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Abbreviations

NSF : novelty suppressed feeding
FST : Forced swim test
CORT model : mouse model of  anxiety-depression based on chronic 
administration of corticosterone
CMS : Chronic mild stress
AHN : Adult hippocampal neurogenesis



To model anxiety / depression in animals ?

Creative validity : Same symptoms as the human disease : 
in psychiatry : what seems depression for animals ?

Predictive validity : The Treatment’s answer of the model 
should be similar to the ones observed in the human illness

Theoretical validity : Involvement of the same mechanisms 
between the model and the human pathology. 



• Social interactions
• Learning
• Curious:

• Exploration behavior
• Fearful

• afraid of big empty 
spaces

• afraid of heights

I- Creative and predictive validities



Novelty Suppressed FeedingOpen FieldElevated plus maze Forced swim test

Activité anxiolytique Activité antidépressive-like

predictivity

Anxiolytic activity Antidepressive activityMixed activity

I- Creative and predictive validities
Behavioural tests



I- Creative and predictive validities
Predictive test of anxiolytic activity : the openfield test



Adapted from Birkett et al., 2011

I- Creative and predictive validities
Openfield test : results



Predictive Tests of anxiolytic activity : 
Elevated mazes

O-maze+maze



The Elevated Plus Maze

Adapted from Stemmelin et al., 2008

Anxio/depressive mouse Anxio/depressive mouse treated
Chronically with an antidepressant



Predictive Tests of anxiolytic activity : 
The Light-Dark Case Test (Crawley et al 1981)  



The Light-Dark Case Test 

Adapted from Birkett et al., 2011



Predictive Tests of anxiolytic /antidepressive
activity: 
Le Novelty Suppressed Feeding (Santarelli et al., 2003)
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Predictive Tests of antidepressive
activity:
Forced Swim Test (Porsolt Test ) (Porsolt et al., 1997)

Porsolt et al., 1977



Forced Swim Test: results

Adapted from Dulawa et al., 2004



Forced Swim Test: results

Adapted from Dulawa et al., 
2004)



Predictive Tests of antidepressive
activity:
Tail Suspension Test (Steru et al., 1985)

(Adapted from Sarkisyan et al., 
2004)



Predictive Tests of antidepressive
activity:
Splash Test: measure of the grooming activity 
(David et al., 2009)
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To perform a screening protocol

• To choose the specie
• To choose the test

• Targeted screening vs. non-targeted screening
• Animal number

• To choose the reference (positive/negative 
control)
• Control group
• Way of administration
• Doses
• Acute vs. chronic administration



DSM V and Major depressive 
episodes

Stahl’s Essential Psychopharmacology, 3rd edition, 2008

weight/
appetite changes

sleep 
disturbances

psychomotor fatigue

worthlessness executive 
dysfunction

suicidal 
ideation

Four or  
more of 
these 

requiredguilt

depressed 
mood

apathy/
loss of interest

one of these 
required



Endophenotype in the depression 
models

• Anhedonia
• Behavioral despair 
• Changes in the feeding/the weight
• Neuroanatomical
• Endocrine changes 
• Sleep alterations 
• Anxious behavior



Etiological models of the 
depression

(D’après Krishnan et Neslter
2010)



The Unpredictible Chronic Stress

Adapted from Belzung, 2007

Unpredictible Chronique Stress

Start

3rd week

6th week
Treatment



Chronic Mild Stress
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Animal modelization of the depression

CORT model: “anxio-depressive”

Vehicle Vehicle

Corticosterone

Week 0

Behavioral tests

Fluoxetine
18mg/kg/d

Week 4



Corticosterone–
treated animal

Control animal

Week$8$Week$4$Start$

Cor-costerone$35ug/ml/day$

Cor-costerone$35ug/ml/day$ Cor-costerone$35ug/ml/day$
+$

fluoxe-ne$

fluoxe-ne$Vehicle$

Vehicle$

CORT model

David, D. J., B. A. Samuels, et al. (2009). "Neurogenesis-dependent and -
independent effects of fluoxetine in an animal model of anxiety/depression." 
Neuron 62(4): 479-493.

The CORT model



Open field
Anxiety Depression

NSF Splash test

David et al (2009) Neuron; Rainer et al (2011) Int J Neuro 

Vehicle Fluoxetine 18 mg/kg/d Agomelatine 10 mg/kg/d Agomelatine 40 mg/kg/d
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The CORT model

1David et al., 2009; Rainer et al., 2011; 2Mendez-David et al., 2013 



Animal Modelization of Anxiety and 
Depression

Modèle CORT

Creative validity ++

Theoretical validity +++

Predictive validity +++

Reproducibility +++

David, D. J., B. A. Samuels, et al. (2009). "Neurogenesis-dependent 
and -independent effects of fluoxetine in an animal model of 
anxiety/depression." Neuron 62(4): 479-493.



From clinic to pre-clinic
Clinical evaluation of the depression Pre-clinical evaluation of the depression: the emotionality 

score

Guilloux et al., 2011



Conclusions (I)
• A variety of 

models  
• Models depending 

of species 
particularities

• Produce many 
scientific datas
useful for the 
human 
pathologies 

• Limits in the 
interpretation as 
well as for the 
human 
transposition



Conclusions (II)



II- Theoretical validity

- Several models can predict the effectiveness of a treatment 
(predictive validity)

- The mechanisms involved in the models and in humans must be 
evaluated 



Adapted from David, al., (2009)

CORT model

Fluoxetine

↗ all the steps of AHN

Consequences ???

Theoretical validity : the example of the adult 
hippocampal neurogenesis



CORT model

Fluoxetine

Behavioral effect 
(NSF)

Adapted from David, al., (2009)

Openfield

X ray irradiation to 
suppress the AHN

↗ all the steps of AHN

NSF

Theoretical validity : the example of the adult 
hippocampal neurogenesis



Theoretical validity : the example of the adult 
hippocampal neurogenesis : clinical data

Nestin Ki67

DG volume

Controversy…



CORT model

Fluoxetine

Behavioral effect 
(NSF)

↗ all the steps of AHN

???

Theoretical validity : the example of the adult hippocampal 
neurogenesis : a way to go further in the mechanistic understanding



Manipulating the activity of adult born granule cells 

Theoretical validity : the example of the adult hippocampal 
neurogenesis : a way to go further in the mechanistic understanding

Anatomical acuracy

Selectivity for the cell type 
(targeting 4 to 6-weeks-old cells)

Neurochemical consequences 

optogenetics

microdialysis
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STOP ChR2-YFP
Lox P Lox P

ChR2-YFP

STOP Arch-GFP
Lox P Lox P

Arch-GFP

Nestine-ChR2-YFP

Nestine-Arch-GFP
Nestine CreERT2

Nestine-CreERT2

Young neurons stimulation

Young neurons inhibition

Specific expression in young 
neurons

Tamoxifene-induced 
recombination

Tamoxifene-induced 
recombination

Theoretical validity : the example of the adult hippocampal 
neurogenesis : a way to go further in the mechanistic understanding
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473 nm
20 mW

20 ms 10 
Hz

Drew et al., 2016 ; Faye et al., 2020

532 nm
10 mW

en 
continu

Danielson et al., 2016 ; Faye et al., 2020

Nestine-ChR2 Nestine-Arch

Theoretical validity : the example of the adult hippocampal 
neurogenesis : a way to go further in the mechanistic understanding
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F2,118=5.96, p=0.003
*p<0.05, ** p<0.01 vs WT VEH
# p<0.05, ##p<0.01 vs WT FLX

F2,17=4.16, p=0.0337

Theoretical validity : the example of the adult hippocampal 
neurogenesis : a way to go further in the mechanistic understanding

Adult-born Granule cells stimulation increases 
the GABA transmission in the DG



To take home :

Animal models: creative predictivity and theorical 
predictivity need to be  taken into consideration

Several models in several tests are necessary

If « one mouse in no mouse »  then you should 
apply the same « rule » for the models and the 
tests


