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TRANSLATIONAL ISSUES WITH THE 

DEVELOPMENT OF COGNITION 

ENHANCING DRUGS 

MEMORY RESEARCH 

ÅMost essential cognitive function 

ÅPrinciples of neuronal plasticity 

ÅMany diseases associated with memory disorders 

ÅNo effective treatment to improve memory 

 



7/20/2015 

2 
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MEMORY: SYSTEMS / PROCESSES 
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COMPARING ANIMALS AND MAN 

ÅBrain/Anatomy 

ÅNeurotransmitters 

ÅReceptors 

ÅBehavior 

ÅCognition 

BRAINS OF MAN AND 

ANIMALS 
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BRAIN DEVELOPMENT IN 

MAN 

STRIATUM Ą CAUDATE NUCLEUS + 

PUTAMEN + CAPSULA INTERNA 
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NEUROTRANSMITTERS AND 

RECEPTORS 

ÅSame neurotransmitters 

ÅSame receptors 

ÅSimilar organization 

ANIMALS AS MODEL FOR HUMAN 

MEMORY 

ÅBrain shows great similarities 

ÅAnatomy 

ÅNeurotransmitters / receptors 

ÅMemory systems? 
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MEMORY IN ANIMALS: SYSTEMS 

Working memory  

Phonological Loop 

Long- Term Memory  

Visual Sketch Pad  

Declarative  Non- Declarative  

Episodic Semantic  

C
e
n
tra

l E
xe

cu
tive

 

MEMORY IN ANIMALS: PROCESSES 
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ANIMALS AS MODEL FOR HUMAN 

MEMORY 

ÅBrain shows great similarities 

ÅAnatomy 

ÅNeurotransmitters / receptors 

ÅBehavior shows similarities 

ÅMemory systems 

ÅHow to asses memory functions in animals? 

ASSESSING MEMORY IN ANIMALS 

ÅNatural tendencies of animals 

ÅBiological relevance 

ÅSensory sensitivity 

ÅMemory performance/learning 

ÅLearning: not too fast, not too slow 

ÅFace/Construct/Predictive validity 
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EXAMPLE: SPATIAL MORRIS MAZE 

EXAMPLE: MORRIS MAZE 
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ONE-TRIAL LEARNING TASKS 

ÅClear distinction between different memory processed 

ÅAllowing to dissociate treatment effects for different memory 

processes 
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SHOCK AVOIDANCE MODELS 

0 24 h 

learn remember 
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FEAR CONDITIONING 

OBJECT RECOGNITION (MAASTRICHT 

VERSION) 

Delay 
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ONE TRIAL LEARNING AND PHASES 

OF MEMORY 

Time 
T1 T2 

Acquisition 
Consolidation (early - late) 
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Delay 

CRITICAL TIME WINDOWS FOR 
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PERFORMANCE IN OBJECT 

RECOGNITION TASK: TIME 

DEPENDENT FORGETTING 
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WHY PDE INHIBITION TO IMPROVE 

MEMORY PERFORMANCE? 

Long-Term Potentiation  PDE inhibition:  

cAMP ĕ 

cGMP ĕ 

 

Improved LTP  
& memory 

 

PDE  
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PDEôS AND DRUGS 

PDE5 INHIBITION: 
24H MEMORY DEFICIT, INJECTION AFTER T1 
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CRITICAL TIME WINDOWS FOR 

DRUG EFFECTS 

Time 
T1 T2 

Acquisition 
Consolidation (early - late) 
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ACQUISITION VS CONSOLIDATION 
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cGMP (EARLY) ï cAMP (LATE) LTP 

Early Late 

cGMP cAMP 

~3 h 

T1 T2 

24 h Delay 0 3 1 6 

PDE4 AND 5 INHIBITION 
TIME OF ADMINISTRATION 

Sildenafil Rolipram 
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PDE2 INHIBITION (cGMP & cAMP) 

Bay 60-7550 

PERIPHERAL PDE INHIBITION, 

CENTRAL cGMP and cAMP INHIBITION 
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PDE5 AND PDE4 INHIBITION AND LTP 

PDE INHBITION AND MEMORY 

CONSOLIDATION: cAMP VS cGMP 

ÅEarly-Phase LTP (E-LTP; < 3 h): no gene expression and 

no protein synthesis 

Åpre-synaptic cGMP/PKG pathway 

ÅLate-Phase LTP (L-LTP; > 3 h): gene expression and 

protein synthesis 

Åpost-synaptic cAMP/PKA/CREB pathway 
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ONE TRIAL LEARNING TASKS 

ÅDissociate different memory processes 

ÅDifferent neurobiological mechanisms 

ÅObject recognition very sensitive tests, very useful for 

mechanistic studies 

BIOLOGY OF MEMORY 
(ANIMAL STUDIES) 
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DOES IT WORK IN HUMANS? 

ÅSubjects? 

ÅTask? 

ÅAdministration? 

ÅDrug? 

 

STUDY IN HUMANS 

ÅStudy with vardenafil (PDE5 inhibitor) in healthy volunteers 

ÅScreening of 40 subjects on WLT (30 words) 

Å18 subjects were selected (25-75 percentile) 

ÅConditions: Placebo ï 10 mg ï 20 mg 

ÅCognitive test battery 

ÅDouble blind three-way cross-over design 

ÅInter-test interval 7 days 
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RESULTS: WORD LEARNING 

RESULTS: SPATIAL MEMORY TASK 
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RESULTS: EEG (ENCODING) 

NO EFFECTS OF PDE5 INHIBITION IN 

MAN: WRONG ANIMAL MODEL? 

ÅWord Learning, Spatial Memory Task vs. Object 

Recognition/Location? 

ÅHumans vs Rats? 
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Enriched Environment: 

- Starting after weaning 

- 9 animals per cage (150*90*80 cm) 

- changing cage every week 

- Testing started after 4 months 

EFFECTS OF EE: HIPPOCAMPAL 

WEIGHT 

hippocampal weight

0.06
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0.14
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) (p<0.01) 
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EFFECTS OF SCOPOLAMINE AND 

VARDENAFIL IN EE AND SH RATS 
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Akkerman et al 2014 

CHRONIC PDE5 INHIBITION IN MAN 

International Journal of Impotence Research, 2014, 26, 76-80 
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Phosphodiesterase localizations:  

Human PDE4 and PDE5 mRNA expression 

Lakics et al., Neuropharmacology 2010 

Lakics et al., 

Neuropharmacology 

2010 

PDE4 inhibition as a target for cognition 

enhancement? 
 

Å PDE4 has been found to remain present in the aged brain, e.g. 
hippocampus and cortex 

 

Å The PDE4 inhibitor roflumilast has been approved for treatment 
of chronic obstructive pulmonary disease (COPD) 

 

Å Procognitive potential of roflumilast is being tested in a 
translational behavior-EEG approach 
ï Healthy adults (completed) 

ï Aged subjects (healthy and age-related memory impaired; ongoing) 

 
 

 

 

 

 


