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The 5-HT6 receptor is a promising target for cognitive disorders, in particular for 
Alzheimer’s disease (AD). The high-affinity and selective 5-HT6 receptor antagonist 
idalopirdine (Lu AE58054) is currently in development for mild-moderate AD as adjunct 
therapy to acetylcholinesterase inhibitors (AChEIs). We studied the effects of idalopirdine
alone and in combination with the AChEI donepezil on brain activity using BOLD (Blood 
Oxygen Level Dependent) functional magnetic resonance imaging (fMRI) in the awake rat. 
Idalopirdine alone had a modest effect on brain activity, with a slow onset of activity. 
Donepezil alone showed much greater activity with an earlier peak onset.  Activity 
included sites of cholinergic innervation, cortical regions, areas of the septo-hippocampal 
system and the serotonergic raphe nucleus. When idalopirdine and donepezil were 
combined, there was a robust stimulation pattern with activation of 36 brain regions 
spread across the extended-amygdala-, striato-pallidal and septo-hippocampal networks as 
well as the cholinergic system. These findings indicate that, whilst idalopirdine and 
donepezil recruit a number of overlapping regions including one of the forebrain 
cholinergic nuclei, the synergistic effect of both compounds extends beyond the 
cholinergic system and the effects of donepezil alone towards recruitment of multiple 
neural circuits and neurotransmitter systems. These data provide new insight into the 
mechanisms via which idalopirdine might improve cognition in donepezil-treated AD 
patients.  
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Studies were performed on a Bruker BioSpec 7T / 20cm USR.  Anatomical data set was collected using the 
RARE pulse sequence (20 slice; 1.2 mm; field of vision [FOV] 3.0 cm; 256 × 256; repetition time [TR] 2.5 sec; 
echo time [TE] 12.4 msec; NEX 6; 6.5 minute acquisition time).  Functional images were acquired using a 
multi-slice half Fourier acquisition, single shot, turbo spin echo sequence. A single scanning session acquired 
22 slices, 1.0 mm thick, every 6.0 seconds (TR 6.0 sec, TE 48 msec, FOV 3.0 cm, matrix size 96 x 96, NEX 1) 
repeated 500 times for a total time of 50 min. The in-plane pixel resolution is 312 µm2. Each scanning session 
was continuous for 50 min, starting with 50 baseline image acquisitions during 5 minutes prior to treatment, 
then drug presentation followed by 450 image acquisitions during the following 45 minutes. 

Adult male Sprague Dawley rats were divided into four groups: vehicle (n=9), idalopirdine (n=10), 
donepezil (n=8), idalopirdine/donepezil (n=9). All drugs were given i.v. through a tail vein catheter during the 
imaging session. Idalopirdine (Lu AE58054, Lundbeck) was dissolved in 5% HpBeta cyclodextrin in distilled 
water and evaluated at the dose of 2 mg/kg. Donepezil hydrochloride (Lundbeck) was dissolved in 5% 
HpBeta cyclodextrin in distilled water and evaluated at the dose of 0.3 mg/kg. The combination of 
idalopirdine (2 mg/kg) and donepezil (0.3 mg/kg) was also evaluated. In previous studies we have 
demonstrated that these doses of idalopirdine and donepezil result in clinically relevant exposure of both 
compounds and high 5-HT6 receptor occupancy up to an hour after administration. The vehicle control was 
5% HpBeta cyclodextrin in distilled water. All injections were given in a volume of 1ml/kg. 

Studies were performed with a quad transmit/receive head coil and rat 
restrainer developed by Animal Imaging Research, Holden, Massachusetts

Functional MRI data analysis included four primary steps: 1) 
preprocessing, including slice timing correction, co-registration, 
smoothing and de-trending; 2) registration to rat brain atlas, followed 
by segmentation; 3) voxel-wise statistical analysis for each individual to 
identify voxels that experienced a signal change in relation to baseline; 
4) group comparisons on the number of activated voxels per ROI and 
neural network.   Preprocessing of functional scans was performed 
using in-house MATLAB® (The Mathworks, Inc, Natick MA.) software in 
combination with SPM8 (http://www.fil.ion.ucl.ac.uk/spm/) batch 
interface. Preprocessed functional files were then exported to Medical 
Image Visualization and Analysis (MIVA) for registration and 
segmentation. The mean functional image (output from SPM) was used 
to register images to the rat atlas since the quality of the functional 
scans are structurally superior to those obtained using gradient echo 
(GRE) or echo planar imaging (EPI) sequences as noted above in the 
figure to the right.  

Acclimating Rats for the Imaging Protocol
Adult, male Long Evans rats were lightly anesthetized, and placed into a copy of the restraining system 

used during awake imaging. When fully conscious, the animals were placed into a dark mock scanner tube 
with a recording of a standard MRI pulse sequence playing in the background. This procedure when repeated 
every other day for four days has been shown to significantly reduce plasma CORT, respiration, heart rate, 
and motor movements when compared to the first day of acclimation. The reduction in autonomic and 
somatic response measures of arousal and stress improve the signal resolution and MR image quality. (King 
et al. 2005)
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Summary
In summary, the current data indicate that, whilst idalopirdine and donepezil recruit a discrete number of overlapping brain regions including one of the 
forebrain cholinergic nuclei, the synergistic effect of combining treatment extends beyond the effects of donepezil alone and the cholinergic system, 
towards recruitment of multiple neural circuits and neurotransmitter systems. Indeed, the combination treatment recruits a constellation of integrated 
neural circuits associated with cognition, emotion and motivation as well as extroceptive (olfaction) and introceptive cues (brainstem). These may 
collectively contribute to enhancing cognition, by enriching learning and memory processes with motivational salience and the context of extro- and 
introception. These data provide new insight into how idalopirdine may extend and complement the benefits of donepezil observed in patients with AD. 
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Time-Dependent Changes in Activity 
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