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Expressed in Pascal, stress is 
the measure of the average 
amount of force exerted per unit 
area of the surface on which 
internal forces act within a 
deformable body. 

Augustin Louis Cauchy :
“Concept of Stress in mechanics” (1822)
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Claude Bernard : 
« le Milieu Intérieur » (1865) 

The characteristic of only the 
‘‘highest vertebrates’’
(warmblooded animals) is “la vie 
constante”, where life is liberated 
from the external environment 
and succeeds in maintaining 
constant conditions within its own 
internal environment. 

The fixity of the internal milieu is 
the condition of free and 
independent life.
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'Homeostasis', from 
the Greek words for 
'same' and 'steady', 
refers to ways in 
which the body acts 
to maintain a stable 
internal 
environment 
despite 
perturbations. 

Walter Cannon : « Homeostasis » (1932)

Properties of complex systems 
that permit organisms to 
function effectively in a broad 
range of environmental 
conditions and allow survival 
against fluctuations such as 
temperature, salinity, acidity 
and nutrients. 

Muriel Darnaudéry, Taiwanese-French Frontiers of Science Symposium, Saint Malo, June 23th 2009



Hans Selye : « The general adaptation 
syndrome, a theory of Stress » (1936)

Stress is the non-specific result 
of any demand upon the body, 
be the effect mental or somatic.

stress
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cortisol

The Hypothalamic-Pituitary Adrenal (HPA) axis respo nse to stress

-

�(()�*��+��(()�*��+��(()�*��+��(()�*��+��(()�*��+��(()�*��+��(()�*��+��(()�*��+�
� neoglucogenesis, 
� immune response,
� growth, 
��� � reproduction
��� � memory of averse 

experience….

Allostasis : from the Greek allo, which means "variable;" 
thus, "remaining stable by being variable“.
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cortisol

The Hypothalamic-Pituitary Adrenal (HPA) axis respo nse to stress
Mineralocorticoid receptor (MR, I) High

affinity for corticosterone (KD ~ 
0.5 nM) In limbic brain structures. 

Glucocorticoid receptor (GR, II) Lower
affinity for corticosterone (KD ~ 
5.0 nM). Ubiquitous.-
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� neoglucogenesis, 
� immune response,
� growth, 
��� � reproduction
��� � memory of averse 

experience….

Allostasis : from the Greek allo, which means "variable;" 
thus, "remaining stable by being variable“.
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The metaphor of ‘water used by firemen’ can 
illuminate this paradox. Firemen may use water 
to extinguish certain fires. But if much water is 
used it can cause more damage than the 
flames. Another risk is that increased water 
usage can lead to a loss of water pressure, 
thereby making efficient fire fighting impossible 
and contributing to the spread of the fire. Just 
like the fireman’s water, stress responses are 
ideally beneficial but they can impose a cost to  
the body, particularly when they are either 
elicited too often or are inefficiently managed.

Bruce McEwen  : « The allostasic load »
(2000)

The paradox of stress lies in the simultaneity of 
its adaptive nature and its possible 
maladaptive consequences.
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Allostatic load refers to the physiological 
costs of chronic exposure to the neural or 
neuroendocrine stress response. 
It is used to explain how frequent activation 
of the body's stress response, an essential 
tool for managing acute threats, can in fact 
damage the body in the long run. 

Bruce McEwen  : « The allostasic load »
(2000)
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cortisol

The HPA axis response to stress

+-/0�����).�*1��+-/0�����).�*1��+-/0�����).�*1��+-/0�����).�*1��+-/0�����).�*1��+-/0�����).�*1��+-/0�����).�*1��+-/0�����).�*1��
�(()�*��+��()���(()�*��+��()���(()�*��+��()���(()�*��+��()���(()�*��+��()���(()�*��+��()���(()�*��+��()���(()�*��+��()��
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� immune function
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Chronic stress / 
Aging

,,, ,
��� �
****
1111
))) )
((((
))) )
2222
++++
��� �
��������

Muriel Darnaudéry, Taiwanese-French Frontiers of Science Symposium, Saint Malo, June 23th 2009



Robert Sapolsky : « The glucocorticoids
cascade hypothesis » (2000)

Hippocampus is the main target of the glucocorticoids
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• Enhanced elevation of Glutamate 
post-stress 

• Atrophy of neural processes
• Inhibition of the hippocampal

neurogenesis
• Decreased hippocampal volume

CA3

CA2

CA1

Memory Impairments with aging

The glucocorticoids hypothesis : brain aging results in part from 
the impairment of the negative feedback of the HPA axis
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Richard Lazarus : 
« Psychological stress and

Coping style » (1966)

Stress is a subjective experience, 
perceived stress is function of the 
individual resources, which determine 
how a subject will cope with the 
situation.

VULNERABLE

RESILIENT

3333

There are strong interindividual differences 
in the stress response
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Trauma, 
Chronic stress, 
Critical period 
of the life such 

as aging...

PRENATAL STRESSPRENATAL STRESS

CopingCoping strategiesstrategies ::
flight, fight, freeze; 

personnal behaviour: diet, 
smoke, drink, exercice…

PhysiologicPhysiologic responseresponse ::
neural

immune
endocrine

VULNERABLE 
PHENOTYPE

EARLY ADVERSE 
EXPERIENCES

GENETIC 
VULNERABILITY

DEVELOPMENT

ALLOSTASIC LOAD
STRESS RELATED DISEASES 

Metabolic syndrome, 
cardiovascular diseases, 

immune diseases, ….

anxiety, depression, PTSD, 
addiction, cognitive disorder with 

aging….
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Maternal stress in rats : Maternal stress in rats : 
An animal model of prenatal stressAn animal model of prenatal stress
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Memory Impairments with aging ???

In adulthood and during aging, prenatally-stressed rats 
show a hyperactivity of the HPA axis function

corticosterone

HIPPOCAMPAL RECEPTORS (MR)

B
m

ax
 (

fm
ol

/m
g 

pr
ot

ei
n)

B
m

ax
 (

fm
ol

/m
g 

pr
ot

ei
n)

0

2020

4040

6060

8080

100100

Control Prenatal Stress

*

B
m

ax
 (

fm
ol

/m
g 

pr
ot

ei
n)

B
m

ax
 (

fm
ol

/m
g 

pr
ot

ei
n)

0

2020

4040

6060

8080

100100

Control Prenatal Stress

*
0

60

70

80

90

100 *
ADRENALS WEIGHT

m
g/

kg

Control Prenatal
stress

Muriel Darnaudéry, Taiwanese-French Frontiers of Science Symposium, Saint Malo, June 23th 2009

Maccari et al., 1995

Darnaudery et al., 2006



Memory Impairments with aging ???

In adulthood and during aging, prenatally-stressed rats 
show a hyperactivity of the HPA axis function

corticosterone
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Random
exploration 

Impact of prenatal stress on memory
performances in aged-animals
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Random
exploration

= 33%

21 MONTHS OLD

ACQUISITION

Retention (Inter Trial Interval)= 8H

Spatial recognition 
in the Y maze: task
dependent of the

hippocampus
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HIDDEN PLATFORM 

SPATIAL LEARNING

Impact of prenatal stress on learning performances 
in the water maze in aged-animals
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AdrenalAdrenal massmass correlatescorrelates withwith memorymemory
impairmentsimpairments in in agedaged animalsanimals

Darnaudery et Darnaudery et alal., ., NeurobiolNeurobiol. . AgingAging 20062006
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Causal Causal linklink ??

• Suppression of glucocorticoids secretion from midlife 
increases hippocampal neurogenesis in old animals and 
prevents the emergence of age-related memory disorders
(Montaron et al., 2005).

• Chronic stress/ or chronic glucocortoids treatments
accelerate memory impairments and neuropathological
changes (amyloid deposition, TAU phosphorylation) in 
animal models of Alzheimer disease (Jeong et al., 2006). 
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'First ever' Hello Kitty-
themed maternity hospital 
opens in Taiwan and aims 
to reduce the stress of 
childbirth !

Strategy for the
successful aging

Does an environmental
enrichment during

early life increases the
hippocampal volume?
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