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CELL ADAPTATIONS

Cell Injury

L

00:02:20

(% =

0
endoplasmic reticulum (€R) with —— E
0
0

ribosomes : Protein stjn{fhesis 0
0
R
\\o—\__—/J

Normal structure of cell

Couses :
H5p0x1a=
* m/c couse of cell injury.
* | 0, fo tissues.
* m/c cause : Ischemia
( | blood supply to tissue).
* Severity of cell injury : Ischemio.
({ 0, % nutrients) > hypoxia. (} 0.
. Sensi’civ‘\'cﬂ ‘o hgpoxia E

most : Neurons

Factors affecting cell injury :
* Type of cell.
* metabolic stote of cell.

Cellular response :

cell wall

cell membrane

Nucleus : DNRA san&hesis
Nucleolus

mitochondria : ATP swwthesis

Other agents :

Ph}jsical ¢ Radiodion.
Chemical : Drugs.
Infectious : Bacterio, virus, fungi.

[ ]
\mmunologic : Autoimmune disorder.

Nudritional : Vitamin deficiencies.
genetic factors.

Least : Skeletal muscle/Sbroblosts

* Durotion of injury,
* Type of injury,

Based on couses and factors

I Small stimulus
Cellular adap&o@c'\on :

l Persis’cing stimulus
Reversible cell 'n}jurﬂ

l

Intracellular

l

Pa’chological

(Reversed to normal state on removing stimulus)  accumulations  caleification

l

Hﬂper’crophg.
ngerplas'\a. l Pers'\shng stimulusg
metaplasio. Irreversible cell injury
f-\‘(rophg.
cell cl\eodch
Mec&osis Apopl"rosis Pﬂroi’cosis Mecroi&osis

Ferrop’cosis
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2 - General Pathology

Cell Adaptation

00:14:00

HYPERTROPHY
1 cell size (Mo 1 in cell number.

mechanism :
¥ Synthesis of proteins.
® Occurs in permar\en’c/ non—d\vid\ng cells
(Neurons, cardiac/skeletal muscles).

examples :

H5per’<roph5 + hgperplasia of

Sra\/ic\ uterus

v

PhBS\ologicod :
* Uterine myomertrium dur\ng pregnancy,
* Breast during lactation.
* Skeletal muscle in body builders (1 work lood.

] Normal momekricd cells

HYPERPLASIA
1 aumber of cells —» 1 size of organ.
Oon pers\s’c'mg can lead to carcinomo.

mechonism :

* growth factor induced proli‘?eroedon of cells. -

® Occurs in div\ding cells.

zxamples :

Poechologicod :
* Left ventricular hypertrophy
(Hypertension —» T work load).
* pladder obstruction by stone —»
Proximal area h5per‘croph5

i

’

o
l I e 4

(/9 ad
A‘!»Mﬁ "‘L ¢ ‘w&

1‘ size of smooth muscle cells

Note :

examples of hypertrophy +
hﬂperplasia :

* Breast during puber’cg

* Uterus during pregnancy.

v
Physiological
ysiolog
y v
C)ompensa’corg : Hormonal :
Liver pos’c pourﬁod Breost dur'mg [:Puber’rg

hepoecec’comg Pregr\our\cg

8s’<rogen excess :
endometrial hﬂperplasia

Pa’cho}og'\cal

nndrogen execess

Benigr\ Pros%o@dc

hﬁperplas\a
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Cell Adaptations - 3

Partial Hepatectomy Regenerating liver
' complete
mass recovery
Healthy liver
15 days
s Y g | { ;
Hyperplasia. of liver Normal endometrium 1 number of endometriol glands
ATROPHY

| cell size, | cell number.

mechanism :
| protein synthesis.
1 protein degradation.

" r-\u’cophaag.
examples :
v v
Ph5siologicod : Poecholog"\cal :
* Disappearance of no’cochord/’chﬂroalossal duct. * Senile : Ageing of organs.
* Involution of uterus during parturition. * Disuse : Muscular adrophy ofter fracture.
' * Denervation atrophy : | nerve supply,

* | blood supply,
* Nudritional adrophy : Kkwashiorkar/marasmus.
* Pressure oecrophg ' Area swromding tumors.

METAPLASIA

* Reversible change..

* One differentiated (Mature) cell type converted into
another.

* Types gpithelial (Conversion of epitheliunm.

mesenchymal (Conversion of connective tissue).

mechanism :
* Reprogramming of ¢tem cells.

* Rigk factor ¢ Vitomin A de%ciencg.

Alcian b|uue S’couned Soble’c cells

Pathology * v1.0 « Marrow 8.0 « 2024



4 - General Pathology

l. Squamous metaplasio. in respirotory troct :

* pPseudostratified cilioted columnox w

Stratified squamous epithelium.
Smoking cessation ‘

* 1 risk of infections.

a. Barrett’s esophagus/ Columnar lined esophagus (€LO) :

GeRD/Risk factors

* Stratified squamous epithelium > Columnar epithelium.

On treadment
* Histopathological remark (H5e) :
- Intestinal metaplasio.
- Goblet cells present.
* Risk factor for adenocarcinomo. of esophagus.
* Speciol staining : Alcian blue/mucicarmine (Stains mucin inside goblet cells).

3. Myositis ossificans : muscle —» Bone.

Pseudo stratified
columnay ep‘rthe\ium

Intestinal
Stratified squamous  epithelium

ol

goblet cells
(Filled with
mucin

esophageal biopsy : Borrett's esophagus

Pathology * v1.0 « Marrow 8.0 + 2024
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CELL IN]URY ----- Active space -----
Persis’dng Persistin
Injurious stimulus — Cell adap%oedon Reversible cell 'mJ‘uurB —=p |rreversible cell ‘\qurﬂ
. _ stimulus stimulus
o/c: Hﬂpoma)
00:01:10

Reversible Cell Injury

mechanism :

Hypoxio. (o) —

JaTP synthesis
|

—> | Oxidative phosphorylation

No'—K" ATPase

A Y
> No

K <f
A ¥
Normal cell

with ATP

¢

\[,ﬂc’d\/'\’rﬂ of Na'-K" ATPase pump

Influx of No™ and H 0 + efflux of K
Cellular swelling ?Hgdrop\c change
(most important morphological feature) :

e Organel\e swel\ir\3=
- mitochondria. (M/C ofSected).
- endoplasmic reticulum.

* membrone blebs.

* myelin figures :

- Seen in reversible < irreversible cell '\qurg.

~ Produced d/t plasma. membrane damage.
- Composition : Phospholipids + Ca¥,

Note :
mitochondria
* most important organelie offected in
Reversible cell ‘rliurﬂz apoptosis.
* Calcification (garliest appearance).

chromaodin

v v

T Anaerobic glycolysis

Detachment of ribosomes From
rOugh endoplasm'\c reticulum

Loctic acidosis
i | Protein synthesis +
{pH TLipid synthesis

'

Clump‘mg of nuclear

Reversible
injury

Membrane
bleb

o Swelling of
Myelin figure endoplgsmic
reticulum and
mitochondria

Reversible cell injury
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6 - General Pathology

----- Active space - Irreversible Cell Injury 00:12:10
Lysosome rupture and
autolysis

&n—”h—k———Mye]m
figures
Irreversibility A
l Lysis of
endoplasmic
‘ ‘ } Nuclegs reticulum
mMembrone mitochondrio Nuclear i D> ca
K b
dtjs%r\hon dﬂsﬂlmﬁon changes iy ey
K J
e O 5 szrg eit'ee.
H nsiti
Chavacterigtic feotures ) ‘
g
Karyorrhexis Mitochondrial swelling
Irreversible cell in\')uurﬂ
mMeEMBRANE DYSFUNCTION

mechanism :

Cell membrane : Loss of selective permeabi\i’cb e Comp\e‘cela permeable.
Organel\es membrane ¢
Loss of permeability —> ’I‘Cg’cosolic Gof

] Activote
v ' v v v
PhosPhol'\pase DNRase endonucleose Protease ATPose
) | |
Break A oge Protein Activadion/
phospholipids breakdown degmdodc‘\on of ATP
r \
Damage mBel'\n
plasmo. ?\5ures
membrone

Clinical applications :
* [Permeability —> Release intraceliular enzymes in circuladion.

e &xamples :

I Myocardial infarction : Tserum levels : Crs-me, LD, Troponin 1/T.
a. Hepoditis : T'Serum enzymes : SEOT, SGPT.

MITOCHONDRIAL DYSFUNCTION
Large, Slocculent, amorphous densities in mitochondria :
* Chavracteristic feoture of irreversibility,

* Visible only on electron microscopu.
o o
Pathclogy « v1.0 « Marrow 8.0 - 2024



Cell Injury - 7

NUCLEAR CHANGES N
Most important light microscopic feature of irreversibility,

. Pyknosis * Shrinkage of nuclear chromadin.

3. Karyorrhexis  Fragmentadion of nuclear chromodin.

2, hargolgsis : Dissolution of nucleus.

Free Radicals ' 00:23:45

molecules with 2 unpa‘\red electrons in their outermost orbit.
unstoble con%éura’don —> Releose h‘\gh energy — Damage cells.

&xo.mples :
. OH’(HSdeBD : nost potent.

* 0 (Superoxide).
* HO, (Hgdrogen peroxide).
* ONOO™ (PeroxBni{r‘\’ce) : Phagoeytosis in 0,~dependent killing pothway,

Role o $ree radical injury :
* Ageing (Mx : Tuse of antioxidonts).
L Meurodegenem’dve disease : Alzheimer’s disease.
® Coancer.
* Reperfusion njury.

Production and effects :

[ |

Radiation
Toxins
Reperfusion

Production of ROS —>> Lipid peroxidation —3» Membrane damage E&!!E;EE 1Y M

. 0= HO, LUy, .oH

“Superoxide  Hydrogen Hydroxyl’ ‘ Oxidative
. peroxide radical —>» Protein =————————3 Breakdown, Qf'
; 4 modifications misfolding ‘J
IJ { ) L//

—» DNA damage =3 Mutations m 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 8.0 - 2024



8 - General Pathology

.. Fenton’s Reaction : Fe" involved in production of free radicals (FR).

* |Fe® in body d/t:
Y
- Fe® >> Fe* in vivo.

- Presence of bind’mg pro’ce'ms : Transterrin (For Fe)/| C,emloplasm\n (For cw

:

Teound form (Limit availability $or FR productior.

Protective mechanisms against free radicals :
&xogemus/ endogenous.

Antioxidonts
i
! v

&nzgmoedc : Mon—-&n’%mo@dc :
* Codolose. ® Vitoming g, R, C.
* Superoxide dismutase. * Selenium.
* Glutathione peroxidase. * 2inc.
Antioxidants § Targets :
Locakion Free radical inactivated
Superoxide | Cu-2n SOD (SOD D | Cytoplasm o
Dismutase (S0D) | Mn-<0d (SO0D @) | mitochondrio 5
Cotolase Peroxisomes RO,
. . * Cl:;’coplasm * OH
Glutathione peroxidase § rTREA " Mo,

* Importance of OO
- Protects brain $rom $ree rodical ‘\rl‘)uurﬂ.
- mMutodion of SOD-I —» Hmﬂoﬂophic Loteral Sclerosic.

Misfolded Proteins 00:35:35

Pathclogy « v1.0 » Marrow 8.0 « 2024



coriiry [ o

mechanism :
Chaperone in R —> Normal %lding of protein

eR stress l DeSFQQJcNe chaperones

nmisfolded protein

:

Degradadion by Ubiquitin proteasome pothway
1§ defective
TAccumulation of misfolded proteins

Clinical appliéodrion :

Disease Aflected protein
Cygstic Rbrosis CFTR
Familial hypercholesterolemia LDL-receptor
Toy Sachs disease Hexosaminidase Ol-subunit
Creutzfeldt Jakob disease Prion
0L-1 Antitrypsin deficiency O-1 Antitrypsin
Alzheimer’s disease Ap

Pathology - v1.0 « Marrow 8.0 - 2024



10 - General Pathology

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

mechaniems of cell death :

® Necrosis. . Pﬂrop’cosis. . npop’cos'\s.
w Mecrop’cos\s. o Ferrop’ros'\s. e ﬂu’mpha%.
Necrosis 00:01:45

* pecidental deodh of multiple cells : Alwoys pathological.

MECHANISM

Denaturotion of proteins Enzgma’dc d\ges’don of cells
rreversible cell ir\\)‘urg s Damoage to plasma membrane

Leakoge of cellular contents

1 Inflammadory infiltrate to clean debris

Glomerulus

Tubules

Abnormal
Tubules

h\dne b\opsg : Neerosis on

MORPHOLOGY
On HPe :
. Densely eosinophilic cells : /4 loss of cytoplasmic RNA,
a.more glassy/shiny appearance : /% loss of glycogen.
3. moth-eaten appearance : /% digestion ot organelies bg \5$osomes.

TYPES

|
{ ! v v v }

Coagulative  Liquefactive Caseous Fat  Fibrinoid — Gongrenous

Pathology * v1.0 « Marrow 8.0 « 2024



Cell Death - 11

Coogulative vs liquefactive necrosis: Active space —
Coaqulotive necrosis \ Liquetactive necrosis
Occurrence mM/C tupe of necrosis. \ ArA colliquative necrosis
morpholoqy Cell outlines are preserved Cell outlines not preserved
“mechanism Denaduration of protein gnzymoadic digestion of cells
examples | * Infarct of all solid organs except brain : * Brain
- heart (W/c ofSected) - Kidney * Fungal infection
- Liver - Spleen ° Wet gangrene
* Buwns * Dry gangrene * Abscess

* 2enker’s degeneration (in typhoid fever) :
- Aects skeletal muscle Rectus abdominia).

Pppearance Infarct <

Liguid
appearance

Caseous Necrosis :
Intermediote form of coagula’d\/e and
liquetactive necrosis.

morphologg : Cheese-like appearance.

‘axamples :
. Tube_rculosis : Casea’dng 8mnudoma,

* Fungal infections : Histoplasmosis, blastomycosis.

&ross specimen of lung

Fot necrosis :
Types examples
Troumadic Breast

2n25ma‘cic ° Omentum il olky white

® Poncreos Deposits =

* mMesentery
/D : Breast cancer. aross cimen of in’cs{'ine
morpho\o\% : challﬁg white o\epos'\ks.

Pathology = v1.0 « Marrow 8.0 « 2024



12 - General Pathology

Fibrinoid necrosis :

morphology : Fibrin like (Pink coloured).
Pathology * Type 1}, Il hupersensitivity reactions (HeND.
/% immune complex deposition.

. &xamples
- Ascho®s nodules : Poechognom\c of

Fibrinoid necrosis

RBCS i lumen

rheumoadic heart disease.
- Polyarteritis Nodosa (PaND) : Type I\ HoN.

- malignant Hypertension (HTN leading fo organ damage) :

Onion skin appearance.
Gangrenous necrosis :

&xmnp\es : Limb ischemio.

“ : 'r | exomple

Dry gongrene | Coagulative necrosis

wet gangrene | Liquefactive necrosis

aangrenous NeCrosis

Apoptosis

00:24:55

o 6\€ne’c'\cal\5 programmed deoth of o single cell (suicide of cel).

= Organ\sm used for most of apop’cohc studies : Coenorhoabditis e\egans

(Nemoatode).
o “Apop’cos\s” : Falling ofs.

occurrence :
o) On completion of function of cell.

b Damage of cell beyond repair.

eXAMPLES
Phg&o\ogxcod Pothological foctors :
Organogene&s/ embrﬂogeness Formadion of * Damoge to cell DNA.
fingers in limbs. * Accumulotion of misfolded
* Parturition. proteins.
* endometrial shedding during menstrual cycle. * Infections : Hepatitis &

* Deoth of hormful self-reactive \Bmphocgces.
* Involution of hormone-dependent tissue upon
withdrawal of hormones.

(Councilman bodies).

Pathology « v1.0 - Marrow 8.0 - 2024



Cell Death - 13

MORPHOLOGY

* Intact membrane : No inSlammadion.
* Cell Shrinking : garliest feature < W Y ”;m:r::;\; sif;r::eblre;k;m
Chromodin condenses : 4 3 ! 9
most characteristic feoturef’

Condensed chromodin

mitochondria ApoPtOSIS ) i ’
Nucleus and orgonelies collapse v i
membrane 4ontinues to bleb LA ; =0
B el Py Apoptotic bodies : Small but,
& gg L Disintegration : appearance of cell
InSlammadion % :
.. @% ___,..-3’

Apoptotic bodies : Membrane bound
with orgomelles inside

mMacrophages phagoc3+ose '
apoplotic bodies
MECHANISM
Phoses : Regulodors :
I. Initiation Phase . Pro apoptotic :
& | } ° BRX.
90% * Intringic poﬂchuoag 10% : extringic po@c‘nwag ° BAC.
(mitochondrial (Death receptor mediated) 3. Anti apoptotic :
BCL SPam'\B :
a. execution Phose.

Prevents release of
2. Removal of dead cells bﬂ macrophages.

cg’cochrome C.

&n25mes= ° oCL-a.
I Ca5pases¢ ° BCL-XL.
* Contains caspases. * mCL-l.

® Cleaves near aspartic acid residue.

3, Shress sensors (QQSU\lod'ed
® Tﬂpe$=

initiodors) :
- Initiotor caspases : §, 9, I0. °* Bim. ° PUMA.
- executioner caspases ¢ 3, b, 7. ° BID. ° NOXA.
a. endonuclease : Breaks down DNA to ?—ragmen&s. * BaD.

Note :

mitochondria. : Most important organelle affected in :
® Apoptosis.
® Reversible cell injury.
* Calcification (Begins here).

Pathology * v1.0 » Marrow 8.0 « 2024



14 - General Pathology

Intrinsic pod:hwag :
In Mitochondrio. (Most important organelie ofSected).

extringic pa’chwaa :
Deoth Receptors ¢ FAS, TNF

Deoth
DoMains
(on inner
side)

Normal mitochondrio
Outer
mitochondrial Membrone

Inner
BCL ?am'\\g

Prevents releose into cg’coplasm

%&ochrome C : Present in Intermembrane spoce

FAS + FRS L\gand

Upon noxious stimuli
Stimulus Sor cell death (DNA domage/ misfolded proteir)
Four deodh domains cong\omeroece

% \ FADD
Activation of stress sensors / \

/ BAX-BAC channel FAS Associated Deoth Domain

|

Pro-cospose 8

Ac’c'\\/odcesl
,& Cospase 8
.@ Apoptosome
Activote execution phase
Caspase 9 Activotes
ﬂc’c:o&es\‘ Caspase 3, b, 7
l

Removal of dead cells by Moacrophages :
J Mithe Apop&os\s

l

Phosphatidyl serine Sip

s ‘ U Ué (onto outer membrane)
@ YA
a< &

~ o ]q - Binding of Annexin v
o g
= c .
Normal cell Recognised by macrophooes

Phospho&idg\ serine present inside inner membroane

Pathology « v1.0 « Marrow 8.0 - 2024



