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Undergraduate final year project 1972-1973 

 



Study showed that smokers could better 
maintain concentration on a vigilance task 

 
Higher scores mean better 

vigilance 

Smokers who are allowed to 

smoke do well over time 

Smokers who are not allowed 

to smoke & non smokers both 

do poorly over time 



 



Miczek KA (2001) Landmark publications in Psychopharmacology: 

The first 40 years. Psychopharmacology 153: 399-401. 

One of the ten most cited clinical articles in first 40 

years of Psychopharmacology 











Case Study S-12024  

S-12024 releases vasopressin, possibly via nicotinic mechanism 

PHASE 1 

• CDR testing added to multiple dosing safety and tolerability 
in elderly volunteers 

• Inclusion of  CDR testing identified a range of cognitive 
benefits. 

• Data dose dependent, 50 and 100 mg doses most effective 



Enhancement in cognitive function in Phase I with S-12024 
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de Wilde HJG, Wesnes K, Neuman E, Malbezin M, Castagné I, Guez D, Crijns HJMJ, Jonkman JHG. 

(1995). Cognitive enhancing effects of S12024-2 during repeated oral administration at 4 dose levels in 36 

healthy elderly volunteers. European Journal of Clinical Investigation 25, Suppl. 2: A65. 

 



 

S-12024  Phase IIA  
Phase I findings confirmed in 28 day follow up trial in 

Alzheimer’s disease patients using CDR System 

• Placebo controlled bridging trial conducted in 53 AD patients, MMSE 10 to 
23 (1) 

• Significant improvements seen to choice reaction time, digit vigilance 
speed and quality of episodic memory. 

 

 

 

 

 

 

 

 

1. Allain H, Neuman E, Malbezin M, Salzman V, Guez D, Wesnes K, Gandon JM (1997). 
Bridging study of S12024 in 53 in-patients with Alzheimer's disease. J Am Geriatr 
Soc. 45: 125-126. 



 
S-12024 Phase III 

Findings confirmed in 6 country study in 404 
Alzheimer’s patients  

 

 

• 100 mg dose effective in AD patients with at least one 
APOE ϵ4 allele  

• Effects include significant improvement on MMSE plus 
clinical interview based impression of change 
 

 

 

Richard F, Helbecque N, Neuman E et al. (1997). APOE genotyping 
and response to drug treatment in Alzheimer’s disease. Lancet, 
349, 539. 

 



α7 



Case Study α7 Nicotinic Agonist GTS 21 

• Can cognition enhancing effects of GTS-21 be seen in a Phase I multiple 
dosing trial? 

• Ascending dose, parallel group design in 16 volunteers, 4 received 
placebo and 12 active dosing.  

 



Kitagawa H, Takenouchi T, Azuma R, Wesnes K, Kramer W, Clody DE, Burnett A.  (2003).  

Safety, pharmacokinetics, and effects on cognitive function of multiple doses of GTS-21 in 

healthy male, volunteers. Neuropsychopharmacology 28: 542-551. 

 

 



 

GTS-21 (DMXB-A) improves 

attention in Schizophrenia:  

validating work in Phase I and 

confirming necessity to 

establish cognitive effects of 

nicotinics as early as possible 

in development 







α4ß2 



 







Benefits in elderly volunteers 





Most consistent effects with lowest dose 





 
Phase I Effects of ABT-089 on unimpaired cognitive function  

 

 

Baker J, Lenz R, Locke C, Wesnes K, Maruff P, Abi-Saab Q, Saltarelli M (2009). ABT-089, a 

neuronal nicotinic receptor partial agonist, reverses scopolamine-induced cognitive deficits in 

healthy normal subjects. Alzheimer’s and Dementia 5: P325. 

 





Cognition Enhancement 
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Wesnes KA, Simpson PM, Wallnöfer A, Dingemanse J, McClelland G, Malek N. 

(1994) Cognitive enhancement with physostigmine in young volunteers.   

Journal of Psychopharmacology 8 (Suppl).: A19. 

 



Word Recognition Sensitivity
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Wesnes KA, Simpson PM, Wallnöfer A, Dingemanse J, McClelland G, Malek N. 

(1994) Cognitive enhancement with physostigmine in young volunteers.  

 Journal of Psychopharmacology 8 (Suppl).: A19. 

 



Detecting Enhancement in Standard Phase I trials 

• NS2359 studied in an ascending single dose safety and tolerability 
study in 56 healthy volunteers. 

• The CDR System was administered at multiple time points during the 
study. 

• CDR Tests of attention and verbal episodic memory were 
administered. 

• The data on the following pages are changes from pre-dose expressed 
as differences from placebo.  

• The graphs are plotted so that an ascending value represents and 
improvement.  

• The bars represent mean changes with 95% confidence intervals, 
where the error bar does not cross the zero line, this dose is 
significantly superior to placebo. 

  

Bosworth J, Jensen NO, Oliver S, Wesnes KA (1999) First cognitive effects of NS2359, a noradrenaline, 
dopamine & serotonin reuptake inhibitor, in volunteers. Journal of Psychopharmacology 13 (Suppl. A): 
A26. 

 



Choice Reaction Time
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Conclusion “NS2359 has clear cognition enhancing properties.  These are 

evidenced by improvements to attention and an increased ability to retain 

verbal information in secondary memory”.  
 

Bosworth J, Jensen NO, Oliver S, Wesnes KA (1999) First cognitive effects of 

NS2359, a noradrenaline, dopamine & serotonin reuptake inhibitor, in 

volunteers. Journal of Psychopharmacology 13 (Suppl. A): A26. 

 

 



Clinical trial with NS2359 in Adult ADHD 



Significant improvements to core CDR measures of 
attention and memory (n=95) 



Choice Reaction Time
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Jones S, Jensen NO, Oliver S, Wesnes KA (1999)  

First in man cognitive effects of NS2330, a novel monoamine reuptake inhibitor, in 

volunteers. Journal of Psychopharmacology 13: A26 



Digit Vigilance - Speed
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Improvements to attention over placebo (blue line) 
n=24 SAD Study 

Wills K, Jensen NO, Oliver S, Wesnes KA (1999)  

Cognitive effects of NS2330, a novel monoamine reuptake inhibitor, in volunteers. 

 Journal of Psychopharmacology 13: A27. 



Study in Alzheimer’s disease 

• 32 Healthy male and female volunteers, aged 69 to 77, 
with mild memory impairment consistent with possible 
Alzheimer's disease (NINCDS-ADRDA guidelines; MMSE 
20-26 inclusive).  

• Placebo plus four active dose groups tested over 28 days 

• CDR testing conducted Pre-Dose, at 28 days & 14 days 
later 

 

 

Keith A. Wesnes, Sheldon H. Preskorn, Sara Friesen, Chris Edgar, Birgit 
Ohrt Mikkelsen. NS 2330 enhances cognitive function in both normal 
volunteers and elderly volunteers with possible Alzheimer's disease  
ACNP, Hawaii, December 2001 

 



Dose dependent improvements to attention 

Choice Reaction Time
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Dose dependent improvements to memory 

Quality of Secondary Memory
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Improvements on Day 28 to ADAS-Cog 

ADAS-Cog, Change at Day 28
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Routine Phase I Studies in which  
Cognition Enhancement Identified (Non-nicotinics) 



Scopolamine Model 



In volunteers scopolamine mimics the profile of cognitive 
deficits identified using the same tests in Alzheimer’s patients 

Comparison of scopolamine 0.5 mg to Mild AD
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Optimum time & dose profile in young volunteers  
0.5 mg sc provides the best balance of effect duration and 

acceptability of side-effects 
 



Effects of ageing on scopolamine deficits 
The elderly are more sensitive to scopolamine 

Comparison of peak effects of scopolamine in Young and Elderly Volunteers
Power of Attention (mean +/- SD)

msec

0 50 100 150 200 250 300 350

0.2 mg sc Elderly

0.4 mg sc Young



Physostigmine 



Physostigmine reversed effects of scopolamine on 
all CDR System measures 



Ability of physostigmine to temporarily reverse the 
effects of scopolamine on attention 
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Data from:  Wesnes KA, Simpson PM, White L, Pinker S, Jertz G, Murphy M, Siegfried K (1991). Cholinesterase 

inhibition in the scopolamine model of dementia. Annals of the New York Academy of Sciences 640: 268-271. 

Effects of scopolamine 

completely reversed 

But reversal rapidly fades 



Pattern consistent over all cognitive domains 
Quality of Working Memory
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• Velnacrine, an anticholinesterase is found to be effective in 
the scopolamine model using the CDR system 

• A Phase IIA 34 Alzheimer’s patient, 10 day randomised, 
placebo controlled, cross-over study, double-blind, proof of 
concept trial was conducted in 4 countries (UK, Germany, 
France & Belgium) 

• The same CDR measures were improved in patients as in 
volunteers in the model, showing the predictability of the 
scopolamine model, and also illustrating the sensitivity of 
the CDR System. 
 

 

 

 

Siegfried KR (1993). Pharmacodynamic and early clinical studies with velnacrine. Acta Neurol 
Scand 149: 26-28 
 

Goa KL, Fitton A. (1994). Velnacrine in Alzheimer’s Disease: An Initial Appraisal of its Clinical 
Potential. CNS Drugs 1: 232-240. 

Velnacrine, an analogue of THA 



Effects of velnacrine in AD (n=34) 
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Effects replicated in 735 Alzheimer’s patients in a 
double-blind, placebo controlled, 6-week, dose-ranging 

study using the ADAS-cog. 

SUMMARY 

•Patients treated with velnacrine scored better on the cognitive subscale of the 

ADAS than placebo patients  (P < 0.001) 

•Clinical Global Impression of Change scores of velnacrine-treated patients were 

significantly improved at the end of the 6 weeks of treatment when compared to 

those of placebo patients (P < 0.05).  

 



Milacemide, a glycine pro-drug is ineffective in the 
Scopolamine model 

Quality of Episodic Memory
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Milacemide is also ineffective on the same CDR System 
tests when administered to Alzheimer’s patients, and in 

other trials with a range of scales 
Power of Attention
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Herting RL (1991). Milacemide and other drugs active at glutamate NMDA 

receptors as potential treatment for dementia. Annals of the New York 

Academy of Sciences 640: 237-240. 

 



Use of the CDR System in the Scopolamine Model  
to Predict Cognition Enhancement Potential in Phases II & III 

Scopolamine Model Phase II & III Trials 

Nicotine  Elderly  MCI AD 

ABT-089  ADHD  AD 

Piracetam  Elderly ADHD  AD 

Aniracetam  Elderly  AD 

Milacemide  AD 

D-Cycloserine   Short not long term dosing AD  
Schizophrenia  

Moclobemide   MDD  

Physostigmine  AD 

Huperzine  AD 

Aricept  AD 

Velnacrine  AD 

FK960  Not yet tested 



Sleep Deprivation Models 



 

 

 

 

 

 

 

 

• 24 healthy volunteers 

• Randomised, double blind, placebo controlled 2 way crossover design 

• Subjects kept awake until evenings before & tested in Laboratory 10 h 
later next morning 



 



Wesnes KA, Macher J-P (2004) Modafinil reverses the marked attentional deficits produced by acute sleep 

deprivation in healthy volunteers. Journal of Psychopharmacology 18 (Suppl): A48 

 

Armodafinil & Modafinil shown to prevent cognitive 
deterioration in sleep deprivation model 

           108 healthy young volunteers tested over 24 hours without sleep 
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Not only do Phase I data predict response in patients, but 

CDR System attention tests, Sleep Latency and Karolinska 

Sleepiness Scale all show same pattern of response. 



Case Study: Effects of modafinil in breast cancer survivors 



Residual Effects of Hypnotics 



 

 

 

 

 

 

 

• 24 healthy volunteers 

• Randomised, double blind, placebo controlled crossover design 

• Subjects dosed at 10.30-11.30 evenings before & tested in 
Laboratory 10 h later next morning 
 



Sleep Quality & Clearheadedness on Waking 

 



 
RVIP - Impairments to accuracy & speed following 

Flurazepam both p<0.01 
 DSST & CFF - No significant changes 

Temazepam 0 mg 

Temazepam 40 mg 

Flurazepam 0 mg 

 

Flurazepam 30 mg 



Safety: Absence or relative absence of cognitive 

toxicity 



Phase I study of M3 antagonist 

• Compound designed to be free of central effects 

• This was established up to 20 mg 
 

 

 

 

 

 

 

 

 

 

McEwen J, Wesnes K, Rapeport WG, Williams S. (1995). The cognitive 
effects of single and multiple doses of UK 76,654, a selective M3 
muscarinic antagonist, in healthy volunteers. 
 European Journal of Clinical Investigation 25, Suppl. 2: A64 
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Follow up compound – Darifenacin 

 



 



Findings of no effects with darifenacin in Phase I study of young 
volunteers replicated in large study in elderly volunteers. 





 



 
Data from Phase I thus predictive to patients 

ENABLEX: 
THERAPY THAT IS ON COURSE WITH LOW  

INCIDENCE OF CNS AND CARDIAC EFFECTS  

www.medscape.com/infosite/enablex 



Another M3 specific compound found to be free of 
unwanted cognitive impairment, while oxybutynin impaired 

function in the elderly. 



Case Study: Remacemide 

Remacemide, an NMDA antagonist is developed as an 
antiepileptic 

Series of Phase I trials with CDR system consistently show no 
negative cognitive effects of the compound. This suggests 
that in patients cognitive impairment and sedative effects 
should be uncommon. 
 
Wesnes K, Lockton A, Rolan P, Stephenson N, Pincock C. (1997). Volunteer 

study of the potential interaction between remacemide 300 mg and 
alcohol (0.7 g/kg). Journal of Psychopharmacology 11 Suppl.: A59.  

Lockton JA, Cole G, Hammersley M, Wesnes KA. (1998). Cognitive function is 
unaffected by remacemide at therapeutically relevant single doses. 
Journal of Psychopharmacology 12: Supplement A, A41.  

Lockton JA, Wesnes KA, Yeates N, Rolan P, Diggory G. (1998). Remacemide 
does not affect cognitive function following multiple dosing. Journal of 
Psychopharmacology 12: Supplement A, A41.  

 



Phase I Study 
Cognitive Impairments due to 14 days Carbamazepine 200 

mg BD in volunteers 
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Rapeport WG, Williams SA, Muirhead DC, Dewland PM, Tanner T, Wesnes K. (1996).  

Absence of a sertraline mediated effect on the pharmacokinetics and pharmacodynamics 

of carbamazepine.  Journal of Clinical Psychiatry 57: 20 –23. 

 



Somnolence reported by only 10% of patients with 

remacemide compared to 20% with carbamazepine 



Do opioid analgesics disrupt cognitive function in 
normals? 

• Yes, clear cognitive impairment can be identified 

• But not greater than with low doses of benzodiazepines 

• If carefully monitored, moderate doses should not 
produce major deficits 

 

Hanks GW (1995). Morphine sans Morpheus.  

Lancet 34: 652-653. 

 

• But compounds free of cognitive impairment would be 
more desirable to patients 



Case History 

Question 

• Can we identify a clinically relevant dose of morphine 
which will produce impairment in Phase I trials with 
around 12 volunteers? 

• This can then act as a positive internal control for non-
sedating opioids 

• Trial conducted in AZ Phase I Unit, Stockholm 

• Doses of morphine i.v. per 70 kg 

 

Brooke C, Ehnhage A, Fransson B, Hägglöf B, Jonzon B, Kraft I, Wesnes K. 

(1998) The effects of intravenous morphine on cognitive function in healthy 

volunteers. Journal of Psychopharmacology 12: Supplement A, A45, 1998. 
 

 



Brooke C, Ehnhage A, Fransson B, Hägglöf B, Jonzon B, Kraft I, Wesnes K.  

The effects of intravenous morphine on cognitive function in healthy volunteers. 

Journal of Psychopharmacology 12: Supplement A, A45, 1998. 
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Amisulpride 



In this study, amisulpride could be differentiated from haloperidol, and 
at the high dose cognition enhancement was seen with amisulpride. 



Cognitive benefits in Phase I seen in Patients 



Case History 

Question 

Will olanzapine have a more favourable effect on cognitive function than 
haloperidol? 

 

Beuzen J-N, Taylor N, Wesnes K, Wood A. (1999)  

A comparison of the effects of olanzapine, haloperidol and placebo on 
cognitive and psychomotor functions in healthy elderly volunteers. 
Journal of Psychopharmacology 13: 152-158 

 







Non-Pharmaceuticals 



2003 CDR System study shows 
breakfast cereals outperform a glucose 
drink & no breakfast in helping sustain 

attentiveness & memory 

Data 
presented on 

Cereal 
packets 

Nationwide internet study 
using CDR System 
in UK Government 
Breakfast Initiative 

Study replicates 
laboratory results in 

1386 children 

After rejecting paper in 
2006, same journal 
accepts unchanged 

version in 2012 
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Year by year improvements in focussed attention 

and information processing 

Superior  

Attention 

Ability to Focus Attention & Speed of Information Processing

Age (years)
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Horizontal lines are SDs,  

ie from 6 to 12, attention improves  

with an effect size of 0.5 per year 







 

 

 

 

 

 

 

 

 

 
Donders FC. (1868) Die schnelligkeit psychischer prozesse. Archïv für Anatomie und 

Physiologie und wissenschaftliche Medizin 657–681. 

Donders FC  (1868) On the speed of mental processes. Translated by W. G. Koster, 
1969. Acta Psychologica 30: 412-431 

"distraction during the appearance of the 

stimulus is always punished with prolongation of 

the process" (1868).  





Regulatory Experience 



Labelling 

• Compounds for which Phase I data from safety, PK/PD, 
Alcohol or Drug-Drug interaction trials have been used to 
support product labelling: 

– Fluvoxamine  

– Mirtazapine  

– Moxonidine  

– Olanzapine  

– Sertaline 

– Sibutramine  

– Tiagabine  

– Tizanidine 
 



CDR System confirms absence of alcohol interaction 
with sibutramine which is included in labelling 

 



CDR System data on absence on interaction of 
sibutramine with alcohol 



Results of this study used in labelling for Meridia 
(Sibutramine) 

• http://www.fda.gov/downloads/Drugs/DrugSafety/PublicHealthAdvis
ories/UCM130745.pdf 

 

http://www.fda.gov/downloads/Drugs/DrugSafety/PublicHealthAdvisories/UCM130745.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/PublicHealthAdvisories/UCM130745.pdf


CDR System confirms absence of alcohol interaction 
with fluvoxamine which is included in labelling 

 







LUVOX CR® (Fluvoxamine Maleate)  
Extended-Release Capsules 



Ability of CDR System to confirm differential PK profiles 
& Impact on FDA labelling 



Relating PK & PD 

Shah J, Wesnes KA, Kovelesky RA, Henney HR (2006) Effects of food on the single-dose 

pharmacokinetics/pharmacodynamics of Tizanidine  capsules and tablets in healthy 

volunteers. Clinical Therapeutics 28: 1308-1317. 



Relationship of PK to PD effects 

Shah J, Wesnes KA, Kovelesky RA, Henney HR (2006) Effects of food on the single-dose 

pharmacokinetics/pharmacodynamics of Tizanidine  capsules and tablets in healthy 

volunteers. Clinical Therapeutics 28: 1308-1317. 



CDR System Data Convinced FDA to Alter Labelling  

Based on the results of this 

study, the FDA considered 

these differences sufficient 

not to give an A/B rating to 

the capsule. 



Drug – Drug Interaction Studies 



Series of drug-drug interaction trials with 
sertraline in registration programme: 

Clear effects of carbamazepine, phenytoin and haloperidol detected but no 
evidence of interactions with sertraline 

 

• Rapeport WG, Williams SA, Muirhead DC, Dewland PM, Tanner T, Wesnes K. (1996).  
Absence of a sertraline mediated effect on the pharmacokinetics and 
pharmacodynamics of carbamazepine.  Journal of Clinical Psychiatry 57: 20 –23. 

• Rapeport WG, Muirhead DC, Williams SA, Cross M, Wesnes K (1996). Absence of 
effect of sertraline on the pharmacokinetics and pharmacodynamics of phenytoin. 
Journal of Clinical Psychiatry 57: 24-28,  

• Williams SA, Wesnes K, Oliver SD, Rapeport WG  (1996). Absence of effect of 
sertraline on time based sensitisation of cognitive impairment with haloperidol. 
Journal of Clinical Psychiatry 57: 7-11 , 1996  
 



Two drug-drug interaction trials run in registration 
programme of moxonidine, used in labelling. 



Interactions of moxonidine with lorazepam on CDR 
attention tasks 



Interaction of moxonidine with lorazepam on CDR tracking 
task but selective, no effects on episodic memory assessed 

on delayed recall 



Conclusions 

• Interactions were identified with lorazepam 1 mg but not 
moclobemide 

• However a previous issue of this Journal contained a paper 
showing the effects of lorazepam 2 mg on the CDR System. 

• This enabled the interaction to be put into context in the 
paper: 
– “…the increased impairments are still less than would be produced 

by a doubling of this dose of lorazepam. This is not to state that 
such potentiation will not lead to everyday attentional problems, 
but it does provide a reference point for the amount of extra 
disruption experienced. (page 357)” 





No evidence of interaction from CDR data 









Evidence of interaction between melatonin and zolpidem 



No effects of melatonin alone, but interaction seen to Power 
of Attention when co-dosed with melatonin. 



Conclusions of the Study (pages 702-703) 

• The third conclusion is that clinicians should be aware that co-dosing PR-M 
with zolpidem can cause acute sedative effects, greater than those 
expected with zolpidem alone, and which will have a significant impact on 
the patient’s cognitive abilities.  

• However, these effects are short-lived and when considered in use with an 
insomniac population, the evidence here strongly supports the conclusion 
that there will be no hangover effects on cognitive function next morning 
that will impair the ability to conduct the activities of daily living. 


