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REWVERSIBLE AND IRREVERSIBLE CELL INJURY

CAUSES OF CELL INJURMY:

R

Infection: viruses, rickettsiae, bacteria and their toxins, fungi and parasites
Hypoxia(decease of oxygen supply) due to:

Ischemia: reduction or loss of blood supply as in cases of arterial thrombosis.
Inadequate oxygenation e g. in cases of cardio-respiratory failure.

Loss of oxygen carrying capacity of the blood as in cases of anemia.

Physical agents including trauma, heat, cold, radiation and electric shock.
Chemical agents as acids, alkalies, alcohol, some metals & pigments &some
drugs.

Immunologic reactions (hypersensitivity).

Mutritional imbalances. .
Genetic derangements. N
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MECHANISM OF CELL INJURY:

o Four cellular systems are particularly vulnerable to cell injury:
1. Cell membranes.
2. Aerobic respiration and production of ATP.
3. synthesis of enzymes and structural proteins.
4, The genetic apparatus

e The main abnormalities occurring after cell injury are:
1. ATP depletion (mainly in cases of hypoxia e.g. due to
ischemia).
2, Altered cell membrane permeability (due to reduced
energy production).

3. Increase of intracellular calcium due to influx of calcium
jons from extracellular spaces across damaged cell
membrane, increase of intracellular calcium activates:

a) phospholipases that degrade membrane phospholipids,
b) ATP-ase (cause ATP depletion)

¢) Endonucleases (cause DNA injury) &

d) Proteases that break cellular proteins.

4, development of intracellular toxic compounds as H202.
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EFFECTS OF CELL INJURY:
A) REVERSIBLE INJURY (DEGNERATION):

= Degenerations are morphological changes due to disturbance of
cellular metabolism caused by mild (non-lethal) injury.
Degenerations are reversible if the irritant is removed. If the
irritant is prolonged or its intensity is increased, the cells may die
(necrosis/ irreversible injury).
Parenchymal (metabolically active) cells, as liver cells, renal tubules
& cardiac muscle are more vulnerable to degeneration.
Mesenchymal cells (e.g. fibroblasts) are more resistant.

* Degenerations are either due to intracellular accumulation of
water or fat:
1. cell swelling due to accumulation of water: it is a mild form of
cell injury. Two subtypes:
a) cloudy swelling: small amount of water - cell swelling with
granular cytoplasm
b) hydropic swelling (also called vacuolar degeneration, hydropic
degeneration or ballooning degeneration). Accumulation of larger
amounts of water - the swollen cells appear pale and show
clear cytoplasmic vacuoles
2. cell swelling due to accumulation of fat (fatty change)

B) IRREVERSIBLE INJURY (CELL DEATH): Two types:

e Necrosis: due to severe or prolonged cell injury (same
causes of degeneration).

e Apoptosis: this is cell suicide (programmed cell death).
It occurs in certain circumstances, frequently unrelated

to tissue irritation
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CELL SWELLING DUE TO ACCUMULATION OF WATER
PATHOGENESIS:

Mild injury (particularly mild hypoxia) inhibit oxidative phosphorylation
suppression of ATP production . this leads to:

» Disturbance of membrane transport mechanisms *sodium enters the
cell (accompanied by water) & potassium diffuses out of the cell — * cell
swelling

e Anaerobic cellular metabolism — * accumulation of inorganic
phosphates, lactate & purine nucleosides ~ “increased intracellular
osmotic load  “cell swelling

PATHOLOGY:
Gross picture: the affected tissue or organ appears swollen and pale.
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Microscopic picture:

o Cloudy swelling : cells are swollen showing pale eosinophilic granular
cytoplasm

¢ Hydropic swelling: cells are swollen with a single large clear vacuole or
multiple vacuoles

Examples:

¢ Cloudy swelling or hydropic degeneration (ballooning)of renal tubules in
cases of nephritis & liver cells in viral hepatitis

¢ Ballooning of B cells of islets of Langerhans in cases of diabetes mellitus

* Ballooning of epidermal cells in cases of viral infections & mild burns

* Ballooning of tubule in cases of electrolyte imbalance (potassium
deficiency)
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FATTY CHANGE (STEATOSIS)

DEFINITION: Accumulation of lipids (neutral fat) inside parenchymal cells.
It can affect the heart, kidney & other organs, but is by far most common
in the liver (hepatic steatosis).

AETIOLOGY: CAUSES & PATHOGENESIS:
1- Fatty change of liver: causes (& pathogenesis) include:

a) Hypoxia or bacterial toxins - suppression of mitochondrial lipid
metabolism enzymes - intracellular accumulation of fat

b) Hepatocellular specific causes: since the liver is the main organ
responsible for fat metabolism, its cells may undergo fatty change in the
following conditions: L e

Excess fat carried to liver cells (more than their capacity to utilize these
amounts) e.g.
Obesity (excess dietary fat).
Starvation & diabetes mellitus: - excessive mobilization of fat from
fat stores to liver.
Deficiency of lipotropic factors as choline & methionine
accumulation of neutral fat inside liver cells.
Hepatotoxins as alcohol which - | fatty acid synthesis, | fatty acid
oxidation & peripheral lipolysis. There are many other hepatotoxins as
CCl4 & some drugs.

* Some liver cell diseases as viral hepatitis C.

2- fatty change of other organs (as kidney & heart) is mainly due to
hypoxic or toxic depression of mitochondrial enzymes
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PATHOLOGY:
Gross picture:

* The organ appears enlarged, with tense capsule. Consistency is soft geasy . cut
surface is bulging are rounded. Color is yellow ; diffuse or patchy

* The most commonly affected organs are:
1-liver : Affection may be extensive ( diffuse ) in severe toxic injury or potty
(patchy) due to milder injury as hypoxia. In such cases the liver appear
mottled (nutmeg appearance).
2-Heart : Affection may be also diffuse as in case of diphtheritis toxic
myocarditis or patchy such as in hypoxia cases . patchy affection of myocardial
fibers « yellow streaks alternating with the non-affected brownish muscle
fibers — -tigroid or tabby cat appearance .
3-kidney: affection is mainly cortical ( where tubules exist) & is spotty or rarely
diffuse. N =

Microscopic picture :

e With ordinary stains fat appears as small clear fat vacuoles or a
single large vacuoles that may flatten the nucleus and displace it
eccentrically —-signet ring appearance .

e With special stains fat can be stained orange (sudanlll) or black
(osmic acid)

Clinical significance:
Fatty change is a severer form of cell injury that may progress to
cell necrosis resulting in

e In case of diffuse heart affection it may - heart failure.

e In case of liver affection,itmay — -  progress to liver
cirrhosis
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Necrosis

DIFINITION:

Mecrosis means death of a group of cells within a living body caused by an irritant.
CAUSES & PATHOGEMNESIS :

Causes & pathogenesis of reversible and irreversible cell injury
GROSS FEATURES:

= The necrotic tissue appear opaque yellow and may be swollen.
e The surrounding tissues appear hyperemic due to inflammation.
MICROSCOPIC FEATURES:

1- Cellular changes: L !

a) nuclear changes: due to enzymatic digestion. - >

o Pyknosis:ithe nucleus becomes small and dark ,

o Karyorrhexis: nuclear fragmentation. o

o Karyolysis: faint dissolved nucleus.

b) cytoplasmic changes:
o the cell may appear swollen (cytomegaly)

o cell membranes appear indistinct.
o Cytoplasm is eosinophilic (staining of denatured proteins)

2- architectural changes: two main possibilities:

a) necrotic tissue may rapidly appear structureless due to cell lysis (autolysis by
lysosomal enzymes of the dead cells heterolysis by proteolytic enzymes
derived from inflammatory cells in the area)

b) protein denaturation (coagulation) may precede cell lysis (mainly in cases of
ischemia). In such cases the necrotic cells preserve the architectural outlines of
the original tissue  structural ghosts. However, lysis occurs later and the
necrotic tissue finally appears structureless.
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FATE OF NECROTIC TISSUE :
1- inflammation surrounds the necrotic area due to release of chemical
mediators.

2- healing : regeneration or fibrosis (depending on type of damaged
cells)

3- dystrophic calcification may occur.

TYPES OF NECROSIS:

1-Coagulative necrosis:

It occurs in infarcts(ischemic necrosis) of all organs except CNS.

There is denaturation of cell proteins , which lasts for at least some days
; thus the basic outline of the necrotic cell is preserved deposite loss of
the nuclei.

Finally lysis occurs and necrotic tissue becomes structureless

r‘_:_ .

2- liguefactive necrosis :
Occurs in infarcts CNS (unknown reasons) and in pus.

It is due to prevalence of cell lysis over protein denaturation as in
case of pus (by proteolytic enzymes liberated from pus cells )

3- Gangrenous necrosis:

this necrosis ( usually coagulative or liguefactive) followed by
putrefaction by saprophytes

4- caseous necrosis:

This type of necrosis is typical of tuberculosis. The necrotic tissue appears
yvellowish white & (cheesy ) resembling casein (caseous). The caseous
appearance is explained by:

-necrosis starts as ischemic coagulative necrosis due to endarteritis obliterans

-coexisting hypersensitivity (allergic inflammation) due to tuberculous
antigens tuberculoprotein) release of cytotoxins and proteolytic enzymes
partial liquefaction of the coagulated necrotic cells cell fragmentation .
-tubercle bacilli are rich in fats. Liberation of these fats from dead bacteria adds
to the cheesy character of this type of necrosis.

= Microscopically it appears granular eosinophilic structureless material
(fragmented necrotic cells).




b)Traumatic fat necrosis :

Cause : it is common in the female breast and subcutaneous fat & is usually
caused by trauma (which may be surgical)

Mechanism: rupture of fat cells results in their auto —digestion and release of
fatty acids , which combine with calcium.

Grossly : hard , sometimes chalky white mass. It may be clinically mistaken for
a tumor as in case of fat necrosis of the breast . biopsy will diagnose the
condition .

Microscopically resembles enzymatic fat necrosis .

6-Fibrinoid necrosis :it affects muscle fibers &collagen which become
fragmented finer particles resembling fibrin . it develops in autoimmune
collagen disease (as rheumatic fever, reheumatoid arthritis , lupus
erythematosus ...etc). .it is due to autoantibodies against collagen . it is not
trus necrosis since it does not affect living cells. N =

5-Fat Necrosis : two subtypes :

a) enzymatic fat necrosis :

e Cause :it occurs in cases of acute hemorrhagic pancreatitis

¢ Mechanism : ruptured pancreatic ducts escape of lipase and protease
enzymes digestion (necrosis) of the surrounding peritoneal fat cells .

¢ Grossly : the affected areas may show chalky white hard calcific patches.
this is because fatty acids liberated from necrotic fat cells have a high
affinity to combine with calcium forming calcium soaps.

¢ Microscopically; swollen necrotic fat cells , surrounded by chronic
inflammatory cells (including foreign body giant cells) and fibrosis ,
sometimes with calcification
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APOPTOSIS

DEFINITION: Apoptosis in Greek means “dropping off “ It is another
form of cell death that usually involves few or single cells . this type of
cell death seems to be programmed and is described as cell suicide or
programmed cell death aiming at removal of un-necessary or diseased
cells .it can occur in physiological & pathological conditions . it can
occur without tissue injury (or with mild injury not causing necrosis ).
Apoptosis is not associated with release of chemical mediators
Eitherefore does not excite inflammation.

MORPHOLOGICAL FEATURES OF APOPTOSIS:

= Shrinkage of cell size .

* MNuclear chromatin condensation , followed by fragmentation of
DMNA.

e Formation of membrance blebs , followed by their separation
apoptotic bodies.

e The apoptotic bodies consist of a dark nuclear fragment

surrounded by eosinophilic cytoplasm . they becomes engulfed by
phagocytic cells .

* Apoptosis does not excite inflammation & is not accompanied by
healing or calcification .
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EXAMPLES OF APOPTPSIS :occurrence of apoptosis is known in
several conditions:

L ]
o 1-in physiological (normal)states such as :
L]
- e During embryogenesis .
. * Hormone dependent involution of tissues e.g. endometrium
during menstrual cycle
' * Cells after achieving their purpose e.g. neutrophils in acute
. inflammation
. e Normal turnover of cells (e.g. intestinal epithelium) to maintain a
. constant number of cells.
L]
.‘ .H-
] !‘__;'
]
J
2-In pathological states such as :
: = Liver cells in viral hepatitis (councilman bodies).
L = Apoptosis of malignant tumor cells.
. * In some cases of atrophy.
| * In cases of mild radiation injury and mild thermal injury.
= Cytotoxicity induced by T lymphocytes as in organ rejection.
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DEFIMITION &
CHARACTERISTICS

-__E'rl'ulleaning: Cell suicide / Programmed cell
death ("Dropping off"). j
Target: Single or few EXAMPLES
unnecessary/diseased cells.
Mature: Mo tissue injury, no chemical
mediators \rightarrow No inflammation,

healing, or calcification. PHYSIOLOGICAL

Embryogenesis,
Hormone-dependent involution

| le.g.. endometrium).
| MORPHOLOGICAL Cells completing their purpose
FEATURES

{e.g.. neutrophils in acute
inflammation).
Mormal cell turnover (intestinal
apitha'ium).

Cell shrinkage.
Chromatin condensation
‘rightarrow DMNA fragmentation,
Membrane blebbing \rightarrow |
Apoptotic bodies (dark nuclear || Pathological:
fragment + eosinophilic cytoplasm).| | Viral hepﬂtrt.rs {Ccl-uncﬁrmn bﬂdiﬂi}.
Engulfment by phagocytes Malignant tumor cells.
Atrophy.
Mild Radiation/thermal injury.
T-cell cytotoxicity ( organ rejection)

chondriall; Stress.i[}amage
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Extrinsi & : Receptor-ligand
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prutems 'n.nghtarmw Caspases.

i Granzyme B ‘rightarrow
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