability and higher effectiveness in the target organ
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2. Lower levels of peripheral side effects

3. Pharmacokinetics can be adjusted to medical needs (sustained delivery)
4. Dosing not limited by Gl adverse effects

5. Faster and stronger onset of medical benefit

6. Up-titration of dose (to enhance compliance) not needed

7. Immediate administration of efficacious doses

8. Improved patient compliance

Higher bioavailability in the brain and higher effectiveness as a cognition enhancer was
demonstrated by pharmacodynamics studies using suitable cognition paradigms in animal
models of cognitive impairment. Dramatically lowered incidences of gastro-intestinal adverse
effects, i.e. retching and emesis, were shown for intranasal delivery of Memogain in
comparison to oral administration of identical doses of Memogain or galantamine. . For
intranasal delivery of the pro-galantamine Memogain, even at very high doses, Gl-related side
effects had practically disappeared, as the combined result of better brain penetration of the

lipophilic pro-drug and avoidance of the gastro-intestinal tract during drug delivery.

In summary, the oral administration of Memogain and galantamine provide comparable BBB-
penetration due to the rapid cleavage of Memogain (to galantamine) post-administration. The
Memogain salts provide no noticeable enhanced effect when administered orally at the same

concentration.

Intravenous administration (i. v.) of Memogain compared to galantamine demonstrates a
vastly improved BBB-penetration for Memogain due to its more hydrophobic nature. The i. v.
administration of galantamine provides only a very minor (if any) advantage in comparison to
oral delivery of galantamine, as the active compound itself is relatively stable when compared

to Memogain and is not susceptible to esterase cleavage.

Transmucosal administration (intranasal; i. n.) reveals unexpected enhanced effects with
respect to Memogain, and particularly the salts of Memogain. The i. n. administration of the

salts of Memogain show further improved BBB-penetration.

Brain penetration of galantamine is not enhanced by i. n. administration of galantamine, as the
hydrophilic nature of the molecule prohibits effective penetration regardless of administration
route. The i. n. administration of galantamine may avoid some common side effects (Leonard
et al (2007)) of galantamine by avoiding administration through the digestive tract. The efficacy
as cognition enhancer of the molecule is however not enhanced due to the remaining poor
BBRC.



WO 2014/016430 - 46 - PCT/EP2013/065880

CLAIMS

1. Chemical substance according to Formula | for use as a medicament in the treatment
of brain disease associated with cognitive impairment, wherein said treatment
comprises transmucosal administration, selected from intranasal, sublingual or buccal
administration, of a therapeutically effective amount of said substance,

0

o)km
o~/
o
H,C” O
N
\
CH,

Formulal

wherein

R1 = aromatic or heteroaromatic 5- or 6-membered ring, such as optionally substituted
naphthaline, thiophene, pyrrole, imidazole, pyrazole, oxazole, thiazole; or

straight or branched chained aliphatic residues, such as CH(C2H5)CH3, CH2-
C(CHB3)3, cyclopropane or preferably an aliphatic residue comprising more than 5 C

atoms, more preferably 6 C atoms or more than 10 C atoms, such as a fatty acid
residue.

2. Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to claim 1 characterised in that the
substance is selected according to Formula Il

0 R2
R3

R6 R4
0
R5

Formula ll
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wherein

R2-R6 comprise of any substituent selected from H, halogen, optionally substituted C -
C; alkyl or cyclopropyl, OH, O-alkyl, SH, S-alkyl, NH,, NH-alkyl, N-dialkyl, optionally
substituted aryl or heteroaryl, whereby neighbouring substitutents can cooperate to

form an additional ring.

3. Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to claim 1 or 2, wherein
the substance is GLN-1062

GLN-1062

4. Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein transmucosal administration provides avoidance and/or reduction of post-
administration cleavage of the ester group of said substance by endogenous

esterases.

5. Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is present as a salt.

6. Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the salt comprises of stoichiometric and/or non-stoichiometric salts and/or
hydrates of the chemical substances according to Formula I, Il or GLN 1062, whereby
the salt is described as:

A compound of Formula I, Il or GLN 1062 - n HX - m H20,
whereby n, m = 0 — 5 and n and m can be the same or different, and HX = an acid,

selected preferably from gluconic acid, saccharic acid, maleic acid or lactic acid.
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10.

11.

12.

13.

14.

15.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is present as a gluconate salt.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is present as a saccharate salt.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is present as a maleate salt.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is present as a lactate salt.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the chemical substance or salt thereof has a solubility in water of at least 10%

weight per volume (w/v).

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the chemical substance or salt thereof has a solubility in water of at least 20%

weight per volume (w/v).

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the chemical substance or salt thereof has a solubility in water of at least 30%

weight per volume (w/v).

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is the gluconate salt of GLN 1062.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is the saccharate salt of GLN 1062.



WO 2014/016430 -49 - PCT/EP2013/065880

16.

17.

18.

19.

20.

21.

22.

23.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is the maleate salt of GLN 1062.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the chemical substance is the lactate salt of GLN 1062.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the chemical substance or salt thereof is administered at a dosage of 1 to 100

mg one to three times daily.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the chemical substance or salt thereof is administered at a dosage of 2 to 40

mg twice daily.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the chemical substance or salt thereof is administered intranasally as a 2 to
40% weight per volume (w/v) solution at an amount of 20 to 100 microliters in a single

intranasal spray event, one to three times daily.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the chemical substance or salt thereof is administered intranasally as a 10%
weight per volume (w/v) solution at an amount of 50 microliters in a single intranasal

spray event, one to three times daily.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the brain disease to be treated is Alzheimer's and/or Parkinson's disease,

the chemical substance is the gluconate or saccharate salt of GLN 1062, which is
administered intranasally as a 2 to 40% weight per volume (w/v) solution at an amount

of 20 to 100 microliters in a single intranasal spray event, one to three times daily.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,

wherein the brain disease to be treated is Alzheimer's disease,
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24.

25.

26.

27.

the chemical substance is the gluconate or saccharate salt of GLN 1062, which is
administered intranasally as a 10% weight per volume (w/v) solution at an amount of

50 microliters in a single intranasal spray event, twice daily.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein intranasal administration is carried out by administering a therapeutically
effective amount of the chemical substance using a suitable metered dose device,
such as a atomizer, sprayer, pump spray, dropper, squeeze tube, squeeze bottle,
pipette, ampule, nasal cannula, metered dose device, nasal spray inhaler, nasal
continuous positive air pressure device, and/or breath actuated bi-directional delivery

device.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the sublingual administration is carried out by administering a therapeutically
effective amount of the chemical substance under the tongue by placing one or more
drops of a solution, or an amount of particulate in the form of freeze-dried powder or
emulsion underneath the tongue and/or by spraying the underside of the tongue with a

preselected volume of a liquid composition comprising the chemical substance.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the buccal administration is carried out by administering a therapeutically
effective amount of the chemical substance to the buccal vestibule inside the mouth
between the cheek and the gums as a freeze-dried powder or emulsion, or an orally

disintegrating or orodispersible tablet (ODT).

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the brain disease to be treated is selected from Alzheimer's and/or
Parkinson's disease, other types of dementia, schizophrenia, epilepsy, stroke,
poliomyelitis, neuritis, myopathy, oxygen and nutrient deficiencies in the brain after
hypoxia, anoxia, asphyxia, cardiac arrest, chronic fatigue syndrome, various types of
poisoning, anaesthesia, particularly neuroleptic anaesthesia, spinal cord disorders,
inflammation, particularly central inflammatory disorders, postoperative delirium and/or
subsyndronal postoperative delirium, neuropathic pain, abuse of alcohol and drugs,

addictive alcohol and nicotine craving, and/or effects of radiotherapy.
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28.

29.

30.

31.

32.

33.

34.

35.

Chemical substance for use as a medicament in the treatment of brain disease
associated with cognitive impairment according to any one of the preceding claims,
wherein the distribution of the chemical substance in a patient after administration
exhibits a brain:blood ratio of more than 5, preferably more than 10, more preferably
between 15 and 25.

Pharmaceutical composition comprising the chemical substance according to Formula
I, I or GLN 1062 according to any one of the preceding claims and preferably one or
more pharmaceutically acceptable carriers for use as a medicament in the treatment of
brain diseases associated with cognitive impairment in a mammal, said treatment
comprising transmucosal administration, selected from intranasal, sublingual or buccal
administration, characterised in that the composition is suitable for transmucosal

application.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to the preceding claim,
wherein the composition is an aqueous solution, comprising 2 to 40% weight per

volume (w/v) of the substance to be administered.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to the preceding claim,
wherein the composition is an aqueous solution, comprising 5 to 15% weight per

volume (w/v) of the substance to be administered.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to the preceding claim,
wherein the composition is an aqueous solution, comprising 10% weight per volume

(w/v) of the substance to be administered.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to any one of the preceding

claims, wherein the composition comprises N-ethylpyrrolidone.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to any one of the preceding
claims, wherein the composition comprises a self-microemulsifying drug delivery
(SMEDD) system.

Pharmaceutical composition for use as a medicament in the treatment of brain

diseases associated with cognitive impairment according to the preceding claim,
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36.

37.

38.

39.

40.

41.

wherein the composition comprises glyceryl caprylate, polyethyleneglycol,

propyleneglycol and/or diethyleneglycolemonoethylether.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to any one of the preceding
claims, wherein the composition comprises a sustained release formulation comprising

chitosan.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to any one of the preceding
claims, wherein the composition comprises a micronized powder formulation of the
chemical substance to be administered, preferably with a particle size of 0.1 to 100

microns, more preferably 1 to 10 microns.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to any one of the preceding
claims, wherein the composition comprises a sublingual tablet comprising lactose
monohydrate, corn starch, polyvinylpyrrolidone (PVP) and/or magnesium stearate, and

optionally a flavouring agent.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to any one of the preceding
claims, wherein the composition comprises a sublingual tablet comprising mannitol,
sodium starch glycolate, croscarmellose, ascorbic acid and/or magnesium stearate

and optionally a flavouring agent.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to any one of the preceding
claims, wherein the composition comprises a multi-layered tablet with digestive acid

resistant coating, such as eudragit.

Pharmaceutical composition for use as a medicament in the treatment of brain
diseases associated with cognitive impairment according to any one of the preceding
claims, wherein the composition comprises the substance to be administered at 2 to
40 % weight per weight (w/w), preferably 10 to 30%, or more preferably 5, 10, 20 or 30
% weight per weight (w/w) in a composition in the form of a self-microemulsifying drug
delivery (SMEDD) system, sustained release formulation comprising chitosan,

micronized powder formulation or sublingual or buccal tablet.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 24(completely); 1-23, 27-37, 41(partially)

A substance/composition according to formula I for use as a
medicament in the treatment of brain diseases associated
with cognitive impairment, wherein said treatment comprises
intranasal administration of a therapeutically effective
amount of said substance.

2. claims: 25, 26, 38-40(completely); 1-23, 27-37, 41(partially)

A substance/composition according to formula I for use as a
medicament in the treatment of brain diseases associated
with cognitive impairment, wherein said treatment comprises
sublingual or buccal administration of a therapeutically
effective amount of said substance.
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EY Fo, Prid A2 ) LU R SR KB A A .
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20 fF 22 100 Pt ) S o B ok S N S5 S P EREA T S N 4 2, B 1~ 3 K.
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18813 7% AR 1 BT R 25 B I8 TE B I Fn4E BR 46 20 SRR S N =
WY E T R E

B
[0001] A HIW LA+ ONSCrRAXpf e 2 4t ) a7 v H s M i 2 FLE L)
*EEFEJ FIBIEE 45 Ziigte, AR WAL S 25 2B CORME S M i, 205 58 1045 2 0&
R RAT AL . ARG AL S0 K 2 PR PEAL S WD ok HE VERT R 259,
Efﬁﬂﬂﬁﬁﬁ@i%, FE ONS FRORE e AT 528 H AR JE 2 MR TR A AT / sl B R 2 Bt ik
SRR TR . 2 S VR ) REAR 2 28ty PP B AR 1t R I LT AR R R 2 2, B I
32 A& (nAChR) _EF{) A2 #E) 8 25 i A4 (APL) , AT/ B £ g AH B B 156 (AChIE) 60 ZHL Al I i 155 il
(ChE) FRYRIIEIRIFR . Oy 7 S N PRSE I 7 3 1t o e e (BBB) I H.oK 1 By 1A e W A i A4 24
YIAE 7 i BBB SUIE HAR F AL s 22 B0 9 VR R R i 20, A 2 e v o AT m R i v
(LogP>2. 5) i FLIE I [ ff ml b fia P FRDRE IR A3 A2 3K

BRREAR

[0002]  H A, B 2ZFERIGAE (AD) B 36 25 036 7 o fatt FH LB T A1 e 511) i 4an 22 2%
WRFF R AT AN =24, T, n22 i C e Bon T H A R RO 58 AR TR, B,
WRABR Y 2 W HH A A2 AR R AR K A, (Maelicke A sAlbuquerque E X (1996), New appoaches
to drug therapy in Alzheimer’ s dementia.Drug Discovery Today 1,53-59).
2 AR e T A KR R ) SRR, (ACh) Bl IRA (Ch) B H & nAChR ¥ #1155 &
W IE FF R AT BE . F T AD A RE 5 nACKR (19453 2% 38 I AH 5%, MR A 52 44 1) APL— 3 5
(3% P 1 AD M BRI R 1 AR AR LR W] BEAE R b A B I I 2 i
VB I J7 1 (Storch A 25 N, (1995). Physostigmine, galantamine and codeine act as
noncompetitive nicotinic agonists on clonal rat pheochromocytoma cells. Eur
J Biochem 290:207-219 ;Kihara T 2% A, (2004)Galantamine modulates nicotinic
receptors and blocks AB-enhanced glutamate toxicity.Biochem Biophys Res
Commun 325:976-982 ;:Akata K 28 A (2011)Galantamine—induced amyloid-clearance
mediated via stimulation of microglial nicotinic acetylcholine receptors.
J Biol Chem 286 ;Maelicke A(2006)Allosteric sensitisation of brain nicotinic
receptors as a treatment strategy in Alzheimer’ s dementia. In:Therapeutic
Strategies in Dementia(Eds:Ritchie CW, Ames DJ, Masters CL,Cummings J),Clinical
Publishing, Oxford, 2006 ;153-172)) .

[0003] LR ELH2VT AN 22 SRR FEAH S, N =2 AR AECEE N mh I F AN i 6 1 S5 OIS A: (B35 b
£ o IXIE TN 22 Al O — PR A= BRI AN & B e v ) 254, e HIAE AD 254 e
P A I i s A 3 A B BT /NS 22 B SR AR T, DRI AE AR A I 7 A A IR X i — v B
(BBCR<2)

[0004] 47 EP1 940 817 B1 FIWO 2009/127218 Al Fric3k, Ky T #&i ONS ZiM it s g b ot
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[0005] L5 L JIE A P g 10 o1 7510 AL, =2 At BBCEL A T PR S 25 A I L P B i (GTD) )
YER, A 455 O JIKE FTIEYE (Loy C 258 A ., Galantamine for Alzheimer’s disease and
mild cognitive impairment.Cochrane Database of Systematic Reviews2006, Issue
1) o 4 TAEGRA A A IX LB, J9EL Bl 5 T 400 o1 771 e A O AR (AR &%) IR 45 2Y,
B 5 AEJLAS H R IR B b i R S 0 B I B R . e Ah, AR KRR ) S S O A
2P GT @R R A AT 2 KT AR 70 i CAnsRAN il ) IR R AR LUy
BEHIFRTVR YT o PRIk, JOEL Bl P Pl 00 o) 750300 5 A8 O B A AR A M B A & N AN B
R EIE AR DS o ARAEIA B T O == At Bt 43 24, it 25 W72, i 18022 i — 1k
JEE L LA S e T80 22 i ik ol >R 1) A 25 A0 F BIVE T N =2 Al IR AE VR 77 RO AR 58 4 3
MBI .

[o006] 1T AN 2 A BRI LA IR S A BRI RE (Turiiski VIZEA . (2004), in
vivo and in vitro study of the influence of the anticholinesterase drug
galantamine on motor and evacuative functions of rat gastrointestinal tract.
Eur J Pharmacol 498, 233-239), At LAis G ik 245 W) 1 2 P 25 25 T AN 2 1 IR 25 24 2K FRAR
L AbAE R GT BIVER (Leonard AK 28 A . (2007), In vitro formulation optimization of
intranasal galantamine leading to enhanced bioavailability and reduced emetic
response in vivo. Int J Pharmaceut 335:138-146) .

[0007]  {HTAE— IR 55 B AR T 25 24 AR S AL WE S5 AR BU BR, B DL A 45 253842 5
LR AR R 2 R o RE T 22 A A, A T FH L RRAR B A B R AR R AR 25 ) ) S IR R
R E T, Bk H A BLE 2 SE . SR ) BB AT AT N == At g5 3 BBB )i
00 035 L SOt TR T A e b R A i v AT L S e s ek o i B ) S A 4
SR KM HARAE A0 2= A . T 3K LE A B A 2y T ) SR B AP 0 = At BORN HL U 5 N 2
B AR IR T 2 BN — LR T BE, SR U A X R 2 ) 2 LU 24 KK 4 24, LAAE H AR
T U T Pk 1) 3 Ko BRI, SRS KM 2 A i ok 1 k2 A RO B KA
Yr R AEAR 2 KRR B AN EIVE R, JCHE B I RIE o nT 43 R E 0 < 0 = At ) 2k 1) 77
FERAHHEH T3 5 %3 BBB HI A 254 43 A5 iR NIl = T &

[0008] 2Tk (W02009/127218 A1) , FHL[PRAH S5 7K 1 1) BEAA 25 4y fie i Tl i Ab 2
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RERZ5H), T (1) F84r 858 A B SL 2 BEYE 1, DA S (11) S 25 s e AT 1 1R S NG 1
BBB 12V

[0009]  JSUEIE SRR Bl () 7 15K 38 N BBB v2 3% 1A FRIG B VE 71 S e 1k, (H AEy
S 1 G P i o A A JR ZH 23 £ 2 B R T % 07 VAR KGR 25 W R i/ ISR B2 LE T T
AR TR AR ) T R A 27K 7 H b BRI T, TRl Ui
BBB 7217 1t LA K W A4 2590 [n] 24540 1) A= 00 P A i 2SR A B, AT A T 8 Js Dt 5 >k 1 i 1)
SN TEEAR LW R BV E AT S84 o DRI, BF AT (1) Skl D7/ sl AT SR A
75525 H RGO VFE S I AT SE ) BBB y20& PE I BLAE HARSs B Cix ) 22, AT 164 Jon i
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[0010]  US 2009/0253654 AL AT T == AMEAT AP 1) B 1 25 25 1 mT etk o AR A m)
I V1R) 32 645 ) 186 9, 0 V5 A B2 81 Tk PR A4 2 0500 KD A V08 I A e e A P il A 11
o US 2009/0253654 Al H A FF BB H SR AN S S IR AT s , WA W &4
FERNITE . T GLN 1062, ¥ A FF HAKRK Eh B0 545 2518 4%

[0011]  W02009/127218 Al il Maelicke £ N (J Mol Neurosci, 2010, 40:135-137) 2~ JF
T GLN 1062 DL R LA 167 W A A B aG I s th I 2h 25 77 e FFoR$ 225 24 1) B AR AR
KRR £ XL R A TF R T AR SCA T G DIk es 25 . 1X AV R fs 5K
IR A A BT b 53 Ay 22 A FE i i e 48 B, I HL R A T B 7R 2134 BBB FFAE ki b 1)
I3 A BT R T Be o AR, KA 25 IEANE R T H BIRG A B . Bk, FRE )
T4 25 H RS A ARG 2577 K.
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S P R AT A I (AN A 25 2 b 2 o i o ¢ i, AT kg 3@ 3k BBB )i N 2590 73 A 52 B - US
2004/0254146 AFF 70 == Ak i & Fh 35, L FEFLIR ER 20 PR IR 8, DA EATIHE ] 2236 K [
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FAERTT % 6
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R IR AT 1 T SE IR P 25 WA IR e X T4 5 T 25 a , ek w4 245 4 26 1)
TSR IS BRI AT, 12 1174 2440 5 1) 0 R A0 o AR WA DX 3l ) 46 ) R B 5

[0014] YR 25 W) aa it i e S 45 25 10, REAE SEBILAS ST rh B ik iR B R AR 25 W) B 232 A
PR BT, AH 25 H DR 50 iR 25 I, SEIRSCR AN KRG, sl A SRR S /N RR B . X AT S HH
THIMEZAYERR, C4 RINZBRERR IS T (WA e T B ) Ao, F BAEVr 2 421
o ALFE LR S AT T A B SRR (e R ) o B8 T IR B R I DA S IAT R R 45 24 7 1)
)&, I H oA T AEIRST ONS P o R T AR 2440 IR 5t , AN R W0 FH 38 55 i 8 0 ik 2
W4T 2T X ESIRARTR AL T A Rk b i K S DR 2 A5 [ ) i3t 5 , T e ke S EH T
F PRSI B A T S0 B S 24525 o AR ITRAL T H T8 4 2@ 1 R 2
Py, I A HT AR 2590 1v) ik PR PRI RS ORI BN

[0015]  ARFEERAT HA, AR W] I S AR TR BRI & A — A H T4 e AR SCPTIR 1 ONS
YEIT AT AE AR RS R ARG Bt 1R 754, DT Ay B DA R0 R G PR ik 5 T 2 48 5k
PIGRIT

[0016] B S AT AR SR A FIRFAE AR o 1 % i) o 38 sk M AR SR BRI T AR B 4
R STt T =X

[0017] DALk, AR W) H A2 SR AR — AR 4 =X T B4k 229 e, Ak =9 s AR 1B 97 S A
SRS AT DG PR o 1R 24540, L, PO ¥ 7 R0 4 K 06 07 A 3l 1 Bk ) SOdE A TR e 4 24
PR RE IR 25 208 B S N 4R 25 T R4S 20N 45 2,

[0018]
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0

oJ\m

0
U

N

"cH
3 3!&]

[oo19] I,

[0020]  R1 =% J&EN % 75 1) 5 JGEK 6 JTIA, 3 4 ml JEHBERAR R 2K L 25 L Ey (LR L IR e L ik
W IR | IR s B P BRI I D AR L, 18 i CH (C,H,) CH,« CH,—C (CH,) o« RIS JE, BRI
AFEZTHANCIRF ERIEZ T 6 A CILFELZ T 10 A C I I 07 sk L, 18 Wil 1y
kI .

[0021] (AL, AR B FE 2200 Je < AR ST PR (R AR 22 400 0 1) N FH BB 6 25 25 18 N (MR 97 T
T TG 7 5 A BB G AH DS P 0, 128 BG 7 7k Rl i ik H S NS 25 R 4
PRI N 45 2 R B IR ARG T 1 AR I T iR = ) AT 45 24

[0022]  FEARIZE 1) ST A, AR B AR 22 B R R AR AR Tz ik A K T,

[0023]
O R2

[0024] A,

[0025]  R2 % R6 4G\ H. i 35 il AR C—Cold LB IR T 2 | OH. 0— Sk SHL S— 4
HE NHy« NH- 228« N— e L n e A 1) 75 B e 0 B v e B AT A AR, b, AH AR
(I EARIE R LA 1T T A R BR o

[0026] X T RIS 11 R il (AR JE (A T B BA RIS B b gk« OH. b1 25 NH, e 2 —NH, Bk
NO,JEBRAESR 2 g H A S Ak & 4 Bonl I 1 e A RS AR

[0027]  ARIEFES [ 1 R1 AL B HAT 7 RS D7 R (1) 5 J6ER 6 JCIA AR = 1 53X 1T 41k
EW, AER 2 R T IX RSS2, BT :GLN-1062. GLN-1081. GLN-1082. GLN-1083.
GLN-1084. GLN-1085. GLN-1086. GLN-1088. GLN-1089. GLN-1090. GLN-1091. GLN-1092.
GLN-1093. GLN-1094. GLN-1095. GLN-1096. GLN-1097. GLN-1098. GLN-1099. GLN-1100.
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GLN-1101. GLN-1102, GLN-1103. GLN-1104, GLN-1105. GLN-1113.
[0028]  FEfFRIMLIE M SE 7 2Urh, AR B IR AL =) (P RFEAE T, BTk #) )iy GLN-1062,
Hordr, GLN-1062 #ER A -

[0029]

’ GLN-1062
[0030] A A B (AR I 45 2 2 ik I RE AN B R S < 2 28 el IR 25 I AR W AL &
P 2L AAIRR IR E M o WAk R R AN DR AR S AR B I e L, 3 S ZEAE i AT U
Hho RN R 2388 Y 1 L O DAR IR 2 AR 5 I R A A I AR, AT R T
[ ML 3 i I AH N B3R i T 7728
(00311 ARFEINAT B, o0 = ARECRS - P Y2 i e ok ) 2R e AN BB, BT A =2 At e
(IR RE 2 25 AT S B 3 A3 A o AR T 04 N FR) B 8 S S i 1A 25 D A
224 e HATIE I BBB A48 5 8 T 2888t » AT $2 v 173 R SO/ 2R 00 I 10 o 32 i R 8 T )
FRHAE, T, FE P 0 45 23 AR M 25 Wl RO IR 0 1 5 200 32 B AE i o R A=
[0032]  5E4x % NBAFT IR, A SO IR IR iR 29 ARG I 28y 24 25 b 20 B9 it jip VA 25 M0 10 i
ILTF Hae 2 (AERIR YRR L5 ) A4S 32 1 A7 AEAT 00 5 0N == At A
[0033]  [AUt, QA ORI, AR W90 e — RiAL 22 5, Prid A= o HIAE ¥R 97 Bl Jn bt
FH IR A M 15098 1) 250, FLv, T R i 2 245308 S AT/ o B A1 e Py D G I 1 36 S 1) BTk
VDG R BR AR 25 25 ) 240 o
[0034] A FRi2 )5 THIARRAE AU P 2 iy AR 28 T BB S (R8T A AR SCR o AE AU
o, ZHTIFBAT IR SE SN (Memogain) ) FR v 7 £E 15 fi TE A EFHE o AR AR O AR K B2
P o BRI, TR A A R BEA ST IR 45 2B A ST I 1 56 R etk A SR g AL
EN R N )38 IE o TE A SO B B iR SE AR, AR WA IR B LR R A D RE 252 )5
RELE 2y R AR MEAERS AR T AR W IRPRG I 2 25 LA A SO iR 1) B
[0035] 2% JE B A I 4 24 SR AT R S 2 it LA RAS S S 11 <56 P B 08 i, 36 O P A
TR AR AEAT BES IR T IXRE A S8 < el 1 IR 2 7 VAT S A o 2 A 5 P i s A 1
XL BH ST AR S H] ChE SRRy . Tl IR A2y 2 iy it 1 343, JEH 2 SRS A
A R IR BRI AN, 1K Fe v T 384 0 IERAS AT RER I 2 A B 5 (b1 T w2 1
AIEA) BSESTINN (iR AR ) A5 a5 .
[0036]  JVE w7 AT A SRRSO AEE fhy T-n = AR 20 i | AR L In == A ey 5
BURIIHCTE (29 30% ) AHIS, IX R WA g 20y 2 SE KPR ik e ASSCRTIR I
20 P IRAR N 1 BE NS IA LI ARSI AR S S0 DR B e p o n == A B ) 9697 7 55 AT

11
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TH kA R B T SO 7 ¥ 0] BE BB RS VR YT AR 2 B0 IR T AN R B EIE F AN Be 15 24 8067 1
A BN IRAT R A .

[0037]  FEARIE ISt 5 2, AR B AL 2= W B R AR AE T, Ak 22 i DL SR 1 T = 0f7
7, YUk LAFLIR £ - I 2 IR IR 28 - S5 oK IR Sholobk — IR #h (saccharate salt) WIERAFEAE.
[0038]  ZEARIE ML 7 2, FhAaFmiR A - 1.3 1T 80X 11T L2224 o 2 10
A/ BARA T RSN / BOKE, Hor, Brid £ 00 gl fd S W R i

(00391 =X T.2 IT 8¢x T1T » nHX * mH,0,

[0040] A1, nim= 0% 5, I H n fl m MHFE AR, I H HX =1, Frid Rk ik 5 7
PR M2 BRI ok R P 1R (saccharic acid) .

[0041] AR BHIEW S — b 2P0 50, A0 2= S AR V6 T 55 DL AR5 AH 5 0 i 2 95 1 2
Y, Horb, AR S 5 GLN-1062 [f8E 1R o A AT A5, A W (K4 — 182 46 SI28 1 AEK

HRRTIR T0% )RR B, T FEAE 1 A 2510 1 okl R0 2 1 SE R e VA
[0042]

H &
[0043] AR BH I — AN B St 120 S FH VR IR T 5 O S0 B S AR 5 1 i 5 95 1) 25 90 11 Ak
SEW G Hod, ZA S E T GIN-1062 15 25 FE R £6 .

[0044]
0
0
/O 7
H,C ¢
> OH OH O
l.|\l 1 HD\/‘\/;\/U\OH
L 6H OH

[0045]  GLN-1062 %75 25 Bl IR £h A /K vh L JC R A1 2y 25 £ [ 22 50 £ QR (iR i B A
40 % 55 5 1y 1) R VAR Tﬁm%@PTMH@%ﬁT%?%LmMMQM%%*% Nib]
P TR VR AV I, H A AR S 1) I HLRERE AR RS v 2 e IR LR T T 45 25

[0046] A& WU K FHAE VAT 5 U S BRRS A 5% 100 0 2 958 1R 25 10 (R AR 224 )5, Hohr, %4k

12
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22k GLN 1062 [ 2SR IR £k

[0047]  ARKWIIE W K AR 16T 5 W\ S0 B RS AH S 110 106 156 993 1) 25 9 (R Ak 24 00 o, SEvp, %4k
2T GLN 1062 LR Eh .

[0048] AU HH (M) ERIEENA 27 H 0 R A NIRRT I 0T« 5 1 IR (9 ik ) 5 AT
BEAR T 4G X A 20 T 75 S o A R T 110 s B ARG 7R s 247 B 28 2601 100 == At A ) 3
RS ot T PRI HA et B8 G, 5 A Aisl il R IS L A A W AH L, FERRAR T SRR (41
DS Tk E L u]

[0049]  FE—NSEiti 77 X rh, AR S B (A 2 ) R RFAE AR T, &AL 22 i B oK rp 22 /b
10wt % / BAATARRR ARIE >20wt % / BN ARRL B ARIE >30wt % / BAALARRL (w/v) (R fR
&

[0050]  ASSCHTIA HOHE I S I M FEARER T A NI A R A i o A SO () £6 1) s
fiff PS5 AT AT A 5 ) DA /D R PR AR v (VR BE 4 27, T3k — 20 438 5 i e A ST Pk PR R e 25
v Jii (1) LR 2

[0051] R EES 25 5 A R W T RT AR 25 I R I 4545 o B T Eh RICR « 38 A I A B e ir
2= o DU Ak P 46 24, NS AE 2R IS (N =2 Ath 0 ) 350K 3 (A0 E PEE 0) JOAE Jii vh A7 A
TR WSy O o ) TR ) ST AR B B A 2 ) 2R 2 S e TR = A RRK S
AT ) AT BBk 2 RS 25 24 3R IR 25 LU R T PR 25045 24 (P T 28R () A

[0052] i ik Rk it FH A SC BT I 4k S it 3 AT LAB 9] 1) R ELBR & T A S i
S DTT R 29 T . BEAR 2L (AT R s ) RGNS 2542 it 7 2 B AN ] B
(IR ZE 125 29 255005 0 24 A Bl o =2 A i P 56 R Ry 4 5 o

[0053]  FE—ANsiti )y 2N, A IR AEAE TR 22 5 LA 0. Img 52 200mg Img 4% 100mg-.
ik 2mg 4 40mg FIFEARIESEH 1 ~ 3 WHEA 25, EARIESREH 2 IRHbEA 25, T & ARk S
H 1 by 2.

[0054] 5 BRI =AM BUIRTT , A SCITR & 7 AR T SIE HARA L H U H.
SN ERIA IR R T I AU A RN 25 243008, 2 B0 AR B % s R 4 24 e
KM AERCR AT IR . HH 8 BRI = (0 22 A BT 5 >R i B 3 Ve L VF 2 T8 22 n =2 At
BRI 1 AN REH I 2Bk IATT « i T 7E 32 1P I P i A3 i 2 AR B A 0K
MAFARZG T @A EERE SRR E. BT DRSS Y25 25 14 I 2= A 2y A0/
BB BA M, SHARM LB b O AE AR N =S AR DRI, E AT e 9 1) ks o R
T 5 1A ) B 2 TE VR B2 ) v BRI SO R RIE

[0055] A HH (1) 771 1 RE 0% 100 Sk Rl B 45 245 X ST A FF I RTAR 2590 T S o FH - Tt /K P A
29 IR B T I v, FE L B TORE R g 24 A 16 0k — 2D B i, AN TR BRI R W R R 2 )
K ST B A 24 ) 2R g RO A 5 0 R T i 7 o o i == At B ) A 1) BT e R 2502 56
A4 NARFT IR, 5 TRRES 24 0 22 A SO L, 8 A R W 1109 90 L P 1 A A0 ) 8 10 A R W AT i
25 (91 GLN 1062) 4y >k T 7E KNSR Jy i B8 2 25 R/ BT 9 ) IR A80R

[0056] LA IR FIAL S P Eh i 2NEh 25 I, X L85y & U A 71

[0057] ANt 7 X, A B K AR V697 50 S0 B SR O (1) I 599 10 25 90) () 4. 2%
W)J5t, T, A E W) ST EOR A W) TR B4 2 22 40wt %6 / AL AR (w/v) IR TE X
A 20 FH 22 100 O ) s ak Hod sk e ok S W g Sh A EREH 1 ~ 3 IR N5 25 N 45

13
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B e R

[0058]  FEIXLEFIHE T, BEMLAE BAT MNP 1 B AT RO K =R, AN AT A n) 22
e BEER] COARS AN BTEIER] ) o AEACH AR I N TETA TR} Sl I fir ik 254 (i
GLN  1062) FUHLHE LS 24 (4 A, JXFP 750 REAS LGN I (K505 57 A AT 20 in 2= A sy
SR TR TT AL RANS D R 25 25 BCRIATDS /NI PEAL S AR (el 1 25 B 1 ROk e
TR 22 ) o

[0059] i MILIE I SE T 3, AR AW A AR I -5 N B s AT K R P 1) 245 40)
WA SCHTR A o, For, B i A 2 W B sl i A =P i) £ 4% 1 10wt 96/ AL A
R (w/v) BB ATEA L 50 SO AR PLig il ok (S el i) messahfEsEH 1~ 3
UCHL S N2 2 BN 45 29 B 4 24

[0060] £ — St Ty 3, A WIS S IR 6 T DA B A S PR I 1R 245490 £ G A
SCRTIE AL 0 b, ARG IR 9 A Bl 2 R FOREAT /A 2% B, Prid A=
Jih GLN 1062 (176 25 AR 5k OBl — IR &, HA% M 2 42 40wt % / BAZARRR (w/v) IS B
UL 20 BT 100 ST KR ik i sk (S A s R ) i shfEREH 1~ 3 it e iy
TR

[0061]  GLN 1062 (1t il <t 4 N A5CAr 10 v A5, MM R 1 CLRE S A i LU/
AUt N v A GLN 1062, SEBL 7 AHIVG Y7 RCR , BN TG S AR5 v 77 2 (0 A 44 24 ) s F L
PERHAZ YN = A BOF BA2E w2 mE .

[0062]  fE— Sty 3\, AR W S IR T DA B A S PR 0 1 245490 (1 G oA
SCRTIR A S I, FCrh R i IR Bl 2% R FOAE , BT i AP0 it GLN 1062 [
FAREIR Hy, TLHIR 10wt % / SRR (v/v) FERITE 2 RA 50 ST R et iod B2 90 £
WIS B AE 2 G A 25 25 VA 45 25 Bl 45 24

[0063] 7Sty I, A AT AOAL 22 W) B KRy AR AR T, B P4 253l T A I iR
F B BRI A R 1 T IR AL 2 ) AT 45 245 K 58 B TR 5 i ) v AR R B N 5
RN E N S T K= AN 7 (N 20 NG NN B e R il g s NS
MRN8 S Js R 1 5 U JY BB/ s R 50 [ 0L [ i b

[0064]  f£— Aty s, AR W1V BGOSR b A S PR I £ 245490 (1 G A
SCHTIR A S, b, Py S a5 2iamad a5k SR R I A S ) SR 2
VIR B 0 355 BT R A S ) T A T S A 3 L ) 3 DR TR 215
A/ SR TIUE AR I AL FE I AL 2 R (AR AL S e 55 255 1, ANITHE & R R IA T 3L
=PRI T 4 2

[0065]  f£ ALt )y s, AR W1 BTG T 5 DA SRR bg A O PR 0 £ 25490 (1 G A<
SCRTIR A S, Ferb, PN 45 2B L 1 Sk SREIE T T RO I P& ) S AV
PR AR LA R 2 15 A A P B 15 20 5O (ODT) BT 245 25 28 1 A A - JiG it
A B2 8] BT BE o

(00661 £ N5t 5 2N, AR B AL 22 W) B RFAEAE T, S H 2 T FL sl ), ik 2
N

[0067] £ ANSEt s s, A AT AL 22 ) SRR MR AE T, R i 7 RONIR I B ] 2%
R EAEAT / B < Ak FC0 » e SRAY (R, G 11 20 SE, JOMAE , Hh X, B BE AR 4, i
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28, WU, LSRR ARG A S O S L 5 TR B v R AR SR =, P M98 55 R B, 5!
AP R, BRI U IR #4822 i 2 KB , A3 R AE , JOE U2 v R S8 P s, AR5 1
A/ T SR IE A G V5, AR, TSRS A2 L SRS A R JE T RRE, A/ Sl
WIS N

[0068] {1 77 2, A WA 2 S R A TR 4 2 0, A 2 W) oA J o
PR3 A I — MRS LT 5, Pt KT+ 10, SEARIELE 15 A 25 Z [A],

[0069] AN WHEE— 205 S AR SC T IR (AL 22 W) AT V6 T -5 W 0 B 005 A 5 118 i 9 v 114 v
F 5 oo, G R IS AR ¥R 7 A B I T IR ) O A T 45 2, PR R IR A2 38 E HH B
YR IN G 2R/ BSR4 2 T AL R 4L

[0070]  FEFLE T, A WU S —Hi ] 967 W FL A0 H) v 5 U R BRI A DG 1D 0 5 1 24
WAL G, R IEAE A AW FAR R A & I 3K 1. 28 1T 8 GLN1062 [k i, BA K
PRI ) —FhEk 2 Fh 24 24 AT e 2 3, BTk L WiE H T SN 25 N A 2501 / 805 T
Y52l NI, A S WIS R P T It skl B R 1 s B3R A T R R 2 B A 2 A W T 2
L R CAR T M

[0071] A& B Je— B HAE IR 97 5 D S0 B SR D 140 o 2 974 1100 24 400 1) 3 3l K s 4 25 1) 245
WG, b i AW AR A I K 1L 5K TT 8 GLN 1062 otk 4 5, v, 14
EY L 2 40wt % / FAATARFR ARIE 5 & 15wt % / B AARRIE HEARIE 10wt % / Hpr
PRB (w/v) IRRZALEH) SR P K o

[0072]  {E—/NSEit 7y SN, AR Y R — R AL A1), b a2 AL A W) A N- L3l
AR o FEDLIE Sy 3, A B S — R AL G, b i AL A Y aFE B Lk
Zipitik (SMEDD) RG5. XAl Sk AR5 IR H e R 4 B N A/ 8L 4
TR L FETE

[0073] AN WA VS K B AE 167 55 A S0 B A A H S 1) J 973 (1) 22 400 1) T e Kl S 45 25 1)
MAEY, IR 25 G B FERIE A R B 1.5 1T 80 GLN 1062 ik )i, Hodr,
A G AR AL T e BRI R R

[0074] AU BH Byt — 0 St 07 N B — R A ALG ) i LA G L FR AR R 2 1Ak
W) 5 ROk A B A I A, BT IR SO A A R TR R AR DL 2 0. 1 TICK 2R 100 Bk, SEALIE
0. 1 fCK A 100 foKEk 1 K2 10 feok.

[0075] AR WP B — Pl AR IR 97 5 DA G0 B AH S AR i 8 1 24 400 1R D ok R S 45 25 1 24
YA EW), ik 2594 &) B FE R4 A & B 19K 1058 1T 8 GLN 1062 14k 244 i, e,
ZAEWEIEE TR AL PR E T R LIS RGN — /K G BRI R LI s s i
(PVP) Al / slfigi iR 5k, LA T I IR o R, 4L S T B RGE  A 7), irid &
A EE R TR R LR AT I R AT 4 2 PUIR L ER RN/ BRI FR B, LA B Tl ik
(PR o

[0076] AR WIIE VS K — P FAE 167 55 DA 0 RS AH 2 1R J e 993 (1) 2 490 10 T8 e Rl 2.4 245 1)
HMNEY, %AW A AW EFERE A K B 1020 1T 8¢ GLN 1062 k229, Hor, 1%
AW RGN AR A 8 WA Eudragi t ( INIGERI T ) 22 /7.

[0077]  FEARIEM S 7y X, AR BRI 29 A & W e an 7 SR R 9 vt (e
HEWT A 2 A 40wt % / B E S (w/w) ARIE 10 2 30wt % / FRALE R (w/w) BUELIE
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5.10.20 8% 30wt % / P EmE (w/w), - H UL AMEL A 259i81% (SMEDD) R4 M Bl
5 50 SB[ BRI 0 (1) 3K BBk Aok AR T =X Bl el s sl e =K.
[0078]  ZERF L () St 7 20, CL N 1K) ONS J7 v o SR 2 4 n >4 A 48, w4424
Y2 I 2= AU R RS N2 A BBOR RIS, GLN 1062, B ARy “ L5 x”) BLA ]
T BN IEIE I T AR FTid GLN 1062 (1) 2 FH RS (1) FLIR &b A AT MR 1 L ok R &6
b IRELE . GLN 1062 224014 (4aS, 6R, 8aS) —4a, 5, 9, 10, 11, 12— /N4 —3- H4JE -11- H
F —6H- ZE IR [3a, 3, 2-ef] [2] KR —6- B% , 6 2 ARG . 191401, 35 5 0 DA F) 4 25
BT £ U0 A 0 = A R R IR 8 110 i 2 B R 26 o

[0079]  [AIE, AR BIR il Je— Bl T30 97 55 U 0 B g A DG 1100 T 06 14 77 3%, T s A s o
PR 290 IT AR EIREY I, PR R IIEARIE F B NG 2 N 4 25 F0 / B
NPT AN . N TR AT E RARG R BSR4 AR MR YT kAR
— 3P IR AR S TR A R A e B ) S it 7 R R E

BEARLEAR

[0080] A HHHITEAFEIAR T | AR

[oo81] (1) Rt iy st 77 =0, PR Ao M ok o 2 U - L R AL & 40 (9 00 == At i i 44
254, M B8 0 L2 ok v 5 B (BBB) 1 1B v 14 8% 2132 i

[0082]  (2) IXULHAZ Y o2y BRI VER), RS TIRFEAERE € A2 b R 2R, WA ™
AATAT I 1 Gl B RIVER o 7R R AR 2 )5, B F RIS YTE o 1 [P BHA 2
WY1, W= ez 259 () 5e 38 258 E o S8 el T8 o v 32 w3 1) 23 A DA AE Herp A m] 1)
38 1R PP 1T T SO 56 AR i S AR 2R, WA CONS vty B AR A ™ A i B B s i 2
W B HLIR e AR ORI B 2 22w Ak

[0083]  (3) JHILFE Bl S i kG B A2 (1 45 2, 13— 20 DL N @ Fn -l 2 i 5 XA 43
] B Aot Bt o ) A 2 s s Ak

[0084]  (4) H 14 24 40y () vy 771) 8 1l ) R0 G o) 700 — 2544 45 1 i 5 X 1) 2548 ) 2% e A
1, FF HAERF I 19 254 7K1 BLZ 2/E I s A RO

[0085]  ZR-&7% L8, A ST ads (R AR 24 40 ) 711) (40 3 AR A AT 4 R % L5 o 1 iR 4 24 K etk
I R TG NA LY ) Ho 3B 328 VR B = 15 22 B 24400 243400 1 M P40 2 A1 (18] S0 A R B FRATG T
76 GL 38 P B s 3 7= AR B RIAE AT Fe 120 A R0 5 1 24540 S R i FH 2810 A7 T ok ot
224 (CNS) W H ARy 11, 040, 52 A4 R E 0 15 15«

[0086]  FHT-Ab T oG = 40 I A5 /K Y- P I i B B (BBB) A2k 245 49 WA I 945 4 B IX 3l N 28] i 4]
TH P SR REBR R, P L SR IR T AT ET AR 259 2 3k BBB (K33 I& PR i Ak, 7= A2 T Wl B 1
g5 . UK BBB kL P S 40 i B A T i MR T A AR, BV R R) B 4 L ik
ZITE 1 (fenestration) Jf HJMARTE TS . &Ml — 204k 1 BBB I PRHITE. 259
2 1k BBB Y RE )R 2 B T-IL B 5, B e ek o DRI, FEAS A TR 5 S X Lo
W38 R o a1 S BRSSP AH LU A5 21 SOk R BT AR 2454

[0087]  BBCR [V BEARAE %55k BBB ik B3 4 V-4 5 I — IR LG

[0088]  —MCRUL, 24N = ABEBAT AW LogP (E A2 1. 3, W BBRC (fii — il LL ) 29k 2
S NT 2, 24 TogP (HZ1h 2, W BBRC £ 5 £ 10, 3 H.24 logP {5414 3, W] BBRC £ 20 5 K
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12200 XV N LS LogP {55 BBB & M4 L 22, JF HXF T — 2845 Wb &9 ml A4
Bl XS I ARALAS 5 W 1 B A 1 AL

[0089]  FiAAZG WA 5 i i SN ARIRYT 5 R (R 24550, o n] 0 LA AR (103 5 67 B 4 A 1ty
PEARE W) o FEIXAS 2 S EVE, BAR 2500 BEAR 25 W i A 1 w4, w44 2440 L] 35U O
TUAE A A T L Wi 2 i A o7 B R R e AR TR 243 o AEASSCRT T e TR 24, 7
REAAR 2P A1 58 138 S i A8 40 2 T D0 A7 A L B 1 422, JF HOZ BB B AR 7 H bR
s B I TP 2, MITTAE ONS ) H FRA s Ab Bl H AR iU AL, AF VT PR A A 25 P ke
TR T REA 2 o

[0090] 7 [ i P F R Jel MR AT o 8 45 24 1 DA Je b e L, BRI I AE 30 DXl ot i 52
JEEAR - ROMU P DSl ARG 5 B2, O FL T DX AR B 6 25 BAIG (Shojaei A(1998)
Buccal mucosa as a route for systemic drug delivery:a review.] Pharm Pharmaceut
Sci 1:15-30) o PRIEVARR T N B, 1 W s B BRI S, ety A bt Ay B T I
A2 A e 48 o ) B A o i e AT R R 2 AR v S8 ML A 5 (IR B3, DRI et 4 i
T 51— 07 Z ARSI TIN R B NS 2 RENS 1R L 5 i ks 2 AR BL = AT 1) A= )
HEE, 7F B 5 kg 2, B AR ANE 2 T ARG 25 838 10 &7 1l B2 0 58 3 I A M1
RO A o A SRR M 78 300 55 IR I A0 0 AR T, 5 TF R I 1) I FH A2 o A A1 25 1 B
G o X T8 AR Ge ik, 5 SR v b Bz A A0y A w1 ) 1) R, O HOA 73R4 78 0 AR )
I BET AR/ A AR A i BE I 2 o IX R 25K < S, SRR RRAE AT B 7 IR A
IR R AL S W), IAh, $RBE W45 250775, DL e, TR AL #h A/ sl
RN TS A7 25040 o ) Jii 1R 255 2 e AT A

[0091]  [X] i, HR 408 IR AT HARAN AT LI 2, WR A AL & fie 0% DL AR 4 2 B 3R AR e ) 1)
iR JIAMET IA BORTCIE UL IR A, WAL 5 R0/ sl il 700w e A 7 R AR A R W I i 44
23, B IJCIE T S8 i A7 S e AT 2501 BBB v237 1 LA Be 8% 71 Jix v SR8 Bl 3% 1 )
i

[0092] A 4 T Fridk SR AR A W 1) 5 38 1) AR 200050 o 00 A 24 40 i ok S
BB 2 5, 3 T4 2 A A TR TS R R B kA e AT B Al BBCR.

[00931 it i A/ it Mo IR T8 () B AAC 24 W R R Ay o (R 2, SRAf 5 B A 2 ) e Ak
IR AR R o XGRS T 52 i) 1KLL i pAR 25 P R B N 2 JEH B, OF B
PR A SR ENAT BT AR T R AR ETR 29 R 2 A . AEDTSTTD, T TR K 2
ECREAR 25908 O A Ay TEBG PSR A 0 770, AT By 5 B 5 aF B T AR G IR AT AR 25 i ol T 1
VY Pt 28 8 il R 50 s 1 20 S ot T 28 R 1k AR 245

[0094]  Fifi Ji , D0 7 i 0 S Jls v FRORE S 32, I HL — I AE B WA 8L o il o I B A\
(Bl 2, Tivi o s 210 K 25 9 7K 1 DL BT 45 31 1 25 24, 5 1 IR 3R AT 2B )M BEAA 259 147
OAC. 55 A AN ks 25 75 VAR B, I R @ A0 25 2 A ST KA - W) it oty 1
A N AR BB AL AEBAT BOR A I EBRAT 2 TT B 50 =2 Ath BB L LA A= ) g
IR g 25 0 Se s fm B o B PTIR, BT 22 pd A ) B RS, S R n 22 A
PRy S AL I T AR 20 R e N 2 5 K A ST 3 A Jn 22 A i A= A S D ik g Ak
Wy JSCREAT R S B S RS o i — MR LG . F TN 2= AR ABUAS B 1 S AT I AHABAZS 24
TR, 2485 TR NIRRT
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[0095]  [Alth, AR B H Ar & S A —FPgr AL ONS J7 3%, i T-RE O b 56 B vk i 25 9 9%
HLAE 1 i s vl R R SR AR 25 24 12087 2 ONS v oA S R i AR 0 R

[0096] A WL T4 N AR, BUJERRAL G A 5 (RN 22 Al ) 06200 2 I 1fn o ot
B 11 W 16 B o FH TN 22 A BB 5 1) LogP (EAE B, PRAS B8 LU 96 7 20 4 ok 1f i
JiE Bty i LAAIE 6 2500 FE At A0 & W) HEA T B LS 430 o AT SR 2 I A o 38 3 50 0
ZE R AL e b . — ELZ A SR K, SR R S (i g AR P T 2ial 1T ifkey:
Py (CS)) F It R B - Py 1S Bt 10 P SR A8 T 40 1 A A A 80 R A S AR B 5 RITn == i
.

[0097] AR HI H WA T4 A 2240 G ik 23 iwi, LA CRAE o B 6 1) FH A3 R 1) Al
WS (e 28 ot i e B 5 26 i b R AR R LU ) 5 JUH R 5 8 SRl AL 5 1 0 == At i
HA BRI YR EE

(00981 U Hi X AT A Maelicke 25 A .,Memogain is a galantamine Pro-drug
having Dramatically Reduced Adverse Effects and Enhanced Efficacy,] Mol
Neurosci (2010)40:135 - 137) , #R4& 30 T (4 FOE I 22 AR AR PE R A4 25, L 5 A R)
FURE N 22 Ad O LG, ARk b BT s Y 10 A5 AR m AR T BE o B ad in == Al B ) A A=y vl
M0 BHARZH) (=2 At ) AT P A B 3Rk AS o XA JLP- 58 A R 1 n =2 4
BEAE NAR N AN T 22 H bR — 580 S BE 32 44 (nAChR) AT ZBEHH B AR (AChE) fr) 2y
WETE. AE 1u M AT AR H e SO S, 5 B EA] F) P TS o 2 2 A [ e n == 4t
RO 3 R TS P 40 o 1 P AN 1) 496

[0099]  7E WO 2009/127218 Al FIUS 2009/0253654 Al o D PEANHEAR TR T 1940
U R )28 S AN g 2 8, 1K M s SCBR Al 5| R T R AR S .

[0100] iz, A WAL =) o e (1 B & N 4R 25 VTN 45 25 (LR haagh) A/
B TS 24 P 20 R ) A IR AR ok g 24 o XAy 247 A Ok 7 Mt A it CRID I S S5 L LB
K A ) A s AR AR o PRI, A P O IR R AR (R LR AR, O FLAIE FH XA S
A7 Az i 2 i e B ) RT BEE A

[0101] Rtk iy S it ] v, A 2 ) e LA B (R T SXAE A, D0 ade Z 4 B D e LR 56 e 26 B
M Th ok R Eh BB IR ER, IF BAE K B AT /b 1096 0k KT 20 % VA RE .

(01021 THRIAE ] B ad Ak 2 Wy o 1 05 X8, A 457 25 24 J5 A0 2 ) oA S8 2 A (R 20 A A
i — IS LG KT 5 AL KT 10\ FEAILAE 15 A 25 22 [A] .

[0103]  FEALIE S5 20, ONS 7k In == A REOAN &5 Ky ARSI -E4), Bk 254 A o7
2% OH JE [A1 I R W7 e 5 e g AN 2 5 Il , 30 T2 VAR I 2 B ME 2 S B, O T3
A S B A R I3 K, AT AR I T Ay v A PR 7K M A5 v R L A B AL A 24 )
LRSS (SMEDD) B R AR o A ABOF S, Qi R R s, JE S P R (1) 25 27 T 4%
2 FRVE G A2 T T o N I FH 7 22 1R 5 0 RO ARUE PR VIR BE L pHL R ZVB0E He L ORI B 6 I i
ZAEIRRAE

[0104] K1

[0105]
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BT A Y ) M1 LE

FrE R KRE | 25% 25% 10%

TR AR KR | 20% 10% 5%

pH 4.5-7 5-6.5 5-6.5

e F AT M >3 VA >7 & >)

S AN Y W >3 JNEF 1 R >) 4

KB F 69%F >80% i€ ) S

JERBIE)E >250 mosmol/l >250 mosmol/l >250 mosmol/l

Rk BA AT EA AT | BA A AT

ARG ETE | EXIFRRAF 28K | EATRAS | ELHWET A
HMELMNZHR T AP TR
TR 2R3 AE A

[0106]  fLiEHh, %25 WA S W HE 2 & 20wt % / B ARRL (w/v) A3k 5 & 15wt % /
FATAREL (w/v) AR IE 10wt % / BT ARE (w/v) AL RIKE R . I TiES TN
i T s T PR 3 02, B AT T TRC ) A e A B KO AR R S B LA 2 ik R S
(SMEDD) BRACH A5 A il 511] o

[0107]  AIBERGELE 2530 J 28 i sl sk R S 4615 2 FR0RE N o A% BH RDRG I 25 2438 420 e PR
SEM BN BN R/ B0E R

[0108]  SRERELNZE U0 SO AT A 2 s L A S AT B Xt & Rl S 78
e ARG, O BRI AL . R, 259000 T Re e padith 2 el 5 = B R 4 i o v 3 1)
R TE ARG . DALtk S g 2 AR DIRgs 24 (LS EGE e/ s R 28 K %
fift ) Ay SRR B AR T

[0109] S PN 45 2R 00 A 2 3 3t PR R B ) A AR G 0t P DI I 90 R A TS S P oA A 27 245 1)
FTH B 1o 5% 1) 28 B A PR

[0110] & NAEZW LG EH T, WA ZEPAE S T SRR kot H 2 R B

01111 SEHTHNG 4R/ B A1 204 -E W T i AL 45 2 2% F 8252 113
A, G, P 7B G AT SRR 2 0 TE I 2 7, BRI 2 SNBSS R A A, RO
A FH 18 T 5 B b A2 42 Tl i 1 2 300 O 8 (R 2 2 R0 1 B 2, DL RO AR 3 b B 5 v v
), B A A R o A E: AN D AN L e Ak 24 71 o i TE R 25 A e e R B LR AR T
— e B AR R ) B o AR ) S M S < pH R T AR 97 R0 oRG R 4 i A IR i A
R A R BARA T XL 25750 mT LA L 258 2810 25 W 4 & W sl v % 3K 1 25 4
HUMFAE.

[0112]  FATUFL )81k RS0 (SMEDD) FIAFAE T ik 94L&, O A A 24 5 ik
AN IR 25 03328 R G5 o Wl U, ) FH 24 0 5350 1) o A e e, i AS A
TR (VR A A AR B o R FH A I LE T 22 1 A R R BT B AR AR . LA AE
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Ptk B R 9EE J7, SMEDD (3G AT IS I “U- 07 L5 ) B2 A MR RS,
SMEDD 7538 Jin 1 iz ¥ 5 A Pk 2540 i e b HoARe sl BB . SMEDD m] LAAR R il (1977 204
FG LT 29I <5 A AR B IR KR P T A e S | ERR/INEERR )1 R A
kL 25 R o

[0113]  Fhib S T 3 TT 8 GLN 1062 4% & (4L G PIATAT £k o ARTE AR HOID A A S Al
BV T JCIA S5 R S BT A A IE FEAT ) N R

[0114]  “25257 B VY77 2 T30 N S50 323038 4 2R 48 B B AE A4
Bes B Al 5 2570 V8T AR 2 W R A S AL S W S 3 N 2 L 221
P BV AR L. 4Ry R “IRdT 7 R A A aniE T U7 R N I (placebo) Vi 2
B F T W T IS AN S Tk R YRy e e TN S B S 2 IR
s Ra T MR T, TS It BT MR i, v S RS W A

[0115] AR B 5 KA A& A SOl A 2 W) i 25 25 22 R a2 i i % . “f
B BCYRTT A AR RS AL DAY RE (PR B A1k B 5 AR BRI &, B DA
FVFECAT B T2 Wops e B AR BRI & o 6 T H AR 1) B B S R, A7 450 T AR i
TERIT PRI S5 I SRR R 4 24 1) 7 VI AR RN 7] i DA S A FH 1) )™ B PR S5 D 3R T AR 3l
A0 ] DR 8 A S22 AR B R E I s K R BRI ETT 2o %A P2 Wi it
ST ERI B4 5 Sk b 5%, A 20 10%, Il H 20 20%, il 520 30%, 1
EE D 40%, AL E D 50%, ik /b 60 %, HARHL A /> 709, BF FEAR M %5/ 80 % , fix
HEARHL 5220 90 9%, 17 100 %6 4 & SN IEH ZRE MiZW 4. “HHE" LW KL UL vrek
A BT A/ B2 W i R DR B AIE DR 50 B35 HEOR 2 1 BT 4400 ot B L 25 ) 20 5 ) 1)
Ho

[o116] 3K 2 At AR AR B AL AR 2

(01171 £ 2.

[0118]
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\CFE;[

~

[0119]

GLN-1062

GLN-1081

GLN-1082

21

RSy
Iy
)

Bz-Gal

4-Cl-Bz-Gal

4-MeO-Bz-Gal
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1

=

~

[0120]

GLN-1083

GLN-1084

GLN-1085

GLN-1086

GLN-1088

GLN-1089

O—=.

O—Z

22

4-Me-Bz-Gal

3,4-CI2-Bz-Gal

4-tBu-Bz-Gal

3-CF3-4-Cl-Bz-Gal

4-CF3-Bz-Gal

2,4-Cl2-Bz-Gal
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1

=

~

[0121]

GLN-1090

GLN-1091

GLN-1092

GLN-1093

GLN-1094

GLN-1095

23

4-NO2-Bz-Gal

3-Cl-Bz-Gal

3-CF3-Bz-Gal

3-NO2-Bz-Gal

3,5-Cl2-Bz-Gal

3-Me2N-Bz-Gal
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:;[

~

[0122]

GLN-1096

GLN-1097

GLN-1098

GLN-1099

GLN-1100

GLN-1101

3-Me-Bz-Gal

2-Cl-Bz-Gal

2,4-F2-Bz-Gal

2,5-CI2-Bz-Gal

4-F-Bz-Gal

4-NMe2-Bz-Gal
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1

=

~

[0123]

GLN-1102

GLN-1103

GLN-1104

GLN-1105

GLN-1113

GLN-0993

4-NH2-Bz-Gal

3-Me-4-NMe2-Bz-Gal

3,4-OCH20-Bz-Gal

4-Ac-Bz-Gal

2-AcO-Bz-Gal

n-Hex-Gal
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EFE;[

~

GLN-1060

GLN-1061
GLN-1106 3-Th-Bz-Gal
GLN-1107 2-Th-Bz-Gal
s//
GLN-1108 b 5-Cl-2-Th-Bz-Gal
L)
GLN-1109 5-Im-Bz-Gal

[0124]

26
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EYE;[

~

6
GLN-1110 5-OA-Bz-Gal
GLN-1111 5-Th-Bz-Gal
GLN-0926 Nic-Gal

HC”

i ] 352 A

[0125] S I PR Bl DR A W] o HIFAH FBRABIAZ W] VG

[0126] & 1 o P ] - WE e 15 1) K 5 5 o0 DR %] 4 B R 50 Pk AR AT S I

[0127] & 2 375 5 S0 DRI #8126 W R /K 5 D (OB BRY /A ST K

[0128] & 3 R A SN A AR IR £ /K S I B R AR

[0120] V& 4 755 5 S0 DSVl 46 B 1R 2 (3 U (R s Z2 3 iR AR 46

[0130] & 5 oM I 201 45 280 14 56 S0 DR ] 46 W DR £ (R AR AT A 1

(01311 & 6 o i AR LR AT A400 AR SRR S A8 PRI — MR L LE 5

[0132] & 7 L Al SO EE, Sa N SR SN A B 0t AT 7 5 FH 2 B R s BT HL425 5 71
RGN R 2 AR AOR S A SR SN IR, AR N B, T R E A PR REVEAL
[0133] & 8 R AE B IS BT AN [ TERKE S 3mg/kg GIn-1062 JFPHAl B IL AN 5
[0134] & 9 o S SN DA KD o A 55 24 3 B0 SR Hp AT AR T 28 o~ A A

[0135] 1 10 Ko 55 n 22 A L, SE 5 A A=/ B8 B A 1

[0136] 11 375 BRI A 245 ) 1) I 20 PR A 5 2 At A P R 288 B K- ALAI, TAT bR S 5%
I BAT AR R

[0137] 12 7R AE S W HIAE 10 % NEP 7K IR 5% HOSE S #, B4 4L 10w L,
I 20n L FLASAT Img, 45 i ub e E TR BT B m 00 5 S AR OIN 22 At B8 i) 25 X80 7 27 1
2

[0138] 13 R )/ BB ST 3mg/kg R SE SN BN 22 AR s B ik 58 17 55 58550
DSIAH LY, 0 22 At Rl S BEAT IR L B E 2N 5 ALK

[0139] 14 R AER B PKFFU A, SESNNIA (1 S W 25 2 s AR GLP Y46 1, 45 4
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Smg/kg BN (i.n.) SEFIMHFIE.

[0140]  SEjitifs

[0141] @I T ALt — B REIR AR ] o IX LSt 5 e LRSIt i Oy gk — 2P
FEIRAS A, AHFEAN T T BRAAS A

[0142] S5 1. Hir AR 25 el B 7K 1k Eh VA R AT ALV R

[0143]  XFFASCHT R W) 22— — N == A8, 22 i O 28 - ey v A 0 Sk IR K s vOT &
TEWNHIF (WO 2005/102275 Al ;Leonhard AK Z& A . (2005)Development of a novel
high—concentration galantamine formulation sutable for intranasal delivery.
J Pharmaceut Sciences 94:1736—1746 ;Leonard AK ZF A . (2007) In vitro formulation

optimization of intranasal galantamine leading to enhanced bioavailability and

EFE;[

~

reduced emetic response in vivo.Int J Pharmaceutics 335:138-146) .

[0144]  JUAE P A0 o == Ath e 58 40500 Fo 7 I 2= A R LA 700 11 kg 2 B sl L) 7 AR
RTINS 25, (R (T 2590 AR PR 5T, S5 N 25 24 B8 50k I 2= Al i/ it BE L,
I HR i sk 12 5 v 9 B R 5 ik BBB 132 IEME . 5 & S AR SCHIRT AR 2590 TF 1%
FHIF ) SR, 2T S8 MaPE (TogP) MBI N, I+ HAEBEA % i BBB 15 2 15
PEo Xr] K 1 2,

[0145]  ERIEAFNFARLPPE B AL G, JCHZXS T GLN 1062, o Hy 17 38 b b 16 iy et
WS ST T 40 P £ N RO TR [ 280 5 DT 84 5 ) A T A7 R R 3B %

[0146] 5N ARG AR LG, DL AT A 11 AReh 2540 L, Gl AR B IR &
Pl 25 DUSURAS 21 ek 2 17 X380 17 ofi fii 57 Bt v 2 12k o

[0147] 1. 1. SEBEINHE LR : (— kD) -

[0148]  ¥f LR (463mg, 7. Tlmmol) A0 23 ZE 0K (502mg, 1. 28mmol 7E 2ml (1] 96 % 1)
CEE ) W, FF HR BT AT 2 B S R — BN ], TECEDE BN T B R 1T 3 3 L TR
RIS WA SBEK IR Ry e %, I Fd g8 e B 96 % 1 SR AT IR, A
F T 80 SR DU 40 =Z IR T a0t 20h. 2538 e Ak (SWfE) . 7~
% :62%, m.p. :89.3°C% 91.2°C, HPLCY95% . T AT « 1H 424 A C,,H,.NO,*1. 5CH,CO0H
C:71.24,H:6.46,N:3.32. SEFR{EA4 C:71.36,H:6.17,N:3. 43,

[0149]  FEARALE 7 20F , sk 50 S B i DR RN R I AR 12 LA K Dt i v, 1331 &H 1 & 2
FEIR MBI LR IR e SR E .

[o150] 1.2, SEEINHAMSILRME : (—BITHEB) -

[0151]  7E 40°CZ 50°C, K FHEE (2ml) ") 95 % AUANY e FLER (7. 85mmol) JNFILE H
(4ml) H ) 2. 5g WSE N (6. 4mmol) MM, I HAHE 20min. 28R HI, 3 HH 56
I e e 7 R AXAE 9 2 B % 50°C A2 60°C 451 T8 I 45 2 B sr 62 2h, B S B %
WA 40 = OIS AT Ak AT I T 45 381 v o A T [ A R B R . 7R :98.92%,
m. p. :62.9-64. 1°C, JGEHT HEAE K C,oHyNO1. 1C,H0,C:66. 84, H:6. 49, N:2. 86, SZfrk
i :C:66. 69, H:6. 45,N:2. 80, HPLC 2l >97%.

[0152]  FEARRLAI R, 132810 () - LRSS SR ER VBB A CyuHysNO#1. 5CH0,C
65. 01, H:6.51,N:2. 66, SZfr{H :C:64. 91, H:6. 28, N:2. 70,

[0153]  1.3. EZMF SRR
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[0164]  FIFH — M 71k B, (H 2R H Jo7K SBEVE A 370, SR A5 2 7= 2808 91. 0 % HHG 1 [
AT R RE TR A6, 12876 R A6 48 A FI G /K TR AF % B i T ol v B A8 25 R Ja 75 3 e 6 [
A, b, mop. 117.5-119°C, JEZ 70 My « vF 5 AE O :C:73. 64, H:6. 44, N:3. 58, SEPr1H :
C:59.61,H:5.93,N:2. 26, HPLC>97% .

[0185] 1. 4. EZEFEHE R (—KI77%0) -

[0156] £ 60°C, ¥4t 96% LEE (3ml) TP I ZEHE —FR L N s (200-604mg) FIMINAZ
1 96 % L1 (Aml) PSS (1120mg) ¥ . LRI 4R LERF B PG, AT
JE I EDTREY), 48 2h A1 2 5°CJaityg, HH LR LW, HAE=E UL & 40 Z K
S N 20h LIS R =208 83. 7 % TG [ A X b — e &k, b, m p. :132-134°C,
HPLC 2l & >97 % . JUZ 3 MT 7 SR <CoyH,5NO#CoH 05C: 59. 89, H:5. 86, N:2. 33, SZFRAH -
C:60. 10, H:5.61,N:2. 37, 7E Ll 5 A 1, B 1R I N BRAE K IAEAE | A Ak, 77 AR i
N

[0157]

MW =391.5
VF =C24H25N0O4

a2 1192.1+18=210.1
o1 3 GHOr Ho MW =601.6

[0158]  1.5. SEZLNIKSHEE PRI
[0159] AR — % 5k C, MSEZLIK (150mg, 0. 38mmol) JTHA, H J& A F — ke 4 Jhy v 77l
PLE AT FH D- #2052 6 — IS (68. 2mg, 0. 38mmol) A& 7K — ke (13mg, 0. 76mmol) WK,
FHAE 50-60CHiHE 30min LA 15 2IVETHE FIHH BE S 1772 E A I JE /K 218 (10m1)
CLP= A o L vE P, ok 9k Te e W I GlE PRV, SEAT T LTS 21 170mg (75.6% ) 1)
Tt gl M EATE 3. mp. 1159, 3-159. 4°C, HPLC 4l >98%, JTLZE AT 848 C, 1
,:NO#1. 5C,H,,0,C:57. 80, H:6. 32, N:2. 04, SZFp{l :C:58. 22, H:5.98,N:2. 28, & 1 F/xi T
2R R RATH K
[0160] LAV 5 1 R F 52 AHARLIY) SIZ 56, AE2: I AN N Bk oK T 00 e, T 7 = &
B3R, NI B KT8 B AR, Bl Ja JE A7 ok 98, ) W8 ke 34T e i, IF HLBE )5 T 45 LA 7S 3
145mg (32% ) HITCE SR 1:1 [k, Hidr, mp. 173, 3-173. 4°C, T C,yH,NO*CH
1,0,C:61. 32, H:6. 35, N:2. 38, SEFME :C:61. 65, H:6. 27, N:2. 64, i 1%k i A 7 1F 5L
THICERS TR R
[0161]  FEAHAMIZEAT I, AR AT 1], 49 276 S iR T & 0 & 2 S5 S /K I HoAl 58
Ko T, D- A MEIR 6 — BB /KK A 4 B 1R o
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[0162]  FERARHI 7T, A SRR A us il BRI, B4 AE 96 % LBErb SR sEm il (9. 4g,
24mmol) NN FILE 96 % LW (10m1) 1) D- #Z HETR S — B (6416mg, 36mmol) [F) %5
H, Jf B s 50-60°C Jf K42 30min B 215 BIPE K BE S B8 B %0 IR $F
2 R, LAE BTG 8 I DTE Y, S UTIE Wi AT I 98, HJE/K 4l (2x20m1) 17 A EE (60ml)
Vg, I HAE =M A 40 Z EAAE T T8 20h, IS E] 7. 91 (84. 2% ) HTCth &5 & il 44
B m.p. :122-126°C, HPLC 45/ >98 % . JGEAMHT it 84H :CyuH,NO,*CH ,0,%H,0
C:59.50, H:6.49,N:2.31. SEBRME :C:59. 60, H:6. 59, N:2. 32,

[0163]  fHHZERIRAG K IR I / b gk (181 2) DLA R R (1 3) o thah,
T e 56 S0 R 2 B R 2R IR U ) s Z i G (DSC) , i€ T4 53°C A 87°C 2 i) kA=
T, I HAEZ 123 CHPIEAE (B 4) o 7EF 5 R Tk M R ATS K .

[0164]  "NMR (200MHz, D20) : & 7. 35-7. 46 (d, 2H), 7. 09-6. 94 (t, 1H), 6. 92—6. 80 (t, 2H), 6.
59-6. 36 (m, 2H), 6. 14-6. 00 (d, 1H), 5. 85-5. 72 (m, 1H), 5. 16-5. 07 (s, 1H), 4. 48-4. 31 (m, 4H)
,4.13-3. 84 (m, 5H), 3. 73-3. 53 (m, 6H), 3. 53-3. 39 (m, 5H), 2. 76-2. 58 (s, 3H) 2. 39-2. 21 (d, 1
H), 2. 06-1. 69 (m, 3H)

[0165]  "“NMR (50MHz, D20) : 8 178. 39 (s, 1C), 167. 03 (s. 1C), 146. 09 (s, 1C), 145. 11 (s, 1C
), 133.09(s, 1C), 131.57(s, 1C), 129. 26 (s, 1C), 128. 04 (s, 1C), 123. 75 (s, 1C), 123. 40 (s, 1
C), 119.02(s, 1C), 118. 74 (s, 1C) 118.67 (s, 1C), 112. 05 (s, 1C), 85. 82(s, 1C), 73. 93 (s, 1C)
,73.52(s, 1C), 72. 46 (s, 1C), 71. 07 (s, 1C), 70. 81 (s, 1C), 64. 23 (s, 1C), 62. 54 (s, 1C), 58. 5
1(s, 1C), 55.52(s, 1C), 53. 98 (s, 1C), 46. 50 (s, 1C), 40. 96 (s, 1C) 40. 82 (s, 1C), 32. 07 (s, 1C
), 26.83(s, 1C) .

[o166]  FIH— M5k Ay BRI C, AARMBAIAI /792,05 2 10mmol [R AR HI 1) £~ 518, I
HAF2]42-91 % BAERAE %o X TIXLELLGE RS SRIF I 3, 25 H s o S T K 2
ANHET 10% B 5T 20 % A MR 1) Sk 1HE— B AT ST

01671 B T b & % & 00 A BL AN, B owl A #E 1 4 8 “Pharmaceutical
Salts, Properties, Selection and Uses, Stahl, P. H. and Wermuth, C. G., eds., VHCA
Verlag2002” H1(f& 1 HR T ic 8 224l #2321 #h .

[0168] 1. 6. W#EEEIR

[0169]  ZE=IEL N, K5 10mg FIAHNS B K SR AT 100 T AR K BEAT B 75 A B 5 434, K5 i1 3
(R TR BA VR VR 0 3 20 B0 IF AR EWE b AT i U8 o B 10 BT MR B 2 RS,
F HHAMRE D 10. Oml LAS 20RE M K 20 T IR b 3 A S 21 HPLC A, FF HLA)
Jl Merck Chromolith RP18 F:LAAERIE K 5% %5 60 % (K] L JEAI/K K & B e = R 1 &, 1§
PRI IS 0. 1% I H R, {EHAARTN 220 58Tt

[0170] PR\ EKRER FLIR (FLIREL ) FrimR b =R (B —mREL ) DL ZPER (%
PEESER ) BI2ETnPE EhAr K R Bon TR T 10% IR

(01711 SEZE MDA ) FLRR £  #iI 28 BH IR 28 . Th R IR SR alibl — IR AR Wt TR T 10wt % /
REARRR (w/v) BV , A3 I A2 v b LA 20 % BIIR IS TE W Aa & b . A2 B R 16 R Y
40wt % / FANLARRR (w/v) HOVERREE, A IR Eh BoRH 70wt % / PRI ARER (w/v) BIVSHEREE
[0172] 3% 3: FAMWSE SN A &L

[0173]
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1

=

~

I
% m.p. ('C)
PR 110-131 ( 73l )
(TEAE]7 213 (I3 )
S
DL- Jri BRI
D- HiPEREIR -1, 4- A 147 (53 )
P 146-147
T IR
P FURHR 143-144
D= () = 2f-FLPE IR 148-151
T 2 P TR 145-146
BRE O 97-103
SRR 221-222
PRI IR
thin
FAHL TR 191-195
KR
L- () - PR 107-108
R
JHBRTE 117-118
IR
BRI
T 1% 172-173
L-(H) - WA 185-186
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D- () - AR 212-213
VA TH E Y A R 107-109

[0174]  JUHARIER & MR kiR LR (FLIRER ) AT IR BE IR OB R4k ) Mt Z
PR (R RS ) MDY AR CGEpmohZeah )
[0175]  SXEEPR 5 7E Rk pH N AE/K i B id 70 %6 ¥ i B 1 36 S I PRAN L & hn == Al A8 A
L) & BIIE L o T AR KR I B A B IR 3R A2 WARAS, JF HLBE = e AL AR
WHPEARE S 3, (H gl i R K IR A TR 22 >50°C H R DUV %, Retl 2 ot
VAR I VTR AR SR PRI Bt S T H il A (1) T, X e P AR I8 — AR B
AR WARFFERAE « FH TR BOXFIPARAS CHTZI ) BRI e 1R 0 >4 SO A L AR
3K O AR 18 T T S AT = 55 N DL B 1R 24 il 0 o 74 24 i i Jor ik (4l an F
M5 4357 ) KR AVRZ AR SER RIS 2.
[0176]  Xf-ASSC T IR IR A4 25 W ) G2 R K M 351, FRAT TR AR A e 201 5 R0 (AR R
WAL KA, 5 S5 S5 R aR & 3R VR &, A5 21 B I8 IE 4 5% (w/v) L Bl 5
(111ium L %A . (2002). Intranasal delivery of morphine.] Pharmacol Exp Therap
301:391-400) o 1111um &5 NFIA (1) 3 H 77 75 AR FH 3050 A & W A6 22 ) o
[0177] A5 5 SEBH I 56 5 i DAL 8 19 2R w1 7] 24 DA T4 8 2l 5 1 45 2 BB N 4
I, AR WA R, I HIE s AR A 2 ) P i W DA R A K FRPRE TBU ]
[0178]  SIRAEAR NI A TFBICRAT L LSS E AR N 533 T I BOR B ge Ok} 21 1 2%
ARG, AR WAL i Eh e 1 D03k i szt 77 28, 87 H FIUREAS 21 12 N\ B 54 (147 )
SR TGP0 (1) £ B8 B T ORI i, AT AT 5 25 W 210 5 W) e AR AR B e K BE TR 245 9)
C B, A T 5 9 45 24 (R DU A0 1) S it 77 e DL T CAE A, 5 MRS it FH B30T R
i FH I [RIFE ) o 38T IR PR A o0 Tal FH T B N5 245 15 N 45 25 BN 45 25 AL & 4
(PSR, IR UL L) o TS /AT B S 5 P40 o 1) B 5 AR B A B e 1Y) o 3K
R AT R I AP S AT RE SR S B ) £ . A N ARUET AL, X IE R A ST S
SREDL JLE TR ( £TREY ) FLIR (FLIRER ) TR HE R (B —IREh ) 2 pH R
(HIZIHETR SR ) -
[o179]  sEjitifsl) 2. FLAA AL 25 iik (SMEDD)
[0180] L 71 A1 SMEDD & Bk & Y fixi % 1% & 4t (1) J5 % (Botner S, Sintov AC(2011)
Intranasal delivery of two benzodiazepines,Midazolam and Diazepam, by a
microemulsion system. Pharmacol Pharmacie 2:180-188) . 7EA Hiifh, i F 5 =~
A R TR ST R AR 25900 AR R A 5 1 TE 3K S S Ao DL AR G e SRR A/ Bl A T
565 18 B SR TR PR A v A B TR A (4008 0 A IAIE sGRAS) VR, LR 1S RIWEE I
VR o FLAARHb, 38 G A 100 0] Al P e L e A 2 O, AT B XoF £ T A 86 M PRI A
BB o X PR AL A P B o SR & T -8 H M =E IR / 25 NE (Labrasol) < N- &
e —2- g REl (NEP) VR H JliEE JPEGL TN —l% . — 4 [ 4L (Transcutol) FI&i&E
(FI7H s IERAEIR R . FRAIIS RN T 10% (w/w) S ol 5H iy (1) 2 s e L, e RO/K S g 45 1 A
29 50% (/K38 BB, W STyt OB, LUK B U RV i BBk = ) o AERCEL AR
A 24545 B 3 PR e v RV A B2 A K e BE 24 20%
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(01811  [FfdFL L 2yiiikt (SMEDD) 57 i DRIz ity it 77 =X, DIzt it 38 5 bRl 5 >k g
RSt T = Y W R A

[o182]  JrAdi FHIRIA4 KL

[0183] LRI kiR EE (No. 022563-A-1-1, GALANTOS Pharma GmbH, £ [ )

[0184]  Capmul MCM(Lot:080726-7, Berentz—Abitec Corp. ,3[H )

[0185]  ( Hyh=£RAE / 2L ME ;Pharm. Eur.)

[0186]  PEG 300/400 (Lot :1349048-41108320, Fluka, Bl A4 444 )

[0187] (B % ;Pharm. Eur.)

[0188] A ¥ (Lot:S44324-108, STGMA, B A4k th4) )

(01891  ( A [ ;Pharm. Eur)

[0190] - Z " EFHLZFERF (Transcutol) (Lot:18703CE, STGMA, S A) 4 th 4 )

(01911 ( — 4 JEE ZFERE ;Pharm. Fur. )

[0192] 109 3&SCINEN Lok R #h 1¥) SMEDD #il5%1) (1L) Hi &

[0193]  Z5—20, % 100g 136 ZEAN A B >k R L BR o 0l M AR b . Bl S, 32— N R %)
i%ﬁ%ﬁ?fﬁﬂﬂaﬁh :

[0194]  170ml [ Capmul MCM

[0195]  500ml [*J PEG 300

[0196]  220ml [

[0197]  110ml f¥) - 2 B £ BETk

[o198] )&, HE A ME SMEDD 1] 71 B BV A5 1) AR 1S P 05 TR«

[0199] & 5L PRI 5 FL 771 LA A SMEDD Sl 1 E S5 1 Tl FH IR SR FRDA R 1T 1y R 30 A d5
PEFRAR . BEAb, ui%%ﬂlﬂﬂa)ﬁ%n PEG [87rA3 A bHE o5 1 BT AA 2590 B R, I HAERG ISR R
A 3o (R B VR T

[0200]  SEJit5) 3. Hi A2 AR BRI OB AR R TR AN 9 K B P

[0201] R 3R B0 o€ (0 L 5 368 P 30501 A BT AR 25 ) oK d AR A B A BT AR 25 ) 2R
WP o AEIX PRI O A T SRR IR M AR 2. Al SRS AR R 2 3
YUvE , B i 75 /K T IS BRBE AN — Ak, B RS E A I 5T 52600 R T A4 24 0 D 4 oK R
RIRAF LN o XTI AR N T2 T RN ), Ha] N T AR W 146 274 S
R TTE

[0202] 5 LI/K¥s B Rt AR EG, GLN 1062 883 R (00 A0 A 4144 e B B - I i
I H IR Sk

[0203] 7@@% 4. %%Dnl Gellbl

[0204] i

[0205]
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5 L
K 3% B A 26pg/ml (66uM )
Ko b B R B 7.5mg/ml (15mM )
0.9% NaCl ¥ # & k82 2k ; 0.6mg/ml ( 1.5mM )
TMAE-NR Y 6y B 8.9mg/ml (23mM )
TR e B kAR 3L 21mg/ml (41mM )

D15% (109mM ) # #AA4-B-2R#45,  96mM NaCl
[0206] & 4. ill5)

[0207]
£ # GEALl
KA + T hH
API EZ A LR
API/ ki # Img
)il A 20mg
[0208]
AR FUAE— K A4
ZEg Y
ERIEH
Povidon K30 ( 3§ T ethe&tatf (PVP))
ARG BR4E
D A = 20108 Ak
[0209]
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[0210]

[0211]

[0212]

29/3
2 AR GEA2
A +T kA
API ES LR P S E
API/ A #) 2mg
hilEE 50mg
Explotab (/4% LER4R )
RBFRA%E
T o BR AR G BR 4R
PR R A
BoA 1 Evonik 1
EA BAEH B LR S EAF (%9 1mm)
API £ ZAn B LR &
API-& 1%
% Cellet 700 (MCC)
API- & £ 3% m B & k84 # = Methocel E5 ( HPMC )
Fak Methocel E5 (HPMC )
R Eudragit FS30D, & &4, #7488 = LBg
&5 #9 30pum bei 15% LR ;
Eudragit: & EAH 5%F 10%69 ALF]
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5 L
2 AR Evonik 2
=l BEA v HLBR G R % &R A (29 9mg)
API £F AL kB E
API-& 2mg
i £F B Lk, Avicel PH 102 (MCC),

F R IZH, Methocel ES (HPMC ), A%J88R4%

FaR Methocel E5S ( HPMC )

R Eudragit FS30D, & &4, AT = CEs
B 5 #5 90pum bei 15% LR ;

Eudragit: i BA 5% 10%89 /N 5k

[0213]  ARHBHIIE R A2 )2 W50 s tH A N 6 B AP WO R RERS (5Pl
HEE N I LB AR V2 IR R, I A BB PR AR 38 1 AR B AR o b 22 o (g PR T W AL i
il AR AT TR 110 PR 5 DT i PR o 1 o B P A 2 R s 25, T S T R AR 25 0 IR AS 1 B
[0214]  SZitf] 5. SEAAMRF Eudragit (58 (FF3L) NEETR ) AR HAE A

[0215]  SEEG 1 2B$7E 1ml HBSS— Z2afif{rh pH 7.4 (15 (0. 1 25 ) 5K LoKIR &
B &M AR 37T°CIRE 2.5 /M. B 5l HPLC M B 6 3N ( R 54 2138044
KL ) B it FH 8 B (W AR 0, R it R R TR 5.

[0216] % 5.
[0217]

Nr. Yy 5 mg # A A AL 11 5 5 o A
[0218]

(% X%F 1)

X oW 0 100

1 b 10 105

2 MCC 10 100

3 HPMC 1 105

4 FoKvER: 5 100
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5 Eudragit L100 2 21

6 Fudragit FS30D 1.8 7

7 HAak 2 94
8 ff R IRk 0.1 101
9 Tl MR IR R +Tw20 0. 1+0. 1% Tw20 103
10 R EERE (S10,) 1 89
11 R4S (CaHPO,) 10 101
12 Explotab 2 99
13 iR L1 0.2 101

[0219]  Z54%.:Eudragit L100 FI Eudragit FS30D W35S hniAl .

[0220]  SEHG 2% [ 2 H Y Eudragit (0.5 25 / =) 55 EAISE 50NN Dok IR Eh7E
AP ER K (HBSS) HRELE 2h. dlid HPLC Wi 25 35 5K ( K45 & BIEAARY FoRi 1)
(F) . FEATHAM T Eudragit SHA0AE SRy RV IR EE .

[0221]  Z5H:L100 7E 45 5E WO FE 52 AW ARE, FS30D 2 B SRS - 7 B AN S8 PR B2 915 [
W, FS30D H5ZEBLNK 454, HT 0. 25mg/ml FISEZE N5 L100 FERiiie ¥, Hoagad A
6% [IERRRG (HPCD) REfS 4l PR id -

[0222]  sLJEfe) 6. 21T I KRG (pre—systemic metabolism) FHASE P AR S

DN

AN

[0223]  FIFH 3-4cm B e S5 A S ol BUR, B8 1) 2 23R Ok AR AT AR 25 0 BRI VB BT 4
HrA iz 2R G AL % (Ussing—type chamber) ™1, 7 0. 64cm’ 35375 i FH
PSR Iml ARRR . AW TMEH RS = R 1 =Tk (37°C) [FBiE i iinA
BIPARNSZ AR = o AEREAS LI, B s = N IR B AR R AE 37°C e & 15 20 B I FiliiE 5
INFI)J, AL = T (VB IE A TR e WE S IR AT AR 20 0500 1 1 %6 BT BUAR . 7R 180
PP B, B 30 B NSz B = IR 100 w1 &4 3 FH SZ R 100 w1 8T P 1)
BIEN AR, e HPLC ME Bl S S84y AL S IR BE o TS BB B IO A il 34T
BIE. T TR MBIE R L (Papp) » 1€ 180 82 J5 , AR = v ff [RDGEIRORE b, FF08 3L
AT 73 A A A S e R o ) AR E T

[0224]  7E IRYBIESLIG IR, 76 0 438160 2380, 120 98P0 180 798P (1T H 18] x5 MAEAK 55
A 10w L &gy . ik HPLC 43 AT IX Lo 254y LU e B A I 0] IR HERS 1) 2R 28 R AT 1)
FESE

[0225] | HIXLETTVE, ) TR AR 2540 £h 1R A UL BRI AR 245 0B A A5 ATL s 571 W 71 A
FETTNE VL P R0 ME AT RS e TIEBZE R B U EA TN R G AR s e
Y. B—SHIHIFIEE R 10% (n/v) R, Papp>l » 10°cm/s [R5 1135
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RE FEHTIR I B S 75 PSRRI S T S8 R AR TR 2 s 3 T R G AR
i

[0226]  sLjEfs) 7. 254K )15

[0227] A S5 Jls B 1 s TRk i 4 24 i, 0 B B A 25 A REAA 2540 1 254880 7
o IXEEECHRURSE T RS AT A G I (AR BN ) RN AR IR, AR 2 A i
HH R A AR FH P e i A S B AR ) AR AR BEARARL, HL 5 DA G R 259 () 77 B
AE I R IEA L, B =753 2 16 BBRC.

[0228]  PAIA 7 it N A 2 Wit v 7= e REAR 250 2 s, BEAR 25408 1 BBB 1E AR T &
AT BL S FIR AR R P, P25 A3 7 WU IEAS L LR R 2 REAAR 259075 g o
(IR IR B o ERTUE , FRATTR FH 24 R0 W A Gl IR SR 30 25 1 1 Wl BEAR 24 W) A 80K S, o
WiAE /N U T— 2R B AN 50 b 2R R I 15 5 3 I PR B S RE M S o X LB B SR
S E e S i BT i SRR T 1 32 W AR 2 WA s Bt SRR 2SI et s (38 20 i)
(1) BBRC ( A S AEIAJN I 5 HHoAH OC AT R ) -

[0229]  JHGE ARG L # LA 1 RS 25 S S I RLRRG S (52 ) 2R 25 52 SBR[ 250 RTBEA
1) G EIVEA, BUEsE 175 DUIRGS 2526 S PR L, 5B 25 2532 5 R s 1 AR 21
A e

[0230] | HH B PN 25 25 F0 5 TR 25 24 56 B 0 IR B oK I 6k kAT 2580 1 24

[0231] BN HRAE .

[0232]  IXANSEEG UK IR 175 B At FH A8 25 R i 550 7 S 2 D] S SRR RN 2% At
SRPR RS, BUAAIN 22 A BB 50 A2 55 S D] -5 S TR 22 AR N = Ath A7 M2 g 0 X o 16 ot
(1 254880 7727 th 42

[0233]  a. £E/KTA 5% 022 A, BF &L 100 L, Bk 20w L, 7 1mg 5% b2 Al
[0234]  b. ZF/K™ 109 NEP 265 mpel £5, A 84l 10u L, MEH 200 L, & Img.
[0235]  c. fEFLAIIY 5% LS #h, & 5L 10w L, MR 20 L, 7% 1mg.,

[0236]  d. ZEFLAIHI 20% (2B hn R &R, B &L 100 L, BN 201 L, 75 4mg.
[0237]  e. HilkZG 2SN A £, 7 f 20 Smg/kg ( F6 STt A X L) o

[0238] I R -

[0239]  IXANSEIG VR IR T A8 T it FH AR 5 i 550 e 7R S B0 D] S SRR RN 2= At gl
SRR RS, BRI 2 A BB 590 A 5 SN DA - Sk R 22k RN == Ath B M2 g 0 s Bt 1) ot A
i (1) 254880 ) 2 th 42

[0240]  a. ZE/KTF 5% N2 A, 765 R 20w L, & 1mg.

[0241]  b. ZE7KH 10% NEP H (1) 5% [ISE SN R £, 765 R 201 L, & 1mg.
[0242]  c. 7EFLAIF ) 5% MFEE A ER, 765 FiiH 20w L, 7 1mg.

[0243]  d. 7EFLAIF ) 20% SN DA 36, 7575 N 20 1 L, 5 4mg.

[0244]  e. FRAKZA 2550050 Smg/ke FY5E 5 0 DA ER A O % B

[0245] S ABIFSE NI B I SE 38 R B AE L oR 1R 6 (10 1 00 H B2 21 1 A7 2 1) 24 X8 g 27
(PK) Fitto 245 FE BRSO IR ) FCAt S50, TR Lo AR I s 0 IR BB (KD 28 E S I i
i TG RIAS S W H e PUIE IR £ B RE A5 BUAMBLIR 45 2R, R WA A W I pAT fLide ) £ 25 i
Rl R A0 P B2 RN o PR S s HH AR S (R I B AR i P S I 21 S S D, S s e v
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i — My B2 B, B0 T B it FH B A 2590 rh A B 2D 38 05 g N L I B8 fa 4 o0 i B I
[i) PRI HE RS 52 B0 DA i 8 7K1 2 B AR 170 00 = At BB i v (R 7K P35, 3X 3R B AR 2454
FESZARA M P 24 il LT M 2. B 12 AR b ot T T 8 N SE B I — AN S 1)
[0246]  SE5 N DA ER f) S N 25 24 it T K A 2 W ek 5 | 3 A b K A B O T s
FLAE 0 v AT A 3T R R S5 A S 0 N == A A

[0247]  ZE5a i DA 2 IR 46

[0248] S 5 BN A & B IR b AT T #E— 2 Ik, S e b, HEAA A 21
BBRC(Z WL 6) o 7ELL 3mg/kg M & N 45 25 22 B -1 A4/ R 5, PEAS LN == At AT
AR LR =N 2= AR 25488 7 2= R — A B2 LG (BBRC) o M AL P 4215 , R
F LC/MS/MS 52 29k FE o R T 3HEAT LA, 3 5e T RHAZ5 M0 N >4 Al &) BBRC. [ v iy
UESE 1Y, 5 == A Bor B, BT a4 in == Al & (2 2 K 1K BBRC, Gln—1062 BA L H:
7= 1%) BBRC

[0249] S 5 i DR 6] 26 0 1R b A von A s i 1 1 O LX) Sy~ VAT AT AT RO R 8 I, AT AT T ok
SIS L7 N B GE B o N R SN T s R v e S I (S RIS
IERLE I 2= Ath g ) Al 25 2 05 P B A4 I B DA A5 B TR Sh B K& B N 45 245, BT LR LSS R 61
mIEH .

[0250]  SEjids) 8. Ly in = AREBUME LL , 2SI PR it e R ibiv2 02 PR AIG L 7K

[0251] P 137 Tzt . /N BRIk (3. v.) YRS Smg/kg 196 B0 DR alhn = Ath . %
Poie A HOAIE SE 1N S AREOF AT R e 24 (BBRC ~ 1 :1) , M SE s MK B AT wifs 2
f] BBRC (8 :1) ,

[0252] P& 14 HhoRiE THT S (.ne) S 25BN EER . FIHTESRPL GLP 4644F N AT
5mg/kg S (1. n.) SIS 25 REAT R PKAFFT . BERUESE TR EA =SS 21
BBRC (10 :1) »

[0253]  SEifsl] 9. 50 = AAEORH L, S P 36 S 0 DR s 2L

[0254] 2 T AR S A 56 SN DR A A2 A 2 DI =2 At 0S8 A R A Jan g s ), SR BAR
INFIYE . /N BUR AR R A 3 DA R MR Tt SR » B S 76 AN EA T B AT I 2= At gl 1 ARy
SN R BN A 2O R MRAILAE T- EE b e (7)o W12, SE2hnRI7E
PR AL SRS S35 SR U T B I S MR R A T- RR S AT, BE IR 4524 (i p. ) ZR B AT
CLRI N L, TS 3208 [l Bl / Js 0 (B 0% DhRek S ) « Akl (IR 1. p.)
gt Memogain® ( 5Py i.n.) [¥3t F LA AR 10 7 S0P 2 T /I BRUZE T- R s i e 1
[0255]  SEZjitfs) 10. &5l e ey ok

[0266] g O bl FhaE ek ORI T TR K DA 3mg/kg R 45 24 5, PRAL Gln—1062 1) i
BN (] 8) . ol ER ik (1. v.) B A (1on.) 4524, #OUWEEE] G1nl1062 1) ik R,
RS i P8 7K ST B AR o 5 bR S, 30 0 I SRR T FH G Ln—106.2 5 T80 1A I == Ath B A 3k B 7K T
TR TFIRE IR A . eAh, 511K 29 L, ZERRIK (L. v.) 2524 )5, 7w R = W % 2
GIn—1062 By B R o IR LEHR vl v il BN A 35% &2 45% 2 [H] .

[0257] 4 GIn—1062 LU [RIF & 5 N 45 25 ), AR o g2 21 i bk (1. v. ) 45 25 e AR
e (R e R JE 7K, IX R W2 L N 25 24 0 Iy Jh TR (RN S bk (3. v, ) 45 24 )5 IR A 3R AH
2, 3 B el A SRR N5
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[0258]  SEidsl) 11. SEEEMNEA] ) £ A 45 2 3 SO TR ifi 2% v () I == A R iy 2D

[0259] WS AEEAT . S NERZY B UGRIE 1) Ang/keg (ISEZEINA . FF HAEL 25 f5
2 S0 R RRE TS 0 == A B i 2R K-, VR I T e . TSR B R SE o Ee 2
DR b A 25 A A — /N3 2 IRAE IR o 1 3 0 =2 A R A AR, T DA ph 2E 5
RURE T R I 2= AU KBRS 2 (B 9) o FIERIE RN (1n.) S5, fEMLPAEE R &
gt hn == A & /D, R EIE AT BE R R B

[0260] >k [ A ) S 46 A B IR 5K -

[0261] - SEZCINN MK bk (FEZ525)5 120 0% ) =9

[0262] - Jn==Ah G itk (FE4Zh)E 120 4340 ) = 1-1.5

[0263] — IMLHAISER NN t1/2 = 90min ( = IRMIZN )

[0264] - in>%Ahfg ¢1/2 = 6h ( H RN )

[0265]  — i == At PRI AR i 7K 3 W D 1) A FH

[0266]  — 3 S5 i1 DRI Py e v o AR P52 2 B S B fin A1 = 27 i v R T80k == At e

[0267]  sIZjtafsl 12. '?bﬂiiﬁﬁﬂﬁtlz S = A A 1 B i R AE

[0268]  IXLEAIFSTH S SHIEAT, 730 FH 20mg/kg (RN At (& Ky 527505 ) BH 20mg/
kg.40mg/kg A1 80mg/kg IR == AR (m) T HRREATENE (1. p.) 4525 X1 20mg/kg HIZEZL NN
y REERNA RN o ARFEAS R RN (1) ) F O, ISR BT AT b, 50 2= Al
FHEE, FeShn B B AT 2 /0IG 4 £5 Bk (1 10) .

[0269]  [AJAE, 76K B HEAT IR SCRY 56 (Trwin assay) FIRFGERPERT ST, LA AE M o ik
AT B LA B PRI 5 R, IRER 2 LD == Al NS 22 AN RN

[0270]  SEJtafs) 13. S hn =2 AR L, L5 42 /b 224> 10 £%

[0271] I ST R AT, Ja e i ik AT R 45 20X PR AN 20 EH T AR 2 0 1) B 2R i i
vﬁlbﬂﬂ'ﬂza&ﬂ’ﬁ%%km*ﬁmjr;cﬁﬁﬁ U\ffﬁ%%bﬂlﬂ’ﬁiﬁdf&ﬁﬁaﬁ (E11).

[0272] I o il i :
[0273] 9%%5’] Lﬁn?

[0274] 1. 7t H AR B A 0 AR PR FH RS R0 A v ) A 25k

[0275] 2. BRI A A mAE

[0276] 3. FetEARYE P e 2 R )5 CRPEERE)

[0277] 4. ZRZARZ GT AN R AN [ PR

[0278] 5. P24 A BE AR HLBE S (1) 4R AR I

[0279] 6. AN EIILIEH & (up—titration of dose) (H5& T HME )
[0280] 7. LENZA 2 B[ RGN =

[02811 8. DSCId iy i (R A

[0282]  FEINANBRAG KBS AT Hh, R Y538 A RNV 3, T8 T 2 R A T SR S T AE fik
v (00 AR P E R g DA SR ik ) RV v PRI AT 8 o 5 T IR 24 4 T 3 ) 56 B AL A
AN ABEEAT EE , 5 P36 SE SN IR R BRAR 1 18 i A BN (KT, 497 QR o RITHIR i o S5
S PRI T PATN 2 A A t l SE BN P, B A DUARHE v 7R S N IR SE SN AL, G A
SRATEIAE IR UF-IH 2R 5 302 256 i 1 i 2 A V2328 R S A5 24 1 3 9T TR BE N 18 i
MIZRE a2 .
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[0283] 22, SEELIN AN == Al A 1 k2 2 vl 3 SE S5SNI AE 25 25 Jm I DRI R (i
INZEAREE) T AR 2410 BBB B = DA AR 1 R4y 25 SE 5SS £, IR e R 3L
SZRTR DI RV

[0284]  gfthken 2 (i.v) SRELINAAUESE T, 13 S S0 A B st K PR 5, SG 58 HA7 55
ARG LR (1 BBB- 2 3E 1. 55 H IR N = ABRECH EE, I 2= Al R ik (. v )
MR T ARE /N CHERA I ) BIO0FE X8 s A S A 5 15 S SR AH BE 2
FHRIASE (R HIFAS 23 1 B e 224 o

[0285] X F-IEFMN AL JUHAE SRR &L, RIS 25 (N 51 n.) eI AR 2
WESRTSR . RSN AN (1. n.) 42530 BRSO BBB 12 IE L.

[0286]  Jdad &N (i.n.) 452500 2 M B8O AN BESE siin = Al i 2B 1k, I o2 th T 7
HISRKESN T ROSIE, 5 45 A ook . N2 B & (B n. ) 45 2yl i e i it
THAIE R 45 2y ] 36 S0 2 AR — 225 LRI/ RT (Leonard 28N (2007)) « X1, #1773
BBRC 43R5 22 » Bt LA 209 901 WA SIS 9 750 AR ORI F- AT 59 ok o

41



CN 104507461 A i BB B M 1/9 7

|
15000—: 1-|
o w”'ﬂ |
w M_J o UV Whe ) Wl

42



2/9 1

F

iR

it

(%) H
08 ' ) cw o
\‘ & ||_r.| P L -
q\ i
\ | vlnlul.lulri
000y
ek
0009 iee
: Z
L
000’8
............ "
...... -'._..-._..-......-'.:_v..-.._ » .
\...-..‘ ........ .
- 0000
00024

B e 2 R 3

CN 104507461 A

¥ W YR/ X0

43



CN 104507461 A W o B 3/9 T

(o) HUa22 4 /(D) WEardy
=3 =1 S
8 8 =

i i
T T

120.00
- 100.00
0.00

T+ 20.00

2500.0

——— 2R (C) == #%HRH (%)
% it agatiE (min)

1000.0

|——35%

500.0

oo ../

1
2000 L2

12.000
10.000
8.000
.000 ~
4.000
2.000 A
0.000

44



4/9 T

M

i/

3

CN 104507461 A

UIw/[u 0°0T TN 11w/ 2,00°01 D2,0°00€-0°0T
[WOT/ZN “UW/D,01 “D.00€-0T% % HEL

[ 3 54 Frd [V Bl Bl 3} Fal [ E] ] ¥ T 1]
T L T T T S S S e T T T T R
O 08z (4 o 0z 00 o081 008 0%l @ 00l 08 (") o 0z
i
._
O 150EL W
2 LPELL Wy
o IFECE Lis

SwO60TT 1 1k o BEE-T-V-8EEHT0-AN
TTTIIT O10T80°ET T 14k o B¥-T-V-8€EVTO-HN

%] 4

45



CN 104507461 A

W B B OB

5/9 7T

e —

20,00
18,00+
16,00
14,00
12,00+
10,00
8,00

b

Ji%

6,00

4,00
2,00

E de? Lot =T
14 16 18 20 22 24 28

Sib)

Ilﬁﬂif_‘f@n@i
mAT ARG

0,00

Gal

GIn-0978 GIn-0979 GIn-0993 GIn-1062 GIn-1067 GIn-1054

< 6

46



CN 104507461 A W o B 6/9 T

S, ;{ "_%" GIn-1062 ]
40,00 +— \ BN B
AR

0,00 ' L L] L) L) li L] L] L] L] | L) L] L] L] L L} L) L] L] L] L] L] L] L L | L] L)
0 1 2 3 4 5
#1& [mg/kg]

i ofe Wk 4 & A
o
=}
=)
o

< 7

Je o R E (344+/-SEM ) AR F B 6] 64 4%,

—a— GIn-1062-17 4% Ak
—— o 24 H- 1k
—a— GIn-1062-i.v
—— fnZ A8 -iv

750 -

500

SRE (ngiml)

250

0 0.1 0.2 0.3
A< ] (hr)

< 8

47



CN 104507461 A

i B M 7/9

o
Conc. [ng/ml]

600

—a— @ GIn 1062

D S 2 B

<
i
. 3

p

—_ —|
MO
w
o
(8]
D

W /e Ak

O % &

20 mg/kg 40 mg/kg 80 mg/kg

Kl 10

48



CN 104507461 A W o B 8/9 T

2 4% F) An A E (Lit)
S Elh

0,08 04 12 8 10

M Z 67 = (mefkel

K11

JEK P 10%NEP Y 645%849 £ mE 3h 4025 )5,

v ap
A Fa fis o 6 IR o REAEME
2500 - —a— I A 2 K
i K R e
2000 - T e 2 ARAL

0.167 1.167 2.167 3.167

A Ia] (hr)

Kl 12

49



R

CN 104507461 A i BB B M 9/9 7T
b B ey — i A
_35’00 1’ _H!‘-‘l‘:']élj(lll'l-lof)z §2(£- ﬁﬂ-ﬂf’éﬁjﬁﬁ‘f@ﬂ
c I o hGn-1062| 2200
= 4,00 / ";{1 50 1\1_
A 21, \
23,00 1 2 !
/ 1,00 [r \i
2,00 \
0,00 ———f—a— * I —¢— == = (,00 T T T (0
0 60 120 180 240 0 60 120 180 240
i 18] [ 9 4F ] B 8] [ 4%t ]
K13

in. & 32 o 7 6 /o

6000 -
- W %
— 5000 mZ
E
£ 4000
o
é 3000
2000 ;
1000 _ ‘/*
]
0 " = - . . -
0 100 200 300 400 500
o [ 4]
K 14

50



Abstract

The invention relates to selected administration routes for CNS (central nervous
system) therapeutics and highly soluble salts, solutions, emulsions or powder
formulations thereof, having optimal brain delivery due to the mode of

administration and the chemical nature of the compounds of the invention.

@ Galantamin
Memogain

20 mg/kg 40 mg/kg 80 mg/kg



