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GeneRAL NoSOLOGY

1. Pathophysiology principles and concepts.

Pathophysiology is an important medical science which is necessary for modern doctor education. Pathophysiology is based on the knowledge of anatomy, histology, medical and biological physics, bioneorganic, bioorganic and biological chemistry, biology (general, molecular and medical), normal physiology, microbiology and it is integrated with these subjects.
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It forms the theoretical basis of doctor’s education for the further studying of the clinical subjects (internal diseases, surgery, obstetrics and gynecology, clinical pharmacology, pediatrics and others), provides the ability for diagnose, treatment and prophylaxis of diseases onset and development. The profound knowledge in pathophysiology helps to form clinical thinking for the doctors and would be necessary in professional activity for the solving of clinical problems.
Pathophysiology is the study of the changes in body physiology that result from disease or injury. The science of pathophysiology provides an understanding of disease mechanisms so that you can understand how and why alterations in body structure and function lead to the signs and symptoms of disease.

The term “pathophysiology” was first used in 17 century. In different countries this medical science has different names. “Pathophysiology” is used in post Soviet Union countries and Eastern Europe. The term “physiopathology” exists at French-speaking countries. In English-speaking countries the information about mechanisms of disease is given in the course of “pathology”. But Pathophysiology is not the same as pathology. Pathology has its roots in morbid anatomy - the structural changes of disease and pathophysiology is studying mostly functional base of disease.
Pathophysiology is closely connected with biology and normal physiology. but they are not being same. Different disturbances of cell activity have no prototype in the healthy organism (A. D. Ado). The disease isn’t a combination of normal processes, it`s a new condition of the organism. This is the main diference of pathophysiology from normal physiology. The aim of pathophisiology is to learn all the manifestations of the disease, to fnd the laws of its development (N. N. Zayko).

Pathophysiology is a science which is studying the vital functions of sick human (or animal) body in other words it is the physiology of sick organism. 
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The subject matters of pathophysiology are:

1. General nosology – the science about disease – gives the definitions of disease, etiology, pathogenesis etc.

2. Typical pathological processes. All the processes which are determined by the disease development can be described as a list of pattern responses of human body to various pathological stimuli. Such pattern responses form a base of typical pathological processes. Typical pathological process is a sum of pathological and compensatory reactions which are developed in the organism after the influence of various injuring factors. The examples of typical pathological processes are inflammation, fever, hypoxia etc.

The typical pathological processes are called so because their development in different tissues and organs has many similar signs. For example, the patient with pneumonia (inflammation of lungs) and the patient with hepatitis (inflammation in liver) both will have high temperature (fever) and blood changes. But both these patients will have specific signs of disease too. The patient with pneumonia usually have cough, and the patient with hepatitis usually have jaundice. 

3. Each organ and organ’s system has its own typical patterns of pathologic and recovering process, this is the subject of Systemic Pathophysiology  or Pathophysiology of organs and systems study. Similar to typical pathological processes typical forms of Pathology in organs and Systems of organs are the components of Different diseases.
The main methods of pathophysiology as a science are:

· Experimental modelling of various forms of pathologic processes on animals;
· Experimental modelling of protective and adaptive reactions on animals and humans;
· Clinical examination of various diseases with functional, biochemical, immunological and other tests; 
· Experimental therapy as an important method of studying and introducing the new ways of treatment. Experimental therapy is treatment with principles worked out in experiment on the basis of pathogenic phenomena etiology and pathogenesis new regularities discovery.
The main tasks of Pathophysiology are:
· Giving the definitions of main terms of general nosology such as disease, pathological process, typical pathological process, pathological reaction, etiology, pathogenesis;
· Study of causes, mechanisms of development and manifestation of pathological processes;
· Study of causes and mechanism of development of typical disorders of metabolism;

· Study of general regularities of pathological processes development in organs and systems of organs , concept of their functional insufficiency;

· Formulating of contemporary ideas about etiology and pathogenesis of the most widespread human diseases;

· Formulating of etiological and pathogenetic principles of classifcation of pathological processes and diseases;

· Working out experimental procedures for decision of etiology and pathogenesis problems;

· Study of mechanisms of development of basic clinical manifestations of pathological processes and the most widespread diseases.
Methods of Pathophysiology

The basic method of pathological physiology is a pathophysiological experiment. The role of experiment consists in observing a pathological process from its start to end. A physician cannot trace the disease development from its onset to its end.

The experiment allows a doctor to affect the organism of the animal using the methods which cannot be applied in hospital settings. 

Each experiment includes four stages:

1. Planning the experiment;

2. Carrying out of experiment (modelling and obtaining results);

3. Statistic analysis of observations;

4. Formulating the conclusions.

The majority of pathophysiological experiments are traditionally held on laboratory animals. But also we can obtain observation results directly from the sick humans with the help of variety of tests that can be provided with modern medical equipment. This gives the possibility to distinguish clinical pathophysiology as a practical brunch of pathophysiological science.

All experiments are divided into acute and chronic ones.

To study pathological processes the following basic experimental methods are used. 

The first is the method of organ exclusion. This method consists in removing an organ surgically or in making it inactive using heat, cold, radiation or large doses of antibodies. This is effective in endocrinology. Thus, removal of the pancreas makes possible to establish a causal relationship between diabetes and the pancreas.

The second is the method of stimulation. For example, Valter stimulated the nervous sympathetic fibres and found that arteries can contract.

The third is the administration of drugs whose effect is well-known (hormones, enzymes, antigens, etc.).

The forth is the method of isolation of organs and culture of tissues. This method was used to study the theory of anaphylaxis.

The fifth method is the method of comparative pathology. The role of this method was demonstrated by Mechnickov. He proved that human pathological processes result from the reactions developing in the course of animal evolution.

In Pathophysiology the same methods as in other sciences are used. By the means of molecular, microbiologic, immunologic, and morphologic techniques is used pathology attempts to explain the whys and wherefores of the signs and symptoms manifested by patients while providing a sound foundation for rational clinical care and therapy are applied. 

Supplementary methods: 

1) Physiological methods (measurement of parameters of an organism - pulse, arterial pressure, stroke output of heart, minute volume of heart, etc.)

2) Physical (measurement of growth, weights)

3) Electrophysiological. (the electrocardiogram, the encephalogram)

4) Morphological (studying of structure)

5) Biochemical, histochemical (various biochemical reactions). 

The practice of diagnostic pathology is devoted to identifying the nature and progression of disease by studying morphologic changes in tissues and chemical alterations in patients. More recently, the limitations of morphology for diagnosing diseases have become increasingly evident. Molecular biologic and immunologic techniques are being used to extend traditional morphologic methods

6) Immunologic (immunologic reactions)

7) Molecular biologic

8) Mathematical. (statistical processing of results)

9) Clinical supervision over the examinee object.
nosology - The science about disease
Nosology (Greek: nosos – illness + logos – science) is general science about diseases including the basic concepts and categories of pathology, classification and nomenclature of diseases, social aspects of pathology.

In order to formulate wide definition of disease we need to underline its specific features such as:

1) insufficiency or inadequacy of adaptive reactions,

2) decreased ability to work,

3) presence of injuring irritants.

So the “disease is the interrupting or disturbing the performance of the vital functions that can be the result of either hereditary genetic defect or injuring factor influence upon the organism; it is characterized by the development of both pathologic and adaptive reactions and is accompanied with the restriction of biological and social abilities of the patient”.
The term “disease” concerns with pathological reaction, pathological process and pathological condition.

Pathological reaction is a short-term, unusual reaction to some irritant, that can’t cause reliable decrease of working ability. For example, emotional stress can cause decrease or increase of BP.

Pathological process – includes different combinations of elementary pathologic reactions. Some pathological processes were evolutionary worked out by the human organism. They are also called typical pathological processes which were named earlier. Pathological process is underlying the disease but it is not the disease itself. It differs from disease by such features:

1. The disease usually has the main etiological reason; pathological process might have many reasons to be started with. For example, fever as a typical pathological process may occur as a result of burns disease, micro-organisms invasion or trauma. Myocardial infarction is a disease which is caused by insufficient blood supply of the heart. 

2. The same pathological process can manifest as various diseases due to place of its localization. For example inflammation of heart – myocarditis will manifest as fatigue, pain in the heart area, irregular heart rate. Inflammation of the liver – hepatitis will manifest with the jaundice, disturbances of digestion.

3. The disease is usually a combination of pathological processes. For example, pneumonia as a disease will include the following pathological processes: fever, inflammation; it will also be accompanied with disturbances of bloodflow in the lungs and hypoxia (due to disturbances of breathing).

4. Pathological process might not be accompanied with the decrease of working ability. 

Pathological condition can be defined as a very slow development of pathological process or it may be the consequence of pathological process. Examples: deformation of heat valves during or after endocarditis development, absence of teeth as a result of trauma or caries development.

The development of disease is frequently preceded with so-called “pre-disease” (premorbid) state. It is neither a disease nor a healthy state. This is a state of relative insufficiency of adaptive processes when increased strain may provoke a disease onset.
In these conditions the influence of any agent (even not pathogenic in other conditions) can cause a disease. A chronic stress is a good example of this condition. The condition of a predisease is not characterized by any specific symptoms. It can be revealed by means of load tests, or by means of functional tests which help to reveal decreased of the efficiency of the adaptive mechanism of the organism. This employs pharmacological tests, dosed physical loads and other functional tests.

Disease stages

The course of the disease can be divided into several periods or stages:

· incubative stage =incubation period (hidden, latent);

· prodromal period;

· manifestation of disease;

· outcomes of disease.

Incubation period – is the time from the moment of exposure to the development of the clinical manifestations of a disease. This period is typical for infectious diseases development. The knowledge about incubation period is important for prophylaxis of infectious diseases (isolation of the patients).

Prodromal period is the time during which a disease process has begun but is not yet clinically manifested. Prodromic signs of a disease are non-specific. They are: common ailment, quick fatigue, irritability, pain in bones and muscles, loss of appetite, headache and so on. 

Period of disease manifestation is characterized with the local and general signs and symptoms that are specific to different diseases. Let me note the difference between signs and symptoms. The signs of disease are objective physical findings found by the doctor. The symptoms of disease are any subjective evidence of disease or of a patient’s condition which are perceived by the patient. 

There are several variants of disease outcome: convalescence (complete and incomplete), complication, relapse, remission, transformation into a chronic form and death.

Convalescence is the stage of recovery following an attack of disease, a surgical operation or an injury. Complete convalescence is characterized with elimination of disease causes and consequences. If not all the consequences of disease are eliminated – convalescence is incomplete.

A term complication is used to describe additional medical problems that develop following a disease that are directly or indirectly related to disease. For example: bleeding is a complication of ulcer disease.

Relapse is the return of symptoms and signs of a disease after a period of improvement. For example: relapse of malignant tumour after its surgical ablation.

Remission is a complete or partial disappearance of the signs and symptoms of disease in response to treatment. For example malaria development is usually characterized with remission periods which are due to malaria plasmodium life cycle.

Chronic diseases are the diseases which have one or more of the following characteristics: they are permanent, leave residual disability, are caused by non-reversible pathological alteration, require special training of the patient for rehabilitation, or may be expected to require a long period of supervision, observation, or care. 

Death is the cessation of all vital phenomena without capability of resuscitation. Local death is going on at times and in all parts of the living body, in which individual cells and elements are being cast off and replaced by new; a process essential to life. General death is of two kinds: clinical death and biological death.

Clinical death occurs when a patient's heartbeat and breathing have stopped. Since breathing rarely continues when the heart is stopped, clinical death is synonymous with cardiac arrest or cardiac death. The reversal of clinical death is sometimes possible through cardiopulmonary resuscitation, defibrillation, epinephrine injection, and other treatments. Resuscitation after more than 4 to 6 minutes of clinical death at normal body temperature is difficult, and can result in brain damage or later brain death even if cardiac resuscitation is successful. Longer intervals of clinical death can be survived under conditions of hypothermia. Hypothermia also improves outcomes after resuscitation from clinical death even if body temperature is not lowered until after resuscitation.

Biological death is associated with brain death that is complete and irreversible cessation of brain activity.

Classification of diseases

International classification of diseases (ICD) divides the diseases according to the following criterions:

· the cause of the disease (hereditary, infectious, post-intoxicative diseases);

· the main pathogenic mechanism of the disease (dystrophies, diseases with disturbed metabolism , immunopathological states);

· the main localization of disease (diseases of blood, heart, eyes, kidneys etc.);

· patient’s age (diseases of newborns, diseases of children, diseases of aged people);

· the main way of treatment (surgical and therapeutic diseases). 

The time of disease duration is used to classify diseases as:

· fulminant - occurring suddenly, with lightning-like rapidity, and with great intensity or severity (from minutes to hours);

· extra-acute (from several hours to several days);

· acute ( 5- 14 days);

· subacute (15 till 35-40 days);

· chronic (several months or years).

Civilization diseases

Most of the today's widespread chronic diseases didn't exist, before the so called "modern civilization" was developed. Even in former high civilizations - like the old Egypt, Greece, Roman, Chinese, Indian, Maya civilizations - the "modern civilization diseases" were unknown. Modern life conditions give us the possibility to resist infections and increase life duration. But civilization development also have changed our life style so that it may be associated with some diseases. Civilization diseases are also called lifestyle-related diseases or noncommunicable diseases. These diseases associated with the way a person or group of people lives and potentially can be prevented by changes in diet, environment, and lifestyle. They are not passed from person to person. They are of long duration and generally slow progression. The four main types of noncommunicable diseases are cardiovascular diseases (like heart attacks and stroke), (such as chronic obstructed pulmonary disease and asthma) and diabetes.

Lifestyle diseases include atherosclerosis, heart disease, stroke, obesity, type 2 diabetes mellitus; and diseases associated with smoking (cancers, chronic respiratory diseases) and alcohol and drug abuse.
These diseases are driven by forces that include ageing, rapid unplanned urbanization, and the globalization of unhealthy lifestyles. For example, globalization of unhealthy lifestyles like unhealthy diets may show up in individuals as raised blood pressure, increased blood glucose, elevated blood lipids, overweight and obesity. These are called ‘intermediate risk factors’ which can lead to cardiovascular disease.

Lifestyle Risk factors include:
Tobacco – accounts  for almost 6 million deaths every year (including over 600 000 deaths from exposure to second-hand smoke);
Unhealthy diet - increased amount of red meat, carbohydrates and lipids in food may result in alteration of protein carbohydrate and lipid metabolism with further development of gout, diabetes mellitus and obesity;
Physical inactivity or hypodynamia – People who do not do sufficient physical activity have a greater risk of cardiovascular disease, colon and breast cancers, type 2 diabetes and osteoporosis. Being physically active improves mental and musculoskeletal health and reduces other risk factors such as overweight, high blood pressure and high blood cholesterol.
Alcohol - interferes with the brain’s communication pathways (these disruptions can change mood and behavior cause problems with social adaptation); cause heart problems (cardiomyopathy, arrhythmias, high blood pressure),  overload liver function (development of fatty liver and cirrhosis), cause premature activation of pancreatic enzymes (pancreatitis); increase your risk of developing certain cancers and can weaken your immune system
These lifestyle factors lead to four key metabolic/physiological changes:

– raised blood pressure;
– overweight/obesity;
– hyperglycemia; 

– hyperlipidemia.
The consequences of these metabolic alterations will be studied in the pathogenesis of relevant diseases.
Etiology concept

Etiology is a branch of medical science concerned with the reasons and conditions of diseases development. 
Etiology (Greek: aetia – the reason + logos – science) is a science about reasons and conditions of occurrence of diseases. Etiology studies: general properties of pathogenic factors, basic categories of pathogenic factors, signifcance of conditions in occurrence of diseases, principles of etiotropic prophylaxis and etiotropic therapy. The cause of disease may be intrinsic (genetic), extrinsic (environmental) or multifactorial. Inheritance, age, gender, infec  tious agents, or behaviors (such as inactivity, smoking, or abusing illegal drugs) can all cause disease. Diseases that have no known cause are called idiopathic.

One of the most important and difficult questions is the problem of establishing the cause of a disease. The tactics of the physician and the success of treatment of various diseases depend on the correct solution of this problem. Pavlov believed that a problem of etiology is the least investigated problem of medicine. In the course of development of natural history the theory of etiology of diseases has been changing. Each etiological theory was influenced by the dominant ideas of the time it was formed at. The old theory could not account for new facts. There were two ways of doing research: either to deny the facts or to change theories interpreting them.
Evolution of ethiological theory

The ancient medicine gave rise to the idea of a causative agent as a major etiological factor. XVII –XVIII centuries witnessed the development of a new doctrine known as mechanical determinism.

The mechanical determinism of XVII-XVIII centuries was of great significance for the development of the theory of pathology. Within a framework of mechanical determinism some basic methods of establishing causal connection (method of isolation, method of similarity, method of differences, method of attendant changes, method of remainder) were elaborated. These methods are still of great importance nowadays.

The important stage in the development of this scientific trend was elaboration of the theory of mechanical monocausalism.

The origin of this theory was prompted by discoveries of infectious pathology. Within a short period of time the causative agents of most widespread infectious diseases were discovered which was inspired by Paster’s idea that diseases may be caused by infectious agents. Many scientists overestimated the importance of microbes in the development of diseases.

Monocausalism was most fully reflected in the conception of Genle - Koch: 

1.
A certain microbe causes a certain disease, it can be found neither in healthy people nor in people suffering from other diseases.

2.
A microbe can be isolated in a pure culture.

3.
Pure microbial culture will cause the disease whose causative agent it is supposed to be in experiment.

This conception was of great importance as it channeled the research into discovering numerous microbes.

However, there was some clinical evidence which contradicted this conception. Firstly, the study of severe epidemics revealed that not all people get infected and develop a disease. Nor all of those infected die. Secondly, there was experimental evidence that a hen which is not subject to anthrax in ordinary conditions dies if its legs are kept in cold water for a while. Thirdly, milkmaids that had had cowpox did not catch smallpox during epidemics. Finally, in 1884 Lefler discovered the fact of carriage of bacilli. He found virulent streptococci and pneumococci on the mucous membranes of the pharynx and on the tonsils of healthy people. 

Later a new theory of conditionalism gained popularity. The founder of that theory was Ferworn. He formulated five principles of this conception.

1. The first of them is as follows. There are no isolated and absolute things. All processes or states are conditioned by other processes or states.

2. There are no processes or states which are determined by a single factor. All processes or states are conditioned by a large number of factors (doctrine of multiple conditions).

3. Every process or state is unequivocally determined by the sum of their conditions

4. Every process or state is identical to the sum of their conditions.

5. All conditions of any process or state are equally significant.

Conditionalism is a subjective idealism theory. Microbes alone can not account for the origin of infectious processes. But we should not underestimate the role of microbes in this process.

Another step in the development of the doctrine of etiology is constitutionalism. The founders of this theory believed that diseases may be caused by a constitution type. These types are as follows: normal, asthenic or hyperstenic constitution. Each type of constitution has its own peculiarities. People of asthenic constitution are subject to stomach ulcer and tuberculosis. People of hyperstenic constitution are likely to suffer from myocardial infarction or bronchial cancer. This theory is based on the theses of formal genetics and on genotype invariability. However, a genotype can change under the influence of many exogenous and endogenous factors. Therefore, this theory can not be considered true.

The next theory was elaborated by Zigmund Freud. This author distinguished three main systems in the psychic (mental) structure of a person: the conscious, the subconscious and the unconscious. The latter is the home for sexual instincts. The conscious constantly suppresses these instincts. Freud believed that a daughter’s love for her father, a son’s love for his mother are manifestations of sexual instincts. Human consciousness constantly suppresses these sexual instincts. But having a high power charge they tend to struggle their way to consciousness. This results in the development of numerous diseases such as schizoprenia, epilepsy, neurosis, etc.

Zigmund Freud's conception had a great effect on the western medical science. It also gave rise to a new branch of medicine, i.e. psychosomatic medicine. The supporters of this branch of medical science suppose that diseases may be caused by psychological conflicts in childhood. Different pathological processes are conditioned by different stages of children’s development when disorders occur.

Under 6 months of age an infant seeks for his mother’s love and has a food instinct. Disorders at this age lead to bronchial asthma or ulcer. Under 3 years of age a child has an inclination for analysis. They often break their toys and other things. If parents forbid to do this a child gets aggressive and spasms of the muscular system occur. From 3 to 6 years a child develops a sense of self and sexual feelings. Disturbances at that age will result in hysteria and in various sexual disorders.
Modern conception of etiology

The reason of diseases is that main etiological factor that causes the disease and determinates its specific features. For example, the reason of radiation sickness is ionizing radiation, the reasons of infectious diseases are microorganisms. But in some cases the development of disease is caused with the influence of many factors. For example, lungs inflammation is caused by pneumococci.. Physical exhaustion, cooling, emotional stress, vitamins deficiency also contribute to pneumonia development. Nevertheless, without  the microbes pneumonia development is impossible. So the main etiological factors of this disease are pneumococci. According to this example we can more exactly define the reason of the diseases: it is the leading factor of disease development, the disease can not be caused without it.

We can distinguish external and internal reasons of the disease. External reasons of the disease are mechanical, physical, chemical, biological and social factors; internal factors include hereditance, body’s constitution, age and sex. The term “internal reasons of diseases” is in some case conditional. It means that certain person has developed the disease without apparent influence of surrounding environment.

The factors influencing diseases onset and development  are  called conditions of disease development. 
The role of conditions under diseases development may be different: it may be decisive or insignificant.

For example, the effectiveness of DNA reparative system plays the main role in transformation of normal cell to tumor cell under the influence of cancerogenes. High activity of DNA reparative system prevents tumor formation, otherwise low activity of this system results in tumor development.

From the other hand, conditions are not important during intensive factor influence. For example, if the temperature of surrounding is very low it results in super cooling or frostbites independently from the conditions.

The conditions of disease onset are divided into external and internal. 

The most important external conditions are:

· ecological factors (pollution of air and water, influence of harmful (injuring) factors of industry, agriculture and so on);

· qualitative and quantitative deficiency if food;

· disturbances of day regime; 

· social stresses.

The most important internal conditions are:

· resistance;

· peculiarities of body constitution;

· type of high nervous activity (choleric, phlegmatic, sanguinic and melancholic);

· age,  sex and others.

There are  promotional (favorable) and unfavorable conditions of disease development.  They are also divided to external and internal. 

The internal conditions that promote the disease are: hereditary predisposition, pathological body constitution (diathesis), early newborn or senile age.

The external conditions that promote the disease development are: bad feeding, physical or mental overstrain, neurosis,  the previous diseases, defective patient’s care. 

The  internal conditions that inhibit the disease development are: specific immunity, specific racial or constitutional  features. For example, people  are resistant to infectious diseases of the animal. The persons with sickle-cell anemia do not suffer from malaria.

The external conditions that inhibit the disease development are rational feeding, physical exercises, rational organization of work and leisure, and in the case of disease – good patient’s care.
General Pathogenesis Concept
The term “general pathogenesis” is concerned to that section of general nozology, which is studying general mechanisms of diseases onset and development including mechanisms of death and recover.
Pathogenesis (Greek: pathos – disease + genesis – origin) is the science about mechanisms of development, course and outcome of diseases. It includes: mechanisms of stability of the organism to the action of pathogenic factors, general mechanisms of development of diseases, mechanisms of recovery, mechanisms of dying, principles of pathogenetic prophylaxis and pathogenetic therapy.

The role of etiologic factor in disease development.

Etiologic factor can play the role of “switch” in some diseases. It means that it initiates the start of pathologic process, which can further be proceeded independently, even if the factor is absent. The examples of such diseases and pathological processes are: radiation sickness, myocardial infarction, different types of trauma, burns, frostbites.

In other cases etiologic factor is constantly present in the organism and promotes the duration of disease.  For example: diabetes mellitus – etiologic factor insulin deficiency, Grave’s disease – excess of thyroid hormones.

The role of etiologic factor in chronic infectious diseases varies (changes) during the disease development. In initial stages of the disease its role is very important, but then immunity to infectious agent is formed and its role in pathogenesis is less significant. If immunity for this infection is not sterile – microorganisms are not completely eliminated (for example tuberculosis ) – every decrease of resistance will be accompanied with the clinical manifestation of the disease.

The main link of pathogenesis.

Functions of different organs and systems are disturbed in sick organism, various signs and symptoms appear that allow the doctor to put the diagnosis. In order to prescribe necessary treatment we need to evaluate the significance of different disease’ mechanisms and to mark out the main ones.

The main link of pathogenesis is that process that is absolutely important and underlies disease development.

Let’s discuss the main link of arterial hyperemia pathogenesis – dilation of arterioles. This process leads to decrease of peripheral vascular resistance, increase of blood pressure in capillaries, increase of bloodflow and speed of metabolism in tissue. The results of these changes manifest in redness of the organ or tissue, increased volume and temperature of it. All this signs can not appear without dilatation of arterioles. Therefore, braking of arterioles dilatation can prevent arterial hyperemia development.

Together with the main link of pathogenesis which is specific to different diseases it is important to find out the leading pathogenic factors. Some of these factors are common for different diseases: lack of oxygen, disturbances of metabolism.

The role of local and general changes in the organism

The disease is a suffering of the whole organism regardless of the fact of tissues and organs injury expansion. Interrelations between local and general changes are specific for every disease.

Local changes may start the disease (trauma, burns).  The whole organism immediately reacts by the means of nervous and endocrine system, blood and lymphatic vessels and other. The expression of local process  depends on organism reactivity in this case and reflects its level of activity. Thus, every local process becomes the part of organisms general complicated reaction to injury.

In other cases pathological changes in organs and tissues appear after the development of disease’s general signs and symptoms and do not coincide with the pathogenic factor affection point. Some pathogenic factors especially toxins  have tropism to different organs and tissues (example grip virus is tropic to nervous tissue, diphtheria toxins to myocardium.).

The role of pathogenic and adaptive reactions during disease development

Pathogenesis of all the diseases and pathological processes naturally includes both pathogenic and adaptive (compensatory, protective, reparative) reactions. Their specific combination, importance and the level of expression widely vary even in the patients with the same pathology. For example, pathogenic reaction during allergic bronchial asthma development are: spasm of bronchi, disturbances of lungs ventilation and perfusion (blood supply), disorders of gas diffusion through alveoli. Organism’s adaptive reactions are directed to antigen fixation, destruction, and elimination, increasing of tissue’s supply with the oxygen, compensation of acid-base balance changes. 

Adaptive reactions are realized by reflexive mechanism as a response to the action of pathogenic agent.

Mechanisms of pathogenic reactions are more complicated and less studied. Pathogenic agents may cause direct injury of organs and tissues as it is distinctly observed in mechanical and thermal injuries. 

Some of the pathogenic factors firstly initiate functional changes in the organism as a result of neuro-humoral regulation disturbance. In other cases pathogenic agents acts through nervous terminals or other sections of nervous system that is manifested  with various pathological changes.

Causality-effective relations in pathogenesis 

Causality-effective relations in pathogenesis are a logical row of disease mechanisms in which every pathological phenomenon is a consequence in relation to preceding one and cause in relation to the following one.

There are three variants of causality-effective relations in pathogenesis.

1. Direct raw of events. Example: radiant energy influence on the person with photosensitization – increased sensitivity to light due to accumulation of photosensitive substances. Photons of light interact with photosensitive molecules with phototoxins formation it results in disturbance of cell’s metabolism ( accumulation of suboxidised substances ( organism’s intoxication ( irritation of chemoreceptors ( primary activation and further braking of CNS neurons ( shock development (loss of consciousness, convulsions, disturbances of heart and lungs functions).

2. Divaricated type of events means that some events in pathogenesis have multiplicity of consequences or different events result in the same consequence. Example: high temperature and high humidity influence on the organism results in two independent processes taking part in the same time:

1 – dilation of vessels, that results blood redistribution and AP drop;

2. – increased hidrosis, that results in blood condensation and increased clotting which leads to heart overload.

The results of both processes - AP drop and heart overload – lead to one consequence – decrease of brain blood supply – loss of consciousness  and shock development.
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3. Vicious circle may be characteristic to pathogenesis of some diseases or pathological processes. It means that one of the pathogenic links becomes the reason of the disturbances that promote the action of the first one. For example, extremely high body temperature in the person with heatstroke increases the neuro-muscular excitability. That results in convulsions and increase of retractive thermogenesis. The latter potentiates increase of body temperature and further increase of neuro-muscular excitability.
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The knowledge obtained during nosology study allows us to discuss general principles of disease treatment. The following methods of therapy exist:

· etiologic therapy and prophylaxis

· pathogenic therapy 

· sanogenic therapy

· symptomatic therapy

Etiologic therapy is directed to the reason of the disease – restricting its spreading, intensity of influence and stopping of its action. Example: antibiotics used in infectious disease treatment, blood transfusion after blood loss. Etiologic prophylaxis – preventing of pathogenic factor influence with the using of both medicamental and non-medicamental methods:

· radioprotectors (radiation sickness) 

· disinfectants (infectious diseases)

· protective clothes (radiation, infection)

· repeated influence of pathogenic factor low dose – training – hypoxia, cooling, physical loading and other.

The aim of pathogenic therapy is to interrupt or to decrease the effectiveness of injury process.  Example: allergic and inflammatory diseases are usually accompanied with the excess of histamine. Using anti-histamine drugs  usually gives treatment positive results and prevents such consequences of histamine action as: swelling of tissues,  disturbances of regional bloodflow, pain and itches.

One of the main pathogenic therapy methods is substitutive therapy.  It is used when the reason of the disease is an absence or lack of some agents. For example: insulin is used in IDDM treatment, hormones of thyroid gland  - in myxedema treatment, enzymes  - in disturbances of digestion, vitamins – in hypovitaminosis. 

Sanogenic therapy is directed to the activation of organism protective and adaptive reactions.   Example: using of immune-stimulating medicines can prevent transformation of acute inflammatory diseases to chronic ones.

Symptomatic therapy is directed to the symptoms of the disease. Example: using of analgetics, anti-fever drugs. This type of therapy can not guarantee the best result in treatment. Effectiveness of treatment increases with using of different methods of it. 

QUESTIONs for self control

1.
Describe subject, tasks and methods of pathophysiology. 
2. 
Name types and stages of experiment planning.

3.
Give the definition to health, disease, pathological reaction, pathological process, pathological state.
4.
Name the stages of the disease, give different classifications of disease
5.
Give the definition to etiology, explain theories of etiology, classification of etiological factors. 

6.
Give the definition to pathogenesis, explain the role of sequence of events in disease pathogenesis.

7.
Discuss general principles of diseases treatment.

SiTuational problems

Task 1

Specify (typical) pathological processes which develop in: 

–  acute pneumonia; 

–  myocardial infarction; 

–  sickle-cell anemia. 

Draw  the  conclusion  about  participation  of  typical  pathological  processes in the development of the disease. 

Task 2
Give the pathogenetic characteristic of a biological expediency and the role of  the  following  compensatory  reactions  during  recovery  or  progressing  of the disease: 

–  vomiting and diarrhea in acute food poisoning; 

–  neutrophile leukocytosis in quinsy; 

–  reflex increase of the muscular tone in radiculitis; 

– development of collateral portocaval blood circulation  in  liver cirrhosis with portal hypertension; 

–  reticulocytosis in anemias; 

–  reflex  hyperactivation  of  sympatoadrenal  and  reninne-angio-tensin-aldosteron systems in cardiac insufficiency; 

–  hypersecretion of glucocorticoids, caused by hypoglycemia  in progressing of malignant neoplasms; 

–  breathlessness while climbing mountains; 

– vasoconstriction  and  centralization  of  blood  circulation  in  traumatic shock; 

–  erythrocytosis in respiratory insufficiency. 

Make the conclusion about the role of compensatory reactions in the development of the disease. 

Tests for self control
1.
What is the modern definition of DISEASE? Disease is a disturbance of living activity of the organism under the effect of pathogenic factor…

a.
with development of pathological process

b.
with development of functional and structural changes in the organism

c.
with loss of capacity for work

d.
with clinical features of disease

e.
with disturbance of adaptation to environment conditions and ability for work

2.
What is the modern definition of PATHOLOGICAL PROCESS? Pathological process is:

a.
sum of protective and pathological reactions of the organism

b.
reaction of organs and tissues to the pathological irritant

c.
inadequate reaction of organs and tissues to the pathological irritant

d.
changes in living activity of the organism disturbance of adaptation to environment conditions and ability for work

e.
inadequate reaction of the organism to the adequate irritation

3.
What is the modern definition of PATHOGENESIS? Pathogenesis is:

a.
causes and conditions of disease’s onset

b.
the mechanism of onset, development, course and outcome of the disease

c.
internal and external mechanisms of disease’s onset

d.
conditions of onset, development, course and outcome of the disease

e.
reaction of organs and tissues to the pathological irritant

4.
What is the modern definition of PATHOLOGICAL REACTION? Pathological reaction is:

a.
adequate reaction of the organism to the adequate irritation

b.
inadequate reaction of the organism to the inadequate irritation

c.
inadequate reaction of the organism to the adequate irritation

d.
adequate reaction of organs and tissues to the pathological irritant

e.
internal and external reaction of the organism of disease onset 

5.
What is the modern definition of ETIOLOGY? Etiology is a science about…

a.
factors of internal and external environment that take part in the onset of disease

b.
internal and external causes of disease onset

c.
conditions of the organism during the disease onset

d.
causes and origins of disease’s onset

e.
main causes of the disease onset

6.
Which of the examples listed below are PATHOLOGICAL REACTIONS?

a.
fever

b.
erythema on the skin after thermal influence

c.
allergic reaction

d.
inflammatory reaction

e.
dilation of the pupil to the light

7.
Which of the processes listed below is a TYPICAL PATHOLOGIC PROCESS?

a.
inflammation

b.
burn

c.
poisoning

d.
birth defect

e.
acquired trauma 

8.
Which of the processes listed below is a TYPICAL PATHOLOGIC PROCESS?

a.
burn

b.
poisoning

c.
birth defect

d.
allergy

e.
tumor

9.
The knowledge about which period of disease is important for prophylaxis of infectious diseases?

a.
incubation period

b.
prodromal period

c.
manifestation of disease

d.
outcomes of the disease

e.
convalescence

10.
The patient complains of irritability, pain in bones and muscles, loss of appetite, headache. No specific signs of the disease are observed. Which period of disease is described?

a.
incubation period

b.
prodromal period

c.
manifestation of disease

d.
outcomes of the disease

e.
convalescence

11.
From the list of ‘civilization diseases’ choose the one which doesn’t belong to this group:

a.
atherosclerosis

b.
diabetes

c.
pneumonia

d.
allergy

e.
stenocardia 

12.
From the list of ‘civilization diseases’ choose the one which doesn’t belong to this group:

a.
atherosclerosis

b.
burns disease

c.
diabetes

d.
allergy

e.
stenocardia 

13.
Choose the example of etiologic therapy from the given:

a.
infectious disease treatment with antibiotics

b.
allergic disease treatment with anti-histamine medicines

c.
diabetes mellitus treatment with insulin

d.
arthritis treatment with immune-stimulating medicines

e.
arthritis treatment with analgetics 

14.
Choose the example of pathogenic therapy from the given:

a.
infectious disease treatment with antibiotics

b.
allergic disease treatment with anti-histamine medicines

c.
headache treatment with analgetics

d.
arthritis treatment with immune-stimulating medicines

e.
arthritis treatment with analgetics 

15.
Choose the example of substitutive therapy from the given:

a.
infectious disease treatment with antibiotics

b.
allergic disease treatment with anti-histamine medicines

c.
diabetes mellitus treatment with insulin

d.
arthritis treatment with immune-stimulating medicines

e.
arthritis treatment with analgetics 

16.
Choose the example of symptomatic therapy from the given:

a.
infectious disease treatment with antibiotics

b.
allergic disease treatment with anti-histamine medicines

c.
diabetes mellitus treatment with insulin

d.
arthritis treatment with immune-stimulating medicines

e.
arthritis treatment with analgetics 

17.
Which mechanism is forming general reactivity and resistance of the organism?

a.
activation of mononuclear phagocytes system 

b.
chain complement reactions

c.
activation of vegetative nervous system

d.
immunological mechanisms

e.
activation of the respiratory system

18.
Dosed physical loading was made to a patient with the stenocardia of tension for studying of reserve ability of heart. Which kind of pathophysiology method was used in this case?

a.
instrumental research

b.
clinical experiment

c.
clinical observation

d.
functional test

e.
stationary observation

19.
Experiment is the one of basic methods of pathophysiology. Choose the correct sequence of the stages of making an experiment.

a.
discussion of possible results => making => analysis of results => conclusions

b.
planning => carrying out => conclusions => analysis of results

c.
planning => carrying out => analysis of results => conclusions

d.
carrying out => analysis of results => planning => conclusions

e.
discussion of possible results => carrying out => conclusions => analysis of results

20.
Many diseases develop on the certain stages. Choose the typical sequence of the stages of development of many diseases.

a.
Prodromal period => latent (incubative) period => manifestation of disease => outcome of disease

b.
manifestation of disease => prodromal period => outcome of disease => latent (incubative) period

c.
latent (incubative) period => prodromal period => manifestation of disease => outcome of disease

d.
latent(incubative)  period => period of hidden signs => prodromal period => manifestation of disease

e.
latent period(incubative)  => prodromal period => outcome of disease

21.
Choose the disease that can be named “illness of civilization”?

a.
rheumatism

b.
piles

c.
diabetes mellitus

d.
hepatocirrhosis

e.
pancreatitis

22.
Patient with stomach peptic ulcer disease after the treatment felt himself better. Digestion was normalized, pains disappeared. However in a few weeks pains and heartburn appeared again. How will you describe such flow of illness? 

a.
Period of remission

b.
Complication of illness

c.
Relapse

d.
Prodromal period

e.
Latent period

23.
The stenosis of pylorus was found at the X-ray examination of a patient with peptic ulcer disease. How can you characterize the presence of stenosis of the pylorus in the patient?

a.
Pathological condition

b.
Pathological process

c.
Disease

d.
Pathological reaction

e.
Compensatory reaction

24.
Patient was admitted with a peptic ulcer disease of stomach. He has been ill for 3 years. Now he complains of pain in epigastrium, heartburn, nausea, signs of blood in the stool. How can you describe such state of the patient?

a.
relapse

b.
complication

c.
remission

d.
pathological reaction

e.
pathological condition

25.
The student has caught pneumonia after super-cooling at the end of the winter. He had a nervous overstrain. Which was the reason of the disease? 

a.
Nervous overstrain 

b.
Super-cooling

c.
Insufficient feeding

d.
Hypovitaminosis

e.
Pathogenic microorganism

26.
Which type of resistance underlies the steadiness of human organism towards effect of both specific and wide ranges of non-specific damaging agents?

a.
individual resistance

b.
active resistance

c.
cross-resistance

d.
passive resistance

e.
specific resistance

27.
The patient arrived to the hospital from the smelting workshop in the condition of hyperthermia. Which is the direct cause of consciousness loss during the heat stroke?

a.
decrease of the brain blood supply 

b.
arterial pressure drop

c.
increased water loss through sweating

d.
decrease of heart reject

e.
dilatation of peripheral vessels

28.
The animal with the fever was injected with an antipyretic agent  and a change of body temperature was observed. Which of the following pathophysiological methods was used?

a.
study of primary signs

b.
chronic experiment

c.
modelling of pathological process

d.
 experimental therapy

e.
planning of the experiment

29.
The electrodes were implanted into rabbit’s hypothalamic area. During several weeks hypotalamus’ activity was studied under the conditions of chronic inflammation. Which from the following types of experiment is described?

a.
acute experiment

b.
chronic experiment

c.
physiological experiment

d.
biological experiment

e.
vivisection

30.
The researcher has to investigate an effect of a profound bleeding on the cardiovascular system function. Which from the following types of experiment should be performed?

a.
acute experiment

b.
chronic experiment

c.
physiological experiment

d.
biological experiment

e.
vivisection

31.
When a 5-year-old child was brought home from the kindergarten he presented with weakness, headache, body temperature rise up to 37,5oC. What period of disease develompent is the case?    

a.
prodromal   

b.
latent   

c.
incubative  

d.
recovery  

e.
disease outcome  

32.
A man aged 49, who was 12 years ago sick with rheumatic myocarditis and endocarditis now has mitral valve insufficiency. Studies have shown that inflammatory process is not present, cardiac output is sufficient. Describe the condition of the patient: 

a.
pathological state. 

b.
pathological reaction. 

c.
pathological process. 

d.
model of pathological process. 

e.
compensatory response.
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The role of heredity in pathology development
1. The role of genetics in modern medicine 

Not long ago medical genetics was considered to be an obscure subject but now it is permeating almost every branch of medicine. Classical genetics was often viewed as a catalog of rare syndromes and disorders. The “new genetics” has more applications. The most important of them are:

1. Production of human biologically  active agents. 

The needed gene is inserted into bacteria or other suitable cells in tissue culture and it begin to produce substances (en)coded  by this gene. Tissue plasminogen activator, growth hormone and erythropoietin are produced now with the help of this method.

2. Disease diagnosis.

DNA recombinant technology is used to diagnose both genetic and non-genetic diseases, neoplasms and in identification of a person. Traditionally the diagnosis of genetic diseases  depended on the identification of abnormal gene products (mutant hemoglobin or enzymes) or their clinical effects such as anemia or mental retardation (PKU). Now it is possible to identify mutations on the level of DNA with a remarkable sensitivity.

2. Definition of genotype and phenotype. Distinction between inherited forms of pathology and congenital diseases, phenocopies.

The genotype is the sum of genes that codes all features of the organism. The phenotype is a sum of the organism external and internal features. 

There are genetic diseases and inborn diseases that are formed during  pregnancy and birth process. If an inborn disease has similar signs with the genetic one it is called - phenocopy. For example, deafness is an autosomal recessive genetic disease, but if a woman had measles while being pregnant her baby may be born deaf too. 

Mutation is an impairment of DNA structure. The reasons of mutation can be physical (ionizing radiation), chemical (toxins and cancerogenes) and biological (viruses can insert DNA and change its code).

Mutations can be considered on the level of gene (changes in gene’s structure), on the level of chromosome (changes in chromosome’s structure) and on the genome level (changes in the quantity of chromosomes).
The spectrum of inherited or genetic disorders can be classified as:

•
chromosomal disorders, including mitochondrial chromosome disorders;

•
Mendelian and sex-linked single-gene disorders;

•
non-Mendelian disorders;

•
multifactorial and polygenic disorders.

3. Diseases, concerned with genetic pathology. Types of genetic defect inheritance.

Mutations involving single genes follow one of three patterns of inheritance: autosomal dominant, autosomal recessive and X-linked.

Autosomal dominant disorders are manifested in heterozygous state, so that at least one parent of an index case is usually affected. Both males and females are affected and both can transmit the condition. When an affected person marries an unaffected one, every child has one chance in two of having the disease.

Autosomal dominant disorders are characterized by the following features:

1. Some patients do not have affected parents

2. Clinical features can be modified by reduced penetrance and variable expressivity. Some individuals inherit the mutant gene but are phenotypically normal. This is referred to reduced penetrance. If the signs of the disease are seen in all individuals carrying the mutant gene it may be expressed differently among individuals. This phenomenon is called variable expressivity. For example, polydactyly may be expressed in toes or in fingers as one or more extra digits.

3. In many conditions the age of onset is delayed: symptoms and signs do not appear until adulthood.

Marfan’s Syndrome is a disorder of connective tissues. Principal clinical manifestation relates to 3 systems:

1. Skeleton  (patients have a slender, elongated habitus with abnormally long legs and arms, hyperextensibility of joints, typical chest deformation);

2. eye (dislocation of the lens due to the weakness of its suspensory ligaments);

3. cardiovascular system (aneurismal dilatation and aortic dissection, that may lead to death from aortic rupture. The cardiac valves may be distensible and regurgitant).

Familiar Hypercholesterolemia.

Heterozygotes have two – to threefold elevation of plasma cholesterol level, whereas homozygotes may have a fivefold elevation. Heterozygotes remain asymptomatic until adulthood  when they develop cholesterol deposits (xantomas) along tendons and premature atherosclerosis resulting in coronary artery disease. Homozygous persons are much more severely affected. They develop cutaneous xantomas in childhood and often die of myocardial infarction by the age of 15. The reason of hypercholesterolemia is the disturbance in cholesterol transport from blood into the cell.

Neurofibromatosis.

Neurofibromatoses comprise at least two autosomal dominant disorders. They are referred to neurofibromatosis-1 (van Recklinghausen’s disease) and neurofibromatosis-2 (or bilateral acoustic neurofibromatosis).

The main clinical sign of neurofibromatosis-1 is the development of neurofibromas in every conceivable site (along nerve trunks, cauda equine, and cranial nerves, in retroperitoneum, orbit, tongue and gastrointestinal tract). Sometimes pigmented skin lesions known as café au lait spots overlie a  neurofibroma. The affected gene produces protein that acts as a negative regulator of tumor growth.

Neurofibromatosis-2 is much rarer than type 1. The defining feature of this variant is the presence of bilateral acoustic neuromas. The gene for type 2 neurofibromatosis was mapped to chromosome 22, but its functions remain unknown.

Autosomal recessive disorders. 

Autosomal recessive disorders occur only when both alleles at a given gene locus are mutant. Such disorders are  characterized by the following features:

1. The disease does not usually affect parents, but siblings may show the disease.

2.  Siblings have one chance in four of being affected.

3. Onset of the disorder is frequently early in life.

4. In many cases enzyme proteins are affected by mutation.

In heterozygotes equal amount of normal and defective enzymes are synthesized. Usually the natural “margin in safety” ensures that cell with half its usual complement of enzyme function normally. The biochemical consequences of an enzyme defect have two major implications:

1. Accumulation of the substrate may be accompanied by the increasing amount of intermediate products.

2.  The enzyme defect can lead to a metabolic block and a decreased amount of end product that may be necessary for normal functioning.

Albinism is caused by the lack of tyrosinase which is necessary for the biosynthesis of melanin from its precursor tyrosine. The major clinical manifestation is hypopigmentation of skin, hair and eyes. The absence of melanin pigmentation of skin makes these patients vulnerable to skin cancer. The unpigmented iris and sclera permits light to retina that can cause retinal injury.

Hemoglobinopathies are autosomal recessive disorders that lead to anemia development. They will be discussed in “ RBC pathophysiology”.

Phenylketonuria (PKU)

Homozygotes with this disorder classically have a severe lack of phenylalanine hydroxilase leading to hyperphenylalaninemia and PKU. The biochemical abnormality in PKU is inability to convert phenylalanine into tyrosine. It is believed that the excess of phenylalanine or its metabolites results in the brain damage. Affected babies are normal at birth but in several weeks a rising plasma phenylalanine level develops which impairs brain development. Usually by 6 months of life severe mental retardation becomes evident. Untreated children have low IQ level, some of them are never able to walk and to talk. The treatment is based on the diet free of phenylalanine from early age.

X-LINKED DISORDERS

Sex-linked (better known as X-linked) disorders are transmitted by heterozygous female carriers only to sons (one chance in two), who have only one X chromosome. Heterozygous females rarely express full phenotypic change due to the presence of normal paired allele. An affected male does not transmit the disorder to sons, but his daughters are carriers. The examples for X-linked disorders are:

· vitamin D-resistant rickets;

· glucose-6-phosphate dehydrogenase deficiency, which leads to hemolytic anemia;

· hemophilia A and B (disturbances of blood coagulation);

· agammaglobulinemia (immunity deficiency);

· daltonism (disturbances of color vision).

At present  no Y-linked diseases are known.
4. Chromosomal diseases: classification, mechanisms of chromosome damage. Examples of autosome and sex chromosomes pathology.

Chromosomal abnormalities are much more frequent than genetic disorders. It is estimated that approximately 1 of 200 newborns has a certain form of chromosomal abnormality. Disorders may result from alterations of the number or structure of chromosomes and may affect autosomes or sex chromosomes.

For humans the normal quantity of chromosomes is 46 (2n=46).  Chromosome numbers such as 3n or 4n are called polyploid. Poliploidy usually results in a spontaneous abortion. When nondisjunction occurs at the time of meiosis the formed gametes have either an extra chromosome  (n+1) or one missing chromosome (n-1). Fertilisation of such gametes by normal gametes would result in two types of zygotes: trisomic, with an extra chromosome (2n+1), or monosomic (2n-1). Monosomy involving an autosome is incompatible with life, whereas trisomies of certain chromosomes and monosomy involving X- chromosome are compatible with life.
Abnormal chromosome structures include the following:
Deletions of a portion of a chromosome may give rise to a disease syndrome if two copies of the genes in the deleted region are necessary, and the individual will not be normal with just the one copy remaining on the non-deleted homologous chromosome. Many deletion syndromes have been well described. For example, Prader – Willie syndrome is the result of cytogenetic events resulting in deletion of part of the long arm of chromosome 15 and microdeletions in the long arm of chromosome 22 give rise to the DiGeorge syndrome.

Duplications occur when a portion of the chromosome is present on the chromosome in two copies, so the genes in that chromosome portion are present in an extra dose. A form of the neuropathy Charcot-Marie-Tooth disease is due to a small duplication of a region of chromosome 17.

Inversions involve an end-to-end reversal of a segment within a chromosome.

Translocations occur when two chromosome regions join together, when they would not normally. Chromosome translocations in somatic cells may be associated with pathogenesis of tumors. Translocations can be very complex, involving more than two chromosomes, but most are simple and fall into one of two categories.

Reciprocal translocations occur when any two non-homologous chromosomes break simultaneously and rejoin, swapping ends. In this case, the cell still has 46 chromosomes but two of them are rearranged. Someone with a balanced translocation is likely to be normal (unless a translocation breakpoint interrupts a gene); but at meiosis, when the chromosomes separate into diferent daughter cells, the translocated chromosomes will enter the gametes and any resulting fetus may inherit one abnormal chromosome and have an unbalanced translocation, with physical manifestations.

Robertsonian translocations occur when two acrocentric chromosomes join and the short arm is lost, leaving only 45 chromosomes. This translocation is balanced as no genetic material is lost and the individual is healthy. However, any ofspring have a risk of inheriting an unbalanced arrangement. This risk depends on which acrocentric chromosome is involved. Clinically important is the 14/21 Robertsonian translocation. A woman with this karyotype has a 1 in 8 risk of delivering a baby with Down’s syndrome (a male carrier has a 1 in 50 risk). However, they have a 50 % risk of producing a carrier like themselves, hence the importance of genetic family studies. Relatives should be alerted about the risk of a Down’s ofspring and should have their chromosomes checked.

Ring chromosome is formed by a break at both the telomeric (terminal) ends of a chromosome followed by deletion of the broken fragment and then end-to-end fusion. Ring chromosomes are compatible with life.

Isochromosome. When centromere rather than dividing parallel to the long axis, instead divides transverse to the long axis of chromosome, it results in either two short arms only or two long arms only called isochromosomes. The example involving isochromosome of X-chromosome is seen in some cases (15%) of Turner syndrome.

Alteration in chromosome number include:

Polyploidy. Very rarely the entire chromosome set will be present in more than two copies, so the individual may be triploid rather than diploid and have a chromosome number of 69. Triploidy and tetraploidy (four sets) result in spontaneous abortion.

Aneuploidy. It is a number of chromosomes which is not exact multiple of haploid numbering. hypodiploid (45 chromosomes) monosomy, hyperdiploid (47 chromosomes) trisomy.

Nondisjunctiion during meiosis results different gametes- some of it have no chromosomes (nullisomes), other may be normal. Occasionally, non-disjunction can occur during mitosis shortly after two gametes have fused. It will then result in the formation of two cell lines, each with a different chromosome complement. This occurs more often with the sex chromosome, and results in a ‘mosaic’ individual.

Alteration in chromosome number may concern autosomes and sex chromosomes
Autosomal disorders.

Down’s syndrome is the most common of the chromosomal disorders. Affected persons have trisomy 21, so their chromosome count is 47. The cause of this trisomy is meiotic nondisjunction that occurs in ovum. The parents of these children have  normal karyotypes and are normal in all respects. Maternal age is of great influence for  the incidence of Down’s Syndrome. All the ova are present from the woman’s birth, therefore they are vulnerable to potentially harmful environmental influences. The increasing incidence of nondisjunction with age may be related to cumulative exposure to such environmental influences. No effect of paternal age has been found.

Clinical features of Down’s syndrome are:

· severe mental retardation;

· epicanthic folds and specific facial profile;

· abundant neck skin;

· predisposition to leukemia;

· frequent and serious infections (causes of morbidity and mortality);

· congenital heart defects (the reasons of death in early childhood);

· intestinal stenosis;

· umbilical hernia;

80%  of those individuals without congenital heart diseases can live for about 30 years. The prognosis depends to the control of infections too.
Patau  syndrome  (trisomy  13),  is  a  chromosomal  condition associated  with  severe  intellectual  disability  and  physical  abnormalities (heart  defects,  brain  or  spinal  cord  abnormalities,  microphthalmia,  extra fingers  or  toes,  a  cleft  lip with  or without  a  cleft  palate, and weak muscle tone  (hypotonia).  Due  to  the  presence  of  several  life-threatening medical problems, many infants with trisomy 13 die within their first days or weeks of life. Only  five percent  to 10 percent of children with  this condition  live past their first year. 

Edwards syndrome  (trisomy 18) manifests with slow growth before birth  (intrauterine  growth  retardation)  and  a  low  birth  weight.  Affected individuals may have heart defects and abnormalities of other organs  that develop  before  birth.  Other  features  of  trisomy  18  include  a  small, abnormally  shaped  head;  a  small  jaw  and mouth;  and  clenched  fists with overlapping fingers. Due to the presence of several life-threatening medical problems, many  individuals with  trisomy  18  die  before  birth  or within  their first month. Five  to 10 percent of children with  this condition  live past  their irst year, and these children often have severe intellectual disability.
Cri du chat syndrome (chromosome 5p deletion syndrome, or Lejeune’s syndrome) – appears with deletion of the short arm of chromosome 5. Characterized by severe mental retardation, microcephaly and unusual catlike cry. Further manifested by low birthweight, round face, hypertelorism (wide-set eyes), low-set ears and epicanthal folds.
Di George velocardiofacial syndrome – microdeletion in chromosome 22 (catch 22 syndrome). Characterized by cardiac abnormalities, abnormal facies, T-cell decreased count because of thymus hypoplasia, cleft palate and hypocalcemia because of hypoparathyroidism.

Sex chromosome disorders.

Klinefelter’s Syndrome.

This syndrome is best defined as male hypogonadism that develops when there are at least two X chromosomes. Most patients are 47,XXY. This karyotype results from nondisjunction of sex chromosomes during meiosis. An extra X chromosome may be maternal or paternal origin. Clinical manifestations in some patients may be expressed only as hypogonadism, but most patients have a distinctive habitus with the increase of  length between the soles (feet) and the pubic bone  which create the appearance of elongated body. Reduced facial and body hair and gynecomastia are also frequently noted. The testes are noticeably reduced in size. The serum testosterone level is lower than normal. The patients are sterile.

Turner’s Syndrome.

Turner’s syndrome is characterized by primary hypogonadism in phenotypic males with karyotype 45,X. Clinical features include significant growth retardation leading to abnormally short stature, webbing of neck, low posterior hairline, shield-like chest, coarctation of aorta, horseshoe kidney, infantile genitalia, primary amenorrhea, low levels of pituitary gonadotropin and ovarian estrogen.

5. Multifactorial and polygenic disorders 

Many congenital abnormalities, especially malformations cannot be explained on the basis of single gene inheritance. It is assumed that these defects arise by virtue of the additive efect of multiple minor or ‘weak’ gene disturbances. Whether or not these linked blocks of genes (polygenes) are expressed depends upon the extent to which they are diluted by blocks of normal genes and the interplay of environmental factors. Mendelean and sex-linked single-gene disorders are the result of mutations in a protein coding sequence. These mutations can have various efects on the expression of the gene, but all cause a dysfunction of the protein product. 
Characteristics resulting from a combination of genetic and environmental factors are said to be multifactorial; those involving multiple genes can also be said to be polygenic. Measurements of most biological traits show a variation between individuals in a population. This variability is due to variation in genetic factors and environmental factors. Environmental factors may play an important part in determining some characteristics, such as weight, whilst other characteristics such as height may be largely genetically determined. This genetic component is thought to be due to the additive effects of a number of alleles at a number of loci, many of which can be individually identified using molecular biological techniques, for example studying identical twins in different environments.
One such condition that has been studied is congenital pyloric stenosis. This is most common in boys but if it occurs in girls the latter have a larger number of affected relatives. This difference suggests that a larger number of the relevant genes are required to produce the disease in girls than in boys. Most of the important human diseases, such as heart disease, diabetes and common mental disorders, are multifactorial traits.
6. Diagnostic methods, prophylaxis and treatment of inherited diseases.

Diagnostic methods include:

1. The method of medical statistics and genealogical method foresee to compare the frequency of hereditary diseases in the patient’s family with  its frequency in the whole population.

2. Studying of twins gives a possibility to divide the role of hereditary and environmental factors.  For example, mental retardation and some psychic diseases depend more on genetic factors. In the case of tuberculosis the main role is played by environmental factors.

3. Chromosomal diseases are diagnosed with the help of karyotyping. A karyotype is a photographic representation of a stained metaphase spread in which the chromosomes are arranged in the order of decreasing length. 

4. The detection of Barr bodies or sex chromatin is used to diagnose of sex chromosome disorders.  The Barr body or sex chromatin is a prominent clump of chromatin attached to the nuclear membrane in the interphase nuclei of all somatic cells of females. The Barr body represents one genetically inactivated X chromosome. The number of Barr bodies depends on the number of X chromosomes. Only one X chromosome is activated, all the rest are inactivated ones. They are represented by Barr bodies. If the karyotype is 48, XXXX, there will be three Barr bodies.
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5. Biochemical methods are used to detect enzymes deficiency by investigation of enzymes activity or end products of reactions.

There are certain principles of treatment and prevention of the hereditary diseases.

1. Elimination of food components which may transform into toxic substances. For example, elimination of phenylalanine in the diet of the patient with PKU prevents mental retardation. 

2. Addition of necessary components to the diet. This method may be used in the cases of substance synthesis deficiency.

3. Compensation of the absent gene product. For example, treatment of hemophilia with antihemophile protein. 

4. Surgery treatment includes removing of the affected organ or extra digits (polydactily).

Prevention measures include elimination of mutation factors, examination of family genealogy and limitation of marriages between relatives. If a severe hereditary disease is diagnosed during the pregnancy (with the study of amniotic fluid) the medical abortion must be provided.
QUESTIONs for self control
1. Define hereditary disease, hereditary predisposition and congenital disease.

2. Characterize different ways of inheritance.

3. Give the examples of single gene disorders and multifactorial diseases.

4. Describe chromosomal abnormalities and the main clinical syndromes of their manifestation.
5. Describes the methods of diagnostics, prophylaxis and treatment of hereditary diseases
Tasks for self control on “Hereditary pathology”

Situational Problem 1

Mary N., 25 years old, applied to genetic consultation in order to clear up her future child pathology development probability. She has a 4 year old daughter. Daughter has 6 fingers at the right arm and 7 toes at the right leg. Father and grandmother had the same pathology.

1. What hereditary pathology does Mary N. daughter have?

2. Define the probability of this pathology development in second child.

Situational Problem 2

Healthy parents have a child with inherited disease – phenylketonuria. Parents applied to genetic consultation in order to clear up their future child pathology development probability.

1. What type of inheritance is typical for phenylketonuria?

2. Define the probability of this pathology development in second child.

3. What methods are used for diagnostic and treatment of this disease?

Situational Problem 3

Serge D., 3 years old, has increased bleeding sickness from his birth. He often has hemorrhages in knee-joint and hip-joint. Diagnosis: hemophilia A.

1. What type of inheritance is characteristic for this pathology?

2. Who is a carrier of pathologic gene in this case?

Situational Problem 4

Family with inherited pathology child was prescribed medical genetic consultation in order to prevent birth of second child with inherited disease. Clinic genealogy, cytogenetic and biochemical methods were used in order to fulfill complete diagnostics.

1. Describe these diagnostic methods.

Situational Problem 5

Karyotype study of patient G., revealed 47 chromosomes, three sex chromosomes (XXY).

1. Define hereditary disease with such karyotype.

2. Give the description of the patient with this disease.

Situational Problem 6

A child 3 years old has low hearing, convulsions attacks, mental retardation. Wassermann test is positive in child and in his mother.

1. Is this disease inherited one?

2. Prove your answer

Situational Problem 7

A child 3 years old has very low hearing from the moment of birth. It is known that his mother was ill with rubella while she was pregnant. There were no cases deafness in her family and in child’s father family.

1. Is this disease inherited one?

2. Name this state and explain the mechanism of it.

Tests for self control

1.
Hereditary disease – phenylketonuria was found in child in the maternity hospital. Which reason causes the occurrence of hereditary diseases?

a.
changes of chromosomal quantity

b.
qualitative and quantitative changes of genes

c.
effect of surrounding environment negative factors 

d.
hereditary pathology of the closest relatives

2.
Congenital disease – non-closure of fetal oval foramen was revealed in child in the maternity hospital. Which reason from listed below can cause the occurrence of congenital diseases?

a.
rhesus conflict of mother and fetus

b.
quantitative changes of genetic information

c.
effect of teratogenic factors

d.
congenital pathology of the closest relatives

e.
qualitative and quantitative changes of genetic information

3.
In which period of life the clinical signs of hereditary diseases can appear?

a.
right after birth

b.
in the period of puberty

c.
in the middle age

d.
at any age

e.
in senile age

4.
Hereditary diseases may be connected with disorders of chromosomes and genes structure or quality. Which of the diseases from listed below can be related to chromosomal diseases? 

a.
Klinefelter’s syndrome

b.
stomach ulcer

c.
essential hypertension

d.
syndactylism

e.
phenylketonuria

5.
Hereditary diseases may be connected with disorders of chromosomes and genes structure or quality. Which of the diseases from listed below can be related to gene diseases? 

a.
diabetes mellitus

b.
haemophilia

c.
X-trisomy syndrome

d.
Klinefelter’s syndrome

e.
stomach ulcer

6.
Which chromosomal disease can be observed both in men and women equally? 

a.
Down’s syndrome

b.
XO syndrome

c.
Kleinfelter’s syndrome

d.
X-chromosome trisomy syndrome

e.
Phenylketonuria

7.
Which changes of karyotype are typical for Down’s syndrome?

a.
trisomia 21

b.
X-chromosome trisomia

c.
trisomia 13

d.
loss of X-chromosome

e.
inversion of chromosome of 21st pair

8.
Which changes of karyotype are typical for Kleinfelter’s syndrome?

a.
44X0

b.
44XXY

c.
44XXX

d.
44Y0

e.
44XY

9.
The dominant pathological gene linked with X-chromosome was found in woman during chromosomal set mapping. In Which conditions this pathological gene can cause diseases in children depending on sex?

a.
in all children not depending on sex

b.
only in sons

c.
in all daughters

d.
will lead to fetal death in prenatal period

e.
in 50% of daughters

10.
Is hemophilia possible in girls?

a.
no, because women are only bearers of pathological gene

b.
yes, if father is sick on haemophilia

c.
no, because pathological gene is inherited only with Y-chromosome

d.
yes, if 2 X-chromosomes with pathological gene are inherited

e.
yes, if mother is sick on haemophilia

11.
Can congenital pathology be inherited?

a.
yes, in all cases

b.
no, not in any case

c.
possible in case of additional effect of specific environmental factor

d.
possible in case of additional effect of complex of environmental factors

e.
yes, if mutation is in sex cells

12.
Can chromosomal diseases be inherited from parents?

a.
yes, if the disease is not accompanied by pathology of sexual glands

b.
yes, in all cases

c.
yes, if both parents are sick

d.
yes, if the disease is not accompanied by mental deficiency

e.
no, not in any case

13.
One of the most common hereditary disorders is color blindness (daltonism). Define the type of this disorder.

a.
single autosomal dominant gene disorder

b.
single autosomal recessive gene disorder

c.
autosomal disorder

d.
sex chromosome disorder

e.
single X-linked gene disorder

14.
It is known that phylketonuria is characterized by a lack of phenylalanine hydroxylase. Which method of its treatment is most commonly used?

a.
elimination of phenylalanine from the diet

b.
injections of phenylalanine hydroxylase

c.
oral administration of phenylalanine hydroxylase

d.
correction of the patient’s life style

e.
surgical treatment

15.
Diagnosis of hereditary diseases includes detection of Barr bodies in the cells. Which number of Barr bodies will be detected in the person with Turner syndrome?

a.
zero

b.
one

c.
two

d.
three

e.
four

16.
Diagnosis of hereditary diseases includes detection of Barr bodies in the cells. Which number of Barr bodies will be detected in the woman with Down’s syndrome?

a.
zero

b.
one

c.
two

d.
three

e.
four

17.
A doctor consulted a woman with defects of physical and sexual development. Microscopy of mucosal cells from the pral cavity didn’t reveal sex chromatin in the nuclei. What kind of chromosomal pathology is it typical for?

a.
Turner syndrome

b.
Down’s syndrome

c.
Kleinfelter syndrome

d.
Trisomy of X chromosome

e.
Patau syndrome

18.
What method of examination will be helpful in diagnosing Turner syndrome and Kleinfelter?

a.
genealogical 

b.
statistical 

c.
identification of sex chromatin

d.
dermatoglyphic

e.
biochemical

19.
The frequency of heterozygotes on phenulketonuria in the Ukraine population  is 3%. What method of examination is used for early diagnosis of phenylketonuria in newborns?

a.
genealogical 

b.
statistical 

c.
identification of sex chromatin

d.
dermatoglyphic

e.
biochemical

20.
Multifactorial diseases are characterized by extreme variety of clinical forms and individual manifestations, and by high dissemination in population, for example: atherosclerosis, arterial hypertension, and diabetes mellitus. What kind of inheritance forms the basis for predisposition of these diseases:

a.
polygenic

b.
dominant

c.
recessive 

d.
X-linked

e.
incomplete domination

21.
A couple came for medical genetic counseling. The man has hemophilia, the woman is healthy and there were no cases of hemophilia in her family. What is the risk of having a sick child in this family?  

a.
0

b.
100 %  

c.
75%  

d.
50%  

e.
25%  

22.
A woman who was sick with rubella during the pregnancy gave birth to a deaf child with hare lip and cleft palate. This congenital defect is an example of:

a.
Phenocopy

b.
Edward’s syndrome  

c.
Genocopy  

d.
Patau’s syndrome  

e.
Down’s syndrome  

23.
A woman who was infected with toxoplasmosis during the pregnancy has a child with multiple congenital defects.This is a result of:

a.
Teratogenesis

b.
Cancerogenesis

c.
Biological mutation

d.
Chemical mutation

e.
Genes recombination

24.
A couple had a child with Down's disease. Mother is 42 years old. This disease is most probably caused by the following pathology of prenatal development:

a.
Gametopathy

b.
Blastopathy

c.
Embryopathy

d.
Non-specific fetopathy

e.
Specific fetopathy

25.
Examination of a 12 year old boy with developmental lag revealed achondroplasia:  disproportional constitution with evident shortening of upper and lower limbs as a result of growth disorder of epiphyseal cartilages of long tubal bones. This disease is:   

a.
Inherited, autosomal dominant  

b.
Inherited, autosomal recessive

c.
Inherited, sex-linked  

d.
Inherited. polygenic

e.
Congenital

26.
In genetic counseling the couple was consulted. A man suffers from insulin-dependent diabetes mellitus, and the woman is healthy. What is the probability of insulin-dependent diabetes in children of this couple? 

a.
more than in the population 

b.
the same as in the population 

c.
100%

d.
50%

e.
25%

27.
A few months after birth a child developed symptoms of the CNS disorders. The skin and hair became lighter. The solution of 5% iron trichloroacetate added to fresh urine gives it green coloring. What kind of hereditary disorder is characterized by this test?

a.
tyrosinosis

b.
alcaptonuria

c.
fructozuria

d.
phenylketonuria

e.
albinism

28.
Examination of a child with oligophrenia revealed an increased level of phenylalanine and phenylpiruvate in blood plasma. The reaction of urine with trichloroacetic iron is positive. The deficiency of which enzyme synthesis may manifest in such way?

a.
tyrosinase

b.
dopamine hydroxylase

c.
phenylalanine hydroxylase

d.
homogentisic acid oxydase

e.
pyruvate oxydase
Correct answers to the tests

	1. 
	E
	8. 
	A
	15. 
	C
	22. 
	E

	2. 
	A
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	B
	16. 
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	17. 
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	24. 
	C
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	11. 
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	18. 
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	25. 
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	26. 
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	6. 
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	13. 
	B
	20. 
	C
	27. 
	A

	7. 
	A
	14. 
	C
	21. 
	A
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	A


The role of body type (constitution) 
and age in disease development
1. The role of body type in pathology development
The constitution or somatotype is an unified complex of morphological, functional, psychological peculiarities being formed on the hereditary basis under the influence of the environmental factors.

Absolute constitutional markers are: histocompatability antigens, blood group and hand’s dominance.Relative constitutional markers are: high nervous activity type, body shape.
The constitution determines the individual reactivity and adaptational possibility to the environment and pathological predisposition to certain diseases.

The constitution play a key role in pathogenesis of many various diseases (for example, tuberculosis, obesity, hypertension, bronchial astma and others).

At first constitution described Hippocrates. First classification by Hippocrate’s included three types of constitution: Phtysic, Athletic, Apoplectic. Then Hippocrate’s described second classifcation due to temperament and social behavior. Hippocrate’s classification include four types:

  A. Choleric

  b. Phlegmatic

  C. Sanguine

  D. Melancholic

Each innate constitution has a different mixture of the four elements and four humors. When there is a predominance of the bilious humour this makes the dry and hot choleric temperament. A predominance of the phlegmatic humour makes the moist and cold phlegmatic temperament. A predominance of the sanguine blood humor makes the hot and moist sanguine temperament. A predominance of the atrabile makes the cold and dry melancholic temperament.

Each of these four temperaments is associated with its own sphere of influence in the constitution.

The choleric temperament is associated with the liver, gall bladder, digestive and eliminative systems. The phlegmatic temperament is associated with the brain fuids, lymph and genito-urinary system. The sanguine temperament relates to the heart, blood and arteries. The melancholic temperament is associated with the nerves, lungs and spleen.
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Morphological classification by Sigaud  – one of the most popular morphological constitution is being formed throughout all life, but will be changed by the process of training. This classification include four types:
  A. Respiratory type

  b. Digestive 
  C. Muscular

  D. Cerebral






A

B
           C

    D
Classifcation by Bogomolets. A basis of these classification is structural and functional peculiarities of the connective tissue as active mesenchymal system, which plays the main role in reactivity of the organism.

  A. Asthenic

  B. Pastly

  C. Fibrotic

  D. Lipomatous

Classification by Pavlov. Due to 1-st or 2-nd signal nervous system. Reasoning type with prevalence 1-st signal n.s.; artistic type is predominated 2-nd signal system. This classifcation include three types:

  A. Reasoning type

  B. Artistic type

  C. Mix type
[image: image7.emf]



Vicious circle

Vicious circle

High  temperature of the air

High  temperature of the air

High body

temperature

Increased neuro-muscular

excitability

Convulsions 

Increase of

retractive thermogenesis

Classification by Kretschmer - basis of these classification not only morphological peculiarities but specifc character traits, psychics and temperament with the mental disease morbidity. Among the schizophrenics one can meet asthenic type more often then other types, while epileptics encountered mainly among individuals of athletic constitution, pyknic type is spread among those patients who sufer maniacal-depressive psychosis. This classification include three types:

A. Asthenic ( Hypostenic)

B. Athletic (Normostenic)

C. Picknic (Hyperstenic)
Classifcation by the type of vegetative nervous system. This classification include two types: sympathicotonic and vagotonic.

In people with sympathicotonic type of constitution prevalence tonus of sympathetic part of the vegetative nervous system. This type characterized by pale, dry skin, cold extremities, modulate core temperature, predisposing to tachycardia, weakness of the sleep-waking cycle (tendency to drowsiness, night terror), very high level sensitivity to noise, sun light, electromagnetic waves etc. In people with vagotonic (parasympathetic) constitution have been seen cold wet skin, hypersalivation, bradycardia, hypotension, asthenia, tendency to depression and loss of consciousness.

The study of the most vulnerable sides of constitution makes it possible to prognosis traumatic consequences, to determine the disease predisposition, to prognosis the disease course, to have an individual approach to the treatment course.

Abnormality of constitution is called  diathesis, is characterized by pathological reactions of the organism to the physiological agent.

Classification of diathesis include the following types:

Hemorrhagic  – characterized by hemorrhagic reaction to physiological (non- pathogenous) factors.

Thymico-lymphatic  –  characterized by enlargement of lymphatic nodes, muscular atrophy, individual pale, pastous, predisposing to autoallergic disease, lymphocytosis, angina and other infection diseases.

Neuro-arthritic  – predisposing to arthralgia, arthritis, rheumatism, obesity, gout, psychic disease.

Edematic  – characterized by edema reaction to different environment factors.

Asthenic – expressed in hypodynamia, hypotonia.

2. The critical periods of embryonic development

The mechanisms of congenital malformations in addition to the action of various factors also is dependent on the time of their action on the embryo and fetus. There are  so-called critical phases during which the developing fetus is particularly sensitive  to the effects of various hazards. They are the following:

• implantation of a fertilized egg (7-10 day after fertilization);
• placentation process;
• embryonic phase (4-8 weeks);
• fetal phase (from the 9th week).
Depending on the term of congenital malformations development conditional release of several types:
• gametopaty;
• blastopaty;
• embryopathy;
• fetopathy.
Gametopaty - unborn fetus associated with changes in the hereditary material in the process of laying and development of germ cells of the parents (germ line), or at the time of fertilization and the first stages of the crushing of a fertilized egg (zygote). Changes hereditary cell structures can lead to death (lethal mutations, chromosomal aberrations caused by) the fetus, spontaneous abortion, stillbirth, gross malformations, various hereditary diseases, including diseases and chromosomal and enzymopathy.
Blastopaty - pathology of the embryo, arising under the influence of various harmful factors in intensive crushing of a fertilized egg (from the 4th to the 15th day after fertilization). They can manifest ectopic implantation of the embryo (ectopic pregnancy), violation of the formation of the placenta (primary placental insufficiency), the occurrence of gross congenital malformations of the fetus (incompatible or compatible with life, such as Cyclops, syringomyelia, etc.). However, most emerging blastopaty are the cause of spontaneous abortion.
Embriopaty - pathology of the embryo due to the action of harmful agents in the period from the 16th day after fertilization until the end of the 8th week of fetal development. Rapidly flowing organogenesis could be distorted by the action of various harmful factors (hypoxia, hormonal disorders, viruses, radiation, alcohol, drugs, etc.). At the same time, the formation of congenital malformations, fetal death, spontaneous miscarriage, premature birth.
Fetopathy - fetal damage arising from exposures to 9 weeks of the prenatal period and before childbirth. Due to the fact that in the fetal period dominated by the processes of growth and differentiation of tissues in many fetopathy regardless of their causes, have low performance mass and length of the body of the newborn (IUGR - intrauterine growth retardation), delayed differentiation of tissues of the CNS, lungs, kidneys, of the blood, and others. (immaturity of organs). Early fetopathy, emerging from 9 to 28-29 weeks of pregnancy, may occur such defects of the brain as microcephaly, mikrogiriya, porentsefaliya et al. Late fetopathy (after 28-29 weeks of pregnancy) are characterized by a predominance of signs of immaturity of tissues and organs.
It should also be mentioned that each organ has its own system of temporary peaks:        • Cardiovascular - 18-19-22 days;
• Respiratory - 22-26 days;
• CNS - 18-21 days.
It should be noted that the occurrence of various malformations in newborns depends not so much on the nature of the damaging agent as from the time of its action. On this basis, the calendar is expected malformations. For example, in the treatment of thalidomide on day 35 of gestation the fetus having congenital malformations of the ear, on 43-45 days - limb malformations (phocomelia). Similar calendars developed for rubella embryopathy, etc. Disease. At the same time, the nature of allocation of anomalies, it is possible to suggest tentative dates of their occurrence. For anentsefaliya or encephalocele occur under the influence of teratogens on 23-28 days abnormalities of the basal ganglia - by 30-42 days, and pathology of the corpus callosum - 5th month of intrauterine life.
Critical phases of CNS development
The developing brain of the fetus and the embryo is critical periods when he has a heightened sensitivity to the action of harmful factors and therefore increased vulnerability. By the nature of detectable pathology in the newborn baby can assume the expected timeframe damage. The most important critical periods are:
• Dorsal induction (primary neurulation and formation of the caudal end of the neural tube), disrupted the process of neural tube closure, resulting in the combined defects of the brain, cervical spine, meningeal blood vessels and skin formed rough malformations (anencephaly, encephalocele). Time peaking at 3-4 weeks of gestation.
• Ventral induction (violation of progress chord prechordal mesoderm, the facial bones of the skull and forebrain), which accounts for the peak time of 5-6 weeks of gestation;
• Neuronal proliferation (micro, macrocephaly), which accounts for the peak time of 2-4 months of gestation;
• Migration (nerve cells of the germinal layer, repeatedly sharing, moving from the ventricular and subventricular zones in those areas of the brain, where they are meant to be). Disorders of neuronal migration lead to severe changes in the structure and function of the central nervous system (Aguirre, pachygyria, neuronal heterotopia, and others.). Time peaking in 3-5 months gestation;
• Organization (cell differentiation occurs in the cortex) -Contact anomaly of dendrites and axons. Time peak the 6th month of gestation - 1st year of postnatal life. Manifested delayed mental and physical development, mental retardation to changes in EEG and myoclonic jerks;
• myelination - there is a violation of myelination in many congenital and hereditary diseases, and the clinical picture in the foreground movement disorders, seizures, and mental retardation. Time Rush - from birth and during the first year of life.
3. Ageing: theories, manifestation

Age is an important factor of diseases development. At different ages different diseases more often develop.
From birth to 14 years more often development congenital disorders, allergy, infections, cancer (leukemia, tumor, medulloblastoma, retinoblastoma), accidents, diabetes (juvenile).

From 15 to 30 years  – allergy (asthma), endocrine pathology, accidents (suicide), venereal diseases.
From 30 to 40 years  – ulcer, hypertension, breast cancer, homicide, suicide, complications of pregnancy, alcoholism.

From 40 to 60 years  – heart disease (hypertension, rheumatic, infarction), kidney disease (glomerulonephritis), liver disease (cirrhosis), cancer (lung, colon, breast, ovary).

From 60 to 80 years  – cancer (leukemia, lymphoma, prostate), dementia (Alzheimer’s, Parkin  son’s), osteoporosis, infections, cardiovascular diseases.

Ageing is the process of becoming older. In the narrow sense, the term refers to biological ageing of human beings, animals and other organisms. In the broader sense, ageing can refer to single cells within an organism (cellular senescence) or to the population of a species (population ageing).

In humans, ageing represents the accumulation of changes in a human being over time, encompassing physical, psychological, and social change. Reaction time, for example, may slow with age, while knowledge of world events and wisdom may expand. Ageing is among the greatest known risk factors for most human diseases: of the roughly 150,000 people who die each day across the globe, about two thirds die from age-related causes.

Theories of ageing

Many theories have been proposed to explain the process of aging, but neither of them appears to be fully satisfactory. The traditional aging theories hold that aging is not an adaptation or genetically programmed. Modern biological theories of aging in humans fall into two main categories: programmed and damage or error theories. The programmed theories imply that aging follows a biological timetable, perhaps a continuation of the one that regulates childhood growth and development. This regulation would depend on changes in gene expression that affect the systems responsible for maintenance, repair and defense responses. The damage or error theories emphasize environmental assaults to living organisms that induce cumulative damage at various levels as the cause of aging.

The programmed theory has three sub-categories: 
1) Programmed Longevity. Aging is the result of a sequential switching on and off of certain genes, with senescence being defined as the time when age-associated deficits are manifested. Genetic instability plays important role in aging and dynamics of the aging process. 
2) Endocrine Theory. Biological clocks act through hormones to control the pace of aging. Recent studies confirm that aging is hormonally regulated and that the evolutionarily conserved insulin/IGF-1 signaling (IIS) pathway plays a key role in the hormonal regulation of aging. 
3) Immunological Theory. The immune system is programmed to decline over time, which leads to an increased vulnerability to infectious disease and thus aging and death. It is well documented that the effectiveness of the immune system peaks at puberty and gradually declines thereafter with advance in age. For example, as one grows older, antibodies lose their effectiveness, and fewer new diseases can be combated effectively by the body, which causes cellular stress and eventual death. Indeed, dysregulated immune response has been linked to cardiovascular disease, inflammation, Alzheimer’s disease (AD), and cancer. Although direct causal relationships have not been established for all these detrimental outcomes, the immune system has been at least indirectly implicated.

The damage or error theory include: 
1) Wear and tear theory. Cells and tissues have vital parts that wear out resulting in aging. Like components of an aging car, parts of the body eventually wear out from repeated use, killing them and then the body. So the wear and tear theory of aging was first introduced by Dr. August Weismann, a German biologist, in 1882, it sounds perfectly reasonable to many people even today, because this is what happens to most familiar things around them. 
2) Rate of living theory. The greater an organism’s rate of oxygen basal metabolism, the shorter its life span. The rate-of-living theory of aging while helpful is not completely adequate in explaining the maximum life span.
 3) Cross-linking theory. The cross-linking theory of aging was proposed by Johan Bjorksten in 1942 . According to this theory, an accumulation of cross-linked proteins damages cells and tissues, slowing down bodily processes resulting in aging. Recent studies show that cross-linking reactions are involved in the age related changes in the studied proteins. 
4) Free radicals theory. This theory, which was first introduced by Dr. Gerschman in 1954, proposes that superoxide and other free radicals cause damage to the macromolecular components of the cell, giving rise to accumulated damage causing cells, and eventually organs, to stop functioning. The macromolecules such as nucleic acids, lipids, sugars, and proteins are susceptible to free radical attack. Nucleic acids can get additional base or sugar group; break in a single- and double-strand fashion in the backbone and cross link to other molecules. The body does possess some natural antioxidants in the form of enzymes, which help to curb the dangerous build-up of these free radicals, without which cellular death rates would be greatly increased, and subsequent life expectancies would decrease. This theory has been bolstered by experiments in which rodents fed antioxidants achieved greater mean longevity. However, at present there are some experimental findings which are not agreed with this early proposal. Reactive oxygen species (ROS) signaling is probably the most important enzyme/gene pathway responsible for the development of cell senescence and organismal aging and that ROS signaling might be considered as further development of free radical theory of aging. 
5) Somatic DNA damage theory. DNA damages occur continuously in cells of living organisms. While most of these damages are repaired, some accumulate, as the DNA Polymerases and other repair mechanisms cannot correct defects as fast as they are apparently produced. In particular, there is evidence for DNA damage accumulation in non-dividing cells of mammals. Genetic mutations occur and accumulate with increasing age, causing cells to deteriorate and malfunction. In particular, damage to mitochondrial DNA might lead to mitochondrial dysfunction. Therefore, aging results from damage to the genetic integrity of the body’s cells.

6) The Hayflick limit theory of aging. In 1961, Dr. Hayflick theorized that the human cells ability to divide is limited to approximately 50-times, after which they simply stop dividing. According to telomere theory, telomeres have experimentally been shown to shorten with each successive cell division. Certain cells, such as egg and sperm cells, use telomerase to restore telomeres to the end of their chromosome, insuring that cells can continue to reproduce and promote the survival of the species. But most adult cells lack this capacity. When the telomeres reach a critical length, the cell stops replicating at an appreciable rate, and so it dies off, which eventually leads to the death of the entire organism. Telomerase cannot completely prevent telomere shortening after extensive stem cell division either, providing a putative mechanism for the timely limit of stem cell replicative history and subsequent progressive decay in the maintenance of organ homeostasis at old ages. A recent study shows that telomeres shorten with age in neural stem cells of the hippocampus and that telomerase-deficient mice exhibit reduced neurogenesis as well as impaired neuronal differentiation and neuritogenesis. Taken together, these findings indicate the link among brain aging, neural stem cells and neurological diseases. 

Overall, while multiple theories of aging have been proposed, currently there is no consensus on this issue. Many of the proposed theories interact with each other in a complex way. By understanding and testing the existing and new aging theories, it may be possible to promote successful aging as well as to enhance the lifespan of mankind.

Manifestation of ageing
Normal physiological changes occur in all organs and systems in the human body.
Cardiovascular system. There is a progressive loss of myocytes with an increase in myocyte volume. The β-adrenergic responsiveness of the heart decreases, limiting the maximum achievable heart rate. In addition, the number of pacemaker cells in the sinus node decreases with age, but the resting heart rate does not change with age. Normal aging affects the arterial system too. Intimal hyperplasia and and increased stiffness develop with advanced age. Blood pressure increases due to increase of peripheral vascular resistance and central artery stiffness. 

Pulmonary system. Normal aging results in changes in pulmonary mechanics, respiratory muscle strength, gas exchange, and ventilatory control. Increased rigidity of the chest wall and a decrease in respiratory muscle strength with aging result in a decreased expiratory flow rates. The partial pressure of oxygen in arterial blood decreases progressively with age because of the age-induced ventilation-perfusion mismatch, diffusion block, and anatomical shunt. Also, elderly patients have a diminished ventilatory response to hypercapnia and hypoxia.

Kidneys. The weight of kidneys decreases from the age of 50 years primarily due to cortical tissue loss. The renal medulla, in comparison, maintains most of its volume. Cortical loss is due to glomerulosclerosis. Hypertension, diabetes mellitus, and atherosclerosis accelerate this process.  Glomerulosclerosis directly affects the glomerular filtration rate (GFR). After the age of 40 years, the GFR decreases 1 mL/min per year. 

Gastrointestinal tract. Alterations in normal gastrointestinal physiological features can be generally broken down into 3 areas: changes in neuromuscular function, changes in the structure of the gastrointestinal tract itself, and changes in the absorptive and secretory functions of the bowel. Neuromuscular changes primarily affect the upper gastrointestinal tract, particularly the esophagus, and can lead to symptoms consistent with numerous disease processes, such as reflux and achalasia. Changes in the structure of the bowel wall are most notable distally in the colon, and are responsible for the most common age-related colonic disorder, diverticula. Functional alterations in secretion and absorption are predominantly found in the stomach (secretion) and small bowel (absorption).
Several changes in liver physiological features occur with aging. The size of the liver decreases after the age of 50 years, declining from roughly 2.5% of total body mass to a nadir of just more than 1.5%. Alterations in blood flow parallel this decrease. Hepatic synthesis of several proteins, including clotting factors can be reduced. There is an increase in the incidence of cholelithiasis in elderly persons (theoretically attributed to an increase in the ratio of lipid-cholesterol in bile).
Endocrine system. During the first decade after the initiation of menopause, women undergo rapid bone loss, most likely reflecting diminished estrogen levels. Thereafter, a slow phase of bone loss occurs, primarily from a loss of estrogen-mediated calcium homeostasis. The decrease in skeletal mass associated with menopause occurs in conjunction with normal age-related bone loss, further compounding the problems of osteoporosis and pathological bone fractures in elderly persons. In men low testosterone levels are associated with decreased hematocrit, muscle atrophy, osteoporosis. 
In terms of pituitary function, an age-related decrease in growth hormone and its anabolic mediator, insulinlike growth factor 1, may be associated with the decreased lean body and bone mass and increased percentage body fat observed in aging persons. 

The thyroid gland in elderly persons is characterized by mild atrophy, increased fibrosis, and decreased size of the follicles. Functionally, there is less peripheral conversion of thyroxine to triiodothyronine, decreased uptake of iodine, and overall lower levels of thyroxine and free thyroxine. 
Interestingly, adrenal function in advanced age leads to changes in the diurnal pattern of cortisol, which shifts earlier in the day and produces higher evening cortisol levels. Clinically, these sleep disturbances are manifested by a relatively earlier bedtime and awakening compared with younger individuals. 

Immune system. Apart from decreased sympathetic responsiveness during stress in elderly persons, immune function also has an age-related decline. Advanced age leads to a functional impairment of T-lymphocyte–mediated immunity and an increased susceptibility to infections. 
Nervous system. Traditional theories of normal neuronal loss with aging have been challenged. In persons without dementia or other cerebral pathological features minimal neuronal loss is present with normal aging. Neurodegenerative processes (Alzheimer, Parkinson, and Huntington diseases), though, are strongly associated with neuronal loss. 
Cerebral blood flow and cerebral oxygen consumption have been shown to decrease with age. This increases the risk for cerebrovascular accidents with associated vascular disease. Vision (presbiopya), auditory function (presbiacusis), and vibrotactile sensation are blunted with age. 
Elderly persons have an increased threshold for pain. Adequate pain control is critical to minimize the risk for myocardial ischemia, tachycardia, hypertension, and pulmonary complications. 

Ageing furthermore is among the greatest known risk factors for most human diseases. Specifically, age is a major risk factor for most common neurodegenerative diseases. Dementia becomes more common with age. About 3% of people between the ages of 65–74 have dementia, 19% between 75 and 84 and nearly half of those over 85 years of age. The spectrum includes mild cognitive impairment, Alzheimer's disease, cerebrovascular disease, Parkinson's disease and Lou Gehrig's disease. Research has focused in particular on memory and ageing and has found decline in many types of memory with ageing, but not in semantic memory or general knowledge such as vocabulary definitions, which typically increases or remains steady until the late adulthood. Early studies on changes in cognition with age generally found declines in intelligence in the elderly, but studies were cross-sectional rather than longitudinal and thus results may be an artefact of cohort rather than a true example of decline. However, longitudinal studies could be confounded due to prior test experience. Intelligence may decline with age, though the rate may vary depending on the type and may in fact remain steady throughout most of the lifespan, dropping suddenly only as people near the end of their lives. Individual variations in rate of cognitive decline may therefore be explained in terms of people having different lengths of life. There are changes to the brain: though neuron loss is minor after 20 years of age there is a 10% reduction each decade in the total length of the brain's myelinated axons.

Age can result in communication barriers, such as due to hearing loss and visual impairment. Sensory impairments include hearing and vision deficits. Changes in cognition, hearing, and vision are associated with healthy ageing and can cause problems when diagnosing dementia and aphasia due to the similarities. Common conditions that can increase the risk of hearing loss in elderly people are high blood pressure, diabetes or the use of certain medications harmful to the ear. Hearing aids are commonly referred to as personal amplifying systems, which can generally improve hearing by about 50%. In visual impairment, non-verbal communication is reduced, which can lead to isolation and possible depression. Macular degeneration is a common cause of vision loss in elderly people. This degeneration is caused by systemic changes in the circulation of waste products and growth of abnormal vessels around the retina causing the photoreceptors not to receive proper images.
4. Progeria and geroprotection

Progeria – Hutchinson–Gilford syndrome
Progeria  (premature ageing) - is an extremely rare genetic disorder wherein symptoms resembling aspects of aging are manifested at a very early age The disorder has a very low incidence rate, occurring in an estimated 1 per 8 million live births. It is caused by the mutations in the LMNA gene which causes production of an abnormal lamin A protein.
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Children with progeria usually develop the first symptoms during their first few months of life. The earliest symptoms may include a failure to thrive and a localized scleroderma-like skin condition. As a child ages past infancy, additional conditions become apparent usually around 18–24 months. Limited growth, full-body alopecia (hair loss), and a distinctive appearance (a small face with a shallow recessed jaw, and a pinched nose) are all characteristics of progeria. Signs and symptoms of this progressive disease tend to become more marked as the child ages. Later, the condition causes wrinkled skin, atherosclerosis, kidney failure, loss of eyesight, and cardiovascular problems. Scleroderma, a hardening and tightening of the skin on trunk and extremities of the body, is prevalent. People diagnosed with this disorder usually have small, fragile bodies, like those of elderly people. The face is usually wrinkled, with a larger head in relation to the body, a narrow face and a beak nose. Prominent scalp veins are noticeable (made more obvious by alopecia), as well as prominent eyes. Musculoskeletal degeneration causes loss of body fat and muscle, stiff joints, hip dislocations, and other symptoms generally absent in the non-elderly population. Individuals usually retain normal mental and motor development. Diagnosis is suspected according to signs and symptoms, such as skin changes, abnormal growth, and loss of hair. A genetic test for LMNA mutations can confirm the diagnosis of progeria. Complications of progeria syndrome include severe hardening of the arteries beginning in childhood that markedly increase the chance of a heart attack or stroke at an early age (average life-span is about 13 years).
Geroprotection

Geroprotection or anti-ageing is an important aspect of mid-life health. Ancient Indian as well as medieval European literature reflects the interest in finding anti-ageing drugs. Modern literature has proposed the use of various hormones, including growth hormone, estrogen, dehydroandrosterone sulphate, and testosterone, as “elixirs” or fountains of youth.

Recent advances in physiology have refocused attention on the science of anti-ageing. Current promising interventions for geroprotection are related to seemingly diverse fields such as medical nutrition, nutraceuticals, endocrinology and transplant medicine. 

In humans, the processes of ageing herald in midlife and are characterized by the appearance of various age-related diseases, including diabetes, cancer, neurodegeneration and cardiovascular disease. It stands to reason; therefore, that a potential “cure” for ageing will be linked to therapy for some of the age-related diseases. The average human life span has increased noticeably in the decades. These gains in human life expectancy have largely been fuelled by a reduction in infant and childhood mortality rates, and by public health interventions such as better nutrition and sanitation. For further improvement in the human life span, however, we shall have to focus on geriatric health.

One intervention, which has been shown to prolong lifespan by 30-50% in species ranging from roundworms to primates, is calorie restriction. It is necessary, of course, to ensure that malnutrition does not occur. Calorie restriction delays the onset of age-related diseases, enhances resistance to stress, and slows functional decline in animal models. Similar effects have also been reported in human beings. It works by inhibiting the nutrient–sensing TOR pathway, inducing sirtuins, reducing free radical formation, and increasing insulin sensitivity. While CR may be the best intervention at present for anti-ageing, its Spartan nature may not appeal to the vast majority of population, especially in the current hedonistic era. To overcome this, work has headed on the identification and development of various calories restriction mimetics (CRMs). One such CRM, used for other indications as well, is metformin. Metformin is a biguanide, and is currently considered the line of first treatment in diabetes management. This drug also acts as a CRM, as it tries to conserve energy by reducing hepatic gluconeogenesis, while promoting glucose uptake in peripheral tissues and fatty acid oxidation. Metformin has seemed to reduce the incidence of cancer, which is an age-related disease. In prospective trials, metformin use has been associated with increased survival in people with diabetes. The proposed geroprotective mechanism of metformin may overlap with and be confounded by its anti-hyperglycemic effect. 

Pharmacological agents with prolonging life are called geroprotectors. And now there are more than 20 substances with geroprotective properties: antioxidants (vitamins A, E, C, carnosine, carotenoids, lipoic acid, coenzyme Q, a trace mineral selenium and other); succinic acid; inhibitors of protein biosynthesis (olivomycins, actinomycin); growth hormones, thyroid hormones, adrenocortical hormones, sex hormones, melatonin; peptide bioregulators (timalin, Epithalamin, DSIP); adaptogens (ginseng, Siberian ginseng and other); chelators (activated carbon, pectins).

In modern gerontological literature the geroprotectors beneficial effects attributed to their specific effect on certain mechanisms that slow down the rate of aging and increase the functionality of the body (for example, free-radical theory of aging, normalization of immunity, endocrine and nervous system). But most scientists still believe that today there is no one true geroprotector with scientifically proven undeniable positive effect without the dangerous side effects.
QUESTIONs for self control
1. Define the role of constitution in pathology development.

2. Describe different classifications of body constitution types and their role in diseases predisposition and prediction of the disease course.
3. Discuss the theories of ageing, name the signs of ageing in the cells, tissues and the whole body.
4. Describe Progeria – Hutchinson–Gilford syndrome
5. Describe the methods of geroprotection.
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