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Introduction (aims): In 2018, 11% of AD therapies in clinical development (13 agents) were symptomatic 

cognitive enhancers. Cholinergic targets made-up a significant proportion of these [combinations of 

approved drugs (CPC-201 (donepezil + solifenacin)), novel acetylcholinesterase inhibitors 

(octohydroaminoacridine), nicotinics (nicotine transdermal patch), muscarinics (TAK-071) and other 

mechanisms also thought to enhance cholinergic signaling (idalopirdine (5-HT6 antagonist))]. The 

scopolamine challenge model remains an important assay of CNS penetration and target engagement, 

providing confidence for drug developers before designing PIIb studies. However, the model has been 

relatively infrequently used in recent clinical development, with studies over the past 5 years including 

TAK-071 (terminated), BPN14770 (completed, unpublished), and THN201 (recruiting). Answers to 

methodological questions regarding importance of sedation to cognitive impairment, timing of dosing 

for reversal agents, duration of washouts, timing of pharmacodynamic assessments, and approaches to 

statistical analysis are needed to optimize utility. 

Methods: This was a double blind, placebo controlled, randomized, three-way incomplete crossover 

study of 0.5 mg scopolamine hydrobromide, 10 mg donepezil hydrochloride, and matched placebos. 

Cognition, self-rated alertness and mood were assessed pre-donepezil and 1, 2, 3 hours post-

scopolamine (4, 5, 6 hours post-donepezil) using a computerized test battery. Blood sampling was 

performed pre, and, 3, 4, 5, 6 hours post-donepezil; and pre, and, 0.5, 0.75, 1, 1.5, 1.75, 2, 2.5, 3, 4, 6, 8 

hours post-scopolamine, for donepezil and scopolamine PK. The study consisted of screening, three 

treatment periods, and a follow-up phone call. Data were listed and described by treatment and time 

using summary statistics. For cognition and self-ratings, effect size (Cohen’s d), was calculated. 

Results: Data were collected for 24 healthy male volunteers. Mean age 30.7 (SD 6.77), 62.5% Caucasian, 

mean BMI 24.7 (SD 2.49). Cmax for scopolamine was 1.69 ng/mL, with Tmax around 0.5 hours post-dose 

and T½ around 1.5 hours. This was largely unchanged in the presence of scopolamine. Cmax for 

donepezil was 18.53 ng/mL, with Tmax around 3 hours post-dose, but T½ beyond sampling duration. 

Washout for donepezil was incomplete with pre-dose concentrations in periods following donepezil 

between 0.49 and 4.7% of Cmax. Medium to large effects of scopolamine were evident for all cognitive 

parameters and self-rated alertness. Effects tended to peak at 2 hours post-scopolamine but were also 

prominent at 1 and 3 hours. Donepezil showed partial reversal of scopolamine for executive function at 

1 and 2 hours, information processing speed at 1 hours, and working memory at 2 hours (d ≥0.3). 



Conclusions: Delay in PD effects with scopolamine has been shown previously and the present data 

extend these findings to additional, relevant domains of cognition including processing speed, visual 

attention, working memory, visual learning and executive functions. Delayed PD effect has implications 

for timing of dosing given the potential for hysteresis with either or both scopolamine and the reversal 

agent. Given the ability of donepezil to partially reverse cognitive effects of scopolamine in the absence 

of any effect on self-ratings, there is likely no concern that subjective sedation needs to be considered in 

the analysis and interpretation of objective/performance-based cognitive assessments.  


