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Necrosis - a disruptive form of cell death.
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Introduction

Cell death is a fundamental biological process that occurs
throughout an organism's life cycle. One of the most
disruptive forms of cell death is necrosis. Unlike apoptosis,
a controlled and programmed cell death that is essential for
maintaining tissue homeostasis, necrosis represents a chaotic
and unregulated demise of cells. This form of cell death can
have severe consequences for the surrounding tissues and has
been linked to various pathological conditions. Necrosis is a
result of cell injury or damage caused by a myriad of factors,
such as infections, toxins, trauma, lack of oxygen (hypoxia),
or exposure to extreme temperatures. Unlike apoptosis,
necrosis does not follow a predefined and organized pathway.
Instead, it occurs abruptly and leads to the rupture of the cell
membrane, releasing intracellular content into the surrounding
tissue. This uncontrolled release triggers an inflammatory
response, further exacerbating the damage [1].

Morphologically, necrosis can be identified by certain
characteristic features. Under a microscope, necrotic cells
appear swollen, with disrupted organelles and a denser
cytoplasm. The nucleus often shows changes, such as
pyknosis (condensation),  karyorrhexis (fragmentation),
or karyolysis (dissolution). In some cases, necrosis may
lead to the formation of a coagulative necrosis, where the
tissue maintains its overall structure but with altered texture
and appearance. This form is commonly seen in ischemic
conditions, where the lack of oxygen leads to denaturation
of proteins, resulting in a coagulation-like appearance of
the affected tissue. Often observed in infections, this type of
necrosis occurs when enzymes released by immune cells lead
to the rapid breakdown of cellular components, creating a
liquid, pus-like substance [2].

Characteristic of certain granulomatous infections, this type
is named for the cheese-like appearance of the necrotic tissue.
Gangrenous Necrosis: Usually occurs in extremities and
results from a combination of coagulative and liquefactive
necrosis, often seen in conditions like severe frostbite or
arterial occlusions. Fat Necrosis: Typically found in adipose
(fat) tissue, this type occurs when lipase enzymes break down
triglycerides, leading to the formation of fatty acids that
complex with calcium, forming chalky deposits. Necrosis
can be detrimental to the organism, as it can disrupt tissue
integrity, impair organ function, and initiate an inflammatory
response. The release of intracellular contents, such as damage-
associated molecular patterns (DAMPs), can activate immune

cells, further exacerbating tissue damage and inflammation. If
necrosis is widespread or affects vital organs, it can have life-
threatening consequences [3].

Detecting necrosis is crucial for understanding the progression
of various diseases. Diagnostic techniques such as biopsies
and medical imaging are used to identify necrotic regions
within tissues. In clinical practice, efforts are focused on
managing the underlying cause of necrosis, promoting tissue
repair, and reducing inflammation. During necrosis, various
cellular events contribute to the ultimate demise of the cell.
As the cell undergoes stress or injury, the mitochondria, often
referred to as the powerhouse of the cell, can be severely
affected. Mitochondrial dysfunction can lead to the generation
of reactive oxygen species (ROS) and the collapse of the
electrochemical gradient across the mitochondrial membrane,
which ultimately disrupts energy production. The increase
in intracellular calcium is another crucial event in necrosis.
Elevated calcium levels trigger the activation of various
enzymes, such as proteases and phospholipases, which can
break down cellular structures and contribute to cell damage

[4].

Necrosis elicits a potent inflammatory response in the affected
tissues. The release of DAMPs, such as high mobility group
box 1 (HMGB1) and heat shock proteins (HSPs), can activate
pattern recognition receptors (PRRs) on neighboring immune
cells. This, in turn, triggers the production of pro-inflammatory
cytokines and chemokines, leading to the recruitment and
activation of immune cells like neutrophils and macrophages.
Necrosis plays a significant role in the pathogenesis of
various diseases. In the context of ischemic events, such as
myocardial infarction (heart attack) or stroke, necrosis in
affected tissues can lead to permanent damage and loss of
function. Additionally, necrosis is involved in the progression
of autoimmune diseases, neurodegenerative disorders, and
certain types of cancer [5].

Conclusion

Necrosis represents a disruptive form of cell death that can
have severe consequences for the affected tissues and the
overall health of an organism. Understanding the mechanisms
and identifying the types of necrosis is crucial for diagnosing
and managing various pathological conditions. Further
research in this field may pave the way for developing targeted
therapies and interventions to mitigate the detrimental effects
of necrosis on the human body.
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