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Metabolism is the organized process through which nutrients such as carbohydrates, fats, and proteins are broken down, transformed, or otherwise converted into cellular energy. The process of metabolism is unique in that it enables the continual release of energy, and it couples this energy with physiologic functioning. For example, the energy used for muscle contraction is derived largely from energy sources that are stored in muscle cells and then released as the muscle contracts. Because most of our energy sources come from the nutrients in the food that is eaten, the ability to store energy and control its release is important.
Nutrition. You are what you eat” is a familiar maxim. To a great extent, nutrition determines how a person looks, feels, and acts. The need for adequate nutrition begins at the time of conception and continues throughout life. Nutrition provided by food or supplements in the proper proportions enables the body to maintain life, to grow physically and intellectually, to heal and repair tissue, and to maintain the stamina necessary for well-being.
Nutritional status describes the condition of the body related to the availability and use of nutrients. Nutrients are derived from the digestive tract through the ingestion of foods or, in some cases, through liquid feedings that are delivered directly into the gastrointestinal tract by a synthetic tube (i.e., tube feedings). The exception occurs in persons with certain illnesses in which the digestive tract is bypassed and the nutrients are infused directly into the circulatory system. Once inside the body, nutrients are used for energy or as the building blocks for tissue growth and repair. When excess nutrients are available, they frequently are stored for future use. If the required nutrients are unavailable, the body adapts by conserving and using its nutrient stores.

An adequate diet must meet the body’s energy requirements and provide a minimum of carbohydrates, proteins (incl. all essential amino acids) and fats (incl. essential fatty acids). Minerals (incl. trace elements), vitamins, and sufficient quantities of water are also essential. To ensure a normal passage time, especially through the colon, the diet must also provide a sufficient amount of roughage (indigestible plant fibers - cellulose, lignin, etc.).

The total energy expenditure (TEE) or total metabolic rate consists of (1) the basal metabolic rate (BMR), (2) the activity energy costs, and the (3) diet-induced thermogenesis (DIT). TEE equals BMR when measured (a) in the morning (b) 20 h after the last meal, (3) resting, reclining, (4) at normal body temp., and (5) at a comfortable ambient temp. The BMR varies according to sex, age, body size and weight. The BMR for a young adult is ca. 7300 kJ/day (1740 kcal/ day) in men, and ca. 20% lower in women. During physical activity, TEE increases by the following factors: 1.2-fold for sitting quietly, 3.2-fold for normal walking, and 8-fold for forestry work. Top athletes can perform as much as 1600W (= J/s) for two hours (e.g., in a marathon) but their daily TEE is much lower. TEE also increases at various degrees of injury (1.6-fold for sepsis, 2.1-fold for burns). 1⁰C of fever increases TEE 1.13-fold.

Protein, fats and carbohydrates are the three basic energy substances.

An adequate intake of protein is needed to maintain a proper nitrogen balance, i.e., balance of dietary intake and excretory output of nitrogen. The minimum requirement for protein is 0.5 g/kg BW per day (functional minimum). About half of dietary protein should be animal protein (meat, fish, milk and eggs) to ensure an adequate supply of essential amino acids such as histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine (children also require arginine). The content of most vegetable proteins is only about 50% of animal protein. Carbohydrates (starch, sugar, glycogen) and fats (animal and vegetable fats and oils) provide the largest portion of the energy requirement. They are basically interchangeable sources of energy. The energy contribution of carbohydrates can fall to about 10% (normally 60%) before metabolic disturbances occur. Fat is not essential provided the intake of fat-soluble vitamins (vitamins E, D, K and A) and essential fatty acids (linoleic acid) is sufficient. About 25–30% of dietary energy is supplied by fat (one-third of which is supplied as essential fatty acids), although the proportion rises according to energy requirements (e.g., about 40% during heavy physical work). Western diets contain generally too much energy (more fats than carbohydrates) considering the generally low level of physical activity of the Western lifestyle. Alcohol also contains superfluous energy (ca. 30 kJ/g = 7.2 kcal/g). The excessive intake of dietary energy leads to weight gain and obesity.

An adequate intake of minerals (inorganic compounds), especially calcium (800 mg/day), iron (10–20 mg/day) and iodine (0.15 mg/day;), is essential for proper body function. Many trace elements (As, F, Cu, Si, V, Sn, Ni, Se, Mn, Mo, Cr, Co) are also essential. The normal diet provides sufficient quantities of them, but excessive intake has toxic effects. Vitamins (A, B1, B2, B6, B12, C, D2, D3, E, H (biotin), K1, K2, folic acid, niacinamide, pantothenic acid) are compounds that play a vital role in metabolism (usually function as coenzymes). However, the body cannot produce (or sufficient quantities of) them. A deficiency of vitamins (hypovitaminosis) can lead to specific conditions such as night blindness (vit. A), scurvy (vit. C), rickets (vit. D = calciferol), anemia (vit. B12 = cobalamin; folic acid), and coagulation disorders (vit. K). An excessive intake of certain vitamins like vitamin A and D, on the other hand, can be toxic (hypervitaminosis).
Anabolism and catabolism. There are two phases of metabolism: anabolism and catabolism.
        Anabolism is the phase of metabolic storage and synthesis of cell constituents. Anabolism does not provide energy for the body; it requires energy. Catabolism involves the breakdown of complex molecules into substances that can be used in the production of energy. The chemical intermediates for anabolism and catabolism are called metabolites (e.g., lactic acid is a metabolite formed when glucose is broken down in the absence of oxygen). Both anabolism and catabolism are catalyzed by enzyme systems located in body cells. A substrate is a substance on which an enzyme acts. Enzyme systems selectively transform fuel substrates into cellular energy and facilitate the use of energy in the process of assembling molecules to form energy substrates and storage forms of energy. Because body energy cannot be stored as heat, the cellular oxidative processes that release energy are low temperature reactions that convert food components to chemical energy that can be stored. The body transforms carbohydrates, fats, and proteins into the intermediary compound, adenosine triphosphate (ATP). ATP is called the energy currency of the cell because almost all body cells store and use ATP as their energy source. The metabolic events involved in ATP formation allow cellular energy to be stored, used, and replenished.

Adipose tissue. More than 90% of body energy is stored in the adipose tissues of the body. Adipocytes, or fat cells, occur singly or in small groups in loose connective tissue. In many parts of the body, they cushion body organs such as the kidneys. In addition to isolated groups of fat cells, entire regions of fat tissue are committed to fat storage. Collectively, fat cells constitute a large body organ that is metabolically active in the uptake, synthesis, storage, and mobilization of lipids, which are the main source of fuel storage for the body. Some tissues, such as liver cells, are able to store small amounts of lipids, but when these lipids accumulate, they begin to interfere with cell function. Adipose tissue not only serves as a storage site for body fuels but also provides insulation for the body, fills body crevices, and protects body organs. Studies of adipocytes in the laboratory have shown that fully differentiated cells do not divide. However, such cells have a long life span, and anyone born with large numbers of adipocytes runs the risk of becoming obese. Some immature adipocytes capable of division are present in postnatal life; these cells respond to estrogen stimulation and are the potential source of additional fat cells during postnatal life. Fat deposition results from proliferation of these existing immature adipocytes and can occur as a consequence of excessive caloric intake when a woman is breast-feeding or during estrogen stimulation around the time of puberty. An increase in fat cells also may occur during late adolescence and in middle-aged persons who already are overweight.
         There are two types of adipose tissue: white fat and brown fat. White fat, which despite its name is cream colored or yellow, is the prevalent form of adipose tissue in postnatal life. It constitutes 10% to 20% of body weight in adult males and 15% to 25% in adult females. At body temperature, the lipid content of fat cells exists as an oil. It consists of triglycerides, which are made up of three molecules of fatty acids esterified to a glycerol molecule. Triglycerides, which contain no water, have the highest caloric content of all nutrients and are an efficient form of energy storage. Fat cells synthesize triglycerides from dietary fats and carbohydrates. Insulin is required for transport of glucose into fat cells. When calorie intake is restricted for any reason, fat cell triglycerides are broken down, and the resultant fatty acids and glycerol are released as energy sources. Brown fat differs from white fat in terms of its thermogenic capacity or ability to produce heat. Brown fat, the site of diet-induced thermogenesis and nonshivering thermogenesis, is found primarily in early neonatal life in humans and in animals that hibernate. In humans, brown fat decreases with age but is still detectable in the sixth decade. This small amount of brown fat has a minimal effect on energy expenditure.
Metabolic dyshomeostasis or general metabolic imbalance represent typical pathological processes, which develop in the result of action of endogenous pathogenic factors (congenital dysmetabolisms) or exogenous pathogenic factors (acquired dysmetabolisms) and is characterized by metabolic disorders at cellular, tissular, organ and integral levels.

Metabolic disorders can develop in any process from metabolic chain and alter both, successive and precursor metabolic reactions. Consequences of dysmetabolisms are cell and tissular pathologic processes (cell injury, cell dystrophy, necrosis, inflammation, atrophy, sclerosis).

Metabolic disorders have an integral and complex character. Only in scientific and didactic aspects there is possible to discuss about metabolism of any separate substances, as well as about separate dysmetabolisms – carbohydrates, fats and proteins metabolic disorders.

CARBOHYDRATE METABOLIC IMBALANCE
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 Digestion and absorption of carbohydrates 

Dietary carbohydrates are composed of simple sugars, complex carbohydrates, and undigested carbohydrates (i.e., fibers). Because of their vitamin, mineral, and fiber content, it is recommended that the bulk of the carbohydrate content in the diet be in the complex form rather than as simple sugars that contain few nutrients. There is no specific dietary requirement for carbohydrates. All of the energy requirements of the body can be met by dietary fats and proteins. Although some tissues, such as the nervous system, require glucose as an energy source, this need can be met through the conversion of amino acids and the glycerol part of the triglyceride molecule to glucose. The fatty acids from triglycerides are converted to ketones and used for energy by other body tissues. A carbohydrate-deficient diet usually results in the loss of tissue proteins and the development of ketosis. Because protein and fat metabolism increases the production of osmotically active metabolic wastes that must be eliminated through the kidneys, there is danger of dehydration and electrolyte imbalances. The amount of carbohydrate needed to prevent tissue wasting and ketosis is 50 to 100 g/day. In practice, most of the daily energy requirement should be from carbohydrate. This is because protein is an expensive source of calories and because it is recommended that no more than 30% of the calories in the diet be derived from fat. The AMDR indicates that carbohydrate intake should be limited to no less than 45% of the calories in the diet to prevent high intakes of fat.

Carbohydrates provide half to two-thirds of the energy requirement. At least 50% of dietary carbohydrates consist of starch (amylose and amylopectin), a polysaccharide; other important dietary carbohydrates are cane sugar (saccharose = sucrose) and milk sugar (lactose). Carbohydrate digestion starts in the mouth. Ptyalin, an α-amylase found in saliva, breaks starches down into oligosaccharides (maltose, maltotriose, limit dextrins) in a neutral pH environment. This digestive process continues in the proximal stomach, but is interrupted in the distal stomach as the food is mixed with acidic gastric juices. 

A pancreatic α-amylase, with a pH optimum of 8 is mixed into the chyme in the duodenum. Thus, polysaccharide digestion can continue to the final oligosaccharide stage mentioned above. The carbohydrates can be only absorbed in the form of monosaccharides. Thus, the enzymes maltase and isomaltase integrated in the luminal brush border membrane of enterocytes break down maltose, maltotriose and limit dextrins into glucose as the final product. As in the renal tubules, glucose is first actively taken up by the Na+ symport carrier SGLT1 into mucosal cells, before passively diffusing into the portal circulation via GLUT2, the glucose uniport carrier (facilitated diffusion). The hydrolysis of saccharose, lactose, and trehalose is catalyzed by other brush border enzymes: lactase, saccharase (sucrase) and trehalase. In addition to glucose, these reactions release galactose (from lactose), which is absorbed by the same carriers as glucose, and fructose, which crosses the enterocytes by passive uniporters, GLUT5 in the luminal and GLUT2 in the basolateral membrane.
Glucose is a six-carbon molecule; it is an efficient fuel that, when metabolized in the presence of oxygen, breaks down to form carbon dioxide and water. Although many tissues and organ systems are able to use other forms of fuel, such as fatty acids and ketones, the brain and nervous system rely almost exclusively on glucose as a fuel source. The nervous system can neither store nor synthesize glucose; instead, it relies on the minute-by-minute extraction of glucose from the blood to meet its energy needs. In the fed and early fasting state, the nervous system requires approximately 100 to 115 g of glucose per day to meet its metabolic needs.

The liver regulates the entry of glucose into the blood. Glucose ingested in the diet is transported from the gastrointestinal tract, through the portal vein, and to the liver before it gains access to the circulatory system. The liver stores and synthesizes glucose. When blood sugar is increased, the liver removes glucose from the blood and stores it for future use. Conversely, the liver releases its glucose stores when blood sugar drops. In this way, the liver acts as a buffer system to regulate blood sugar levels. Blood sugar levels usually reflect the difference between the amount of glucose released into the circulation by the liver and the amount of glucose removed from the blood by body cells. Excess glucose is stored in two forms. It can be converted to fatty acids and stored in fat cells as triglycerides, or it can be stored in the liver and skeletal muscle as glycogen. Small amounts of glycogen also are stored in the skin and in some of the glandular tissues. The following terms are important for proper understanding of carbohydrate metabolism:
1. Glycolysis generally refers to the anaerobic conversion of glucose to lactate. This occurs in the red blood cells, renal medulla, and skeletal muscles. Aerobic oxidation of glucose occurs in the CNS, heart, skeletal muscle and in most other organs.

2. Glycogenesis - the synthesis of glycogen from glucose (in liver and muscle), facilitates the storage of glucose and helps to maintain a constant plasma glucose concentration. Glycogen stored in a muscle can only be used by that muscle.

3. Glycogenolysis.- or the breakdown of glycogen to glucose, is controlled by the action of two hormones: glucagon and epinephrine. Epinephrine is more effective in stimulating glycogen breakdown in muscle, whereas the liver is more responsive to glucagon. The synthesis and degradation of glycogen are important because they help maintain blood sugar levels during periods of fasting and strenuous exercise. Only the liver is able to release its glucose stores into the blood for use by other tissues, such as the brain and nervous system. Glycogen breaks down to form a phosphorylated glucose molecule, and in this form, it is too large to pass through the cell membrane. The liver, but not skeletal muscle, has the enzyme glucose-6-phosphatase, which is needed to remove the phosphate group and allow the glucose molecule to enter the bloodstream.
4. Gluconeogenesis- is the production of glucose (in liver and renal cortex) from non-sugar molecules such as amino acids (e.g., glutamine), lactate (produced by anaerobic glycolysis in muscles and red cells), and glycerol (from lipolysis). Although many cells use fatty acids as a fuel source, they cannot be converted to glucose. Glucose produced through the process of gluconeogenesis is either stored in the liver as glycogen or released into the general circulation. During periods of food deprivation or when the diet is low in carbohydrates, gluconeogenesis provides the glucose that is needed to meet the metabolic needs of the brain and other glucose dependent tissues. Several hormones stimulate gluconeogenesis, including glucagon, glucocorticoid hormones from the adrenal cortex, and thyroid hormone.
5. Lipolysis is the breakdown of triacylglycerols into glycerol and free fatty acids.

6. Lipogenesis is the synthesis of triacylglycerols (for storage in fat depots).
Internal environment of the body represents the environment for the cells. For these reasons, maintaining optimal constant level of carbohydrates (glycemic homeostasis) represents an indispensable condition for vital activity of the cells. The role of homeostasis of glucose concentration in the blood better is represented by the fact that if for majority of organs (heart, muscles) glucose represents just an alternative source of energy, for nervous tissue it represents the almost single source of energy (in inanition brain can use, in little quantities, other energetic resources like ketone bodies). This imposes a strict maintenance of glycemic homeostasis. Shifts of glycemia toward hypoglycemia or hyperglycemia leads to cellular pathologic processes (first of all in the brain) with severe consequences for the body.

General etiology of carbohydrate metabolic disorders
· Disorders of carbohydrate intake

Carbohydrates intake can be modified as result of changes in alimentary motivation or availability of necessary carbohydrates. Alimentary motivation has both general, non-specific feature for food intake (hungry sensation), as well as selective feature as a specific need to intake just some nutritive substances. This capacity in man is manifested by some “culinary taste preferences” or by taste perversions (chalk intake by pregnant women).

More frequently there are general disorders of alimentary motivation which are expressed by insatiable hungry (hyperrexia, bulimia) with overeating (polyphagia), by diminished (hyporexia) till total lack of hungry sensation (anorexia). From etiological factors of these disorders can be numerated: nervous activity disorders in neurologic and psychiatric diseases (ex: schizophrenia); disorders of digestive tract (ex: gastric anacidity); alimentary and culinary traditions (ethnic, familiar); motivation which is rationally imposed with goals of loosing wait, etc.

Availability of nutritive substances is an important factor in carbohydrate metabolic disorders. Human diet includes the following carbohydrates: monosaccharides (glucose, fructose and galactose); disaccharides (saccharose, lactose and maltose); polysaccharides (starch, glycogen and cellulose)( to be mentioned that alimentary cellulose is non-digestionable for man, forming only mechanical structures with support and absorbent role for digestive enzymes and nutritive substances, natural excitant for intestinal motility). Ingested carbohydrates are used by the body preferentially as energetic sources (about 40% of all necessary energy in the body is satisfied by carbohydrates), but also with plastic role in synthesis of some structure substances (nuclear acids, glycosoaminoglycans). All carbohydrates are reciprocally interchanging because the main carbohydrate is glucose. Besides exogenous carbohydrates, these can be synthesized in the body from non-carbohydrates substances (aminoacids, pyruvate, glutamate, etc).

Carbohydrates consumption. Due to large spread in the nature, availability and relative low cost of carbohydrates, spontaneous deficit in diet of carbohydrates rarely happen. More frequently, there can be encountered the opposite situation, when the energetic needs of the body are satisfied exclusively by exaggerated consumption of carbohydrates with partly reduction of other alimentary ingredients, especially that of proteins.

Excessive consumption of carbohydrates is manifested by hyperglycemia, but alimentary deficit by hypoglycemia.

Qualitative non-equilibrated consumption of carbohydrates, reciprocal substitution of carbohydrates in alimentary diet, has no pathological consequences, as carbohydrates don’t represent non-substitution substances (essential substances). Predominant consumption of monosaccharides which are easily assimilable doesn’t produce pathologic digestive symptoms but mainly metabolic effects associated with hyperglycemia. Predominant consumption of polysaccharides produces both, metabolic as well as digestive effects. 

· Disorders of carbohydrate digestion – carbohydrates maldigestion

Digestion of carbohydrates represents the transformation of complex carbohydrates with heterogenic properties (di-oligo-polysaccharides) in elementary carbohydrates which are genetically indifferent – monosaccharides (glucose, fructose and galactose). This process occurs during passage of alimentary bolus through alimentary tract and its exposure to action of digestive enzymes:  salivary amylase, pancreatic amylase, intestinal disaccahridases (saccharase, lactases and maltase). Respectively, disorders of carbohydrates can develop at any level of this enzymatic conveyer. Carbohydrates maldigestion has as etiologic factors disorders in secretion of salivary amylase, pancreatic amylase and intestinal disaccharidasis. 

Metabolic consequences of carbohydrates maldigestion is their deficit with hypoglycemia.

· Disorders of intestinal absorption of carbohydrates – malabsorption

From the entire spectrum of carbohydrates only monosaccharides (glucose, fructose, galactose) are absorbed from the intestine in the internal environment of the body. Monosaccharide absorption is preformed along entire digestive tube, beginning with mouth, but biggest amount is absorbed from the small intestine. Monosaccharide absorption represents an active process which needs energy. Because, monosaccharides absorption is mainly at the level of small intestine, causes of carbohydrates malabsorbtion are intestinal disorders: inflammation (enteritis), genetic defects of enterocyte (congenital absence of enzymes). Consequences of carbohydrates malabsorption are pathologic digestive effects (presence of carbohydrates in feces, carbohydrates dyspepsia etc…) and metabolic effects (carbohydrates deficit – hypoglycemia).

· Disorders of intermediary carbohydrates transformation in the liver 
Liver has an important role in carbohydrates homeostasis – function of glucostat.
 Main metabolic processes in the liver are:
1. uptake of glucose, galactose and fructose from portal blood;
2. conversion of fructose and galactose into glucose;
3. synthesis of glycogen from glucose (glycogenogenesis);
4. breakdown of stored glycogen (glycogenolysis);
5. breakdown of glucose till piruvic acid and acetyl-KoA (glycolysis);
6. oxidation of acetyl–KoA in mitochondria till final products (carbon dioxide and water);
7. breakdown of glucose in pentozo-phosphate cycle with synthesis of nucleic acids and proton donators (NADPH);
8. synthesis of carbohydrates from non-sugar products – gluconeogenesis from pyruvic acid, lactate, aminoacids;
9. Synthesis of fats from carbohydrates -lipogenesis from acetate.

Every of these functions have an important role not only for the liver but for the entire body. For these reasons, liver metabolic disorders have general negative consequences for the entire organism.

Metabolic insufficiency of the liver has complex consequences for carbohydrates metabolism manifested by incapacity of hepatocytes to perform glycogenogenesis, decreased tolerance for carbohydrates, and reduced glycogen storages, intensive mobilization of fats from adipose tissue. Hepatic failure manifests through episodes of exaggerated hyperglycemia after food intake associated with hypoglycemia during inter-digestive period. 

After carbohydrates intake, carbohydrates which where absorbed in the intestine come to liver with portal circulation. Injured hepatocytes aren’t able to assimilate blood carbohydrates for glycogen synthesis, that’s why these carbohydrates pass into systemic circulation with development of systemic hyperglycemia. Decreased tolerance for carbohydrates can be detected by functional test with glucose overload, which consist in oral intake of 50 g of glucose and determination of initial glycemia after ingestion and during 2,5 hours after ingestion. In liver failure, there is initial hypoglycemia. After glucose intake there develop exaggerated hyperglycemia with late return to normal value of glycemia. Alimentary hyperglycemia stimulates insulin secretion, which in condition of hepatocytes incompetence,   doesn’t assure synthesis and storage of glycogen in the liver and doesn’t reduce hyperglycemia. Exaggerated hyperglycemia can induce glucosuria. By the contrary, in intervals between food ingestion, lack of glycogen in the liver and inability of this to perform gluconeogenesis, make this hypoglycemia to persist with characteristic clinical symptoms – nervous and muscular asthenia, weakness, tremor. Severe hypoglycemia induces reaction from nervous system and endocrine system: excitation of the sympathetic nervous system, increased catecholamine secretion from medulla of adrenal glands, increased secretion of glucocorticoids and glucagon from endocrine pancreas. These reactions in association with glycogen exhaustion in the liver stimulate lipolysis in adipose tissue, release of free fatty acids in the blood and development of transport hyperlipidemia with high density lipoproteins (HDL).

Due to inability of the liver to synthesize proteins which transport lipids (apoproteins), transport hyperlipidemia is associated with retention hyperlipidemia.  Hyperlipidemia leads to fat infiltration and dystrophy of the liver, which finally affects more the hepatocytes – at this moment pathogenic chain closed – primary liver disorders - glycogen depletion in the liver – hyperlipidemia – fat dystrophy of the liver - disorders of metabolism in the liver. Along with these, abundant secretion of glucocorticoids increases proteolysis and gluconeogenesis.

Manifestations of hyperglycemia, apart from increased level of glucose in the blood, are glucosuria and polyuria, dehydration, hemoconcentration, polydipsia, eventually can develop interstitial edema, intumescence and osmotic injury of cells, synthesis and exaggerated storage of fats in adipose tissue.

· Endocrine disorders

Carbohydrate metabolism is regulated by many hormones, which have hypoglycemic effect (insulin) and hyperglycemic effect (glucagon, catecholamines, glucocorticoids, and somatotropin).

Complex disorders of carbohydrates metabolism develop in insulin deficit characteristic for diabetes mellitus. 
Normoglycemia – normal blood concentration in the blood is maintained in very narrow borders – 5,5 – 6 mmol/l (80-120 mg/dl; 0,08-0,12%). Normoglycemia is the result of two equilibrated processes: continuous glucose consumption by cells of the body and recuperation of glucose deficit by its absorption from gastrointestinal tube, mobilization of carbohydrates from endogenous storages (glycogenolysis) and by de novo synthesis of carbohydrates from non-sugar substances (gluconeogenesis). Absolute or relative predominance of one of these two processes – consumption and intake – influence level of glycemia and contribute to its deviation from normal value.
· Hormonal control of blood glucose

The body uses glucose, fatty acids, and other substrates as fuel to satisfy its energy needs. Although the respiratory and circulatory systems combine efforts to furnish the body with the oxygen needed for metabolic purposes, it is the liver, in concert with the endocrine pancreas, that controls the body’s fuel supply. The pancreas is made up of two major tissue types: the acini and the islets of Langerhans. The acini secrete digestive juices into the duodenum, and the islets of Langerhans secrete hormones into the blood. Each islet is composed of beta cells that secrete insulin and amylin, alpha cells that secrete glucagon, and delta cells that secrete somatostatin. Insulin lowers the blood glucose concentration by facilitating the movement of glucose into body tissues. Glucagon maintains blood glucose by increasing the release of glucose from the liver into the blood. Somatostatin inhibits the release of insulin and glucagon. Somatostatin also decreases gastrointestinal activity after ingestion of food. By decreasing gastrointestinal activity, somatostatin is thought to extend the time during which food is absorbed into the blood, and by inhibiting insulin and glucagon, it is thought to extend the use of absorbed nutrients by the tissues

Body tissues obtain glucose from the blood. In nondiabetic individuals, fasting blood glucose levels are tightly regulated between 80 and 90 mg/dL. After a meal, blood glucose levels rise, and insulin is secreted in response to this rise in glucose. Approximately two thirds of the glucose that is ingested with a meal is removed from the blood and stored in the liver as glycogen. Between meals, the liver releases glucose as a means of maintaining blood glucose within its normal range. Glucose is an optional fuel for tissues such as muscle, adipose tissue, and the liver, which largely use fatty acids and other fuel substrates for energy. Glucose that is not needed for energy is stored as glycogen or converted to fat. When tissues such as those in the liver and skeletal muscle become saturated with glycogen, the additional glucose is converted into fatty acids and then stored as triglycerides in fat cells. 
When blood glucose levels fall below normal, as they do between meals, glycogen is broken down by a process called glycogenolysis, and glucose is released. Glycogen stored in the liver can be released into the bloodstream. Although skeletal muscle has glycogen stores, it lacks the enzyme glucose-6-phosphatase that allows glucose to be broken down sufficiently to pass through the cell membrane and enter the bloodstream, limiting its usefulness to the muscle cell. In addition to mobilizing its glycogen stores, the liver synthesizes glucose from amino acids, glycerol, and lactic acid in a process called gluconeogenesis.
Glucose concentration in the blood represents itself an auto-controlled mechanism of glycolysis-gluconeogenesis balance. To be mentioned that liver, in contrary to other organs, doesn’t posses any mechanism of increasing trans-membranary transport of glucose. Due to the fact that glucose diffuses freely into hepatocytes, its concentration in the blood and in hepatic cells is equilibrated.  By this means, hepatocyte all the time has information regarding glycemia, reacting promptly at its fluctuations by increasing glycogenogenesis in case of hyperglycemia and glycogenolysis in case of hypoglycemia. Another liver particularity is hepatic glucokinase – enzyme which stimulates phosphorylation of glucose that diffuse into hepatocyte transforming it into glucose-6-phosphate and ultimately in glycogen. Hepatocytes are very sensible to glucose concentration in the blood. Insulin stimulates synthesis of glucokinase and indirectly stimulates synthesis of glycogen which due to its high molecular weight and polymer structure can’t diffuse through cytoplasmic membrane of liver cells and such is retained intracellularly – by this way glucose surplus is removed from the blood and stored into hepatocyte.
Insulin. Although several hormones are known to increase blood glucose levels, insulin is the only hormone known to have a direct effect in lowering blood glucose levels. The actions of insulin are threefold: (1) it promotes glucose uptake by target cells and provides for glucose storage as glycogen, (2) it prevents fat and glycogen breakdown, and (3) it inhibits gluconeogenesis and increases protein synthesis. Insulin acts to promote fat storage by increasing the transport of glucose into fat cells. It also facilitates triglyceride synthesis from glucose in fat cells and inhibits the intracellular breakdown of stored triglycerides. Insulin also inhibits protein breakdown and increases protein synthesis by increasing the active transport of amino acids into body cells; and it inhibits gluconeogenesis, or the building of glucose from new sources, mainly amino acids. When sufficient glucose and insulin are present, protein breakdown is minimal because the body is able to use glucose and fatty acids as a fuel source. In children and adolescents, insulin is needed for normal growth and development. The release of insulin from the pancreatic beta cells is regulated by blood glucose levels, increasing as blood glucose levels rise and decreasing when blood glucose levels decline. Serum insulin levels begin to rise within minutes after a meal, reach a peak in approximately 3 to 5 minutes, and then return to baseline levels within 2 to 3 hours. Insulin secreted by the beta cells enters the portal circulation and travels directly to the liver, where approximately 50% is used or degraded. Insulin, which is rapidly bound to peripheral tissues or destroyed by the liver or kidneys, has a half-life of approximately 15 minutes once it is released into the general circulation. To initiate its effects on target tissues, insulin binds to a membrane receptor. Considerable research has revealed a family of glucose transporters termed GLUT-1, GLUT-2, and so forth. GLUT-4 is the insulindependent glucose transporter for skeletal muscle and adipose tissue. It is sequestered inside the membrane of these cells and thus is unable to function as a glucose transporter until a signal from insulin causes it to move from its inactive site into the cell membrane, where it facilitates glucose entry. GLUT-2 is the major transporter of glucose into beta cells and liver cells. It has a low affinity for glucose and acts as a transporter only when plasma glucose levels are relatively high, such as after a meal. GLUT-1 is present in all tissues. It does not require the actions of insulin and is important in transport of glucose into the nervous system.
Amylin is an 37-amino acid peptide that is cosecreted with insulin from the pancreatic beta cells in response to glucose and other beta-cell stimulators. Studies indicate that amylin acts as a neuroendocrine hormone, with several effects that complement the actions of insulin in regulating postprandial blood glucose levels. These include a suppression of glucagon secretion and a slowing of the rate at which glucose is delivered to the small intestine for absorption.

Glucagon, a polypeptide molecule produced by the alpha cells of the islets of Langerhans, maintains blood glucose between meals and during periods of fasting. Like insulin, glucagon travels through the portal vein to the liver, where it exerts its main action. Unlike insulin, glucagon produces an increase in blood glucose. The most dramatic effect of glucagon is its ability to initiate glycogenolysis or the breakdown of liver glycogen as a means of raising blood glucose, usually within a matter of minutes. Glucagon also increases the transport of amino acids into the liver and stimulates their conversion into glucose, a process called gluconeogenesis. Because liver glycogen stores are limited, gluconeogenesis is important in maintaining blood glucose levels over time. Other actions of glucagon occur only when the hormone is present in high concentrations, usually well above those normally present in the blood. At high concentrations, glucagon activates adipose cell lipase, making fatty acids available for use as energy. At very high concentrations, glucagon can increase the strength of the heart, increase blood flow to some tissues, including the kidneys, enhance bile secretion, and inhibit gastric acid secretion. As with insulin, glucagon secretion is regulated by blood glucose. A decrease in blood glucose concentration to a hypoglycemic level produces an immediate increase in glucagon secretion, and an increase in blood glucose to hyperglycemic levels produces a decrease in glucagon secretion. High concentrations of amino acids, as occur after a protein meal, also can stimulate glucagon secretion. In this way, glucagon increases the conversion of amino acids to glucose as a means of maintaining the body’s glucose levels. Glucagon levels also increase during strenuous exercise as a means of preventing a decrease in blood glucose.
Glucocorticoid hormones. The glucocorticoid hormones, which are synthesized in the adrenal cortex along with other corticosteroid hormones, are critical to survival during periods of fasting and starvation. They stimulate gluconeogenesis by the liver, sometimes producing a 6- to 10-fold increase in hepatic glucose production. These hormones also moderately decrease tissue use of glucose. In predisposed persons, the prolonged elevation of glucocorticoid hormones can lead to hyperglycemia and the development of diabetes mellitus. In people with diabetes, even transient increases in cortisol can complicate control. There are several steroid hormones with glucocorticoid activity; the most important of these is cortisol, which accounts for approximately 95% of all glucocorticoid activity. Cortisol levels increase during periods of stress, such as that produced by infection, pain, trauma, surgery, prolonged and strenuous exercise, and acute anxiety. Hypoglycemia is a potent stimulus for cortisol secretion. Glucocorticoids are insulin antagonists and stimulate gluconeogenesis by activation of some specific enzymes – amino-transferase, piruvate-carboxylase, glucose-6-phosphatase. Concomitantly, glucocorticoids stimulate proteolysis in the tissues, so supplying aminoacids for gluconeogenesis.
Catecholamines. The catecholamines, epinephrine and norepinephrine, help to maintain blood glucose levels during periods of stress. Epinephrine inhibits insulin release and promotes glycogenolysis by stimulating the conversion of muscle and liver glycogen to glucose. Muscle glycogen cannot be released into the blood; nevertheless, the mobilization of these stores for muscle use conserves blood glucose for use by other tissues such as the brain and the nervous system. During periods of exercise and other types of stress, epinephrine inhibits insulin release from the beta cells and thereby decreases the movement of glucose into muscle cells. The catecholamines also increase lipase activity and thereby increase mobilization of fatty acids; this process conserves glucose. The blood glucose–elevating effect of epinephrine is an important homeostatic mechanism during periods of hypoglycemia.
Growth hormone. Growth hormone has many metabolic effects. It increases protein synthesis in all cells of the body, mobilizes fatty acids from adipose tissue, and antagonizes the effects of insulin. Growth hormone decreases cellular uptake and use of glucose, thereby increasing the level of blood glucose. The increased blood glucose level stimulates further insulin secretion by the beta cells. The secretion of growth hormone normally is inhibited by insulin and increased levels of blood glucose. During periods of fasting, when both blood glucose levels and insulin secretion fall, growth hormone levels increase. Exercise, such as running and cycling, and various stresses, including anesthesia, fever, and trauma, increase growth hormone levels. Chronic hypersecretion of growth hormone, as occurs in acromegaly, can lead to glucose intolerance and the development of diabetes mellitus. In people who already have diabetes, moderate elevations in growth hormone levels that occur during periods of stress and periods of growth in children can produce the entire spectrum of metabolic abnormalities associated with poor regulation, despite optimized insulin treatment.
In contrast to other body tissues such as the liver and skeletal muscle, which use fatty acids and other substrates for fuel, the brain and nervous system rely almost exclusively on glucose for their energy needs. Because the brain can neither synthesize nor store more than a few minutes’ supply of glucose, normal cerebral function requires a continuous supply from the circulation. Severe and prolonged hypoglycemia can cause brain death, and even moderate hypoglycemia can result in substantial brain dysfunction. The body maintains a system of counterregulatory mechanisms to counteract hypoglycemia-producing situations and ensure brain function and survival. The physiologic mechanisms that prevent or correct hypoglycemia include the actions of the counterregulatory hormones: glucagon, the catecholamines, growth hormone, and the glucocorticoids.
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Fig. 1. Glucose metabolism 
(From Despopoulos, Color Atlas of Physiology, 2003)
Hypoglycemia
Hypoglycemia represents reduced level of glucose in the blood below 0,08% (4,4 mMol/l). 

Hypoglycemia can be the result of insufficient carbohydrates intake or intensive carbohydrates catabolism in the body.  Causes of hypoglycemia by insufficient intake can be partial or total sugar starvation, exhaustion of endogenous storages of glycogen in liver disorders, renal disorders, sepsis, hypocorticosolism, panhypopituitarism, prevalence of glycogenogenesis on glycogenolysis in administration of exogenous insulin. Another important etiological factor of hypoglycemia are over-secretion of insulin by beta pancreatic cells (ex: in tumor of insular apparatus – insulinoma), this increased storages of glucose as glycogen and inhibits its mobilization even in condition of hypoglycemia. A frequent cause of excessive glucose metabolism leading to hypoglycemia is hyperfunction of tissue and organs, especially in muscular effort (mass of skeletal muscles represents 1/2 if total body weight).

Compensatory reactions in hyperglycemia are initiated by nervous system – development of hungry sensation and specific behavior oriented toward food ingestion, excitation of sympathetic nervous system and endocrine glands – hypersecretion of corticotrophin from adenohypophysis, glucocorticoids from cortex of adrenal glands, catecholamines from medulla of adrenal glands, glucagon from alpha cells of pancreas in association with inhibition of insulin secretion from beta pancreatic cells. The final results of these processes are inhibition of glycogenogenesis, stimulation of glycogenolysis and gluconeogenesis, increased lipolysis with intense mobilization of lipids from adipose tissue, all this with the aim to restore normoglycemia and satisfy energetic needs of the body.

Glycogenolysis in the liver and the kidneys is triggered by hypoglycemia of any origin. Glycogenolysis is monitored especially by intracellular reserves of energy, but the strategic position has adenylatcyclase – an enzyme which synthesizes cyclic AMP. In resting conditions cell has small reserves of AMPc. Excitation of adenylatcyclase receptors by adrenaline or glucagon stimulate the catalytic portion of this enzyme, this leading to release of phosphoric radicals from ATP, their esterification with ribose and formation of AMPc. Final effect of AMPc is activation of intracellular enzymes of glycogenolysis. Insulin has exactly the contrary effects, decreasing level of AMPc in the cells. By this way, catecholamines and glucagon enhance glycogenolysis but insulin reduces it, at the same time activating glycogenogenesis.

Along with direct effects on hepatic cells, hypoglycemia stimulates release of glucagon from alpha pancreatic cells, which also intensify glycogenolysis. All these mechanisms supply the body with glucose just until hepatic and kidney storages of glycogen will be exhausted – about 24 hours from the beginning of carbohydrate inanition. From the moment of exhaustion of glycogen storages and development of hypoglycemia which is critical for the brain, in compensatory reactions are involved adrenal glands with hypersecretion of glucocorticoids, which trigger gluconeogenesis by stimulating synthesis of gluconeogenetic enzymes, stimulation of proteolysis in lymphoid tissues, conjunctive tissue and skeletal muscles, such supplying the necessary aminoacids for glucose synthesis by gluconeogenesis mechanism. So, aminoacids released as result of proteolysis, are used in glucose synthesis. The essence of this reaction is to maintain the normal level of glycemia for the brain, after liver glycogen storages were exhausted, by neo-formation of glucose from non-sugar products – pyruvic acid, glutamate and other aminoacids. In healthy persons, processes of gluconeogenesis are antagonized by insulin. Along with protein breakdown and use of aminoacids for gluconeogenesis, there develop as well some pathogenic effects like lysis of conjunctive tissue, atrophy of lymphoid tissue with immune suppression, atrophy of skeletal muscles. 

Along with described effects, hypoglycemia leads to depletion of glycogen storages in the liver, this intensifying lipolysis in adipose tissue associated with increased level of lipids in the blood – transport hyperlipidemia with lipoproteins with very high density (fatty acids associated with seric albumin - HDL). Hyperlipidemia induces firstly fat infiltration and ultimately fat liver dystrophy.

Hypoglycemia has some metabolic effects at the level of the cells. From plastic metabolic effects of hypoglycemia can be described deficit of ribozo-6- phosphate (source of ribose is glucose), decreased level of ATP in the cells. As well there is disturbed the process of proteoglycans synthesis.

Mechanisms of ketone body formation in hypoglycemia 
Hypoglycemia directly disturbs the energetic metabolism in glucose-consuming cells. Inhibition of pentozo-phosphate shunt leads to decreased level of NADH and NADPH, which represent the main proton donators in processes of reduction. A manifestation of proton deficit is inability to resynthesize fatty acids from acetate with excessive accumulation of acetyl-KoA, this ultimately will condensate with formation of ketone bodies – ketogenesis. Deficit of oxaloacetate (is synthesized by decarboxylation of pyruvic acid which is formed in glycolysis), make impossible the involvement of acetyl-KoA in Krebs cycle. This along with continuous production of acetate in glycolysis processes and beta-oxidation of fatty acids in the liver lead to accumulation of excessive amounts of acetyl-KoA, which in these conditions of glucose deficit can’t be oxidated in Krebs cycle, no used in resynthesis of fatty acids, so being in a “biochemical impasse”. In these conditions, acetyl-KoA is condensed with formation of ketone bodies - beta–hydroxybutyric acid, acetoacetate and acetone. Ketogenesis manifests through ketonemia and ketonuria, metabolic acidosis.

So, metabolic consequences of hypoglycemia are glycogenolysis with exhaustion of glycogen storages in the liver, lipolysis, proteolysis, gluconeogenesis and ketogenesis.

Impact of hypoglycemia on organs is different. The most sensible to hypoglycemia are: brain, red blood cells, skeletal muscles. 

Carbohydrate metabolism in the brain has a vital role for this tissue, being the main source of energy. Glucose uptake by the brain is similar to this process in the muscles, and hexokinase with a Km = 10-6 M ensure glucose retention into the cells. Critic level of hypoglycemia for the brain is 2,7 mmol/l or 0,05% (3,3 mmol/l or 0,06% in men and 2,2 mmol/l or 0,04% in women) – below this concentration nervous cells aren’t able to uptake glucose from the blood, all processes of energogenesis are inhibited, intracellular level of ATP diminishes, all these interrupting functions of cell membrane that maintain electrochemical gradient. Functional modification of neurons manifest by diminished, finally by total inhibition of rest membrane potential, depolarization of the cell and areactivity of the neuron – inhibition of this by depolarization. Clinical symptoms are partially inhibition of central nervous system (palpitations, tremor, weakness, apathy, anxiety, drowsiness, mental confusion), ultimately total inhibition (hypoglycemic coma – loss of consciousness, inhibition of reflexes and death in some minutes). Pathogenetic treatment consists in administration of exogenous carbohydrates - by oral or parenteral route. Along with energogenesis, at the level of brain, carbohydrates ensure synthesis of some neuromediators, aminoacids, lipids and nuclear acids. Although dependent on glucose as energetic source, in chronic inanition, brain can utilize little amounts of other energetic substances – ketone bodies, glutamate, aspartate. So, direct consequences of hypoglycemia for brain are hypoenergetic cell injuries that can lead to necrosis.

Carbohydrate metabolism in red blood cells is determined by lack of cell organelles, inclusively of mitochondria and reactions of Krebs cycle as well as respiratory chain reactions. Energogenesis in erythrocytes is exclusively anaerobic. Glucose enters into red blood cells by facilitate diffusion and is submitted to glycolysis. A collateral product of glycolysis which is synthesized in high amounts in erythrocytes and have multiple functions is 2,3-diphosphoglycerate (2,3-DPG). This has a buffer function and energy reserve function in condition of creatine-phosphate and glycogen lack.  Besides these, 2,3-DPG decrease hemoglobin affinity for O2, such facilitating oxygen supply to tissues. 

Carbohydrate metabolism in muscles is totally oriented towards satisfying own requirements. Glucose enters intracellularly exclusively by facilitated diffusion, which is facilitated by insulin. Hexokinase of miocytes has a Km much lower that Km of hepatocytes.  In resting condition in muscle there is accumulation of high amounts of glycogen, which breakdown at myocyte contraction by oxidative and glycolytic pathways. Glycogenogenesis in myocytes is the single anaerobic metabolic reaction; enzymes for gluconeogenesis are lacking in muscle cells. Glycolysis is the process of glucose breakdown to pyruvic acid, which ultimately is transformed with O2 involvement in acetyl-KoA.   In condition of O2 lack, there is anaerobic glycolysis which finishes with synthesis of an intermediary metabolic product - lactate. Lactate which is synthesized from pyruvic acid is released in the blood and can be metabolized in the liver and shifted to carbohydrates. In striate muscles activity of glycolytic and mitochondrial enzymes is very high. Almost all pyruvate is oxidized to acetyl-KoA, this phenomena preventing lactate accumulation in muscles.
Glycogen storage diseases. Glucose is stored in muscles and liver as glycogen. Breaking it down provides glucose that is used locally or reaches other organs. If the breakdown of glycogen is blocked, glycogen overloading and hypoglycemia result. This is caused by enzyme deficiencies (Fig.2).

Several types are distinguished: type Ia (von Gierke; glucose-6-phosphatase deficiency); type Ib (deficiency of microsomal glucose-6-phosphate translocase); type II (Pompe; lysosomal "-glucosidase deficiency); type III (Forbes, Cori; debrancher enzyme deficiency, the most common type); type V (McArdle; muscle phosphorylase deficiency); type VI (Hers; hepatic phosphorylase deficiency); and type VIII (Huijing; hepatic phosphorylase b kinase deficiency). A (very rare) deficiency of glycogen synthesis (type IV; Andersen; brancher enzyme deficiency) results in glycogenosis because an abnormal type of glycogen is stored in the brain, heart, muscle, and liver. In type VII (Tauri; muscle phosphofructokinase deficiency), on the other hand, glucose is prevented from being utilized to provide the muscles with energy.

Depending on the primary effects of the enzyme deficiencies, one can simplify the classification by dividing the glycogen storage diseases into liver types (I, III, VI, VIII), muscle types (V,VII), and other types (II, IV). In the liver types hepatomegaly (due to excess deposition of glycogen) and hypoglycemia are the prominent features, while in the muscle types it is largely energy deficiency. Physical work does not increase plasma lactate and leads to rapid fatigue, muscle cramps and muscle pain as well as to myoglobinuria (in type V), which may cause renal failure. The effects of type II (cardiomegaly, weakness of respiratory muscles) and type IV (liver failure) often end in death in childhood.
[image: image4.jpg]Glycogen Other

organs

T

Blood glucose

Glucose

Hepatomegaly

Hypoglycemia

Other types >/

Cardiomegaly,
muscle weakness
(respiratory muscles!)

P

Cardiorespiratory failure

vV,
& Muscle types

During severe muscle activity:

Cramps, weakness

S

Myoglobinuria

N

Renal failure





Fig. 2. Glycogen storage disease 
(From. S. Silbernagl and F. Lang; Color Atlas of Pathophysiology).
Hyperglycemia

Hyperglycemia – represents increased blood glucose level more than 6,6 mmol/l or more that 0,12 %. Exceed of this maximal level, on the contrary to inferior critical level, doesn’t represent a dangerous situation like hypoglycemia. Biological significance of an exaggerated hyperglycemia is related with the fact that ability of epithelial cells of renal tubes to reabsorb glucose from primary urine and return it in the blood stream is limited by glucose concentration in the blood of about 10 mmol/l or 0,18% (renal glucose threshold).  By this way, amount of glucose above this level remains in definitive urine (glucosuria) and is eliminated from the body. Only in cases with exaggerated high level of glycemia (about 500 mg%), hyperglycemia can lead to hyperglycemic non-ketodiabetic coma.

Mainly, pathogenetic mechanism of hyperglycemia is the disequilibrium between ingestion and metabolism of carbohydrates – or increased glucose uptake or diminished consumption of this.  

Increased glucose concentration in the blood is performed from more sources. Increased alimentary uptake induces alimentary hyperglycemia. Intense glucose mobilization from endogenous glycogen storages induces transport hyperglycemia; this can happen in overexcitation of sympathetic vegetative system (psychoemotional stress, pain etc…), hypersecretion of catecholamines from medulla of adrenal glands (pheochromocytoma), and hypersecretion of glucagon. Hypersecretion of glucocorticoids (primary and secondary hypercorticosolism) leads to hyperglycemia by increased protein catabolism and intensified gluconeogenesis. Hyperglycemia as well can be a consequence of inability to perform glycogenogenesis and glucose utilization in insulin deficiency – diabetes mellitus. Hyperglycemia in chronic stress, Cushing syndrome can be regarded as an effect of hypercorticosolism. From other hyperglycemia factors, which intensify glycogenolysis can be mentioned adrenaline, somatotropin, thyroxin, which activate insulinase with hypo-insulinic effect.

Decreased glucose consumption by cells can’t serve as cause for hypoglycemia, because glucose metabolism in nervous cells – main consumer of blood glucose – is maintained at constant level even in resting state, this being essential for maintenance of electro-chemical gradient (resting potential). Majority of cases of hyperglycemia are in relation with inability of cells to use glucose in absence of insulin (diabetes mellitus). When insulin is absent, the following processes are impossible: trans-membranary transport of glucose, glycogenogenesis, lipogenesis. In lack of insulin in diabetes mellitus, glucocorticoids have an uncontrolled gluconeogenetic function, this enhancing hyperglycemia.
Compensatory reactions in hyperglycemia

Compensatory reactions in hyperglycemia consist in increased storage of glucose, it conversion in other substances, increased use and elimination from the body of glucose surplus and all these are realized by increased glycogenogenesis, lipogenesis, glycolysis and glucosuria.

Glycogenogenesis represents an anabolic reaction of glycogen synthesis from glucose, and like any other anabolic reaction, needs energy. The first stage of glycogenogenesis is phosphorilation of glucose in glucose-6-phosphate with participation of glucokinase, ATP and insulin. Further, glucose-6-phosphate is converted into glucose-1-phosphate and this in glucose-uridindiphosphate. Glucose-uridindiphosphate represents a universal biochemical compound a co-enzymatic form of glucose, very reactive, which interacts with other glucose molecules forming polymers or interact with proteins and lipids forming glycoproteins or glycolipids respectively. Glucose-uridindinphosphate with involvement of glycogen-synthesize bound to initial molecule of glycogen, forming a chain of hundred thousands of monomers. Other enzyme ramifies the molecule of glycogen, bounding chains between them. So, the ramified molecule of glycogen is synthesized. Increased insulin secretion has also another remarkable effect which is represented by increased trans-membranary transport of glucose from the blood into adipose cells, where ultimately is transformed in lipids, which are stored in cells of adipose tissue (lipogenesis).

Another compensatory reaction in hyperglycemia is represented by reduced glycogenolysis and gluconeogenesis by inhibition of catecholamine, glucagon and glucocorticoids secretion. Hyposecretion and decreased level of catecholamines in the blood inhibits glycogenolysis and hyposecretion of glucocorticoids diminishes gluconeogenesis. Another imposed reaction with a homeostatic feature is represented by glucosuria. Although is unfavourable for the body because increases elimination of some nutritive substances, glucosuria is an emergent reaction for reestablishment of normoglycemia and physicochemical parameters of the blood (remove of hyperosmolarity of the blood), which can maintain pathologic processes (cell intumescence). Due to these reactions, there is a tendency to return of hyperglycemia to normal level.

So, effects of a persistent hyperglycemia are: insulin hypersecretion, increased glycogenogenesis with storage of glucose as glycogen, lipogenesis with enhanced adipose tissue deposition – obesity and fatty infiltration of organs and tissues.
Hyperketonemia and diabetic ketoacidosis

Ketone bodies (acetone, beta-oxibutyric acid and acetyl acetate) are common metabolic products which are synthesized in small amounts during acetate condensation (acetate is synthesized from carbohydrates, fatty acids and aminoacids). Ketone bodies are used in Krebs cycle as energetic material for heart and skeletal muscles or are converted in fatty acids in the liver. Hyperketonemia represents increased concentration of ketone bodies in the blood as result of intensified ketogenesis and is frequently encountered in diabetes mellitus. Hyperketonemia is the main metabolic pivot in the syndrome named diabetic ketoacidosis. 

Diabetic ketoacidosis is a frequent complication of diabetes mellitus. According to some statistical data, diabetic ketoacidosis happen in 13 from 1000 cases in diabetic children. Pathogeny of diabetic ketoacidosis is determined by insulin deficiency and increased glucagon/insulin ratio concomitantly with hypersecretion of glucocorticoids. Decreased insulin secretion, the main pathogenetic loop in diabetes mellitus, makes impossible glycogenogenesis and lipogenesis, intensify secretion of glucagon which stimulates glycogenolysis and lipolysis. Final resultant effect is hyperglycemia accompanied by transport hyperlipidemia.  Hyperglycemia is the result of glycolysis inhibition and reduced carbohydrate blood clearance, and hyperlipidemia is the result of inhibition of lipogenesis. Concomitantly, with decreased peripheral consumption of glucose, there is enhanced secretion of glucocorticoids, which stimulates proteolysis, gluconeogenesis such amplifying hyperglycemia. Summary effect of insulin deficiency with glucagon and glucocorticoids hypersecretion is reduced glycogen storages in the liver, this also increasing lipolysis and amplifying hyperlipidemia. Hyperlipidemia leads to intensification of fatty acids oxidation and excessive production of acetyl-KoA. In deficiency of carbohydrates oxidation, there is deficiency of oxalacetate, this being necessary for introduction of acetyl-KoA in Krebs cycle as well as deficiency of NADPH, necessary for fatty acids resynthesis from acetate. In such conditions, there is increased production of ketone bodies from excessive unutilized acetyl-KoA – ketogenesis.  So, in other wards, ketogenesis is the result of intensified acetyl-KoA production in the liver combined with diminished peripheral clearance of these substances (lack of oxalacetate and NADPH). Should be mentioned that ketogenesis is initiated not only by insulin deficiency in diabetes mellitus, but can develop in many other states – infections, myocardial infarction, cerebrovascular accidents, trauma, pregnancy, emotional stress, pancreatitis.

In sum, essential manifestations of ketoacidosis are hyperglycemia, blood hyperosmolarity, osmotic diuresis with polycitemic hypovolemia, electrolyte deficiency, hyperketonemia with metabolic acidosis. Clinical symptoms of ketoacidosis are polyuria, nausea, vomiting, Kussmaul respiration with acetone smell, tachycardia, metabolic acidosis with decreased bicarbonate below 10 meq/l.  From other clinical symptoms can be mentioned hyponatremia below 120 meq/l, hyperkaliemia, hyperglycemia more than 600 mg% (0,6%), hyperlipidemia, increased concentration of fatty acids in the blood, hyperketonemia, ketonuria, increased level of amylase, interstitial hyperosmia, cellular dehydration, intracellular alcalosis with extracellular acidosis, decrease volume of circulating blood – hypovolemia, arterial hypotension and vascular collapse.

Pathogenetic treatment of ketoacidosis consists in insulin restitution, correction of circulatory blood volume, correction of acidosis and level of blood electrolytes. 

Alcoholic ketoacidosis. Pathogenesis of alcoholic ketoacidosis relies on inanition associated with decreased volume of circulating blood and alcohol ingestion, these in sum stimulates ketogenesis by decreasing glycogen storages in the liver, intensified lipolysis, synthesis of ketone bodies, and reduced clearance of ketone bodies in peripheral tissues. Alcohol by it selves can induce ketogenesis in the liver. Hypovolemia is the result of decreased food and liquid intake, vomiting, inhibition of vasopressin secretion (a direct effect of alcohol) and polyuria.  Excitation of vegetative nervous system leads to increase secretion of cortisol concomitantly with inhibition of insulin secretion, this amplifying lipolysis with hyperlipidemia. Intensification of fatty acids oxidation to acetyl-KoA in condition of oxalacetate deficiency and NADPH deficiency lead to ketogenesis and hyperketonemia.  

Hyperosmolar, non-acidotic hyperglycemic coma is encountered in exaggerated hyperglycemia (350-3000 mg%; 0,35-3%), when plasmatic hyperosmolarity is more than 460 Mosm/l, but is not accompanied by ketonemia. This variety of coma represents about 10-30% of all diabetic comas. In clinical picture prevail polyuria, polydipsia, nocturnal diuresis, nausea, anorexia, vomiting, lethargy, dehydration up to 25% of total water. Pathogenetic treatment consists in hyperglycemia correction, hydric and electrolytic re-equilibration.
Galactosemia 
Galactosemia is an autosomal recessive disorder of galactose metabolism (Fig.3). Normally, lactose, the major carbohydrate of mammalian milk, is split into glucose and galactose in the intestinal microvilli by lactase. Galactose is then converted to glucose in three steps. Two variants of galactosemia have been identified. In the more common variant there is a total lack of galactose-1-phosphate uridyltransferase. The rare variant arises from a deficiency of galactokinase. Because galactokinase deficiency leads to a milder form of the disease not associated with mental retardation, it is not considered in this discussion. As a result of the transferase lack, galactose-1-phosphate accumulates in many locations, including the liver, spleen, lens of the eye, kidneys, heart muscle, cerebral cortex, and erythrocytes. Alternative metabolic pathways are activated, leading to the production of galactitol (a polyol metabolite of galactose) and galactonate, an oxidized by-product of excess galactose, both of which also accumulate in the tissues. Long-term toxicity in galactosemia has been variously imputed to these metabolic intermediates. 
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Fig. 3. Galactosemia 
(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)
The clinical picture is variable, probably reflecting the heterogeneity of mutations in the galactose-1-phosphate uridyl transferase gene leading to galactosemia. The liver, eyes, and brain bear the brunt of the damage. The early-to-develop hepatomegaly is due largely to fatty change, but in time widespread scarring that closely resembles the cirrhosis of alcohol abuse may supervene. Opacification of the lens (cataract) develops, probably because the lens absorbs water and swells as galactitol, produced by alternative metabolic pathways, accumulates and increases its tonicity. Nonspecific alterations appear in the central nervous system, including loss of nerve cells, gliosis, and edema, particularly in the dentate nuclei of the cerebellum and the olivary nuclei of the medulla. Similar changes may occur in the cerebral cortex and white matter.
Consequences of carbohydrate dyshomeostasis

Eventual consequences of hypoglycemia are hypoenergetic cell injures, predominantly neuronal injuries, due to the inability of neurons to use other energetic substrate than glucose. Pathologic processes triggered by hypoglycemia manifest by: cell injuries, dystrophy, necrosis, atrophy, sclerosis. Increased storage of lipids in adipose tissue lead to obesity with all associated pathologic phenomena.
Pathogenic action of hyperglycemia is determined by blood and interstitial hyperosmolarity, which induce edema and cell intumescence with osmotic cytolysis. 

Galactosemia causes cell injuries by organelle imbibition with unused galactose, causing edema, cell swelling, hyperosmotic cell injuries, necrosis, atrophy, sclerosis. 

Hyperketonemia manifests by ketoacidotic coma, which pathogenetic mechanism is metabolic acidosis and hyperosmolarity of body liquids conditioned by hyperglycemia.  Hyperlipidemia is the cause of fat infiltration and fat dystrophy of the liver, myocardium, kidneys, these ultimately leading to necrosis, atrophy, and sclerosis. 
PROTEIN METABOLIC IMBALANCE
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 Proteins are required for growth and maintenance of body tissues, enzymes and antibody formation, fluid and electrolyte balance, and nutrient transport. Approximately three fourths of body solids are proteins. Proteins are essential for the formation of all body structures, including genes, enzymes, contractile structures in muscle, matrix of bone, and hemoglobin of red blood cells. Amino acids are the building blocks of proteins. Proteins needs of the body are satisfied by animal and vegetal proteins consumption. Besides total amount of ingested proteins, there is very of high importance that aminoacids are in the composition of these proteins as well as ratio of aminoacids. According to the possibility of aminoacids of reciprocal transformation aminoacids are divided in essential aminoacids (aminoacids that can’t be synthesized in the body and need to be ingested with food) and nonessential aminoacids (aminoacids that can be obtain in the body by transformation of other aminoacids). Essential aminoacids are: arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine. Nonessential aminoacids are: alanine, aspartate, asparagine, cysteine, glutamate, glutaminic acid, glycine, proline, serine and tyrosine. The foods that provide these essential amino acids in adequate amounts are milk, eggs, meat, fish, and poultry. Dried peas and beans, nuts, seeds, and grains contain all the essential amino acids but in less than adequate proportions. These proteins need to be combined with each other or with complete proteins to meet the amino acid requirements for protein synthesis. Each amino acid has an acidic group (COOH) and an amino group. Unlike glucose and fatty acids, there is only a limited facility for the storage of excess amino acids in the body. Most of the stored amino acids are contained in body proteins. Amino acids in excess of those needed for protein synthesis are converted to fatty acids, ketones, or glucose and are stored or used as metabolic fuel. Because fatty acids cannot be converted to glucose, the body must break down proteins and use the amino acids to generate glucose during periods when metabolic needs exceed food intake. The liver has the enzymes and mechanisms needed to deaminate and to convert the amino groups from the amino acid to urea. The breakdown or degradation of proteins and amino acids occurs primarily in the liver, which also is the site of gluconeogenesis. The main role of proteins in the body is mainly plastic, having just a limited energetic role (only 10% of the organism energy needs are supplied by proteic substances). Utilization of protein in energetic role depends on general intaked calories of alimentary diet – with decreased calories intake there is increased quantity of catabolic breakdown proteins for energy release.
Protein digestion and absorption

Protein digestion starts in the stomach. HCl in the stomach denatures proteins and converts the three secreted pepsinogens into about eight different pepsins. At a pH of 2–5, these endopeptidases split off proteins at sites where tyrosine or phenylalanine molecules are incorporated in the peptide chain. The pepsins become inactive in the small intestine (pH 7–8). Pancreatic juice also contains proenzymes of other peptidases that are activated in the duodenum. The endopeptidases trypsin, chymotrypsin and elastase hydrolyze the protein molecules into short-chain peptides. Carboxypeptidase A and B (from the pancreas) as well as dipeptidases and aminopeptidase (brush border enzymes) act on proteins at the end of the peptide chain, breaking them down into tripeptides, dipeptides, and (mostly) individual amino acids. These cleavage products are absorbed in the duodenum and jejunum. Amino acids (AA) are transported by a number of specific carriers similar to those found in the kidney. Neutral (without net charge) and anionic (“acid”) L-amino acids are transported with Na+ symporters (secondary active transport) from the intestinal lumen into mucosal cells, from which they passively diffuse with carriers into the blood. Cationic (“basic”) L-amino acids such as L-arginine+, L-lysine+ and L-ornithine+ are partly taken up into the enterocytes by Na+ independent mechanisms, as the membrane potential is a driving force for their uptake. Anionic amino acids like L-glutamate– and L-aspartate– which, for the most part, are broken down in the mucosal cells, also have their own (Na+ and K+ dependent) carrier systems. Neutral amino acids use several different transporters. AA absorption disorders can be congenital and affect various amino acid groups. These disorders are often associated with defects of renal tubular reabsorption (renal aminoaciduria, e.g. cystinuria). Dipeptides and tripeptides can be absorbed as intact molecules by a symport carrier. The carrier is driven by an H+ gradient, which in turn is generated by H+ secretion (tertiary active H+-peptide symport). Amino acids generally are much more rapidly absorbed as dipeptides and tripeptides than as free amino acids. Once they enter the cells, the peptides are hydrolyzed to free amino acids.
Apart from lipids and carbohydrates, that can substitute each other, structural homeostasis of the body needs a strict protein consumption/elimination ratio – protein balance. In the body, there is a permanent dynamic process of disintegration and resynthesis of proteins from own structures. For this reason, structures of the body should be regarded as a dynamic equilibrium and not as a stationary state. So, half-life of body proteins (period in which there is renewal of ½ of total protein mass) is equal to 3 weeks. This means that daily there is broken down and re-synthesized 500 g of proteins from body structures. 

Unlike carbohydrates and fats, which are composed of hydrogen, carbon, and oxygen, proteins contain 16% nitrogen; therefore, nitrogen excretion is an indicator of protein intake. If the amount of nitrogen taken by way of protein is equivalent to the nitrogen excreted, the person is said to be in nitrogen balance. A person is in positive nitrogen balance when the nitrogen consumed by way of protein is greater than the amount excreted. This occurs during growth, pregnancy, or healing after surgery or injury. A negative nitrogen balance often occurs with fever, illness, infection, trauma, chronic diseases or burns, when more nitrogen is excreted than is consumed. It represents a state of tissue breakdown.

Daily necessary protein consumption in adults represents 0,7g/kg/24 h, for children - 2g/kg, while for pregnant women and breast-feeding women there is a surplus of 20 % protein daily. As was mentioned above, apart from total amount of ingested protein, a high role plays also their aminoacidic composition, more exactly presence of essential aminoacids in sufficient amount for synthesis of own proteins. From this point of view, the most qualitative are proteins of animal origin, vegetal proteins having some deficiencies (so, corn lacks lysine and tryptophan, while beans lack methionine, but combination of these two products contain the entire spectrum of aminoacids). Diets that are inadequate in protein can result in kwashiorkor. If calories and protein are inadequate, protein-calorie malnutrition occurs. 
General etiology of protein metabolic imbalance
· Availability and protein consumption     

Excessive protein consumption causes only dyspeptic effects like: relative deficiency of digestive enzymes with protein maldigestion. Proteins persistence in feces, which are transported in large intestine, lead to abundant growth of microflora and intensification of intestinal putrefaction. The result of intensified putrefaction is release of gases (ammonia, methane, sulfurous hydrogen) which cause intestinal meteorism. Formation of nonvolatile substances (phenol, crezol, indol, scatol, putrescine, cadaverine) lead to gastro-intestinal autointoxication. Complex of phenomena caused by excessive consumption of proteins is called proteinic dyspepsia or putrefaction dyspepsia. 

· Disturbances of protein digestion - maldigestion.

 Physiologically, protein digestion consists in consecutive breakdown of these during their passage through the digestive tube and successive exposure to action of different digestive enzymes (see above). The causes of maldigestion can be gastric, pancreatic and intestinal diseases.

· Disturbances of aminoacid absorbtion - protein malabsorbtion.


The main causes of malabsorbtion are firstly proteinic maldigestion - proteins aren′t broken down to aminoacids. Malabsorbtion of aminoacids is in direct relation with pathological processes in the intestinal mucosa - inflammation, atrophy, and dystrophy. Because the final stage of di- and tripeptides digestion is intracellular, in enterocytes and is coupled with the process of absorbtion, these two phenomena – maldigestion and malabsorbtion - develop together.

 Another manifestation of malabsorbtion is penetration of protein or polypeptides molecules in the internal media. Because these substances have properties of heterogenous antigens, so, have species and individual specificity, their absorbtion into the internal media of the body and their contact with immune system trigger allergic reactions - alimentary allergy.
· Disturbances of liver functions – hepatic insufficiency

In the body, the liver has the functions of a proteinostat (aminostat) by its involvement in anabolic and catabolic proteinic reactions. 

The proteinic anabolism performed by the liver is represented mainly by protein synthesis (proteins for the liver and proteins for ″export″ destined for other organs), lipoprotein synthesis, synthesis of proteins of the clotting system, synthesis of urea from ammonia, synthesis of uric acid, transamination of aminoacids.  Urea synthesis from ammonia represents a detoxification reaction and elimination of ammonia from the body. Liver synthesizes own proteins specific for hepatocytes necessary for their repair and regeneration. Also, it synthesizes plasmatic proteins (albumins, globulins except gamma fraction, lipoproteins, ceruloplasmine, properdin, pseudocholinesterase etc.). Catabolism of proteins in the liver is represented by: proteolysis, deamination and decarboxylation of aminoacids. Proteolysis is a very important reaction for realization of gluconeogenesis –glucose synthesis from aminoacids. In the process of decarboxylation there is synthesis of biogen amines (from tryptophan – tryptamine, from histidine - histamine, from tyrosine - tyramine, from dioxiphenylalanine - DOPA – dopamine, from glutamate - gamma –aminobutyric acid, etc…). 

In liver insufficiency, developed as result of primary pathological processes in the liver (hepatitis, hepatosis, cirrhoses) all metabolic processes of proteins are disturbed. The resulted clinical syndromes are: hypoproteinemia (hypoalbuminemia with relative predominance of gamma globulins), blood hypocoagulation, deficiency of lipoproteins and phospholipids, decreased level of pseudocholinesterase and ceruloplasmine, hyperaminoacidemia, aminoaciduria, negative nitrogen balance, ammonemia.

· Endocrine disturbances


The most important consequences of protein metabolism has disorders of secretion of: insulin, somatotropin, sexual hormones, glucocorticoids and thyroid hormones.

· Increased protein elimination from the body with pathologic consequences is characteristic for nephropathy with proteinuria, enteritis, suppurative processes.
Proteinic dyshomeostasis. Dysproteinemia. Hypoproteinemia.
In normal conditions, in the blood there can be present following proteinic substances or their derivates: albumins, alpha-1, alpha-2, beta and gamma globulins, proteins of hemocoagulant system (prothrombin, fibrinogen etc..), proteins of non-specific resistance (proteins of the compliment system, properdin), proteins of antioxidant system (ceruloplasmine), proteins in the composition of lipoproteins (apoproteins), aminoacids, polypeptides, creatinine, urea, uric acid. 

Normoproteinemia. The total amount of proteins in the blood is about 75 g/l. Disorders of blood proteinic homeostasis can be both, quantitative and qualitative with changes of proteinic spectrum in the plasma. 
Hypoproteinemia represents decreased total protein quantity in the blood bellow 70 g/l.
The causes of hypoproteinemia are: insufficient exogenous protein intake, malabsorbtion and maldigestion of proteins in the gastrointestinal tube, disturbances in the process of protein synthesis, intensification of protein catabolism, excessive loss of proteins. 

Insufficient intake of proteins leads to development of negative nitrogen balance, a state in which physiological usage of endogenous nitrogen (proteins) (physiological breakdown of structures, reparative and regenerative processes) is not recovered by an adequate nitrogen consumption. The same consequences have protein maldigestion and malabsorbtion. 

Decreased synthesis of own proteins,  when there is a normal protein intake as well as adequate digestion and absorbtion of these, can develop in case of disturbances in proteosynthetic functions of the liver. The liver synthesizes almost all of the plasma protein (except immunoglobulins which are synthesized by plasmatic cells derived from B lymphocytes). When there is decreased protein synthetic function of the liver there is predominantly reduced blood level of albumins (hypoalbuminemia) concomitantly with increased globulins level, this manifesting by reduced albumin/globulin ratio – under 1,5.  In case of increased quantity of macromolecular proteins in the blood, their stability in solutions is reduced and this has diagnostic significance and can be detected by  liver protein sedimentation probes, more exactly easer sedimentation under the influence of alcohol, thymol. The deficiency of clotting proteins (prothrombin, fibrinogen) causes hemorrhagic syndrome. 

A massive loss of plasmatic proteins can be present in burns associated with plasmorrhagia, persistent diarrhea, but the most frequent is hypoproteinemia in nephrotic syndrome. The nephrotic syndrome is characterized by dystrophy of renal tubes and their inability to reabsorb in the blood proteins from primary urine (glomerular filtrate). Because physiologically, through glomerular capillaries filtrate predominantly albumins with low molecular mass, these represent the proteins mostly lost and the clinical consequence is hypoalbuminemia. Their low molecular mass and respectively high density of protein particles in the blood, explain why these proteins assure the oncotic pressure of the blood. That is why, hypoalbuminemia causes hypoonchia, polyuria and liquid extravasation from vessels into interstitial space (edema) and in serous cavities of the body (hydropsy). 

Hypoproteinemia of any etiology has common clinical manifestations. So, hypoalbuminemia leads to hypoonchia, polyuria, edemas, dehydratation, and hydropsy. Deficiency of proteins with specific functions – as example clotting protein, ceruloplasmine, complement system proteins, causes respectively decreased blood coagulation, decreased antioxidant abilities and decreased non-specific immunity of the body.

Hyperaminoacidemia.  Decreased ability of the liver to perform transamination of aminoacids makes impossible to perform synthesis of nonessential aminoacids, and as result even these aminoacids become essential and stop protein synthesis.  Aminoacids, unused for protein synthesis, accumulates in the blood (hyperaminoacidemia) are eliminated with urine (aminoaciduria) and finally lead to development of a negative nitrogen balance.

Hyperammoniemia. Decreased detoxification function of the liver will disturbed transformation of ammonia in urea and will lead to hyperammoniemia – important pathogenic component in hepatic coma. In hepatic coma there is a tendency for blood alkalinization - metabolic alkalosis. Parallel, ammonemia excite the respiratory center causing dyspnea which manifests by profound and rare respiration (Kussmaul breathing), pulmonary hyperventilation, and excessive elimination of CO2 and as result development of respiratory alkalosis. Should be mentioned that, high accumulation of ketone bodies, also characteristic for hepatic failure, may cause metabolic acidosis.

Decreased detoxification function of the liver leads to gastrointestinal autointoxication with toxic metabolic products synthesized by intestinal microflora during putrefaction processes.

Consequences of protein metabolism disturbance are: cellular pathologic processes - dystrophy, necrosis, hyporegeneration, sclerosis and pathological integral processes - decreased blood clotting, immunodeficiency, hyporeactivity.
PROTEIN-ENERGY MALNUTRITION (PEM)
Severe PEM is a serious, often lethal disease affecting children. It is common in low-income countries, where up to 25% of children may be affected, and where it is a major factor in the high death rates among children younger than 5 years. Decreased food intake can also occur due to sharp increases in prices, as was seen in the first half of 2008. In developed countries, PEM occurs in elderly and debilitated patients in nursing homes and hospitals.
Malnutrition is determined according to the body mass index (BMI, weight in kilograms divided by height in meters squared). A BMI less than 16 kg/m2 is considered malnutrition (normal range 18.5 to 25 kg/m2). In more practical ways, a child whose weight falls to less than 80% of normal (provided in standard tables) is considered malnourished. However, loss of weight may be masked by generalized edema, as discussed later. Other helpful parameters are the evaluation of fat stores (thickness of skin folds), muscle mass (reduced circumference of mid-arm), and serum proteins (albumin and transferrin measurements provide a measure of the adequacy of the visceral protein compartment).
Marasmus and kwashiorkor
In malnourished children, PEM presents as a range of clinical syndromes, all characterized by a dietary intake of protein and calories inadequate to meet the body's needs. The two ends of the spectrum of PEM syndromes are known as marasmus and kwashiorkor. From a functional standpoint, there are two differentially regulated protein compartments in the body: the somatic compartment, represented by proteins in skeletal muscles, and the visceral compartment, represented by protein stores in the visceral organs, primarily the liver. As we shall see, the somatic compartment is affected more severely in marasmus, and the visceral compartment is depleted more severely in kwashiorkor.

A child is considered to have marasmus when weight falls to 60% of normal for sex, height, and age. A marasmic child suffers growth retardation and loss of muscle, the latter resulting from catabolism and depletion of the somatic protein compartment. This seems to be an adaptive response that provides the body with amino acids as a source of energy. The visceral protein compartment, which is presumably more precious and critical for survival, is only marginally depleted, and hence serum albumin levels are either normal or only slightly reduced. In addition to muscle proteins, subcutaneous fat is also mobilized and used as fuel. The production of leptin is low, which may stimulate the hypothalamic-pituitary-adrenal axis to produce high levels of cortisol that contribute to lipolysis. With such losses of muscle and subcutaneous fat, the extremities are emaciated; by comparison, the head appears too large for the body. Anemia and manifestations of multiple vitamin deficiencies are present, and there is evidence of immune deficiency, particularly T cell–mediated immunity. Hence, concurrent infections are usually present, which impose additional nutritional demands. Unfortunately, images of children dead or near death with marasmus, have become almost commonplace in television and newspaper reports of famine and disasters in various areas of the world.

Kwashiorkor occurs when protein deprivation is relatively greater than the reduction in total calories. This is the most common form of PEM seen in African children who have been weaned too early and subsequently fed, almost exclusively, a carbohydrate diet (the name kwashiorkor is from the Ga language in Ghana describing a disease of a baby due to the arrival of another child). The prevalence of kwashiorkor is also high in impoverished countries of Southeast Asia. Less severe forms may occur worldwide in persons with chronic diarrheal states in which protein is not absorbed or in those with chronic protein loss due to conditions such as protein-losing enteropathies, the nephrotic syndrome, or after extensive burns. Cases of kwashiorkor resulting from fad diets or replacement of milk by rice-based beverages have been reported in the United States.

In kwashiorkor, marked protein deprivation is associated with severe loss of the visceral protein compartment, and the resultant hypoalbuminemia gives rise to generalized or dependent edema. The loss of weight in these patients is masked by the increased fluid retention. In further contrast to marasmus, there is relative sparing of subcutaneous fat and muscle mass. Children with kwashiorkor have characteristic skin lesions, with alternating zones of hyperpigmentation, areas of desquamation, and hypopigmentation, giving a “flaky paint” appearance. Hair changes include overall loss of color or alternating bands of pale and darker hair. Other features that differentiate kwashiorkor from marasmus include an enlarged, fatty liver (resulting from reduced synthesis of the carrier protein component of lipoproteins), and the development of apathy, listlessness, and loss of appetite. Vitamin deficiencies are likely to be present, as are defects in immunity and secondary infections. 
As already stated, marasmus and kwashiorkor are two ends of a spectrum, and considerable overlap exists between these conditions.

Secondary PEM often develops in chronically ill, elderly, and bedridden patients. Weight loss of more than 5% associated with PEM increases the risk of mortality in nursing home patients by almost five-fold. Bedridden or hospitalized malnourished patients have an increased risk of infection, sepsis, impaired wound healing, and death after surgery.
                   Cachexia
                    PEM is a common complication in patients with AIDS or advanced cancers, and in these settings it is known as cachexia. Cachexia occurs in about 50% of cancer patients, most commonly in individuals with gastrointestinal, pancreatic, and lung cancers, and is responsible for about 30% of cancer deaths. It is a highly debilitating condition characterized by extreme weight loss, fatigue, muscle atrophy, anemia, anorexia, and edema. Mortality is generally the consequence of atrophy of the diaphragm and other respiratory muscles. The precise causes of cachexia are not known, but it is clear that agents secreted by tumors and host responses contribute to its development. Cachetic agents produced by tumors include: 

· PIF (proteolysis-inducing factor) - a glycosylated polypeptide excreted in the urine of weight-losing patients with cancer;
· LMF (lipid-mobilizing factor) which increases fatty acid oxidation;
· Pro-inflammatory cytokines such as TNF (originally known as cachetin), interleukin-2 (IL-2), and IL-6. TNF and IL-6 trigger an acute-phase response from the host, increasing the secretion of C-reactive protein and fibrinogen, and decreasing plasma concentrations of albumin.
Proteolysis-inducing factor (PIF) and pro-inflammatory cytokines cause skeletal muscle breakdown through the NFκB-induced activation (nuclear factor kappa-beta) of the ubiquitin proteasome pathway, leading to the degradation of myosin heavy chain.
 More recent data also implicate alterations in the myofibrillar membrane of skeletal muscle with loss of dystrophin caused by alterations in the dystrophin-glycoprotein complex as contributors to muscle atrophy, through a mechanism similar to that which occurs in some muscular dystrophies.
Phenylketonuria (PKU) 
PKU is characterized by abnormalities of phenylalanine metabolism, resulting in hyperphenylalaninemia (Fig.4). PKU is an autosomal recessive condition, and the vast majority of PKU is caused deficiency of the enzyme phenylalanine hydroxylase (PAH). Infants with mutations resulting in a lack of PAH activity present with the classic features of PKU, while those with up to 6% residual activity present with milder disease. 
The biochemical abnormality in PKU is an inability to convert phenylalanine into tyrosine. 
Individuals with “classic” PKU have a severe deficiency of PAH, leading to hyperphenylalaninemia and its pathologic consequences. With a block in phenylalanine metabolism due to lack of PAH, minor shunt pathways come into play, yielding phenylpyruvic acid, phenyllactic acid, phenylacetic acid, which are excreted in large amounts in the urine in PKU.
Some of these abnormal metabolites are excreted in the sweat, and phenylacetic acid in particular imparts a strong musty or mousy odor to affected infants. It is believed that excess phenylalanine or its metabolites contribute to the brain damage in PKU. Affected infants are normal at birth but within a few weeks develop a rising plasma phenylalanine level, which in some way impairs brain development. Usually by 6 months of life severe mental retardation becomes evident. About one third of these children are never able to walk, and two thirds cannot talk. Seizures, other neurologic abnormalities, decreased pigmentation of hair and skin, and eczema often accompany the mental retardation in untreated children. Hyperphenylalaninemia and the resultant mental retardation can be avoided by restriction of phenylalanine intake early in life. Hence, several screening procedures are routinely used for detection of PKU in the immediate postnatal period.
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Fig. 4. Mechanisms of phenylketonuria 
(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)
LIPID METABOLIC IMBALANCE
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The average American diet provides approximately 33% of calories in the form of fats. In contrast to glucose, which yields only 4 kcal/g, each gram, fat yields 9 kcal/g. Another 30% to 50% of the carbohydrates consumed in the diet are converted to triglycerides for storage. A triglyceride contains three fatty acids linked by a glycerol molecule. Fatty acids and triglycerides can be derived from dietary sources, they can be synthesized in the body, or they can be mobilized from fat depots. Excess carbohydrates are converted to triglycerides and transported to adipose cells for storage. One gram of anhydrous (water-free) fat stores more than six times as much energy as 1 hydrated gram of glycogen. One reason weight loss is greatest at the beginning of a fast or weight loss program is that this is when the body uses its water-containing glycogen stores. Later, when the body begins to use energy stored as triglycerides, water losses are decreased, and weight loss tends to plateau. The mobilization of fatty acids for use in energy production is facilitated by the action of lipases (enzymes) that break the triglycerides into three fatty acids and a glycerol molecule. The activation of lipases and subsequent mobilization of fatty acids is stimulated by epinephrine, glucocorticoid hormones, growth hormones, and glucagon. After triglycerides have been broken down, their fatty acids and glycerol enter the circulation and travel to the liver, where they are removed from the blood and used as a source of energy or converted to ketones. The efficient burning of fatty acids requires a balance between carbohydrate and fat metabolism. The ratio of fatty acid and carbohydrate use is altered in situations that favor fat breakdown, such as diabetes mellitus and fasting. In these situations, the liver produces more ketones than it can use; this excess is released into the bloodstream. Ketones can be an important source of energy because even the brain adapts to the use of ketones during prolonged periods of starvation. A problem arises, however, when fat breakdown is accelerated and the production of ketones exceeds tissue use. Because ketones are organic acids, they cause ketoacidosis when they are present in excessive amounts.

Dietary fats are composed primarily of triglycerides ( a mixture of fatty acids and glycerol). The fatty acids are saturated (no double bonds), monounsaturated (one double bond), or polyunsaturated (two or more double bonds). The saturated fatty acids elevate blood cholesterol, whereas the monounsaturated and polyunsaturated fats lower blood cholesterol. Saturated fats usually are from animal sources and remain solid at room temperature. With the exception of coconut and palm oils (which are saturated), unsaturated fats are found in plant oils and usually are liquid at room temperature. Dietary fats provide energy, function as carriers for the fat-soluble vitamins, serve as precursors of prostaglandins, and are a source of fatty acids. The polyunsaturated fatty acid linoleic acid is the only fatty acid that is required. A deficiency of linoleic acid results in dermatitis. An Adequate Intake  has been set for both linoleic and -linolenic acids. Because vegetable oils are rich sources of linoleic acid, this level can be met by including two teaspoons per day of vegetable oil in the diet. Fat is the most concentrated source of energy. The Food and Nutrition Board has set an Acceptable Macronutrient Distribution Range (AMDR) for fat of no less than 20% to prevent the fall of high-density lipoprotein (HDL) cholesterol associated with very-low-fat diets. Guidelines from the National Cholesterol Education Program recommend that 25% to 35% of the calories in the diet should come from fats. Cholesterol is the major constituent of cell membranes and is synthesized by the body. The daily dietary recommendation for cholesterol is less than 300 mg.
Lipid digestion. The average intake of fats (butter, oil, margarine, milk, meat, sausages, eggs, nuts etc.) is roughly 60–100 g/day, but there is a wide range of individual variation (10–250 g/day). Most fats in the diet (90%) are neutral fats or triacylglycerols (triglycerides). The rest are phospholipids, cholesterol esters, and fat-soluble vitamins (vitamins A, D, E and K). Over 95% of the lipids are normally absorbed in the small intestine.  Lipids are poorly soluble in water, so special mechanisms are required for their digestion in the watery environment of the gastrointestinal tract and for their subsequent absorption and transport in plasma. Although small quantities of undegraded triacylglycerol can be absorbed, dietary fats must be hydrolyzed by enzymes before they can be efficiently absorbed. Optimal enzymatic activity requires the prior mechanical emulsification of fats (mainly in the distal stomach) because emulsified lipid droplets (1–2 μm) provide a much larger surface (relative to the mass of fat) for lipases. Lipases, the fat digesting enzymes, originate from the lingual glands, gastric fundus (chief and mucous neck cells) and pancreas. About 10–30% of dietary fat intake is hydrolyzed in the stomach, while the remaining 70–90% is broken down in the duodenum and upper jejunum. Lingual and gastric lipases have an acid pH optimum, whereas pancreatic lipase has a pH optimum of 7–8. Lipases become active at the fat/oil and water interface. Pancreatic lipase (triacylglycerol hydrolase) develops its lipolytic activity (max. 140 g fat/min) in the presence of colipase and Ca2+. Pro-colipase in pancreatic juice yields colipase after being activated by trypsin. In most cases, the pancreatic lipases split triacylglycerol (TG) at the 1st and 3rd ester bond.  Ca2+ excesses or monoacylglycerol deficiencies result in the conversion of the fatty acids into calcium soaps, which are later excreted.

Phospholipase A2 (from pro-phospholipase A2 in pancreatic juice—activated by trypsin) cleaves the 2nd ester bond of the phospholipids (mainly phosphatidylcholine = lecithin) contained in micelles. The presence of bile salts and Ca2+ is required for this reaction. An unspecific carboxylesterase (unspecific lipase = cholesterol ester hydrolase) in pancreatic secretions also acts on cholesterol esters on micelles as well as all three ester bonds of TG and esters of vitamins, A, D and E. This lipase is also present in human breast milk (but not cow’s milk), so breast-fed infants receive the digestive enzyme required to break down milk fat along with the milk. Since the enzyme is heat-sensitive, pasteurization of human milk significantly reduces the infant’s ability to digest milk fat to a great extent. 2-Monoacylglycerols, long-chain free fatty acids and other lipids aggregate with bile salts to spontaneously form micelles in the small intestine. (Since short-chain fatty acids are relatively polar, they can be absorbed directly and do not require bile salts or micelles). The micelles are only about 20–50 nm in diameter, and their surface-to volume ratio is roughly 50 times larger than that of the lipid droplets in emulsions. They facilitate close contact between the products of fat digestion and the wall of the small intestine and are therefore essential for lipid absorption. The polar side of the substances involved (mainly conjugated bile salts, 2-monoacylglycerol and phospholipids) faces the watery environment, and the non-polar side faces the interior of the micelle. Totally apolar lipids (e.g., cholesterol esters, fat-soluble vitamins and lipophilic poisons) are located inside the micelles. Thus, the apolar lipids remain in the lipophilic milieu (hydrocarbon continuum) during all these processes until they reach the lipophilic brush border membrane of the epithelium. They are then absorbed by the mucosa cells via dissolution in the membrane or by a passive transport mechanism (e.g., carriers in the case of free fatty acids). Although fat absorption is completed by the time the chyme reaches the end of the jejunum, the bile salts released from micelles are only absorbed in the terminal ileum and then recycled (enterohepatic circulation).

Lipid distribution and storage. Lipids in the blood are transported in lipoproteins (LPs), which are molecular aggregates (microemulsions) with a core of very hydrophobic lipids such as triacylglycerols (TG) and cholesterol esters (CHO-esters) surrounded by a layer of amphipathic lipids (phospholipids, cholesterol). LPs also contain several types of proteins, called apolipoproteins. 
LPs are differentiated according to their size, density, lipid composition, site of synthesis, and their apolipoprotein content. Apolipoproteins (Apo) function as structural elements of LPs (e.g. ApoAII and ApoB48), ligands (ApoB100, ApoE, etc.) for LP receptors on the membranes of LP target cells, and as enzyme activators (e.g. ApoAI and ApoCII).

Chylomicrons transport lipids (mainly triacylglycerol, TG) from the gut to the periphery (via intestinal lymph and systemic circulation;), where their Apo CII activates endothelial lipoprotein lipase (LPL), which cleaves FFA from TG. The FFA are mainly absorbed by myocytes and fat cells. With the aid of ApoE, the chylomicron remnants deliver the rest of their TG, cholesterol and cholesterol ester load to the hepatocytes by receptor-mediated endocytosis. Cholesterol (CHO) and the TG imported from the gut and newly synthesized in the liver are exported inside VLDL (very low density lipoproteins) from the liver to the periphery, where they by means of their ApoCII also activate LPL, resulting in the release of FFA. This results in the loss of ApoCII and exposure of ApoE. VLDL remnants or IDL (intermediate density lipoproteins) remain. Ca. 50% of the IDL returns to the liver (mainly bound by its ApoE on LDL receptors) and is reprocessed and exported from the liver as VLDL. The other 50% of the IDL is converted to LDL (low density lipoprotein) after coming in contact with hepatic lipase (resulting in loss of ApoE and exposure of ApoB100).Two-thirds of the LDLs deliver their CHO and CHO-esters to the liver, the other third transfers its CHO to extrahepatic tissue. Binding of ApoB100 to LDL receptors is essential for both processes. High-density lipoproteins (HDL) exchange certain apoproteins with chylomicrons and VLDL and absorb superfluous CHO from the extrahepatic cells and blood. With their ApoAI, they activate the plasma enzyme LCAT (lecithin–cholesterol acyltransferase), which is responsible for the partial esterification of CHO. HDL also deliver cholesterol and CHO-esters to the liver and steroid hormone-producing glands with HDL receptors (ovaries, testes, adrenal cortex).

Triacylglycerol (TG). Dietary TGs are broken down into free fatty acids (FFA) and 2-monoacylglycerol (MG) in the gastrointestinal tract. Since short-chain FFAs are water-soluble, they can be absorbed and transported to the liver via the portal vein. Long-chain FFAs and 2-monoacylglycerols are not soluble in water. They are re-synthesized to TG in the mucosa cells. The FFAs needed for TG synthesis are carried by FFA-binding proteins from the cell membrane to their site of synthesis, i.e., the smooth endoplasmic reticulum. Since TGs are not soluble in water, they are subsequently loaded onto chylomicrons, which are exocytosed into the extracellular fluid, then passed on to the intestinal lymph (thereby by-passing the liver), from which they finally reach the greater circulation. (Plasma becomes cloudy for about 20–30 minutes after a fatty meal due to its chylomicron content). The liver also synthesizes TGs, thereby taking the required FFAs from the plasma or synthesizing them from glucose. Hepatic TGs are loaded onto VLDL and subsequently secreted into the plasma. Since the export capacity of this mechanism is limited, an excess of FFA or glucose can result in the accumulation of TGs in the liver (fatty liver).
Free fatty acids (FFAs) are high-energy substrates used for energy metabolism. Fatty acids circulating in the blood are mainly transported in the form of TG (in lipoproteins) whereas plasma FFA are complexed with albumin. Fatty acids are removed from TGs of chylomicrons and VLDL by lipoprotein lipase (LPL) localized on the luminal surface of the capillary endothelium of many organs (mainly in fat tissue and muscles). ApoCII on the surface of TGs and VLDL activates LPL. The insulin secreted after a meal induces LPL, which promotes the rapid degradation of reabsorbed dietary TGs. LPL is also activated by heparin (from endothelial tissue, mast cells, etc.), which helps to eliminate the chylomicrons in cloudy plasma; it therefore is called a clearance factor. Albumin-complexed FFAs in plasma are mainly transported to the following target sites: 1) Cardiac muscle, skeletal muscle, kidneys and other organs, where they are oxidized to CO2 and H2O in the mitochondria (oxidation) and used as a source of energy; 2) Fat cells, which either store the FFAs or use them to synthesize TG. When energy requirements increase or intake decreases, the FFAs are cleaved from triacylglycerol in the fat cells (lipolysis) and transported to the area where they are needed. Lipolysis is stimulated by epinephrine, glucagon and cortisol and inhibited by insulin; 3)The liver, where the FFAs are oxidized or used to synthesize TG.

Cholesterol (CHO). Cholesterol esters (CHO-esters), like TGs, are apolar lipids. In the watery milieu of the body, they can only be transported when incorporated in lipoproteins (or bound to proteins) and can be used for metabolism only after they have been converted to CHO, which is more polar. CHO-esters serve as stores and in some cases the transported form of CHO. CHO esters are present in all lipoproteins, but are most abundant (42%) in LDL.
Cholesterol is an important constituent of cell membranes. Moreover, it is a precursor for bile salts, vitamin D, and steroid hormones. Each day ca. 0.6 g of CHO is lost in the feces (reduced to coprosterol) and sloughed off skin. The bile salt loss amounts to about 0.5 g/day. These losses (minus the dietary CHO intake) must be compensated for by continuous resynthesis of CHO in the intestinal tract and liver. CHO supplied by the diet is absorbed in part as such and in part in esterified form. Before it is reabsorbed, CHO-esters are split by unspecific pancreatic carboxylesterase to CHO, which is absorbed in the upper part of the small intestine.  Mucosal cells contain an enzyme that re-esterifies part of the absorbed CHO: ACAT (acyl-CoA-cholesterol acyltransferase) so that both cholesterol and CHO-esters can be integrated in chylomicrons. CHO and CHO-esters in the chylomicron remnants (see above) are transported to the liver, where lysosomal acid lipases again break the CHO-esters down into CHO. This CHO and that taken up from other sources (LDL, HDL) leave the liver: 1. by excretion into the bile; 2. by conversion into bile salts which also enter the bile; 3. by incorporation into VLDL, the hepatic lipoprotein for export of lipids to other tissues. Under the influence of LPL , the VLDL yield IDL and later LDL. The LDL transport CHO and CHO-esters to cells with LDL receptors (hepatic and extrahepatic cells;). The receptor density on the cell surface is adjusted according to the prevailing CHO requirement.

Like hepatic cells (see above) extrahepatic cells take up the LDL by receptor-mediated endocytosis, and lysosomal acid lipases reduce CHO-esters to CHO. The cells can then insert the CHO in their cell membranes or use it for steroid synthesis. A cholesterol excess leads to (a) inhibition of CHO synthesis in the cells (3-HMG-CoA-reductase) and (b) activation of ACAT, an enzyme that esterifies and stores CHO in the form of its ester.

General etiology of lipid metabolic imbalance
· Disturbances in lipid intake 


The available alimentary lipids are: triglycerides (neutral lipids), phospholipids, cholesterol, liposoluble vitamins, and lipoproteins. From triglycerides there are known animal lipids and vegetable oils. In the composition of animal fats there are mainly saturated fatty acids. In the composition of vegetable oils there are mainly mono- and poly –non-saturated oils: oleinic, linolic, linolenic and arachidonic acid.

 The biological role of lipids is mainly energetic and plastic. They deliver up to 40% of the total energy consumed by the body. The plastic role of lipids is due to the fact that nonsaturated fatty acids are structural parts of biologic membranes, cholesterol serves as raw material for synthesis of many substances - bile acids, steroids, from poly-nonsaturated fatty acids prostaglandins and other biologic substances are synthesized. 

Alimentary deficit of lipids, although is rare quantitatively, sometimes can manifest by partial shortage of different lipid substances. Triglyceride deficit is compensated both, by energetic substitution with other substances (ex. carbohydrates) or de novo synthesis of lipids (from acetate). 

Non-saturated fatty acids represent essential substances, because the body is unable to synthesize them, this is why their alimentary intake is indispensable. Daily necessity in nonsaturated fatty acids is of 6 g for adults. Deficiency of non-saturated fatty acids is encountered when there is dietary lack of vegetal oil and manifestations of this deficit are dependent on biological role of these substances in the body.  So, deficit of non-saturated fatty acids at the level of cytoplasmatic membrane,  change mechanical properties of these membranes,  viscosity and fluidity, trans-membrane metabolism, decreased synthesis of prostaglandins. Liposoluble vitamins A, D, E, K also represent essential substances with an important biological role in regeneration and proliferation, in phosphor-calcium metabolism, normal functioning of antioxidant and coagulation systems.

Excessive consumption of lipids has digestive and metabolic effects. From digestive effects are: increased secretion of bile, hyperkinesis of biliary bladder, increased pancreatic juice secretion. Increased absorbtion of lipids causes alimentary hyperlipidaemia – increased fat concentration in the blood. Persistent and frequent hyperlipidaemia has at least two effects: increased deposition of lipids in adipose tissue (obesity) and infiltration with development of fat dystrophy in parenchymatous organs (liver, heart, sexual glands).

· Disturbances of lipid digestion – lipid maldigestion
From total quantity of intake lipids, 99% represent neutral lipids - triglycerides. For normal absorption and assimilation of lipids from digestive tube there are compulsory following conditions: presence of bile acids necessary for emulsification of fats, presence of lipolytic enzymes which are necessary for lipid breakdown, ability of the intestinal mucosa to absorb lipolysis products and enterocyte ability to resynthesize triglycerides and form chylomicrons. So, respectively, the most frequent causes of lipid digestion disorders are: bile insufficiency (respectively insufficient bile acids), insufficiency of lipase, defects and injuries of enterocyte.

Biliary acids synthesized in the liver from cholesterol are secreted in the duodenum and represent amphypatic substances with hydrophobic and hydrophilic properties. Due to these properties bile acids have detergent properties – emulsify fats, forming a stable, thin suspension in water environment. The emulsification of lipids increases considerably the contact surface with lipase such increasing lipolysis. Another structure formed from bile acids with lipids are the micelles. The micelles represent an emulsion made of more small drops (nanometers) formed from a monomolecular layer of biliary acids, cholesterol, fatty acids, and phospholipids. Because of these, suspension of micelle is transparent, and smallest micelles are easily absorbed by the epithelial cells of intestine. When there is lack of biliary acids in the gastrointestinal tract, lipid emulsification can’t be performed as well as formation of micelles, these impairing breakdown of lipids by pancreatic lipase and development of fat maldigestion. 

Lipid maldigestion leads to other pathologic phenomena in the gastrointestinal tract - steatorrhea, maldigestion of other nutritive substances (proteins, sugars), soap formation and disturbances in mineral absorbtion.  Maldigestion of lipids impairs assimilation of liposoluble vitamins and cholesterol with following consequences: hypovitaminosis, insufficient synthesis of biliary acids.

· Disturbances of lipid absorbtion – lipids malabsorbtion

Disorders of fat absorption (fat malabsorbtion) can be a consequence of lipid maldigestion, more exactly a consequence of insufficient emulsification and micelles formation (triglycerides are absorbed only as micelles), insufficient lipolysis (only mono- and diglycerides can be absorbed), pathologic processes at level of intestinal epithelium (atrophy, inflammation).

 Under the action of pancreatic lipase, triglycerides are breakdown into di- and monoglycerides (also little amount of free fatty acids are formed). From these lipolysis products, only fatty acids with a chain shorter than 10 carbons from the milk can be directly absorbed in the blood. Mono- and diglycerides are engulfed by intestinal epithelial cells where these are subjected to re-esterification (resynthesis) of triglycerides. This process can be affected in case of enterocyte injuries (enteritis, atrophy, dystrophy), A and B hypovitaminosis, deficiency of glycerophosphate, inhibition of phosphorilation (intoxication with mono-iodinacetic acid), inhibition of phospholipids synthesis in the absence of choline. Later, resynthesized in the enterocyte triglycerides, are gathered into chylomicrons and are released in the lymph and by this way these reach the systemic circulation.

· Disturbances of intermediary lipid metabolism in hepatic disorders

 The liver functions regarding lipid metabolism are anabolic as well as catabolic. From the catabolic processes should be remarked lipolysis and fatty acids oxidation, while from anabolic processes: fatty acids synthesis, lipogenesis, cholesterol biosynthesis, bile acids synthesis as well as phospholipids and lipoproteins synthesis. The average lipid content in the liver is about 1% of the organ weight.

 Liver failure, caused by non-metabolic disorders (inflammation, dystrophy, and fibrosis) leads to secondary disturbances of metabolic hepatic functions, inclusive fat metabolic disorders. From major lipidic disorders in hepatic failure there can be mentioned: inability to breakdown lipids and cholesterol with their retention in the liver tissue causing liver steatosis, fatty infiltration and fatty dystrophy; inability to synthesize phospholipids, lipoproteins, fatty acids; disturbances of carbohydrates metabolic processes – disorders of glycogenogenesis, decreased glycogen storages in the liver, ketogenesis. Summary pathologic processes manifest by glycogen depletion, metabolic acidosis, ketonemia, secondary fatty infiltration and fatty dystrophy of the liver.

· Endocrine disturbances


Disorders of lipidic metabolism can be consequences of insulin deficiency, thyroxine hyposecretion, glucocorticoids hypersecretion.

Hyperlipidaemia

 Hyperlipidemia represents increased lipid concentration in the blood. 

Normolipidemia represent constant lipid concentration as well as normal spectrum of lipids in the blood. 

Total quantity of lipids in the blood represents 0,5±0,2%. Differently from carbohydrates, lipid homeostasis in the blood in not maintained very strict, their concentration varying largely. As well where are not critical value for lipidemia, more important being the spectrum of lipids in the blood, duration of these fluctuation and state of organs which perform lipidic metabolism. Biochemically, blood lipids are represented by triglycerides, non-esterified fatty acids, fatty acids with short chain, phospholipids and cholesterol. All these substances are transported in different forms, which have biological and biochemical significance. General characteristic is that all lipidic products in the blood are associated with proteins – lipoproteins. 

In function of transportation form, lipid products in the blood are divided into chylomicrons, alpha-lipoproteins, pre-beta-lipoproteins and beta-lipoproteins. According to lipidic substances in their composition (triglycerides, phospholipids, cholesterol, fatty acids) lipoproteins have different density and according to this criteria these are divided into lipoproteins with very low density, low density, high density and very high density. So, in other wards, form of lipid transportation in the blood are chylomicrons, lipoproteins with very low density (pre-beta-lipoproteins, VLDL), lipoproteins with low density (beta-lipoproteins, LDL), high density lipoproteins (alpha-lipoproteins, HDL) and very high density lipoproteins (fatty acids in association with albumin, VHDL). 

Chylomicrons represent the transportation form of exogenous lipids from digestive tube to organs and are formed from triglycerides directly absorbed from the intestine and that which are re-synthesized in the enterocyte (88%), phospholipids (8%), cholesterol (4%) and proteins (1%). Chylomicrons have a low density below 1,006 (about 0,96). Chylomicrons pass the following route: intestinal epithelial cell – lymph of thoracic duct – superior vena cava – pulmonary circulation – systemic circulation. Chylomicrons in the blood are subjected to two processes – lipopexia and lipolysis, by these processes the blood is freed from lipids. Lipopexia represents the process of lipid fixation on the surface of mesenchymal cells, especially in the lung. So, the lung represents the first metabolic barrier of lipids absorbed in the intestine. From other organs which fixes chylomicrons can be remarked myocardium, adipose tissue, vascular endothelial cells. The second process consecutive to lipopexia is lipolysis of chylomicrons. Lipolysis is represented by a row of consecutive processes. Initially, chylomicrons stimulate mast cells and endothelial cells which secrete heparin. Heparin stimulates lipase from above lipopectic mentioned organs and lipases in its turn breakdowns lipids into non-esterified fatty acids. Presence of chylomicrons in the blood makes the blood plasma to look opalescent, for this reason, lipoprotein lipase which breakdown blood chylomicrons is named “factor of plasma clearance”. So, lipids from chylomicrons are breakdown into fatty acids which are transported to storage and consummatory tissues. 

Very low density lipoproteins (pre-beta lipoproteins) (VLDL) have dimension 30-80 nm and density of 1,006-1,019. These consist of triglycerides (50%), cholesterol (25%) and phospholipids (25%). VLDL represents the transportation form for endogenous triglycerides synthesized in the liver to other consummatory organs – adipose tissue, muscles etc. Because VLDLs are as well hydrolyzed by plasmatic and cytoplasmatic lipoprotein lipase, fatty acids which result are accessible for all tissues for consumption. 

Low density lipoproteins (LDL) (beta-lipoproteins) have a density of 1,019-1,063 and diameter of particles of about 20 nm. These are formed in the blood as result of triglycerides release from VLDL under the influence of lipoprotein lipase and represent the transportation form for cholesterol to organs. LDL consist of cholesterol (50%), phospholipids (40%) and triglycerides (10%). Substances from LDL composition are used by consummatory organs: fatty acids are used as energy source and cholesterol for renewal of plasmatic membranes, synthesis of biliary acids, corticosteroids. 

High density lipoproteins (alpha-lipoproteins) (HDL) have a density of 1,063-1,21  and a diameter of 5-30 nm. In their composition there are predominantly phospholipids (50%), cholesterol (35%) and triglycerides (15%). HDLs are synthesized in the liver as precursors, and in the blood these enrich with cholesterol and reversible are converted into HDL. So, HDL represent the form of transportation of phospholipids to organs and that of cholesterol excess (unused cholesterol) to the liver where this is used for synthesis of biliary acids or is eliminated from the body.

Very high density lipoproteins (VHDL) have a high density of 1,21 and consist of fatty acids in association with plasmatic albumin. These represent transportation form of non-esterified fatty acids formed in adipose tissue as result of lipolysis and their transportation to consummatory organs. Although blood concentration of VHDL is equal only with 20 mg%, this representing only 3% of total blood lipids, due to their very intense metabolism, VHDL ensure about 80% of energetic needs of the body.

Phospholipids represents the compound of glycerol, in which two hydroxyl groups are esterified by fatty acids, and the third hydroxyl group by phosphate radical. From phospholipids group should be mentioned: choline, inositol etc.. About 3/4 of all liver and other organs phospholipids represent compounds which have choline and ethanolamine, meantime the other phospholipids represents only the other ¼ of the all quantity. Phospholipids represent the essential compounds of cell membrane.  Due to their amphypatic properties (hydrophilic and hydrophobe) of phospholipid molecule, these form bilipid layers (hydrophilic portion oriented outside and hydrophobic portion inside the layer). The highest amount of phospholipids from the body is located in the cell membranes, so just a small quantity of these is in the composition of micelles or in solutions. Phospholipids in solutions are associated with proteins, forming lipoproteins. As lipoproteins, phospholipids are transported from endoplasmic reticulum, where these are synthesized to cytoplasmatic membrane or membrane of cell organelles. Biosynthesis of phospholipids in the liver satisfy following needs: supply with diacylglycerides necessary for synthesis of triglycerides (neural lipids) in the liver , easier mobilization of lipids from hepatocytes, renewal of phospholipids and reparation of cell membranes of hepatocytes, synthesis of phospholipids which are transported in the blood (alpha-lipoproteins) to other organs.  Phospholipids biosynthesis represents one of the essential functions of the liver, lose of this function leads to severe consequences both for liver as well as for the entire body. The same consequences can be observed in case of congenital inability of the liver to synthesize transporting proteins, this disturbing normal blood transport of cholesterol and phospholipids. 

 Regarding lipids, on the contrary of carbohydrates, there is important no decreased but increased concentration of lipids in the blood stream – hyperlipidemia. Types of hyperlipidemia are differentiated in function of origin and chemical composition of lipids, which conditioned this hyperglycemia. An increase in blood lipids can affect cholesterol, triglycerides or both (hypercholesterolemia, hypertriglyceridemia or combined hyperlipidemia). Hyperlipoproteinemia is currently the all-inclusive term.
Alimentary hyperlipidemia develops 2-3 hours after lipid ingestion, the maximum being after 4-6 hours and return to normal value in about 9 hours. Alimentary hyperglycemia is conditioned by lipids absorbtion from intestine and is represented by high amounts of chylomicrons synthesized in intestinal epithelial cells during process of triglycerides re-synthesis and by VLDL (pre-beta-lipoproteins re-synthesized in the liver from absorbed fatty acids). Hyperlipidemia leads to lipopexia – fixation of lipids of lung cells, macrophages, and endothelial cells. Meantime there is release of heparin from mast cells and basophils, which activates lipoprotein lipase. As result, triglycerides from chylomicrons and pre-beta-lipoproteins are breakdown to non-esterified fatty acids, which are fixed and transported by plasmatic albumins.  Ultimately, fatty acids are used by consummatory organs – liver and adipose tissue, which re-synthesize triglycerides, by myocardium and skeletal muscles which uses respectively 0,8 and 0,1 meq fatty acids per every 100 grams tissue per hour. Alimentary hyperlipidemia is amplified by blockage of macrophagal system, by splenectomy, decreased lipopectic processes in the liver (fibrosis, reduced parenchyma). To be mentioned that alimentary excess of NaCl2 inhibits plasmatic lipoprotein lipase, so maintaining alimentary hyperlipidemia for a long time. Hyperlipidemia can be the result of excessive intake not of only of lipids but of carbohydrates as well, which amounts exceeds the anabolic capacity of the liver and muscles, and unused carbohydrates are subjected to lipogenesis. Alcohol being a substrate for synthesis of fatty acids can induce hyperlipidemia as well.

Transport hyperlipidemia represents mobilization of lipid storages from adipose tissue and their transportation to consummatory organs. Lipolysis in adipose tissue is triggered by decreased glycogen storages in the liver, inanition, catecholamine hypersecretion in sympathetic nervous system excitation, ACTH hypersecretion and glucocorticoids hypersecretion in stress reaction, hypersecretion of thyroxin, physical effort etc… As result of lipolysis non-esterified fatty acids are released, these bounding to plasma albumins. So, transport hyperlipidemia is represented by increased plasma level of VHDL. Non-saturated fatty acids are transported with the blood to the liver, where are transformed in triglycerides and cholesterol, to myocardium and skeletal muscles where are used as energetic resources. 

Retention hyperlipidemia represents long time persistence in the blood of lipids, when the ability of organs to metabolize these is diminished. In atherosclerosis there is decreased reactivity of lipoprotein lipase to heparin, for this reason lipolysis is inhibited. In nephritic syndrome, due to albuminuria there is decreased albumin concentration in the blood and respectively decreased lipopectic and lipolytic abilities of plasma (hypoproteinemia inhibits lipolysis because of decreased absorbtion and bound of triglycerides to specific cell receptors on endothelial cells and other cells of mesenchymal or parenchymatous origins). In nephrosis, there is inhibited lipolytic capacity of kidneys, this also contributing to persistence of hyperlipidemia. In diabetes mellitus, insulin deficiency leads to reduced glycogenogenesis and reduced glycogen storages in the liver, this triggering lipolysis in the adipose tissue. This process is amplified by the fact that insulin itself antagonizes lipolysis. So, hyperlipidemia which is initially present and conditioned by decreased lipolysis is supplemented by transport hyperlipidemia triggered by insulin deficiency. These lead to excessive synthesis in the liver of triglycerides form fatty acids present in blood plasma, finally leading to fatty infiltration of organ. Because of decreased insulin concentration, phosphogluconate cycle of glucose and NADPH deficiency and impossibility to re-synthesized fatty acids. In these conditions, surplus of acetyl-KoA, unused in synthesis of fatty acids is used for synthesis of ketone bodies – ketogenesis with ketonemia and ketonuria. In atherosclerosis, hyperlipidemia is a consequence of heparin inhibition and ultimately inhibition of lipoprotein lipase. 

Congenital hyperlipidaemia – represents genetic defect of enzymes involved in lipid metabolism. 

In type I congenital hyperlipidaemia there is lack of lipoprotein lipase – enzyme that breakdown plasma triglycerides from chylomicrons and pre-beta-lipoproteins (VLDL). This leads to high levels of lipids in the blood even before eating and a long term hyperlipidaemia after lipid intake. Chylomicrons presence in the blood (hyper-chylomicronemia ) cause lipid deposition in the skin – xanthomas, in the liver and spleen – hepato- splenomegaly, sometimes can involve pancreas as well, with respective clinical syndromes.  Because the levels of cholesterol and phospholipids in the blood aren’t increased, in type I hyperlipidaemia there is no risk for atherosclerosis. Alimentary restriction of lipids and carbohydrates can improve clinical syndromes in this type of hyperlipidemia. 

 Type II congenital hyperlipidaemia is characterized by increased value of cholesterol in the blood predominantly as beta-lipoproteins (LDL). Clinically is manifested by lipids (cholesterol) deposition in the skin, tendons, and blood vessels even in young people. In this type of hyperlipidemia, the risk of atherosclerosis is very high. Therapy consists in reduced cholesterol intake, inhibition of endogen cholesterol synthesis and increased elimination of this from the body.

Type III congenital hyperlipidaemia – manifested by increased level of triglycerides and cholesterol in the blood. It manifests clinically by atherosclerosis of coronary arteries and peripheral arteries and is mostly found in adults. 

Type IV hyperlipidaemia – there is increased concentration of pre-beta-lipoproteins (VLDL) concomitantly with glucidic hyperlipidaemia.  This type of hyperlipidemia is called as well endogenous hyperlipidemia, because in it pathogeny there is increased liver synthesis of triglycerides from alimentary carbohydrates. For this type of hyperlipidemia there is characteristic decreased glucose tolerance. 

Type V hyperlipidaemia - this is a combination of endogenous hyper-triglyceridemia with exogenous triglyceridemia with high amounts of cholesterol and triacylglycerides. In this type of hyperlipidemia there is high risk for atherosclerosis, xantomatosis, pancreatitis, neuropathy, hyperuricemia  and reduced glucose tolerance

Hypercholesterolemia
Different from triglycerides, which are used only as energetic resources, cholesterol and its esters are essential compounds of cell membranes and precursors for synthesis of biliary acids, steroid hormones and of vitamin D.  Cholesterol metabolism is performed in liver, biliary bladder, intestine and intrahepatic recirculation system (liver-bile-small intestine-vena porta-–liver). Alimentary cholesterol and biliary acids are components of micelles in small intestine, which are engulfed by enterocytes where are broken down into triglycerides, bile acids and cholesterol. Triacylglycerides and cholesterol are incorporated in chylomicrons and by this way are absorbed into the portal blood. It should be mentioned that intestinal absorbtion of cholesterol is limited to a maximum value of 0,5 g per day, the surplus being eliminated with feces. Cholesterol from chylomicrons is retained by the liver, where it is converted into biliary acids (predominant process) or it is esterified and as esters is incorporated into hepatocyte membrane (minor process). Biliary acids released into the enterocytes from micelles are eliminated in the blood, reach the liver and again are return in the bile. It should be mentioned that reabsorbed bile acids and returned to the liver have a feed back negative role, such inhibiting a neo-synthesis of biliary acids from cholesterol. Thus, more biliary acids will be reabsorbed in the blood and transported to the liver, less cholesterol will be used for their synthesis and more will be the amount of unused cholesterol. On the contrary, intense elimination of biliary acids with feces will decrease cholesterol and this imposes its intense utilization for synthesis of biliary acids, this reducing cholesterol storage in the body. This principle of cholesterol level regulation is used in medical practice to lower cholesterolaemia and respectively to decrease the risk of atherosclerosis with cholestiramine – substance which form with fatty acids from the intestine unabsorbed compounds that are eliminated with feces. Another source of cholesterol in the body is endogenous synthesized cholesterol by the intestine mucosa and liver from acetyl- KoA (about 2-4 g/day). The sum of liver cholesterol (exogenous and endogenous) is eliminated into the blood by two ways: as beta-lipoproteins with low density (VLDL) and alpha –lipoproteins with high density.

From the total amount of circulating cholesterol, 70% represent esters with unsaturated fatty acids and 30% is represented by free cholesterol. Cholesterol esters with unsaturated fatty acids from beta-lipoproteins (LDL) are the usual specific form of cholesterol transport to the peripheral organs, which cells have special receptors for these complexes.  Membrane receptors are a key-mechanism of cholesterol degradation process. Insulin and thyroxine stimulate receptor synthesis and respectively increase blood cholesterol metabolism. Free cholesterol and AMPc inhibit receptor synthesis and respectively decrease its metabolism. After fixing to membrane receptors, LDL (beta-lipoproteins) penetrate into the cells lysosomes, where are broken down to free cholesterol, hardly dissociable, which represents a component part of alpha-lipoproteins. Alpha–lipoproteins (HDL) have only 20% cholesterol – this represent a form of conjugation and a return form of free, unused cholesterol to the liver, where this is secreted with the bile. So, these two classes of lipids represent a metabolic antagonism: LDL (beta-lipoproteins) carry cholesterol from the liver to the organs, contributing to hypercholesterolaemia and represents an atherogenic factor, while HDL (alpha-lipoproteins) carry cholesterol from organs to the liver leading to decreased blood cholesterol concentration and such represents a non-atherogenic factor. 
Hypercholesterolemia represents increased blood concentration of cholesterol.
In sum, hypercholesterolaemia can be final result of excessive cholesterol intake, increased cholesterol synthesis, decreased biliary acids synthesis from cholesterol, decreased number of cell receptors for LDL, decreased concentration of HDL (form of cholesterol transport to the liver).
With most patients who have hypercholesterolemia (> 200–220 mg/dL serum) there is an increased familial prevalence of the condition, but the cause remains unknown (polygenic hypercholesterolemia). However, overweight and diet plays an important role. LDL cholesterol can be lowered most importantly by a preference in the diet for vegetable (unsaturated) fats. Animal (saturated) fats, on the other hand, raise cholesterol synthesis in the liver and in consequence lower its LDL receptor density so that the concentration of cholesterol-rich LDL in serum is raised (LDL-cholesterol > 135 mg/dL). As a result, there is an increased binding of LDL to the scavenger receptor that mediates the incorporation of cholesterol in macrophages, skin, and vessel walls. Hypercholesterolemia is thus a risk factor for atherosclerosis and coronary heart disease.
In familial hypercholesterolemia (Hyperlipoproteinemia type IIa) the plasma cholesterol is markedly raised from birth so that myocardial infarction may occur even in children. The primary causes are defects in the gene for the high-affinity LDL receptor which prevents the cellular uptake of LDL. The defect can cause: 1) diminished transcription of the receptor; 2) receptor proteins remaining in the endoplasmic reticulum; 3) a reduced incorporation of the receptor into the cell membrane; 4) reduced LDL binding; or 5) abnormal endocytosis. Serum cholesterol rises as a result, firstly, of a reduction in the cellular uptake of cholesterol-rich LDL and, secondly, of extrahepatic tissues synthesizing more cholesterol, because the reduced LDL uptake in these tissues fails to inhibit the action of 3-HMGCoA reductase. Treatment consists, in addition to an appropriate diet, of administering ionic exchange resins (cholestyramine) that bind bile salts in the gut and thus prevent their enterohepatic recirculation. This increases the fresh synthesis of bile salts from cholesterol in the liver and thus reduces the intracellular cholesterol concentration. 
Atherosclerosis represents lipids deposition (mainly cholesterol and its esters) on the intima and partly in the middle layer of arteries, forming at the level of vessel walls plaques or atherome. These atheroma are made from cholesterol esters, as well as from triglycerides, glucosaminoglicans, collagen, elastin, calcium, macrophages, and cellular debris. Formed atheroma may obturate the arterial lumen leading to ischemia of internal organs (brain, heart, kidneys, etc…). When the fibrous membrane of these plaques is broken these become centers for thrombocytes aggregation, fibrin deposition and thrombogenesis.  Etiological factors of atherosclerosis are considered hyperlipidaemia, especially increased cholesterol level (LDL), hypertriglycerideaemia, decreased level of HDL; arterial hypertension, obesity, diabetes mellitus, thrombogenic factors. 

The main morphological manifestation of atherosclerosis is the atherome formation, which represents a complex process. In a healthy person, LDL carries cholesterol to the endothelium and other cells where this it is used for formation of cell membranes. In case of hyperlipidaemia with LDL (equivalent with hypercholesterolaemia), lipoproteins interact with specific membrane receptors and are phagocytized by monocytes, which migrate and imbibe the subendothelial space. In the lysosomes of monocytes, cholesterol is freed from LDL with synthesis of cholesterol esters, these ultimately form drops with „foamy„ cytoplasm. In the subendothelial space the „foamy cells„ die with cholesterol release, which forms the atheromatous plaque. In this way, LDL as well as VLDL, represents two very atherogenic lipoproteins. HDL represents antagonists of HDL (anti-atherogenic factors). These lipoproteins have a molecular mass which is 10 times lower than molecular mass of atherogenic lipoproteins, due to this fact HDL can easily pass the vascular wall, penetrate into inter-endothelial spaces, extract the cholesterol from cells and from other lipoproteins by means of enzyme lecithin-cholesterol-acyltransferase and transport cholesterol excess to the liver, where this is converted mainly into biliary acids. So, pathogeny of atherosclerosis can be considered not only hypercholesterolaemia but also dyslipoproteinemia – predominance of LDL and VLDL on HDL.

Risk factors for atherosclerosis are: obesity, diabetes mellitus, hypoxia, excessive food intake, nicotine, alcohol.

The prophylactic factors of atherosclerosis are: limited alimentary lipid and cholesterol intake, consumption of vegetable oil which contain  poly-nonsaturated acids), cellulose intake (binds cholesterol in the intestine and contribute to its elimination and decreases cholesterolemia), administration of substances that impede cholesterol absorbtion in the digestive tract (ex. beta-cytosterine a vegetal steroid), substances which decrease cholesterolaemia – estrogens, thyroxine, nicotinic acid, pyridoxine, substance that decrease bile acids intestinal reabsorbtion such obligating the liver to use for synthesis of biliary acids the surplus of cholesterol from the body (cholestiramin) or substances that decrease cholesterol synthesis – clofibrate.
Disorders of lipidic metabolism in organs

Fatty infiltration and fatty dystrophy of the liver represent pathological processes which are characterized by excessive accumulation of lipids in hepatocytes as result of local hepatic pathologic processes (cell injuries, necrosis, inflammation) or during general dysmetabolisms (hyperlipidaemia in obesity, dyslipidemia, hyperglycemia, malnutrition) (Fig. 5.) 

Lipid infiltration of the liver represents increased accumulation in the liver of lipids which represent more than 1% of the organ total mass without injury of cell organelles and is a reversible form. Lipid dystrophy of the liver is the result of excessive and persistent infiltration of the liver with lipids, which are accompanied by functional and structural changes of organelles and has an irreversible character. 

From the major causes of fatty infiltration and dystrophy of the liver should be remembered: toxic cell injuries (action of hepatotoxic substances – alcohol, chloroform, carbon tetrachloride), hypoxia, infections (hepatitis), diabetes mellitus, total and partial protein inanition, increased lipid intake, increased mobilization of endogenous lipids from storages, exhaustion of glycogen storages in the liver, hypersecretion of catecholamines and glucocorticoids, diabetes mellitus.

 In the pathogenesis of fatty infiltration and fatty dystrophy of the liver major roles have: hyperlipidaemia especially hyperchylomicronemia, diminished lipolytic and oxidative activity of hepatocytes, decreased capacity of hepatic cells to synthesize phospholipids. 

According to pathogeny and etiology there are some forms of fatty infiltration of the liver. 

Alimentary fatty infiltration represents invasion of the liver with chylomicrons from the digestive tract as result of excessive lipid intake. 

Transport fatty infiltration represents a consequence of increased mobilization of lipids from the adipose tissue (hyperlipidaemia with VHDL). Intense lipolysis can be initiated by decreased liver glycogen storages (starvation), sympathetic system activation and catecholamine hypersecretion (stress), hypoxia, inanition, hypersecretion of ACTH and glucocorticoids (Cushing syndrome or Cushing disease) as well as hypersecretion of somatotropin (gigantism or acromegaly). 
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Fig. 5. Fatty liver. A, Schematic diagram of the possible mechanisms leading to accumulation of triglycerides in fatty liver. Defects in any of the steps of uptake, catabolism, or secretion can result in lipid accumulation. B, High-power detail of fatty change of the liver. In most cells the well-preserved nucleus is squeezed into the displaced rim of cytoplasm about the fat vacuole (From Robbins-Cotran; Pathological Basis of Disease).
A high pathogenetic role has the ability of hepatocytes to get free of lipids. This process includes the lipolysis and oxidation of fatty acids in hepatocytes as well as synthesis of phospholipids and lipoproteins. Phospholipids, on the contrary to neutral lipids, have hydrophilic abilities and ensure fine dispersion of lipids, in this form being eliminating from the hepatocyte. The main liver phospholipid is lecithine, which synthesis needs choline. For choline synthesis there is need for methylic groups which are donated by methionine, while methionine in its turn represents the aminoacid from milk casein. Apart from this, for choline synthesis there is need of vitamin B12. All above mentioned substances, which contribute to lipid metabolism and help the hepatocyte to get free of fats, are called lipotropic substances. An endogenous very active lipotropic substance is lipocaine secreted by gamma-cells of small pancreatic ducts. 
Insufficiency of albumin synthesis in the liver diminishes the blood capability to transport fatty acids freed from adipose tissue toward consummatory tissues. Insufficiency of synthesis in the liver of other transportation proteins (alpha- and beta-globulins) disturbs transportation of triglycerides, fatty acids, cholesterol, phospholipids, these leading to fatty infiltration and fatty dystrophy in organs. This happens in chronic protein inanition or when are administered substances which inhibit protein synthesis (ex. antibiotics).
       So, lipidic homeostasis of the liver represents the equilibrium between two processes: synthesis and metabolism of lipids and their elimination from the liver. When these are disturbed will develop fatty changes in the hepatocytes. Consequences of fatty dystrophy of the liver are cell dystrophy and cell necrosis, atrophy and sclerosis of organ.
Disturbances of lipidic metabolism in the brain

 Almost a half of brain mass consists of lipids, represented mainly by phospholipids, sphyngomyelines, cholesterol and only a small amount of fatty acids and neutral fats. All of these substances are used predominantly in synthetic processes and not used for storages. All brain lipids are produced locally from carbohydrates. Mitochondria of neurons aren’t able to oxidize fatty acids, that is why, all necessary energy is delivered by carbohydrates metabolism. Only in a small amount, in inanition, brain can use ketone bodies (mostly beta-oxibutyric acid). 

From congenital abnormalities of lipid metabolism in the brain should be remembered lipidosis. Lipidoses are disorders of fat metabolism, in which defects of enzymes and other proteins cause the accumulation (and thus deposition) of lipids. To brain lipidosis refers gangliosidosis, sphyngomyelinosis, glucocerebrosidosis. The gangliosidoses (Tay–Sachs and Sandhoff’s disease) are caused by various defects of the hexosaminidases or galactosidase. In most forms the accumulated gangliosides lead to very severe cerebral disorders and death in early childhood. In Refsum’s disease the breakdown of phytanic acid is blocked (defect of phytanic acid-hydroxylase), as a result of which it accumulates and, incorporated into myelin, leads to polyneuropathy. In Niemann–Pick disease (five phenotypes, A–E) there is an accumulation of sphingomyelin and cholesterol in the lysosomes. In types A (80% of all cases of the disease) and B there is a deficiency of sphingomyelinase, while in type C1 the deficiency is of a protein (NPC1) which plays an important role in the intracellular distribution of cholesterol. The effects of type A are enlargement of several organs and severe neurological abnormalities that can be fatal already in childhood. 
Consequences of lipidic dyshomeostasis are: fatty infiltration and fatty dystrophy of cells,  atheromatosis, cellular necrosis, atrophy, sclerosis.
OBESITY
Excess adiposity (known as obesity) and excess body weight are associated with the increased incidence of several of the most important diseases of humans, including type 2 diabetes, dyslipidemias, cardiovascular disease, hypertension, and cancer. 
Obesity is a major public health problem, which, until about a dozen years ago, was confined to developed countries. Since then, it has also become an important health problem in developing nations, and in certain countries obesity coexists with malnutrition in individual families. In the United States obesity has reached epidemic proportions. The prevalence of obesity increased from 13% to 32% between 1960 and 2004; currently 66% of adults in the United States are overweight or obese, and 16% of children are overweight. The increase in obesity in the United States has been associated with the higher caloric content of the diet, mostly caused by increased consumption of refined sugars, sweetened beverages, and vegetable oils.
Obesity is defined as an accumulation of adipose tissue that is of sufficient magnitude to impair health. Excess weight is best assessed by the body mass index or BMI. For practical reasons, body weight, which generally correlates well with BMI, is often used as a surrogate for BMI measurements. The normal BMI range is 18.5 to 25 kg/m2, although the range may differ for different countries. Individuals with BMI above 30 kg/m2 are classified as obese; those with BMI between 25 kg/m2 and 30 kg/m2 are considered to be overweight. For the sake of simplicity, unless otherwise noted, the term obesity will be applied to both the truly obese and the overweight.

Two types of obesity based on distribution of fat have been described: upper body and lower body obesity. Upper body obesity is also referred to as central, abdominal, or male obesity. Lower body obesity is known as peripheral, gluteal femoral, or female obesity. Research suggests that fat distribution may be a more important factor for morbidity and mortality than overweight or obesity. The presence of excess fat in the abdomen out of proportion to total body fat is an independent predictor of risk factors and mortality. One of the characteristics of abdominal fat is that fatty acids released from the viscera go directly to the liver before entering the systemic circulation, having a potentially greater impact on hepatic function. Higher levels of circulating free fatty acids in obese persons, particularly those with upper body obesity, are thought to be associated with many of the adverse effects of obesity. In general, men have more intraabdominal fat and women more subcutaneous fat. As men age, the proportion of intraabdominal fat to subcutaneous fat increases. After menopause, women tend to acquire more central fat distribution. Visceral fat also is associated with abnormalities of metabolic and sex hormone levels.

At its simplest level, obesity is a disease of caloric imbalance that results from an excess intake of calories above their consumption by the body. However, the pathogenesis of obesity is exceedingly complex and not yet completely understood. Ongoing research has identified complex humoral and neural mechanisms that control appetite and satiety. These neurohumoral mechanisms respond to genetic, nutritional, environmental, and psychologic signals, and trigger a metabolic response through the stimulation of centers located in the hypothalamus. There is little doubt that genetic influences play an important role in weight control, but obesity is a disease that depends on the interaction between multiple factors. After all, regardless of genetic makeup, obesity would not occur without intake of food.
In a simplified way the neurohumoral mechanisms that regulate energy balance can be subdivided into three components:

I. The peripheral or afferent system generates signals from various sites. Its main components are leptin and adiponectin produced by fat cells, ghrelin from the stomach, peptide YY (PYY) from the ileum and colon, and insulin from the pancreas. 
· Leptin. The name leptin is derived from the Greek term leptos, meaning “thin.” Leptin, a 16-kD hormone synthesized by fat cells, is the product of the ob gene. Mice genetically deficient in leptin (ob/ob mice) or leptin receptors (db/db mice) fail to sense the adequacy of fat stores, overeat, and gain weight, behaving as if they are undernourished. Thus, the obesity of these animals is a consequence of the lack of the signal for energy sufficiency that is normally provided by leptin.

Although in a general sense leptin levels are regulated by the adequacy of fat stores, the precise mechanisms that regulate the output of leptin from adipose tissue have not been completely defined, but it has been established that leptin secretion is stimulated when fat stores are abundant. In the hypothalamus, leptin stimulates POMC/CART neurons that produce anorexigenic neuropeptides (primarily melanocyte-stimulating hormone) and inhibits NPY/AgRP neurons that produce feeding-inducing (orexigenic) neuropeptides. When there are inadequate stores of body fat, leptin secretion is diminished and food intake is increased. In addition to these effects, leptin can function as a pro-inflammatory cytokine and participates in the regulation of hematopoiesis and lymphopoiesis.
· Adiponectin. Injections of adiponectin in mice stimulate fatty acid oxidation in muscle, causing a decrease in fat mass. This hormone is produced mainly by adipocytes. Its levels in the blood are very high, about 1000 times higher than those of other polypeptide hormones, and are lower in obese than in lean individuals. Adiponectin, which has been called a “fat-burning molecule” and the “guardian angel against obesity,” directs fatty acids to muscle for their oxidation. It decreases the influx of fatty acids to the liver and the total hepatic triglyceride content, and also decreases the glucose production in the liver, causing an increase in insulin sensitivity and a protection against the metabolic syndrome. Adiponectin circulates as a complex of three, six, or even more aggregates of the monomeric form, and binds to two receptors, AdipoR1 and AdipoR2. These receptors are found in many tissues, including the brain, but AdipoR1 and AdipoR2 are most highly expressed in skeletal muscle and liver, respectively. Binding of adiponectin to its receptors triggers signals that activate cyclic adenosine monophosphate–activated protein kinase, which in turn phosphorylates and inactivates acetyl coenzyme A carboxylase, a key enzyme required for fatty acid synthesis.

· Ghrelin is produced in the stomach and in the arcuate nucleus of the hypothalamus. It is the only known gut hormone that increases food intake (orexigenic effect). Its injection in rodents elicits voracious feeding, even after repeated administration. Long-term injections cause weight gain, by increasing caloric intake and reducing energy utilization. Ghrelin acts by binding the growth hormone secretagogue receptor, which is abundant in the hypothalamus and the pituitary.. Ghrelin levels rise before meals and fall between 1 and 2 hours after eating. However, in obese individuals the postprandial suppression of ghrelin is attenuated, leading to maintenance of the obesity.

· Peptide YY. PYY is secreted from endocrine cells in the ileum and colon. Plasma levels of PYY are low during fasting and increase shortly after food intake. Intravenous administration of PYY reduces energy intake, and its levels generally increase after gastric bypass surgery. These observations have led to ongoing work to produce PYYs for the treatment of obesity. Amylin, a peptide secreted with insulin from pancreatic β-cells that reduces food intake and weight gain, is also being evaluated for the treatment of obesity and diabetes. Both PYY and amylin act centrally by stimulating POMC/CART neurons in the hypothalamus, causing a decrease in food intake.

II. The arcuate nucleus in the hypothalamus processes and integrates neurohumoral peripheral signals and generates efferent signals. It contains two subsets of first-order neurons: (1) POMC (pro-opiomelanocortin) and CART (cocaine and amphetamine-regulated transcripts) neurons, and (2) neurons containing NPY (neuropeptide Y) and AgRP (agouti-related peptide). These first order neurons communicate with second order neurons. 

III.  The efferent system that carries the signals generated in the second order neurons of the hypothalamus to control food intake and energy expenditure. The hypothalamic system also communicates with forebrain and midbrain centers that control the autonomic nervous system.

POMC/CART neurons enhance energy expenditure and weight loss through the production of the anorexigenic α-melanocyte-stimulating hormone (MSH), and the activation of the melanocortin receptors 3 and 4 (MC3/4R) in second-order neurons. NPY/AgRP neurons promote food intake (orexigenic effect) and weight gain, through the activation of Y1/5 receptors in secondary neurons.

[image: image9.emf]
 Fig. 6. Regulation of energy balance 
Adipose tissues generate afferent signals that influence the activity of the hypothalamus, which is the central regulator of appetite and satiety. These signals decrease food intake by inhibiting anabolic circuits, and enhance energy expenditure through the activation of catabolic circuits. PYY, peptide YY. (From Robbins-Cotran; Pathological Basis of Disease)
Role of adipose tissue in obesity 
In addition to leptin and adiponectin, adipose tissue produces cytokines such as TNF, IL-6, IL-1, and IL-18, chemokines, and steroid hormones. The increased production of cytokines and chemokines by adipose tissue in obese patients creates a chronic sub-clinical (asymptomatic) inflammatory state that includes high levels of circulating C-reactive protein. Through its multiple activities, adipose tissue participates in the control of energy balance and energy metabolism, functioning as a link between lipid metabolism, nutrition, and inflammatory responses. Thus, the adipocyte that was relegated to an obscure and passive role as the “Cinderella of cells of metabolism,” is now “the Belle of the Ball” at the forefront of metabolic research.
The total number of adipocytes is established during childhood and adolescence, and it is higher in obese than in lean individuals. In adults the number of adipocytes remains constant, even after losses or weight gains, but there is a continuous turnover of the cell population. It is estimated that approximately 10% of adipocytes are renewed annually, regardless of the level of the individual's body mass. Thus, although the fat mass in an adult person can increase through the enlargement of existing adipocytes, their number is tightly controlled, and is predetermined in childhood and adolescence. In individuals who lose weight after dietary regimens, the well-known difficulties in maintaining weight losses are, in part, a consequence of the lack of a decrease in the number of adipocytes, and the enhanced appetite caused by leptin deficiency.
General consequences of obesity
Obesity, particularly central obesity, increases the risk for a number of conditions, including type 2 diabetes and cardiovascular disease. Obesity is the main driver of a cluster of alterations known as the metabolic syndrome characterized by visceral or intra-abdominal adiposity, insulin resistance, hyperinsulinemia, glucose intolerance, hypertension, hypertriglyceridemia, and low HDL cholesterol. 
  • Obesity is associated with insulin resistance and hyperinsulinemia, important features of type 2 diabetes, and weight loss is associated with improvement. It has been speculated that excess insulin, in turn, may play a role in the retention of sodium, expansion of blood volume, production of excess norepinephrine, and smooth muscle proliferation that are the hallmarks of hypertension. Regardless of the nature of the pathogenic mechanisms, the risk of developing hypertension among previously normotensive persons increases proportionately with weight. 

   • Obese persons generally have hypertriglyceridemia and low HDL, and these may increase the risk of coronary artery disease in the very obese. It should be emphasized that the association between obesity and heart disease is not straightforward, and such linkage as there may be relates more to the associated diabetes and hypertension than to weight. 

   • Obesity is associated with non-alcoholic fatty liver disease. This condition occurs most often in diabetic patients and can progress to fibrosis and cirrhosis. Cholelithiasis (gallstones) is six times more common in obese than in lean subjects. An increase in total body cholesterol, increased cholesterol turnover, and augmented biliary excretion of cholesterol all act to predispose to the formation of cholesterol-rich gallstones. 

   • Obesity is associated with hypoventilation and hypersomnolence. Hypoventilation syndrome is a constellation of respiratory abnormalities in very obese persons. It has been called the pickwickian syndrome, after the fat lad who was constantly falling asleep in Charles Dickens' Pickwick Papers. Hypersomnolence, both at night and during the day, is characteristic and is often associated with apneic pauses during sleep, polycythemia, and eventual right-sided heart failure. 

 • Marked adiposity predisposes to the development of degenerative joint disease (osteoarthritis). This form of arthritis, which typically appears in older persons, is attributed in large part to the cumulative effects of increased load on weight-bearing joints. 
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