


CELL ADAPTATIONS

Cell Injury

00:02:20

endoplasmic reticulum (&R with ——
ribosomes : Protein sgn’d—\esis

cell wall

cell membrane

Nucleus : DNA san’chesis
Nucleolus

——— mitochondria : ATP sgn’('n%is

Normal structure of cell

Causes :
ngoxia :

* m/c cause of cell igjury,
° ‘l' @WMmail.com
* m/c cause : Ischemio.
(' blood supply to tissue).

] Severi’cg o? cell injury : lschemio..

Other agents :

Physical : Radiation.

Chemical : Drugs.

Infectious : Bacteria, virus, fungi

* Immunologjic * Autoimmune disorder.
Nudtritional : Vitamin deficiencies.

({ 0, § nutrients) > hypoxio. Q o). * genetic factors.
* Sensitivity o hypoxio. [mosk * Neurons
Leost : Skeletal muscle/Qbroblosts
Factors affecting cell injury:
* Type of cell. * Durakion of njury,
* metabolic state of cell. * Type of njury,
Cellular response :
Based on causes and factors
[ Small stimulus l Persisting stimulus l l
Cellulor adoptation : Reversible cell injury Intraceliular  Pothological
nger’«ophg. (Reversed to normal state on removing stimulus)  accumulations  calcificotion
Hyperplosio. l Persisting stimulus
me‘caplas\a. lrreversible cell irgjurlj
A’«ophg.
cell cileo&h
X
3 ! ' ! ! }
Necrosis i i i i
§ 0Si ﬂpoptoss . Pgropto&s Mecrop’c03ns Ferroptoss
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_____ Active space - Cell Adaptation

00:14:00

HYPERTROPHY
1 cell size (No 1 in cell number).

mechanism : :
e 1 synthesis of proteins.
. %&'M%%ZBMWW non-dividing cells
(Neurons, cardiac/skeletal muscles).

nger’«oph}j + hgperplasio. of
‘axmnples . Sde uterus
v ¥
Ph}js‘\olog'\cal : Paﬂwo\osicol :

* Uterine mgome’cr'\um dur'\ng pregnancy.
* preost dur'\nS loctotion.
* Skeletal muscle in body builders (1 work load).

HYPERPLASIA

t number of cells — 1 size o organ.
On persisting can lead to carcinoma.

mechanism :
* growth factor induced proliteration ot cells.
* Occurs in dividing cells. '

* Le®t ventriculor hgper’cmphij
(Hypertension — 1 work load.

* Bladder obstruction by stone —>
Proximal area. h\ljper’crophg.

Note :
examples o% h}jper’trophg +
h\ljperplas'\w

* preast durins puber’c\tj
* Uterus dur'\nS pregnancy.

zxamples :
' )
Phgs‘\ollosical Pa’chollogical
Compensaory : Merimonal 1 egstrogen excess : Androgen excess
Liver post partial ~ Breast during E:Puber@ gndometrial hyperplasia.  Benign prostodic
hepotectomy Pregnancy hyperplasio
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Cell Adaptations - 3

‘Partlal Hepatectomy . Regenerating liver

A mr
\/ complete
mass recovery

Healthy liver ®

15 days -
Hyperplasia of liver
ATROPHY

} cell size, | cell number.

mechanism :
* | protein synthesis.
* 1 protein degradation.

* Atophagy, iy

zxo.mples .
\ v
Physiologjcal : Pothological :
* Disappearance of no’cochord/’chﬂroglossal duct. * Senile : Ageing of organs.
* Jnvolution of uterus during parturition. * Disuse : Muscular oecrophg ofter frocture.
- * Denervodion odrophy : } nerve supply,
* | blood supply,
* Nutritional atrophy: Kwashiorkar/marasmus.
* Pressure oﬂcrophg : Area. surround'\ns tumors.
648c85cfee3b03a74e182fab
METAPLASIA

* Reversible change.

* One differentioted (Moture) cell type converted into
another. :

* Types > epihelial (Conversion of ep“rthehum).

mesenchymal (Conversion of connective tissue).

mechanism :
* Reprogramming of stem cells.
* Risk factor : Vitkamin A de%c’\er\cij.
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General Pathology

l. Squamous me‘caplaska in resp'\roecorg troct ¢

* Pseudostrodified ciliated columnar CTETieT

Sr,nong cessodion

Stratified squamous epithelium.

* 1 risk of infections.

a. Barrett’s esophagus/Columnar lined esophagus (@LO) *
&ERD/RisK factors

* Stratified squamous epithelium > Columnar epithelium.

On 4readment
* Histopahological remark (H3E) :
- Intestinal metaplasio.
- Soblet cells present.
* Risk factor for adenocarcinoma. of esophagus.
* Special staining * Alcion blue/Mucicarmine (Stains mucin inside goblet cells).

3. Myositis ossificans * Muscle —> pone.

—Sad e - \

T Pseudo stratified )
- gagey columnar epithelium . 3

Strotified squamous  epithelium Z NP o
: S A

epiere\iwn 'y

goblet cells
(Filled with

mucin
) Glands

esophogeal biopsy : eourre’ck’s esophagus
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CELL INJURY ~———- Active space --—--
o . _ Persisting v » Persistin
Injurious stimulus —> Cell adaptation W Reversible cell injury ——;(—ul—> Irreversible cell injury.
W0=H5mxi® S stimulus
Reversible Cell Injury : 00:01:10
mechanism : ‘
Hypoxia. ({0 ) — — | Oxidokive pinosphorgla’do'n K <— Moiw QTP e
: | (A Normal cell T
| | ATP synthesis with ATP
I \ i
v R ‘ ¥
| Aetivity of Na'~K" ATPase pump PAnaerobic glycolysis Detachment of ribosomes $rom
1 & rough endoplasmic reticulum
Influx of No™ and H.0 + e¥flux of K™+ Lactic acidosis | l
’ l ‘ ¢ | Protein synthesis +
Cellular swelling : Hydropic change LpH TLipid synthesis
(most important morphological $eature) : | |
* Organelle swelling : , ~ Clumping of nuclear
- mitochondria. (M/C ofSected). chromadin
- endoplasmic reticulum.

* membrane blebs.

* myelin fqures : ‘
- Seenin reversible < irreversible cell injury,
— Produced d/ plasma. membrane damage.
— Composition : Phospholipids + Ca®.,

Reversible
injury

Note :
mMitochondrio. :
* most important organelle offected in':
Reversible cell injury, apoptosis.

Membrane
bleb

Swelling of

endoplasmic
reticulum and
mitochondria

® C&IC\“C&&‘OT\ (W‘\QS‘% appeamnce). & ‘ Myelin figure

Reversible cell '\qurB ‘
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----- Active space - Irreversible Cell Injury 00:12:10
| Lysosome rupture and
autolysis
\rre\lersi\o\\'\’(k,
I
{ * } Nucleus
khanirfan0392 :
membmneam o m@?@or@\;rggna Nucleor b <o ,
dgs?unﬁon d5s$unhon : changes ‘ gy
T WL s
Characteristic features ol @ soneties
| @
Karyorrhexis Mitochondrial swelling
‘ \rreVersible cell injury
MEMBRANE DYSFUNCTION :
: ‘mechanism :
Cell membmne Loss of selechx/e permeab\h’cg — COmple’celg permeable
Orsand\es ‘membrane *
Loss of permeability —> T%&osohc Ca®*
e | activate
Y v Y v -y
Phospholipase : DNRAase endonuclease Protease ATPose -
¢ Lo I
Break Nuclear damage 7 Protein Activotion/
phospholipids | breakdown ' degradodion of ATP
Damage m}jel‘\n
plasma. figures 1
membrane |
Clinical apphcod:\ons
TPenneab\h’qj —+ Release intraceliular enzymes in circulation.
Ex:xmp\es
. Myocardial infarction : fSerum levels : Crv-me, LDH, Troponin I/T.
‘ 3. Hepaditis : 1 serum enzymes : SGOT, S&PT.
5
3)
v g MITOCHONDRIAL DYSFUNCTION
g1 Large, Slocculent, amorphous densities in mitochondria. :
quf : ® Charogcteristic ?eaecure of \\'Te\/eY’S\b\h{}j
D * Visible 00\5 on elec‘cron mmroscopB
i Pathology * v1.0 + Marrow 8.0 - 2024 Page 2/5
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‘ Cell Injury - 7

----- Active space -----

NUCLEAR CHANGES

‘most important I‘\S\'\’cI microscopic feoture of irrex/ers‘\bih{-g.
. Pyknosis : Shrinkage of nuclear chromodin.
3. varyorrhexis : Fragmentadion of nuclear chromadin.
3. Koryolysis : Dissolution of nucleus.

Free Radicals ~ 00:23:45

molecules with 21 unpodred electrons in their ou&ermos& orbit.
unstable con%gum’don — Release h‘\gh energy —> Damoage cells.

examples : |
* OH(HydroxyD : most potent. &
* 0, (Superoxide).
* 1.0, (Hydrogen peroxide).
* ONOO™ (Peroxgm’crrte) P\‘\QSOC&*O&S in O —dependen’c Hnl\mg pod:huoa}j

Role of free radical uyura
* Ageing (mx: Tuse of anhoxldan’cs)
54acascf§?&§§8§%§mm¢we d‘se&se ,nl‘zhetmer’s disease.
* Cancer. ‘ e .
* Reperfusion irijurﬂ.
Production and e¥Sects :

Radiation
Toxins
Reperfusion

[ Pathologic effects I

, i ‘ LR
—> Lipid peroxidation —3» Membrane damage MUL\‘? fw

Hydroxyl '

. Oxidative
peroxide radical —> Protein —————> Breakdown.
i I J l ! + modifications m|sfo|d|ng

Conversion Decomposition to
toHO, H ,0 by glutathione
by SOD peroxldase. catalase

—» DNA damage —> Mutations & m @M

SOD : Superoxide Dismutase
Trace elements producing free radicals : Fe, Cu.

[ Feedback
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_____ Active space - Fenton’s Reaction : Fe™" involved in production of $ree radicals (FR).
'+ |Fe* inbody d/k:
- Fe* >> Fe?" in vivo.
- Presence of binding proteins : Transferrin (For Fe)/ Ceruloplasmin (For Cw

.

Teound form (Limit availability $or FR production.

N

Protective mechanisms against free radicals :

exogenous/endosenous. ‘
Antioxidonts
. ‘ | )
i ST
eneymodic:: Non-gnzymodic *
* Cotolose. * Vitamins €, A, C.
: * Superoxide dismutase. * Selenium.
* Glutathione peroxidase. * 2inc.
Antioxidants § Targets
» e e Locotion | Free radical inactivated
Superoxide | Cu~2nSOD (SODD | Cytoplasm g“_°85°fee3b°3a7“e"’2fa"
pismutase (0D | Mn-sod (oD &) | mitochondria. | - a
7 Cotolose Peroxisomes HO,
i ‘ o cﬂ’cop\asm * OH”
. "
Glutothione peroxidase e " Ho,
~* Importance of SOD :
- Protects brain from free radical injury,
- mMtotion of SOD-I —> nm5Mrophic Lateral Sclerosis.
Misfolded Proteins : : ‘ 00:35:35
T -

endoplasmic Retioulum (0) : Site of pro’cein<: Synthesis. |
‘ Folding * Assisted b5 chaperones.

3 Feedback
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Cell Injury - 9

mechanism :
Chaperone in 2R —> Normal ¥o\d‘\n3 of protein

eR stress | Defective chaperones

mis%lded pro{e‘\n

b

Degradation by Ubiquitin proteasome pathway
' I? defective

1 accumulation of misfolded proteins

Clinical application :
_ Diseose _AfSected protein
Cuystic fbrosis | - CFTR : |
Fomilial hypercholesterolemia | LDL—-receptor
Toy Sachs disease Hexosaminidase O-subunit
Creutzfeldt Jakob disease ' Prion :
O nn{&rquin deficiency O~ Antitrypsin 3
Alzheimer’s disease ap | =
X
O
©
0
. - |
@
@
-
Page 5/5
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General Pathology

CELL DEATH
mechanisms of cell death :
* Necrosis. f * Pyroptosis. . * Ppoptosis.
* ‘Necroptosis. * Ferroptosis. * Autophagy,
Necrosis p 00:01:45

* Accidental death of multiple cells : Alwoys pothological.

Denaturation of pro’ceins' ‘anz}jmod:ic dises’cion of cells
reversible cell irl'\urg : Damage ‘o plasma membrane

MECHANISM

Leakage of cel\\umnﬁ%",}’g%g%%gman.com

1 inflammadory infiltrate to clean debris

Glomerulus

Tubules

Abnormal
Tubules

Kidney biop55 : Necrosis on HPE
MORPHOLOGY
On HPE : \ A
I Densely eosinophilic cells : D/t loss 0% cytoplasmic RNA,
a.more 3\0555/ shiny appearance : D/t loss of glycogen.
3. Moth-eaten appearance : D/t digestion of organelles by lysosomes.

TYPES

|
{ Vo ! v v y

Coogulative  Liquefactive Coseous Fot Fibrinoid — &angrenous

Pathology * v1.0 « Marrow 8.0 + 2024 Page 1/8
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Coogulative vs liquetactive necrosis :

Cell Death

----- Active space -----

* 2enker's degeneration (in typhoid fever) :

- afSects skeletal muscle Rectus obdominio).

Coagulodive necrosis Liquefactive necrosis
Occurrence mM/C type of necrosis. AKA colliquodive necrosis
morphology cell outlines are preserved Cell outlines not preserved
mechanism Denaduration of protein gnzymatic digestion of cells
gxamples | ¢ Infarct of all solid organs except brain : * &rain
- Heart (M/c ofSected> - Kidney * Fungal infection
- Liver - Spleen * Wet gangrene
* Bums * Dry gangrene * Abscess

Appeamnce

Coaseous Necerosis : ; ,
Intermediate form of coagulative omd
liqueSactive necrosis.

morpholoSB : Cheese-like appeamhce.

8xamp|es :

* Tuberculosis : Caseating 3ranuloma.

* Fungal infections : Histoplasmosis, blastomycosis.

Fat necrosis :
Troumodic Breast
gnzymatic | * Omentum Chalky white
* Pancreos Deposits —
* mesentery

O/D : Breast concer.

morphologg : C,haJK5 white c\epos'\ks.
X

[ Feedbac
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Gross specimen of ineshne

U
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_____ Active space —r—- Fibrinoid necrosis :

morphology : Fibrin like Pink coloured).
Pathology : Type I, Nl hypersensitivity reactions (HSKD.
o/t immune complex deposition.

" Exampies i _ Fibrinoid necrosis i 3 28
~ Ascho®$ nodules : Pathognomic of Ha D Bl I8
rheumadtic heart disease.
- Polyarteritis Nodosa. (PAND : Type I} HSN. A T RS
- malignant Hypertension (TN leading o organ damage) * Biopsy ot blood vessel
Onion skin appearance.

aansrenous necrosis :

'z‘:xamples : Limb ischemio.

Dry gangrene | Coaqulative necrosis

wet gangrene | Liquetactive necrosis

Sangrenous necrosis

Apoptosis 00:24:55

° G\ene’dcod\g prosrammec\ deoth of a single cell (suicide of celD.
* Organism used for most of apoptotic studies : Caenorhabditis elesans
(Nemotode).

= ‘ o < )): 3
648c85cree3b0zal RIERSE'S ¢ Falling off.
occurrence ‘

o) On completion o function of cell. b) Damage of cell begond repair.
EXAMPLES

Physiological : - Pathological factors :
C Orsanogenes‘\s/ embrgosenesis: * Damage to cell DNA. |
Formadion of fingers in limbs. * Accumuladion of misfolded proteins.
* Porturition. * Infections : Hepaditis & (Councilman bodies).
* endometrial shedding during menstrual eycle.
Death of harmtul selt-reactive lymphoeytes.
* Involution 6% hormone-dependent tissue upon withdrawal of hormones.

Pathology * v1.0 « Marrow 8.0 + 2024 Page 3/8
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Cell Death - 13

e Intact membrane ¢ No inflammadion.
e Membrane starts blebb'\ns

MORPHOLOGY

Condensed chromadin

* Cell Shrinking * earliest feotur
Chromadin condenses :
most characteristic featuref

Apoptosis _ i
khanirfan0392@ggaleoBhd drgonelles-collapse
membrane, dontinues 1o bleb v/ W,
7 g onpto’c\c bod\es Smnall bu.’c

& " Disintegrakion appeamnce of cell

Apoptotic bodies : Membrane bound
with organelles inside

' i P*‘°*5°°5*°5"' !
apoptotic bodies |
mMeECHANISM
Phoses : Requlodors
L. Initiotion Phase .. Pro apoptotic :
:' = = SN
90% * Intrinsic po@dwwaﬂ "~ 10% : extrinsic poechwag : * BAC.
(mitochondriaD (Deoth receptor medioted) 3. Anti apoptotic :
ecL family ¢
a. execudion Phase. - Prevents release of
2. Removal of dead cells by maerophages. eytochrome . !
enzymes ‘ PR * BCL-a.
l. Caspases: : ' * BCL~.
* Contains caspases. | ~* mMCL-l :
* Cleaves near aspartic acid residug. 3, Stress sensors (Q,égwoeced : |
* Types: o initiodors) : '
- Initiodor caspases : 8, 9, I0. , ° aim. ‘ * PUMA.
- &xecutioner caspases ¢ 3, b, 1. : ’ * BID. * NOXA.
a. endonuclease : Breaks down ONA o ¥m5men’<s. * 2Ad. .
Note ' '
Rgtochondria. : Most important organél\e offected in:
_8 Apoptosis.
<19 Reversible cell injury,
i Calcification ®egins here).
D Pathology * v1.0 + Marrow 8.0 + 2024 Page 4/8
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----- Active space -----

Intrinsic pa{hwag s ‘ extrinsic pouthwag 2
In Mitochondria. (Most important organelle oaffected). Deoth Receptors : FAS, TNF
Normal mitochondria

Ou_&er

Death

mitochondrial membrane
1 Domains

Innexr

‘ (on inner
BCL il i
vy side)
Prevents release into cg’coplasm
(‘{j&ochrom C: Present in \n’cenn%ambmne spoace
Upon noxious stimuli ¢ ‘ : FAS + FAS L'\Sand
Stimulus for cell death (ONA damage/ misfolded protein) .
Four death domains conglomerate
/(—' \ ! i FADD
Activation of stress sensors / \
| |
/ BAX-BAC channel FAS Associoked Deodh Domain
Pm-casPase 8
Activokes l :
C,aspﬁof'se 8
Act ‘V“*el execution phase
Cospase 9 - Activotes
Activotes Caspase 3, b, 7
Removal of dead cells by Macro es:
3 pheg -
‘ ’ Phospha‘ddgl serine Q\ip
' ‘ (orto outer membrane)
Binding of Annexin V
- /
Normal cell Recognised b5 Macrophages
Phosphatidyl serine present inside inner membrane E48caSefee8h3aTAsT AT
Pathology * v1.0 - Marrow 8.0 - 2024 Page 5/8
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Cell Death
'Necrosis vs Apoptosis 00:57:35
Necrosis Apoptosis
Definition enzymadic/lschemic process | &enetically programmed cell deoth
Type of process Passive process | Rctive process
Cells involved Group of cells Single cell
Occuwrrence * Always pathological * Physiological/pathological
| * Accidental * Suicidal
Cell size Increases Decreases
cell membrane Aected Intact
Inflammadion Present Absent
markers Absent Annexin V, CD 95
Polyacrylamide gel Smear pattern (Absent Step ladder pottern :
electrophoresis (PR&E)/ endonuclease) D/t endonuclease activity
DNA electrophoresis
Breaks DNA to fragments

Reversible
injury

N R
o0 B————wmpein
5562 v an

Normal cell

Recovery

Swelling of

endoplasmic
reticulum and
mitochondria

Progressive
injury 2 o

-
s

* figures

". Breakdown of
v plasma membrane,

, organelles and nucleus;
.+ leakage of contents

L}
+— Amorphous densities
ot in mitochondria

Necrosis

Membrane
bleb

Condensation
of chromatin

Cellular
fragmentation

| @— Apoptotic
O body

LoD ,-

Apoptosis

Phagocyte

Phagocytosis of
apoptotic cells
and fragment

Pathology * v1.0 « Marrow 8.0 < 2024
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Note :
e?—‘}rocg’cos‘\s :

Step ladder pattemn in
e e

Pag

[

15

Phasocg‘cos‘\s of
apoptotic bodies.

Page 6/8

3




[ Feedback

Pathology ¢ v1.0 « Marrow 8.0 < 2024 Page 6/8

(5
-

16 - General Pathology

---—- Active space ----- Miscellaneous Forms Of Cell Death 01:01:50

NECROPTOSIS
Programmed necrosis (Combination of necrosis and apop&osls).

mechanism : Stalls on apop’cosis —» Caspose 'mdependen’c —> 2nds as necrosis.
mediotor : RIPK-I.

morphology : Features of necrosis (1 cel size, damaged cell membrane).

exomples ‘
* Development of mammalian growth P\o@te.‘ * Aeute steatohepoditis
* Acute pancreoditis. ) * Neurodegenerodive disorders.
FERROPTOSIS | '
Cell death due to 1 level of ron (Fe*).
mechanism : | Level of Iron example
| .l ® Cancer.
Activates glutothione o Stroke.
- dependent defenses * Neurodegenerative disorders.
Free rodicals activotion |
Lipid pertxido&'\on

Loss of membrane permeab‘\\i’cg
and function

/

Cell death

PYROPTOSIS ~ ,
Cell death caused by Fever inducing eytokine, IL-.
' mechanism : m'\crob‘\od foxin enters cell

Recognised by NOD like receptors :
648c85cfee3b03a74e182fab .
Activadion of cQsPase |
Activadion of L~

Fever + Inflammadtion

Pathology * v1.0 + Marrow 8.0 » 2024 Page 7/8
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{ \ Cell Death - 17

AUTOPHAGY
* cell Kils itself to help the organism survive o nutrient deprived stote.

----- Active space -----

Initiation complex

kW@gmail.com
Endoplasmic

reticulum

Recycling of
metabolites

|
.@. — | Elongation

X—""

Maturation of
Initiation d/t ER autophagosome

Nucleation complex (Vesicle)

' Lysosomal
hydrolases

Fusion with lysosome

morkers :
®* LC3: For m’cophagg. »
* ATSLI : AT involved in developmen’c o% Crohn's diseose.

NG
O
©
0
o
()]
[¢))
L
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..... Active space - INTRACELLULAR ACCUMULATIONS

Intracellular Accumulations 00:00:30

Substances deposited inside cell in response o cell njury :
&lycogen up\ids  Proteins  Wadker Hyoline  Calcium Pigments
GLYCOGEN

Clinical Conditions :
. &lycogen Storage Disorders.
a. Tumors : Clear cell Renal Cell Carcinomo.
3. Severe diabetic nephropathy : Armani ebstein lesions
G\lgcogen deposition in Proximal Convoluted Tubules as clear vocuoles.

Microseopy : Clear vacuoles D/ dissolution in agqueous mixture).,
Special stain : Periodic Acid Schits (PAS).
Note : PAS positive substances
~ * Fungi ‘ * Lymphoblatsts.
* Bosement Membrane (can differentiote invasive and insitu. cancer).

khanirfan0392@gmail.com

erish’c pink
§ magenta.
Clear vacuoles
a/t Sl\tjcosen

CJear Cell RCC | ~ PRS Positivity '
LIPID/FATS
Clinical Conditions :
/% anqunlwwa&ior\ ot
Tr‘\slgcerides : Cholesterol esters :
* Fotty liver/steotosis * ptherosclerosis
Can be micro/magcrovesicular : * Cholesterolosis
Pathology * v1.0 + Marrow 8.0 + 2024 _ Page 1/7
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Intracellular Accumulations 19

microscopy : Clear Vacuoles. khanirfan0392@gmail.com
Special Stain ¢ |

* Oil Red O.

* Sudan Block.

Vocuoles composed
ot lipids/Sok

S ¢ ALY
¥ (] 43

2 %
-~

/| "7' ¢ x ) A
Fo, oA 0’"‘ .\ it
Y A Rl RO X
:\. “2"&"“ *“Q;...‘\l" ....'j.}lz;,'. ‘\‘

Liver Biopsy : Steakosis Oil Red O Staining of lipids

PROTEINS

Clinical Conditions : '
L. Multiple Myeloma. : Deposition of abnormal immunoglobuling

X . gl ) s

b ) ‘ k;h:; ,‘. A a
Russel bodies : \n’cmcg’cop\asm'\c inclusion dutcher bodies : Intranuclear inclusion
a.widney diseases : Reabsorption droplets.

Microscopy : gosinophilic, granular.

HYALINE

Microscopy *
Homogenous Pink.
Types
* Intracelulor : mod\org
Hyoline 60d5.

- extrocellulor

b
O
©

Q

o
[}
()

LL

i
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