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OBJECTIVES

1. Understand the concept of cell and tissue adaptation:
A. Hypertrophy (size)
B. Hyperplasia (number)
C. Atrophy (shrinkage)
D. Metaplasia (shape of cell)

2. Know the concept of hypoxic cell injury and it's causes.

3. Understand mechanism and definition of free radical injury.

4. Know types of cell death , their definitions , types & clinical examples:
A. Apoptosis programmed death (physiologic & pathologic)
B. Necrosis group cell death (pathologic)

5. Differentiate between apoptosis & necrosis.

6. understand causes of steatosis , accumulations of exogenous &
endogenous pigaments.

7. Understand causes & differences between :
A. Dystrophic calcification:

B. Metastatic calcification:
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Definitions:

1. Cell injury : Cell injury is best defined as the cellular changes caused by stress s>
Lbiaa ) which exceed @224 the cell's adaptive capability <aS3ll e 4.1al 3 )08

2. Cell death : The end of the cell's life 4dall &se . There are two types of cell death:
A. Apoptosis : Programmed cell death.
B. Necrosis : The ultimate result 4Sas 45 1 sul of irreversible cell injury
Cell adaptive capability : It's the range of stress the cell can manage .
Hyperplasia : The increase in number of cells. (Antonym: Hypoplasia)

Hypertrophy : The increase in the cell's size. (Antonym : Hypotrophy)

SR A

Metaplasia : The cell change from one form to another WlS& 5 4all & 53 53

i.e. the change of pseudostratified columnar ciliated epithelium to stratified
squamous epithelium .

7. Atrophy : Shrinkage in cell size or tissue size
8. Hypoxia : loss of blood supply in a tissue.

9. Ischemia : loss of blood supply in a tissue due to impeded arterial flow or reduced
venous drainage
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Cell Adaption

Intro : Cells are active participants in their environment , constantly adjusting their
structure & function to accommodate <455 changing demands & extracellular stress. Cells
maintain homeostasis , it's vital s 12> (55 03 for cells' life and function.

Cell Adaption : When a cell undergoes physiological stresses or pathological affect, it

encounters the stress by undergoing adaption , it achieves a new steady state preserving
e Abilas viability & function Jeadl e LS )08

This adaption 1s provided in several mechanisms:

. . . . ormal Cells
1. Hyperplasia: Tt is an increase in the number of cells RIS .

Lol e 8330 )

Cause: hyperplasia is usually a response to growth factors (i.e.
hormones).

Note: Hyperplasia can be physiologic or pathologic.

WmMOZPIO rrmO0 MKH-T>0>

# Clinical application : i>
A. Endometrial hyperplasia induced by estrogen. @@Q i

B. Endocrine stimulation, e.g. Thyroid.
C. Focal nodular hyperplasia (liver).

D. The response of foot cells to uncomfortable shoes.

2. Hypertrophy : It is an increase in the size of cells resulting an increase in
organ size( occurs in tissues incapable of cell division

i.e. muscle tissues) * 330 ) (g5 Lo LAY ans 8330 )

Note: Hypertrophy can be physiologic or pathologic

# Clinical applications:

A. (Picture) : hypertrophy of the uterus during
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pregnancy. A, Gross appearance of a normal uterus (right) and a gravid
uterus (left) that was removed for postpartum bleeding. B, Small spindle-
shaped uterine smooth muscle cells from a normal uterus. Compare this
with (C) large, plump hypertrophied smooth muscle cells from a gravid

uterus (B and C, same magnification).

B. (Picture): hypertrophy of cardiac muscle,typically myocardial tissue. (a)
you can see normal myocardial cells , (b) you can see large hypertrophied

myocardial cells .

3. Atrophy : Shrinkage in the size of the cell by the loss of cell substance.
Note: Even though atrophic cells have diminished function 4xisic lgillsé they are not

dead . Ledled (s lail 5 & gad ¥ A18])

# Clinical applications :

A. Atrophy of the brain in Alzheimer disease
B. Thinning of the bones in Osteoporosis.

C. Picture:Atrophy. A, Normal brain of a young
adult. B, Atrophy of the brain in an 82-year-
old male with atherosclerotic disease.
Atrophy of the brain is due to aging and
reduced blood supply. Note that loss of brain
substance narrows the gyri and widens the
sulci. The meninges have been stripped from
the right half of each specimen to reveal the

surface of the brain.
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4. Metaplasia : a change in which an adult cell type is
replaced by another type. The cell is replaced by epithelum
another cell more capable to withstand the adverse
environment. 3,3 S AT & 55 e Jsaiid LAY iy s
Alal) Aglal) agal 55 Al pua gl Jead e

Clinical applications:

A. (Picture) : Bronchial mucosa replaced by
squamous epithelium (smoking).

ooq (”.o ' ' :

Basement Normal Squamous
membrane columnar metaplasia

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

B. Cervical columnar epithelium replaced by
squamous epithelium (cervicitis)

C. Metaplasia of the squamous epithelium of the esophagus into
intestinal or gastric epithelium due to reflux of gastric juice sl

daanagll

SUMMARY

Cellular Adaptations to Stress

Hypertrophy: increased cell and organ size, often in response to increased
workload; induced by mechanical stress and by growth factors; occurs in
tissues incapable of cell division

Hyperplasia: increased cell numbers in response to hormones and other
growth factors; occurs in tissues whose cells are able to divide

Atrophy: decreased cell and organ size, as a result of decreased nutrient
supply or disuse; associated with decreased synthesis and increased
proteolytic breakdown of cellular organelles

Metaplasia: change in phenotype of differentiated cells, often a response to
chronic irritation that makes cells better able to withstand the stress; usually
induced by altered differentiation pathway of tissue stem cells; may result in
reduced functions or increased propensity for malignant transformation.
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Cell injury

— X X
=——Injurious

s = = = = = = = = ==

“well” necrotic

p

Etiologic Aqgqent Point of No Return

cell injury results when cells are stressed so severely that they are no longer able to adapt,
or when cells are exposed to inherently damaging agents, or suffer from intrinsic

abnormalities.

In other words, if the cell adaptive capability is exceeded (overtaxed) then cell
injury develops.

Types Of Cell Injury

1. Reversible: In carly stages or mild forms of injury the functional and

morphologic changes are reversible, if the damaging stimulus is removed. At this
stage, although there may be significant structural and functional abnormalities, the
injury has typically not progressed to severe membrane damage and nuclear
dissolution

Earliest changes associated with cell injury are :

A. decreased generation of ATP.
B. loss of cell membrane integrity.
C. defects in protein synthesis.

D. cytoskeletal damage.
E. DNA damage.
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2. Irreversible injury is marked by : (VERY IMPORTANT)

A. Severe mitochondrial vacuolization.

B. extensive damage to plasma membranes.
C. swelling of lysosomes.
D. The appearance large, amorphous densities in mitochondria

Cell death(will be covered later on) :When the injury becomes irreversible, at that time the

cell cannot recover , thus it dies.

Causes of cell injury

1. Oxygen Deprivation: hypoxia or oxygen deficiency, i’ the common cause of cell igury and
death. Hypoxia is caused several mechanisms 1.e.:

A. Ischemia : loss of blood supply in a tissue due to impeded arterial flow or
reduced venous drainage . Note: ischemia 1s the main cause of hypoxia

B. Pneumonia
C. Blood loss anemia

D. CO poisoning : CO forms a stable complex with hemoglobin preventing
oxygen binding.

2. Free Radicals: Free radicals are chemical species with a single unpaired electron in an
outer orbital. Oxygen free radicals are the most common.

3. Chemical agents: L.g. Poisoning, alcohol and smoking

4. Physical agents: E.g. radiation, trauma, burn and excessive {reezing

10
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Mechanisms of cell injury:

A. Depletion <=3 of ATP
Depletion of ATP causes

4. The activity of the plasma membrane energy-dependent sodium pump 1s
reduced, resulting in intracellular accumulation of sodium and efflux of

potassium.

4. Because of the lack of oxygen in hypoxia the cell's ability to preform aerobic
glycolysis decreases and in ultimate conditions stop,thus there is a increase in

anaerobic glycolysis in an attempt to

Ischemia
maintain the cell's energy sources. As a h

consequence < 4ays | intracellular | D\

glycogen stores (OJ\a= are rapidly

depleted, and lactic acid accumulates, Mitochondrion

leading to decreased intracellular pH

. . ¥ Oxidative phosphorylation
and decreased activity of many

cellular enzymes. VATP
4-. Failure Of the Ca2+ pump, leads to ¥ Na* pump 1 Anaerobic glycolysis Detachment
. . | of ribosomes
. + l
influx of Ga2+, with damaging effects |, v . [ ) | 1 |
on numerous cellular components. Hz0, and Na®  ¥Glycogen  #lactic —> pH ihests
1 Efflux of K* 1
4. worsening depletion of ATP causes | ggeweling Cluingo
. . . Cellular swelling nuclear
structural disruption of the protein | i microvill Winicoprl
. . - < Blebs
S ynth e tl C ap p ar atu S c:"’m" J JA © Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

G5yl | manifested as JS& Je e

detachment of ribosomes from the rough endoplastic reticulum (RER)

4. Ultimately, there is irreversible damage to mitochondrial and

lysosomal membranes, and the cell undergoes necrosis.

B. Mitochondrial Damage (NOTE: the paragraph has several ideas , each idea has it's
different color)

11
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Mitochondrial damage often results in the formation of a high-conductance channel in
the mitochondrial membrane, called the mitochondrial permeability transition

pore. The opening of this channel leads to the loss of

mitochondrial membrane potential and pH changes, Increased cytosalic Ca?,

reactive oxygen species (oxidative stress),
lipid peroxidation

Mitochondrial injury or dysfunction

The mitochondria also contain several proteins that are ARRRE" |
capable of activating apoptotic pathways, including ‘
cytochrome c¢ (the major protein involved in electron
transport). Increased permeability of the mitochondrial
membrane may result in leakage of these proteins into

: Mitochondrial
the cytosol and death by apoptosis. Thus, cytochrome ¢ | witochondrial permeaiity bbby
’ transition 00
. . . . Cytochrome c,
plays a key dual role in cell survival and death; in its ¥ _ other pro-apoptotic
Loss of membrane potential proteins
normal location inside mitochondria, it 1s essential for el v
nability to generate ATP
energy generation and the life of the cell, but when ¥ APOPTOSIS

mitochondria are damaged so severely that cytochrome ¢ NECROSK

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

leaks out, 1t signals cells to die.
Mitochondria can be damaged by : (IMP)
a. Increases of cytosolic Ca2+

b. Oxidative stress
c. Breakdown of phospholipids
d. Lipid breakdown products.

C. Influx of Intracellular Calcium & loss of Calcium Homeostasis
Ischemia causes an increase in cytosolic calcium concentration due to the damage of

calcium pump

D. Accumulation of Oxygen derived free Radicals

12
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Free radicals production

Free radicals are chemical species with a

single unpaired electron in an outer

orbital. These chemicals are extremely

unstable, and rapidly react with organic
& inorganic compound. Free radicals avidly
py Ae
variety of other compounds causing severe

strike nucleic acids as well as a

damages. The molecules that react with free

molecules also turn into free radicals

propaganding 4«3+as the chain of damage .

(ROS)

TEAM 432

Ischemia

Inflammation
- Oxygen toxicity

Radiation

Chemicals
,/V
O
Reperfusion injury

N
¥y Tl

Activated oxygen species
(027, H205, OH")

Reactive oxygen species (ROS) are a type of oxygen-derived free radical whose role in cell

injury is well establish, they are produced normally during the cell in the mitochondrial

respiration & energy generation .

The cell bets rid of these free radicals normally by

cellular defenses. When there 1s an excessive production of (ROS) or when the cell is not

able to get rid of theme , they damage the cell.

The sources of free radicals are:-
« Normal metabolism

* Chemical toxicity

* Reperfusion injury: ischemia ----- > blood supply returns

..... > free radicals form.

..... > oxygen returns

Reperfusion injury is the tissue damage caused when blood supply returns to the
tissue after a period of ischemia or lack of oxygen. The absence of oxygen and
nutrients from blood during the ischemic period creates a condition in which the
restoration of circulation results in inflammation and oxidative damage through the
induction of oxidative stress rather than restoration of normal function.

For more info: http://en.wikipedia.org/wiki/Reperfusion_injury

* JIonizing radiation

* Immune response)\ inflammation

13

O2 therapy : excessive intake of O2 is toxic and causes injury.
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Ultra structural signs of cell injury:

1. Seen in both reversible and irreversible cell injury

A. Cellular swelling\ Diminished activity of the sodium pump in the cell
membrane causes an influx of sodium .

B. Mitochondrial swelling\ results in reduced aerobic respiration

C. Dilatation and defgranu_lation of the rough endoplasmic reticulum\
results incessation of protein synthesis

D. Autophagocytosis\ is the ingestion of damaged organelles by lysosomes
2. Seen only in irreversible cell injury

A. Cell membrane rupture

B. Nuclear changes

14



PATHOLOGY: CELL INJURY FOUNDATION BLOCK

Cell Death

TEAM 432

Recall:_When the injury becomes irreversible, at that time

the cell cannot recover , thus it dies, this is called (cell death).

1. Apoptosis: is programmed cell death (single cell death)
which 1s commanded by genes inside the cell, and it happens
due to physiologic or pathologic events.

In case of cancer, the cells don't undergo apoptosis due to a
translocation or a change of the structure of the chromosomes
which will create a new gene called bcl2 which is anti-apoptosis

(switch oftf apoptosis) and it will enable the cell to multiply

U@ o/
T @ j
O N
1 Vo
e body (4 (<]
)',:”.-}‘\- -
i N P
eRLP A 4
o '91' oY )
. Phagocyte
Enzymatic digestion Phagocytosis
and leakage of of apoptotic cells
cellular contents and fragments
NECROSIS APOPTOSIS

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

indefinitely.
A. Examples of physiologic (normal) apoptosis include the:

1- (picture) Programmed death of embryonic cells (in
the embryonic life) in the limb buds leading to the
formation of fingers and toes (this 1s useful)

2- Hormone-induced cell death of endometrial cells
at the end of the menstrual cycle.

3- During lactation in the female, the breast becomes big and the glands

become hyperplastic and big and they produce milk. To stop lactation it has

to undergo apoptosis therefore the breast shrink (becomes small) and the

glands disappear.

4- To eliminate immune cells after cytokine depletion and auto reactive T-

cells in developing thymus.

B. Examples of pathologic apoptosis include:

1- (picture) Hepatitis virus-induced liver cell apoptosis

(acidophilic bodies)

2- Immune injury-related skin kerationcytes (civatte

15
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bodies)

3- Corticosteroid-induced atrophy of the neonatal thymus.

2. Necrosis: is a morphologic sign of cell death in a living tissue.

Types of necrosis:

1- Coagulative necrosis is caused by hypoxemia
and ischemia and it causes myocardial infarction
(coagulative necrosis affects mainly the heart, the

lung, the spleen and the kidneys)

Character : Cells' shape i1s maintained even
after it's death.

. . . . "’,’ A° L e ¢ ~ & o ¥ * e B > e .
2- Liquifactive necrosis has two | *J ;i 0 Je o0 Doty
. s - ;-.I 4 ‘ .“, = P oo =
good examples (brain and abscess) 0 et 7A@y ~ L :
. . v £ ',,o' . > B ‘,; \ P
and 1t caused by hypoxia to the ;,\.".', . o O3 vt
brai jAre )0 >~ 1 A ., *D ®
raimn. -t é \ '. & .l ® - A
& JIGES A T T
Characterr:part of the tissue . ‘eZae LA Sty S
& L. - e
appear as liquid (no cells)
[ Lymphocytes

Granuloma
Epithelioid ~}

3- Caseous necrosis is typically seen in
tuberculosis (happens mainly in the lung or

the lymph node) Histologically, it consists of
granular material surrounded by epithelioid
and multinucleated giant cells.

Character: the tissue appears cheesy.

4- Fibrinouid necrosis 1s seen usually in the kidney 11

16
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and the blood vessels. It 13 immunologically mediated and seen in auto-
immune diseases. Blood vessels are impregnated by fibrin and other

serum proteins and appear magenta-red in histologic sections.

Character: Blood vessels are impregnated by fibrin

5- Fat necrosis happens in the organs which are rich in fat.

In case of acute pancreatitis, the enzymes (lipolytic

enzymes like amylase and lipase) in the necrotic pancreatic

cells are released to the abdominal cavity and start to digest
the fat. Free fatty acid released from fat cells bind with
calcilum to form white specks or streaks composed of
calcium soaps.

Character: white specks bl or streaks d % composed of

calcium soaps.

Differences between apoptosis and necrosis:

Feature Necrosis Apoptosis

Cell size Enlarged (swelling) Reduced (shrinkage)
Nucleus Pyknosis — karyorrhexis —  Fragmentation into nucleosome-size fragments
karyolysis
Plasma Disrupted Intact; altered structure, especially orientation of lipids
membrane
Cellular Enzymatic digestion; may Intact; may be released in apoptotic bodies
contents leak out of cell
Adjacent Frequent No
inflammation
Physiologic or Invariably pathologic Often physiologic, means of eliminating unwanted cells; may be
pathologic role (culmination of irreversible pathologic after some forms of cell injury, especially DNA damage
cell injury)
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Remember: There are some proteins that spread during certain injuries .

These proteins help us detect the type of injury .

Proteins used in diagnosis of tissue damage by blood testing.

Cell damaged Enzyme elevated in blood

Cardiac muscle : 1. cardiac troponin

: 2. Creatine kinase

Hepatocyte : 1. alanine transaminase (ALT)

2. Aspartate tansaminase (AST)

Striated muscles Creatine kinase
Exocrine pancreas : Amylase
SUMMARY

It there 1s any stress there will be adaptation.
If the stress 1s over exceeded and the cell can't adapt there will be injury.

If the injury is to severe , it causes cell death.

18
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Accumulation

Accumulation occurs when abnormal amounts of substances "such as:
Fatty acids, pigments, calcium" accumulate ¢33 in the cell under

physiological or pathological process.

It can be: HARMFUL OR ASSOCIATED WITH VARYING DEGREE OF
INJURY.

"note: Accumulation occurs after cell injury, while the cell is still alive. It
might lead to necrosis"

. Accumulation is classified:

A.Endogenous: occurs by synthesis of affected cells

B.Exogenous: produced elsewhere "Outside the cell"

=
y]
(9)
-
Q
EI
(7))
3
(7))
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-
Q
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6
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3
=3
Q
o
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=

1- Metabolism change. example: Fatty liver.

19
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Protein deficiency example: folding in abnormal way leads to
accumulation of abnormal proteins

Lack of certain enzymes that participate in metabolism.

Complex substance
Insoluble material

Example: Lysosomes will store insoluble endogenous materials in the
absence of a certain enzyme. "Storage diseases"

Accumulation of ingested indigested materials by the cells "Cannot
be digested or exit

- inflammation T -
- fibrosis Cirrhosis
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It's any abnormal accumulation of triglycerides within parenchymal
cells. "Such as: Hepatocytes and Mayocytes" It's usually an early
indicator of cell stress and reversible injury.

-Severe steatosis in liver [¥] Inflammation [¥] Fibrosis [¥] Necrosis

-Steatosis is reversible until it reaches to fibrosis stage; it becomes
IRREVERSIBLE because it's hard to remove fibers.

It's most common in the liver because it has the central role of fat
metabolism.

It might also occur in heart (resulting from Anemia or Starvation
"Anorexia nervosa")

Other sites: Skeletal muscle, kidney and other organs.

1-Toxins "most importantly: Alcohol abuse"(chronic alcoholism).
2-Diabetes mellitus 3-Protein malnutrition "starvation"

4-Qbesity 5-Anoxia

21
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DEFECT IN ANY OF THE STEPS OF UPTAKE, METABOLISM OR
SECRETION CAN LEAD TO LIPID Accumulation.

| Cholesterol
\ esters

¥ .
!i Aoelate O xidats
<eronmne bodtos O
Fatty aci ds
s Phospholipids
§ - SGlyceaero—
| Phosphate CTATASOLISM

T rigtycerides

|
',' Apoprotein cﬂ
‘i c Lipoproteins

Lipicd accumulati o

A STARVATION: "uptake defect" In normal conditions, fatty acids in
our bodies go to the liver in small amounts. In starvation, large
amounts of FREE fatty acids go to the liver resulting accumulation.

B ) ANOXIA "Reduced Oxygen" and TOXINS: "Metabolism defect"
Causes accumulation of fatty acids by disrupting mitochondria and
SER, which inhibits fatty acids oxidization.

C ) CCl4 and protein malnutrition:

22
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has no effect on cellular function

may transiently impair cellular function

Fatty acids accumulate together and push cells' nucleus peripherally
Lils , occasionally they rupture together and form fatty cysts.

Sign of Early stages : small fat vacuoles in the cytoplasm around the
nucleus.

Signs of Later stages: the vacuoles coalesce g«ixiy uati to Ccreate

cleared spaces that displace the nucleus to the cell periphery

Occasionally: contiguous cells rupture (fatty cysts)

Is Fatty liver reversible? Fatty change is reversible except if some vital
intracellular process is irreversibly impaired (e.g. in CCIl4 poisoning)

*Mild: benign natural history (approximately 3% will develop cirrhosis

‘Moderate to severe: inflammation, degeneration in hepatocytes, +/- fibrosis
(30% develop cirrhosis)

*5 to 10 year survival:67% and 59%
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Pigments:

Cholesteryl esters: These give atherosclerotic
plaques their characteristic yellow color and
contribute to the pathogenesis of the lesion. This
is called atherosclerosis

Pigments are colored substances that are either:

1.Exogenous coming from outside the body.

2.Endogenous synthesized within the body itself.

24
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They may be toxic and produce inflammatory tissue reactions or they
may be relatively inert <S,all aulin s Y,

Examples:

Indian ink pigments

produce effective tattoos because they are engulfed by dermal
macrophages which become immobilized and permanently deposited.

CARBON

When inhaled, it is phagocytosed by alveolar macrophages and
transported through lymphatic channels to the regional
tracheobronchial lymph nodes. It causes (heavy accumulation that
leads to fibrosis or anthracsis).

-Heavy accumulations may induce fibrosis. "This might happen to coal
workers pneumoconiosis".

-Aggregates of the pigment blacken the draining lymph nodes and
pulmonary parenchyma (anthracosis).

They're synthesized within the body itself.
Examples:

-Hemosidren

-Melanin

-Lipofuscin

25
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HEMOSIDREN:-

It's a hemoglobin-derived granular pigment that is golden yellow to brown and
accumulates in tissues when there is a local or systemic excess of iron. It is
composed of aggregates of partially degraded ferritin, which is protein-covered
ferric oxide and phosphate. It can be seen by light and electron microscope.

A.The iron ions of hemoglobin accumulate as golden yellow hemosidren.

B. This can be identified by PRUSSIAN BLUE HISTOCHEMICAL REACTION
"Iron ions will appear in the color Prussian blue"

 Iron accumulates in two conditions:

1. Hemosiderosis: occurred in patient who has a lot of blood transfusion
because of extensive red cell breakdown (hemoglobin has a lot of iron).
Usually in liver and spleen.

2. Hemochromatosis: a genetic abnormality in the metabolism of iron. There
is an increase in iron absorption because of the genetic disorder. The iron
accumulates in the liver (hepatic cirrhosis), pancreas (diabetes) and skin
(hyperpigmented).

26



PATHOLOGY: CELL INJURY FOUNDATION BLOCK TEAM 432
Hemosidren Lipofuscin Melanin
(wear-and-tear
pigment)

A hemoglobin-derived granular pigment
Golden yellow to brown (identified by the
Prussian blue histochemical reaction )
accumulates in tissues when there is
excess of iron.

composed of ferritin ( protein -covered ferric
oxide and phosphate)

small amounts of this pigment are normal
It's occur in the mononuclear phagocytes of
the :

bone marrow

spleen & liver.

Because of extensive red cell breakdown .
Local excesses of iron and consequently of
hemosiderin, result from hemorrhage (<
edll)

Bruise .

systemic overload of iron .

Hemosiderosis occurs in the setting of:
increased absorption of dietary iron .
impaired utilization of iron.

hemolytic anemias .

A lot of blood transfusions.

In systemic hemosiderosis, parenchymal
cells are not damaged .

Extensive accumulations of iron are seen in
hereditary hemochromatosis

Including tissue injury like:

liver fibrosis

heart failure & diabetes mellitus.

Spleen.

an insoluble
brownish-yellow
granular intracellular
material

seenin
the heart
liver & brain

as a function of age
or atrophy.(old
people)

(Brown atrophy)

By electron
microscopy = >>>
seen as_perinuclear
electron-dense .

brown/black pigment

normally present in
melanocytes.

Function :

to block harmful UV
rays from the
epidermal nuclei.

May accumulate in :
benign or malignant
(Rd i Basan)
melanocytic
neoplasms

(4o gl sl )

Melanin presence is a
useful diagnostic
feature melanocytic
lesions (&) gadudal
Lipall )

Post-inflammatory
pigmentation of the
skin.

It causes melanosis
coli in small intestine.

27
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It accumulates in the liver, muscles or kidneys in patients
with inborn errors of glycogen metabolism or diabetes mellitus.

Degeneration : describing pathological processes which result in deterioration of tissues and
organs.

PLEASE , MAKE SURE YOU SEE THE EXAMPLES IN THE LECTURE

28
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Pathologic calcification

iron
magnesium

and other minerals.

Dystrophic calcification

abnormal deposition of calcium salts with smaller amounts of :

Metastatic calcification
In normal tissues

normal serum levels of calcium

Encountered in areas of necrosis

tuberculous lymph node
>>> radio-opaque lesion
(due to calcification)

atherosclerosis + Intiman injury
in

the aorta

& large arteries

It's may be an incidental finding
indicating insignificant past cell
injury

Also cause an organ dysfunction.
(aortic stenosis in the elderly )

29

Hypercalcemia

increased secretion of parathyroid

: hormone (calcitonin hormone which
: control absorption of calcium from

: the intestine).

: 2. High calcium level in blood.

3. destruction of bone due to the

: effects of

- accelerated turnover (Paget

. disease)

- immobilization

. or tumors

. (multiple myeloma, leukemia, or
 diffuse skeletal metastases)

- 4. vitamin D-related disorders
-including vitamin D intoxication &
 sarcoidosis

- 5. renal failure, in which phosphate
retention leads to secondary

- hyperparathyroidism.

- In normal tissues
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Morphology of calcification:

Morphology of Dystrophic

calcification

calcium salts
seen as fine white granules or
clumps, often felt as gritty

deposits.

Histologically,
Calcification appears as
intracellular and/or extracellular

basophilic deposits.

heterotopic bone may be formed in the
focus of calcification

Morphology of Metastatic
calcification

occur widely throughout the body but
principally affects

the interstitial tissues of

the vasculature
kidneys

lungs

and gastric mucosa

The calcium deposits morphologically
resemble those described in dystrophic
calcification

TEAM 432

Extensive calcifications in the lungs may
produce remarkable respiratory deficits

Massive deposits in the kidney
(nephrocalcinosis) can cause renal damage.

Causes of Hypercalcemaa

1.Hyperparathyroidism.
2.Metastatic malignant tumours.
3.Vitamin D intoxication.

4 Milk alkali syndrome.

5.Mild hypercalcemia can be seen

in old age.
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Common causes and consequences of
Amyloidosis

Rheumatoid

« AL Amyloid :
disease Bronchiectasis Osteomvyelitis

tumor of plasma 2
cell, (amyloid e X X % @

accumulate in

tissue and wall of
blood vessel)
AL amvyloid

Myeloma

i

]

AA amvyloid

- AAAmyloid : [amviocwosis |
chronic l
inflammatory
condition,
(secreted by the @ @ Q

||Ver_ It Can Heart Nephrotic Organ enlargement

failure syndrome eg. hepatomegaly
accumulate in
blood vessels, kidney, liver, spleen and many organs).
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Good luck 77

Because o human work is perfec& gteo\se u,pdo&e us

with your feed back on the e-mail written below

We will be very glad to correct our mistakes & add

any missing info ..

Our goal is to build your khowledqge & keip you

improve your studying ..

E-mail :

aldhahril414@gmail.com

4321030%1@skudentlesuedu.sa

Note: We worked our best ko walke the ORIECTIVES
part your first & Last stop so:

. We summarized all main ideas , so thak you can

remember them easily in your final revision.

2. You can hotice that after some objectives we put key
words between brackets , these are to help you recall

definitions and important notes.

Accept our best regards..432 PATHOLOGY team
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