
CELL ADAPTATIONS 

CELL INJURY 

CELL DEATH 



OBJECTIVES 
Understand the 3 main anatomic concepts of     

 disease---Degenerative, Inflammatory, 

 Neoplastic 

Understand the concepts of cellular growth 

 adaptations---Hyperplasia, Hypertrophy, 

 Atrophy, Metaplasia 

Understand the factors of cell injury and 

 death---O2, Physical, Chemical, Infection, 

 Immunologic, Genetic, Nutritional 



OBJECTIVES 
Understand the pathologic mechanisms at 

the SUB-cellular level---ATP, 

Mitochondria, Ca++, Free Radicals, 

Membranes 

Understand and differentiate the concepts 

of APOPTOSIS and NECROSIS 

Understand SUB-cellular responses to 

injury---Lysosomes, Smooth endoplasmic 

reticulum, Mitochondria, Cytoskeleton 



OBJECTIVES 
Identify common INTRA-cellular 

 accumulations---Fat, Hyaline, 

CA++,  Proteins, Glycogen,  

Pigments 

Understand aging and differentiate 

the concepts of preprogrammed 

death  versus wear and tear. 
 

 



PATHOLOGY 

Pathos (suffering) 

Logos 



PATHOLOGY 
•GENERAL 

•SYSTEMIC 



PATHOLOGY 
• ETIOLOGY (“Cause”) 

• PATHOGENESIS 
(“Insidious development”) 

• MORPHOLOGY 
(ABNORMAL ANATOMY) 

• CLINICAL EXPRESSION 
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Insidious  - producing serious  harm  often stealthily and  gradually.



ETIOLOGY 
•Cause 

 

vs. 

 

•Risk Factors 



PATHOGENESIS 
“sequence of events 
from the initial 
stimulus to the 
ultimate expression 
of the disease” 



MORPHOLOGY 
• Abnormal Anatomy 

–Gross 

–Microscopic 

–Radiologic 

–Molecular 

 



CLINICAL EXPRESSION 

• Ironically, even though “clinical 

expression” is not often present in 

subclinical diseases, it is the “pathos” 

of pathology. 

 



Most long term students of pathology, like 

myself, will strongly agree that the very best 

way for most minds to remember, or identify, 

or understand a disease is to associate it with 

a morphologic IMAGE. 
This can be gross, electron microscopic, light 

microscopic, radiologic, or molecular. 

In MOST cases it is at the LIGHT 

MICROSCOPIC LEVEL. 



CLINICAL/FUNCTIONAL 

Rudolph Virchow 

1821-1902 

The Father of 

Modern Pathology 



FUNCTIONAL DEFINITION 

OF DISEASE 

HOMEOSTASIS 



CELL DEATH 
• APOPTOSIS (“normal” 

death) 

• NECROSIS (“premature” 

or “untimely” death due to 

“causes” 



The –plasia brothers 

• HYPER- 

• HYPO- (A-) 
• NORMO- 

• META- 

 

• DYS- 

• ANA- 
• “Frank” ANA- 



HYPER-PLASIA 
IN-CREASE IN NUMBER OF CELLS 



HYPO-PLASIA 
DE-CREASE IN NUMBER OF CELLS 



The –trophy brothers 

• HYPER- 

• HYPO- (A-) 

 

 

• DYS- 

 



HYPER-TROPHY 
IN-CREASE IN SIZE OF CELLS 



HYPO-TROPHY? 

DE-CREASE IN SIZE OF CELLS? 

RARELY 

USED 

TERM 



A-TROPHY? 
DE-CREASE IN SIZE OF CELLS? YES 

SHRINKAGE IN CELL SIZE DUE 

TO LOSS OF CELL 

SUBSTANCE 



ATROPHY 
• DECREASED WORKLOAD 

• DENERVATION 

• DECREASED BLOOD FLOW 

• DECREASED NUTRITION 

• AGING (involution) 

• PRESSURE 



METAPLASIA 
• A SUBSTITUTION of one NORMAL 

CELL or TISSUE type, for 
ANOTHER 

– COLUMNAR SQUAMOUS (Cervix) 

– SQUAMOUS COLUMNAR 
(Glandular) (Stomach) 

– FIBROUS BONE 

–WHY? 

 



CELL DEATH 
• APOPTOSIS vs. NECROSIS 

• What is DEATH? (What is LIFE?) 

–DEATH is IRREVERSIBLE 
 

 



So the question is…. 

…NOT what is life or 

death, but what is 

REVERSIBLE or 

IRREVERSIBLE injury 



REVERSIBLE  

CHANGES 
• REDUCED oxidative 

phosphorylation 

• ATP depletion 

• Cellular “SWELLING” 



IRREVERSIBLE  

CHANGES 
• MITOCHONDRIAL 
IRREVERSIBILITY 

• IRREVERSIBLE 
MEMBRANE DEFECTS 

• LYSOSOMAL DIGESTION 



REVERSIBLE = INJURY 

IRREVERSIBLE = DEATH 

 

SOME INJURIES CAN LEAD 

TO DEATH IF PROLONGED 

and/or SEVERE enough 



INJURY CAUSES (REVERSIBLE) 

THE  

USUAL 

SUSPECTS 

But…WHO 

are the 

THREE 

WORST? 



INJURY CAUSES (REVERSIBLE) 

Hypoxia, (decreased O2) 

PHYSICAL Agents 

CHEMICAL Agents 

INFECTIOUS Agents 

Immunologic 

Genetic 

Nutritional 



INJURY MECHANISMS (REVERSIBLE) 

DECREASED ATP 

MITOCHONDRIAL DAMAGE 

INCREASED INTRACELLULAR 

CALCIUM 

INCREASED FREE RADICALS 

INCREASED CELL MEMBRANE 

PERMEABILITY 



What is Death? 

What is Life? 

•DEATH is 

–IRREVERSIBLE MITOCHONDRIAL 

DYSFUNCTION 

–PROFOUND MEMBRANE 

DISTURBANCES 

 

• LIFE is……..??? 



CONTINUUM 
• REVERSIBLE  

• IRREVERSIBLE 

• DEATH 

• EM 

• LIGHT MICROSCOPY 

• GROSS APPEARANCES 



DEATH: 

ELECTRON MICROSCOPY 



DEATH: 

LIGHT MICROSCOPY 



NECROSIS BROTHERS: 
• Liquefactive (Brain) 

• Gangrenous (Extremities, Bowel, non-specific) 
– WET 

– DRY 

• Fibrinoid (Rheumatoid, non-specific) 

• Caseous (cheese) (Tuberculosis) 

• Fat (Breast, any fat) 

• Ischemic (non-specific) 

• Avascular (aseptic), radiation, organ specific, 
papillary 

• OneLook lists 153 terms preceding the word 
“necrosis”: 
http://www.onelook.com/?w=*necrosis&ls=a 

http://www.onelook.com/?w=*necrosis&ls=a


LIQUEFACTIVE 

NECROSIS, BRAIN 



MORE LIQUID  MORE 

WATER  MORE PROTONS 



CASEOUS NECROSIS, TB 



FIBRINOID NECROSIS 



“WET” GANGRENE 



“DRY” GANGRENE 



EXAMPLES of  Cell  

INJURY/NECROSIS 
• Ischemic (Hypoxic) 

• Ischemia/Reperfusion 

• Chemical 

 



ISCHEMIC INJURY 

•REVERSIBLE 

IRREVERSIBLE 

•DEATH (INFARCT) 



ISCHEMIA/RE-
PERFUSION INJURY 

NEW Damage “Theory” 



CHEMICAL INJURY 
• “Toxic” Chemicals, e.g CCl4  

• Drugs, e.g tylenol 

• Dose Relationship 

• Free radicals, organelle, DNA 
damage 



APOPTOSIS 
•NORMAL 
(preprogrammed) 

•PATHOLOGIC 
(associated with 
Necrosis) 



“NORMAL” APOPTOSIS 

• Embryogenesis  

• Hormonal “Involution” 

• Cell population control, e.g., 

“crypts” 

• Post Inflammatory “Clean-up” 

• Elimination of “HARMFUL” cells 

• Cytotoxic T-Cells cleaning up 



“PATHOLOGIC” 

APOPTOSIS 

• “Toxic” effect on cells, e.g., 

chemicals, pathogens 

• Duct obstruction 

• Tumor cells 

• Apoptosis/Necrosis spectrum 



APOPTOSIS 

MORPHOLOGY 

• DE-crease in cell size, i.e., shrinkage 

• IN-crease in chromatin concentration, 

i.e., hyperchromasia, pyknosis 

karyorhexis karyolysis 

• IN-crease in membrane “blebs” 

• Phagocytosis 



SHRINKAGE/HYPERCHROMASIA 



PHAGOCYTOSIS 



APOPTOSIS 

BIOCHEMISTRY 

• Protein Digestion 

(Caspases) 

• DNA breakdown 

• Phagocytic Recognition 



SUB-Cellular Responses to Injury 

(APOPTOSIS/NECROSIS) 

• Lysosomal Auto-Digestion 

• Smooth Endoplasmic Reticulum (SER) 
activation 

• Mitochondrial “SWELLING” 
• Cytoskeleton Breakdown 

– Thin Filaments (actin, myosin) 

– Microtubules 

– Intermediate Filaments (keratin, desmin, 
vimentin, neurofilaments, glial filaments) 



INTRAcellular  

ACCUMULATIONS 
• Lipids 

– Neutral Fat 

– Cholesterol 

• “Hyaline” = any “proteinaceous” pink 

“glassy” substance 

• Glycogen 

• Pigments (EX-ogenous, END-ogenous) 

• Calcium 



LIPID LAW 
•ALL Lipids are 
YELLOW grossly 
and WASHED out 
(CLEAR) 
microscopically 



FATTY LIVER 



FATTY LIVER 





PIGMENTS 
EX-ogenous--- (tattoo, Anthracosis) 

END-ogenous--- they all look the 

same, (e.g., hemosiderin, melanin, 

lipofucsin, bile), in that they are all 

golden yellowish brown on “routine” 

Hematoxylin & Eosin (H&E) stains 



TATTOO, MICROSCOPIC 



ANTHRACOSIS 



Hemosiderin/Melanin/etc. 



CALCIFICATION 
• DYSTROPHIC (LOCAL 

CAUSES) (often with FIBROSIS) 

• METASTATIC (SYSTEMIC 

CAUSES) 

–HYPERPARATHYROIDISM 

–“METASTATIC*” Disease 

*NOT to be confused with “metastatic” calcification 



CELL AGING parallels 

ORGANISMAL AGING 

PROGRAMMED THEORY  (80%) 

vs. 

WEAR AND TEAR THEORY (20%) 





CELL ADAPTATIONS AND 
THE NORMAL CELL 


CYCLE


COMPILED BY E. N. KAMADI







OBJECTIVES


• Understand the normal cell cycle and the steps involved
• Describe the control points
• List some factors that interfere with these steps







Definition


• The cell cycle is defined as the biological process a cell passes 
through during cell division


• There are 3 main categories of cells:
• Stable cells - proliferate upon stimulation
• Permanent cells - do not proliferate
• Labile cells - continuously proliferate
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NB:
* Stable cells include most of the secretory epithelial cells.
* Permanent cells include neurons, myocytes and cardiac cells
* Labile cells include lymph nodes, BM, most of the covering epithelium etc.







STEPS:


• G0 - Stable cells
• G1 - initial phase of preparation for proliferation
• S - Synthesizing mainly the DNA building blocks
• G2 
• M - Division either mitotically or meiotically
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(Non-proliferating stage)







Control of the cycle


• The cell cycle is controlled by Cyclins and Cyclin-dependent Kinases
• CDKs are bound by critical target proteins which they phosphorylate. 
• These proteins are required for the progression to the next phase of the 


cycle.
• There are more than 15 cyclins
• CYCLINS - D, E, A, B - function sequentially
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• Cyclins D include: D1, 2 and 3
• D binds to CDK4, forming a D-CDK4 complex which phosphorylates the 


Retinoblastoma (RB) protein - the susceptibility protein
• RB protein binds to transcription factor E2F and makes this factor inactive
• Hyperphosphorylation of RB, dissociates and activates E2F which drives 


forwards the S-phase
• This happens in the G1 phase to the S phase
• During the M-phase RB protein is deactivated







G1-S
• Active complex between E and CDK2
• Activated E2F and transcription of Cyclin E
• Polymerases needed for DNA replication, leading to DNA synthesis
• Cyclin A-ACDK2 regulates the mitotic phase


G2
• G2 phase is a resting phase for repair; regulated through a process known as 


NER (nuclear excision and repair mechanism) 
• Abnormality of the NER mechanism is found in the disorder Xeroderma


Pigmentosa







G2-M


• B-CDK1 breaks down the nuclear envelope and initiates mitosis
• Decreases the microtubule stabillity
• Separation of chromosomes and chromosome condensation
• Exit from this phase is by inactivation of B-CDK1
• The CDKs have to be broken down and recycled







VARIATIONS IN THE CYCLIN LEVELS (GRAPHICAL 
REPRESENTATION)


• At G1 phase cyclin D1 is at its peak; it is degraded and it is least in the S phase
• At G2 there could be a slight increase in the Cyclin levels as repair goes on







Cell cycle inhibitors
• This is by CDK inhibitors
• The main ones: Cip/Kip family and the INK4/Arf family (p21, p53 etc.)
• Cip/Kip family are p21,p27 and p57 and they bind to cyclin and CDK 


complexes to inactivate them
• The transcription of p21 is controlled by p53 gene; this gene is 


mutated in several neoplasms e.g. breast, lymphomas etc.
• therefore:


• RB protein drives the cell cycle forwards
• p53 protein activates p21 which drives the cell cycle backwards


• INK4a/ARF - encoded for p161nk4a gene (downregulated by HPV in 
its pathogenesis of squamous cell cervical carcinoma) and p14 ARF 
gene


• This inhibits the ability of cyclin D to bind CDK4
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Cell cycle check points


• G1-S -> checks for DNA defects which then get repaired prior to 
replication; apoptosis may be initiated to destroy abnormal cells; 
control by p53 via p21


• G2-M -> monitors the completion of DNA replication; cells injured by 
radiation will be arrested here 


• Defects in these checkpoints cause major genetic instability in 
neoplasms







Alterations in the cell cycle that lead to 
neoplasia


• Self sufficiency signals - following activation of oncogenes, 
there is excessive proliferation without response to 
external stimuli e.g. HPV, H. pylori, radiation, fungi etc.


• Insensitivity to growth inhibitory signals - the cells do not 
respond to factors such as TGF-B which inhibits CDKs


• Evasion of apoptosis - activation of p53 gene, the cell are 
resistant to programmed cell death


• Defects in the DNA repair - e.g. in Xeroderma pigmentosa
• Limitless replicative potential
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Proto-oncogenes


• Genes responsible for oncogenesis
• Alteration of insertion of v-onc lead to transformation
• Non-viral tumors also have proto-oncogenes







Cellular adaptations - changes both morphological 
and physiological that occur as a result of cell injury


• Hypertrophy
• Atrophy
• Hypoplasia
• Hyperplasia
• Metaplasia
• Dysplasia - more of a pre-neoplastic change







Hypertrophy


• Increase in cell size
• In skeletal muscle, cardiac muscle in HTN, GIT (pylorus- in GERD or 


PUD)







Atrophy


• Decrease in cell size leading to organ size decrease due to: 
• a decrease in blood supply (commonly in the brain in geriatric patients)
• Denervation
• disuse atrophy (mostly in paralyzed patients; muscle wasting)
• decreased nutritional support







Hypoplasia


• A decrease in cell number intially during cell development







Hyperplasia


• Increase in cell number; normally functional







Metaplasia


• Change from one mature cell type to another different and mature 
cell type with the same function.


• e.g. in Barret`s esophagitis (predisposes to adenocarcinoma of the 
esophagus)







Dysplasia
• Abnormal change in cells due to injury that is commonly 


pre-neoplastic. Such changes include:
• The cell becomes hyper-chromatic
• The cell has a larger nucleus relative to the size of the 


cytoplasm i.e. the nuclear cytoplasmic ratio 
increases.


• Irregular nuclear membrane due to an increased 
amount of chromatin


• There is also abnormal mitosis .
• Commonly in the conjunctiva (continuous exposure to 


sunlight), HBV infection in the conjunctiva; oral mucosa 
(smoking, chewing tobacco), female cervix with recurrent 
infection (more so HPV), 
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CELL CYCLES
− cells engaged in proliferation pass thro 4 phases


− G1 – Preparation is made to enter DNA synthesis
− S – DNA synthesis
− G2 – preparation for mitosis
− M – Mitosis


− A great many cells in the normal tissue are in the none of these phases. Some are in the non 
proliferating stage called G0 phase or the growth arrest from which they can be activated to 
enter the cell cycle in G1. Others can  no longer enter the cell cycle and they are committed to 
terminal differentiation till death


− the process by which cells are stimulated to move from one phase to the next is called cycle 
control


− the control of entry to the proliferative state from G0 to the G1 is called growth control


cell cycle control


− the orderly progression of cells thro the various phases of the cell cycle is orchestrated by the 
cyclins and the cyclin dependent kinases and their inhibitors.


− Mutations in the genes that encode these cell cycle regulators have been found in several human 
cancers.


− Cyclins dependent kinases drive the cell cycle by phosphorylating critical target proteins that 
are required for progression of the cell to the next phase of the cell cycle


− CDK are activated by phosphorylation after binding to another family of protein called cyclins.
− The transition from the G1 to S is an extremely important check point in the cell cycle clock
− the activity of the CDK is regulated by two families of CKD inhibitors.  One family of the 


CKD1 composed of three proteins called P21, P27 and P57 inhibits the CDK broadly whereas 
P15, P16, P18 and P19 have selective effects on the cyclin D/CDK4 and cyclin D/CDK6.


− Mutations that dis-regulate the activity of the cycle might lead to malignancies


Cell growth control


− Cells move from other quiescent G0 state to the G1 phase in response to specific stimuli
− the best known are tree growth factors
− some growth factors acts on a wide spectrum of cells such as platelets derived growth factor, 


insulin like growth factors and acidic and basic fibroblast growth factors. 
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Abnormalities of Growth.


Growth potentiality of growth


− there are 3 classes of cells
− Labile cells – these undergo frequent division thro out life to replace those lost thro 


differentiation and subsequent desquamation. The cell of the lymph nodes, bone marrow 
and most of the covering or protective epithelium come into this category


− Stable cells – cells lost by wear and tear and are replaced by the mitotic activity of 
others. Since the life span of each cell is long the term stable is appropriate. Cells never 
lose the ability to divide and can do so with great rapidity if suitably stimulated. This 
group includes most of the secretory epithelial cells 


− Permanent cells – non replicating cells lose the ability to divide either at birth or shortly 
thereafter. Neurons, muscle cells and cardiac cells provide important examples. Altho 
mitosis are not seen in these cells, DNA synthesis and renewal can occur.


− abnormalities in the cellular growth and the differentiation of cells leads to:
− abnormalities of the cellular growth- this could be either be excess ( hyperplasia and 


hypertrophy) or decreases either developmental (agenesis and hypoplasia) or acquired 
after full development.


− Abnormalities of cellular differentiation – which comprises of metaplasia and ceramic 
other dysplasias


− neoplasia – a completely abnormal cellular growth. 


Abnormalities of cellular growth


Hyperplasia


− constitutes an increase in the number of cell in an organ or tissue which may have increased 
volume.


− Altho hyperplasia and hypertrophy are 2 distinct processes, frequently both occur together and 
they may be triggered by the same mechanism


− Hyperplasia may be physiological or pathological:
Physiological hyperplasia:


  Hormonal hyperplasia as in proliferation of the glandular epithelium of the female breast at 
puberty and during pregnancy and also the hyperplasia that occur in pregnant uterus


 Compensatory hyperplasia as the hyperplasia that occurs when a portion of the liver is 
removed in partial hepatectomy.


Pathological hyperplasia:


 Most forms of pathological hyperplasia are instances of excessive  hormonal stimulation or 
are the effects of growth factors on target cells are in hyperplasia of the endometrium


 Pathological hyperplasia constitutes a fertile soil in which cancerous proliferation may 
eventually arise e.g pts with hyperplasia of the endometrium ar eat increased risk of 
developing  endometrial cancer.







HYPERTROPHY


− refers to increase in the size of the cell  and with such change in an increase in the size of the 
organ.


− The hypertrophied organ has no new cells just the larger cells
− the increase in the size of the cells is due to the synthesis to the more structural components.
− Physiological and pathological and is caused by increased functional demand or by specific 


hormonal stimulation.
− Examples of hormonal stimulation include the massive physiologic growth of the uterus during 


pregnancy and also the breast during lactation
− hypertrophy as an adaptive response is exemplified by hypertrophy of the striated muscle cells 


in both the heart and the skeletal muscle.


Atrophy


− shrinkage  in the size of the cell by loss of the cell substance is known as atrophy.
− It represents a form of adaptive response and the entire tissues or organs diminish in size and 


become atrophic.
− The common causes of atrophy include:


− decreased workload or the atrophic of disuse
− loss of innervation or denervation atrophy
− diminished blood supply
− inadequate nutrition
− loss of endocrine stimulation
− aging or senile atrophy
− pressure.


Metaplasia


− is a reversible change in which once adult cell type is replaced by another adult cell type
− it may represent an adaptive response where cells that are sensitive to  stress are replaced by 


cell types better able to withstand the adverse environment.
− The most common epithelial metaplasia is columnar to squamous as it occurs in  the respiratory 


epithelium in response to chronic irritation as in habitual cigarette smokers.
− Stones in the excretory ducts of the salivary glands, pancreas, or bile ducts may cause 


replacement of the secretory  columnar epithelium by the non functioning stratified squamous 
epithelium.


− Deficiency of vitamin A also induces squamous metaplasia in the respiratory tract
− metaplasia from squmous to columnar type epitheilum may also occur in Barret oesophagitis in 


which the squamous of the esophagus is replaced by intestinal like columnar cells
− connective tissue metaplasia is the formation of cartilage, bone or adipose tissue in tissues that 


do not normally  contain those elements like in myositis ossificans.
− Influences that predispose to metaplasia if persistent may induce cancer transformation in the 


metaplastic epithelium
− Metaplasia results from programming of stem cells (  reserve cells) that exist in the most 


epithlia or the undifferentiated mesencymal cells present in the connective tissue







− in metaplasia the precursor cells differentiate along a new pathway due to the changes in the 
signal generated by the mixtures of cytokines, growth factors and the extracellular matrix 
components in the cells environment


− tissue specific and differentiation genes are involved int eh process.


Neoplasia


− is the process of tum our growth
− a tumor is defined as abnormal mass of tissue whose growth exceeds and is  uncoordinated with 


that of the normal tissue and persists in the same excessive manner after cessation of the stimuli 
which evoked the change.


− Tumors are divided into classes; benign and malignant tumors . Benign tumors growth by 
expansion and malignant grow by local infiltration


Hermatomas


− are local malformations in which cell types normal to the affected part of the body are present 
in abnormal proportions. They are usually present form birth and growth is not progressive .


Examples includes cutaneous naevus and pulmonary harmatomas which comprise  of nodule of 
cartilage, smooth muscle and respiratory epithelium.


Choristoma


− An ectopic rest of normal tissue
− examples include rests of adrenal cells under sthe kindly capsule. Pancreatic cells may also be 


found the inf mucosa of the small intestines.
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CELL INJURY

· This is the common denominator in almost all diseases

· In pathology therefore, patho – suffering, logos – study, one deals with etiology or the cause of the disease, the mechanism of the disease i.e. pathogenesis then the morphological changes referred to as pathology.

· One (medical practitioner) has to be aware of functional and structural changes that brings that individual to their attention because he/she has got a disease

· WHO defines health as not lack of disease but the mental health, physical fitness etc

· Cell injury therefore is due to abnormal structural changes, abnormal functional changes that occur in the cells due to an injurious agent or a pathological stimulus 

· Normally, irrespective of the pathological stimulus, the body is able to maintain in physiological and biochemical changes in the cell referred to as normal homeostasis

· In other situations, the stimulus may cause changes that are referred to as cellular adaptation e.g. if one is running very fast and the breathing is difficult, that means there is a great oxygen debt and has to be repaid. With time, the athlete gets used to the ‘stress’ and the cells adapt (high altitude training)



Cell injury is thus defined as the alteration of the structure and/or function in the cell resulting from an injurious agent or a pathological stimulus. 

The respond to that stimulus occurs in most cells in a determined way. The cell responds to various injurious agents in fundamentally the same way e.g. in lack of oxygen, the cell is likely to swell. If one is hit, the cell deep to the skin swells resulting to a swelling. Hence swelling of cells is a fundamental change in the cells. If the skin is exposed to a lot of sunlight, melanocytes will tend to produce more melanin to prevent UV rays from causing damage hence is a fundamental change.

Structurally, an abnormality is seen but not functionally. Once the injurious agent is removed, then the cells go back to normal. This is called reversible cell injury. However, if the injurious agent is there for a prolonged time, it results to death of the cells both structurally and functionally resulting to affecting the tissues then organs and ultimately the organisms is affected then death occurs.

Cells respond to stress or stimuli depending on severity and duration of the stimulus. For instance, if the heart is exposed to lack of oxygen for more than 15 – 30 minutes, that heart will fail. The neurons on the other hand if they are exposed to lack of oxygen between 3 – 5 minutes, then death of these cells occur. The liver on the other hand if it lacks oxygen for 1 – 2 hours, it dies. Skeletal muscles can survive for 2 – 3hrs. Renal tubules can go for 1 – 3 hours

The more specialized a cell is, the more prone it is to cell injury (direct proportionality)



Targets of Cell Injury

Cell Membrane

The main target includes the cell membrane and the injurious agent changes the permeability of the cell. The permeability is changed if there is increased ATP thus affecting the sodium pump so that substances in the cell will leak out into the extracellular space and the extracellular space substances on the other hand will now enter the cell. This is demonstrated by the fact that sodium and water enter into the cell and therefore causing increased water content in the cell leading to a hydraulic change.

Vacuolar change also takes place. These are cytoplasmic changes and do not affect the nucleus. However, the injurious agent affects the protein pumps that are important in electrical charges (resting membrane potential) responsible for conduction of nerve impulses and this affects the interaction between nerves and skeletal or even simple muscle

The structure of the mitochondria is also affected, lysosomes, endoplasmic reticulum and the lipid membranes. This therefore will interfere with further energy production from the mitochondria. There will be intracellular leakage by potassium which will further be interefered with by the ability of the cell to maintain the optimum membrane potential. Interference with the mitochondria embeds energy metabolism. Damage to lysosomes will lead to lack of hydraulitic enzymes leading to cellular autodigestion. Damage to the ER interferes with protein synthesis and intracellular transport of biologically important compounds useful in the intracellular transport system

Calcium is also affected by the injurious agent. Calcium is energy dependent and that is where the calcium levels decrease intracellularly, both in free and storage. With cell membrane damage, there is access of calcium into the cells leading to increased cytosolic calcium with consequent activation of protein enzymes (protein kinases) that activate hydrolytic enzymes especially phospholipases, proteases, endonucleases, ATPases etc. These enzymes attack and break down the principle cell components associated with the enzymes mentioned. The cell lipid membranes are affected, ATP is affected, cytoskeletal system and even DNA is affected.

Respiration

The other target is the aerobic respiration. Energy supply to the cell useful for metabolism and biosynthesis reactions is referred to as a form of ATP. Once there is cell damage, there is reduced energy production and at times the cells adapt the aerobic glycolysis leading to accumulation of lactic acid with consequent reduction in the pH of the cell which eventually affects the enzyme reaction. Reduced forms of oxygen, the superoxides, hydrogen peroxide, hydroxyl radicals may be formed from reduced cell water leading to impairing of enzymes. Some of these radicals break down the DNA

Cellular Enzymes and Cellular Proteins

Denaturing of these enzymes impair cellular function. The structures of proteins are affected. This is important because both the cellular enzymes and cellular proteins are vital in cell function. Damage to structural proteins impair intracellular transport of cells and disrupt the support system of protein cytoskeleton of the cells

Genetic Apparatus 

Damage to DNA will interfere with replication and will also impair the synthesis of important structural and functional proteins









Major Causes of Pathologic Stimuli

Hypoxia

This is reduced concentration of oxygen in blood. It should not be confused with ischemia which is inadequate perfusion of tissues by blood e.g. if you one ties the forearm tightly, blood supply is reduced to the fingers, that is ischemia. On the other hand if one is strangled and the trachea is affected, one gets low oxygen; hypoxia. Depriving tissues off oxygen is a common mechanism that leads to cell injury and at times death. Hypoxia can result from;

· Interrupted blood supply (ischemia)

· Inadequate oxygenation of blood due to lung/pulmonary disease 

· Type of ventilation 

· Inability of the heart to pump adequate blood (heart failure) 

· Impaired oxygen carrying capacity of the blood

· Anemia 

· Carbon monoxide poisoning 

Chemicals and Drug Cell Injury

It is considered that 5 – 10% of cell injury is caused by environmental factors. May be domestic chemicals, industrial chemicals or even in the farm (fertilizers). All these are inorganic compounds and substances like Lead metal, Mercury etc enter into the RBC and inhibit further entry of iron into the cell and they may also affect the cell membrane themselves.

The way they act is either directly on the cells without any metabolic functions, may be non-toxic themselves but having entered the body, they become metabolized and yield toxic substances. In certain instances, where there has been metabolic conversion, the cell affected may not be the one that caused the metabolic conversion e.g. the liver may convert the drug but the kidney suffers the effects



Alcohol 

Causes damage to the liver cells. The liver cells have other multiple functions in the body which become impaired. 



There are two basic properties of chemical injury. Directly or indirectly; radicals and non-radical injuries are also mentioned e.g. copper, silver, alcohol on heart myocardium etc

Physical Agents

Common agents include;

· Mechanical injury – Crash injury, abrasions, lacerations, tares, contusions; all these cause damage to blood vessels

· Thermal injuries – Caused by either extremities of cold i.e. > 42oC is hyperthermic but it is recorded that some people can tolerate up to 44oC for a period of time usually less than 6 hours. Some people have tolerated 70oC but within a second or two. 

Hypothermia 

Hypothermia is below 35oC. The heat causes cramps, heat exhaustion due to failure of cardiovascular system to compensate fluids and electrolytes that have been moved leading to water and electrolyte depletion. Heat stroke on the other hand is when there is high ambient temperature and high humidity and the temperatures are slightly above 43oC due to vasodilation which is generalized all over the body leading to peripheral pooling of the blood. This pooling of the blood leads to impaired circulation of blood in the body. In some cases, it is associated with mental confusion referred to as delirium, photophobia (fear of light) 

Burns 

This is friction on the body is by very high degrees of heat that is greater than is compatible with the normal metabolism of the part that is effective. Burns may be due to dry heat or moist heat. There is direct crystallization of intracellular and extracellular water leading to physical intracellular and extracellular dislocation of respective cells and within cells therein. The body has reduced blood flow that may be attended by irregular heart beats/atrial fibrillations leading to burn scars due to reduced blood flow hence necrosis to the tissue (irreversible damage)

When it is due to freezing, the metabolic activity is reduced. Because of reduced blood flow, there is reduced capillary epithelial permeability leading to decrease in blood circulation. Death of frozen cells is far less likely to occur when cells are frozen in a medium containing glycerol which prevents intracellular crystal formation and cellular organelles separation. This form of freezing of cells is used in preservation of spermatozoa, ova and embryo in fertilization

Ionized and Non-Ionized

This follows x-ray injuries and the use of radio-active elements. In electrical injuries, the body has a minimum interval of resistance of less that 500ῼ. Passage of electric current in the hands and feet of more than 100ῼ may lead to drying of skin. If it is 1,000,000ῼ like lightning, it causes death.

This is due to interruption of normal neuron impulses leading to cardiac arrest. In other cases it may lead to obvious burns. This depends on the variability of resistance to the tissues of the heat generated by the current. Dry skin is more resistant than wet skin.

Sudden change in atmospheric pressure

These are like decompression injuries in divers, noise trauma and glass injury

Infections 

These are injuries resulting from pathologic bacteria, viruses, fungi, protozoa and helminthes. They cause cell injury by;

· Replicating inside the host cell thus changing the structure of the cell

· Production of toxins that are harmful to the host cells e.g. diphtheria and clostridium. These toxins affect the cell plasma membrane leading to increased permeability.

· They may trigger an inflammatory or immune response that is injurious to the host cells either locally or systemically by causing cross reactivity between the antigens of the causative organisms and the host cells. The best example of this is rheumatic fever. Other bacteria that may cause inflammatory and immuno reactions and cause injury to adjacent cells is tuberculosis. Some are specific and affect the regions they only have propencity for e.g. polio just for CNS

Immune Reactions

May be due to allergy or rejection of the cells by its own immunity (auto-immunity); in other cases may result from acute infection of cells.

Genetic Reactions

[bookmark: _GoBack]DNA dependent











