Serotonergic receptors: the new targets in
the treatment of Alzheimer’s disease

5-HT2 synaptic
receptor cleft

Par : Dorotea Miick-Seler
- saciaddl R.BoSkovi¢ Institut, Zagreb, Croatia (HR)

membrane

o000 seler@irb.hr

v

stimulatory G-protein

cytoplasm

©CNSforum.com

C COSE Maita 24.10.2013.



<7 Mowvement ™

!

Vascular dementia : ~ d_‘_jl'sfun_ t::_tiur! ”
Alzheimer's dementia :

15%-20% Y
Age-related G 11
60%-70% Neurodegenerative

Complex

Other dementias, eg,
Lewy body disease
Parkinson's disease




Pathological mechanisms in Alzheimer’s disease
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Neurotransmitters in AD
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Serotonin

CH,CHoNH

5-hydroxytryptamine
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SEROTONIN

neurotransmitter in CNS
regulates:

mood
appetite (feeding)
body weight
pain

sleep
circadian rhythm
termoregulation

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



The serotonergic system in ageing and Alzheimer’s disease

José Julio Rodriguez **<%* Harun N. Noristani®, Alexei Verkhratsky #®¢&**

Progress in Neurobiology 99 (2012) 15-41
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The serotonin pathways in Alzheimer’s disease
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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 


Serotonergic system in Alzheimer's disease

= Progressive accumulation of neurofibrilar tangles in neurons &
and senile plaques in the region of serotonergic cell bodies

s Reduced number of neurons

=5 Decreased serotonin levels in cortex,

hippocampus, striatum (30%)

ntrations (nmol/mg p)

= Decreased platelet 5-HT levels
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Serotonin in AD

Behavioral and Psychological Symptoms of Dementia
BPSD

Appears in 70-90% of patients

Influence the progress of AD

Stress for patients and caregivers

Interaction of several factors (psychological, biological,

genetlcal...) Behavioral Symptoms Increase With
4. Progression of Alzheimer’s Disease
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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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Symptoms of BPSD

Agitation: repeat movement, aimless wandering

Agression: verbal, physical

Depression: tearfulness, anxiety, guilt

Apathy: loss of interest \
Psychosis: delusion, halucination \
Changes in appetite and sleep serotonin

A

,-—‘
| ‘“’ |
-

Treatment with antidepressants and

antipsychotics
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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 
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Serotonergic sistem is highly complex:

serotonin neuron

Multiple receptor subtypes S
Receptor regulate complex |
signal transduction pathways

Serotonergic receptors as targets

Post-synaptic neuro
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Serotonergic receptors

B Haver et al. 7 Pharmacalogy, Biochemistry and Behavior 71 {2002) 533-554

IONIC CHANNEL(S)

5-HT,,
5-HT 45
5-ht 3¢

G-PROTEIN COUPLED RECEPTORS

5-HT v
5-HT1 5-HT 5+ Gy,
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—— 5HT,,,

Fig. 1. Graphical representation of the current classification of 5-HT meceplors. Receptor subbypes represented by coloured boxes and lower case designate
receplors that have nol been demonstmted to definitively function in native systems, Abbreviations: 3-8 eyelic adenosine monophosphate (cAMP);
phospholipase C (PLCY;, negative (= ve) positive (+ve).
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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

95-HT1A receptors

Among the most abundant and widely distributed 5-HT receptors
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Critical role in the regulating the activity of the entire serotonin system
Over-expression implicated in reducing 5-HT neurotransmission

Inhibition of the neuronal signaling:

5-HT, receptor
@ Associated with inhibitory G-protein

(Gi)
Membrane

= Inhibits adenylate cyclase

,.A

Chﬂ“"EI \ W':la“ / = Decrease production of cyclic AMP

hyperpolarizaton M ATP —-cAMP‘ (cAMP)

Jv Inhibition |I'|h||:'.lIlIDr|J

Neuronal firing PK A-mediated = Inactivates protein kinase A (PKA)
phosphorylation
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Table 1

5-HT1A and cognition

in healthy persons

Summary of findings in PET studies investigating the relationship between 5-HT HT, 4 receptor BP and cognitive functions

Study Sample
Subjects
Yasuno et al. [117] Controls
Borg et al. [13] Controls
Borg et al. (unpublished data) Controls
Kepe et al. [49] AD

Truchot et al. [ 110]

Radioligand

[11C]WAY100635

[11C]WAY100635
[11C]WAY100635

[18F]MPPF

[ 18F]MPPF

MMS

Positive correlation
in HC and raphe

No correlations

Correlation between 5-HT1A BP and main cognitive functions
Verbal memory Non-verbal memory Executive functions

Negative Negative correlation in

correlation in HC HC

No correlations No correlations No correlations
No correlations No correlations No correlations

Positive correlation
in HC and raphe
post hoc

No correlations No correlations No correlations

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)



A decrease of MPPF binding to 5-HT1A receptors in the
hippocampus and in the parahippocampus in mild AD (PET study)
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Truchot et al., 2008

['®F]MPPF binding of controls, aMCI patients and mild AD patients in left and right limbic regions showing
the differences of the ['*FJMPPF binding in theses three populations.
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Serotonin 1A receptors in the living brain
of Alzheimer’'s disease patients

Vladimir Kepe*, Jorge R. Barrio**, Sung-Cheng Huang*, Linda Ercoli*, Prabha Siddarth*, Kooresh Shoghi-Jadid®,
Gregory M. Cole5, Nagichettiar Satyamurthy®*, Jeffrey L Cummings?, Gary W. SmalF¥, and Michael E. Phelps*t

702-707 | PMNAS | January 17,2006 | wol 103 | no.3

Table 1. Results of [F-18]MPPF PET quantitative data analysis

Hippocampus — Raphe nuclel | Frontal lobe  Parletal lobe LTL PCG

Control 162 +0.07 0e3x002 049015 De3x015 0822017 0.8 x0.06
AC 141+ 014* | 052011 04 +012 0432011 0202011 056 x012
AD 118+ 027%F  037+x020" 041£013 048013 0732016 056 +0.20

MPPF results are given as mean BP = 1 50, Statistical significance of separation from the control group
(ANCOVA) «, P < 005 1 P < 001; 3 P < 0.001.

mild to moderate AD




The density of 5-HT 1A receptors
(post mortem)

O Senile dementia of
Alzheimer type

E Control age matched

s Bs 1
,;t?

! @-ﬁ}

=
o C
€3
5 8
T E
o o
=
5 E
>
28
0o
£ &
@ m
[(m ]

Serotonin receptors (1A or 2A) in different major regions

L. Y. Yeung - H. F. Kung - David T. Yew f AGE (20100 32:48 3495
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The number of 5-HT 1A receptors is decreased in
temporal cortex (BA21) of AD patients with aggressive
behaviour

EE Controls (n = 20)

B AD moderate / severe aggression (n = 24)
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Lai et al 2003
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Synthesis, Docking Studies and Biological Evaluation of
Benzo[b]|thiophen-2-yl-3-(4-arylpiperazin-1-yl)-propan-1-one
Derivatives on 5-HT;, Serotonin Receptors

Hernan Pessoa-Mahana

molecules

ISSN 1420-3049
www.mdpi.com/journal'molecules

2012, 1/, 1388-1407
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benzo[b]thiophene compounds synthesized in this study.

Figure 3. Compound Te docked to 5-HT14 molecular model receptor. Interacting residues

with compound 7e are shown in bold.

Table 3. Inhibition % for benzo[b]thiophene arylpiperazine derivatives,

Enfry Y X R Inhibition (%) Entry Y R Inhibition (%)

6a CH OMe 2+2 7d___CH H 50+

6b CH OMe 14+2 7-e N H 60 :_4L|

6c CH OMe 0+3 7f CH H 0+4

6d CH OMe 44+ 8a CH 24 =4

Ge N OMe 17+5 b CH 21+1

6f CH OMe Sc¢ CH 233

7a CH sd CH 380

7b CH 2 §-e N 27+3

7 CH sf CH 142

* not measured.

5-HTaR by radioligand binding assays. using [ H]-8-OH-DPAT in rat cerebral cortex membranes.




Lecozotan DYO/N
Lecozotan IR was safe and well tolerated after
administration of multiple oral doses up to 5mg
gl2h in young and elderly subjects. These results
support the development of lecozotan in patients
with Alzheimer’s disease.

(Parks et al., 2008)

& O W @

¢

Delays

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



5-HT1B receptors



Distribution of S-HT1B/1D receptors

Putamen
Ventral striatum
Occipital cortex

Varnas et al ., 2011

Transaxial
CELL BODY AXON TERMINAL POSTSYNAPTIC

{Raphe nuclei) (Limbic areas) MEMBRANE

Coranal

Autoreceptors: nerve terminals
Heteroreceptors: postsynaptic neurg

L

5-HT, 4 somatodendritic autoreceptor autoreceptor

—feedback inhibition of firing.
Recent evidence suggests 5-HT1gp Many postsynaptic receptors

receptor may have similar role —differential regional distribution
may relate to different functions

Figure 6. The suggested locations of serotonin receptor subtypes associated with pre- and postsynaptic sites of the serotonengic neurone.
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The number of S-HT1B receptors in the brain of
patients with AD
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Activation of 5-HT1B receptors in AD associated with poorer memory
5-HT1B decrease acethylcholine releases

Anti-dementia compunds unknown Garcia Alloza et al. 22004



5-HT2 receptors
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The number of 5-HT2A receptors during aging in prefrontal

cortex
(PET study with [18F]altanserin)

~

Meltzer et al., 1999
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Table 1. Repional decrease in SHTZ recepiors in Al zheimer's disease

Fromtal Temporal MTL  Panetal 5M

Blin et al. 444  +4+4+ 44+
{11

Meltzer et al. +44+ 444+ +4+
{ 1%99)

Vemijpt et al. ++
{23

MTL Medial temporal lobe; SM sensonmotor cortex.

(Salmon , J Neural Transm 114:1179, 2007)
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Decreased number of 5-HT2A positive cells in AD

Healthy control AD
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Normal AD

5-HT2A

Lorke et al., 2006

36



Decreased binding to 5-HT2A in MCI

Table 2
5-HT:4 receptor binding in grey matter in patients with MCI compared to controls

Not corrected for atrophy

MCI subjects Difference

Control subjects _
(n=16) (ml/ml) (%)

(n=17) (ml/ml)

Posterior cingulate gyrus

Primary sensorimotor cortex

Anterior cingulate gyrus
arietal cortex

Superior frontal gyrus

Insula

Orbitofrontal cortex

Medial/inferior temporal gyri

Occipital cortex

Medial/inferior frontal gyri

Superior temporal gyrus

Caudate nucleus

Putamen

Thalamus

entorhinal cortex

Hippocampus

1.08 £+ 0.31
0.55 £ 024
0.97 £ 0.32
(.89 £+ 0.28
0.77 £ 0.27
0.96 + 0.35
(.88 £+ 0.32
1.05 £ 0.30
1.00 £+ 0.33
0.88 £ 0.29
(.99 + 0.32
—0.04 £ 0.22
0.46 + 0.23
0.05 £ 0.19
—0.02 £ 0.23
0.10 £ 0.28

—0.03 = 0.19
046 £+ 0.16
0.01 £ 0.17

—0.08 £ 0.22

0.07 £ 0.21

Hasselbach 2008



5-HT2A antagonist EMD 281014

H EMD 281014
CN F
— *
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improves working memory function in young and aged monkeys, (Terry et al., 2005)
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5-HT3 receptors
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5-HT3 receptors

Pharmacology of the S-H'T; receptor

Na*/ Ca?*

agonists
| 5-HT,PBG)

a8 =3
membrane D 5.HT antagonists

P . A imetoclopramide,
i‘. N .;‘{‘“ ﬁ.f"‘ MDL 72222)
ethanal
steroids
anesthetics
| antidepressants
* neuraleptics
subunits;

Na*/ Ca* a, B

A cation-selective ligand-gated ion channel
Increases intracellular cations such as Ca?* Na* and K*
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Peripheral and central S-HT3 receptors

Higher central nervous system centers

coronal section mid-sagittal section
caudate nucleus , white .
EApLE \ _ matter _ cerebral cortex pre frcnt/al (e et
striatum | putamen . ~ / "
\ . -HT; receptor
N hypothalamus _
4 Amygdala

globus pallidus \

thalamus __

area postrema
tractus solitarius
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\ h pituitary gland Vagus nerve PAP and NTS
\
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: [ L \ o py Dorsal vaga
tractus solitarius / \ ety b
cerepellom L‘\ Central pattern generator

\ Enterochromaffin

LOW 5-HT3 \
limbic system area postrema i bram
hippocampus

cerebral cortex
Small Intestine

medulla oblongata

Vagal afferents

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��
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5-HT3 receptor antagonists induce cognitive enhancing effects

B-amyloid (10 M) Ban i Seong 2005
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In vitro antagonists of 5-HT3 receptors reduced [3-amyloid-
induced apoptosis of cortical neurons
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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.
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The high-affinity 5-HT3 receptor antagonist
with potent acetylcholinesterase (AChE) inhibitory activity

Tacrine T N"‘.;jH .
(ACRE inhibitor)
Arylpiperazine derivative

(5-HT, antagonist)

for 5-HT3 receptors Ki=5.6 + 0.02 nM
for human AChE =1C,,=4.1+0.60 nM

Dual acting compound

Drug Discovery Today

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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Dual acting
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Drug Discovery Today
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5-HT4 receptors
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5-HT4, aging; PET study (Madsen et al., 2011)

Age and sex effects on cerebral 5-HT, receptors
K Madsen et al

Limbic system

Amygdala

-
o
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8
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Q
=
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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.


5-HT4-receptor agonists have the potential to modify the
pathogenesis of Alzheimer’s disease. (Lezoualc’h, 2007)

o [
Memory acquisition

Restomation of memaory deficit ¢ In VIVO:
* Memory consolidation ofacilitate ACh release in rat
* ACh release .
S frontal cortex and hippocampus
T-‘r H vivio
AN emodulate memory performance
1 (1 +7+}+ S-HT, receptor in behavioural experiments
W —||
In vitro:
APP metabolism eincrease the extracellular
m-secretase —1 o release of sAPPa

edecrease amyloid B-peptide
secretion in primary neurons.

[secretase y-sceretase
ememory-enhancing effects
neuroprotective and
neurotrophic properties 49


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
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5-HT4 receptor agonist
SSP-002392 (Ki 0.5 nmol/L)

A
E
o
=
o
=t
enll
g

water SSP- water SSP- water SSP- water SSP- water SSP- water SSP-
002392 002392 002392 002392 002392 002392

Hippocampus Cortex Hippocampus Cortex Hippocampus Cortex

some evidence that 5-HT4 receptor agonist treatment can decrease AR pathology
in @ murine model of Alzheimer’s disease.

The results suggest that the 5-HT4 receptor agonist SSP-002392 might modify Af}
levels in the brain during the early stages of disease.

Tesseur et al.,: Chronic 5-HT4 receptor activation decreases AR production
and deposition in hAPP/PS1 mice. Neurobiology of Aging 2013; 34: 177?0



9-HT4 agonist in aged macaques
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5-HT5 receptors
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5-HT6 receptors
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5-HT6 receptors
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The number of 5-HT6 receptors is decreased
in AD
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=
5]
| ==
=
o
=
=
=
=
@0
e
X
Ty)
>
o
=
o

Control AD Control AD
BA10 BA20

Figure 2 Reductions in 5-HT, receptor density (expressed as B
frmol/ in) in BA10 and BA20 from control (n= AD patients
0.01.
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anificantly lower than control, Student's t-test, pé&lt;

Garcia Alloza et al., 2004 Normal AD Mgl AD
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Lorke et al., 2006



5-HT 6 receptors the new target fot the
treatment of AD

e Antagonism of 5-HT6 receptors leads
to anincrease in the release of Ach

e Stimulate glutamatergic
cholinergic transmission
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Synthesis and Biological Evaluation of Arvisulfonylpiperazine Derivatives Bull. Korean Chem. Soc. 2007. Vol. 28. No. 2
Synthesis and Biological Evaluation of Arylsulfonylpiperazine
Derivatives as 5-HTs Receptor Ligands

Sun Ah Jeon, Hyunah Choo, Woo-Kyu Park,” Hyewhon Rhim, Soo Y. Ko.’
Yong Seo Cho, Hun Yeong Koh,’ and Ae Nim Pae’

oy"

o X
R1 Mhlk

DT_RE

1 R' = phenyl, R* = CF;
2 R' = ethyl, R* = CF;
3R! = ethyl, R =CN
R*=H, F,Cl, CHs, OMe or dimethyl

. Structures of arylsulfonylpiperazine derivatives
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9-HT6 antagonist in clinical trials

SB-742457 K; = 0.25 nM

Double-blind, controlled phase Il 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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Lu AE58054

a selective 5-HT6 antagonist

2-(6-fluoro-1H-indol-3-yl)-N-(3-(2,2,3,3,3-pentafluoropropoxy)benzyl)ethanamine

Phase lll 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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Effects of 5-HT5 receptor inactivation or blockade in animal behavioral models of learming and memory.

Model

Method

Effect

Reference

Novel location recognition

Novel object recognition

Bamnes maze

Cued fear conditioning
Contextual fear conditioning
Radial arm maze

Operant food conditioning

Pavlovian/instrumental

Passive avoidance

Knockout mice
SB-269970
Knockout mice
SB-269970

Sprague-Dawley rats with
reduced spontaneous

locomotor :u:ti*.;it;.r'*r

Same rats + SB-269970

Knockout mice, 12-session
habituation

Enockout mice, 1 month
refention

Knockout mice, escape box
moved or removed

Knockout mice
Knockout mice
SB-269970
SB-269970
Knockout mice

SB-269970, DR4004

SB-269970

SB-269970, DR4004

SB-269970
SB-260970
SB-269970

Reduced exploration
Reduced exploration
No change
No change

Increased exploration

Reduction of exploration change
No change

No change

Increased time spent at original
location of escape box

No change

Impaired conditioning

No change in working memory
Improved reference memory
No change

Reversal of §-OH-DPAT-induced
increase in conditioning

Reversal of AS19-induced
increase in conditioning

Reversal of scopolamine or
dizoclipine-induced amnesia

No change (standard protocol)

Impaired memory (modified protocol)

Enhanced 8-OH-DPAT-induced
ammnesia

Sarkisyan and Hedlund, 2009
Sarkisyan and Hedlund, 2000
Sarkisyan and Hedlund, 2009
Sarkisyan and Hedlund, 2009
Ballaz et al., 20070

Ballaz et al.,, 20070
Roberts et al., 2004

Roberts et al.. 2004
Sarkisyvan and Hedlund, 2009
Sarkisyvan and Hedlund, 2009

Roberts et al., 2004
Roberts et al., 2004
(Gasbarri et al_, 2008
(zasbarri et al.. 2008
Foberts et al., 2004

Meneses, 2004

Perez-Garcia and Meneses, 2005

Meneses, 2004

Eriksson et al.. 2008
Eriksson et al.. 2008
Eriksson et al.. 2008




?

Are the changes in the 5-HT markers (receptors) in the AD
or
(retrograde) due to the loss of target (postsynaptic)
neurons in regions of the nerve endings

?
Do they or contributing to the physiological
and pharmacological basis of memory and its pathogenesis
or
they represent or mechanisms

(at least in initial stages)

63


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).








Serotonin and other neurotrasmitters

A. Meneses, G. Perez-Garcia | Newroscience and Biobehavioral Reviews 31 (2007 ) 705-72;

5-HT projections and maininteraction
sites

PREFRONTAL COPTEX (%)

Glu
HIPPOCAMPUS

e
(+)

BASAL NUCLEI

(+)

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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Take home points

eSerotonergic 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.

|t has been hypothesized that (lecozotan), and
and 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....

EDEt Malta 24. 10. 2013. o
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