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Homeodynamics means the Homeodynamics means the 

preservation, maintenance, and preservation, maintenance, and 

reintegration of the structural integrity reintegration of the structural integrity 
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A SYNTHETICAL VIEW OF HEALING MECHANISMSA SYNTHETICAL VIEW OF HEALING MECHANISMS

•• The phenomena and the mechanisms involved in healing processes can The phenomena and the mechanisms involved in healing processes can 
be described according to two fundamental standpoints. be described according to two fundamental standpoints. 

•• The first one, that we may call The first one, that we may call analyticalanalytical, considers all the single , considers all the single 
phenomena occurring in cells, tissues and blood during the healing from phenomena occurring in cells, tissues and blood during the healing from 
a damage. For example, we may investigate the molecular changes by a damage. For example, we may investigate the molecular changes by 
which the integrity of the bone tissue is restored in the place where which the integrity of the bone tissue is restored in the place where 
trauma broke a bone in two pieces; we may describe how an infarct trauma broke a bone in two pieces; we may describe how an infarct 
heals with formation of a small connective tissue scar; how white cells, heals with formation of a small connective tissue scar; how white cells, 
attracted by bacterial products, leave the bloodstream and migrate in attracted by bacterial products, leave the bloodstream and migrate in 
the tissues where they phagocytose and kill invader microbes; or how the tissues where they phagocytose and kill invader microbes; or how 
liver cells regenerate after severe intoxication or viral infection. liver cells regenerate after severe intoxication or viral infection. 
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•• The second perspective, that we may call The second perspective, that we may call syntheticalsynthetical, is to try to design , is to try to design 
working models by which the working models by which the fundamental principlesfundamental principles and the and the logiclogic of a of a 
complex phenomenon such as the healing process can be studied and complex phenomenon such as the healing process can be studied and 
understood. For example, we may observe that healing from trauma or understood. For example, we may observe that healing from trauma or 
from infection is due not only to local factors, like coagulation, cell from infection is due not only to local factors, like coagulation, cell 
chemotaxis, angiogenesis, but also to the participation of general chemotaxis, angiogenesis, but also to the participation of general 
factors, like activation of hypothalamusfactors, like activation of hypothalamus--hypophysishypophysis--adrenal axis, adrenal axis, 
production of cytokines that reach all the body through the bloodstream, production of cytokines that reach all the body through the bloodstream, 
changes of liver protein metabolism, and so on. It is a crucial aspect of changes of liver protein metabolism, and so on. It is a crucial aspect of 
the healing process that billions of cells act in concert and in a finalized the healing process that billions of cells act in concert and in a finalized 
manner in order to destroy foreign invaders or tumor cells and to remanner in order to destroy foreign invaders or tumor cells and to re--
establish the healthy morphological and functional state. establish the healthy morphological and functional state. 
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A SYNTHETICAL VIEW OF HEALING MECHANISMSA SYNTHETICAL VIEW OF HEALING MECHANISMS

•• Both ways of knowledge of the healing process (“vital force”), Both ways of knowledge of the healing process (“vital force”), 
the analytical and the synthetical, are important in order to the analytical and the synthetical, are important in order to 
describe and, possibly, to positively influence the healing describe and, possibly, to positively influence the healing 
process, but here we will give a greater emphasis to the second process, but here we will give a greater emphasis to the second 
one essentially for two reasons: one essentially for two reasons: 

•• the first reason is that a thorough analysis of the biological the first reason is that a thorough analysis of the biological 
events involved in a single healing process (e.g., wound healing, events involved in a single healing process (e.g., wound healing, 
bacterial killing, immune defense development, and so on) is bacterial killing, immune defense development, and so on) is 
impossible in the available space for this review; impossible in the available space for this review; 
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impossible in the available space for this review; impossible in the available space for this review; 

•• the second and more important, is that while the analytical the second and more important, is that while the analytical 
approach has been intensively pursued by molecular biology in approach has been intensively pursued by molecular biology in 
the last three decades and represents the main body of teaching the last three decades and represents the main body of teaching 
in medical schools, the synthetical perspective has been and is in medical schools, the synthetical perspective has been and is 
almost completely overlooked by modern, highalmost completely overlooked by modern, high--tech, medicine. tech, medicine. 

•• The “The “systemic thinkingsystemic thinking” or “” or “integrative thinkingintegrative thinking” is profoundly ” is profoundly 
rooted in the history of physics and of mathematics of this rooted in the history of physics and of mathematics of this 
century, representing a kind of reaction to the mechanicism of century, representing a kind of reaction to the mechanicism of 
nineteenth century.nineteenth century.
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A SYNTHETICAL VIEW OF HEALING MECHANISMSA SYNTHETICAL VIEW OF HEALING MECHANISMS

•• In the history of medicine, a global approach to In the history of medicine, a global approach to 
human health and disease has received much more human health and disease has received much more 
attention by soattention by so--called complementary medicines, that called complementary medicines, that 
are characterized by a systemic standpoint and are characterized by a systemic standpoint and 
developed before the modern western scientific (often developed before the modern western scientific (often 
reductionistic) paradigms and in some case reductionistic) paradigms and in some case 
independently of them. independently of them. 
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independently of them. independently of them. 

•• Therefore, a rethinking of the general principles of Therefore, a rethinking of the general principles of 
healing processes may serve both as a stimulus to healing processes may serve both as a stimulus to 
new scientific research in the conventional, new scientific research in the conventional, 
mainstream, field and as a key to understand in a mainstream, field and as a key to understand in a 
deeper and rational way the basis of other medical deeper and rational way the basis of other medical 
traditions. traditions. 
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A HOMEODYNAMIC SYSTEMA HOMEODYNAMIC SYSTEM

consists in a set of anatomical, biochemical, and functional elements consists in a set of anatomical, biochemical, and functional elements 

designed to maintain a physiological variable within minimum and designed to maintain a physiological variable within minimum and 

maximum oscillation limitsmaximum oscillation limits

��at cell levelat cell level, (e.g. membrane transport systems, enzyme , (e.g. membrane transport systems, enzyme 
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��at cell levelat cell level, (e.g. membrane transport systems, enzyme , (e.g. membrane transport systems, enzyme 

induction, heatinduction, heat--shock proteins, cyclic nucleotides)shock proteins, cyclic nucleotides)

��at organ level at organ level (e.g. regulation of blood flow, of numbers in (e.g. regulation of blood flow, of numbers in 

cell populations, of structure and morphology)cell populations, of structure and morphology)

�� at apparatus level at apparatus level (e.g. regulation of blood pressure, (e.g. regulation of blood pressure, 

thermoregulation, bowel function, sexual cycle, biological thermoregulation, bowel function, sexual cycle, biological 

identityidentity--HLA system, etc.)HLA system, etc.)

- 1. 1. Homeodynamics in living systems -
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--Healing mechanismsHealing mechanisms
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HOMEOSTASIS (HOMEODYNAMICS)HOMEOSTASIS (HOMEODYNAMICS)

Is the maintenance (and reIs the maintenance (and re--integration)integration)

of normal of normal health statehealth state

It has two dimensions:It has two dimensions:
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The concept of homeostasis, first introduced by the physiologist W.B. Cannon in 1929, refers to all those activities which ccoperatein the  

INTEGRATION OF ALL THE MECHANISMS THAT ALLOW A PHYSIOLOGICAL VARIABLE TO BE MAINTAINED IN THE PROPER 

VARIATION INTERVAL. We speak about homeodynamics (instead of homeostasis) to emphasize the continuous changes of internal 

variables.

��physiologicalphysiological variables variables 

��cell/tissue/organ cell/tissue/organ integrity integrity (“structure”, form”) and(“structure”, form”) and

biologicalbiological identity (the original quality of identity (the original quality of 

components)components)

- 1. 1. Homeodynamics in living systems -
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EXAMPLES OFEXAMPLES OF

PHYSIOLOGICAL (HOMEODYNAMIC)PHYSIOLOGICAL (HOMEODYNAMIC) VARIABLESVARIABLES

��Body temperatureBody temperature

��Heart rateHeart rate

��Body weightBody weight

��Blood pressureBlood pressure

��GlicaemiaGlicaemia

��pH pH 
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��pH pH 

��Urine volume and concentrationUrine volume and concentration

��Intracellular [Calcium]Intracellular [Calcium]

��Red cell numberRed cell number

��Cell cycle durationCell cycle duration

��Population dynamicsPopulation dynamics

- 1. 1. Homeodynamics in living systems -
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PLASMA CORTISOL HOMEODYNAMICS IN SEVEN HEALTHY SUBJECTSPLASMA CORTISOL HOMEODYNAMICS IN SEVEN HEALTHY SUBJECTS
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Life homeodynamics are NOT regularity 

but “controlled dysequilibrium” 
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PATHOLOGYPATHOLOGY ↑↑↑↑↑↑↑↑Na+Na+↓↓↓↓↓↓↓↓Na+Na+

Membrane enzymes, pumps and channelsMembrane enzymes, pumps and channels

CELL HOMEODYNAMICS AS “ CONTROLLED DYSEQUILIBRIUM”CELL HOMEODYNAMICS AS “ CONTROLLED DYSEQUILIBRIUM”
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NucleusNucleus
↑↑↑↑↑↑↑↑Na+Na+

↑↑↑↑↑↑↑↑K+K+

↑↑↑↑↑↑↑↑Ca++Ca++↓↓↓↓↓↓↓↓Ca++Ca++

↓↓↓↓↓↓↓↓Na+Na+

↓↓↓↓↓↓↓↓K+K+

CytoplasmCytoplasm
ExtracellularExtracellular

environmentenvironment
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CYTOKINE HOMEODYNAMICS AND MACROPHAGE FUNCTIONSCYTOKINE HOMEODYNAMICS AND MACROPHAGE FUNCTIONS

Type 1Type 1

TT--LymphocytesLymphocytes
BacterialBacterial

productsproducts

(e.g.: LPS)(e.g.: LPS)

Type 2Type 2

TT--LymphocytesLymphocytes

MacrophagesMacrophages
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Relax
Music: Stoic morning by Kevin MacLeod (incompetech.com) 
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--Healing mechanismsHealing mechanisms

--Quantitative variables and oscillationsQuantitative variables and oscillations

--Qualitative variables and the formQualitative variables and the form
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EXAMPLES OF EXAMPLES OF 

REGULATION OF REGULATION OF INTEGRITY INTEGRITY AND AND IDENTITYIDENTITY

��Wound healingWound healing

��Lymphocyte homingLymphocyte homing

��Nerve fiber regenerationNerve fiber regeneration

��Bone remodelingBone remodeling

��HLAHLA--based immune surveillancebased immune surveillance
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��HLAHLA--based immune surveillancebased immune surveillance

��DNA repairDNA repair

��Apoptose (“programmed cell death”)Apoptose (“programmed cell death”)

��Free radicals scavengingFree radicals scavenging

��Genic recombinationGenic recombination

��HeatHeat--shock proteins systemshock proteins system

��Idiotype autoIdiotype auto--regulationregulation
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DYNAMIC IDIOTYPE SELFDYNAMIC IDIOTYPE SELF--REGULATION REGULATION 

(the form of immune receptors)(the form of immune receptors)
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systemsystemsystemsystemsystemsystem

Ab1Ab1 Ab3Ab3
IdiotypeIdiotype

++
--

Schematic representation of the formation of antibodies to a foreign antigen (Ab1) and of antiidiotype antibodies (Ab2 and Ab3).

Solid lines = stimulation of the system or production of antibodies; dashed lines = blockade of the antigen or idiotype regulation. For 

the sake of simplicity, the antibody is represented as univalent (i.e. binding an antigen with only one region).

- 1. 1. Homeodynamics in living systems -

Credit is due above all to N. K. Jerne, the 1984 Nobel Prize-winner for Medicine, for constructing a model (the idiotype network) to explain 

these interactions. According to this theory, which is universally accepted today, the antibodies, as proteins, are themselves antigens and 

thus an antibody (antibody-1, or “Ab1”), directed specifically against a certain foreign antigen (in our case, for instance, an allergen) 

presents a particular structure (idiotype) in its variable part called Fab (Fragment antigen binding), and this idiotype may evoke the 

formation of specific antibodies (antiidiotype, or “Ab2”) These antiidiotype antibodies in turn evoke the formation of anti-antiidiotype 

antibodies, or “Ab3.” Ab1, Ab2, and Ab3 are produced in different (decreasing) amounts in the course of a normal immune response. We 

do not know what the effective degree of “ramification” of the system is, but it would not appear to go beyond Ab3 or Ab4.
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DENATUREDDENATURED

PROTEINSPROTEINS

HSPHSP

SELFSELF--RECOVERYRECOVERY

PROTEIN REFOLDINGPROTEIN REFOLDING

HSPHSP

HSFHSF

HSPHSP

CELLULAR MAINTENANCE OF QUALITY OF PROTEINSCELLULAR MAINTENANCE OF QUALITY OF PROTEINS

PATHOLOGICALPATHOLOGICAL

CONDITIONSCONDITIONS

FEVERFEVER

ENVIRONMENTALENVIRONMENTAL

STRESSSTRESS

HEAT HEAT 

SHOCKSHOCK

Environmental stress, pathological conditions, physiological conditions,  may threaten the  Environmental stress, pathological conditions, physiological conditions,  may threaten the  

organism and eventually the cells. One of the most important  consequences is the organism and eventually the cells. One of the most important  consequences is the 

damage to cell proteins, which are denatured and, for example, precipitate in anomalous damage to cell proteins, which are denatured and, for example, precipitate in anomalous 

form inside the cytoplasm. This kind of damage is also called “proteotoxicity”. form inside the cytoplasm. This kind of damage is also called “proteotoxicity”. 

To this  damage caused to its proteins,  the cells, all the cells, react To this  damage caused to its proteins,  the cells, all the cells, react 

by utilizing the so called heatby utilizing the so called heat--shock proteins. These proteins capture shock proteins. These proteins capture 

the denatured proteins and neutralize them before they can threaten the denatured proteins and neutralize them before they can threaten 

the functioning of the overall cell metabolism. Therefore, HSP are the functioning of the overall cell metabolism. Therefore, HSP are 

regarded as the main system protecting the cell from the changes of regarded as the main system protecting the cell from the changes of 

protein constituents. protein constituents. 

In the cytoplasm, HSP exist in a complex with heat shock factor (HSF). When the In the cytoplasm, HSP exist in a complex with heat shock factor (HSF). When the 

protein is utilized for the recovery process, the heat shock factor is detached and protein is utilized for the recovery process, the heat shock factor is detached and 

migrates to the nucleus, where binds to a heat shock element which in turn activates migrates to the nucleus, where binds to a heat shock element which in turn activates 

the transcription of the gene for heat shock proteins. We have, in a few words, a the transcription of the gene for heat shock proteins. We have, in a few words, a 

homeodynamic system at the cellular level: the more is the requirement of heat shock homeodynamic system at the cellular level: the more is the requirement of heat shock 

proteins, the more should be their production by the cell. proteins, the more should be their production by the cell. 
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COMPLEXITY OF ADAPTIVE SYSTEMSCOMPLEXITY OF ADAPTIVE SYSTEMS

A complex adaptive system is A complex adaptive system is a collection of individual a collection of individual 

agentsagents with freedom to act in ways that are not always totally with freedom to act in ways that are not always totally 

predictable, and predictable, and whose actions are interconnectedwhose actions are interconnected so that so that 

one agent’s actions changes the context for other agentsone agent’s actions changes the context for other agents

P.E. Plsek and T.GreenhalghP.E. Plsek and T.Greenhalgh, Complexity science, , Complexity science, BMJBMJ 323, 625323, 625--628, 2001628, 2001

© © P. BellaviteP. Bellavite

University of VeronaUniversity of Verona

Biodynamics, pathology,Biodynamics, pathology,

and regulative interventionsand regulative interventions

PATHOLOGYPATHOLOGY

2.1.2.1.

The puzzleThe puzzle

2.2. 2.2. 

Acute diseasesAcute diseases

2.3.2.3.

ChronicizationChronicization

3.3.

REGULATIVEREGULATIVE

INTERVENTIONSINTERVENTIONS

3.13.1

HistoryHistory

3.2. 3.2. 

The “simile”The “simile”

3.3. 3.3. 

The doses The doses 

3.43.4

IntegratedIntegrated

medicinemedicine

© P. Bellavite© P. Bellavite

HEARTHEART

FIREFIRE

------

HEARTHEART

EARTHEARTH

SPLEENSPLEEN

EARTHEARTH

------

SPLEENSPLEEN

WOODWOOD

------

LIVERLIVER

WATERWATER

KIDNEYKIDNEY

WATERWATER

------

KIDNEYKIDNEY

METALMETAL

------

LUNGLUNG

- 1. 1. Homeodynamics in living systems -



HOMEHOME

1. 1. 

LIFE FORCELIFE FORCE

1.1. 1.1. 

HomeodynamicsHomeodynamics

1.2. 1.2. 

CommunicationCommunication

1.3. 1.3. 

FeedFeed--backback

1.4. 1.4. 

ChaosChaos

1.5. 1.5. 

NetworksNetworks

2. 2. 

PATHOLOGYPATHOLOGY

1. HOMEODYNAMICS 1. HOMEODYNAMICS -- END OF THE LECTUREEND OF THE LECTURE
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