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Alzheimer’s disease
Symptoms  and risk factors
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Pathological mechanisms in Alzheimer’s disease
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Neurotransmitters in AD

memory

Acethylcholine

memory
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Serotonin
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95%
hormone

5%
neurotransmitter

peristaltic
vomiting
platelet aggregation and homeostasis
mediator of inflammation
tonus of blood vessels

BBB
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mood
appetite (feeding)

body weight
pain
sleep

circadian rhythm 
termoregulation

SEROTONIN 
neurotransmitter in CNS

regulates:

Altered  function in neuropsychiatric disorders 
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“It is possible that the serotonin in our brain plays an 
essential part in keeping us sane.....”

Sir John Gaddum, 1954



9

serotonin

Memory
cognitionReduced 5‐HT neurotransmission

 

impairs 

 learning and memory functions

Increased 5‐HT neurotransmission

 

is 

 associated with improved memory and 

 cognitive performance 
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Transmission of serotonin descending from 

 
the rostral

 

raphe

 

nuclei to the 

 

limbic 

 
cortex  and temporal lobe is decreased

 

in 

 
Alzheimer’s disease compared with 

 
normal. The other major pathways for 

 
serotonin transmission, which project to 

 
the cerebellum and frontal lobe and 

 
descend the spinal cord, remain 

 
unchanged.

Presenter
Presentation Notes
Postoje dokazi o oštećenju samo jednog dijela serotonergičkog sustava u mozgu i to onog dijela čije jezgre se nalaze u području dorzalnih i medijalnih rafa a nervni završeci u temporalnom dijelu 
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

 

Progressive accumulation of neurofibrilar tangles in neurons 

 and senile plaques in the region of serotonergic cell bodies



 

Reduced number of neurons 



 

Decreased serotonin levels in cortex, 

hippocampus, striatum (30%)



 

Decreased platelet 5‐HT

 
levels
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*   * *   * * *

Mück Šeler et al., 2009.

http://images.google.com/url?sa=i&rct=j&q=dorsal+raphe+nuclei&source=images&cd=&cad=rja&docid=h7SZJmR7r6fUTM&tbnid=Xf8GLPGCrFgHCM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0531513107004542&ei=gj6oUf6VIIWKtAaHqoDgCw&bvm=bv.47244034,d.Yms&psig=AFQjCNG5Zllp7Y6ZQz6n7axmFkHGvZY7fg&ust=1370066937873206


12



 

Appears in 70-90% of patients


 

Influence the progress of AD


 

Stress  for patients and caregivers 


 

Interaction of several factors (psychological, biological, 
genetical...)

Presenter
Presentation Notes
The pathogenesis of BPSD has not been clearly delineated but it is probably the result of a complex interplay of psychological, social, and biological factors. Recent studies have emphasized the role of neurochemical, neuropathological, and genetic factors underlying the clinical manifestations of BPSD. 
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

 

Agitation: repeat movement, aimless wandering



 

Agression: verbal, physical



 

Depression: tearfulness, anxiety, guilt 



 

Apathy: loss of interest



 

Psychosis: delusion, halucination



 

Changes in appetite and sleep



 

Treatment with antidepressants and 

antipsychotics 

serotonin

Presenter
Presentation Notes
agitation, aberrant motor behavior, anxiety, elation, irritability, depression, apathy, disinhibition, delusions, hallucinations, and sleep or appetite changes. It is estimated that BPSD affect up to 90% of all dementia 

http://www.google.com/url?sa=i&rct=j&q=behavioral+and+psychological+symptoms+of+dementia+(BPSD)&source=images&cd=&cad=rja&docid=hNWAOPV_DE_83M&tbnid=nCfPjpSIZGGiQM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.thementalelf.net%2Ftreatment-and-prevention%2Fmedicines%2Fantipsychotics%2Finappropriate-use-of-antipsychotics-to-treat-behavioural-and-psychological-symptoms-of-dementia-is-likely-to-be-more-prevalent-in-care-homes-and-low-income-households%2F&ei=x8mpUaz5MoTMswa25YD4AQ&bvm=bv.47244034,d.Yms&psig=AFQjCNEhEQLlRAGbht2SQ1UM09MrJG7Mrw&ust=1370166996276905
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

 

Multiple receptor subtypes



 

Receptor regulate complex 

signal transduction pathways



 

Serotonergic receptors as targets
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5-HT 3

5-HT2

5-HT1 5-HT 4 -
 

7

Serotonergic  receptors
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Distribution of 
serotonergic
receptors

Dementia ‐

 
Affected areas

5‐HT1A
5‐HT1B
5‐HT2
5‐HT3
5‐HT4

5‐HT1A     5‐HT6
5‐HT1B     5‐HT7
5‐HT2
5‐HT3
5‐HT4

5‐HT1A
5‐HT1B
5‐HT2
5‐HT4

5‐HT1A
5‐HT1B

Presenter
Presentation Notes
The hippocampus is the area of the brain most affected by Alzheimer’s disease. It is there that the characteristic lesions of Alzheimer’s disease — neurofibrillary tangles and neuritic plaques — can be found. Neuritic plaques also occur throughout the neocortex. Atrophy of the parietal and temporal lobes is observed, as seen in the Alzheimer’s diseased brain is associated with disorientation in space and loss of language and memory.

http://www.cnsforum.com/content/pictures/imagebank/hirespng/brain_struc_ALZ.png
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Among the most abundant and widely distributed 5‐HT receptors
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Distribution of  5-HT1A  receptors

On the neuron:
Presynaptic  (autoreceptors)

Postsynaptic (heteroreceptors) 

In the brain regions:

Hippocampus
Prefrontal cortex
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

 

Associated with inhibitory G‐protein 

 
(Gi)



 

Inhibits adenylate  cyclase



 

Decrease production of cyclic AMP 

 
(cAMP)



 

Inactivates protein kinase A (PKA)

Critical role in the regulating the activity of the entire serotonin system
Over‐expression implicated in reducing 5‐HT neurotransmission
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Possible explanations for the discrepant findings include differences

 

in specificity and 

 
sensitivity of the neurocognitive

 

test

 

procedures used, methodological differences and 

 
potential variation

 

in the samples due to ethnic background.

Borg (2008)
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A decrease of MPPF binding to 5‐HT1A receptors  in the 

 hippocampus and in the parahippocampus in mild AD (PET study)   

Truchot  et al., 2008



22mild to moderate AD
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control

AD
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Lai et al 2003
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In vitro

Ki= 2.3 μM
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Lecozotan (SRA‐333)

 
5‐HT1A receptor antagonist (Ki = 1.6 nM)

enhances the potassium‐stimulated release of acethylcoline and glutamate
4‐Cyano‐N‐[(2R)‐2‐[4‐(2,3‐dihydro‐1,4‐benzodioxin‐5‐yl)‐1‐piperazinyl]propyl]

‐N‐2‐pyridinylbenzamide hydrochloride

Aged  rhesus monkeys

Performance in a Delayed 
Matching to Sample Task (DMTS)

Lecozotan
 

IR was safe and well tolerated after 
 administration of multiple oral

 
doses up to 5mg 

 q12h in young and elderly subjects. These results 
 support the

 
development of lecozotan

 
in patients 

 with Alzheimer’s disease.
(Parks et al., 2008)



28



29

Putamen
Ventral striatum
Occipital cortex

Varnas et al ., 2011

Autoreceptors: nerve terminals 
Heteroreceptors: postsynaptic neuron)

http://images.google.com/url?sa=i&rct=j&q=localization+of+5-HT1B+in+human+brain&source=images&cd=&cad=rja&docid=pjxgLX5E0Ixp2M&tbnid=49HoaQnUWeJajM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.readcube.com%2Farticles%2F10.1038%2Fjcbfm.2010.55&ei=5dmoUbqMAYWmtAaVr4HYBA&bvm=bv.47244034,d.Yms&psig=AFQjCNHyPln4A6ve5eOZ3u7R9KcQvEjSCQ&ust=1370106483151371


30Garcia Alloza et al.,  2004

frontal cortex      temporal cortex

Activation of  5‐HT1B  receptors in AD associated with poorer memory

5‐HT1B  decrease acethylcholine releases

Anti‐dementia compunds unknown
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5‐HT2 receptors
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5-HT2 receptors in CNS
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20 years              66  years        67 years

Meltzer et al.,  1999
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(Salmon , J Neural Transm 114:1179, 2007)
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Healthy control AD

Lorke et al., 2006



37Hasselbach 2008 
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improves working

 

memory function

 

in young and aged monkeys, (Terry et al., 2005)
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5‐HT3 receptors



40

A cation-selective ligand-gated ion channel
Increases intracellular cations such as Ca2+, Na+ and K+

http://images.google.com/url?sa=i&rct=j&q=5_-HT3&source=images&cd=&cad=rja&docid=GyZWJFWAwL_ZPM&tbnid=lnKCe76OeAPThM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.nature.com%2Fmp%2Fjournal%2Fv9%2Fn9%2Ffull%2F4001567a.html&ei=ocGoUZaFLsiXtQbh8IDYDA&bvm=bv.47244034,d.Yms&psig=AFQjCNF-ND2a3R-AFcsJHE3_nyBTG5_FCw&ust=1370100448410215
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Antagonists of  5-HT3  have antiemetic properties

Presenter
Presentation Notes
The 5-HT3 receptor binding site is widely distributed both centrally and peripherally and has been detected in a number of neuronally derived cells. The highest densities are found in the area postrema, nucleus tractus solitarius, substantia gelatinosa at all levels and nuclei of the lower brainstem such as the trigeminal nucleus and the dorsal vagal complex. It is also found in higher brain areas such as the cortex, hippocampus amygdala and medial habenula, but at lower densities.1 Peripherally, it is principally found on the neurones of the sensory and enteric nervous systems and pre-and postganglionic autonomic neurones. Unlike other 5-HT receptors, 5-HT3 receptor subunits form a pentameric cation channel that is selectively permeable to Na+, K+ and Ca++ ions causing depolarisation.1 The receptor displays marked species variation, but there is little evidence for receptor subtypes within a species, although 5-HT3 ligands have different affinities in mouse cortex and ileum.1 This may be accounted for by multiple receptor binding sites.66��

http://images.google.com/url?sa=i&rct=j&q=5_-HT3&source=images&cd=&cad=rja&docid=u7x2SbX7-h-DEM&tbnid=WIYf19aj099DLM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.cnsforum.com%2Fimagebank%2Fitem%2F5HT3_dist%2Fdefault.aspx&ei=ZMGoUcTTLY7Cswa87oC4BA&bvm=bv.47244034,d.Yms&psig=AFQjCNF-ND2a3R-AFcsJHE3_nyBTG5_FCw&ust=1370100448410215
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Ban  i  Seong 2005

5‐HT3 receptor antagonists induce cognitive enhancing effects 

PB = 1‐phenylbiguanide

Presenter
Presentation Notes
the blockade of 5-HT3 receptor with MDL72222 and Y25130, may ameliorate the β-amyloid protein-induced neurotoxicity by

interfering with the increase of [Ca2+]c, and then by inhibiting glutamate release, generation of reactive oxygen species and caspase-3

activity.

In conclusion, we demonstrated a novel pharmacological

action of 5-HT3 receptor antagonists and its mechanism in

the present study. These results suggest that 5-HT3 receptor

blockade with antagonists such as MDL72222 and Y25130

could serve as a promising therapeutic approach to control

the progression of neurodegeneration in the brain of

Alzheimer's disease. Forthcoming studies will attempt to

clarify the in vivo effect of 5-HT3 receptor antagonists.



43

ondansetron

Pro-cognitive effects
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The high-affinity 5-HT3 receptor antagonist 
with potent acetylcholinesterase (AChE) inhibitory activity

for 5‐HT3 receptors Ki = 5.6 ± 0.02 nM
for human AChE = IC50

 

= 4.1 ± 0.60 nM

Fakhfouri et al.,  Drug Discovery Today, 17:741, 2012

Presenter
Presentation Notes
Simplified scheme illustrating the innovative synthesis of a high-affinity 5-HT3

receptor antagonist with potent acetylcholinesterase (AChE) inhibitory

activity. This heterobivalent ligand displays a nanomolar affinity for both the

5-HT3 receptor (Ki: 5.6  0.02 nM) and the human AChE (IC50: 4.1  0.6 nM),

and a tenfold lower potency in inhibiting butyrylcholinesterase (BuChE, IC50:

40  5.0 nM). To achieve this goal, an optimized 5-HT3 receptor ligand was

conjugated by means of a spacer to tacrine, an AChE inhibitor.

Adapted from Cappelli et al., 2005 [47], where a detailed description of the

synthesis can be found.
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Inhibit glutamate release
Increase acethylcholine release

http://www.cnsforum.com/content/pictures/imagebank/hirespng/5HT3_struc.png
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5‐HT4 receptors
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Frontal cortex
Hippocampus
Substania nigra
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A decline with age of 1% per decade only in striatum

Women  have lower 5‐HT4 receptor binding 
13% in limbic system
19% in amygdala

Presenter
Presentation Notes
We found a decrease with aging of 1% per decade in

striatal 5-HT4 receptor binding only, suggesting that

this receptor subtype differs from the more pronounced

age-related decline of other serotonergic

markers. Future studies of the 5-HT4 receptor in vivo

should focus on associations between the 5-HT4

receptor binding and affective symptoms as well as

cognitive performance in neuropsychiatric disorders,

and investigations might contribute to the development

of new treatment paradigms in affective and

neurodegenerative diseases.
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5‐HT4‐receptor agonists

 
have the potential to modify the 

 pathogenesis of Alzheimer’s

 
disease.

 
(Lezoualc’h, 2007)

•In vivo:
•facilitate ACh

 

release in rat 

 
frontal cortex and 

 

hippocampus

•modulate memory performance 

 
in behavioural

 

experiments

In vitro:
•increase the extracellular 

 
release of sAPPα
•decrease amyloid

 

β‐peptide 

 
secretion in primary neurons.

•memory‐enhancing effects 

 
neuroprotective

 

and 

 
neurotrophic

 

properties

Presenter
Presentation Notes
In vivo and in vitro evidence for a beneficial effect of 5-HT4 receptor agonists in AD. 5-HT4 agonists facilitate ACh [acetylcholine] release in rat frontal and hippocampus and modulate different aspects of memory performance in behavioural experiments. In addition, they increase the extracellular release of sAPPα [non-amyloidogenic soluble form of APP] and decrease Aβ [amyloid β-peptide] secretion in primary neurons. sAPPα has potent memory-enhancing effects and displays neuroprotective and neurotrophic properties



http://1.bp.blogspot.com/_IA5nokOFh84/RwkzhhLLkSI/AAAAAAAAAiI/_wHGrJNc6Xk/s1600-h/beneficial+effect+of+5-HT4+receptor+agonists+in+AD.jpg
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Tesseur

 

et al.,: Chronic 5‐HT4 receptor activation decreases Aß

 

production 

 
and deposition in

 

hAPP/PS1 mice. Neurobiology of Aging 2013; 34: 1779

some evidence that 5‐HT4 receptor

 

agonist treatment can decrease Aß

 

pathology 

 
in a murine

 

model of

 

Alzheimer’s disease. 

The

 

results suggest that the 5‐HT4

 

receptor agonist SSP‐002392 might modify Aß

 
levels in the brain

 

during the early stages of disease.
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No specific and selective comounds 

http://www.cnsforum.com/content/pictures/imagebank/hirespng/Rcpt_sys_SN5_dist.png
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5‐HT6 receptors



54

learning
memory
feeding
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Garcia Alloza et al., 2004

Lorke et al., 2006

frontal cortex      temporal cortex
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•

 

Antagonism of 5‐HT6 receptors leads 

 to  an increase in the release of  Ach

• Stimulate  glutamatergic 
cholinergic transmission
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Double‐blind, controlled phase II study of a 5‐HT6 receptor antagonist, SB‐742457, 
in Alzheimer's disease

 

.

 

(Maher‐Edwards et al., 2010)

Conclusion: SB‐742457 was generally safe and well tolerated and may be

 

efficacious in AD
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2‐(6‐fluoro‐1H‐indol‐3‐yl)‐N‐(3‐(2,2,3,3,3‐pentafluoropropoxy)benzyl)ethanamine 

Phase III clinical trials
3 000 patients with mild‐to moderate

 

AD
In a dose of 10‐60 mg in combination with donepezil 10 mg/day
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5‐HT7 receptors
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cognitive function
sleep
diurnal rhythm
pain
mood

Thalamus
Hippocampus
Hypothalamus
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?
Are the changes in the 5‐HT markers (receptors)

 
in the AD

 
primary

or
secondary

 
(retrograde)

 
due to the loss of

 
target (postsynaptic) 

 neurons in regions of the nerve endings

?

Do they directly

 
or indirectly

 
contributing  to the physiological 

and pharmacological basis of memory and its pathogenesis 
or 

they represent protective

 
or adaptable

 
mechanisms

(at least in initial stages)

Presenter
Presentation Notes
directly or indirectly contributing to the physiological and pharmacological basis of memory and its pathogenesis or, rather, if they

represent protective or adaptable mechanisms (at least in initial stages).
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Mainly 5‐HT projections are showed in brain areas important for memory. 
5‐HT receptors acting as heteroreceptors modulate release of other

 neurotransmitters.
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•Serotonergic system could be  involved in the etiology and  

 treatment of  AD;  neuroprotective effects of serotonin?

•5‐HT1A, 5‐HT4 and 5‐HT6 receptors

 
are densely expressed in 

 brain regions innervated by

 
serotonergic

 
projections from the 

 raphe

 
nuclei and are

 
associated with learning and memory.

•It has been hypothesized that 5‐HT1A

 
(lecozotan), 5‐HT3

 
and 5‐

 HT6

 
antagonists

 
and 5‐HT4 agonists

 
might function as the

 effective treatment of the

 
cognitive deficits associated with AD, as 

 they have been shown

 
to improve cognitive performance in 

 multiple animal models of

 
learning and memory.
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Thank you for your attention....

Malta 24. 10. 2013.
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