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CELL ADAPTATIONS

Cell Injury

- 1

00:02:20

gndoplasmic reticulum (£R) with ——
ribogsornes : Protein sg,n’ches‘ng

cell wall
Cell membrone
Nucleus : DNA SBn’chesis

—— Nucleolus

I =

o
0 :
0
6D "
s 0

)

L mitochondrio. : ATP an%hesis

normal structure of cell

Couses:

HBPO)G& :
* m/c cause of cell injury
* | 0, to tissues.

m/c couse : lschemio
(| blood supply to tissue).

(} 0, § nutrients) > hypoxia. (}
Sensiﬁv&g to hﬂpoxia E

most

Foctors a%cﬁng cell injury :

Severifﬂ of cell njury : lschemia

Other agents

Physical : Radiadion.

Chemical Drugs.

Infectious : Bacteria, virus, fung.

'.mmmologic : Autoimmune disorder.
Nudritional : Vitamin deficiencies.
Genetic foctors.

o).

' Newrons

Leost : Skeletal muscle/Sbroblosts

* Type ot cell. * Durotion of injury.
* metabolic stote of cell. * Type of njury,
Cellular response
Bosed on couses and factors
‘[ Small stimulus l Persis’cing stimulus l l

Cellular ado.ptaﬂdon :

Reversible cell 1r3jur3 Introcelular Paﬂwo\ogical

nger’cropha. (Reversed to normal stote on removing stimulus)  accumulations  caleificotion
ngerpiasia. l Pe,rsis’cing stimulus
metaplasio. Irreversible cell injury
ﬂ’troph\lj.
cell c!iea’ch
Me(‘.g)s‘\s npog’cosis Pgroé’cosis Mecm:a’tos‘ns Ferrolp’cosis

Pathology * v1.0 = Marrow 8.5 - 2026



2 - General Pathology

- Active space — Cell Adaptation

00:14:00

Hypertrophy :
1 cell size (No 1 in cell number).
mMechanism :
* 1 synthesis of proteins.
* Occurs in permanent/ non-dividing cells

(Neurons, cardiac/skeletal muscles). Hupertrophy + huperplosia. of
— grovid uterus
¥ |
Ph531o'|0510al : Pa’chologucal :

* uterine mljome‘trium during pregnancy
* Breost during loctation.
* Skeletal muscle in body builders (1 work load.

“Normal myometrial cells
Hyperplasia. :

T oumber of cells —» 1 size of organ.
On persisting can lead to careinoma.

mechanism :

* growth factor induced Pro'.#erodcion of cells,

* Occurs in dividing cells.
examples ot hgper{rophij + hﬂperp\asiw
* greost duri.ng puber’n:j
* Uterus during pregnancy,

* Left ventricular hypertrophy
(Hypertension — T work load.

* Blodder obstruction by stone —»
Proximal areo. hgper’frophg.

J =

Pathology « v1.0 * Marrow 8.5 - 2026



Cell Adaptations - 3

mle’s : L e e TR Active space -----
¢
Ph}jsm()llogmca! P&’cho'!ogml
Compensatory * Hormlonod : gstrogen excess : Androgen excess
Liver post partial @reast during E:Puber’cg endometriol h5perplasia Benign prostatic
hepa’tec’cOmH Preanmcﬂ htjperp'lasia
Partial Hepatectomy Regenerating liver
N
sty
\/ complete
mass recovery
Healthy liver ®
15 days : S NG L ot
Haperplasia of liver Normal endometrium number of endometrial Slands

Mrgghg:
| cell size, | cell number.
mechanism :
* | protein synthesis.
* 1 protein degradation.

. ﬂu’cophagg.
&xamp'les :
¢ v
Phgsiologica! : Pa‘cholog‘\ca\ :
* Disappearance of notochord/thyroglossal duct.  * Senile : Ageing of organs.
* Involution of uterus duﬂna parturition. * Disuse : Muscular oicrophg ofter frocture.

* Denervadion atrophy : | nerve supply.

| blood supply,

Nudritionol atrophy : kwashiorkor/mMarasmus.
Pressure adrophy : Area surrounding tumors.

Pathology * v1.0 - Marrow 8.5 - 2026



General Pathology

----- Active space ----- &e’ﬁﬂ_ﬂé}& .

* Reversible chcmge

* One difSerentiated (Mature) cell type

converted into another.

* Tupes Ci‘:pirthelial (Conversion of epitheliuny.
mesenchymal (Conversion of
connective tissue).

mechanism :
* Reprogramming of stem cells.
* Risk factor : vitamin A de%cienct\.

Aleion b'.ue stmned gobie*c cells

exomples ¢
l. Squamous metaplasia. in respiratory troct :

o Preudtstiotilied cliated Solunnar = o shokers
SmoHi.ng cessation

» Strodified squamous epithelium.

* 1 risk of infections.
a. Borrett's esopho.sus/ Columnar lined esophagus (CLO) :

* Stratified squamous epithelium G‘ERD/Q‘SH %ﬁo{i Columnar epithelium.
On treatment
Histopathological remark (HS) :
- Intestinal metaplasia. - Goblet cells present.

* Risk factor for adenocarcinoma. of esophagus.
* Special stajning : Alcion blue/mucicarmine (&taing mucin inside goble{- cello).

3. myositis ossificans : muscle —» Bone.
Pseudostrotified

Intestinal  solumnar epithelium
Strotified Suaraous epithelium

goblet cells
(Filled with

ea! b : Borrett's eso us
&SOP*“S iopsy ¢

Pathology « v1.0 » Marrow 8.5 » 2026



- 5

CELL INIURY ----- Active space -----
Persistin Persisti
Injurious stimulus —= Cell ado.p’co@tion 3 Reversible cell injury ———— = \rreversible cell injuru.
5]1‘\/ (% HBPOX.&Q) shimulus Nialv stimulus Uil
Reversible Cell Injury 00:01:10

mechanism :
Na'-K" ATPase
Hypoxia. ¢ Oa) —> —» |, Oxidative phosphoryladion 2} :.,: E: NG
¢ Normal cel
| ATP synthesis with ATP
l ;
\anﬁv'rtﬂ of Na'-H" ATPase pump 1 Anaerobic glyeolysis Detachment of ribosomes from
rough endoplasmic reticulum
Influx of Na™ and H O + efSlux of K’ Lackic acidosis i
I l | Protein synthesis +
Cellular swelling * Hydropic change .LpH TLipid synthesis

(most important morphological feoture) :
* Organelle swel\‘.ng :
- mitochondria. (M/C ofSected).
- endoplasmic reticulum.
* membrone blebs.
* myelin fiqures

- Seen in reversible < irreversible cell irj,urﬂ.
- Produced d/t plasma. membrone damage.

- Composition : Phospholipids + [b's Wil

mitochondrio. :
* most important organelle ofSected in :
Reversible cell injury, apoptosis.
* Calcification (garliest appearance).

Pathology = v1.0 » Marrow 8.5 - 2026
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" Normal cell
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Reversible cell irjurg



6 - General Pathology

ﬁﬁﬁﬁﬁ Active space ----- Il'l'evel'Sible Ceu Iﬂjury 00:1 2:1 0
Lysosome rupture and
autolysis

2 Myelin
£ 9 " figures
lrreversibil.&rj fror o 1
| {7 ee® Lysis of
i endoplasmic
4 ¢ l Nucleus 3 reticulum
membrane mMitochondrio. Nuclear M&“’“ﬁ t -
dysfunction dysfunction changes A OC ® i
C - ,) & e
Chorocteristic features ' densities
Karyorrhexis Mitochondrial swelling
rreversible cell i.Q}u.rB
membrane Dysfunction :
mechanism :

* Cell membrane : Loss of selective permeabi\i’cg e OOmP'.e’ceiB permeoable.
* Organehes membrane :
Loss of permeability — fcytosolic co®

i Activade
¢ v v ' |
PhosPhohpase DNRase endonucleose Proteose ATPose
L ¢ J | |
Break Nuclear damage Protein Activotion/
phosPhohpids breakdown degmdodc‘\on ot ATP
rd 1
Damage mljehn
plasma. qures
membrane

Clinical o,pphcodcions :

. TPermeabthcB — Relense intracellular enzymes in circulodion.

L s‘:mmp'nes :

. myocardial infarction : TSerum levels : Crs-Mg, LDH, Troponin 1/T,
3. Hepotitis : 1'Serum enzymes : S6OT, SGPT.

mitochondrial Dysfunction :

Large, Slocculent, amorphous densities in mitochondrio :
* Charocterigtic feoture of 1rreversibih{-5.
* Vvisible onlnj on electron microsco%.

Pathology * v1.0 * Marrow 8.5 + 2026



Cell Injury - 7

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

Nuclear Changes :

most important light microscopic feoture of irreversibility,
l. Pyknosis : Shrinkage of nuclear chromaodin.
3 haraorrhexis : Fragmentadion of nuclear chromodin.
3. horyolysis : Dissolution of nucleus.

Free Radicals 00:23:45

* molecules with 2| unpaired electrons in their outermost orbit.
* unstable con%gumﬁon —» Release high energy — Damoge cells,

examples
* OH (HydroxyD : Most potent.
* 0, (Superoxide).
* 1,0, (Hydrogen peroxide).
* ONOO™ (Peroxynitrite) : Phogoeytosis in O ~dependent Killing pothiway,

Role of free radical injury :
* Ageing (Mx : Tuse of antioxidants).
* Neurodegenerofive disease Alzheimer’s disease.
* Cancer.

. erer%sion irl;ura.

Production and effects :

—>- Lipid peroxidation —3» Membrane damage || '

Radiation
Toxins
Reperfusion

"% Production of ROS
0;—L3 H,0, L2y, .OH — '

‘Superoxide  Hydrogen Hydroxyl Oxidative
; peroxide radical —3 Protein == Breakdown,
' i modifications misfolding

—» DNA damage ——3» Mutations E’ m W

Conversion Decomposition to
toH,0, H,O by glutathione
by SOD peroxidase, catalase

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

Pathology » v1.0 * Marrow 8.5 « 2026



8 - General Pathology

Active space -----

Fenton’s Reaction : Fe* involved in production of free radicals (FR).
* |Fe™ inbody d/t:
- Fe* »> Fe® in vivo.

- Presence of binding proteins : Transferrin (For Fe)/CerwoP\asmin (For Cw

‘

T eound form Limit availability for FR production),

Protective mechanisms against free radicals :
. Exosenws/ endogenous.

Antioxidonts
¢ l s
Enzgmoddc : Mon-—&nz\tjm’tic :
* Cotolose. * Vitamins €, A, C.
* Superoxide dismutase. * Selenium.
* Glutathione peroxidose. . 2,

* Antioxidants § Targets

Locadion Free radical inactivated
Superoxide | Cu-2n SOD (50D D Cytoplasm -
Dismutase (SOD) | Mn-S0D (50D &) |  mitochondria. @
Cotolose Peroxisomes RO,
; ‘ * Cytoplasm * oM
Glutothione peroxidase o b, Y
Importance of SOD- :

- Protects brain from $ree radical injury,
- mutodion of SOD-I —» nmxjo‘(rophic Loteral Sclerosis.

Misfolded Proteins 00:35:35

Sgn’chesis.

endoplasmic Reticulum (2R) : Site of protein<__ Folding : Assisted by chaperones
ing ¢ 1) "

Pathology « v1.0 « Marrow 8.5 - 2026



Cell Injury - 9

mechonism :
Chaperone in & —» Normol Séolding of protein

€R stress | Defective choperones

misfolded protein

'

Degradation by Ubiquitin proteasome pathwoy
l ¥ defective
T Bccumulation of misfolded proteins

Clinical appﬁcadion :

Cystic fbrosis CFTR
Familial hypercholesterolemiod LbL-receptor
Taq;achs disease Hexosaminidase Ol—subunit
Cxeu‘rzﬁe\d‘r Jokob disease Prion
01 Antitrypsin deficiency O~ Antitrypsin
Alzheimer’s disease Ap

Patholegy * v1.0 - Marrow 8.5 « 2026



10 - General Pathology

----- Active space ----- CELL DEATH

mechanisms of cell death :

* Necrosis. . PﬂroPJ(osis. . npop’cosis.
* Necroptosis. . FerroP{-osis. . nchoPhagg.
Necrosis 00:01:45

* fecidental deoth of mufhpte cells : ﬂluuoujs pa-thologxcai.

mechanism :

| y

Denaturation of proteins &nzgmodric digesﬁon of cells

Irreversible cell irgjurg : Domage to plasma. membrane

Leakage o¥ cellular contents

Slomerulus

Tubules

Abnormal
Tubules

& AN
ﬁidnejj b‘ropsxv,\ : Nlecrosis on HPe
morphology :
On HPg ¢

. Densely eosinophilic cells : D/t loss of cytoplasmic RNA.
a.more 3\0535/ shinB appearance : /% loss of Slﬂcogen.
3. Moth-eaten appearance : D/t digestion of organelies by lysosomes.

Types ;
|
; . b . ! v

Coagulative Liquefoctive Caseous Fok  Fibrinoid Gangrenous

Pathology - v1.0 » Marrow 8.5 - 2026



Cell Death 11

Coogulodive vs liquetactive necrosis *

————— Active space -----
Coagulativenecrosis | Liquefactvenecrosis
Occurrence mM/C tupe of necrosis. ‘ AKA colliquative necrosis Mi
morpholoay Cell outlines are preserved | ~ Cell outlines not preserved |
mMechonism Denoduration of protein enzymadic digestion of cells |
examples | * Infarct of all solid organs except brain : * Brain |
- Heart (M/c ofSected) - Fungal infection
- Liver | wet gangrene
- Hidney * Abscess

- Spleen !
* Burns '
. Dry gangrene
* Zenker’s degeneration (n typhoid fever) :
ALects skeletal muscle (Rectus albdominis).

preamnce

Coseous Necrosis :
Intermediote form of coagula{'we ond
liquefactive necrosis.

morp‘no\o% : Cheese-like appearance.

'axomples :
* Tuberculosis : (‘,aseaﬁr\g Sranulomm

* Fungal infections ¢ Histoplasmosis, blastomycosis.

Fot necrosis ¢
Tupes exoamples
Troumodic Breost
‘anzgmodcic * Omentum
* Poncreos Chalky white  EEEECES £
b * mesentery Ve : n:‘ Fig

B )

/D : Breast concer.

Gross imen oSlih’cesfine J
morphologlj : C,halHEj white deposi‘cs.
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12 General Pathology

- Fibrinoid necrosis

* morphology : Fibrin like (Pink coloured).

* Pothology : Type I, Il hypersensitivity reactions (HSKD.
* D/t immune complex deposition.

* examples Fibrinoid necrosis
~ fAschof% nodules : Pathognomonic of RECs in lumen
rheumatic heart disease.

- Polyarteritis Nodosa. (PAND : Type Il HSN.
- Malignant Hypertension (HTN leading to orgon

damage) : Onion skin appearance.

G\QDSVQT\OUS NeCrosis :

gxamples ¢ Limb ischemio.

Types exomple
Dnj gangrene Coaguda’ci\fe necrosis

wet gangrene | Liquefactive necrosis

G\cmgrenous Necrosis

Apoptosis 00:24:55

* Genetically programmed death of a single cell (suicide of celD.

* Organism used for most of apoptotic studies : Caenorhabditis elegans
(Nermodode).

* “Apoptosis’ : Falling ot

Occurrence
) On completion of function of cell. b) Damage of cell beyond repair.
Physiologjcal : Pathological Factors :
. Organogenesis/embrﬂogenesis : Formadion of * Damage to cell DNA.
?\ngers in limbs. * pAccumulation of misfolded
® Porturition. prote‘ms.
* £ndometrial sheddmg during menstruol cgcle. * Infections : Hepodtitis &
* Death of harméul self-reactive lymphocytes. (Councilmon bodies).
* Involution of hormone-dependent tissue upon
withdrawal of hormones.
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