Intracellular Accumulation and Calcification Summary

There are four primary reasons for intracellular accumulation:
1. Failure to Remove Normal Substances:

* This occurs due to abnormal metabolism, such as in steatosis, commonly seen in hepatocytes
(fatty liver). It is primarily found in the liver but can also occur in the heart, kidney, and muscle.
Accumulation of triglycerides can result from toxins, protein malnutrition, anoxia, and is most
associated with alcohol abuse, diabetes mellitus, and obesity.

2. Accumulation of Excess Lipids:

* Excessive intake of lipids, particularly cholesterol and cholesterol esters, leads to
accumulation in phagocytes. When these cells cannot catabolize the excess cholesterol, it
results in atherosclerosis.

3. Protein Accumulation:

* Protein accumulation can result from high synthesis rates, as seen in the proximal renal
tubules due to increased protein filtration, leading to conditions such as nephrotic syndrome.

+ Additionally, Russell bodies in plasma cells indicate high antibody synthesis.

» Accumulation of abnormal endogenous proteins, such as misfolded proteins, occurs in
conditions like alpha-1-antitrypsin deficiency and alcoholic hyaline in the liver, where
alcohol damages proteins, causing them to misfold. Neurofibrillary tangles represent another
example of misfolded proteins accumulating in neurons.

4. Failure to Degrade Substances:

» This occurs due to inherited enzyme deficiencies, such as in lysosomal storage diseases
(e.g., glycogen storage diseases). In diabetes mellitus, the lack of insulin leads to increased
blood glucose levels and decreased glycogen stores.

5. Deposition of Abnormal Exogenous or Endogenous Substances:



» Exogenous Accumulation: An example includes carbon and silica. Inhaled carbon can be
engulfed by alveolar macrophages in the lungs, leading to accumulation in lymphatic
channels and tracheobronchial lymph nodes, resulting in anthracosis (black granules).

» Endogenous Accumulation: This includes pigments such as:

* Lipofuscin: Known as “wear-and-tear” pigment, it accumulates with aging and free radical
injury, leading to brown atrophy in organs like the heart, liver, and brain.

» Melanin: Produced by melanocytes, it provides UV protection and can accumulate in
dermal macrophages and keratinocytes, forming freckles.

» Hemosiderin: This brown granule results from the breakdown of hemoglobin. It can be
physiological in mononuclear phagocytes of the bone marrow, spleen, and liver, or
pathological in conditions like hemosiderosis due to hemorrhage (bruise)(localized) or
systemic issues (hemochromatosis, hemolytic anemias, repeated blood transfusions).

Calcification:

Calcification involves the abnormal deposition of calcium salts, often alongside iron,
magnesium, and other minerals. There are two main types:

1. Dystrophic Calcification:

» Occurs in dead or injured tissues, such as necrosis from atherosclerosis, damaged heart
valves, aortic stenosis, aging, and tuberculosis. This process can be exacerbated by
hypercalcemia, but it does not alter calcium levels in the bloodstream.

2. Metastatic Calcification:

* Results from abnormal calcium metabolism, often associated with hypercalcemia.
Conditions leading to this include:

. Increased vitamin D toxicity.
. Sarcoidosis

. Primary hyperparathyroidism and related parathyroid hormone conditions.



. Bone destruction due to metastasis, multiple myeloma, leukemia, or Paget’s
disease.

. Renal failure resulting in secondary hyperparathyroidism.

Metastatic calcification typically affects normal tissues and leads to calcium accumulation in
organs such as blood vessels, lungs, and kidneys.



