
Cholinesterase Inhibitors Improve Both Memory and Complex 
Learning in Aged Beagle Dogs

Joseph A. Araujoa,b,c,*, Nigel H. Greigd, Donald K. Ingrame, Johan Sandinf, Christina de 
Riveraa,b, and Norton W. Milgrama,b,g

aDepartment of Pharmacology, University of Toronto, Toronto, ON, Canada

bCanCog Technologies Inc., Toronto, ON, Canada

cInterVivo Solutions Inc., Toronto, ON, Canada

dDrug Design and Development Section, Laboratory of Neurosciences, National Institute on 
Aging, Baltimore, MD, USA

eNutritional Neuroscience and Aging Laboratory, Pennington Biomedical Research Center, LSU 
System, Baton Rouge, LA, USA

fAstraZeneca R&D Södertälje, Department of Neuroscience, Södertälje, Sweden

gDivision of Life Sciences, University of Toronto at Scarborough Campus, Toronto, ON, Canada

Abstract

Similar to patients with Alzheimer’s disease (AD), dogs exhibit age-dependent cognitive decline, 

amyloid-β (Aβ) pathology, and evidence of cholinergic hypofunction. The present study sought to 

further investigate the role of cholinergic hypofunction in the canine model by examining the 

effect of the cholinesterase inhibitors phenserine and donepezil on performance of two tasks, a 

delayed non-matching-to-position task (DNMP) designed to assess working memory, and an 

oddity discrimination learning task designed to assess complex learning, in aged dogs. Phenserine 

(0.5 mg/kg; PO) significantly improved performance on the DNMP at the longest delay compared 

to wash-out and partially attenuated scopolamine-induced deficits (15 μg/kg; SC). Phenserine also 

improved learning on a difficult version of an oddity discrimination task compared to placebo, but 

had no effect on an easier version. We also examined the effects of three doses of donepezil (0.75, 

1.5, and 6 mg/kg; PO) on performance of the DNMP. Similar to the results with phenserine, 1.5 

mg/kg of donepezil improved performance at the longest delay compared to baseline and wash-

out, indicative of memory enhancement. These results further extend the findings of cholinergic 

hypofunction in aged dogs and provide pharmacological validation of the canine model with a 

cholinesterase inhibitor approved for use in AD. Collectively, these studies support utilizing the 

aged dog in future screening of therapeutics for AD, as well as for investigating the links among 

cholinergic function, Aβ pathology, and cognitive decline.
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INTRODUCTION

The aged dog is particularly well suited for studying the effects of putative therapeutics for 

Alzheimer’s disease (AD) [1]. Aged dogs spontaneously develop AD like neuropathology, 

which includes the cortical deposition of amyloid-β (Aβ) [2–5], cerebral atrophy [6, 7], 

neuronal death [8], reduced neurogenesis [9], increased markers of oxidative stress [10], and 

amyloid angiopathy [11]. Unlike AD patients, aged dogs do not develop neurofibrillary 

tangle pathology, but they do show hypersphosphorylated tau possibly representing pre-

tangle pathology [12].

Consistent with pathological brain aging, dogs also exhibit age-related cognitive impairment 

paralleling the behavioral symptomology of AD. The earliest impairments are most evident 

in performance on tasks involving complex learning and working memory [13–15]. 

Additionally, executive function, visuospatial ability and complex learning become impaired 

earlier than impairments in simple discrimination learning [16–20]. With increasing age, 

dogs can present with global dementia including impairments in discrimination learning [19] 

as well as behavioral changes similar to those seen in some dementia patients [21, 22]. Like 

humans, aged dogs show individual differences in cognitive decline, which permits 

classification into distinct groups of demented, mildly impaired and successful agers [23]. 

Collectively, this evidence suggests that the aging dog models the progression of human 

cognitive decline from age associated memory impairment to early AD and supports the use 

of the model in screening therapeutics for AD [24–26].

The aged dog also provides a model for studying possible links between age-dependent 

neurochemical changes and cognitive decline, but to date, little work has been done in this 

area [1]. In AD, reduction of cholinergic function is linked to cognitive impairment [27]. 

Patients with AD show deterioration of cholinergic markers including reduced levels of 

choline acetyltransferase [28–30], which is correlated with intellectual impairment [31], 

atrophy of the cholinergic basal forebrain [32, 33], and reductions in both muscarinic and 

nicotinic cholinergic receptors [34–40]. The cholinergic hypothesis is also supported by 

pharmacological evidence that muscarinic blockade with scopolamine impairs cognitive 

function in a similar manner to that seen in AD, including short-term working memory 

deficits [41–44], that AD patients show hypersensitivity to scopolamine [45–47], and, 

perhaps more importantly, that cholinesterase inhibitors are used therapeutically to treat 

cognitive dysfunction in AD patients [48].

Previously we provided evidence of cholinergic involvement in canine cognition by 

examining the effect of scopolamine on performance of a delayed non-matching to position 

task (DNMP) and found working memory performance in aged dogs was disrupted by a 15 

μg/kg dose of scopolamine, which produced no obvious behavioral effects [49]. By contrast, 

young dogs were not impaired by the same scopolamine dose [50] and showed higher 

muscarinic receptor density than aged dogs [51]. The current studies sought to extend this 
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work by investigating the effects of two cholinesterase inhibitors, donepezil and (−)-

phenserine (phenserine), on measures of complex learning and memory performance in aged 

Beagle dogs.

Donepezil, (R,S)-1-benzyl-4[(5,6 dimethoxy-1-indanon)-2-yl]-methyl piperidine 

hydrochloride is a piperidine analog approved by the FDA for use in AD in 1997. 

Phenserine, by contrast, is a phenylcarbamate of (−)-physostigmine that proved to be well 

tolerated and was shown to improve short-term memory in clinical trials [52–56]. Both show 

high selectivity for inhibition of acetylcholinesterase over butrylcholinesterase, as well as 

favorable pharmacokinetic and pharmacodynamic profiles [48, 52, 57]. Both also improve 

working memory performance in aged rats and reverse scopolamine induced working 

memory deficits [58–66].

We first examined the effect of phenserine on relearning ability and working memory 

performance in aged Beagle dogs. Dogs previously trained on the DNMP were re-trained 

under either phenserine or placebo, then tested for the effects of their respective treatment on 

memory performance and on counteracting scopolamine induced impairment, all of which 

are altered by age in dogs [15, 49, 50, 67]. Next, we examined the effects of phenserine on 

learning a complex oddity discrimination task, which likewise is age-sensitive depending on 

the difficulty of the problem [18]. A second set of studies aimed at further determining the 

effects of cholinesterase inhibition on memory examined the effects of three doses of 

donepezil on DNMP performance. While we previously reported positive results of 

phenserine in a review as evidence for the use of the dog to screen AD therapeutics [26], the 

current article provides sufficient details to permit comparisons between the two 

cholinesterase inhibitors that substantiate both the hypothesis that cholinergic dysfunction 

contributes to age-dependent cognitive impairment in dogs and the use of the aged dog 

model for screening AD therapeutics.

MATERIALS AND METHODS

Subjects

Cognitively sophisticated, random source beagle dogs of both genders served as subjects in 

all experiments. The dogs for the phenserine experiments were housed alone or in pairs at 

the Division of Comparative Medicine, University of Toronto, in pens measuring 

approximately 1.07 × 1.22 m. For the donepezil experiment, the dogs were part of the 

CanCog Technologies colony, and were housed in quadruplicate, if compatible, in pens 

measuring 2.27 × 7.27 m. Feeding (Purina Agribrands Laboratory Canine Chow at the 

University of Toronto and Purina Proplan Chicken and Rice at the CanCog facility) occurred 

once daily following cognitive testing and water was available ad libitum. The animals also 

received regular veterinary examinations and were not found to suffer from any health 

problems, neurological or sensory deficits that could interfere with cognitive testing. All 

procedures were conducted in accordance with the guidelines of the Canadian Council on 

Animal Care and the “Principles of laboratory animal care” (NIH publication No. 85–23, 

revised 1996) and procedures that caused pain or discomfort were avoided.
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Test apparatus

The test apparatus [17] consisted of a box measuring approximately 0.61 × 1.15 × 1.08 m. 

After entering the rear of the box, the dog was able to access the test stimuli and food 

rewards through openings at the front of the box made by adjusting the height of vertical 

steel bars as to allow the dog to access the stimuli and rewards with only its head. The test 

stimuli were presented to the dog on a sliding Plexiglas tray that contained three food wells. 

The test stimuli were presented over the food wells and, after displacing the correct stimulus, 

the dog was allowed to retrieve the food in the well below. The incorrect stimulus or stimuli 

was baited with an unobtainable reward to prevent the dog from solving the task using 

olfactory cues. A partition with a hinged door was used to prevent the dog from observing 

the placement of test stimuli and rewards between trials or during delays. The tester raised 

the hinged door and presented the Plexiglas tray to the dog when the inter-trial interval 

ended.

Drug preparation and administration

Phenserine tartrate ((−)-phenylcarbamoyl eseroline L-tartrate) was synthesized at the 

National Institute on Aging to in excess of 99.9% chemical and 100% chiral purity, and was 

administered to the dogs PO in gelatine capsules placed in moist dog food (Hill’s P/D). A 

dose of 0.5 mg/kg (as a dry tartrate salt) was selected based on preclinical data in Beagle 

dogs. The capsules were prepared according to individual subject weights and were 

administered one hour prior to cognitive testing. For a placebo control comparison, an empty 

gelatin capsule was administered in moist dog food. For both phenserine experiments, a five-

day treatment wash-in occurred immediately prior to the initiation of cognitive testing, and 

phenserine was administered once daily for the duration of the study or until wash-out.

Scopolamine hydrobromide was obtained from Sigma-Aldrich Inc. Scopolamine 

hydrobromide was dissolved in normal saline to achieve a final concentration of 0.2 mg/ml 

(free base). In all cases, scopolamine was administered by SC injection 45-min prior to 

testing at a dose of 15 μg/kg. The dose was selected based on previous work demonstrating 

selective impairments on the DNMP without disruption of discrimination performance or 

non-cognitive behaviors in aged dogs [49]. For vehicle injections, a volume of normal saline 

equivalent to the volume of the scopolamine solution was administered in an identical 

manner.

Donepezil hydrochloride was provided by Astra Zenica R&D as a powder and was 

administered to the dogs PO in gelatin capsules. The capsules were prepared according to 

individual subject weights (hydrochloride salt) and were administered prior to cognitive 

testing once daily by personnel not involved in data collection. For placebo (0 mg/kg dose) 

control, capsules containing methylcellulose were used with the standardized dose of 0.5 

mg/kg.

Delayed non-matching to position (DNMP)

Prior to initiating the study, all dogs had been trained on a 3-component DNMP task, which 

assesses visuospatial memory [13]. Each trial on the DNMP task consisted of two phases. 

During the first phase, a red block was presented to the animal over one of the three food 
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wells. Once the dog displaced the block and obtained the hidden food reward, the tray was 

withdrawn and a delay initiated. Following the delay, two identical red blocks were 

presented to the subject in the second phase; one block was placed in the same position as in 

the first phase and the second block covered one of the remaining two food wells. The dog 

was rewarded for displacing the block in the new, or non-match, position. Dogs were tested 

on 12 trials daily each separated by a 60-s inter-trial interval.

In the phenserine study, five male and two female geriatric dogs (M ± S.D. = 14.60 ± 1.46 

years) were tested on both relearning and variable-delay paradigms. The dogs were divided 

into two groups matched for most previous performance. One group was randomly assigned 

to receive phenserine (n = 4) and the second group was randomly assigned to placebo 

control (n = 3). After a five day wash-in onto their respective treatments, the dogs were 

tested at a 5-s delay until they passed a two-stage criterion. The first stage required a subject 

to achieve a minimum score of 90% correct on one day, or 80% correct over two or three 

consecutive days. To pass the second stage, the subject was required to obtain a minimum 

score of 70% over 3 test sessions subsequent to passing the first stage.

Following relearning, dogs were tested on a variable-delay paradigm in which delays of 20 

and 80 s occurred equally amongst the 12 trials in a daily test session. The study schedule is 

indicated in Table 1. All subjects received two practice days, and then mean performance on 

the three subsequent days (stabilization) was examined to determine if there were 

differences between the placebo and phenserine groups on basal performance. Following 

these five sessions, the dogs then were tested under scopolamine and saline vehicle, in a 

balanced cross-over design. For the balanced cross-over design, each treatment group was 

randomly divided into two groups, both of which received either scopolamine or saline on 

the first test day; the treatment was reversed on the second test day. A day without testing 

separated the saline and scopolamine challenges. Immediately thereafter, the dogs were 

removed from phenserine and placebo treatments for five days. They then were re-tested on 

the variable delay DNMP in an identical manner to the treatment phase. This was an 

exploratory non-blinded study.

For the donepezil study, 46 aged dogs (M ± S.D. = 11.31 ± 2.08 years) from the CanCog 

Technologies colony were used. The DNMP testing consisted of a variable-delay paradigm 

using 20 and 90 s delays, which were equally divided between 12 trials per test session. 

Initially, the dogs were tested over five baseline days, and were then divided into 4 groups 

matched for baseline performance and randomly assigned to a dose (0, 0.75, 1.5, or 6 mg/

kg). Following a five day wash-in period on which no testing occurred, the dogs were tested 

over the subsequent 9 days on the variable-delay DNMP at either 1, 3, or 5 h after treatment 

administration using a quasi Latin square design in which the baseline performance of dogs 

in each test order were balanced to the extent possible. A five day wash-out phase, in which 

no treatment was administered and no testing was conducted, separated the nine day 

treatment testing and 5 day wash-out testing. Mean performance on trials completed (there 

were several non-responses in the high dose donepezil group) was calculated for each of the 

time-points (i.e., baseline, 1 h, 3 h, 5 h and wash-out) and was used for statistical analysis. 

All staff performing cognitive testing and recording daily observations were blinded to 

treatment condition.

Araujo et al. Page 5

J Alzheimers Dis. Author manuscript; available in PMC 2016 August 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Oddity discrimination

The oddity discrimination task is a complex learning task that requires the subject to 

displace the dissimilar (odd) object amongst three presented [18]. Prior to each oddity test, 

the dogs were given a preference test in which they were required to choose one of two 

objects. The object chosen most often during the 10 trial preference test was considered the 

preferred object, was never rewarded, and appeared in duplicate over all subsequent trials. 

The object chosen least during the preference test was always rewarded. Thus, each trial 

consisted of a presentation of three objects; two identical preferred objects, and the 

rewarded, non-preferred, object. The subjects were tested until they passed a two-stage 

learning criterion, similar to that in the DNMP relearning, or were tested on 480 trials, 

whichever occurred first. All animals were initially tested on the first oddity discrimination 

problem (ODD1) that we presumed would be easier based on greater differences between 

the correct and incorrect objects. This was followed by a second oddity problem (ODD2) 

using the same protocol, but with different and more similar objects [18].

In the oddity study, eleven aged beagle dogs (M ± S.D. = 8.76 ± 0.96 years) served as 

subjects. Animals were divided into two groups matched for previous performance on 

discrimination tests. For ODD1, one group was randomly assigned to receive phenserine and 

the other placebo. For ODD2, the treatments were crossed-over such that the group receiving 

phenserine on ODD1 received the placebo on ODD2 and vice versa. This was an exploratory 

non-blinded study.

Data analysis

For learning and relearning of the oddity and DNMP, respectively, errors to criterion served 

as the dependent variable in all analyses. Mean percentage of correct responses at each delay 

and for each time-point served as the dependent variable for the variable-delay DNMP 

performance analyses. An independent t-test was used to assess DNMP relearning. To 

examine the effects of phenserine on oddity learning, a two-way repeated-measures ANOVA 

was conducted with drug treatment (phenserine versus placebo) serving as a within-subject 

measure and treatment order between oddity levels as a between-subject variable. All other 

measures were analyzed with a “repeated-measures” ANOVA, with dose as a “between-

subject” measure and time-point and delay serving as a “within-subject” measure, if 

applicable. Post hoc analyses consisted of repeated-measures ANOVA when examining 

performance by delay effects and post hoc Fisher’s test in all other cases. Statistical analysis 

was conducted with the Statistica 6.0 (Statsoft Inc.) software package with the significance 

level set to p = 0.05. Effects of gender were not considered because we have not previously 

detected sex differences in cognitive performance of dogs [13, 68].

RESULTS

Effect of phenserine on DNMP relearning, performance and scopolamine-induced 
impairment in geriatric dogs

Senior dogs were divided into placebo (n = 3) and phenserine (n = 4) treated groups 

balanced for most previous DNMP learning and were tested for relearning the DNMP at 5 s. 

Number of errors to reach criterion was analyzed using an independent t-test. The dogs 
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administered phenserine committed fewer mean errors (M ± SEM = 5.25 ± 0.85) than dogs 

in the placebo group (M ± SEM = 14.33 ± 6.98); however, this difference did not reach 

significance.

Subsequently, all dogs were tested on a variable delay paradigm of the DNMP using delays 

of 20 and 80 s. Following two practice days, they were tested for three consecutive 

(stabilization) days followed by both saline and scopolamine challenges while under either 

phenserine or control treatment. The treatments were then washed-out and the dogs were re-

tested in an identical manner as during treatment.

Mean performance on the variable delay DNMP was initially analyzed using a repeated 

measures ANOVA with treatment group (phenserine and placebo) serving as a between 

subject variable and with time-point (treatment and wash-out testing), challenge condition 

(stabilization, saline and scopolamine), and delay (20 and 80 s) serving as within subject 

variables. Significant main effects of treatment [F(1,5) = 11.08; p = 0.021] and delay [F(1,5) 

= 50.28; p = 0.00086] were found. The treatment effect was due to overall higher 

performance levels in the phenserine treated subjects compared to placebo, and the delay 

effect represented lower performance levels at the 80 s delay compared to the 20 s delay. 

Additionally, significant interactions between treatment and delay [F(1,5) = 12.86; p = 

0.016] and among challenge, delay and treatment [F(2,10) = 6.52; p = 0.015] were found.

Independent repeated measures ANOVAs for performance at both the 20 and 80 s delays 

were conducted to elucidate the nature of the interactions. At 20 s, there were significant 

effects of treatment [F(1,5) = 58.23; p = 0.00062], challenge condition [F(2,10) = 7.98; p = 

0.0085], and an interaction between the two [F(2,10) = 6.71; p = 0.014]. Post hoc Fisher’s 

indicated that scopolamine significantly reduced performance at 20 s in the placebo group 

compared to both stabilization and saline [p < 0.05 in all cases; Fig. 1A]; however, no 

differences were seen amongst any conditions in the phenserine group indicative of an 

attenuation of scopolamine deficits (Fig. 1B). No other significant differences between 

phenserine and placebo were found.

At the 80 s delay, a significant interaction among time-point, challenge condition and 

treatment was found [F(2,10) = 5.91; p = 0.020], which was investigated using post hoc 

Fisher’s test. In the dogs receiving placebo, performance at 80 s did not differ significantly 

between time-points or in response to scopolamine, with the exception of a difference 

between the saline and scopolamine treatment during wash-out [p = 0.032], suggesting 

performance at this delay was generally too low to reveal scopolamine induced performance 

deficits (Fig. 2A). By contrast, scopolamine significantly [p < 0.05 in both cases] impaired 

performance, compared to the stabilization and saline challenge, while the subjects were 

receiving phenserine (Fig. 2B). Following wash-out, however, performance between 

challenge conditions did not differ within the phenserine group due to lower performance 

levels during stabilization and saline challenge. Specifically, performance of phenserine 

treated subjects under saline challenge after phenserine wash-out was significantly [p < 0.05 

in both cases] lower than the stabilization and saline conditions while they received 

phenserine. Moreover, reduced performance under the stabilization after phenserine wash-

out approached significance [p < 0.08 in both cases] compared to both stabilization and 
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saline performance during phenserine administration. The latter two findings suggest 

phenserine improved memory performance, and that this effect was no longer present upon 

wash-out. Similarly, stabilization and saline performance at 80 s in the phenserine treated 

dogs was consistently higher than in animals receiving placebo; however, this improvement 

approached significance [p < 0.08 in both cases] only when compared to the saline condition 

in placebo dogs (Fig. 3).

Effect of phenserine on oddity discrimination learning

In this experiment, 14 aged Beagle dogs were divided into two groups balanced for previous 

learning experience. The groups were randomly assigned to either receive placebo or 

phenserine during the first oddity problem, and the treatments were crossed over for the 

second oddity problem. Errors to learn each problem were analyzed using a two-way 

ANOVA with treatment order across oddity problems (placebo first and phenserine first) 

serving as a between subject measure and with drug treatment (placebo and phenserine) 

serving as a within subject measure. A significant interaction between drug treatment and 

treatment order [F(1,9) = 14.20; p = 0.0044] was found. Post-hoc analysis indicated that 

more errors were committed on ODD2 than ODD1 under the placebo condition [p = 0.039; 

Fig. 4]. No difference between phenserine and placebo treatment was found on ODD1; 

however, errors on ODD2 were significantly lower under phenserine compared to placebo [p 
= 0.044].

Effect of donepezil on DNMP performance

Groups were initially equated for mean baseline performance over five DNMP test sessions. 

The effect of donepezil on mean DNMP performance was initially analyzed using a three-

way repeated measures ANOVA with dose level (0, 0.75, 1.5, and 6 mg/kg) serving as a 

between subject variable and with time-point (baseline, 1 h, 3 h, 5 h, and wash-out) and 

delay (20 and 90 s) serving as within subject variables. Performance at the 90 s delay was 

significantly impaired compared to performance at the 20 s delay [F(1,41) = 13.060; p = 

0.00082]. A significant effect of time-point was also found [F(4,164) = 4.19; p = 0.0029], 

which was due to significantly [p < 0.05] impaired performance at the 1 hour time-point 

compared to all other time-points except baseline. There was also a significant interaction 

[F(4,164) = 2.95; p = 0.022] between time-point and delay, which reflected reduced 

accuracy at the 90 s delay at the 1 h time-point compared to the 20 s delay. On the other 

hand, accuracy at the 90 s delay was significantly higher than baseline at the 3 h time-point, 

collectively suggesting that the effect of donepezil varied as a function of post-dose time.

Although no main effects of dose were found, the analysis indicated a marginally significant 

time-point by dose interaction [F(12,164) = 1.64; p = 0.086]. Because of the time-point by 

delay interaction, we used a repeated measures ANOVA to separately analyze the data at 

each delay, with dose as a between subject variable and time-point as a within subject 

variable. There were no dose effects found at 20 s delay (Fig. 5A), but the analysis of the 90 

s delay (Fig. 5B) revealed a significant dose by time-point interaction [F(12,164) = 1.89; p = 

0.040]. Post hoc Fisher’s revealed no change from baseline in both the placebo and 0.75 

mg/kg donepezil groups at any time-point. Donepezil at 6 mg/kg significantly impaired 

performance at 3 h compared to baseline [p = 0.027]. By contrast, 1.5 mg/kg significantly 
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improved performance compared to baseline at both 3 [p = 0.018] and 5 hours [p = 0.019]. 

No differences from baseline were seen at wash-out for any dose group.

We also obtained daily observations of the animals performed by animal care staff blinded to 

treatment conditions. Dogs receiving 6 mg/kg of donepezil showed signs consistent with 

cholinesterase inhibition (85 individual events), including tremors, vomiting, and 

hypersalivation more frequently than placebo (15 individual events) or the 1.5 mg/kg group 

(8 individual events). Likely related to these cholinergic side effects, the high dose group 

also showed increased non-responses (M ± S.D. = 0.83 ± 1.52) compared to placebo (M ± 

S.D. = 0.00 ± 0.00), low dose (M ± S.D. = 0.00 ± 0.00), and mid dose (M ± S.D. = 0.24 

± 0.59) donepezil; therefore, only trials in which responses occurred were used in the 

analysis of DNMP performance.

DISCUSSION

The current studies were designed to further assess the hypothesis that cholinergic 

hypofunction contributes to age-dependent cognitive decline in dogs by examining the effect 

of cholinesterase inhibitors on measures of cognitive performance in aged dogs. Initially, we 

examined the effectiveness of phenserine in improving performance on cognitive tasks that 

are sensitive to aging and in counteracting scopolamine-induced deficits on DNMP 

performance; scopolamine has been used to mimic some aspects of AD dementia [69] and 

has been effective in identifying cholinesterase inhibitors [70–72]. Consistent with previous 

reports [54, 62, 64, 73], phenserine improved measures of learning, memory, and partially 

attenuated scopolamine-induced working memory deficits. The absence of significant effects 

on DNMP relearning compared to placebo raises the issue of limited power in this 

experiment including only 7 dogs.

To further examine the effect of cholinesterase inhibitors in memory in aged dogs, we also 

examined the effects of donepezil on DNMP performance in a larger group of aged dogs. 

Similar to the phenserine results, 1.5 mg/kg of donepezil improved performance on the 

DNMP at 90 s compared to baseline, but not 20 s, which is consistent with the memory 

enhancing effects reported in other species [58–61, 66]. To the best of our knowledge, these 

results represent the first time a cholinesterase inhibitor approved for use in AD has been 

shown to have memory enhancing effects in aged dogs. Consistent with our previous studies 

[49, 50], these findings suggest that cholinergic deficits contribute to the development of 

age-associated cognitive impairment in dogs, and more specifically to the memory 

impairment assessed by the DNMP.

The dogs used in the phenserine DNMP study comprised a subset of animals that had 

previously been extensively trained on the DNMP, and also were the oldest subjects in the 

colony; therefore, we were likely to obtain a high proportion of cognitively impaired dogs. 

Both groups showed rapid relearning of the task when compared to naïve aged dogs [74], 

and both groups performed poorly at the long delay. The phenserine group committed fewer 

mean errors to relearn the DNMP than the placebo group, although the group difference did 

not achieve statistical significance. We also found that phenserine significantly improved 

performance on the variable delay DNMP task regardless of delay, challenge condition or 
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time-point, suggesting performance enhancing effects. At 20 s, no differences were found 

compared to the placebo group except that phenserine attenuated the scopolamine deficit 

regardless of time-point. We have reported previously delay-independent effects of 

scopolamine on DNMP performance [49] and, therefore, the absence of a time-point effect 

could represent either a long lasting effect of phenserine or group differences in scopolamine 

sensitivity. The absence of improvement at the 20 s delay may also represent a ceiling effect 

in which performance was sufficiently high to preclude detection of drug enhancement. By 

contrast, performance at the 80 s delay was higher during phenserine administration 

compared to after phenserine was washed-out. Moreover, this enhanced performance under 

phenserine approached significance compared to placebo, but declined to levels comparable 

to the placebo group after wash-out. Collectively, this suggests that the effects of phenserine 

reflected memory enhancement at the longer delay. The absence of a phenserine effect at the 

longer delay during the scopolamine challenge contrasted with the attenuation at 20 s. This 

could represent a floor effect as scopolamine alone did not consistently impair performance 

in the placebo treated animals at the long delay.

We also examined the effect of phenserine using a larger sample size on an oddity 

discrimination learning protocol that shows age sensitivity in Beagle dogs [18]. The dogs 

were tested with successive oddity discrimination problems in which the objects were made 

progressively more similar. We found no differences between the phenserine and placebo 

groups on the easier of the 2 oddity discrimination problems. By contrast, phenserine 

significantly improved learning on the more difficult oddity problem. A similar interaction 

between oddity task difficulty and the ability to detect therapeutic effects has been reported 

previously [18], suggesting that the more simple the problem, the more difficult it is to 

detect an effect.

In addition to cholinesterase activity [52, 53, 73], phenserine shows posttranslational 

reduction of AβPP with the subsequent reduction of Aβ [75–79]. Both DNMP deficits and 

executive dysfunction is correlated with cholinergic deficits [49, 50] and Aβ deposition [2, 

7] in the dog. Furthermore, several studies both in vitro and in vivo suggest that various Aβ 
fragments and oligomeric forms directly impair memory, or memory-related mechanisms 

[80–83]. However, the doses of phenserine required to achieve effects on Aβ processing are 

greater than those required for acetylcholinesterase inhibition, result in cholinomimetic side 

effects, and require administration over an extended duration [77]; no cholinergic side-

effects were detected in this relatively short study [84]. Therefore it is more likely the effects 

observed reflected cholinergic modulation rather than modulation of Aβ processing. This 

suggestion is also consistent with the evidence that phenserine partially reversed the 

disruptive effects of scopolamine.

While the studies with phenserine support the hypothesis that cholinergic dysfunction 

contributes to age-related cognitive decline in dogs, several limitations of the phenserine 

experiments warrant caution of this hypothesis. First, the limited sample size in the DNMP 

study likely reduced the statistical power to accurately identify treatment differences, and 

consequently the effects attributed to cholinesterase inhibition may be partially related to 

group differences. Second, although preclinical and clinical studies with phenserine support 

memory enhancement [54, 56], phenserine clinical development was ultimately halted 
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following the failure of an initial phase III clinical trial likely related to methodological 

problems that were later independently verified [85]. Nonetheless, the use of an approved 

acetylcholinesterase inhibitor would afford even greater validation of the canine model [1]. 

Last, the dualistic mechanism of action of phenserine was only partially addressed in the 

current study.

To further evaluate the effect of acetylcholinesterase inhibition, we also tested the effects of 

donepezil on DNMP performance in a larger number of aged dogs matched for initial 

performance. Donepezil significantly improved memory performance, but this was highly 

dependent on delay, dose and post-dose test time-point. Similar to phenserine, no effect of 

donepezil was evident at the 20 s delay, possibly due to high levels of performance limiting 

our ability to detect enhancement. At 90 s, the 1.5 mg/kg dose significantly improved 

performance three and five hours after dosing compared to baseline, which was consistent 

with memory enhancement. By contrast, the highest dose (6 mg/kg) of donepezil impaired 

performance compared to baseline three hours after administration and was associated with 

cholinergic side effects, which were less evident at lower doses. Compared to baseline, there 

was no change in performance in either the 0.75 mg/kg donepezil or the placebo group at 

any time-point, and wash-out performance of all groups did not differ from baseline. The 

dose dependent results on DNMP performance are consistent with the inverted U-shaped 

curve effect of cholinesterase inhibitors described by others [58, 86].

The memory enhancing effects in dogs obtained with donepezil were similar to those 

obtained with phenserine; specifically, performance at the longer delay was increased 

compared to baseline, and this enhancement was no longer evident after the drugs were 

discontinued. In both cases, the effect size was small, which is consistent with results 

obtained in other species. Thus, donepezil does not consistently reverse scopolamine- or 

age-related deficits on memory tasks in mice and rats, which may be related to the absence 

of test standardization and to variation in the experimental protocols used in different 

laboratories [87]. In non-human primates, donepezil, and other cholinesterase inhibitors, 

also show memory enhancement [59, 60, 66], but this result is most apparent with the use of 

the “Best Dose” procedure, which systematically biases the results toward finding positive 

effects. Coupled with the inconsistent findings in rodents, this may reflect the limited effect 

size of cholinesterase inhibitors in general, and/or the variability of individual response [86], 

both of which are factors that may impact the clinical utility of donepezil [48, 88, 89]. While 

significant improvements compared to placebo are found in clinical trials for AD that 

typically employ a parallel group design, the current studies were much shorter in length.

Previously, we suggested the canine model may better predict clinical outcomes than rodent 

and non-human primate models particularly in detecting false positives, i.e. drugs positive in 

animal models that subsequently fail in the clinic [26]. The results of the donepezil study 

substantiates that positive outcomes are also detectable using the aged canine model and that 

the outcomes are comparable to those seen in humans. Given the occurrence of 

neuropathological changes similar to those seen in AD [90], these results supports the use of 

the aged dog in examining the interaction among cholinergic dysfunction, Aβ pathology and 

cognitive function, suggested by others [91–93], as well as for comparing the effectiveness 

of therapeutics targeting Aβ with currently approved therapies.
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In addition to AD research and drug development, the findings of the present study may 

have applications in the field of veterinary medicine. Some aged dogs demonstrate 

behavioral changes attributable to brain aging and cognitive dysfunction, which is diagnosed 

as canine cognitive dysfunction syndrome [94, 95]. Given the cognitive benefits observed in 

the current studies, cholinesterase inhibitors may prove to be an effective therapeutic for 

canine cognitive dysfunction. The differential effects of dose and time-point between the two 

drugs in the current study highlight the need for extensive pharmacokinetic and 

pharmacodynamic profiling in the dog before consideration for veterinary use. While 

phenserine enhanced memory one hour after administration, no tested dose of donepezil was 

effective at the one hour time-point. Further, the effective dose of donepezil (1.5 mg/kg) 

reduced performance at one hour, although this was not significant. This suggests a narrow 

therapeutic window for donepezil, which was anticipated in the design of the study because 

the half-life of donepezil in dogs is approximately 25 times shorter than in humans [96]. 

Although fewer subjects were used in the phenserine experiment, the differences between 

phenserine and placebo approached significance, which suggests phenserine may be better 

suited than donepezil for dogs particularly since it has demonstrated a wide therapeutic 

window in other species [53, 73]. However, additional studies in a larger sample size 

examining the time course of effects are required.

The goal of the present study was to examine the effects of the cholinesterase inhibitors on 

cognitive function in aged dogs. Phenserine improved memory, partially attenuated 

scopolamine-induced DNMP deficits, and improved learning of sufficiently difficult 

problems. Donepezil showed a dose- and time-dependent enhancement of memory, similar 

to that seen with phenserine. Collectively, these studies support the hypothesis that age-

related cognitive decline, particularly in DNMP performance, in dogs is partially attributable 

to cholinergic dysfunction and that the canine model can predict the effects of an approved 

AD therapeutic. This further validates the canine model and augments its value as an animal 

model for studying hypotheses and potential therapeutics for AD.
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Fig. 1. 
Mean performance accuracy on the DNMP at the 20 s delay in (A) placebo treated dogs and 

(B) phenserine treated dogs. A three-way ANOVA revealed a significant interaction between 

treatment and challenge condition, which was further examined using Fisher’s post-hoc test. 

Post-hoc Fisher’s indicated that scopolamine significantly impaired performance of the 

placebo treated dogs compared to saline performance. By contrast, scopolamine impairment 

was not evident in the phenserine treated dogs. Significant differences determined using 

post-hoc Fisher’s test are depicted by *. Error bars represent S.E.M.
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Fig. 2. 
Mean performance accuracy on the DNMP at the 80 s delay in (A) placebo treated dogs and 

(B) phenserine treated dogs. A three-way ANOVA revealed a significant interaction among 

treatment, time-point and challenge condition, which was further examined using Fisher’s 

post-hoc test. In placebo treated animals, a significant scopolamine-induced impairment was 

found compared to saline performance during the wash-out phase. By contrast, post-hoc 

Fisher’s test revealed that scopolamine challenge significantly impaired performance at 80 s 

compared to saline while the dogs were treated with phenserine. Moreover, post-hoc Fisher’s 

also revealed that performance under saline was significantly better under phenserine 

compared to after phenserine was discontinued (i.e., wash-out) for at least 10 days. No 

scopolamine effect was evident during wash-out, partially due to lower levels of 

performance at the 80 s delay after phenserine was discontinued. Significant differences 

determined using post-hoc Fisher’s test are depicted by *. Error bars represent S.E.M.
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Fig. 3. 
Mean performance accuracy of placebo and phenserine treated dogs on the DNMP at the 80 

s delay during the treatment phase. Post-hoc Fisher’s indicated that phenserine marginally (p 
< 0.08) enhanced performance during stabilization (i.e., 3 control test days) and saline 

challenge compared to saline challenge under the placebo. Marginally significant differences 

determined using post-hoc Fisher’s test are depicted by *. Error bars represent S.E.M.
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Fig. 4. 
Mean errors to criterion on both ODD1 and ODD2. A two-way repeated measures ANOVA 

revealed a significant interaction between drug treatment and treatment order, which was 

further analyzed using post-hoc Fisher’s test. No differences were found between phenserine 

and placebo on the more simple oddity problem (ODD1); however, phenserine significantly 

reduced learning errors on the more difficult problem (ODD2) compared to placebo. The 

placebo groups committed significantly more errors on ODD2 than either treatment group 

on ODD1, which confirmed ODD2 was more difficult than ODD1. Significant differences 

determined using post-hoc Fisher’s tests are depicted by *. Error bars represent SEM.
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Fig. 5. 
Mean performance accuracy on the DNMP at the (A) 20 and (B) 90 s delays by donepezil 

dose. For each delay, performance under each dose across time-points (i.e., baseline, 1 h, 3 

h, 5 h, and following a 5 day wash-out) was analyzed using a 2-way repeated measures 

ANOVA. No significant effects of dose or time-point were found at 20 s. At the 90 s delay, a 

significant interaction between dose and time-point was found. Post-hoc Fisher’s revealed a 

significant improvement in performance compared to baseline at 3 and 5 h following the 1.5 

mg/kg donepezil dose. By contrast, the 6 mg/kg dose significantly impaired performance at 

the 90 s delay compared to baseline three hours following dosing. No differences from 

baseline were found at any other dose and wash-out performance did not differ from 

baseline in any dose group. Significant differences from baseline are depicted by * as 

determined using post-hoc Fisher’s test. Error bars represent S.E.M.
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