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Outlines:

* Reversible injury.
* I[rreversible injury (necrosis).
* Clinical implications. Forirreversible injuries

e Patterns of necrosis.



Cell injury is classified based on the ability of the

Cell injury:

cell toreturn to its normal state after the removal
of the injurious stimulus into two types:

1.  Reversible injury
2. Irreversible injury

Reversible

injury ? Recovery

Swelling of
endoplasmic
reticulum and
mitochondria

Membrane blebs

injury
Breakdown of

. organelles and

_ of contents
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nucleus; leakage

Amorphous densities
\ in mitochondria

' | NECROSIS l
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of chromatin

Cellular
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body

Phagocytosis
of apoptotic cells
and fragments
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| [ nomma | Whenanormalcellis exposed to an
& injurious stimulus, it first undergoes
@ | j reversible injury.
injury Recovery

During reversible cell injury, the
) s cell is alive but it is not functional

< endoplasmic
reticulum and
mitochondria

% Membrane blebs

This is repeated in the next slides

In reversible injury, several changes can be noticed:

1) Cell swelling due to the accumulation of water inside the cell
(notice it is not the same as hypertrophy, because
hypertrophy is an adaptive mechanism)

2) Formation of membrane blebs and bulges

3) Suwelling of different cellular organelles such as ER and
mitochondria

4) Appearance of black densities in the mitochondria

However, the cell membrane, organelles and nucleus are still
intact



prom:;we@ If the injury is prolonged or
progressive, the cell will enter

Myelin

Breakdown of

3 ph,;l’xg."::‘k'}:" into the irreversible cell injury
oS “the point of no return”

A ] NECROSIS | This lead to cell death

Amorphous densities (necrosis)

in mitochondria

In irreversible injury, several changes can be noticed:

1) Loss of cell membrane continuity (similar to a rupture of a balloon
after being overfilled with water)

2) Disruption of organelles membranes

3) The nucleus starts to disappear

4) Leakage of cellular contents including enzymes

5) Inflammatoryreaction in which inflammatory cells -mainly
neutrophils- engulf the dead cell



Apoptosis, another type of cell death,
doesn’t go through reversible or
irreversible cell injury

It has several characteristics:
1 Shrinkage of the cell.

2 Cell and organelles membranes
remain intact.

3 Fragmentation of the cell into small
apoptotic bodies — each consisting of a
portion of the plasma membrane enclosing
cytoplasmic components, organelles, or
nuclear fragments.

At the end, the cell will disappearby a
fewinflammatory cells without
provoking anintenseinflammatory
reactionas in necrosis.

Condensation
of chromatin

Cellular
fragmentation

| APOPTOSIS |

Phagocytosis
of apoptotic cells

Phagocyte
and fragments

rint of Elsevier Inc.

Apoptosis will be discussed
ina separatelecture



Reversible injury

* [f the damaging stimulus is removed >>> injured
cells can return to normal

In pathology, Morphology is divided into two types: (morphology = the shape of the cell)

1)  Macroscopic morphology: refers to changes that can be observed using naked eye at the level of the

whole organ.

2) Microscopic morphology: refers to changes observed under microscope (mainly light microscope).
Ultrastructural changes can only be seen by electron

microscope.

* Morphology:
* Cellular swellinglorgan swelling For example, in hepatitis, the liver

° Fatty cha nge will enlarge and tinder

Because of the damage in the bilayer
of lipids in membranes



Reversible damage - cellular swelling

A section from the liver shows hepatocytes undergoing hydropic
change ( called hydropic because of the accumulation of water)
Normal hepatocytes have a pinkish cytoplasm while injured

hepatocytes appear whitish or bubbly.

Accumulation of water occurs due
to the failure of Na+/K+ ATP
dependent pump in the cell
membrane

Ininjured cells, there is no ATP
production (non-functional
mitochondria)

Failure of this pump leads to

| accumulation of Na+ inside the

cell and K+ outside the cell

Accumulation of Na+ causes water
to move into the cell resulting in cell
swelling




Reversible damage - fatty change

This morphological change occurs mainly in organs involved
in fat metabolism.

Macroscopically, liver appears enlarged, yellow and greasy.
Microscopically, lipid-rich droplets (fat droplets)
accumulate inside hepatocytes cytoplasm
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Other changes Seen under electron microscope

* (1) plasma membrane alterations (blebbing, blunting)

Membrane still intact

(2) mitochondrial change (swelling and black densities);

The mitochondria will be non-functional and the energy production will stop
that’s why the cell becomes nonfunctional

o (3) dilation of ER With time, ribosomes detach from ER , decreasing protein
synthesis

o (4) nuclear clumping of chromatin. Nucleus stillintact, it u.)ill appear very
dark blue under the microscope

(5) Cytoplasmic myelin figu 'ES derived from phospholipids (fat

damage) of the altered plasma and organelle membranes

[l These changes are also sometimes seen in irreversible injury
,but they are much more severe



Irreversible injury (necrosis)

1.

3.

The loss of membrane integrity
results in losing the outline of
the cell

Irreversible Mitochondrialdysfunction No ATP production

Defining features of necrosis:

Loss of plasma membrane and intracellular
membranes integrity >>> cellular enzymes leak out

Contents of organelles leak into the cytoplasm, and
cytoplasmic contents leak out of the cell.

They can enter the bloodstream where they can be
detected by certain laboratory investigations

Loss of DNA and chromatin structural integrity.

Local inflammation. - This helps the body to identify the
place of inflammation(cellular

Necrosis is always accompanied damage) so immune cells can deal
with local inflammatory reaction with it and clean the area.



Morphology irreversible injury (Necrosis)

In reversible injury the cytoplasm will be

S

- more whitish due to swelling

e Increased cvytoplasmic €osinophilia. Seen under LM using HSE
P P g

Eosinophilia means more pink staining using H6E

Increased eosinophilia is due to two reasons:

1-Accumulation of degraded proteins in the cytoplasm which attracts and binds to
eosin.

2-Reduced proteins transcription and translation resulting in decreased RNA content
(normally basophilic (blue)) leading to more eosinophilia

Under electron microscope:

e Marked dilatation of ER , mitochondria.
* Mitochondrial densities.
* More myelin figures due to increased membranes damage

* Nuclear changes (3 stages): Seen under LM using H&E
* Pyknosis: shrinkage and increased basophilia; More blue staining using HGE

* Karyorrhexis :fragmentation; of the nuclear material
* Karyolysis: basophilia fades Degradation of the nuclear material



Some features of cellular damage are common between both reversible and irreversible
injury like(myelin figures and mitochondrial swelling) but what distinguishes irreversible
damage is nuclear damage, mltochondrlal dgsfunctlon and loss of plasma membrane

Normal, reversible and irreversible cell |n|urv

Disrunted nuclei

St

Swollen but still Eo\smog&lc c&_g lasm

Reversible Irreversible



Cell death

* Different mechanisms, depending
on nature and severity of injury

Some cells are so delicate they can’t
withstand injury like neurons They can
withstand ischemia for only few minutes
while limbs can survive from ischemia
lasting 2 or 3 hours

* Necrosis:

« Happens when the injurious
stimulus is Rapid and
uncontrollable.

e Severedisturbances

* Ischemia, toxin ,infectii)ns,and
/severe traumai
Severe, like:

Cut of blood Induced damage Viral
supply Bacterial ...

* Apoptosis:
* Less severe injury
UV light induced sun damage

Aging of cells

Loss of growth factors, all these injuries are
trivial

* Regulated by genesand
signaling pathways

* Precisely Controlled.
* Canbe manipulated.
* |n healthy tissues.

e Clean cellsuicide.

* Necroptosis. the mixture of
necrosisand apoptosis at the
same time



An injured cell loses its function, whether the damage is reversible or irreversible.

The earliest changes are visible only

4 | / under an electron microscope.
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DURATION OF INJURY

Cell function begins declining
immediately once reversible
injury starts.



Apoptosis will be covered in
details in a single lecture

Table -1 Faturesof Necrosts ind Apoptoss

Feature

(i
Nucleds

Pasma membrang

(el o

Adacent infammation
Physiologe v pad\obpc roé

Necrosi
Elarged (W) ocer contont
Pykmosis -+ Karyorrhens - Karyolyeis

Dismw Cellular and enzymatic

gy ot o
Frequent

Invarialy patholegc culminaion of
irversbi cel mry)

No physiologic necrosis

Apoptos
Reduced (shrniage
DO ok Nucleus will disappearin
Frgenton o PORSA0E 2 ey ot mecharims
ac, e srchrs sl onentation of
ac, my e e i apopoc o
No That's whyit's called clean suicide

Oftmp\ysblogic means of eimmating umvanted el may be
pathologic aftr some forms ofcell iy, especaly ONA and
protein damage

ONA,desnynbonchae aod




Clinicalimplications

In necrosis

* Leakage of intracellular proteins through the damaged cell
membrane and ultimately into the circulation provides a
means of detecting tissue-specific necrosis using blood or

serum samples.

* Cardiac enzymes, liver enzymes.

Myocardial injuries, \
such as MI, can

be detectedby measuring
cardiacenzymesin the
blood.

Whena patient complains of
cardiac chest painand
myocardial infarction is
suspected, the doctor checks
cardiac enzymes. If the enzymes
areelevated, it confirms an injury
intheheart.

In cases of hepatic
injury, suchasviral
hepatitis, the doctor
measures liver enzymes,
ASTand ALT, inthe
blood todetect liver
damage.



Morphologic Patterns of tissue

necrosis
(Etiologic clues)



Coagulative necrosis

e Conserved tissue architecture
initially
* Enzyme dysfunction.

Pale wedge-shaped area
(macroscopic image)

* Anuclear eosinophilicon LM
* Wedge shaped, why?
(following blood supply)

Anuclear wedge-shaped
area of dead cells
(microscopic image)

* Leukocyte lysosomal enzymes and
phagocytosis required for

clearance.

* Cause: Ischemiato a solid organ
(infarcts) except the brain

* Ischemia is blood deprivation.
« Infarction is cell death (necrosis).
* Prolonged ischemia leads to infarction.



Coagulative necrosis

It's named "coagulative” because thearchitecturein coagulative necrosisis
preserved becauseischemia causes enzymatic dysfunction, preventing
degradation, so cells maintain their shapefor afew days

until inflammatory cells begin the clearance of dead cells.

Macroscopic pallor Microscopic pallor
(eosinophilia)

Because of blood Because the cells are
deprivation (ischemia) anucleated (dead)
(devoid of nuclei)



Thisisanother example of coagulative necrosis (in thekidney.)

Coagulative NeCrosIsS .o e

(tubules) have lost their nuclei but
their structure remains preserved
for afewdays.

Nuclei in the right
side are for
inflammatory cells

ontheleft, cells haveintact
nuclei



Liquefactive necrosis

Causes:

|. Focal (localized)
iInfections by Bacterial
and fungal organisms.

Pus (or abscess)

Microscopically, it's filled with
inflammatory cells, mainly neutrophils

[I. CNS infarcts

Ischemia to CNS organs, such as the brain and
spinal cord, results in a liquefactive pattern of
necrosis rather than the coagulative necrosis
seen in other solid organs.

Center liquefies and digested
tissue is removed by
phagocytosis




Cavitary lesion of
thelungs

Microscopically, it's
filled with
inflammatory cells,
mainly neutrophils

Cavitary lesion corresponding to
an areaof infarction

(the lesion forms after clearance)

In this form of necrosis, the dead
cells are completely digested,
transforming the tissueintoa
viscous liquid that is eventually
removed by phagocytes
(microglia) to give cavitary lesion
(fluid-filled cavity).




Gangrenous necrosis

e Clinical term

* |tis coagulative

Necrosis, butitoccurs
at multiple tissue levels.

* Dryvs wet

(Diabetic foot)

Amputationof the distalfoot shows
blackish discoloration of the skindue
to ischemic (coagulative) necrosis
affecting the skin, underlying
subcutaneous tissue, muscle, and
bone.

Gangrenous necrosis, or
gangrene, can be
complicated by a
superimposed infection,
whichis called wet
gangrene asinthepicture
totheleft, whereas dry
gangrene occurs without
infection.



Caseous necrosis

Caseous necrosis, classicallyseenin
tuberculosis (TB), is named for the
accumulation of a cheese-like material.

“Cheese like”

Tissue architecture is not
preserved

Acellular center

Usually enclosed by

collection of macrophages.
(granuloma)

Most often seen in TB

Microscopically, itis
characterized by an acellular
central area of debris,
surrounded by a collection of
macrophages forminga
structure

called caseating granuloma.

Macroscopically,
Yellowishto
whitishisa
cheesy-like
material, thetissue
architectureisn't
preserved anymore,
unlikein coaqulative
necrosis.




Caseous necrosis

Yellowish to whitish
cheesy-like material
in the section of the
lung




Fat necrosis

Usually Occurs in acute pancreatitis
Due torelease of pancreatic lipases

This will lead to Focal fat
destruction

Upon fat digestion it'll cause
Released FA’'scombine with Ca2+
(saponification) to produce the
whitish chalky appearance

Microscopically we can see
Shadows of necrotic fat cells with
lost nuclei

Always in necrosis, we see shadows
of cells microscopically, because the
membrane and nucleus are lost in
necrotic cells

Thepancreas is
surrounded by fat in
the abdomen, and the
lipases will digest this
fat. And herewe can
seea chalky white
material onthefatty
tissue.




Thefibrin materialisthe pink

Fl b rl no | d NECros I S ring-like material deposited in

the wall of the blood vessel

* Visible only
microscopically.

 Caused by Deposits of
antigen —antibody and
fibrin complexesin
arterial walls

* Seen invasculitis (PAN)

« Also can be seenin N
. M\‘ et = 'tc
Severe hypertension. m WL o0

It's seenin vasculitis, whichisan
autoimmune disease (so antibodies
attacks antigens in our bodies) like PAN,
which s polyarteritis nodosa.



Good luck
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