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ÅAdaptation to load of many factors;
ÅQuestions.



Between bottom-up and top-down

http:// learnandreturn.com/

https://navicell.curie.fr/navicell/

The ótop-downô 

modelling:
Å Describes the world in 

terms of dynamics, 

interaction and control 

of macroscopic 

processes.

Å Starts from the most 

general phenomena and 

aggregated variables. The óbottom-upô 

modelling:
Å Describes the world in 

terms of elementary 

processes. 

Å Starts from the level 

of functioning and 

interaction of individual 

entities.



Homeostasisis, in its essence, 
automatic stabilisation of the body:

Åά²ƘŜƴŜǾŜǊ conditions are such as to affect 
the organism harmfully, factors appear within 
the organism itself that protect or restore its 
disturbed balanceέ όCannon W.B. The wisdom 
of the body. 1932)  

Comfort
zone 

This idea in engineering, 
centrifugal governor, 1788A formal scheme

Any change in equilibrium 
prompts an opposing reaction 
in the responding system

Le Chatelier'sprinciple (1898) 
in chemistry(and beyond)
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Beyond elementary 
one-parametric loops

ÅDecomposition into relatively independent subsystems 
όŦǳƴŎǘƛƻƴŀƭ ǎȅǎǘŜƳǎΣ t/!Σ L/!Σ ƭǳƳǇƛƴƎΣ ΧύΤ

ÅRestructuring of the systems under stress;

ÅDynamics of complex systems; 

ÅRobustness and canalization;

ÅΧΧΧΧΧΧΦ

ÅSmall ModelsςQualitative Insights and Large Modelsς
Quantitative Insights (mechanisms driven versus data 
driven models).

ÅTools: Combination of system analysis, dynamics, 
control theory, and modern data mining.



/ŀƴƴƻƴΩǎ ǿƻǊƭŘ ςthe first generation of 
adaptation models is developed far enough

1. Organism is represented as a structure of 
relatively independent systems (groups of 
parameters);

2. This decomposition is dynamical and may 
change under the load of harmful factors;

3. Homeostasis is provided by a rich structure of 
feedback loops;

More and more detailed mechanisms of regulation 
are revealed and supported by the data-driven 
approach.



The second generation:
{ŜƭȅŜΩǎworld

Universaldynamic properties 
and phases of adaptation



General Adaptation Syndrome 
(H. Selye, 1926)

ά9ȄǇŜǊƛƳŜƴǘǎ on rats show that if the organism is severely damaged by 
acute nonspecific nocuous agents such asexposure to cold, surgical injury, 

production of spinal ǎƘƻŎƪΣΧΣ ŜȄŎŜǎǎƛǾŜ muscular exercise, or intoxications with sublethal

doses of diverse ŘǊǳƎǎΧΣ a typical syndrome appears, the symptoms of which 
are independent of the nature of the damaging agent or the 
pharmacological type of the drug employed, and represent rather a 
response to damage as suchΦέ



Χduring adaptation to a certain stimulus 
the resistance to other stimuli decreases.

Am. J. Physiol. 123 (1938), 758-765.



{ŜƭȅŜΩǎά!ŘŀǇǘŀǘƛƻƴ ŜƴŜǊƎȅέ ςthe 
universal currency for adaptation

(and the term was a political mistake of Selyebecause 
everybody asked him  to demonstrate the physical nature of this 
άŜƴŜǊƎȅέΤ ŀƴ ŀōǎǘǊŀŎǘ άŀŘŀǇǘŀǘƛƻƴ ǊŜǎƻǳǊŎŜέ Ƴŀȅ ōŜ ōŜǘǘŜǊύ 



{ŜƭȅŜΩǎconclusion
ÅThese findings are tentatively interpreted by the 

assumption that the resistanceof the organism to 
various damaging stimuli is dependent on its 
adaptability. 

ÅThis adaptability is conceived to depend upon 
adaptation energyof which the organism possesses 
only a limited amount, so that if it is used for 
adaptation to a certain stimuli will necessarily 
decrease. 

ÅWe conclude that adaptation to any stimulus, is always 
acquired at a cost, namely, at the cost of adaptation 
energy.



DƻƭŘǎǘƻƴŜΩǎ ŎǊƛǘƛŎǎ ŀƴŘ 
development of {ŜƭȅŜΩǎconcept



There are several different and apparently contradictory answers; yet, in 
different  circumstances each of these answers is probably true:
1. If an individual is failing to adapt to a disease he may succeed in so doing, if 

he is exposed to a totally different mild stimulus (such as slight fall of oxygen 
tension). 

2. In the process of adapting to this new stimulus he may acquire the power of 
reacting more intensely to all stimuli.

3. As a result of a severe stimulus an individual may not be able to adapt 
successfully to a second severe stimulus (such as a disease).

4. If he is already adapting successfully to a disease this adaptation may fail 
when he is exposed to a second severe stimulus.

5. In some diseases (those of Adaptation) exposure to a fresh severe stimulus 
may cure the disease. Here, too, exposure to an additional stressor will bring 
him nearer to death but the risk may be justifiable if it is likely to re-mould 
the adaptive mechanism to a normal form.

S. Afr. Med. J. 26 (1952), 88-92, 106-109. 

An attempt has been made to decide how one stimulus will 
affect an individual's power to respond to a different stimulus.



Goldstone  found evidences suggesting 
that previous adaptation strengthens the 

individual to resist future stressors

ÅGoldstone proposed the conception of a constant 
productionor income of Adaptation Energy which 
may be stored (up to a limit), as a capital reserve 
of adaptation. 
ÅHe showed that this conception best explains the 

clinical and Selye'sown laboratory findings. 
ÅIt is possible that, had Selye'sexperimental 

animals been asked to spend adaptation at a 
lesser rate (below their energy income), they 
might have coped successfully with their stressor 
indefinitely.



{ŜƭȅŜΩǎpicture of adaptation
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DƻƭŘǎǘƻƴŜΩǎ picture of adaptation
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{ŜƭȅŜΩǎaxioms of Adaptation Energy (AE)

1. AE is a finite supply, presented at birth.
2. As a protective mechanism, there is some upper limit to the 

amount of AE that an individual can use at any discrete moment 
in time. It can be focused on one activity, or divided among  
other activities designed to respond to multiply occupational 
challenges.

3. There is a threshold of AE activation that must be present to 
potentiate an occupational response.

4. AE is active at two levels of awareness: a primary level at which 
creating the response occurs at a high awareness level, with 
high usage of finite supply of adaptation energy; and a 
secondary level at which the response creation is being 
processing at a sub-awareness level, with a lower energy 
expenditure.

(Following Schkade& Schultz, 2003) 



DƻƭŘǎǘƻƴŜΩǎ ŀȄƛƻƳ мΩ

ÅAdaptation Energy can be created, though the 
income of this energy is slower in old age; 

ÅIt can also be stored as Adaptation Capital, 
though the storage capacity has a fixed limit. 

ÅIf an individual spends his Adaptation Energy 
faster than he creates it, he will have to draw 
on his capital reserve; 

ÅWhen this is exhausted he dies. 



Factor-resource models

We try to formalize the findings of 
physiologists in simpledynamic models



Simplest resource dynamics
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Correction is necessary
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Correction is necessary: 
threshold of death
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Ƞύὼ πὭὪὼ ρ

Threshold appears: If Ὢ 
then a threshold — πexists:
if ὶπ ὶπ —then 
ὶὸ ὶὸᴼπas ὸO Њ

=̞f-r

W(̞ )

  ςthe critical value of the non-compensated stressor  intensity

ρ

If Ὢ  then life is possible (W>0) without adaptation (with r=0)

Non-compensated 
stressors =f-r



Resource (superficial AE) 
& reserve (deep AE)



Reserve

The upper border Ӷὶ. 
If r0 crosses this 
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ςclose reserve
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If r0 crosses this 
border and goes 
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Resource & reserve model
The simplest dynamical model has three 
real variables and one Boolean

If reserve is open then r0 < ὁ. It closes when r0 =ὁ. If 
reserve is closed then r0 > r. It opens when r0 = r.
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Null-isoclines on ὶȟὶ plane for 
ὄȾ=0 and Ὢ 

r0

fW=0

dr/dt=0

dr0/dt=0

r0=R0

The safe situation. 
ÅEquilibrium is unique and stable.
Å¢ƘŜ άŘŜŀǘƘ ōƻǊŘŜǊέ W=0 is in the 

negative area. 
Å It is unattainable from the 

positively invariant rectangular 
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Null-isoclines on ὶȟὶ plane for 
ὄȾ=0 and Ὢ 
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Stabilisation by reserve

Ӷὶ(reserve off) 

ὶ(reserve on) 

r0

W=0

dr/dt=0

dr0/dt=0

r0=R0

S

U

Modified 
isocline
dr0/dt=0

Three types of stabilisation:
1. Removing dangerous 

borders or reduction of 
their attainability regions;

2. Stabilisation of unstable 
equilibria;

3. Stable oscillations instead 
of deaths.



Phenomenon of oscillating death
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Stable oscillations for 
various initial conditions

Metastable oscillations for various 
initial conditions (oscillating death)



Oscillating mortality after cancer surgery 
operation (high severity cohort)
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