
Pathological anatomy of 

pigment and mineral 

metabolism disorders  

(mixed dystrophies).  
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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. 
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Pigments 

are colored substances of 
various chemical nature that 
can be found in cells in normal 
conditions or accumulate in 
pathological conditions 
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Exogenous pigments 

 Carbon dust (coal dust). 
Accumulations of this pigment stain 
the lung tissue black (anthracosis). 

 

 Tatooing is a form of localized, 
exogenous pigmentation of the skin 
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Antracosis of the lung 
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Antracosis of the lung 

 A – alveoli 
 C – carbon depositions 

A 

C 
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Exogenous pigments 

Tattoos 
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Hemoglobinogenic pigments: Ferritin 

Ferritin is an iron protein 
containing the protein apoferritin 
and a trivalent iron atom in 
phosphate hydroxide 
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Hemoglobinogenic pigments: Hemosiderin  

Hemosiderin is a ferritin 
polymerization product. According to 
its chemical structure, it is a colloidal 
iron hydroxide combined with 
mucoproteins of the cell. 
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Brown induration of the lung.  
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Hemosiderosis of lung. 

H & E. Х 100. 
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Porphyria 
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Bilirubin 

 Bilirubin is the main bile pigment, 
the end product of hemolysis.  

 With an excessive accumulation of 
bilirubin in the blood (more than 2-
2.5 mg%), jaundice develops in the 
tissues (icteric coloration of the skin, 
sclera, mucous membranes, etc. 
appears). 
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 Skin jaundice  Bilirubin in the 
breakdown of a 
hematoma (HE) x 250 
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 Normal liver  Liver in jaundice 
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 Liver in cholestasis  Cholestatic liver 
cirrhosis 
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Deposition of bilirubin in the liver. 

H&E. Х 400. 

N 
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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.  
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Proteinogenic (tyrosinogenic) 

pigments 

 Melanin is a brownish-black pigment 
synthesized in specialized structures 
- melanosomes in cells called 
melanocytes, from tyrosine under 
the action of the enzyme tyrosinase. 
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Skin in Addison's disease. 

 

Pigmentation of the oral mucosa and hypermelanosis. 
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Micropreparation. Skin in 

Addison's disease. 
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 — Active membrane transport of tyrosine into the 
melanocytes. 

 The tyrosinase enters the Golgi apparatus and is 
packaged together with the tyrosine in 
melanosomes. There the melanin is synthesized. 
Synthesis is controlled by tyrosinase (phenol 
oxidase); the sequence is tyrosine to dopa to 
dopaquinone to indole quinone to polymerization 
and protein binding. 
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Schematic 

diagram: 

melanogenesis 
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Lipidogenic pigments 

 Lipidogenic pigments (lipid 
pigments) are pigments formed 
during the metabolism of fats 
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Lipidogenic pigments 

 lipofuscin,  

 vitamin E deficiency pigment,  

 ceroid  

 lipochromes 
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Albinism  

 Clinical presentation: Extreme sensitivity to 
sunlight leads to skin tumors induced by 
ultraviolet radiation, impaired vision, and 
photophobia. 

 Prenatal diagnosis is made by amniocentesis. 
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Melanogenesis 

 Melanogenesis can be inhibited or stimulated 
according to the cell cycle. In the G1 phase, 
tyrosinase activation (ACTH and estrogens) 
results in increased melanin synthesis. In the G2 
phase, melanotropin (MSH) stimulates melanin 
synthesis. Inhibitors of the tyrosinase system 
include melatonin (epiphyseal hormone), 
phenylalanine, and glutathione. 
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Addison’s Disease 

 Definition: This common disorder involves an 
adrenal cortex insufficiency syndrome with 
glucocorticoid deficiency (hypocorticism). 

 Etiologic forms of Addison’s disease: 

 — Primary or adrenal forms involve hereditary 
(metabolic disorder or deformity), inflammatory 
(autoimmune or tuberculous), neoplastic, 
circulatory, or necrotic damage to the adrenal 
cortex. 

 — Secondary or hypophyseal forms involve 
hereditary (brain deformity), necrotic, or 
neoplastic hypophyseal damage. 
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Malignant melanoma (HE) x 400 
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Petrification in the lung 
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 Albino patient (and parents) 
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 Primary forms: 

 Damage to the adrenal cortex lowers the level of 

 glucocorticoids, androgens, and aldosterone, 
resulting in reactive overproduction of ACTH and 
MSH. This stimulates the melanocytes, which 
increase melanin synthesis. 

 Secondary forms: Hypophyseal damage lowers 
the level of ACTH and MSH. This depresses the 
level of glucocorticoids but not the level of 
aldosterone, which is regulated by the renin-
angiotensin system. The resulting MSH deficiency 
means that melanocytes are not stimulated, 
blocking melanin synthesis. 
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 Normal substantia 
nigra 

 Parkinson disease 

42 



Myocardial calcinosis 

(HE) x 50 
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