
HAL Id: tel-02006807
https://theses.hal.science/tel-02006807

Submitted on 4 Feb 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

L’enrichissement olfactif au cours du vieillissement :
implication de la Noradrénaline et modèle de réserve

cognitive
Claire Terrier

To cite this version:
Claire Terrier. L’enrichissement olfactif au cours du vieillissement : implication de la Noradré-
naline et modèle de réserve cognitive. Neurosciences. Université de Lyon, 2018. Français. �NNT :
2018LYSE1267�. �tel-02006807�

https://theses.hal.science/tel-02006807
https://hal.archives-ouvertes.fr




UNIVERSITE CLAUDE BERNARD - LYON 1 

 

Président du Conseil Académique  

Vice-  

Vice-président  du Conseil Formation et Vie Universitaire  

Vice-président de la Commission Recherche 

Directeur Général des Services 

M. le Professeur Frédéric FLEURY 

M. le Professeur Hamda BEN HADID 

M. le Professeur Didier REVEL 

M. le Professeur Philippe CHEVALIER 

M. Fabrice VALLÉE 

M. Alain HELLEU 

COMPOSANTES SANTE 

Faculté de Médecine Lyon Est  Claude Bernard 

Faculté de Médecine et de Maïeutique Lyon Sud  Charles Mérieux 

Faculté   

Institut des Sciences Pharmaceutiques et Biologiques 

Institut des Sciences et Techniques de la Réadaptation 

Département de formation et Centre de Recherche en Biologie 
Humaine 

Directeur : M. le Professeur J. ETIENNE 

Directeur : Mme la Professeure C. BURILLON 

Directeur : M. le Professeur D. BOURGEOIS 

Directeur : Mme la Professeure C. VINCIGUERRA 

Directeur : M. le Professeur Y. MATILLON 

Directeur : Mme la Professeure A-M. SCHOTT 

COMPOSANTES ET DEPARTEMENTS DE SCIENCES ET TECHNOLOGIE 

Faculté des Sciences et Technologies 
Département Biologie 
Département Chimie Biochimie 
Département GEP 
Département Informatique 
Département Mathématiques 
Département Mécanique 
Département Physique 

UFR Sciences et Techniques des Activités Physiques et Sportives 

Observatoire de  

Polytech Lyon 

Ecole Supérieure de Chimie Physique Electronique 

Institut Universitaire de Technologie de Lyon 1 

 

Institut de Science Financière et d'Assurances 

Directeur : M. F. DE MARCHI 
Directeur : M. le Professeur F. THEVENARD  
Directeur : Mme C.  FELIX 
Directeur : M. Hassan HAMMOURI 
Directeur : M. le Professeur S. AKKOUCHE 
Directeur : M. le Professeur G. TOMANOV 
Directeur : M. le Professeur H. BEN HADID 
Directeur : M. le Professeur  J-C PLENET  

Directeur : M. Y.VANPOULLE   

Directeur : M. B. GUIDERDONI  

Directeur : M. le Professeur E.PERRIN 

Directeur : M. G. PIGNAULT 

Directeur : M. le Professeur C. VITON 

Directeur : M. le Professeur A. MOUGNIOTTE 

Directeur : M. N. LEBOISNE 
 





























































































































































0

1

2

3

4

5

OHab1 OHab2 OHab3 OHab4 Otest

In
ve

s
ga

on
 

m
e 

(s
)

**

Young adults Aged mice

Pr
e-

te
st

0

1

2

3

4

5

OHab1 OHab2 OHab3 OHab4 Otest

In
ve

s
ga

on
 

m
e 

(s
)

***

10
 d

ay
s

0

1

2

3

4

5

OHab1 OHab2 OHab3 OHab4 Otest

In
ve

s
ga

on
 

m
e 

(s
)

Control

ChR2

**
*** *

0

1

2

3

4

OHab1 OHab2 OHab3 OHab4 Otest

In
ve

s
ga

on
 

m
e 

(s
)

20
 d

ay
s

*
Control

ChR2

**
***

0

1

2

3

4

5

OHab1 OHab2 OHab3 OHab4 Otest

In
ve

s
ga

on
 

m
e 

(s
)

**

*
**

0

1

2

3

4

5

OHab1 OHab2 OHab3 OHab4 Otest

In
ve

s
ga

on
 

m
e 

(s
)

Bi

A

Young adults 
or 

aged mice

-60 0 8 18 23 33 40 dpi

SVZ injection 
(DsRed) + 

OB optic fiber

LC injection 
(ChR2 or 
control)

photostimulation behavioral 
testing

behavioral 
testing

Sacrifice and 
immunohistochemistry

photostimulationbehavioral 
testing

Ci

Di

+ Limonene / - Limonene

Bii

Cii

Dii

Figure 1 : Optogenetic stimulation of LC fibers within the olfactory bulb improves the discrimination of + limonene 
from - limonene.

(A) Experimental design. 60 days before the beginning of the experiment (-60), lentiviral injection in the LC allows the later 
on coupled expression of channelrhodopsin (ChR2) and the fluorescent EYFP protein in the LC neurons and their axon 
terminals. Mice underwent a second injection of a DsRed encoding lentivirus in the subventricular zone (SVZ) at day 0 to 
label adult-born neurons. On the same day, optogenetic cannulae were implanted in the OB. After a recovery period, mice 
underwent 2 successive photostimulation periods of 10 days. Behavioral testing to assess olfactory discrimination was done 
before the beginning of the optogenetic stimulation and after each period of photostimulation. No light stimulation was applied 
during olfactory discrimination testing. Animals were sacrificed at the end of the experiment, 40 days post injection of the 
DsRed encoding lentivirus (40 dpi) for histological examination.
(B-D) Assessment of the discrimination of + limonene and - limonene in the control and ChR2 groups of young adult (Bi-Di) 
and aged mice (Bii-Dii) before the beginning of the optogenetic stimulation (pre-test, B) and after each period of 
photostimulation (10 days and 20 days, C-D). No light stimulation was applied during olfactory discrimination testing.
Results are expressed as mean investigation time ± standard error of the mean. Pre-test : n=28-29 for the young adult group 
and n=19-20 for the aged group, depending on trials. 10 days: n=12-14 for the control young adult group, n=18 for the ChR2 
young adult group, n=11 for the control aged group and n=8-9 for the ChR2 aged group, depending on trials. 20 days: n=12 
for the control young adult group, n=16-18 for the ChR2 young adult group, n=11-12 for the control aged group and n= 9-10 
for the ChR2 aged group, depending on trials. * p<0.05; ** p<0.01; *** p<0.001
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Figure 3 : Optogenetic stimulation of LC fibers within the olfactory bulb increases the noradrenergic 
contacts onto adult born neurons.

(A) Schematic representation of the contacts made by noradrenergic fibers on the basal dendrites, primary apical 
dendrite and apical dendritic ramification of an OB granule cell. Representative image of a contact established 
between a NET-positive noradrenergic fiber and a DsRed expressing adult-born granule cell on a basal dendrite. 
Scale bar = 10μm.
(B) The density of noradrenergic contacts was averaged for the different dendritic compartments. Optogenetic 
stimulation of LC fibers increases the density of noradrenergic contacts onto adult-born granule cells in aged 
mice but not in young adults. Aging induces a strong trend towards a decrease of the contact density in control 
mice
(C) The density of noradrenergic contacts was measured on the apical dendritic ramification (Ci), on the primary 
apical dendrite (Cii) and on the basal dendrites (Ciii). Optogenetic stimulation of LC fibers increases the density 
of noradrenergic contacts onto the primary apical dendrite of adult-born granule cells in young adult mice and on 
their basal dendrites in aged mice.

All results are expressed as mean contact density ± standard error of the mean. Whole neuron: n=31 neurons for 
the control young adult group (from 5 mice), n=34 neurons for the ChR2 young adult group (from 6 mice), n=26 
neurons for the control aged group (from 5 mice) and n=23 neurons for the ChR2 aged group (from 4 mice). 
Apical dendritic ramification: n=19 neurons for the control young adult group (from 5 mice), n=19 neurons for the 
ChR2 young adult group (from 6 mice), n=10 neurons for the control aged group (from 5 mice) and n=12 neurons 
for the ChR2 aged group (from 4 mice). Primary apical dendrite: n=20 neurons for the control young adult group 
(from 5 mice), n=21 neurons for the ChR2 young adult group (from 6 mice), n=10 neurons for the control aged 
group (from 5 mice) and n=11 neurons for the ChR2 aged group (from 4 mice). Basal dendrites: n=23 neurons 
for the control young adult group (from 5 mice), n=26 neurons for the ChR2 young adult group (from 6 mice), 
n=10 neurons for the control aged group (from 5 mice) and n=12 neurons for the ChR2 aged group (from 4 mice). 
* p<0.05; ** p<0.01
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