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Use of an acetylcholinesterase inhibitor and idalopirdine for reducing falls in 

Parkinson's disease patients 

Field of the invention 

	

5 	The present invention relates to the use of an acetylcholinesterase inhibitor and idalopirdine 

for reducing falls in elderly patients, such as elderly patients with Parkinson's disease. The 

invention further relates to the combination of of an acetylcholinesterase inhibitor and idalo-

pirdine for reducing falls in patients suffering from Parkinson's disease. 

	

10 	Background of the invention 

Falls are a leading cause of death in the elderly and, in a majority of patients with Parkinson's 

disease (PD), the leading levodopa-insensitive cause of hospitalization and longterm care. 

Falling in PD has been attributed to degeneration of forebrain cholinergic neurons that, in in-

teraction with striatal dopamine losses, impairs the cognitive control of balance, gait and 

	

15 	movement. 

In addition to the disease characterizing motor symptoms reflecting primarily striatal dopa-

mine loss, prominent autonomic, behavioral and cognitive symptoms, including a propensity 

for falls, indicate that Parkinson's disease (PD) is based on more widespread, multisys-

temneurodegenerative processes'. Falls in PD patients2'3  and also in the healthy elderly4  are 

	

20 	often disabling events". Both exercise-based programs7-9  and the treatment with acetylcho- 

linesterase inhibitors1"1  reduce fall rates in the elderly and PD patients, though an umnet 

need to further reduce fall propensity remains. 

Although falls in patients are associated with numerous risk factors12-14  impairments in the at-

tentional supervision of movement are a major contributing factor, specifically when unfamiliar 

	

25 	surfaces and obstacles or secondary tasks challenge gait, balance, and movement contro115- 

22. Gait, balance and movement errors normally evoke compensatory attentional control. 

However, as the disease process also impacts the brain's attention systems, such compensa-

tory deployment of attentional resources is increasingly unavailable for rescuing movement 

and preventing falls. Consistent with this view, both degeneration of the basal forebrain (BF) 

	

30 	cholinergic projections to telencephalic and thalamic regions - a major attention system of the 

brain23'24  - and of the cholinergic brain stem projections to thalamus and basal ganglia, corre-

late with low gait speed, freezing of gait and falls in PD patients 25-29. 
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Also in other CNS diseases such as Lewy Body Dementia (LBD), Parasupranuclear Palsy 

(PSP) and Mutli Systems Atropy (MSA) balance, gait and movement are impaired due to de-

generation of cholinergic neurons33. 

From the above it is clear that there remains an unmet need for treatment for use in reducing 

	

5 	falls in patients with Parkinson's disease as well as in patients with other CNS diseases 

where degeneration of cholinergic neurons leads to balance, gait and movement impairment. 

N-(2-(6-fluoro-1 H-indol-3-yl)ethyl)-3-(2,2,3,3-tetrafluoropropoxy) benzylamine with the INN 

name "idalopirdine" (depicted below) is for the first time disclosed in WO 02/078693 and it is a 

potent and selective 5-HT6  receptor antagonist which has been in clinical development for 

	

10 	treating cognition impairment associated with schizophrenia and as a treatment for AD. 

F 

idalopirdine 

In 2012, a clinical study was reported with idalopirdine used in the treatment of Alzheimer's 

disease (AD). Data demonstrated that Idalopirding plus 10 mg/day of donepezil significantly 

15 	improved cognitive function in 278 patients with AD compared to placebo plus donepezil, 

when measured by AD Assessment Scale-cognitive sub-scale (ADAS-cog). Idalopirdine 

showed positive results in secondary endpoints including measures of global impression and 

daily living activities compared to donepezil treated patients. A subsequent phase III study 

has not bee able to confirm the results. 

20 	The results included in this patent application have partly been disclosed in an e-publication 

(doi: 10.111/ejn.13354, published 29 July 2016)31. Further, the Michigan Complex Motor Con-

trol Task (MCMCT) that is used for evaluation of treatment impact on falls, gait and move-

ment stoppages has been described in an article by Kucinski et al.32  

25 	Summary of the invention 

The present invention relates to an 5-HT6  receptor antagonist, such as idalopirdine (IDL), and 

an acetylcholinesterase inhibitor (AChEI), such as donepezil (DON), rivastigmine (Riva) or 

galantamine (GAL), for use in the treatment of Parkinson's disease by reducing falls in a pa-

tient with Parkinson's disease.The inventors of the present invention surprisingly found that 

30 	co-treatment with donepezil and idalopirdine or rivastigmine and idalopirdine reduces falls in 

dual striatal-dopaminergic, corticalcholinergic system lesions (DL) rats. These results suggest 

2 
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that the co-treatment with an AChEI and a 5HT6  receptor antagonist may reduce the fall pro-

pensity in PD patients, in particular in PD patients who also exhibit a propensity for relatively 

brief movement stoppages evoked by distractors or occurring spontaneously. 

	

5 	Brief description of drawings 

Figure 1.  

Falls during rod traversal (N=70, n=14 per group and 7/sex). Across all testing conditions, DL 

rats fell more frequently than SH/VEH rats. Furthermore, compared with DL/VEH rats, treat-

ment with DON+IDL significantly lowered fall rates (A). Inspection of individual testing condi- 

	

10 	tions (B-E) indicated that reduction of falls associated with traversing the rod rotating in the 

unfamiliar clockwise (cw) direction and alternatingly rotating in the cw and counterclockwise 

(cc) directions contributed primarily to the overall effect of DON+IDL in DL rats. This and the 

following figures indicate the results of post hoc multiple comparisons that were based on 

significant results from ANOVAs that are described in Results (*,**,***, P<0.05, 0.01, 0.001; 

	

15 	abbreviations used in this and other figures: SH, sham-operated; DL, dual basal forebrain 

cholinergic and striatal dopaminergic lesions; DON, donepezil, IDL, idalopirdine, Riva, ri-

vastigmine). 

Figure 2.  

	

20 	Effects of the doorframe distractor (N=70, n=14 per group and 7/sex). All DL rats, 

except for DL/DON+IDL rats, fell more frequently than SH/VEH rats when exposed to this 

passive distractor (A,B). To gain insight into potential behavioral mechanisms mediating the 

effects of DON+IDL, the doorframe-associated behavior of DL/VEH and DL/DON+IDL rats 

was further analyzed. Doorframe-associated falls were associated with stoppage of move- 

	

25 	ment or freezing of gait, as rats approached or reached the frame. Generally, longer freezes 

were associated with more falls (C) in both DL/VEH and DL/DON+IDL rats. Indeed, falls as-

sociated with longer freezes did not differ between the groups (D). However, DON+IDL treat-

ed rats fell significantly less frequently when freezes remained relatively short (<2 s). The 

proportion of short freezes itself did not differ between the groups. As illustrated in E, follow- 

	

30 	ing short freezes, and even if they did not fall, DUVEH rats resumed forward movement rela- 

tively slowly, generally with the tail positioned relatively low and with a slouched posture (note 

that this rat slips after passing through the door). In contrast, when DL/DON+IDL rats re-

sumed forward movement, sometimes starting with a hop (as shown here), they quickly re- 

3 
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gaining regular traversal speed and fluid forward movement, with high and firm tail position 

and upright posture. 

Figure 3.  

	

5 	Performance on active distractor task (N=70, n=14 per group and 7/sex). To model 

the impact of a secondary task, water was offered as rats traversed the rotating rod (see top 

photograph; rats were water-deprived because of the parallel, daily SAT testing). DL rats 

were generally less likely to engage in this competing activity as indicated by lower number of 

attempts to retrieve the water (A). DL rats were also less likely to retrieve water without incur- 

	

10 	ring a fall (B). Neither of the drug treatments (donepezil (DON) or idalopirdine (IDL) alone or 

in combinatio) did not significantly improve the performance of DL rats in the presence of this 

active distractor. 

Figure 4  

	

15 	Total number of falls combined from days 2 until 5. Shown is the total number of falls record- 

ed (y-axis) in either dual lesion (DL) or sham operated rats after treatment with vehicle, 1 

mg/kg rivastigmine, 10 mg/kg idalopirdine or the treatment combination for ten days. Bars 

represent mean ± sem, *** P<0.001 cf. DL + Vehicle. N numbers indicated in parenthesis. 

	

20 	Figure 5  

Total number of falls from the alternating rod (day 5). Shown is the total number of falls rec-

orded (y-axis) in either dual lesion (DL) or sham operated rats after treatment with vehicle, 1 

mg/kg rivastigmine, 10 mg/kg idalopirdine or the treatment combination for ten days. Bars 

represent mean ± sem, *** P<0.001, ** P<0.01 cf. DL + Vehicle. N numbers indicated in pa- 

	

25 	renthesis. 

4 
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Figure 6  

Total number of falls from the counter-clockwise rod (day 4). Shown is the total number of 

falls recorded (y-axis) in either dual lesion (DL) or sham operated rats after treatment with ve-

hicle, 1 mg/kg rivastigmine, 10 mg/kg idalopirdine or the treatment combination for ten days. 

	

5 	Bars represent mean ± sem, *** P<0.001 cf. DL + Vehicle. N numbers indicated in parenthe- 

sis. 

Figure 7  

Total number of falls from the stationary rod. Shown is the total number of falls recorded (y- 

	

10 	axis) in either dual lesion (DL) or sham operated rats after treatment with vehicle, 1 mg/kg 

rivastigmine, 10 mg/kg idalopirdine or the treatment combination for ten days. Bars represent 

mean ± sem, *** P<0.001 cf. DL + Vehicle. N numbers indicated in parenthesis. 

Definitions 

	

15 	Throughout the specification, the term "idalopirdine" (sometimes abbreviated IDL) is intended 

to include any form of the compound, such as the free base and pharmaceutically acceptable 

salts. The free base and pharmaceutically acceptable salts include anhydrous forms and 

solvated forms such as hydrates. The anhydrous forms include amorphous and crystalline 

forms, and the solvates include crystalline forms. Likewise, the term "donepezil" (sometimes 

	

20 	abbreviated DON) is intended to include any form of the compound, such as the free base 

and pharmaceutically acceptable salts etc.. 

An acetylcholinesterase inhibitor (in the present context abbreviated "AChEI") is a chemical or 

a drug that inhibits the acetylcholinesterase enzyme from breaking down acetylcholine, there-

by increasing both the level and duration of action of the neurotransmitter acetylcholine. In the 

	

25 	present context, examples of acetylcholinesterase inhibitors include, but are not lilmited to, 

donepezil, rivastigmine and galantamine. 

Throughout the specification, the term "elderly patient" refers to a person which is at least 60 

years old, such as at least 65 years old, such as at least 70, 75, 80, 85 or 90 years old. 

In the present context, when idalopirdine is used in combination with an AChEI, this indicates 

	

30 	in one embodiment that said two compounds can be administrated simultaneously for exam- 

ple in a pharmaceutical composition comprising both compounds. In another embodiment, 

when idalopirdine is used in combination with an AChEI, this indicates that said two com-

pounds are administered separately in suitable individual pharmaceutical compositions. 

5 
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These individual compositions may be administered simultaneously e.g. with regular intervals 

once daily either morning or evening, or they may be administered independently e.g. one 

compound with regular intervals once daily in the morning and the other compound with regu-

lar intervals once daily in the evening. 

	

5 	In the present context, "Pharmaceutical composition" refers to a dose form for example an 

oral dose form, such as a solid oral dose form, typically tablets or capsules. "Pharmaceutical 

compositions of the present invention" refers to all pharmaceutical compositions covered by 

the claims and description. 

In the present context, "pharmaceutical excipients" include e.g. inert solid diluents or fillers, 

	

10 	sterile aqueous solutions and various organic solvents used ni pharmaceutical compositions 

of the present invention. 

In the present context, a "unit dosage form" refers to a formulation unit of a pharmaceutical 

composition e.g. one tablet or one capsule. 

In the present context, the "therapeutically effective amounts" of a compound means an 

	

15 	amount sufficient to cure, alleviate or partially arrest the clinical manifestations of a given dis- 

ease and its complications in a therapeutic intervention comprising the administration of said 

compound. An amount adequate to accomplish this is defined as "therapeutically effective 

amount". Effective amounts for each purpose will depend on the severity of the disease or 

injury as well as the weight and general state of the subject. It will be understood that deter- 

	

20 	mining an appropriate dosage may be achieved using routine experimentation, by construct- 

ing a matrix of values and testing different points in the matrix, which is all within the ordinary 

skills of a trained physician. 

The term "functional impairment in cholinergic neurons" is a health condition in which the normal 

function of the cholinergic neurons is less than full capacity. 

	

25 	The term "degeneration of cholinergic neurons" is a health conditioin in which progressive deterio- 

ration of the cholinergic neurons in the brain. 

In the present context, "treatment" or "treating" is intended to indicate the management and 

care of a patient for the purpose of alleviating, arresting, partly arresting or delaying progress 

of the clinical manifestation of the disease, or curing the disease. In one aspect of the present 

	

30 	invention, "treatment" and "treating" refers to prophylactic (preventive) treatment. In another 

aspect, "treatment" and "treating" refers to (curative) treatment. The patient to be treated is 

preferably a mammal, in particular a human being. 

"DL rats" are rats that have undergone a dual striatal-dopaminergic, corticalcholinergic sys-

tem lesions. 
6 
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Detailed description of the invention 

The inventors of the present invention have susrprisingly identified that the combination of 

idalopirdine and donepezil or idalopirdine and rivastigmine was able to reduce falls in an ani- 

	

5 	mal model indicating the potential of the combination of these two substances for therapeutic 

treatment in reducing falls in patients with PD and in elderly patients. In brief, the effects of 

donepezil (DON) and idalopirdine (I DL) were tested in rats with cortical cholinergic and striatal 

dopaminergic losses (DL rats) traversing rotating rods and performing the Sustained Attention 

Task (SAT). The main findings indicate that treatment with DON+IDL reduced falls on the ro- 

	

10 	tating rod as well as falls evoked by the doorframe distractor. DON+IDL prevented falls pri- 

marily by enhancing the efficacy and vigor of the re-initiation of rotating rod traversal following 

relatively brief movement stoppages. DL rats treated with DON+IDL exhibited less falls while 

traversing the rotating rod than other DL groups, and they fell less often in association with 

relatively short doorframe-evoked stoppages. Further, treatment of DL rats with Riva+IDL also 

	

15 	showed a reduced number of falls in DL rats when compared to DL rats treated with vehicle 

only. See experimental section for further details. 

In human fallers, as in DL rats, slow gait speed and movement stoppages, evoked by distrac-

tors or occurring without obvious causes, destabilize forward movement and increase the risk 

for falls. Stoppages or freezing of gait involve both instabilities in posture and gait control as 

	

20 	well as disruption of movement selection and planning, and thus such stoppages may reflect 

the breakdown of cortico-striatal communication, as opposed solely to losses of striatal do-

pamine. 

Thus, the present invention relates to idalopirdine and an AChEI for use in the treatment of an 

elderly patient by reducing falls. The invention further relates to idalopirdine and an AChEI for 

	

25 	use in the treatment of Parkinson's disease by reducing falls in a patient with Parkinson's dis- 

ease.The invention also relates to a pharmaceutical composition comprising idalopirdine and 

an AChEI together with a pharmaceutically acceptable excipient. 

According to the present invention, idalopirdine and an AChEI or a pharmaceutically accepta-

ble salt of any of these two compounds may be administered in any suitable way, e.g. orally, 

	

30 	transmucosally or parenterally, and idalopirdine and/or an AChEI may be presented in any 

suitable form for such administration. In one embodiment, and in accordance with the pur-

pose of the present invention, idalopirdine and an AChEI are both administered in the form of 

7 
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solid pharmaceutical entities, suitably as tablets or capsules or in the form of suspensions, 

solutions or dispersions for injection. 

The pharmaceutical compositions according to the invention may be formulated with pharma-

ceutically acceptable carriers or diluents as well as any other known adjuvants and excipients 

	

5 	in accordance with conventional techniques such as those disclosed in Remington: The Sci- 

ence and Practice of Pharmacy, 22 Edition, Hauber, Ed., Lippincott Williams & Wilkins, 2013. 

Tablets may thus be prepared by mixing the active ingredients with an ordinary carrier, such 

as an adjuvant and/or diluent, and subsequently compressing the mixture in a tableting ma-

chine. 

	

10 	Suitable pharmaceutical carriers and excipients include inert solid diluents or fillers, sterile 

aqueous solution and various organic solvents. Non-limiting examples of solid carriers are 

corn starch, lactose, terra alba, sucrose, cyclodextrin, talcum, gelatine, agar, pectin, acacia, 

magnesium stearate, stearic acid and lower alkyl ethers of cellulose. Non-limiting examples of 

liquid carriers are syrup, peanut oil, olive oil, phospholipids, fatty acids, fatty acid amines, pol- 

	

15 	yoxyethylene and water. 

Any other adjuvant or additive such as colorings, aroma, and preservatives may also be used 

provided that they are compatible with the active ingredients. The pharmaceutical composi-

tions of the invention thus typically comprise an effective amount idalopirdine and/or an 

AChEI and one or more pharmaceutically acceptable carrier. 

	

20 	The pharmaceutical compositions formed by combining a compound used in the invention 

and the pharmaceutical acceptable carriers are then readily administered in a variety of dos-

age forms suitable for the disclosed routes of administration. 

The active pharmaceutical ingredients used the present invention, i.e. idalopirdine and an 

AChEI, may be administered alone as pure compounds or in combination with pharmaceuti- 

	

25 	cally acceptable carriers or excipients, in either single or multiple doses. 

The pharmaceutical compositions may be specifically formulated for administration by any 

suitable route such as the oral, rectal, nasal, pulmonary, topical (including buccal and sublin-

gual), transdermal and parenteral (including subcutaneous, intramuscular and intravenous) 

route, the oral route being preferred. It will be appreciated that the administration route may 

	

30 	depend on the general condition and age of the subject to be treated, the nature of the condi- 

tion to be treated and the active ingredient chosen. 

Pharmaceutical compositions for oral administration include solid oral dosage forms such as 

tablets, capsules, powders and granules; and liquid oral dosage forms such as solutions, 

8 
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emulsions, suspensions and syrups as well as powders and granules to be dissolved or sus-

pended in an appropriate liquid. 

Solid oral dosage forms may be presented as discrete units (e.g. tablets or hard or soft cap-

sules), each containing a predetermined amount of the active ingredient, and preferably one 

	

5 	or more suitable excipients. Where appropriate, the solid dosage forms may be prepared with 

coatings such as enteric coatings or they may be formulated so as to provide modified re-

lease of the active ingredient such as delayed or extended release according to methods well 

known in the art. Where appropriate, the solid dosage form may be a dosage form disintegrat-

ing in the saliva, such as for example an orodispersible tablet. Examples of excipients suita- 

	

10 	ble for solid oral formulation include, but are not limited to, microcrystalline cellulose, corn 

starch, lactose, mannitol, povidone, croscarmellose sodium, sucrose, cyclodextrin, talcum, 

gelatin, pectin, magnesium stearate, stearic acid and lower alkyl ethers of cellulose. Similarly, 

the solid formulation may include excipients for delayed or extended release formulations 

known in the art, such as glyceryl monostearate or hypromellose. If solid material is used for 

	

15 	oral administration, the formulation may for example be prepared by mixing the active ingre- 

dient with solid excipients and subsequently compressing the mixture in a conventional tablet-

ing machine; or the formulation may for example be placed in a hard capsule e.g. in powder, 

pellet or mini tablet form. The amount of solid excipient will vary widely but will typically range 

from about 25 mg to about 1 g per dosage unit. 

	

20 	Liquid oral dosage forms may be presented as for example elixirs, syrups, oral drops or a liq- 

uid filled capsule. Liquid oral dosage forms may also be presented as powders for a solution 

or suspension in an aqueous or non-aqueous liquid. Examples of excipients suitable for liquid 

oral formulation include, but are not limited to, ethanol, propylene glycol, glycerol, polyeth-

ylenglycols, poloxamers, sorbitol, poly-sorbate, mono and di-glycerides, cyclodextrins, coco- 

	

25 	nut oil, palm oil, and water. Liquid oral dosage forms may for example be prepared by dissolv- 

ing or suspending the active ingredient in an aqueous or non-aqueous liquid, or by incorporat-

ing the active ingredient into an oil-in-water or water-in-oil liquid emulsion. Further excipients 

may be used in solid and liquid oral formulations, such as colourings, flavourings and pre-

servatives etc. 

	

30 	Pharmaceutical compositions for parenteral administration include sterile aqueous and 

nonaqueous solutions, dispersions, suspensions or emulsions for injection or infusion, con-

centrates for injection or infusion as well as sterile powders to be reconstituted in sterile solu-

tions or dispersions for injection or infusion prior to use. Examples of excipients suitable for 

9 
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parenteral formulation include, but are not limited to water, coconut oil, palm oil and solutions 

of cyclodextrins. Aqueous formulations should be suitably buffered if necessary and rendered 

isotonic with sufficient saline or glucose. 

Other types of pharmaceutical compositions include suppositories, inhalants, creams, gels, 

	

5 	dermal patches, implants and formulations for buccal or sublingual administration. 

When simultaneous administration of aidalopirdine and an AChEI is envisaged, a composition 

containing both idalopirdine and an AChEI may be particularly convenient. Alternatively, 

idalopirdine and an AChEI may be administered separately in the form of suitable composi-

tions. The compositions may be prepared as described hereinabove. In one embodiment of 

	

10 	the invention, separate unit forms of idalopirdine and an AChEI are administered simultane- 

ously e.g. both compounds are administered with regular intervals once daily either morning 

or evening. In another embodiment, separate unit forms of idalopirdine and an AChEI are 

administered independently e.g. idalopirdine is administered with regular intervals once daily 

in the morning and the AChEI with regular intervals once daily in the evening or vice versa. 

	

15 	The present invention also comprises a kit comprising discrete unit dosage forms containing 

idalopirdine and discrete unit dosage forms containing an AChEI, all contained in the same 

container or pack, e.g. a blister pack. 

Pharmaceutical compositions and kits according to the invention preferably comprises idalo-

pirdine and an AChEI in therapeutically effective amounts. A daily dose of idalopirdine is pref- 

	

20 	erably from 10 to 200 mg, such as from 10 mg to 120 mg, such as from 10 mg to 100 mg, 

such as from 30 mg to 90 mg, such as from 30 mg to 60 mg. A daily dose of donepezil is 

preferably from 1 mg to 30 mg, such as from 5 mg to 23 mg, such as 10 mg. A daily dose of 

rivastigmine is preferably from 1 mg to 20 mg. A daily dose of galantamine is preferably from 

4 mg to 24 mg, such as from 8 mg to 24 mg, such as 8 mg, 12 mg, 16 mg, 20 mg or 24 mg. 

25 

Embodiments according to the invention  

In the following, embodiments of the invention are disclosed. The first embodiment is denoted 

El, the second embodiment is denoted E2 and so forth. 

	

30 	El. 	Idalopirdine and an AChEI for use in the treatment of an elderly patient by reducing 

falls. 

10 
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E2. Idalopirdine and an AChEI for use in the treatment according to embodiment 1, where-

in said elderly patient has been diagnosed with Parkinson's disease. 

E3. Idalopirdine and an AChEI for use in the treatment of a CNS disease selected from 

	

5 	the group consisting of Lewy Body Dementia (LBD), Parasupranuclear Palsy (PSP), 

Multi Systems Atropi (MSA) and Parkinson's disease, wherein the treatment of Par-

kinson's disease is selected from the group consisting of reducing falls in a patient 

with Parkinson's disease, improving low gait speed in a patient with Parkinson's dis-

ease, reducing movement stoppages in a patient with Parkinson's disease, reducing 

	

10 	freezing gait in a patient with Parkinson's disease, and improving gait control in a pa- 

tient with Parkinson's disease. 

E4. Idalopirdine and an AChEI according to any of embodiments 1-3, wherein said AChEI 

is selected from donepezil, rivastigmine and galantamine. 

E5. Idalopirdine and an AChEI for use in the treatment according to any of embodiments 

1-4, wherein, when the AChEI is donepezil, the dose of donepezil is from 1 to 30 mg, 

such as from 5 to 23 mg; when the AChEI is galantamine, the dose is from 4 to 24 mg; 

and when the AChEI is rivastigmine, the dose of rivastigmine is from 1 to 20 mg. 

E6. Idalopirdine and an AChEI for use in the treatment according to any of embodiments 

1-5, wherein the daily dose of idalopirdine is from 10 mg to 120 mg, such as from 10 

mg to 100 mg, such as from 30 mg to 90 mg, such as from 30 mg to 60 mg. 

25 	E7. 	Idalopirdine and an AChEI for use in the treatment according to any of embodiments 

1-6, wherein said idalopirdine and said AChEI are administered simultaneously. 

E8. Idalopirdine and donepezil for use in the treatment according to any of embodiments 

1-6, wherein said idalopirdine and said AChEI are administered independently. 

30 

E9. Idalopirdine and donepezil for use in the treatment according to any of embodiments 

1-8, wherein said idalopirdine and said AChEI are contained in separate unit dosage 

forms. 

15 

20 
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E10.  

5 

E11.  

10 E12.  

E13.  

15 

20 

E14.  

25 

E15.  

30 

Idalopirdine and donepezil for use in the treatment according to any of embodiments 

1-7, wherein said idalopirdine and said AChEI are contained in the same unit dosage 

form. 

A method for the treatment of an elderly patient by reducing falls, the method compris-

ing administration of therapeutically effective amounts of idalopirdine and an AChEI to 

a patient in need thereof. 

The method according to embodiment 11, wherein said elderly has been diagnosed 

with Parkinson's disease. 

A method for the treatment of a CNS disease selected from the group consisting of 

Lewy Body Dementia (LBD), Parasupranuclear Palsy (PSP), Multi Systems Atropi 

(MSA) and Parkinson's disease, wherein the treatment of Parkinson's disease is se-

lected from the group consisting of reducing falls in a patient with Parkinson's disease, 

improving low gait speed in a patient with Parkinson's disease, reducing movement 

stoppages in a patient with Parkinson's disease, reducing freezing gait in a patient 

with Parkinson's disease, and improving gait control in a patient with Parkinson's dis-

ease, the method comprising administration of therapeutically effective amounts of 

idalopirdine and an AChEI to a patient in need thereof. 

The method according to any of embodiments 11-13, wherein said AChEI is selected 

from donepezil, rivastigmine and galantamine. 

The method according to any of embodiments 11-14, wherein, when the AChEI is 

donepezil, the therapeutically effective amount of donepezil is from 1 to 30 mg, such 

as from 5 to 23 mg; when the AChEI is galantamine, the dose is from 4 to 24 mg; and 

when the AChEI is rivastigmine, said therapeutically effective amount of rivastigmine 

is from 1 to 20 mg. 

12 
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E16.  

5 E17.  

E18.  

10 

E19.  

E20.  

15 

E21.  

20 E22.  

E23.  

25 

30 

The method according to any of embodiments 11-15, wherein said therapeutically ef-

fective amount idalopirdine is from 10 mg to 120 mg, such as from 10 mg to 100 mg, 

such as from 30 mg to 90 mg, such as from 30 mg to 60 mg. 

The method according to any embodiments 11-16, said idalopirdine and said AChEI 

are administered simultaneously. 

The method according to any embodiments 11-16, wherein said idalopirdine and said 

AChEI are administered independently. 

The method according to any of embodiments 11-18, wherein said idalopirdine and 

said AChEI are contained in separate unit dosage forms. 

The method according to any of embodiments 11-17, wherein said idalopirdine and 

said AChEI are contained in the same unit dosage form. 

Use of idalopirdine and an AChEI for the manufacture of a medicament for the treat-

ment of an elderly patient by reducing falls. 

The use of idalopirdine and an AChEI according to embodiment 21, wherein said el-

derly has been diagnosed with Parkinson's disease. 

Use of idalopirdine and an AChEI for the manufacture of a medicament for the treat-

ment of a CNS disease selected from the group consisting of Lewy Body Dementia 

(LBD), Parasupranuclear Palsy (PSP), Multi Systems Atropi (MSA) and Parkinson's 

disease, wherein the treatment of Parkinson's disease is selected from the group con-

sisting of reducing falls in a patient with Parkinson's disease, improving low gait speed 

in a patient with Parkinson's disease, reducing movement stoppages in a patient with 

Parkinson's disease, reducing freezing gait in a patient with Parkinson's disease, and 

improving gait control in a patient with Parkinson's disease. 

E24. The use of idalopirdine and an AChEI according to any of embodiments 21-23, where-

in said AChEI is selected from donepezil, rivastigmine and galantamine. 

13 
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E25. The use of idalopirdine and an AChEI according to any of embodiments 21-24, where- 

in, when the AChEI is donepezil, said medicament comprises from 1 to 30 mg, such 

as from 5 to 23 mg of donepezil; when the AChEI is galantamine, the dose is from 4 to 

	

5 	24 mg; and when the AChEI is rivastigmine, said medicament comprises from 1 to 20 

mg of rivastigmine. 

E26. The use of idalopirdine and an AChEI according to any of embodiments 21-25, where-

in said medicament comprises idalopirdine in an amount from 10 mg to 120 mg, such 

	

10 	as from 10 mg to 100 mg, such as from 30 mg to 90 mg, such as from 30 mg to 60 

mg. 

E27. A pharmaceutical composition comprising idalopirdine and an AChEI, together with a 

pharmaceutically acceptable excipient. 

15 

E28. The pharmaceutical composition according to embodiment 27, wherein said AChEI is 

selected from donepezil, rivastigmine and galantamine. 

E29. The pharmaceutical composition according to any of embodiments 27-28, comprising 

20 

	

	from 30 mg to 60 mg of idalopirdine, wherein, when the AChEI is donepezil, said me- 

dicament comprises from 1 to 30 mg, such as from 5 to 23 mg of donepezil, when the 

AChEI is galantamine, said medicament comprises from 4 to 24 mg; and when the 

AChEI is rivastigmine, said composition comprises from 1 to 20 mg of rivastigmine. 

25 	E30. The pharmaceutical composition according to any of embodiments 27-28, comprising 

from 30 mg to 60 mg of idalopirdine. 

E31. The pharmaceutical composition according to any of embodiments 27-30, for use in 

the treatment of an elderly patient by reducing falls. 

30 

E32. The pharmaceutical composition for use in the treatment according to embodiment 31, 

wherein said elderly patient has been diagnosed with Parkinson's disease. 

14 
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E33. The pharmaceutical composition according to any of embodiments 27-30 for use in 

the treatment of a CNS disease selected from the group consisting of Lewy Body De-

mentia (LBD), Parasupranuclear Palsy (PSP), Multi Systems Atropi (MSA) and Par-

kinson's disease wherein the treatment of Parkinson's disease is selected from the 

	

5 	group consisting of reducing falls in a patient with Parkinson's disease, improving low 

gait speed in a patient with Parkinson's disease, reducing movement stoppages in a 

patient with Parkinson's disease, reducing freezing gait in a patient with Parkinson's 

disease, and improving gait control in a patient with Parkinson's disease. 

	

10 	E34. A kit comprising idalopirdine and an AChEI. 

E35. The kit according to embodiment 34, wherein said AChEI is selected from donepezil, 

rivastigmine and galantamine. 

	

15 	E36. The kit according to any of embodiments 34-35, which is adapted for simultaneous 

administration of said idalopirdine and said AChEI. 

E37. The kit according to any of embodiments 34-35, which is adapted for independent 

administration of said idalopirdine and said AChEI. 

20 

All references, including publications, patent applications, and patents, cited herein are here-

by incorporated by reference in their entirety and to the same extent as if each reference 

were individually and specifically indicated to be incorporated by reference and were set forth 

in its entirety herein (to the maximum extent permitted by law), regardless of any separately 

	

25 	provided incorporation of particular documents made elsewhere herein. 

The use of the terms "a" and "an" and "the" and similar referents in the context of describing 

the invention are to be construed to cover both the singular and the plural, unless otherwise 

indicated herein or clearly contradicted by context. For example, the phrase "the compound" 

is to be understood as referring to various "compounds" of the invention or particular de- 

	

30 	scribed aspect, unless otherwise indicated. 

The description herein of any aspect or aspect of the invention using terms such as "compris-

ing", "having," "including," or "containing" with reference to an element or elements is intended 

to provide support for a similar aspect or aspect of the invention that "consists of", "consists 

15 



WO 2017/186686 	 PCT/EP2017/059739 

essentially of", or "substantially comprises" that particular element or elements, unless other-

wise stated or clearly contradicted by context (e.g., a composition described herein as com-

prising a particular element should be understood as also describing a composition consisting 

of that element, unless otherwise stated or clearly contradicted by context). 

	

5 	It should be understood that the various aspects, embodiments, implementations and fea- 

tures of the invention mentioned herein may be claimed separately, or in any combination. 
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Example 1 Reduction of falls in DL rats treated with donepezil and idalopirdine 

Materials and Methods  

Subjects 

25 	Adult male and female Sprague Dawley rats (Harlan; N=70; 35 males and 35 females) 

between 3 and 6 months of age were individually housed in opaque single standard cages 

(27.70 cm x 20.30 cm) in a temperature- and humidity-controlled environment (23°C, 45%). 

Throughout the experiment male rats weighed more than females (F(1,69)=460.29, P<0.001; 

males: 359.86+4.27 g females: 249.24+2.48 g), but weights did not differ across experimental 

30 	groups (main effect of group and sex x group: both F<0.29, both P>0.88). The animals were 

maintained under a 12:12 hour light/dark schedule (lights on at 8:00 AM). Food (Rodent 

Chow; Harlan Teklad) was available ad libitum. Water access was gradually restricted over a 

7-day period (12, 8, 5, 3, 1, 0.5, 0.25 hrs of water access per day) in the week before pre- and 

19 
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postsurgery behavioral testing. During testing, water was provided as rewards for correct re-

sponses during SAT performance and following beam traversals on the MCMCT (see below). 

Rats were also provided water ad libitum for 15 min following SAT performance each day. 

	

5 	Timeline of experiments  

Animals were initially trained on the SAT (-2 months of daily training; -9:00-11:00 

AM). Upon reaching the final stage of training animals remained on this stage for 14 consecu-

tive days. During the final 6 days of training rats were also trained on the MCMCT in the af-

ternoons (-2:00-4:00 PM). Previous experiments showed that performance on either task was 

	

10 	unaffected when rats were trained on both tasks on the same day. Furthermore, because we 

previously demonstrated that rats' circadian rhythm entrain to daily SAT practice, yielding a 

robust diurnal phenotype all behavioral testing likely occurred during the animals' active 

phase of the day. 

Following pre-surgery training, animals underwent stereotaxic lesion surgeries fol- 

	

15 	lowed by 4 weeks of recovery. During the final week of recovery animals were gradually water 

restricted. Drug effects were then assessed with 12 consecutive days of SAT and MCMCT 

sessions (see Table 1 for the battery of MCMCT test conditions): 

20 



Table 1. MCMCT testing sequence 

Pre-Surgery Sequence 

Day Trial 
type 

Rotating (10 rpm Distractor Number of trials 

plank 6 
plank 6 

plank 6 

rod 6 

5 rod 6 
6 rod CC 6 

Post Surgery Sequence 

plank 6 

rod stationary 6 

rod CC 6 

rod cw 6 

rod cc-cw-cc-cw-cc-cw 6 

rod cc-cw-cc-cw-cc-cw 
doorframe dis- 

tractor 
6 (3 with door- 

frame) 

rod cc-cw-cc-cw-cc-cw 
doorframe dis- 

tractor 
6 (3 with door- 

frame) 

rod cc-cw-cc-cw active distractor 8 (4 shaping; 4 test 
trials) 

rod cc-cw-cc-cw active distractor 
8 (4 shaping; 4 test 

trials) 

10 rod 
cc-cw-cc-cw-cc-cw-cc- 

cw-cc-cw active distractor 10 

11 rod 
cc-cw-cc-cw-cc-cw-cc- 

cw-cc-cw 
doorframe dis- 

tractor 
10 (6 with door- 

frame) 

12 rod 
cc-cw-cc-cw-cc-cw-cc- 

cw-cc-cw 
active distractor 10 

cc, cw: counterclockwise, clockwise 

WO 2017/186686 
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Drug or vehicle injections were administered 30 minutes prior to SAT performance (-9:30 in-

jections, SAT testing 10:00-10:45 a.m.) and in the afternoon before MCMCT testing (3:30-

6:00 p.m.). For the MCMCT runs, rats were injected individually so that trials began exactly 

5 	30 minutes after injection for each animal. 

Lesions  

Of the 70 rats, 56 (28 females and 28 males) received dual striatal-dopaminergic, corticalcho- 

linergic system lesions (DL) and were randomly assigned to 4 treatment conditions after sur- 
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geries (n=14/group, 7/sex). 14 rats (7/sex) received sham lesions. 6-OHDA was delivered bi-

laterally to dopamine terminals in the dorsal striatum (Sigma-Aldrich; 6.0 pg/2 pUinfusion, bo-

lus; dissolved in 0.9% NaCI with 0.1% ascorbic acid; two infusion sites per hemisphere: AP 

+1.2 and +0.2 mm; ML ±2.5 and ±3.0 mm relative to bregma; DV -4.8 and -5.0 mm from 

	

5 	skull). Desipramine hydrochloride (10 mg/kg; i.p.; Sigma-Aldrich) was administered to rats 

receiving 6-OHDA infusions 30 min prior to surgeries for protection of noradrenergic neu-

rons4. Basal forebrain cholinergic neurons situated in the nucleus basalis and substantia 

innominate were targeted with immunotoxin 192 IgG-saporin (Advanced Targeting Systems) 

in aCSF infused bilaterally (120 ng/pL; 0.5 pL/hemisphere; AP -0.8; ML ± 2.9; DV -7.8). Sham 

	

10 	rats received equal volumes of 0.9% NaCI with 0.1% ascorbic acid (striatum) and aCSF (ba- 

sal forebrain) without neurotoxins. 

Michigan Complex Motor Control Task (MCMCT)  

Complex movement performance measures including fall propensity were assessed udsing 

	

15 	the MCMCT (for details and an illustration see Kucinski, A. et al (2013) Modelling fall propen- 

sity in Parkinson's disease: Deficits in the attentional control of complex movements in rats 

with cortical-cholinergic and striatal-dopaminergic deafferentation. J Neurosci, 33, 16522-

16539). This beam traversal apparatus was designed to tax the ability of rats to perform at-

tentiondemanding movements and correct for stepping errors while crossing a narrow square 

	

20 	rod surface (2.54 cm2). The ends of the beam (2.0 m length) were held in sockets that al- 

lowed the rod to be rotated by a gear motor (10 RPM) coupled to one end of the beam ele-

ment. Traversal of the rod, particularly when rotating, reliably generated falls and other 

movement impairments in rats with dual lesions of striatal dopaminergic and cortical choliner-

gic inputs. A flat plank surface (13.3 cm wide) was also used to assess basic motor capacity 

	

25 	and for habituation to the apparatus. Two identical platforms (23.0 x 31.5 cm area) situated at 

the opposite ends of the beam were surrounded by retractable walls (27.0 cm height) to form 

end-box structures. The walls are raised and lowered manually and secured in position by a 

friction clamp which rides in a vertical slot in the support structure under the platform. The 

walls facing the beam had openings (9.0 cm wide) to allow rats to enter and leave the end- 

	

30 	boxes. Copper water cups (2.7 cm diameter, 3 cm deep) were embedded on the floors of the 

end-boxes and rats were provided with -150 pL of water following each traversal. These re-

wards were intended as an incentive for self-initiated traversals and thus limited experimenter 

handling during testing. 
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At the beginning of a test session, rats were placed on the rod or plank -10 cm from an end-

box and allowed to enter the box and drink the water rewards. Once inside the box on the first 

trial, and in subsequent trials, rats were given -45 s to drink the water and explore. Rats were 

able to leave the end-boxes to traverse to the opposite side of the beam at any time. If after 

	

5 	45 s the rats did not initiate traversal, the walls were lowered as cues to begin traversal. The 

majority of rats self-initiated traversal when the walls were lowered, however, if not, the rats 

were moved to the plank or rod by the experimenter. When falls occurred, animals fell into a 

safety net (0.7 x 0.2 m) section of a badminton net (generic) placed 20 cm below the beam 

element. The net frame also served as a mounting point for the various cameras, mirrors, and 

	

10 	distractor elements. 

Falls, slips, and traversal time were assessed as described in Kucinski, A. et al (2013) Model-

ling fall propensity in Parkinson's disease: Deficits in the attentional control of complex 

movements in rats with cortical-cholinergic and striatal-dopaminergic deafferentation. J Neu-

rosci, 33, 16522-16539). A fall was scored in the following instances: when slip/missteps 

	

15 	caused a rat to stop forward movement and lose upright walking posture resulting in the un- 

derside of the animal hitting the surface of the rod, when the rat fell completely off the rod on-

to the netting below the rod or hung from the rod by its paws, when a rat ceased forward 

movement and clung to the rod while it rotated (thus rotating upside down with it), or when a 

rat ceased forward movement and sat perpendicularly on the rod for greater than 2 s while 

	

20 	attempting but failing to resume forward movement. A slip was scored when any of the rats' 

paws lost contact with the surface of the rod and extended below the lower horizontal border 

of the rod. Traversal time was defined as the latency to traverse the entire distance of the 

beam. During trials in which a fall occurred, slips and traversal time were prorated by multiply-

ing the ratio of the distance of a full traversal to the distance where the hind limbs lost contact 

	

25 	with the rod during the fall. 

Two distractors were presented during traversals. First, a passive doorframe distractor, com-

prised of a 46.0 x 39.4 cm surface with a door-frame shape cutout of 20 cm x 10 cm made of 

foam core, was incorporated into the MCMCT test sequence. The distractor was placed at the 

midway point along the beam (100 cm mark) with side jambs 3.5 cm from the rod surface on 

	

30 	both sides and the top border of the doorframe cutout 11 cm above the flat rod surface. We 

previously found that this distractor caused movement disruptions such as freezing of gait 

and falls, therefore modeling the effects of such distractor in PD patients. Second, animals 

were tested with an active distractor task in which a water reward (3 drops of water; -150 pL) 
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was presented on a platform (4.9 cm diameter) during traversals. The platform was also 

placed at the 100 cm mark, with 2-3 cm separating the rod and the platform. 

Rats were first acclimated to the task in 4 shaping trials (test days 8 and 9). In these trials rats 

were placed directly on the stationary (non-rotating) rod adjacent to the platform (approxi- 

	

5 	mately midway across the beam) and allowed to drink the water from the platform. After shap- 

ing trials, rats underwent 4 test trials in which the rats performed unassisted traversals of the 

rotating rod (alternating directions) with presentations of water rewards. In two other test days 

(10 and 12), rats performed 10 test runs per day. In addition to falls, the number of water re- 

wards earned, defined as licking/drinking water from the platform for 	sec, were counted. 

	

10 	All trials were recorded using a system of 4 bullet cameras (KT&C; model KPCS190SH 

Black/White Bullet Camera with 1/3" SONY Super HAD CCD) with rotatable bases that were 

fastened to the outer support frame of the outer side of the apparatus by hand clamps. Per-

formance measures were analyzed by video playback by experimenters blind to the lesion 

status and treatment regimen of the rats 

15 

Sustained attention task (SAT)  

Apparatus. 

Training and testing were conducted using 12 operant chambers (MED Associates Inc.) 

housed within individual sound-attenuating cubicles. Each chamber was equipped with two 

	

20 	retractable levers, a central panel white light (2.8 W), and a water dispenser located on the 

same wall as the panel lights. The water dispenser was capable of administering 45 pL of wa-

ter per delivery. Signal presentation, lever operation, reinforcement delivery, and data collec-

tion were controlled by a Pentium PC and Med-PC for Windows software (version 4.1.3; MED 

Associates). 

	

25 	Acquisition. 

Water-deprived rats were initially trained to press a lever for a water reward in accordance 

with a modified fixed ratio-1 (FR1) schedule for water reinforcement. During this phase of 

training, any lever press resulted in the delivery of water. Typically, the animals do not exhibit 

a side bias with regard to which lever is pressed; however, if one lever was pressed 5 times in 

	

30 	succession, the FR1 schedule was modified to require the animal to press the opposite lever 

before the next reward can be obtained. After 3 consecutive days with 120 reinforced lever 

presses each, the rats began training to discriminate between a signal (1 s illumination of the 

central panel light) and a non-signal (no illumination) event. Two seconds (s) after a signal or 
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nonsignal event, both levers were extended into the operant chamber and remain extended 

for 4 s or until a lever was pressed. If no press occurred after 4 s, the levers retracted and an 

omission was scored. Immediately following responses (either correct or incorrect), both lev-

ers were retracted and the variable intertrial interval (ITI; 12±3 s) was reset. On signal trials, a 

	

5 	press of the left lever was reinforced and termed a "hit," whereas a press of the right lever 

was not reinforced and termed a "miss." On non-signal trials, a press of the right lever was 

reinforced and termed a "correct rejection," whereas a press of the left lever was not rein-

forced and termed a "false alarm." 

Animals received water rewards only for correct responses (45 pL for each hit and correct re- 

	

10 	jection), whereas incorrect responses (misses and false alarms) were not rewarded. To elimi- 

nate the possibility of a selection bias, half of the animals were trained with the opposite pat-

tern. Signal and non-signal events were presented in pseudorandom order for 81 trials each 

(total of 162 trials) per session. During this phase of training, incorrect responses were fol-

lowed by correction trials in which the previous trial was repeated. After three consecutive in- 

	

15 	correct responses on correction trials, the animal underwent a forced trial in which the lever 

was extended for 90 s or until the animal made a response. If the forced choice trial was a 

signal trial, the signal light remained illuminated for as long as the lever was extended. The 

house light was not illuminated during this training stage. Animals progressed to the subse-

quent step of shaping if they responded correctly to 70°/0 of both signal and non-signal trials 

	

20 	for 3 consecutive days. 

During the third phase of shaping, multiple signal durations (500, 50, and 25 ms) were intro-

duced and the ITI was reduced to 9±3 s. Correction and forced-choice trials were also elimi-

nated. Trial type and signal duration were pseudorandomly determined for each trial. Session 

length was set at 40 min. After at least 3 d of stable performance, defined by at least 70% hits 

	

25 	to 500 ms signals, 70% correct rejections, and 30°/0 omissions, animals began training in the 

final version of the task. The final version was identical to the previous training stage except 

that the house light was illuminated throughout the session. The addition of the illuminated 

house light represents a crucial element of testing sustained attention as it requires the ani-

mal to constrain its behavior and focus on the central panel light during task performance. 

	

30 	Upon reaching the final stage of training prior to lesion surgeries, animals remained at this 

stage for 14 consecutive days and scores from the final 5 days of performance were aver-

aged to determine pre-surgery scores for each animal. During post-surgery testing of drug 
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effects, rats were tested only on the final stage for 12 consecutive days and scores from the 

final 5 days were once again averaged for final analyses. 

Measures of SAT performance. 

	

5 	The following behavior measures were recorded during each SAT session: hits, misses, false 

alarms, correct rejections, and omissions. Misses and false alarms are the inverse of hits and 

correct rejections, respectively. The relative number of hits 

(hits/hits+misses) for each signal length as well as the relative number of correct rejections 

(correct rejections/correct rejections+false alarms) were calculated. In addition, an overall 

	

10 	measure of attentional aptitude, the SAT score, that integrates both the relative number of 

hits (h) and the relative number of false alarms (f), was also determined at each signal dura-

tion. The SAT score was calculated using the following formula: (h-f)/[2(h+f)-(h+f)2]. Thus, 

SAT scores are not confounded by errors of omission. SAT scores ranged from 1.0 to -1.0, 

with 1.0 indicating that all responses were hits and correct rejections, 0 indicating an inability 

	

15 	to discriminate between signal and non-signal events, and -1.0 indicating that all responses 

were misses and false alarms. Errors of omission were recorded separately. 

Histology and assessments of lesions  

Following the completion of post-surgery drug testing, rats were deeply anesthetized and 

	

20 	transcardially perfused at a rate of 50 mUm in with 0.1M phosphate buffer solution (PBS) for 2 

minutes followed by perfusion with 4% paraformaldehyde in 0.4M Na-phosphate solution and 

15% picric acid (pH 7.4) for 9 minutes. Brains were rapidly removed and postfixed for 2-6 h at 

4°C and then rinsed in 0.1M PBS and stored in 30% sucrose solution and allowed to sink. 

Corona! sections (40 pM thickness) were sliced using a freezing microtome (CM 2000R; 

	

25 	Leica) and stored in antifreeze solution. Tyrosine hydroxylase (TH) and ChAT immunostains 

were performed as described in literature. 

TH-immunostained sections were imaged at 4x magnification using a Leica DM400B digital 

microscope. SPOT 5.1 software (Spot Imaging Solutions) was used to capture images. Two 

sections (AP +1.2 and +0.2 mm) were used to generate a single score depicting the size and 

	

30 	degree of bilateral lesions. 6-OHDA infusions were targeted to the dorsal striatum centered 

between the medial and lateral boundaries. The lesion size was rated based on the size of 

the area of TH loss observed in the dorsal striatum, with a score of 10 corresponded to 100% 

of the dorsal striatum exhibiting TH loss, a score of 5 to 50%, and a score of 1 to 10%. The 
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extent of TH clearance (degree of TH loss) within the lesion size area was also determined 

based on a scale of 1-10, with a rating of 10 corresponding to complete depletion of TH within 

the lesion space, and lower values corresponding to the percent of TH remaining (example: 5 

is 50% TH loss, 2 is 20% TH loss). Scores for lesion size and extent were averaged from both 

	

5 	sections and hemispheres to yield a single lesion score for each rat. 

To assess the extent of cholinergic cell losses, semi-quantitative estimates of the number of 

cholinergic neurons were generated as done previously. Photographs of the ChAT-stained 

basal forebrain of the two hemispheres were taken at 5x magnification using a Leica DM400B 

digital microscope. Cell count estimates were taken from the area of the nucleus basalis of 

	

10 	Meynert (nbM) and substantia innominata (SI) within a 680 pm x 680 pm region, and from the 

horizontal nucleus of the diagnonal band/preoptic area within a 1000 pm x 1300 pm region. 

The "count" function Photoshop CS6 was used to quantify the number of ACh cells. This fea-

ture also tags each neuron already counted to prevent double-counts and allows for review by 

a second counter. These semi-quantitative estimates from the two hemispheres were aver- 

	

15 	aged to yield a single estimate per rat. To determine relationships between the degree of le- 

sions and measures of performance and to verify similar lesions between DL lesion groups, a 

single composite core, reflecting the severity of the two system lesions, was generated for 

each rat. For this purpose, cholinergic cell loss of two basal forebrain areas per hemisphere 

were rated from 5 to 1 (5: >90% cell loss relative to control; 4: >80%; 3: >70%; 2: >60%; 1: 

	

20 	>30-50% loss). This score multiplied by 2 was averaged with the TH lesion score described 

above to generate a single composite score (out of 10) per DL rat. 

Drug administration and doses  

Donepezil and idalopirdine were dissolved in 5% 2-hydroxypropyl-beta-cyclodextrin vehicle 

	

25 	solution. Rats were divided into the following drug administration groups (14 per group, 7 per 

sex): sham-lesioned and administered vehicle (SH/VEH), DL and vehicle (DL/VEH), DL and 

donepezil (DL/DON), DL and idalopirdine (DL/IDL), and DL and idalopirdine plus donepezil 

(DL/DON+IDL). Solutions were prepared the night before administration and were replaced 

every 6 days. DON and IDL were dissolved in the same sloutioin for the combination treat- 

	

30 	ment. Rats were injected s.c. (2.0 mL/kg) at four alternating injection sites (left neck, right 

flank, right neck, left flank; sequence repeated). Rats were injected 30 minutes prior to per-

forming the SAT in the morning and 30 minutes prior to performing the MCMCT in the after-

noon. 
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Drug dosses were selected based on data from a pilot experiment that assessed, in 4 DL rats 

each, the effects of DON alone, at 0.1, 0.3, and 1.0 mg/kg, or administered in combination 

with I DL (5.0 mg/kg). Results suggested that MCMCT performance of DL rats may benefit 

most clearly from the treatment combination involving the middle dose of DON. 

5 

Statistical analyses  

SAT and MCMCT performance measures were compared between the five groups and pri-

marily using within-subjects repeated-measures ANOVAs as well as one or two-way ANOVAs 

when applicable. Sex was a factor in all analyses. The analysis of SAT scores and hits also 

10 

	

	included the within-subject factor signal duration (500, 50, and 25 ms). For MCMCT runs on 

the rod (test days 2-5), traversal time, slips and falls were assessed using condition (station-

ary, rotating counterclockwise (cc) or clockwise (cw), or rotating in alternating directions) as a 

within-subjects factor. For each condition (or day), performance measures were averaged 

over each rats' 6 runs on that day and these averaged values were used for statistical anal- 

15 	yses. On doorframe test days (6, 7, and 11), falls evoked by the doorframe distractor were 

compared between groups and sexes. Falls and rewards obtained during the active distractor 

condition were compared using two way ANOVAs. Comparisons of doorframe evoked-freeze 

behavior and other performance measures between DL/VEH and DL/DON+IDL rats were car-

ried out using two-way ANOVAs. Two-way ANOVAs were also used to compare TH/ChAT 

20 	composite lesion scores between the drug groups and sexes. Following significant main ef-

fects, post hoc multiple comparisons were conducted using the Least Significant Difference 

(LSD) test. Significant interactions between the effects of group and other factors were fol-

lowed by one-way ANOVAs on the effects of group and LSD multiple comparison tests. Sta-

tistical analyses were performed using SPSS for Windows (version 17.0: SPSS). In cases of 

25 	violation of the sphericity assumption, Huyhn—Feldt-corrected F- values, along with uncor-

rected degrees of freedom, are given. Alpha was set at 0.05. Exact P values are reported as 

recommended previously. Variances are reported and illustrated as standard error of the 

mean (SEM). Effect sizes for selected effects are reported using Cohen's d. 
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Results  

Pre-Surgery SAT and MCMCT Performance 

Prior to surgery, rats underwent SAT training until they reached stable criterion performance 

and they were also familiarized with the MCMCT. 

5 

DON+IDL Reduced Fall Rate in DL Rats 

On the first day of postsurgery MCMCT testing (Table 1) rats traversed the plank surface. 

This surface rarely causes slips or falls and thus only traversal time was assessed. Traversal 

time did not differ between groups and sexes (main effects and interaction: all F<1.46, all 

10 	P>0.23; 4.02±0.16 s per traversal). 

On days 2, 3, 4 and 5 rats performed traversals with the rod surface and were assessed for 

traversal time as well as slips and falls (6 traversals per day, 24 total runs). On day 2 the rod 

remained stationary (non-rotating) followed by rotation of the rod (10 RPM) in the familiar 

counterclockwise (cc) direction on day 3. On day 4 the rod's direction was reversed to the un- 

15 	familiar clockwise (cw) direction and on day 5 the direction of rotation was alternated between 

successive trials (cc-cw-cc-cw-cc-cw). Performance measures were analyzed for the effects 

of group, sex, and testing condition (stationary rod, cc, cw, alternating) as the within-subjects 

factor. 

20 	Falls. 

Traversing the rotating rod generally increased the number of falls across all animals (main 

effect of testing condition: F(3,180)=6.48, P<0.001; falls from stationary rod: 21.67±1.90%, 

rotating counterclockwise (cc): 32.62±1.90%, clockwise (cw): 30.00±2.34%, alternating: 

30.00±2.00%; less falls on stationary rod than all other conditions; all P<0.001). Across these 

25 	trials, a main effect of group on fall frequency (F(4,60)=2.62, P=0.04) reflected that compared 

with the frequency of falls in DL/VEH rats, SH/VEH and DL/DON+IDL rats fell significantly 

less frequently (Cohen's d=0.96; for multiple comparisons see Fig. 1A). Furthermore, and in 

contrast to DL/DON+IDL rats, with a fall frequency that was statistically similar to that seen in 

SH-VEH rats, rats treated only with IDL fell as frequently as untreated DL rats (DUVEH). The 

30 	frequency of falls in DL/DON rats tended to be lower than in DL/VEH rats but the effect did 

not reach significance (P=0.17). The effects of group and testing condition did not interact 

(F(12,180)=1.00, P=0.45) indicating that performance across all rod conditions contributed to 
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the effect of DON+IDL (Figs. 1B-D). There was no sex effect and no interactions involving sex 

(all F<1.69, all P>0.17). 

Traversal speed. 

	

5 	Similar to the effects on falls, traversal speed differed between groups 

(F(4,60)=3.31, P=0.02), with the treatment group that fell as often as vehicle-treated DL rats, 

DL/IDL, exhibiting the slowest traversals (SH/VEH: 3.96±0.19 s; DL/VEH: 4.62±0.25 s; 

DL/DON: 4.48±0.36 s; DL/IDL: 5.48±0.45 s, DL/DON+IDL: 4.58±0.32 s; DL/IDL significantly 

slower than all other groups). Moreover, males were generally slower than females 

	

10 	F(1,60)=13.54, P=0.001; males: 5.12±0.23 s, females: 4.13±0.17 s. In either sex, body 

weights were not correlated with traversal speeds (both R2<0.06). Traversal speed was not 

affected by testing condition and no 2- or 3-way interactions between the 3 factors were found 

(all (F<0.91, p>0.33). 

	

15 	Slips. 

Traversing rotating rods generally caused more slips compared with the stationary rod 

(F(3,180)=37.53, P<0.001; stationary: 1.02±0.67 slips; cc: 2.31±0.16; cw: 2.39±0.15; alternat-

ing: 2.35±0.13). The number of slips did not differ among groups (F(4,60)=2.37, P=0.06), with 

the trend reflecting that DL/IDL rats appeared to slip more frequently than all other DL rats 

	

20 	(SH/VEH: 1.60+0.11; DUVEH: 2.04+0.16; DL/DON: 2.04+0.14; DL/IDL: 2.51+0.38, 

DL/DON+IDL: 1.92+0.16). Males slipped more often than females (F(1,60)=5.64, P=0.02; 

males: 2.24±0.17; females: 1.79±0.10) but once again there were no interactions between the 

three factors (all F<1.01, p>0.44). Slips in males, but not females were positively correlated 

with their body weights (males: R2=0.14, P=0.03; females: R2=0.08, P=0.10). 

25 

Reduced Doorframe-Associated Falls in DON+IDL-Treated DL Rats 

In PD patients who already have a propensity for freezing of gait, tight doorways are highly 

effective in evoking freezing and thus increasing the risk for falls. This effect is hypothesized 

to reflect a shift of limited attentional resources away from supporting forward movement to 

	

30 	the processing of this passive distractor. The doorframe distractor (Fig. 2A) was placed along 

the rod on test days 6, 7 and 11. 

Overall, the door distractor more than tripled the percentage of trials in which falls occurred 

(F(1,60)=117.10, P<0.001; door falls: 38.34±2.89%, non-door falls: 11.30±1.34%). The main 
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effect of group (F(4,60)=3.24, P=0.018) and a significant door x group interaction 

(F(4,60)=3.15, P=0.02) reflected that doorframe-evoked falls accounted for the group differ-

ences (Fig. 2B). DL rats treated either with VEH, DON or IDL experienced more doorframe-

associated falls than SH/VEH rats. In contrast, in the presence of the doorframe, fall rates in 

	

5 	DL/DON+IDL rats did not differ from those in SH/VEH rats and were significantly lower than 

fall rates in DUI DL rats (Cohen's d=0.74; Fig. 2B). In all rats, the rate of doorframe-associated 

falls decreased across the three testing days (main effect of day: F(1,120)=48.31, P<0.001; 

day 1: 64.76±4.42% falls, 2: 38.10±4.14%, 3: 12.14±2.14; all interactions with other factors: 

F<1.34, P>0.23). 

	

10 	The doorframe caused almost twice as many falls in males than females, however males did 

not fall more than females in the absence of the doorframe (sex x condition: F(1,60)=34.24, 

P<0.001; percentage of door falls over trials; females: 25.69±3.76%, males: 50.99±3.22%, 

t(69)=26.09, P<0.001; non-door falls females: 13.27±1.81%, males: 9.32±1.95%, t(69)=2.20, 

P=0.14). Doorframe-associated falls in males did not correlate with their body weights or tra- 

	

15 	versa! speeds (both R2<0.03). However, slower females had more falls in this condition 

(R2=0.21, P=0.005). There were no significant interactions between the 3 factors (all F<1.31, 

all P>0.25). 

Microbehavioral Correlates 

	

20 	To determine potential behavioral correlates of the DON+IDL treatment effect on doorframe- 

associated falls, a video-based analysis of the animals' microbehavior during doorframe tra-

versal was conducted. Doorframe runs from DL/VEH and DL/DON+IDL male and female rats 

from days was selected when their fall rates reflected their group means (days 6 and 7 for 

females, and 11 for males). In general, it was observed that the rats of both groups stopped 

	

25 	forward movement when approaching the doorframe (effects of groups on freezing duration: 

F(1,27)=1.22, P=0.28; DL/VEH: 1.25±0.22 s/freeze; DL/DON+IDL: 0.93±0.21 s). Furthermore, 

the individual rats' duration of freezing periods correlated with their fall rates (Fig. 2C). Be-

cause longer freezes nearly consistently were associated with falls in all rats, doorframe-

evoked freezes were grouped into long (2 s) versus short freezes (<2s). The percentage of 

	

30 	trials in which a long freeze occurred did not differ between the two groups (6 trials per ani- 

mal; F(1,27)=2.59, P=0.12; 26.79±4.95% of trials involved long freezes). In addition, rates of 

falls associated with long freezes - in animals that displayed at least one such freeze (10 

DL/VEH and 9 DUDON+IDL) - did not differ between these two groups (F(1,18)=0.004, 
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P=0.95; DL/VEH: 62.67±12.62% falls in runs involving long doorframe-associated freezes; 

DL/DON+IDL: 63.89±13.89%). However, fall rates associated with short freezes were higher 

in DL/VEH than the DL/DON+IDL rats (14 rats per group; F(1,27)=5.27, P=0.03, Figure 2D). 

Thus, these observations indicated that treating DL rats with DON+IDL did not increase the 

	

5 	proportion of doorframe runs that were associated with relatively short freezes, but DON+IDL- 

treated rats were more capable of resuming an continuing the traversal after short freezes. 

To further detail the potential effects of the combined treatment with DON+IDL, representa-

tive runs were selected (first two trials on doorframe day 2 in females and on day 3 for males; 

	

10 	2 trials per rat) the rate of the following behaviors was counted for a 1-s period beginning 

shortly after and during short freezes (0.5-1.5 s of freezing periods): (1) sudden increases of 

traversal speed after a freeze; (2) high and firm tail position while passing under the door-

frame associated with controlled, upright posture and forward focus in contrast to a low, drag-

ging tail and slouched posture and downward focus typical of DL rats; 31 (3) swinging of the 

	

15 	tail to maintain balance following doorframe-associated slips; (4) the use of forelimbs to 'push' 

the upper trunk of the body back onto the rod after slips; (5) active hind limb movements 

(`walking in place') during freezes to maintain balance on the rod; and (6) small 'hops' after 

freezes to reestablish forward momentum through the doorframe. Results indicate that, first, a 

composite score collapsing counts of all 6 behaviors negatively correlated with fall rates in 

	

20 	both groups (both R2>0.42, both P<0.02), indicating that active recovery movements following 

short freezes are a strong predictors of successful doorframe runs. Second, DL/DON+IDL 

rats exhibited more instances of category #2 behavior (above) than DL/VEH rats (X2=7.22, 

P=0.03, DL/VEH: 0.18±0.10 counts/trial, DL/DON+IDL: 0.54±0.11; all other categories of be-

havior: P>0.30; Figs. 2E). 

25 

Lack of Treatment Effects on Active Distractor- Associated Falls 

Falls in aged humans and PD patients are correlated with poor dual task performance. To 

model the impact of the reallocation of attentional resources to a secondary task on complex 

movement control, water-deprived rats were offered water for retrieval while traversing the 

	

30 	rotating rod. 

Overall, 54 of the 70 (77.14%) animals retrieved water (defined as licking water for at least 1 

s, regardless of falls) in at least one trial (13 SH/VEH, 9 DL/VEH, 10 DL/DON, 11 DL/IDL, and 

11 DL/DON+IDL; 26 males and 28 females). A main effect of group indicated that all DL rats 
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retrieved water less frequently than SH/VEH rats (F(4,60)=3.32, P=0.016) although multiple 

comparisons indicated that DL/DON rats' retrieval count was not significantly lower than 

DL/VEH (Fig. 3A). Females retrieved water more frequently than males (F(1,60)=10.56, 

P=0.002; females: 49.78±6.32%, males: 26.69±4.36%], however the effects of sex did not 

	

5 	interact with group (F(4,60)=1.50, P=0.22). In this test, water retrievals and falls are con- 

founded measures as stopping forward movement to retrieve water is a high risk for falls. 

SD/VEH rats succeeded more frequently in retrieving water without falling than DL rats 

(F(4,60)=5.84, P<0.001; Fig. 3B). Furthermore, females successfully retrieved water without 

falling more frequently than males (F(1,60)=10.81, P=0.002; females 33.98+5.02% of trials; 

	

10 	males: 16.73+3.36%) but this effect did not interact with group (F(1,69)=1.56, P=0.19). In nei- 

ther sex did this measure correlate with body weights, traversal speed or doorframe-

associated falls all R2<0.1). Thus, DL lesions reduced the engagement with the active dis-

tractor and increased associated fall rates, but the drug treatments did not benefit rod tra-

versal performance in the presence of this active distractor. 

15 

Lack of Treatment Effects on SAT Performance 

Following the completion of the postsurgery recovery period of four weeks, animals were re-

turned to morning SAT and afternoon MCMCT testing, and drug treatments were 

administered 30 min prior to the morning as well as the afternoon test session. DL lesions 

	

20 	impaired SAT performance. However, none of the treatments improved performance. 

Example 2: Reduction of falls in DL rats treated with rivastigmine and idalopirdine 

Study Outline: 

	

25 	Dual lesion (DL) or sham operated rats were treated subcutaneously (s.c.) with either vehicle 

(10% 2-hydroxypropy1-8-cyclodextran; 2-HPBCD, in saline), 1 mg/kg rivastigmine, 10 mg/kg 

idalopirdine or a combination of the two treatments for 10 subsequent days at a volume of 5 

ml/kg. Statistical comparisons were made with a one-way ANOVA and a post hoc Dunnetts's 

multiple comparison test with DL vehicle treated animals as the control. 

30 

MCMCT: Deviations of the apparatus from Example 1: 

The apparatus was similar to that used previously (Kucinski et al., 2013). It consisted of a 3 

meter long (2.54 cm2) straight square rod or a zigzag rod with two bent surfaces along the 
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rod, supported between two one meter long towers on which the start and end platforms were 

held. These identical platforms were 30 cm x 25 cm and each consisted of a 3 cm diameter 

copper water cup embedded in the floor. The platforms were surrounded by retractable wall 

structures which were 23 cm high when in the fully raised positions. These walls could be 

	

5 	raised and lowered mechanically by a 12 VDC electric motor controlled remotely by a toggle 

switch, and thus allowed conversion from an open platform to start and a box structure to 

end. On the wall facing the beam there was a 9 cm wide opening to allow rats access to and 

from the beam. The rod was made of aluminum tubing enclosed in gray gaffer's tape used for 

traction. For plank conditions, a 13.3 cm wide plank was placed directly on top of the rod and 

	

10 	fitted inside the edges of the support towers. A 12VDC electric motor was used to rotate the 

rod, controlled by a pulse width modulator. 20 cm underneath the rod, a safety net was sus-

pended to catch the rats during falls. Recordings of the MCMCT were taken using 4 bullet 

Marshall 1080-HD-DI model CV500 Series cameras (B-30/25P frame rate/59.94i) mounted on 

a frame parallel to one side of the rod. The videos were converted to a single feed using a 

	

15 	quad SDI to HDMI multiviewer (Matrox MicroQuad) and viewed directly on a PC using Elgato 

Game Capture HD software. 

Table 2: MCMCT Sequence (cc: counterclockwise, cw: clockwise, alt: alternating cc/cw) 

Day 
	

Trial type 	Condition 	 Distractor 	Number of trial 

20 	Pre-surgery 

1 	 plank 	 6 

2 	 rod 	 stationary 	 6 

3 	 rod 	 rotating (cc; 10 rpm) 	 6 

Post-surgery 

25 1 	 plank 	 6 

2 	 rod 	 stationary 	 6 

3 	 rod 	 rotating (cc; 10 rpm) 	 6 

4 	 rod 	 rotating (cw; 10 rpm) 	 6 

5 	 rod 	 rotating (alt; 10 rpm) 	 6 

30 	6 	 rod 	 rotating (alt; 10 rpm) 	Doorframe 	6 (4 with doorframe) 

7 	 rod 	 rotating (alt; 10 rpm) 	Doorframe 	6 (4 with doorframe) 

8 	 rod (zigzag) 	stationary 	 6 

9 	 rod (zigzag) 	rotating (slow; 5 rpm) 	 6 

10 	 rod (zigzag) 	rotating (fast; 8 rpm) 	 6 
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Results: 

The results are shown in figure 4-7, and it can be observed that the combined treatment of DL 

rats with idalopirdine and rivastigmine (DL/Riva+IDL) reduced the number of falls compared 

to the untreated DL rats (DL/Veh). 

35 



36 

Claims

1. Use of N-(2-(6-fluoro-1H-indol-3-yl)ethyl)-3-(2,2,3,3-tetrafluoropropoxy) benzylamine 

(idalopirdine) and donepezil in the manufacture of a medicament for combination ther-5 

apy  of Parkinson’s disease, wherein the treatment of Parkinson’s disease consist in 

reducing falls in a patient with Parkinson’s disease. 

2. Use of a composition comprising N-(2-(6-fluoro-1H-indol-3-yl)ethyl)-3-(2,2,3,3-

tetrafluoropropoxy) benzylamine (idalopirdine) and donepezil in the manufacture of a 10 

medicament for treatment of Parkinson’s disease, wherein the treatment of Parkin-

son’s disease consist in reducing falls in a patient with Parkinson’s disease. 

3. The  use according to claims 1 or 2, wherein, the dose of donepezil is from 1 to 30 

mg, or from 5 to 23 mg. 15 

4. The  use according to any of claims 1 to 3, wherein the daily dose of idalopirdine is 

from 10 mg to 100 mg, or from 30 mg to 60 mg. 


