
General pathology



Introduction to pathology

Literal translation of the word pathology is 
the study (logos) of suffering (Pathos).

It  is  a  discipline  that  bridges  clinical   practice  
and  basic  sciences.

Pathology is concerned with the study of 
diseases in a scientific way. 

It comprises a wide base of scientific data and 
investigative techniques that are essential 
practice of modern medicine.

Pathology in essence consists of two sets of 
related changes that are seen in various 
diseases:

1.  Structural

2.  Functional



The range of these changes is from those affecting 
sub-cellular organelles (molecular pathology) up 
to the alterations seen by the naked eye (gross 
pathology).

Pathology is a dynamic science in that its contents 
are continuously subjected to changes, revisions 
and expansions. 

This is because there are always new scientific 
methods and findings that in turn shed more light 
on, add or modify an already established 
knowledge of various diseases.

The ultimate goal of pathology is the identification of 
the cause or causes of disease (etiology) as well 
as the mechanisms (pathogenesis) that can 
eventuate in;

1. Disease prevention  &/or                                                 

2. Successful therapy 



Cellular Injury and Adaptation

Each cell in the body is devoted to carry 

specific functions, which are dependent on the 

machinery and metabolic pathways present 

within the cell. 

This functional specificity is genetically determined.

Normally the cells of the body are in equilibrium with 

the external environment. 

They maintain their internal machinery in a 

dynamically stable and steady state; this is called 

homeostasis i.e. the supply of raw material 

(substrates) and  O2  are well coordinated with the 

production of the materials or jobs required.



In the presence of external disturbances 
that lend to upset the fine equilibrium, 
changes within the cells occur through 
internal regulatory mechanisms that 
counteract the external changes.

In other words the cells are able to handle 
normal (physiological) and sometimes, 
abnormal (pathological) demands without 
get injured; to achieve this, a number of 
changes inside the cells occur that 
eventually lead to a new but altered steady 
state. These induced changes are referred 
to as adaptations.



The aim of adaptations is to preserve cell viability 

i.e. prevent cell injury.

The increase in muscle mass (as in athletes or 

heavy mechanical workers) is a reflection of an 

increase in the size of individual muscle fibers so 

that when the muscle is subjected to excess 

workload, this will be shared by the thick and 

strong muscle fibers and thus each fiber is spared 

excess work and thus escapes injury.

This protective adaptation is referred to as 

hypertrophy.

Hypertrophy may be physiological as that of 

the uterus in pregnancy or pathological as that of 

the left ventricle in systemic hypertension. 



Opposite to the above is the adaptive response 

atrophy in which there is a decrease in the size 

and function of cells and consequently the size of 

the organ or tissue containing them.

If the limits of adaptive capability of the cells 

are exceeded (persistence of the injurious agent),

or when no adaptive response is possible 

(sudden severe injurious agent that leaves no 

time for adaptive responses to take place),

a sequence of events follows that are collectively 

known as cell injury





Cell injury is divided into

1.  Reversible cell injury

2.  Irreversible cell injury

• Reversible cell injury indicates that the 

changes will regress and disappear when the 

injurious agent is removed; the cells will return 

to normal, morphologically and functionally.

• Irreversible cell injury occurs when the 

injury persists or when it is severe from the 

outset.

• Here the cell alterations reach the point of no 

return and progression to cell death is 

inevitable.



Take an example:

• If the blood supply to a portion of the heart 

musculature is cut off for few minutes  and  then  

restored;  the  muscle  cells  will  sustain  

reversible  injury  i.e. after restoration of the 

blood it will recover and function normally (as in 

angina pectoris).

• But if cessation of blood continues for 60 

minutes and then restored the myocardial cells in 

this instance sustain irreversible injury that 

terminates invariably to death.

• So there is a spectrum cellular changes in 

response to injurious agent  ranging from 

adaptation to cell death .





• Classification (categorization) of injurious 

agents

• Injurious agents can be categorized as follows:

• 1.  Oxygen deprivation (hypoxia)

• 2.  Physical agents

• 3.  Chemical agents

• 4.  Infectious agents

• 5.  Immunological reactions

• 6.  Genetic derangement

• 7.  Nutritional imbalances



• Hypoxia

This refers to a decrease in oxygen supply to the 

cells. It acts through interference with oxidative 

respiration of the cells.

• Hypoxia results from:

A. Loss of blood supply (ischemia), which is the most 

common cause and occurs when arterial flow is 

interfered with by e.g. narrowing of the lumen of an 

artery by atherosclerosis, thrombi or emboli.

B. Inadequate blood oxygenation due to for e.g. cardiac 

failure and/or respiratory failure.

C. Decrease in the oxygen-carrying capacity of the 

blood e.g. anemia and carbon mono-oxide poisoning.



Depending on the severity & duration of hypoxia, the 

cells may show one of the following changes:

1.  Adaptive atrophy

2.  Injury( reversible or irreversible) 

For e.g. if the femoral artery is narrowed, the muscles 

of the leg shrink in size (atrophy).

This adaptive response continues till there is a 

balance between the metabolic needs of the cells 

(low in this instance) and the available oxygen 

supply.

More severe hypoxia (for e.g. when there is more 

severe narrowing or complete occlusion of the 

artery) will induce injury (reversible then irreversible 

that progresses to cell death). 



Physical agents: that include

• -Mechanical trauma

• -Thermal injury;

a. hyperthermia (extreme heat)

b. hypothermia (deep cold)

• -Electrical injury;

a. burn

b. ventricular fibrillation

• -Radiation;

a. direct effect

b. indirect effect (free-radical formation)



• Chemical agents: that include

- Simple chemicals such as glucose and 

salts in hypertonic concentrations

- Oxygen in high concentration

- Poisons such as arsenic or cyanide

- Air pollutants

- Insecticides

- Occupational exposure e.g. to asbestos.

- Social poisons such as alcohol and 

narcotic  

- drugs.



Infectious agents: 

these include viruses, bacteria, fungi and 

parasites.

Immunological reactions; 

these are primarily protective defense 

mechanisms against for e.g. infectious agents. 

However, sometimes they are harmful and 

injurious; this occurs in two situations:

A. Hypersensitivity reactions (triggered for e.g.   

by drugs).

B. Directed to self-antigens (autoimmune 

diseases).



• Genetic derangement:

exemplified by the wide range of 

hereditary diseases 

that range from those that are the result of 

gross chromosomal defects leading to 

severe congenital malformations 

e.g.Down's syndrome

,to those that are caused by a single amino 

acid substitution in the structure of 

hemoglobin that leading to the synthesis 

of abnormal Hb e.g. HbS in sickle cell 

anemia.



• Nutritional imbalances

- Deficiency: as of proteins-

caloric malnutrition or vitamins 

deficiency etc.

- Excess: as of lipids that leads to 

obesity with all its consequences 

including fatty change in cells and 

predisposition to atherosclerosis.



Mechanisms of Cell Injury
The biochemical mechanisms responsible for cell injury 

are complex. 

There are however, a number of principles that are 

relevant to most forms of cell injury:

1-The cellular response to injurious stimuli depends 
on the type of injury, its duration, and its severity. 
Thus, small doses of a chemical toxin or brief periods 

of ischemia may induce reversible injury, whereas 

large doses of the same toxin or more prolonged 

ischemia might result either in instantaneous cell 

death or in slow, irreversible injury leading in time to 

cell death.

.



2. The consequences of cell injury 
depend on the type, state, and 
adaptability of the injured cell. The 

cell’s nutritional and hormonal status 

and its metabolic needs are important 

in its response to injury

3- Cell injury results from functional 
and biochemical abnormalities in 
one or more of several essential 
cellular components



Cellular and biochemical sites of damage in cell injury



The most important targets of injurious stimuli are:
(1) aerobic respiration involving mitochondrial

oxidative phosphorylation and production of 

ATP; 

(2)the integrity of cell membranes, on which the 

ionic and osmotic homeostasis of the cell and 

its organelles depends;

(3) protein synthesis; 

(4) The cytoskeleton; and 

(5) The integrity of the genetic apparatus of the 

cell



A. DEPLETION OF ATP
ATP depletion and decreased ATP synthesis are frequently

associated with both hypoxic and chemical (toxic) injury .

High-energy phosphate in the form of ATP is required

for many synthetic and degradative processes within the cell.

These include membrane transport, protein synthesis, 

lipogenesis, and the deacylation – reacylation reactions 

necessary for phospholipid turnover. 
*ATP is produced in two ways; The major pathway in 

mammalian cells is oxidative phosphorylation of adenosine 

diphosphate.

The second is the glycolytic pathway, which can generate 

ATP in the absence of oxygen using glucose derived either 

from body fluids or from the hydrolysis of glycogen.



Functional and morphologic consequences of decreased 
intracellular ATP during cell injury :



1-The activity of the plasma membrane energy-
dependent sodium pump is reduced. 

Failure of this active transport system, due to 

diminished ATP concentration and enhanced 

ATPase activity, causes sodium to accumulate 

intracellularly and potassium to diffuse out of the 

cell. 

The net gain of solute is accompanied by isosmotic 
gain of water, causing cell swelling, and dilation of 

the endoplasmic reticulum .

2-Cellular energy metabolism is altered.

3-Failure of the Ca2+ pump leads to influx of 

Ca2+, with damaging effects on numerous 

cellular components.



4 -Structural disruption of the protein synthetic 
apparatus

With prolonged or worsening ATP depletion, reduction in 
protein synthesis occurs due to;

a. Detachment of ribosomes from the rough endoplasmic 
reticulum

b. Dissociation of polysomes into monosomes.

5 -In cells deprived of oxygen or glucose, proteins may

become misfolded, and misfolded proteins trigger a cellular

reaction called the unfolded protein response that may

lead to cell injury and even death. 

Protein misfolding is also seen in cells exposed to stress,

such as heat, and when proteins are damaged by enzymes 

(such as Ca2+-responsive enzymes) and free radicals.



B. mitochondrial damage:
Mitochondria are important targets for 

virtually all types of injurious agent, 
including hypoxia & toxins. Mitochondria 
can be damage by: 

1. Increase in cytoplasmic Ca++

2. Oxidative stress 

3. Breakdown of phospholipids by             
activated phospholipase. 



Injury to mitochondria leads to 
increased permeability of its 
membrane that result in leakage from 
the mitochondria of  H+  and 
cytochrome C.

The former leads to loss of 
mitochondrial membrane potential, 
which is critical for mitochondrial 
oxidative phosphorylation thus leading 
to ATP depletion.

Leakage of cytochrome C can trigger 
apoptotic cell death



Mitochondrial dysfunction in cell injury.

.



C. INFLUX OF INTRACELLULAR CALCIUM

AND LOSS OF CALCIUM HOMEOSTASIS

Calcium ions are important mediators of cell injury.

Cytosolic free calcium is maintained at extremely low 

concentrations(<0.1 μmol) compared with extracellular 

levels of 1.3 mmol, and most intracellular calcium is 

sequestered in mitochondria and endoplasmic 

reticulum.

Such gradients are modulated by membrane-associated, 

energy-dependent Ca2+, Mg2+-ATPases.

Ischemia and certain toxins cause an early increase in 

cytosolic calcium concentration, owing to the net influx 

of Ca2+ across the plasma membrane and the release 

of Ca2+ from mitochondria and endoplasmic reticulum 
.



Sustained rises in intracellular Ca2+ subsequently result 

from nonspecific increases in membrane permeability.

Increased Ca2+ in turn activates a number of enzymes, 

with potential deleterious cellular effects. 

The enzymes known to be activated by calcium include 

ATPases , phospholipases , proteases and 

endonucleases . 

Increased intracellular Ca2+ levels also result in increased 

mitochondrial permeability and the induction of 

apoptosis.

* Although cell injury often results in increased intracellular 

calcium and this in turn mediates a variety of deleterious 

effects, including cell death, loss of calcium 

homeostasis is not always a proximal event in 

irreversible cell injury



Sources and consequences of increased cytosolic calcium in cell injury



D-ACCUMULATION OF OXYGEN-DERIVED FREE RADICALS 

(OXIDATIVE STRESS)

Cells generate energy by reducing molecular oxygen to water.

During this process, small amounts of partially reduced reactive 

oxygen forms are produced as an unavoidable byproduct of 

mitochondrial respiration.

Some of these forms are free radicals that can damage lipids, 

proteins, and nucleic acids. They are referred to as reactive oxygen 
species. Cells have defense systems to prevent injury caused by these 

products.

An imbalance between free radical-generating and radical scavenging 

systems results in oxidative stress, a condition that has been 

associated with the cell injury seen in many pathologic conditions.

Free radical–mediated damage contributes to such varied processes 

as chemical and radiation injury, ischemia-reperfusion injury (induced 

by restoration of blood flow in ischemic tissue), cellular aging, and 

microbial killing by phagocytes.



Free radicals may be initiated within cells in several ways:
a-Absorption of radiant energy (e.g., ultraviolet light, x-rays). For example, ionizing 

radiation can hydrolyze water into hydroxyl (OH) and hydrogen (H) free radicals.

b-Enzymatic metabolism of exogenous chemicals or drugs

(e.g., carbon tetrachloride [CCl4] can generate CCl3).

c-The reduction-oxidation reactions that occur during normal metabolic 
processes.

d-Transition metals such as iron and copper donate or accept free electrons during 

intracellular reactions and catalyze free radical formation, as in the Fenton (H2O2

+ Fe2+ <---- Fe3+ + OH + OH-).

e-Nitric oxide (NO), an important chemical mediator generated by endothelial cells, 

macrophages, neurons, and other cell types can act as a free radical and can

also be converted to highly reactive peroxynitrite anion (ONOO-) as well as NO2 and 

NO3-.

The effects of these reactive species are wide-ranging , but three reactions are 

particularly relevant to cell injury:

1-Lipid peroxidation of membranes. 2-Oxidative modification of proteins. 3-Lesions in 
DNA.

*In many pathologic processes, the final effects induced by free radicals depend on 

the net balance between free radical formation and termination


