RETROGRESSIVE CHANGES: Part 2
Colloid nodules (degeratio colloidea s. colloides thyroideae) 
Colloid - a complex protein substance resembling gelatine, stains bright-pink with eosin.

Colloid degeneration emerges as a result of protein metabolism and consists in intensive colloid secretion by cells (of such organs as thyroid, pituitary gland, parathyroid glands) or its emergence in cells, which under normal conditions do not produce colloid (kidneys, adrenal glands, ovaries, mammary gland).

Causes of colloid nodules (colloid goitre struma colloidea):
· iodine deficiency (struma endemica) 
· excessive TSH production by the pituitary gland 
· feeding of feed containing goitre-inducing substances, e.g. glucosinolates in rapeseed meal
Microscopically:
· visible strongly enlarged thyroid follicles filled with colloid 
· epithelium lining the follicles heavily flattened as a result of compression and stretching
· thin walls of follicles often crack, forming colloid-filled cysts- cystic goitre (struma colloides cystica)
Hyaline degeneration (degeneratio hyalinea) - is caused as a result of connective tissue protein metabolism disorders. It consists of the appearance in cells or extracellularly of homogeneous protein mass, showing an affinity for acid dyes. The chemical composition of this protein may vary. Protein masses are formed from the elements of connective tissue:

· basic substance

· collagen fibres

· glycosaminoglycans
The name originates from the appearance of deposited protein masses observed under the light microscope (Gr. hyalos - glass). 
Grossly: hyaline foci resemble hyaline cartilage.

Intracellular hyaline lesions may involve liver cells (e.g. Mallory bodies), plasma cells (Russell or Cornil bodies), renal tubular epithelium, or muscular tissue.

Renal hyaline degeneration (degeneratio hyalinea renis)
Microscopically:
· protein deposits - hyaline casts, in renal tubules and glomeruli (hyaline fills more or less of their space)

· atrophy of the tubular epithelium

· disappearance of vascular loops in renal glomeruli

· proliferation of fibrous connective tissue around degenerated tubules

· hyaline droplets may appear in the cytoplasm of the tubule epithelial cells - hyaline droplet degeneration (degeneratio hyalinea guttata). After cell rupture, the droplets are freed into the light of the tubules, forming hyaline casts

· hyaline degeneration can also affect the basement membranes of the renal tubules, leading to epithelial atrophy and proliferation of the peritubular connective tissue.
Amyloidosis (amyloidosis; amyloid degeneration) - this is a disease process involving the extracellular deposition of protein masses referred to as amyloid. The term amyloid is used to describe a group of fibrillar proteins of a different chemical structure, but a similar physical structure (responsible for the characteristic features of amyloid, e.g. metachromasia).

Amyloid is characterized by: 

· low immunogenicity and metabolic activity 

· low solubility in tissue fluids  

· high resistance to proteolytic enzymes

Amyloid structure:

· fibrous protein (90-95%)

· light chains of immunoglobulins (amyloid AL) produced by plasmocytes.

· non-immunoglobulin chains (amyloid AA) are derived from serum precursor proteins, which belong to acute-phase proteins produced in the liver in response to various stimuli (mainly infections)

· protein P ((-glycoprotein; 5%) - is responsible for metachromasia
The following types are distinguished: 

· primary amyloidoses (involving AL-type amyloid deposits) - they are found in the course of B-cell lymphoma, myeloma, plasmocytoma and in seroproducers.
· secondary amyloidoses (involving AA-type amyloid deposits) - are formed in the course of chronic inflammations accompanied by prolonged cellular disintegration (e.g. tuberculosis), infectious diseases, parasitic diseases, cancers (kidney cancer, Hodgkin lymphoma), chronic rheumatic diseases, bone and marrow infections, in collagen diseases. 

Clinically, amyloidoses can be classified as localised and generalized (systemic).
Amyloidosis is a progressive condition, i.e. it is extremely difficult to inhibit the accumulation of amyloid deposits. Amyloid changes the function of cells and organs. It leads to progressive atrophy or necrosis of cells and organs and can ultimately contribute to the death of the organism.

Splenic amyloidosis limited to follicles (degeneratio amyloidea lienis follicularis, amyloidosis lienis circumscripta)
Grossly:  the spleen is slightly enlarged, and homogeneous glassy protein masses (present in the white pulp) resembling cooked sago or rice grains (whitish translucent) are visible in the cross-section - sago spleen. 

Microscopically: - amyloid deposits are deposited in the lymph nodules of the spleen - initially on their perimeter, gradually moving towards the central artery. Amyloid masses can also be observed in the walls of blood vessels.
Diffuse splenic amyloidosis (degeneratio amyloidea lienis diffusa, amyloidosis lienis diffusa)
Grossly: the spleen is enlarged, heavy, fragile, and vulnerable to rupture even with the slightest injury. The cross-section shows large areas of smooth, pinkish-red flesh, which resembles corned ham, lard - lardaceous spleen. 

Microscopically: amyloid deposits mainly in the red pulp, gradually also occupying the white pulp of the spleen. Scarce splenic cells can be observed in the amyloid deposits.
Hepatic amyloidosis (amyloidosis hepatis)
Grossly: initially no major changes are visible, enlarged only with an advanced process, light brown, fragile, vulnerable to rupture with injuries (often in horses - seroproducers). 

Microscopically: amyloid deposits accumulate in the perisinusoidal space of Disse, around veins and arteries, bile ducts, under the capsule of the organ. Hepatic cells undergo atrophy, degeneration or necrosis as a result of compression and ischaemia.
Pigmentation disorders - these are various abnormalities concerning the colouration of tissues and organs, resulting from the pathological accumulation of pigments of internal or external origin. 

1. Internal origin

· hyperpigmentation
· siderosis

· melanosis

· depigmentation

· albinism

2. External origin
· hyperpigmentation

· pneumoconiosis

Exogenous pigment disorders (pigmentatio exogenes):

Anthracosis of the lungs (anthracosis pulmonum) – it consists of the deposition of coal dust in the form of soot or crystals in the lung parenchyma. Dust particles above 5 µm, after entering the upper airways are removed with mucus, by movements of the cilia of the cells lining the airways. Dust particles below 5 µm penetrate the bronchi and alveoli and further through the fissures between the respiratory epithelial cells, also with the participation of pulmonary macrophages, enter the inter-alveolar, peribronchial and subpleural connective tissue. Carbon dust in the form of crystals, cause the proliferation of fibrous connective tissue, which leads to pulmonary fibrosis (coniofibrosis). Macrophages can transfer absorbed dust to the nearby lymph nodes (anthracosis lymphonodi) and throughout the entire body (anthracosis generalisata). It is common in older dogs living in cities exposed to dusty air containing soot particles.

Grossly: in the lungs, especially under the pulmonary pleura, numerous black foci are present, of various sizes (most often the pin-head size), which sometimes merge into larger clusters. 

Microscopically: black deposits of coal dust lying in macrophages or extracellularly in the inter-alveolar tissue, around blood vessels and bronchioles, and in advanced anthracosis - inside alveoli.

Endogenous pigment disorders (pigmentatio endogenes)
Hemosiderosis (haemosiderosis) - it consists of increased deposition of hemosiderin in tissues and organs, which impairs their proper function and may lead to retrogressive changes. Haemoglobin from damaged, “worn out” or vascularised erythrocytes is treated as a foreign body to tissues, and consequently, macrophages phagocytise and transform it into hemosiderin.

Hemosiderin occurs in the form of brown grains, built, among others, of iron hydroxide. After the disintegration of macrophages, hemosiderin penetrates the tissues, giving them a brownish, dark yellow colour.

Splenic hemosiderosis (haemosiderosis lienis)
The spleen is called a “natural graveyard for red blood cells”. In the red pulp, damaged or used erythrocytes are captured from the blood, phagocytised by macrophages and transferred to the bone marrow. Under pathological conditions, the number of phagocytised erythrocytes or the level of haemoglobin released from damaged erythrocytes increases significantly. In such situations numerous brown grains of hemosiderin can be observed in the spleen in the phagocytes or after their decomposition, in free form - this condition is referred to as hemosyderosis. Spleen hemosyderosis occurs in the case of haemorrhages, blood transfusions or haemostasis.
Grossly - the spleen is slightly enlarged, brown in colour. 

Microscopically - numerous brown hemosiderin grains are present in free form or phagocytised by macrophages.
Iron in the liver (siderosis hepatis)
Under certain pathological conditions, when the number of disintegrating erythrocytes is increasing and the spleen cannot function as a "blood store" (because it takes over e.g. defensive functions), accumulation of hemosiderin can be observed in other internal organs, especially in the liver.

Hemosiderin in these cases is most often observed in the cytoplasm of the cells, referred to as siderocytes. 

In the liver, the function of siderocytes can be performed by:

· macrophages, Kupffer cells

· vascular endothelial cells

· hepatocytes

The accumulation of iron in the form of hemosiderin in the liver may occur in the case of: 

· equine infectious anaemia (EIA) 

· babesiosis 

· various types of anaemia 

· excessive iron absorption in the gastrointestinal tract (iron is then deposited mainly in hepatocytes)

· malnutrition 

· alcohol intoxication 

· diabetes 

· cancer 

· chronic inflammations (iron mainly in hepatocytes) 

· blood transfusion (mainly in macrophages)
Jaundice (icterus) - it is a disease symptom, consisting of yellow colouring of tissues such as skin, subcutaneous tissue, sclera and mucous membranes, caused by the accumulation of bilirubin in tissues when its level in the blood rises above the physiological norm.

Jaundice develops when the balance between bilirubin production and excretion is disturbed, this is possible in one or more cases:

· bilirubin production is excessively high (disintegration of old/damaged erythrocytes, the disintegration of tissue proteins containing haem) 

· decreased hepatic uptake

· as a result of bilirubin coupling disorders

· due to decreased excretion by liver cells

· as a consequence of bile flow disorders

The following types can be distinguished: 

1. Hepatic jaundice - related to liver disorders

· Functional jaundice (parenchymal icterus functionalis) - emerges as a result of stagnation of bile (cholestasis) in liver cells, which leads to their gradual toxic damage (degeneration), impaired functioning and, consequently, necrosis (bile infarcts). With time, stagnation of bile in bile ducts occurs and disintegration of desmosomal contacts between hepatocytes → bile in its full composition escapes into the space of Disse and into the sinusoids → bile phagocytosis by sinusoidal macrophages (brown colour of the cytoplasm in HE staining) → parenchymal regeneration when the cause is quickly removed, chronic cholestasis stimulates the connective tissue to proliferation, leading to organ fibrosis.
Causes: 
· drug- and toxin-induced damage to hepatocytes e.g. anabolic steroids, antibiotics, contraceptives, alcohol (destruction of cell organelles → metabolic disorder)
· viral hepatitises
· autoimmune hepatitis

· Mechanical jaundice (obstructive; icterus mechanicus) - is a result of mechanical obstruction of the bile ducts, it can appear at any place - from the tiniest intra-hepatic bile ducts to the duodenal papilla.

Causes:

· calculosis

· cancer

· congenital biliary atresia
· acute and chronic inflammation of bile ducts. 
Bile plugs are formed in dilated bile ducts, and yellow-brown granules (bilirubin) appear in hepatocytes and macrophages. Bilirubin deposition leads to hepatocyte degeneration, including necrosis → secondary biliary cirrhosis.

2. Extra-hepatic jaundices - not directly related to liver damage
· Haemolytic jaundice (icterus haemoliticus) -  is the result of an accelerated breakdown of erythrocytes (e.g. absorption of a large intra-tissue haematoma, bebesiosis, viruses - EIA retrovirus) and the excess of free bilirubin supplied to the liver (not permanently bound to albumins), which cannot be fully processed by the liver and accumulates in the blood → as a result of increased formation of free bilirubin, the capacity to convert it into conjugated bilirubin (conjugation with glucuronic acid - glucuronide in hepatocytes) is exceeded. 

· Neonatal jaundice - occurs as physiological jaundice. 

Causes:

· increased number of red blood cells per 1 ml blood

· reduction of red blood cell survival time

· enzymatic immaturity of the liver, characterized by the lower ability of liver cells to uptake bilirubin, and, on the other hand, reduced ability to conjugate it due to a failure of UDPG-T (uridine diphosphate glucuronyl transferase) and UDP (uridine diphosphate) enzymatic systems. 

Liver jaundice (icterus hepatis)
· Microscopically:
· accumulation of bile pigments in different parts of the liver - in hepatocytes, around them, in Kupffer cells, tissue spaces, bile canaliculi and ducts

· hepatic cell damage, including necrosis
· enlarged hepatocytes with features of cholestasis

· dilated bile canaliculi

· presence of apoptotic cells

· Kupffer cells, often containing bile pigments

· proliferation of bile canaliculi in the portal area

· oedema and accumulation of bile pigments in bile ducts

· oedema and toxic degeneration of hepatocytes directly adjacent to the portal areas

Melanosis (melanosis) - transfer and excessive accumulation of melanin in different organs (lungs, liver, brain, cornea). It occurs frequently in cats, lambs and calves, and lesions recede with age. It does not involve any harmful consequences for the system. Melanophores can undergo neoplastic transformation → MELANOMA
Melanin:
· brown-black iron-free pigment

· accumulates in hair, eyes, meninges, mucous membranes

· is synthesised and secreted by melanocytes
· it is accumulated in cells in the form of grains known as melanosomes
· melanin-transmitting macrophages are referred to as melanophages
· fibroblasts filled with melanin grains are melanophores
Melanosis of the liver (melanosis hepatis)
Grossly: numerous, delimited black/brown blemishes of different sizes and shapes, both within the capsule and the parenchyma.
Microscopically: subcapsular, intertrabecular and perivascular accumulation of melanophores (spindle cells with a dark colour of cytoplasm) and melanophages.
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