


 



Pathological anatomy 

• Pathological anatomy is a part of pathology. Pathology 
literally is the study (logos) of suffering (pathos).  

• More specifically, it is a bridging discipline involving 
both basic science and clinical practice and is devoted 
to the study of the structural and functional changes in 
cells, tissues, and organs that underlie "diseases".  

• By the use of molecular, microbiologic, immunologic, 
and morphologic techniques, pathology attempts to 
explain the "whys" and "wherefores" of the signs and 
symptoms manifested by patients while providing a 
sound foundation for rational clinical care and therapy.  



 



 



 



 



 



 



 



 



 



 



Objects of study  

of pathological anatomy: 

1. Surgical biopsy material; 

2. Autopsy material; 

3. Tissues and organs from experimental 

animals. 



 



Research methods in  

pathological anatomy 

1. Macroscopic examination. 

2. Microscopic examination:            

      a) light-optical research;           

      b) polarizing microscopy;            

      c) luminescence microscopy;           

     d) histochemical study;            

     e) immunohistochemical study. 

3. Cytological examination. 

4. Electron microscopy. 

5. Methods of molecular biology:           a) in situ hybridization 

(nucleic acid detection);           b) flow cytometry;           c) 

historadioautography 

6. Research of chromosomes. 



Light / polarizing microscopy 

 
 

 



Luminescence microscopy 

  

  

Люминесцентная микрофотография макрофага, внутри 

которого - фагоцитированные бактерии,  

излучающие красное свечение (обработка 

акридиновым оранжевым).  



Electron microscopy  
(transmission, scanning, scanning electron microscope) 

  

  



Histochemical examination 

• Окраска гематоксилином и эозином 
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Immunohistochemical study 

  

  



 



Research levels in  

pathological anatomy: 

• Organismic level, 

• Organ level, 

• Systemic level, 

• Tissue level, 

• Cellular level, 

• Molecular level. 



 



 



 



DAMAGE (ALTERATION) 

• Damage or alteration (from Lat. Alteratio - 

change) - changes in the structure of cells, 

intercellular substance, tissues and organs, 

which are accompanied by a decrease in 

the level of their vital activity or its 

termination. 



 



 



 



 



 



 



 



 



 



 



 



 



The main forms of cell damage 

1. Ischemic and hypoxic damage 

 

2. Damage caused by free radicals, 

including activated oxygen 

 

3. Toxic damage 



Classifications of damage 
1) by causal factors - exogenous (biological, including those 

caused by bacteria, viruses, mycoplasmas, protozoa; 

physical, chemical) and endogenous (hypoxia, intoxication, 

immune damage); 

 

2) Due to the nature of the impact of the damaging factor - direct 

and indirect; 

 

3) by the severity of the process - reversible and irreversible; 

 

4) in terms of prevalence - the number and volume of damaged 

structures - total-cellular and partial (individual structures). 



Damage manifestation levels 

1) Molecular  level (damage to cellular receptors, enzyme molecules, 

nucleic acids up to their disintegration); 

2) Subcellular level - ultrastructural (damage to mitochondria, 

reticulum, membranes and other ultrastructures up to their 

destruction); 

3) cellular  level (various dystrophies due to a violation of different 

types of metabolism with the possible development of necrosis by 

the type of rexis or cell lysis); 

4) tissue and organ level (dystrophic changes in most cells and 

stroma with the possible development of necrosis (like infarction, 

sequestration, etc.), including the level of tissue complexes or 

histions, which include vessels of the microvasculature (arteriole, 

capillaries, venule ) and the cells, parenchyma, connective tissue 

and terminal nerve endings fed by them; 

5) organismic  level (a disease with a possible fatal outcome). 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Morphological manifestations of damage 

1. Dystrophy, 

 

2. Necrosis, 

 

3. Apoptosis. 



Dystrophy 

• Dystrophies are a morphological 

expression of disorders of tissue (cellular) 

metabolism, leading to structural changes. 



Mechanisms of development of 

dystrophies 

1) infiltration - the entry of a number of substances into the 

cell; 

 

2) perverted synthesis - synthesis of substances unusual in 

quantity or abnormal products; 

 

3) transformation - the transition of one class of substances 

to another; 

 

4) decomposition (phanerosis) - the appearance of proteins 

and lipids in cells during the disintegration of lipoprotein 

complexes of membranes. 



Classification of degenerations 

1. Сlassification in depending on localization of metabolism: 

 parenchymal 

 stromally - vascular 

 mixed 

2. Classification in depending on deposition  of protein, lipids, 
carbohydrate , mineral (on predominance of the broken 
exchange): 

 Proteinous (Dysproteinoses) 

 Fatty (lipidoses) 

 Carbohydrate 

 Mineral 

 Pigmental 

3. Classification in depending on  prevalence of process: 

 Local 

 System 

4. Classification in depending on   an origin: 

 Acquired 

 Hereditary 



Parenchymal dystrophies              protein  

                                                        lipid  

                                                       carbohydrate 

Stromal-vascular dystrophies        protein 

                                                          lipid 

                                                      carbohydrate 



 



 



 



 



 



 



The most frequent localization of 

intracellular accumulations of 

proteins, lipids and 

carbohydrates is 

myocardium (cardiomyocytes), 

liver (hepatocytes), 

kidneys  (nephrocytes). 

 



 



PARENCHYMAL PROTEIN 

DYSTROPHIES 

1. Hyaline droplet dystrophy (degeneration). 

 

2. Hydropic dystrophy (degeneration). 

 

3. Corneous (keratoid) degeneration 

(hyperkeratosis, leukoplakia). 



 

Parenchymal dysproteinoses, 

mechanisms. 
 

Cell 

 Denaturation and 
coagulation of 

cytoplasmic proteins 

 

Hyaline-drop dystrophy 

 

Focal coagulative 

necrosis of cell 

 

Total coagulativeNecrosis 
of cell 

Hydratation and 
colliquation of  cell’s 

cytoplasm 

 

Hydropic dystrophy 

  

Focal colliquative  

necrosis of cell 
(balloon dystrophy) 

Total colliquative  
necrosis of cell 



 



Hyaline droplet dystrophy 

• the appearance in the cytoplasm of large hyaline-like protein 

drops, merging with each other and filling the cell body;  

 

• destruction of the ultrastructural elements of the cell. 

 

• In some cases, it ends with focal coagulation cell necrosis. 

 

• often - in the kidneys, rarely - in the liver and very rarely - in 

the myocardium.  



 



Hyaline droplet dystrophy 

• In the kidneys: accumulation of hyaline drops in 

nephrocytes;destruction of mitochondria, endoplasmic 

reticulum, brush border. 

 

• It is based on the insufficiency of the vacuolar-lysosomal 

apparatus of the epithelium of the proximal tubules, 

which normally reabsorbs proteins. 

 

• Macroscopically - a picture of the underlying disease. 



Hyaline droplet dystrophy 

• Causes: 

• in the kidneys - with nephrotic syndrome, 

glomerulonephritis, amyloidosis, paraproteinemic nephrosis, 

diabetic glomerulopathy; 

 

• in the liver - Mallory's little bodies - in alcoholic hepatitis, 

primary biliary and Indian childhood cirrhosis of the liver, 

hepatoma, cholestasis. 

 

• This type of dystrophy is irreversible and leads to 

coagulation cell necrosis. 



Hyaline droplet dystrophy 

• Micro-: hyaline-like acidophilic protein clumps 

appear in the cytoplasm of epithelial cells of 

renal tubules (kidney). 



Hyaline droplet dystrophy 

• Micro-: hyaline-like acidophilic protein 

clumps appear in the cytoplasm the 

liver hepatosytes 



 



 



 



 



 



 



Hydropic (dropsy, vacuolar) dystrophy 

• Is characterizws by appearance vacuoles in the cytoplasm of 

cells that (vacuoles) do not contain fat and glycogen, but filled 

with cytoplasmic liquid. 

 

• Localization: epithelium of the renal tubules, skin, hepatocytes 

(liver), nerve and muscle cells, cells of the adrenal cortex. 

 

 

• The extreme expression of hydropic dystrophy is ballooning 

degeneration, in which the cell turns into a huge vacuole filled 

with fluid, 

 

• outcome - colliquation necrosis. 



 



Hydropic (dropsy, vacuolar) dystrophy 

• Causes: 

1. hypoxic,  

2. heat and cold injuries, 

3. malnutrition, 

4. ionizing radiation, 

5. bacterial toxins (diphtheria, typhoid and streptococcal), 

6. toxic substances (phosphorus, arsenic, carbon 

tetrachloride), 

7. viral infections (especially smallpox, viral hepatitis). 



 



 



Hydropic (dropsy, vacuolar) dystrophy 

• In the kidneys, this is damage to the glomerular filter (glomerulonephritis, 

amyloidosis, diabetes mellitus), which leads to hyperfiltration and 

insufficiency of the enzyme system of the basal labyrinth of nephrocytes, 

which normally provides water reabsorption; 

•  therefore, hydropic degeneration of nephrocytes is so characteristic of 

nephrotic syndrome. 

 

• In the liver - with viral and toxic hepatitis, often the cause of liver failure. 

 

• In the epidermis - infection (smallpox), swelling of the skin of various 

mechanisms. 

 

• Vacuolization of the cytoplasm can be a manifestation physiological activity 

of the cell, which is noted, for example, in the ganglion cells of the central 

and peripheral nervous system. 



 



Hydropic (dropsy, vacuolar) 

dystrophy 

• Hydropic degeneration of 

the kidney 



Hydropic (dropsy, vacuolar) dystrophy 

• Hydropic degeneration of the liver  

 



Corneous (keratoid) degeneration 

• Keratoid dystrophy, or pathological keratinization, - 

excessive formation of the horny substance in the 

keratinizing epithelium (hyperkeratosis, ichthyosis) or the 

formation of a keratin substance where it normally does not 

exist (pathological keratinization on the mucous 

membranes, or leukoplakia; the formation of "cancerous 

pearls" in squamous cell carcinoma). 

 

• mayn be local or common. 

 

• Causes: disruption of skin development, chronic 

inflammation, viral infections, vitamin deficiencies, etc. 



Corneous (keratoid) degeneration 

• Outcome: elimination of the causative cause at the 

beginning of the process - to tissue restoration, but in 

advanced cases - cell death. 

 

• Significance:  

• determined by its degree, prevalence and duration. 

• Long-term pathological keratinization of the mucous 

membrane (leukoplakia) can be the source of the 

development of a cancerous tumor. 

• Acute congenital ichthyosis, as a rule, is incompatible with 

life. 



                   Corneous (keratoid) degeneration 

• Papilloma with 

hyperkeratosis, 

 

 

 

• Keratinizing squamous cell 

carcinoma 



Corneous (keratoid) degeneration 

 

 

• Hyperkeratosis 



Corneous (keratoid) degeneration 

 

 

• Leukoplakia 



Corneous (keratoid) degeneration:  

ichthyosis (Harlequin's syndrome) 

  

  



Types of intracellular  

parenhymatous 

degenerations 
• Granular  

• Hyaline-drop 

• Hydropic (vacuolar, balloon) 

• Keratoid (horney)  

Here are Mallory bodies 



 



 



Fatty change or Steatosis 

Mechanisms :  

1. increase of free fatty acids (starvation, diabetes and 
chronic ethylism/alcoholism),  

2. reduction of free fatty acids oxidation (hypoxia, toxins, 
chronic ethylism/alcoholism),  

3. increase of esterification of free fatty acids into 
triglycerides (due to increased free fatty acids or 
reduction of their oxidation, chronic 
ethylism/alcoholism) 

4. reduced export of tryglicerides due to deficiency of 
lipid binding apoprotein (starvation/malnutrition, 
toxins).  



 



 



 



Fatty liver (steatosis of the liver) 

• On histological examination, fat deposits in the liver can be 

focal or diffuse.          

 

• Depending on the size of the fat droplets, small, medium 

and large droplet fatty degeneration of hepatocytes are 

distinguished. 

 

Histochemical stains for identification of fats: 

• Sudan III - red-orange color (frozen sections), 

• Sudan IV, V - black color, 

• Nile blue sulphate - blue or red. 



Fatty Liver.  

Sudan III (frozen section).  Х 100. 



Fatty Liver.  

Sudan III (frozen section).  Х 400 





 



 



Fatty changes in the heart  

• «Tiger» heart. 



 





Fatty degeneration of the kidneys 

• Under physiological conditions, neutral fats can be found in 

the epithelium of the narrow segment and collecting ducts.  

 

• With the development of fatty degeneration of the kidneys, 

lipids (neutral fats, cholesterol and its esters, phosphatides) 

appear in the epithelium of the main divisions of the tubules. 

 

• The most common cause is nephrotic syndrome or chronic 

renal failure. 

 

• In addition, lipids can accumulate in the epithelium of the 

kidney tubules in diabetes mellitus, under the influence of 

phosphorus, carbon tetrachloride, aflatoxin B1. 



Fatty degeneration of the kidneys 



 



 



 



 



 



PARENCHYMATOUS  

CARBOHYDRATE  DYSTROPHIES 
Carbohydrates Determined in Cells and Tissues: 

1. polysaccharides, of which only glycogen is detected in animal tissues, 

2. glycosaminoglycans (mucopolysaccharides) and 

3. glycoproteins. 

 

• Glycosaminoglycans are neutral, strongly associated with proteins, and 

acidic, which include hyaluronic, chondroitinsulfuric acids and heparin. 

• Acid glycosaminoglycans as biopolymers are capable of entering into 

fragile compounds with a number of metabolites and transporting them. 

• Glycoproteins are mucins and mucoids.  

• Mucins form the basis of mucus produced by the epithelium of the mucous 

membranes and glands,  

• mucoids are part of many tissues. 

 

• Polysaccharides, glycosaminoglycans and glycoproteins are detected by 

the PAS reaction. 



Carbohydrate dystrophies associated with 

impaired glycogen metabolism 
• The main stores of glycogen are in the liver and skeletal muscles. 

 

• Liver and muscle glycogen is consumed depending on the body's needs 

(labile glycogen). 

 

• Glycogen of nerve cells, the conducting system of the heart, aorta, 

endothelium, epithelial integument, uterine mucosa, connective tissue, 

embryonic tissues, cartilage and leukocytes is a necessary component of 

cells, and its content does not undergo noticeable fluctuations (stable 

glycogen). 

 

• division of glycogen into labile and stable conditionally. 

• Regulation of carbohydrate metabolism - by the neuroendocrine pathway. 

• The main role belongs to the hypothalamic region, the pituitary gland 

(ACTH, thyroid-stimulating, somatotropic hormones), the β-cells of the 

pancreas (insulin), the adrenal glands (glucocorticoids, adrenaline) and the 

thyroid gland. 



Carbohydrate dystrophies associated with 

impaired glycogen metabolism 

Disorders of glycogen content:  

1. a decrease in the amount of glycogen in the tissues, 

2. an increase in the amount of glycogen in the tissues, 

3. The appearance of glycogen where it is usually not 

detected. 

 

• These disorders are most pronounced in diabetes mellitus 

and in hereditary carbohydrate dystrophies - 

glycogenosis. 



Carbohydrate dystrophies associated 

with impaired glycogen metabolism 

• Diabetes mellitus 

 

• the development of the disease is associated with pathology 

(β-islet cells) of the pancreas,  

• there is an insufficient use of glucose by tissues, an increase 

in its content in the blood (hyperglycemia) and excretion in 

the urine (glucosuria). 

 

• a sharp decrease in tissue stores of glycogen (in the liver - a 

violation of glycogen synthesis - infiltration of the liver with 

fats - fatty degeneration of the liver; at the same time, 

glycogen inclusions appear in the nuclei of hepatocytes, they 

become light ("perforated", "empty", nuclei). 



Carbohydrate dystrophies associated 

with impaired glycogen metabolism 

• Diabetes mellitus 

 

• glucosuria - characteristic changes in the kidneys in diabetes: 

glycogenic infiltration of the epithelium of the tubules 

(narrow and distal segments). 

• The epithelium is high, with a light foamy cytoplasm; grains of 

glycogen are also visible in the lumen of the tubules (glucose 

polymerization in the tubular epithelium during the resorption of 

glucose-rich plasma ultrafiltrate. 

• Changes in the glomeruli - capillary loops, basement 

membrane - much more permeable to sugars and plasma 

proteins - intercapillary (diabetic) glomerulosclerosis (as one of 

the manifestations of diabetic microangiopathy) 



 



Glycogenic infiltration of the epithelium 

of the renal tubules in diabetes mellitus 



Carbohydrate dystrophies associated 

with impaired glycoprotein metabolism 

• Mucous dystrophy is the accumulation of mucins and 

mucoids, also called mucous or mucus-like substances in 

violation of the exchange of glycoproteins in cells or in the 

intercellular substance. 

 

• Microscopic picture: increased mucus formation, changes in the 

physical and chemical properties of mucus. 

• Death and desquamation of secreting cells, mucus obstruction 

of the excretory ducts of the glands - the development of cysts.  

• Often in these cases - the addition of inflammation, when the 

lumens of the bronchi are closed with mucus - the occurrence 

of atelectasis and foci of pneumonia. 



Carbohydrate dystrophies associated 

with impaired glycoprotein metabolism 

• Sometimes it is not true mucus that accumulates in the 

glandular structures, but mucus-like substances 

(pseudomucins).  

 

• These substances can thicken and take on the character 

of a colloid. Then they talk about colloidal dystrophy, which 

is observed, for example, with colloid goiter. 

 

• The reasons are varied, but more often - inflammation of 

the mucous membranes as a result of the action of various 

pathogenic stimuli (Catarrhal inflammation); the formation 

of mucus in tumor cells. 

 



PARENCHYMATOUS  

CARBOHYDRATE  DYSTROPHIES 

 



Stroma-vascular degeneration 



Extracellular proteinous  

degenerations 
1. Mukoid swelling 

2. Fibrinoid changes 

3. Hyalynosis 

4. Amyloydosis 



Mucoid swelling 

 It is reversible disorganization and 
swelling of perivascular 
extracellular matrix (disorganization 
of connective tissue) due to 
increased vascular permeability, 
plasmorrhagia and deposition of 
glucosaminoglycans (GAG). 

Microscopically: there is the phenomenon of metachromasia. 

That is basophylic color of basic substances. Collagen fibers 

save the structure, but swell and undergo to fibrillar 

destructure.  

Gross appearance: tissue or organ is saved. 

Process is convertible. 

 



Fibrinoid changes  
 It is deep and irreversible disorganization of 

connective tissue, in basis of which destruction of 
basic substances and fibers. It is accompanied 
by the sharp increase of permeability of vessels 
and formation of fibrinoid  

 masses. 

 Microscopically: the bands 

of collagen fibers are 

homogenous, impregnated 

with plasma proteins. 

 

Outcomes: fibrinoid 

necrosis, hyalinosis, 

sclerosis. 



Hyaline change  
It is an alteration within cells or in the extracellular 

space, which gives a homogenous, glassy, pink 
appearance in routine histologic sections 
stained with H&E. 

Hyalinosis is classified according 

to its localization: 

Vascular hyalinosis (arteries are 

thickened with sharply narrowed 

or obliterated lumen) 

Hyalinosis of connective tissue is 

usually localized; it develops in 

scars, adhesions, in the areas of 

chronic inflammation (e.g. “glazed 

spleen”). 

 



Hyalinosis of spleen arteries.  

Stained by hematoxilin and eosin. Х 100. 



 

The outcome of hyalinosis is 

irreversible. 

Functional significance of hyalinosis 

is different: 

• Vascular hyalinosis may lead to 

atrophy or sclerosis, infarction of 

organs.  

 

• Local hyalinosis in the cardiac 

valves results in heart defects. 

 



Stromal vascular lipidoses 

• Stromal-vascular lipidoses include a violation of the 

metabolism of fat, adipose tissue and fat stores and a violation 

of the metabolism of fat (cholesterol and its esters) in the walls 

of large arteries in atherosclerosis.              

 

• Excess body weight by 15-20% of the average constitutional, 

accompanied by an increase in the amount of fat in fat depots: 

subcutaneous fatty tissue, mesentery, omentum, epicardium, 

bone marrow, is called obesity.            

•      

•  A local increase in the amount of fat in the depot (more often 

subcutaneous tissue) is called lipomatosis. 



Obesity 

• fat deposition, increase in 

body weight due to adipose 

tissue. 

 

• Adipose tissue can be 

deposited both in places of 

physiological deposits and in 

the area of the mammary 

glands, hips, and abdomen. 





Obesity 

Obesity stages: 

• a) progressive, 

• b) stable. 

 

Fat can be located: 

1. In the subcutaneous tissue (subcutaneous fat) 

2. Around the internal organs (visceral fat). 

 

• Subcutaneous fat in the abdomen + visceral abdominal fat = 

ABDOMINAL FAT. 

• The deposition of fatty tissue in the abdominal region (upper 

type of obesity, or central obesity) is more clearly associated 

with morbidity and mortality than lower type of obesity or than 

the degree of obesity! 



Obesity 



Obesity 

According to the external manifestations of 

obesity, there are following: 

1) Symmetrical type (even distribution of fat); 

 

2) Upper type (face, back of the head, neck, upper 

shoulder girdle); 

 

3) Medium type (in the abdomen in the form of an 

apron); 

 

4) Lower type (in the area of the thighs and legs). 



Types of obesity depending on the 

number of adiposites and their sizes:  

1) hypertrophic variant of general obesity:                      

     - the number of adiposites is not changed;                      

     - adiposites are enlarged and contain several times more 

triglycerides;                     

     - the course is malignant;              

 

 2) hyperplastic variant of obesity:                     

    - the number of adiposites is increased;                     

    - the function of adiposites is not impaired;                    

    - the course is benign. 



 

 

•  A patient with 

pituitary obesity with 

a predominant 

deposition of fat on 

the anterior 

abdominal wall, 

hanging in the form of 

an apron. 

 

 

 

 

 



 

• A patient with 

exogenous 

constitutional 

obesity: relatively 

even distribution 

of adipose tissue. 



Causes of obesity 





Obesity 

 

 

 

Simple obesity 

of the heart 



Complications of obesity 



Lipomatosis 

• The increase in the amount of fat in the depot is 

local in nature; 

 

• Adipose tissue is usually more or less 

encapsulated, but usually there is no cellular 

response. 

 

• Lipomatoses include Derkum's disease, Madelung, 

Roth and Paylaird, Lenu and Benso syndromes. 



Lipomatosis: Dercum's disease 

• Most often - in obese women in menopause. 

• Presumably, it is based on polyglandular endocrinopathy (the disease is 

accompanied by atrophy of the endocrine glands). 

• Painful nodular fat deposits, similar to lipomas, in the subcutaneous tissue of 

the thighs, abdomen, and upper extremities. 

• In the area of ​​nodes - cyanosis of the skin, impaired sweating, often 

hemorrhages. 

• The structure of wen is characteristic: it is different in size, shape and 

consistency, the difference from ordinary lipomas is the abundance of 

vessels with pronounced perivascular lymphoid infiltration and the 

development of connective tissue (angiofibrolipomas). 

 

• Changes in most of the endocrine glands (sclerosis, atrophy, cystic 

degeneration), but the most pronounced - in the pituitary gland, thyroid 

gland, adrenal glands.Lesions of other organs and tissues (for example, 

osteoporosis, dystrophic changes in sympathetic nodes, etc.) are less 

characteristic and are, apparently, secondary. 



Lipomatosis: Dercum's disease 

  

  



Lipomatosis: Madelung syndrome 

• The reason is unclear. 

 

• Various authors associate its development with insufficient function of the 

thyroid gland, with a tendency to neuro-dystrophic processes, with primary 

damage to the lymph nodes of the neck, and alcoholism. 

 

• It is characterized by multiple, diffuse painful growths of adipose tissue in 

the lymph nodes of the neck with a sharp thickening of the neck, which can 

lead to difficulty breathing and dysphagia. 

• Relapses are possible after surgical treatment. 

 

• Histological examination reveals accumulations of adipose tissue of normal 

structure. 

 

• The type of inheritance is autosomal dominant. 



                  Lipomatosis: Madelung syndrome 

  

  



Lipomatosis 

• Roth and Paylaird, Lenu and Benso 

syndromes: 

 
• Refers to symmetric lipomatoses. 

 

• In Roth and Paylair's syndrome, focal fat deposits appear in 

the lumbar region and on the extremities. 

 

• With Lenu and Benso syndrome - in the neck, abdomen and 

groin folds. 



 



Mitral valve prolapse 



Mucoid degeneration (aorta) 

(HE) x 150 (aorta; EvG) x 150  



Mixed dystrophies 



• Mixed dystrophies are morphological 

manifestations of impaired metabolism, 

detected both in the parenchyma and in the 

stroma of organs and tissues, arising from 

impaired metabolism of complex proteins - 

endogenous pigments (chromoproteins), 

nucleoproteins, lipoproteins and minerals. 



                                      Exogenous 

Pigments             

                                     Endogenous 

 

Endogenous pigments 

 

hemoglobinogenic,                 lipidogenic 

                      proteinogenic (tyrosinogenic) 



 



Exogenous pigmentation:  

  Antracosis  

• Antracosis of the lung; 

 

 

 

 

 

• Antracosis of lymph node.  . 



Antracosis of the lung 

• A – alveoli 

• C – carbon depositions 

A 

C 



Hemoglobinogenic pigments 

• Hemoglobinogenic pigments are various derivatives of 

hemoglobin that occur during the synthesis or breakdown of red 

blood cells. 

Normally, the following pigments are formed:  

• ferritin, 

• hemosiderin, 

• bilirubin, 

• porphyrins (precursors of heme, can be found in minimal 

amounts in blood and urine in normal conditions). 

 

In conditions of pathology, the following pigments are 

formed:  

• hematoidin, 

• hematins. 



Hemoglobinogenic pigments: Ferritin 

• Ferritin is an iron protein containing the protein apoferritin and a 

trivalent iron atom in phosphate hydroxide. 

 

• Ferritin molecules are formed intracellularly when iron ions bind 

to the protein apoferritin:             

• a) catabolic ferritin - is formed during the breakdown of 

erythrocytes (including physiological) and the destruction of 

hemoglobin, mainly in monocytic-macrophage cells of the 

spleen, liver, bone marrow and lymph nodes;            

• b) anabolic ferritin - binds iron ions delivered to the cell from 

the blood (iron ions are transported by the protein transferritin). 

 



Hemoglobinogenic pigments: Ferritin 

Histochemical reactions for ferritin: 

 

1. using cadmium sulfate according to the Klochkov method, 

 

2. immunohistochemically using specific antibodies. 

 

3. most often - the reaction of the formation of Prussian blue 

or the Perls reaction - a reaction to the detection of salts 

of iron (III) oxide with the help of iron-cyanide potassium 

and hydrochloric (hydrochloric) acid. 

 



Hemoglobinogenic pigments: Hemosiderin 

• Hemosiderin is a ferritin polymerization product.by chemical 

structure - colloidal iron hydroxide, combined with mucoproteins 

of the cell.  

 

• Normally, a small amount of hemosiderin is found in monocytic 

phagocytes of the bone marrow, spleen and liver; hemosiderin 

is an intracellular pigment. 

 

• Synthesis - in cells - sideroblasts in specialized organelles - 

siderosomes. 

• Sometimes in sideroblasts - accumulation of a large amount of 

hemosiderin - destruction of cells and free arrangement of 

hemosiderin. 

• In these cases - phagocytosis of the pigment by macrophages 

(siderophages).  



Hemoglobinogenic pigments: Hemosiderin 

• Siderosomes are not detected in the cytoplasm of these 

cells. when stained with hematoxylin and eosin - 

hemosiderin in the form of brown granules, 

 

• with the Perls reaction - in the form of greenish-blue 

granules (Prussian blue). 

 

• in pathology - excessive formation of ferritin and 

hemosiderin; 

 



Hemoglobinogenic pigments: Hemosiderin 

• Hemosiderosis is a disease that develops with 

the accumulation of catabolic pigment (formed 

during hemolysis). 

 

• Hemochromatosis is a disease resulting from 

an increased intake of iron into the body and is 

also accompanied by massive deposits of 

hemosiderin. 



Hemosiderosis  

• It occurs with increased hemolysis - the 

destruction of red blood cells.                                       

 

Hemosiderosis:    

1. Local hemosiderosis, 

2. general (common) generalized 

hemosiderosis. 



Hemosiderin is deposited in many organs and 

tissues, a condition called hemosiderosis. 

It is seen with  

• 1) increased absorption of dietary iron,  

• 2) impaired utilization of iron,  

• 3) hemolytic anemias,  

• 4) transfusions because the transfused red 

cells constitute an exogenous load of iron. 



Local hemosiderosis 

• Occurs with extravascular hemolysis in the foci of hemorrhage; 

 

• Typically: accumulation of hemosiderin in the cells surrounding the 

hemorrhage: macrophages, leukocytes, endothelium, epithelium; 

• a sequential change in the pigments formed during the breakdown of 

hemoglobin leads to a change in the color of the hemorrhage: the purple-

blue color (hemoglobin) is replaced by green-blue (biliverdin), green-yellow 

(hematoidin) and rusty-brown (hemosiderin). 

Venous congestion 

 

Hypoxia  

 

increased vascular permeability and numerous minor hemorrhages 

(erythrocyte diapedesis) 

 

formation of hemosiderin in cells(in macrophages, alveolar epithelium) 



Local hemosiderosis 

• An example of local hemosiderosis is brown induration of the lungs, 

which occurs during chronic venous congestion in patients with chronic 

heart diseases (magpies, cardiosclerosis, etc.). 

 

• Macroscopic picture:  

• lungs are enlarged, 

• dense (induration),I 

• n section with numerous brownish blotches and interlayers of connective 

tissue. 

 

• Microscopic picture: 

• in the lungs - a large number of cells containing brown pigment, found 

both in the stroma of the lung and in the lumens of the alveoli and 

bronchi. 

• The interalveolar septa are significantly thickened due to the proliferation 

of connective tissue. 



Hemosiderosis of lung. 

H & E. Х 100. 
• Hemosiderosis of spleen. 

Perl’s method. Х 400. 



Generalized hemosiderosis 

• It occurs with intravascular hemolysis, which develops:            

 

a) in diseases of the blood system (anemia, leukemia, 

congenital defects of erythrocytes and hemoglobin);            

 

b) in case of poisoning with hemolytic poisons;          

 

c) in infectious diseases (malaria, sepsis, relapsing fever, 

etc.);           

 

d)  in transfusions of incompatible blood and Rh-conflict 

(hemolytic disease of the newborn). 



Generalized hemosiderosis 

• Hemosiderin -> initially and mainly in mononuclear 

phagocytes of the spleen, liver, lymph nodes and bone 

marrow, as well as in macrophages scattered throughout 

other organs - in the skin, pancreas, kidneys, lungs. 

 

• In the future, hemosiderin -> in the cells of the parenchyma 

(hepatocytes), and in the stroma of organs and in the walls 

of blood vessels. 

 

• As the pigment accumulates, the organs acquire a brown 

(rusty) color. 

 

• In most cases, the accumulation of pigment in the organs 

does not lead to their dysfunction. 



Hemosiderosis of liver. 

H & E. Х 400. 

H 

• H – hemosiderin 

• N – nucleus of hepatocyte 

N 



Hemosiderosis of liver.  

Prussian blue. Х 520. 

H 

N 

H – hemosiderin 
N – nucleus of hepatocyte 



 



Hematins   

 

• Hydrochloric acid 

hematin in gastric 

erosion; 

 

 

 

 

• Formalin pigment. 



Malaria pigment  

 

 

 



Porphyria 

 

 

• Porphyria or porphyrin disease is 
almost always a hereditary disorder of 
pigment metabolism with an increased 
content of porphyrins in the blood and 
tissues and their increased excretion in 
urine and feces. 

 

• a rare hereditary disease in which the 
blood pigment hemoglobin is 
abnormally metabolized.  

 

• Porphyrins are excreted in the urine, 
which becomes dark; other symptoms 
include mental disturbances and 
extreme sensitivity of the skin to light. 

 

• Clinical manifestations: 

• photodermatosis, 

• hemolytic crises, 

• gastrointestinal and neuropsychiatric 
disorders. 

http://dic.academic.ru/pictures/wiki/files/80/Prfr1.jpg


Congenital porphyria 

 

 

• Brown staining of milk teeth; 

 

 

 

 

• Ulcers, hypopigmentation, 

hyperkeratosis and skin 

fibrosis; 

 

 

 

• Fibrosis, deposition of an 

amorphous substance in the 

papillary dermis. 

http://dermatology.cdlib.org/113/case_reports/porphyria/2.jpg
http://dermatology.cdlib.org/113/case_reports/porphyria/3.jpg
http://dermatology.cdlib.org/113/case_reports/porphyria/16.jpg
http://dermatology.cdlib.org/113/case_reports/porphyria/15.png


Bilirubin 



Jaundice 
Hemolytic (suprahepatic) jaundice 

• It arises in connection with the enhancement of the process of 

bilirubin formation. 

• The indirect (unconjugated) fraction of bilirubin increases. 

 

Parenchymal (hepatic) jaundice 

• Development is associated with impaired consumption 

(capture) of bilirubin by hepatocytes. 

• the indirect (unconjugated) fraction of bilirubin increases. 

 

Mechanical (subhepatic) jaundice  

• It occurs when there is a violation of the outflow of bile through 

the extrahepatic bile ducts (obstructive jaundice). 



Parenchymal (hepatic) jaundice 

 

 

 

 

 

 

 

 

 
• Liver fibrosis with nodular 

hyperplasia. 

http://www.gihealth.com/images/imgJaundiceBig.jpg
http:Documents/UpdatedterrorAlert.html


Deposition of bilirubin in the liver. 

H&E. Х 400. 

N 

PI 

BC 

BC 

PI 

PI - pigment inclusions 
BC – distended bile  
capillaries 
N – nuclei of hepatocytes 

Common to both obstructive and hepatocellular 
cholestasis is the accumulation of bile pigment within the 
hepatic parenchyma. Elongated green-brown plugs of bile 
are visible in dilated canaliculi, most prominent toward the 
centers of lobules; this may become panlobular in the 
most severe cases.  



Lipidogenic pigments 



Lipidogenic pigments 

• lipofuscin, 

• vitamin E deficiency pigment, 

• hemofuscin, 

• ceroid andlipochromes. 

 

• All of them are similar in physical and chemical 

(histochemical) properties. 

 

• The difference is in their localization: lipofuscin and vitamin E 

deficiency pigment are in parenchymal cells of organs 

(lipofuscin is found in nerve cells), and hemofuscin and 

ceroid are in mesenchymal cells. 



Lipofuscin 

• An insoluble pigment, also known as aging, wear pigment. 

 

• Forms golden brown granules in the cell. 

 

• Consists of polymers of lipids and phospholipids associated 

with protein. 

 

• The accumulation of lipofuscin in cells is lipofuscinosis. 

 

• Lipofuscin is most commonly accumulated:in myocardial 

cells,liver hepatocytes,skeletal muscles with aging or 

exhaustion, which is accompanied by the development of 

brown organ atrophy. 



Lipofuscinosis 

a) heart (brown myocardial atrophy): 

• becomes smallthe amount of adipose tissue under the epicardium is 

significantly reduced, 

• the vessels acquire a crimped course, 

• the myocardium is dense, brown; 

• microscopically: cardiomyocytes are reduced in size, granules of brown 

pigment lipofuscin are visible in the cytoplasm, 

 

b) liver (brown liver atrophy): 

• decreases significantly,  

• It’s edge is sharp, 

• liver tissue is dense, brown; 

• microscopically: the hepatic tracts are sharply thinned, in the cytoplasm 

of hepatocytes there are numerous brown granules of lipofuscin. 



 



Lipofuscinosis  

 

 

• Brawn atrophy of 

myocardium. 



Lipofuscinosis 

• Lipofuscinosis of liver 



Disorders of melanin metabolism 
 

Hyperpigmentation  

                         generalized  

                          local  

         hereditary  

acquired  

 

Hypopigmentation 

                                     generalized  

                                         local  

                                                       hereditary  

                                                                                     acquired 



                            Local hyperpigmentation 

• Freckles; 

• Melanosis of skin; 

 

 

 

 

 

• Lentigo; 



 Local hyperpigmentation 

• Pigmental nevus, 

 

 

 

 

 

 

 

• Melanoma. 



 Hypopigmentation  

 

 

• Albinism;  

 

 

 

 

 

•      Vitiligo (acquired 

leukoderma) 



                                  Stones of gall bladder  

  

  

http://dic.academic.ru/pictures/wiki/files/71/Gallstones.jpg


                                      

Urolithiasis   

  

  

http://www.uroweb.ru/uronews/img/000411.jpg
http://www.dissolve-kidney-stones.com/wp-content/uploads/2008/12/kidneystones.gif
http://www.dissolve-kidney-stones.com/wp-content/uploads/2008/12/kidneystones2.gif


Sialolithiasis 

 

 

• Evident 
mononuclea 
infiltration, 
destruction of 
glandular 
structures, 
moderate fibrosis.  

http://www.ajnr.org/content/vol20/issue9/images/large/i0195-6108-020-09-1737-f01.jpeg


 



 



Depositions of calcium salts in the kidney. 

H&E. Х 100. 

- Metastatic calcification  
- Dystrophic calcification 
Metastatic calcification appears to begin also in mitochondria 
except in kidney tubules, where it develops in the basement 
membranes, probably in relation to extracellular vesicles 
budding from the epithelial cells.  



Depositions of calcium salts in the tyroid gland. 

Papillary adenocarcinoma. H&E. Х 100. 



Depositions of calcium salts in the tyroid gland. 

 Papillary adenocarcinoma. H&E. Х 100. 



 Gout 

• Disease, which develops as a result of 
violations of purine metabolism and 
characterized by the deposition of uric acid 
and its salts in the tissues.  

• The frequency of occurrence is 0.04-0.37% 
of the adult population, of which 93-98% of 
the patients are men aged 20-50 years.  

• There is a hereditary predisposition linked to 
the sex.  



Gout 

Mechanisms of occurrence:  

• infiltration of tissues with uric acid, in excess contained in 
the blood and entering the tissues.  

• Perverted synthesis, when the primary can be the 
destruction under the action of unidentified factors of 
periarticular and some other tissues with the formation of 
uric acid in them, while a part of it enters the blood, where 
an increase in its concentration is observed.  

 

Localization of the lesion:  

• Joint and periarticular tissues of small joints of hands and 
feet, knee, elbow, shoulder and other joints;  

• Skin of earlobe and prepuce sack;  

• Some patients have gouty kidney damage.  



Gout: macroscopic picture  

• Periarticular tissues are swollen and often 

sharply deformed;  

• Active and passive movements in the 

joints are limited;  

• The skin above the affected joints is 

edematic and hyperemic;  



Gout: macroscopic picture - tofus 

• Foci of uric acid and urate deposition;  

• Foci with a diameter of 0.2-0.6 cm and more;  

• Consistency - like a damp school chalk or a dried toothpaste;  

• The masses are easily stained with a knife; 

•  In the epiphyses of bones - rarefaction of bone tissue and its 
demineralization;  

• Around tophus - proliferation of connective tissue;  

• Often - purulent bursitis with the formation of external fistulas 
with the departure of urates in the form of "rice corpuscles."  

• With the deposition of urates in the synovial membrane - 
proliferation of granulation tissue, destruction of articular 
cartilage with the appearance of a superposition of white color.  



                                     

Gout  

  

  

 

 

http://exiledonline.com/wp-content/uploads/2009/03/gout2.jpg


Gout: microscopic picture - tofus 

• In tissues - the deposition of needle 
crystals and amorphous weakly basophilic 
masses, surrounded by macrophages and 
giant multinuclear cells such as cells of 
foreign bodies;  

• This is inflammatory aseptic reaction to 
foreign material;  

• Over time, the formation of excess 
connective tissue around the tofus.  



                                    Подагра: тофусы 

 

  



Gout 

 

 

Gouty kidney:  

• The formation of calculi 

in the pelvis, ureters and 

bladder,  

• In the future - 

pyelonephritis and 

nephrosclerosis.  

http://www.herringlab.com/photos/3/80-Tophus-CaPyroPhos.jpg


 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Classification of necrosis according to the 

cause: 

 

• - traumatic necrosis; 

• - toxic necrosis; 

• - trophoneurotic necrosis; 

• - allergic necrosis; 

• - vascular or ischemic necrosis. 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Decubitus 

 



 



 



 


