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We open this book with a conversation of the causes the aetiology of disease. we 

will discuss some more modern pathways of disease such as the 
Psycho-Neuro-Immuno-Soma links. This will entail pathway topics. Such topics 
include cytokines and their role in cell regulation, immune responses, inflammation 
and systemic responses; genetic events, growth factors and oncogenes in neoplasia; 
mechanisms in immune tolerance and other advances in immunopathology; viral 
infection in atherosclerosis; cell adhesion and cell-matrix interactions; and many 
other.  My dedication has been to present a thorough account of the basic 
mechanisms and components of disease in a comprehensive, yet concise, manner 
so that the medical undergraduate or the postgraduate trainee in pathology has 
available a compact revision guide to summarise and reinforce knowledge gained 
from their te  achers on pathology.
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INTRODUCTION I- 
What’s really killing people in the world today is number one: Tobacco. This 

is the number one killer. David Kessler was the head of the American FDA in 
the 1980's. And when I met Kessler at an FDA meeting he was going to do his 
job to protect the public. I met him at a meeting in Salt Lake City, Utah and he 
said he wanted to go after the most major risk to health, smoking. That his job 
was to protect the American people, included that he should go after big 
tobacco and to clamp down and to make sure that the people were protected. 
He was denied that. He was stopped from doing that. He quit the FDA, unable 
to do his job, as he said. Big tobacco is killing over a million people a year. 

The next leading killer is factors that is related to sugar, Big Sugar for it’s 
corporate name. As people who get bad sugars and bad oils, trans-fatty acids 
and cooked oils. Factors of bad nutrition in America are making people sick, 
producing blood sugar problems, producing obesity, cardiovascular problems, 
and many, many things that the FDA could also affect. Limiting trans-fatty 
acids, making good sugars( Left handed Fructose), rather than bad 
sugars(right handed Dextrose).  

The body needs right handed sugar (Blood Glucose) to enter the cell for 
energy. Right handed sugars such as sugar cane, beet sugar, grape sugar, 
corn sugar are right handed and they enter the cells too fast. This produces fat 
more easily, hyperglycemia (mild addiction) and then hypoglycemia (mild 
depression). This puts a burden on the pancreas, the eye and other organs. 
There is also a well documented negative effect on the immune system from 
dextrose. If you use chemicals to strip away vitamins and minerals to make the 
sugar white, and it gets even worse.  

Fructose revolves to the left and needs to be converted to the right. A 
process that takes time and thus allows for a more smooth delivery of the 
glucose. Less fat, less stress on organs, less craving, less depression, less 
blood sugar fluctuations. More hormonal and enzyme production thus it is an 
anti-aging therapy. Use fresh fruits as a sweetener, it will change your life. 

Crazy food additives that have not been fully tested add to the  food and 
drug problems. The synthetic foods and drugs have failed. Our society has 
learned to avoid and mistrust synthetic foods. We will not order them on a 
menu or buy them of the shelf. We have learned to be chemi-phobic. We know 
that synthetic foods create cancer and disease. Our society must learn that 
this is true of our medicines as well. 

Our body needs good fatty acids. They make up the cell membrane of all of 



our cells. Stress sets them free. Cooking destroys most fatty acids. Meat and 
potatoes contain very little. In fact the fatty acids from an animal are saturated. 
Fresh and raw vegetable and unheated vegetable juice are the best source.  
 Bad food is a problem in degenerative disease.  And this is also another 
industry the FDA is not attacking that the FDA is not doing their job to protect 
the human beings of America. Big Sugar and cholesterol are leading to 
diseases that are killing over a million people a year. 
 In the next category is allopathic doctor prescribed drugs. The medical 
doctor prescribed medicines are the third largest killer. Big pharmaceuticals 
are killing in the neighborhood of some 600 – 700 thousand people a year. By 
all of these statistics, big tobacco, Big Sugar, Big fast food, and Big Pharma, 
collectively they are in the neighborhood of directly 3 million deaths a year in 
America alone and possibly 10 million complicating factors creating an 
incredible burden on the health care system. 
 We need to embody a new theory of health care. The Hans Selye theory 
tells us that the cause of disease is a stressor.  
Major stressors include: 
LACK OF AWARENESS OR LACK OF EDUCATION 
STRESS    
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HEREDITY  
MENTAL FACTORS   (GREED, ANGER, DELUSION, ARROGANCE ETC) 
ALLERGY  
             
TOXICITY    
TRAUMA  INJURY      
PATHOGENS (MICRO-ORGANISMS, WORMS, ETC.)          
PERVERSE ENERGY (HEAT, COLD, WIND, DRYNESS, RADIATION ETC) 
DEFICIENCY OR EXCESS OF NUTRIENTS    
 
HEALTH THEN ENTER STRESSOR  (TOXIN ETC)-enters

1. ALARM          symptoms are the alarm
if stressor continues then 
2. ADAPTATION    symptoms go away as we adap
if stressor continues then 
3. EXHAUSTION   the stressors burden the organs
if stressor continues then 
a. FUNCTIONAL  first the stressors effect the organ function 
if stressor continues then    
b. ORGANIC      then the organs start to swell or shrin
if stressor continues then 
4. DEATH       cellular, organ, organ system, organism dea
 

 
 
 



INTRODUCTION II- 
 We can see the importance of stress detection and stress reduction. 
This form of medicine is a more true form of health care where now a days 
medicine is much more positioned at the end of this scale. In other words a 
heroic medicine, a disease care system designed to stop you from dying. I 
have spent a life time trying to build an educational system and a program to 
make health care more available the Nelson Method of medicine is as follows.        

 

gs: 

 
1. Reduce the Causes of Disease 
2. Repair the organs weakened by the Causes 
3. Unblock the Blockages to energy, nutrition, Oxygen, waste 
FLOW 
4. Treat the symptoms with natural means before resorting to 
Synthetic 
5. Balance the metabolic typing or constitutional imbalances   
 

 
 

INTRODUCTION III- Iatrogenic (Medical 
Doctor Caused) disease 
 
  The major problem centers around the adverse effects of pharmaceutical agents, 
biological agents such as vaccines and blood products, and the 'side-effects' of 
chemotherapy and irradiation.  Chemotherapy and irradiation are covered under 
cancer therapy. 
 
 
DRUG-INDUCED DISEASE 
 
Adverse reactions to drugs result from either a predictable toxic effect usually related 
to the dosage level, or an unexpected effect which may have an immunological 
mechanism or be described as 'idiosyncratic'.  Under special circumstances drugs 
may be teratogenic (i.e. producing mal development in the fetus) or mutagenic. 
 
A. Predictable toxicity is the manifestation of secondary pharmacological actions. 

Drugs injure cells either by: 
1. Direct toxicity, e.g. 

(i) Tetracycline producing fatty liver 
(ii) Oxygen in high concentration giving rise to hyaline membranes in the lung 
and  
retrolental fibroplasia in the eye 
(iii) Aspirin injury to the gastric mucosa 

2. Metabolic products 
e.g. Paracetamol metabolism following an overdose results in liver necrosis 

Certain groups of patients are at increased risk from the predictable toxic or 
side-effects of dru



1. Age - the very old and the very young are less tolerant of drugs 
2. Genetically determined defects of metabolism: 

(i) Slow acetylation leads to persistence of drugs 
(ii) Pseudocholinesterase deficiency prolongs the effects of neuromuscular 
blockers 
 (iii) Glucose-6-phosphatase deficiency can give rise to haemolytic anaemia 
during treatment with sulphonamides, anti-malarials 

3. Impaired drug metabolism 
(i) Liver disease 
(ii) Immaturity, i.e. in the neonate 

4. Reduced drug excretion 
(i) Renal failure 
(ii) In neonates 

 
B. Immunological mechanisms 
1. Hypersensitivity reactions - drugs may function as allergens but most only act as 

antigens after combining with a host macromolecule, usually protein, i.e. they act 
as haptens.  All the classical hypersensitivity reactions can be provoked by 
drugs: 
(i) 

ylactic reactions - e.g. sudden death after parenteral injection of  

(ii) T ons following attachment of 

 (iv ere a 

2. 

ity to secondary infection and, in rare instances, predispose to 
neoplasia 

es are 

ne induced haemolytic anaemia in patients with glucose-6-phosphatase 

. Drug induced porphyria in genetically susceptible individuals 

 by drugs taken during pregnancy, e.g. thalidomide 
se resulting in absence of limbs 

Type I 
a. Anaph
penicillin 
b. Atopic reactions - e.g. urticaria and bronchospasm 

ype II - most commonly seen as haemolytic reacti
the drug or a metabolite to the red cell membrane 

(iii) Type III - immune complex formation leading to serum sickness'-type reactions 
) Type IV - cell-mediated reactions are frequently seen in the skin wh
drug-protein complex is antigenic to T-cells, so-called 'contact dermatitis' 

Immunosuppression - drugs which have actions on immune mediators, for 
example corticosteroids, azathioprine, cyclophosphamide, etc., may increase 
susceptibil

 
 
 
C. Idiosyncrasy 
This is an inherent qualitatively abnormal reaction to a drug.  Most instanc
inexplicable, but some patients are genetically predisposed to such reactions: 
1. Mepacri
deficiency 
2
 
D. Teratogenesis 
Congenital malformations induced
u
 
E. Mutagenesis and carcinogenesis 
As would be expected with adequate animal testing of drugs, these potential hazards 
are rarely encountered although it is Possible for recessive point mutations to occur 
without these becoming clinically apparent.  The role of drugs in carcinogenesis is 



difficult to establish.  Neoplasms should develop at the sites of maximum drug 
concentration, e.g. transitional cell carcinomas in the renal pelvis and bladder in 
patients taking excessive quantities of phenacetin-containing analgesics, liver 
neoplasms occurring when carcinogens are generated following hepatic metabolism.  
Of historical interest neoplasms have occurred at the sites of deposition of drugs or 
other agents, e.g. skin cancers resulting from arsenical administration, liver sarcomas 

sulting from thorotrast deposition (a radio-active substance used in radiology). 

DVERSE EFFECTS OF BIOLOGICAL AGENTS 

 growth hormone.  
f serum and vaccines include: 

1. 
is, cytomegalovirus 

itivity reactions 
2. 

anaphylaxis 
l effects - encephalitis, Guillain-Barré polyneuritis 

3. 
or systemic spread, e.g. BCG infection, progressive or generalized 

post-vaccinial encephalitis 
4. 

pes 
(ii) Neurological effects - possible role of pertussis vaccine in encephalitis 

s New Adjunct to Modern Medicine 

 

l minded doctors have a hard time 
ccepting this fact. Physician Heal Thyself.  
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A
 
Many reactions provoked by animal and human products are being eliminated by the 
use of biologically engineered compounds, e.g. interferon, insulin,
Complications arising from the use o

Human sera and blood products 
(i) Infection - HIV, viral hepatit
(ii) Hypersens
Animal sera 
(i) Hypersensitivity reactions - Arthus reactions, serum sickness, 
(ii) Neurologica
Live vaccines 
(i) Local 
vaccinia 
(ii) Neurological effects, e.g. 
Toxoids and dead vaccines 
(i) Hypersensitivity reactions - mainly local immediate and cell-mediated ty

 

 
INTRODUCTION IV- 

n  Stress Detection and Stress Reductio
a
 

The Bible says “that as a Man thinketh, So is He” Jesus when asked about 
what food to eat, said it is not what goes into the mouth that defiles someone 
but what comes out. In fact the Bible, Koran, and all of the religious books 
abound with references of how the mind affects the body. Prayer and its ability 
to help people is a basic believe.  This was all general knowledge many 
millennia ago. Our science has no proven these beliefs even further. But today 
the antiquated science of medicine and smal
a

Mendeleev made a chart of the elements based on his observations. Then 



later it would be learned that this organization of the chemical elements was 
because of the quantum states of the outer electrons. Quantum theory alone 
gave us an understanding of chemistry. But quantum theory has the observer 
effect where the mind of the observer can affect the outcome. Medicine seems 
to have an unstable phobia and an over compensative distaste for the powers 

f the mind. 
 

mical industry has 
pre

was so valuable to our society. But reductionism 
 a complex situation. 

 

ody. Fractal dynamics teach us that the 
red

system Fractal dynamics are unpredictable. 

akes our bodies a fractal. Reductionism can not work for 

o

Science has developed a basic understanding of electronics several 
centuries ago. Electronics made a major boom in technology. It allowed us to 
understand so much of the world. But modern medicine has resisted an 
electrical analysis of the body. Yes technology allows for tech measures of the 
body, but there is little analysis of the body electric. Energetic medicine of Dr. 
Nelson defines a process to explain the body electric. But the modern 
medicine fixation on the financial hold of the synthetic che

vented a progression of medicine into the modern age.  
Nearly a century ago, quantum research overturned the 17th century 

mechanistic paradigm of “world as a machine,” within which phenomena are to 
be understood by reducing them to their parts.  Reductionism worked for 
making cars, buildings and 
fails in

 
Chaos theory gave us an enlightenment that reductionism does not work in 

complex systems like the human b
uctionistic model fails in biology. 
In an overly complex closed 

Reductionism is completely invalid.  
 The Rules of a Fractal System are 1. nothing ever repeats exactly as before,  2. 
small changes can prompt very large and dramatic effects,  3. observer effects and 
the mind can have effect on a complex fractal system (prayer works). 
 Reductionism is the process of taking a complex situation and reducing it to 
simple terms. We reduce the weight of a building to a simple vector to 
calculate the strength of a support wall. Reductionism has been responsible 
for allowing us to build cars, boats, machines, etc. But reductionism fails in 
very complex situations. The human body has over 200,000,000,000 cells. 
Each cell is more complex that we can presently imagine in our verbal minds. 
This complexity m



medical analysis.  
 When the drug companies wanted to test a blood pressure medication they 
reduce the patient from the complexity of life to a simple variable, blood 
pressure. They test the blood pressure before, the pre test. Give an 
intervention, the drug. and then test the blood pressure again, the post test. 
They do not test the side effects. they observe them. This is important 
because they can only observe gross side effects and still they get by. If they 
would have tested the blood sugar, they would have found out that all patients 
taking certain blood pressure medications get some degree of diabetes every 
one of them. If they were to test all variables for side effects, it would cost too 
much to do testing. And there are not enough people to do the test for 
statistical satisfaction, There are not enough rats, There are not enough fruit 
flies. the statistics of total protection against side effects are tremendous. 
These side effects are killing not hundreds of people, not thousands, not tens 

f thousands, but millions of people every year.  
 

a simple step of intellect to see that it is also true about our 
edicines as well. 

 

n-linear science has stepped forward to help us understand 
edicine. 

 

o

Our society has rejected synthetic foods. We tried the synthetic experiment 
and it failed. The synthetic foods made cancers and diseases. We will not 
choose them from a menu, we will not buy them from the shelve. We know 
from the gourmet that the finest quality is always from the natural. Thus is un 
doubtable. It is just 
m

In the IJMSH of 2009 there is an entire issue of the failure of the FDA to 
protect people from these side effects of synthetic drugs. I spell it SINthetic. It 
is a sin to kill so many in the name of profit and ignorance, Ignoring the 
benefits of natural medicine is ignorance at its ultimate ignorant best. All 
justified by reductionism. A science not used today by anybody but medicine. 
The reductionistic methods of drug testing are killing millions and wounding 
many, many more. But big money is hard to beat, especially when there is 30 
billion spent by the drug companies on political lobbying alone in America. 
Fractal no
m

When it was developed in the 1920’s, quantum mechanics was viewed 
primarily as a way of making sense of the host of anomalous observations at 



the level of molecules, atoms, and subatomic particles that could not be 
explained in terms of older mechanical models.  Now, in the 21st century, 
most physicists are confident that quantum mechanics is a fundamental and 
general description of the physical world.  Indeed, quantum ideas are now 
being applied to understand the workings of consciousness, environment, 
electromagnetic field interactions, low-dose healing effects, non-local 
phenomena, and many other observable phenomena that are unexplainable 

ith an outdated mechanistic world view. 
 

s are failing. One by 
ne the synthetic pharmaceuticals are being discredited.  

 

ional healing techniques, 
nd the field of subtle-energy medicine is emerging.   

 

 beginning to realize the practically 
mitless potentials that this field offers. 

 

w

During the last century, traditional medical and philosophical practices, 
such as Traditional Chinese Medicine, acupuncture, Qi Gong, Tai Chi, 
meditation, homeopathy, naturopathy, and mind-body techniques considered 
“esoteric” by the scientific establishment, have been largely ignored while the 
world’s attention was focused solely on drugs, surgery, radiation, genetics, and 
other invasive and reductionist approaches. Approaches that make money for 
the synthetic chemical cartel. But these synthetic therapie
o

With massive public pressure to support research of safer Complementary 
and Alternative Medicines (CAM), and with athletic communities seeking 
effective drugless performance advantages, significant funds are moving in 
those directions.  Quantum physics and non-linear mathematics are providing 
scientists with better models for understanding complex systems and subtle 
interactions, like mental, emotional, environmental, and electro-physiological 
interactions in the human body.  With new ways of measuring and verifying 
energetic and quantum events and their effects on health, disease, and 
performance, scientists are re-igniting interest in tradit
a

One of the most exciting and promising fields of CAM involves 
bioelectromagnetics (BEM)—the study of electromagnetic fields (EMF’s) and 
their biological effects.  Based largely on biofeedback principles, BEM 
diagnostic and healing devices are well entrenched in mainstream medicine 
already, but scientists are really only
li



The purpose of this article is to introduce modern advanced biofeedback, 
one of the fastest growing areas within the field of BEM, and provide 
supportive evidence for its use with Olympic-level athletes.  Focus is given to 
the most advanced biofeedback technology, the SCIO (Scientific 
Consciousness Information Operating System), which combines mind-body 
training with a methodology of applying micro-currents at various frequencies 
to the body, measuring feedback, and utilizing the resultant information for 
stress reduction, education, behavioral modification, and self-adjusting 
ybernetic correction (an historic innovation exclusive to the SCIO). 

 

 system, 
hich combines the benefits of both conventional and advanced methods. 

ress upsets 

 shocked at 

ing evidence that there is mental involvement in over 80% of 

c

“Conventional” biofeedback, the use of devices to monitor physiological 
processes and enhance mind-body interactions, has been one of the most 
researched branches of CAM for over 60 years, and it provides the basis for 
this study and for claims made in athletic sport performance.  “Quantum” 
biofeedback is the term adopted to describe advanced Quantum 
Electro-Dynamic Biofeedback capabilities performed with the SCIO
w
 
PSYCHO-SOMATIC and SOMA-PSYCHO DISEASE 
Medicine was shocked to see that there was indeed a set of diseases 
that were psycho-somatic. The mind can affect the body. The largest 
type is the stomach ulcer or other gastric disturbance. Here st
the sympathetic nerval balance versus the parasympathetic.  
There are also soma-psycho diseases such as when hormonal 
disturbances produce mental abnormalities. Medicine was
the proof of this. But this threatened pharmaceutical sales.  
 As time goes by the list of possible involvements from psycho-somatic 
and soma-psycho disease grows and grows. Till now there is 
overwhelm
disease.  
 Stress detection and stress reduction then become an integral 
component in disease care and thus health care. There is an 
overwhelming evidence for a Psych-Neuro-Immuno-Soma link this is so 
well documented as to be an irrefutable fact. But still some over 



fastidious small minded geeks will reject this truism. In the PNIS issue of 
e journal we see more collective evidence. 

 protect 

ble 

Left handed Fructose), rather than bad 

 away vitamins and minerals to make the 

th
 
THE END OF DEGENERATIVE DISEASE 
 We need to bring an end to degenerative disease as a predominant killer. 
To do so has taken a lifetime of dedication persecution and violent attacks 
from so many places. First we must confront the failure of the FDA to
Americans from degenerative disease. Let’s review the largest killers. 
 What’s really killing people in the world today is number one: Tobacco. This 
is the number one killer. David Kessler was the head of the American FDA in 
the 1980's. And when I met Kessler at an FDA meeting he was going to do his 
job to protect the public. I met him at a meeting in Salt Lake City, Utah and he 
said he wanted to go after the most major risk to health, smoking. That his job 
was to protect the American people, included that he should go after big 
tobacco and to clamp down and to make sure that the people were protected. 
He was denied that. He was stopped from doing that. He quit the FDA, una
to do his job, as he said. Big tobacco is killing over a million people a year. 
 The next leading killer is factors that is related to sugar, Big Sugar for it’s 
corporate name. As people who get bad sugars and bad oils, trans-fatty acids 
and cooked oils. Factors of bad nutrition in America are making people sick, 
producing blood sugar problems, producing obesity, cardiovascular problems, 
and many, many things that the FDA could also affect. Limiting trans-fatty 
acids, making good sugars( 
sugars(right handed Dextrose).  
 The body needs right handed sugar (Blood Glucose) to enter the cell for 
energy. Right handed sugars such as sugar cane, beet sugar, grape sugar, 
corn sugar are right handed and they enter the cells too fast. This produces fat 
more easily, hyperglycemia (mild addiction) and then hypoglycemia (mild 
depression). This puts a burden on the pancreas, the eye and other organs. 
There is also a well documented negative effect on the immune system from 
dextrose. If you use chemicals to strip
sugar white, and it gets even worse.  
 Fructose revolves to the left and needs to be converted to the right. A 
process that takes time and thus allows for a more smooth delivery of the 
glucose. Less fat, less stress on organs, less craving, less depression, less 



blo

ave learned to be chemi-phobic. We know 

d 

 doing their job to protect 

irectly 3 million deaths a year in 
America alone and possibly 10 million complicating factors creating an 
incredible burden on the health care system. 

 
 

od sugar fluctuations. More hormonal and enzyme production thus it is an 
anti-aging therapy. Use fresh fruits as a sweetener, it will change your life. 

Crazy food additives that have not been fully tested add to the  food and 
drug problems. The synthetic foods and drugs have failed. Our society has 
learned to avoid and mistrust synthetic foods. We will not order them on a 
menu or buy them of the shelf. We h
that synthetic foods create cancer and disease. Our society must learn that 
this is true of our medicines as well. 
 Our body needs good fatty acids. They make up the cell membrane of all of 
our cells. Stress sets them free. Cooking destroys most fatty acids. Meat an
potatoes contain very little. In fact the fatty acids from an animal are saturated. 
Fresh and raw vegetable and unheated vegetable juice are the best source.  
 Bad food is a problem in degenerative disease.  And this is also another 
industry the FDA is not attacking that the FDA is not
the human beings of America. Big Sugar and cholesterol are leading to 
diseases that are killing over a million people a year. 
 In the next category is allopathic doctor prescribed drugs. The medical 
doctor prescribed medicines are the third largest killer. Big pharmaceuticals 
are killing in the neighborhood of some 600 – 700 thousand people a year. By 
all of these statistics, big tobacco, Big Sugar, Big fast food, and Big Pharma, 
collectively they are in the neighborhood of d

 
 
 
 
 
 
 
 
 
 
 
 
 
 



1. The cell and cell injury 
 
STRUCTURE AND FUNCTION OF CELL COMPONENTS 
 
Nucleus 
The nucleus is composed principally of deoxyribonucleic acid (DNA) in combination 
with a protein (histone) within a ground substance.  The nucleic acid material 
(chromatin) stains well with basic dyes such as haematoxylin and methylene blue, 
and DNA can be stained specifically by the Feulgen technique.  Chromatin patterns 
vary from cell to cell.  The plasma cell, for example, has a distinctive 'cartwheel' 
pattern.  The nucleus is separated from the cytoplasm by a double membrane - the 

ning circular holes 50 to 70 nm in diameter - nuclear pores.  
sually crossed by a diffuse membrane, probably represent the 

us and cytoplasm. 

1. Replication of DNA 
n of messenger RNA 

 areas (the pars 
morpha).  The granules of the nucleolonema are thought to represent 

sised ribosome subunits which pass out of the nucleus along with 

lular fluid in having a high concentration of potassium, 
d phosphate.  Sodium is actively excluded by the ATP-dependent 

e.  Many functions reside in the cytosol or 

genesis 
me amino acids 

5. Mononucleotide synthesis 
conate pathway 

istae are 
parse and irregular.  Mitochondria contain most of the enzymes of the citric acid 

cycle and the energy derived from the oxidation of acetyl Co-A in the cycle is used to 

nuclear envelope - contai
The pores, which are u
sites of interchange between nucle
Functions of the nucleus 
 
 2. Productio
 3. Synthesis of some nuclear proteins 
 
Nucleolus 
The nucleus normally contains one or more small basophilic structures - nucleoli, 
composed of a dense network (nucleolonema) enclosing paler
a
newly-synthe
messenger RNA and direct the synthesis of specific proteins in the cytoplasm. 
 
Cytoplasm 
Cytosol differs from extracel
magnesium an
'sodium-pump' across the cell membran
cytoplasmic matrix, namely: 
 1. Glycolysis 
 2. Some reactions in gluconeo
 3. Activation and synthesis of so
 4. Fatty acid synthesis 
 
 6. Phosphoglu
 7. Second messenger signalling pathways 
 
Mitochondria 
These round, ovoid, or sinuous cytoplasmic organelles possess a complete outer 
trilaminar membrane and an inner membrane which shows numerous infoldings 
termed cristae.  Although all mitochondria have this basic structure there is 
considerable variability both in the number and length of the cristae and in the 
number and general outline of the mitochondria.  Cells with a high metabolic activity 
have large mitochondria with numerous cristae, for example cardiac muscle and 
gastric parietal cells.  In the liver, whilst the mitochondria are large, the cr
s



convert adenosine diphosphate to triphosphate - oxidative phosphorylation. 

gen synthesis, and the synthesis of steroid hormones.  Cells 
ch in smooth ER (as well as mitochondria) show a greater affinity for acidic dyes 

 fuchsin. 

t.  The Golgi is thought to 
ackage secretions which reach it through the cisternae of the ER.  The secretion 

d off and migrate to the apex of the cell. 

er of 6 nm composed of 
olymerised actin.  They are usually found in bundles within a network and are 

aining the shape of cells and in cell motility. 

us providing a dynamic cytoskeleton, and are found in cilia and 
otic spindles and centrioles in all types of cells.  

volved in: 

 
ways for secretions and other organelles 

 
6. Sensory transduction, e.g. in polymorphs 

s polymers show a 
d their detection has proved useful in the 

cells.  Tissue specificity is as follows: 
 

 
Endoplasmic reticulum 
All cells contain a system of complex paired membranes enclosing small vesicles or 
channels - the cisternae.  These membranes form the endoplasmic reticulum (ER) 
and are either studded with ribosomes forming so-called rough ER or are devoid of 
granules and are termed smooth ER.  The main function of the rough ER, together 
with free ribosomes in the cytoplasm, is protein synthesis.  Protein produced by the 
rough ER is usually for export via the Golgi apparatus.  Ribosomes are basophilic so 
that the cytoplasm of cells capable of rapid protein synthesis stains well with 
haematoxylin or pyronin.  Examples of cells showing such cytoplasmic basophilia 
are plasma cells, exocrine cells of the pancreas, and hepatocytes.  The smooth ER 
is concerned with synthesis of triglycerides from free fatty acids, drug metabolism 
and detoxification, glyco
ri
such as eosin and acid
 
The Golgi apparatus 
The Golgi apparatus is a series of membrane lamellae, membranebound vacuoles 
and small vesicles, best seen in secretary cells such as those of the exocrine 
pancreas, goblet cells, and the absorptive cells of the gu
p
granules then bu
 
Microfilaments 
Microfilaments are thin filaments with an average diamet
p
important in ret
 
Microtubuies 
Microtubuies are non-contractile structures, about 25 nm in diameter, and of variable 
length.  They are composed of subunits (dimers) of tubulin which can be rapidly 
re-assembled th
flagella as well as forming mit
Microtubuies are in
 1. Maintaining the cytoskeleton 
 2. Mitotic division
 3. Transport path
 4. Ciliary activity 
 5. Phagocytosis
 
 7. Cell motility 
 
Intermediate filaments 
Intermediate filaments are tubular structures 7-11 nm in diameter composed of 
polymers of one or more (up to 10) polypeptides.  The variou
degree of tissue specificity an
characterisation of tumour 
 1. Vimentin - mesenchymal cells
 2. Desmin - muscle cells 



 3. Cytokeratins - epithelial cells 
 4. Neurofilaments - neurones 

ry acidic protein - glial cells 

 out to be re-utilised by the cell.  
otherwise it 

as a residual dense body. 
ithin lysosomes are: 

omplexes 
. Denatured proteins 

al tubules 

ctive agents 

ducts in glandular cells 
. Osteociastic remodelling of bone by secreted enzymes 

utrients, e.g. in liver 

talase, and are 
ost numerous in liver and kidney cells.  Their role in the cell economy is obscure 

nctions may be the regulation of blood lipid levels. 

saccharides.  The membrane is essentially a phospholipid bilayer with the 

as:
1. 

pattern presented at the surface) others 

 5. Glial fibrilla
 
Lysosomes 
These are rounded, membrane-bound bodies showing wide variation in their size, 
shape, and internal structure.  They are the main components of an intracellular 
digestive system and contain numerous hydrolases active at acid pH, such as 
phosphatase, betaglucuronidase, esterases, ribonuclease and deoxyribonuclease.  
The digestive activity is generally contained within the lysosomes themselves.  In 
heterophagy exogenous material enters the cell by endocytosis and the vacuole thus 
formed fuses with primary lysosomes, probably produced by the Golgi apparatus.  In 
autophagy, damaged cytoplasmic components are enveloped to form an autophagic 
vacuole which fuses with primary lysosomes.  Digestion proceeds in the secondary 
lysosomes so-formed and products diffuse
Undigested material can in some instances be expelled by exocytosis, 
remains in the cell 
Examples of proteins taken into cells and digested w
1. Haemoglobin 
2. Native immunoglobulin and immune c
3
4. Protein reabsorption in ren
 
Lysosomes are important in: 
1. Polymorphs and macrophages in killing and digesting infe
2. Removal of unwanted cells during embryonic development 
3. Disposal of excess secretary pro
4
5. Supply of n
 
Microbodies 
Microbodies or peroxisomes consist of a homogeneous matrix sometimes containing 
a central crystalline nucleus enclosed in a single membrane.  They contain a number 
of enzymes, including amino-acid oxidases, urate oxidase and ca
m
but one of their fu
 
Cell membrane 
Cells are enclosed by a unit membrane composed of lipids, proteins, and oligo- and 
poly
hydrophobic lipid moieties internalised and the proteins (and glycoproteins) present 

 
Integral membrane proteins - globular proteins intercalated to varying depths 
within the bilayer and in some instances completely spanning the membrane.  
Integrated glycoproteins are always arranged so that their carbohydrate moieties 
are exposed at the cell surface where they act as specific receptor molecules.  
Whilst some integral proteins are capable of lateral movement within the lipid 
bilayer (thus altering the molecular 
appear to be attached to microtubules and microfilaments and mediate 
'transmembrane cytoskeletal control' 



2. Peripheral membrane proteins - are not essential to structural integrity and are 

umber of important functions: 

2. 

some 
m whereby further proliferation and movement of 

6. 
7. ty to recognise foreign antigens and altered or effete host 

antibody-like molecules 
cytokines and other chemical mediators. 

t do not have complementary structures and by bringing such proteins 

' proteins.  Now that it is appreciated that 
ey are essential to normal function and increased in many forms of injury they are 

chaperonins.  

 
1. Ju

(i) rmediate filaments of the 

bound to integral proteins or glycolipids by ionic bonds. 
The cell membrane has a n
1. Intake of exogenous material by phagocytosis, pinocytosis or micropinocytosis 

Selective permeability 
3. The ATP-associated sodium-pump which actively shifts sodium ions across the 

membrane out of the cytoplasm 
4. Cell-to-cell contact and adhesion by means of junctional complexes - tight 

junction, intermediate junction, and desmo
5. Contact inhibition - the mechanis

cells is inhibited by contact with like cells 
Antigenicity (histocompatibility) 
Recognition - the capaci
cells, resides at the cell membrane and is mediated by cell-bound antibodies or 

8. Receptor sites for stimulatory hormones, 
 
PROTEOLYSIS AND PROTEIN FOLDING 
 
While it is self evident that rapid and efficient proteolysis is central to the proper 
functioning of the cell; it is only recently that the mechanisms controlling proteolysis 
have begun to be understood.  For instance, there is a very close connection 
between proteolysis and control of the cell cycle.  Indeed a single protein, cyclin B, 
which accumulates during the G1 and S phases must be degraded for cells to exit 
mitosis.  One of the major factors in the regulation of such degradation is the protein 
ubiquitin.  As its name implies, this protein is highly conserved throughout 
eukaryotes, and is unique in its ability to become reversibly cross-linked to other 
proteins.  In doing so it is likely that ubiquitin serves as a movable binding site for 
proteins tha
into close association is an essential component of many important proteolytic 
pathways. 
The proper functioning of newly synthesised proteins is dependent upon them 
attaining the correct three dimensional configuration.  The complex folding of 
polypeptides involved in this process is controlled by other proteins which are either 
enzymes promoting disulphide formation and isomerisation, or members of a family 
of proteins which stabilise unfolded and partially folded structures and prevent the 
development of inappropriate intra- and inter-chain bonds.  They achieve this without 
themselves becoming incorporated into the structure.  These proteins are termed 
chaperones and are vital to the correct translocation, assembly, disassembly and 
transport of polypeptides and protein oligomers.  The proteins first came to notice 
when found in excessive amounts as part of the cellular response to high 
temperature, hence the name 'heat-shock
th
termed stress proteins and 
 
CELL - CELL ADHESION 

nctional mechanisms 
Desmosomes - intercellular junctions linked to the inte
cytoskeleton.  They are composed of a series of transmembrane glycoproteins 



and proteins termed desmogleins and desmoplakins 
Adherens junctions which contain different forms of trans(ii) membrane adhesion 

between cells, namely gap and tight junctions, are not adhesive 
tructures.  Their function is to allow the passage of small molecules into, or 

s.  The existence of non-specific adhesion molecules means that only a 
mall repertoire of such molecules is required for adhesion between a multiplicity of 

 
1. nisms 

(i) Hemidesmosomes bind cells to their substratum 

idge 
etween basement membrane or connective tissue matrix proteins and 

ge of cells to matrix components. 

ly.  Whilst this does occur in the early stages of embryonic life, later in 
es are 

Tw

2. into one or more types of specialised 

molecules, the main members being the cadherin family.  These molecules 
are responsible for calcium dependent intercellular adhesion. 

Other junctions 
s
between, cells. 
 
2. Non-junctional mechanisms 
Intercellular adhesion is also facilitated by membrane-bound cell adhesion molecules 
(CAMs).  Some CAMs are specific to certain tissues whereas others, for example 
so-called liver cell adhesion molecule (L-CAM), are widely distributed in epithelial and 
other tissue
s
cell types. 
 
CELL - MATRIX ADHESION 

Junctional mecha

(ii) Focal contacts 
 
2. Non-junctional mechanisms 
The cell surface is equipped with a variety of receptors for extracellular matrix 
molecules such as fibronectin and laminin.  The major receptors are members of the 
integrin family. Integrins are heterodimers that recognise and bind to a specific 
amino-acid sequence in the matrix molecule.  They are transmembrane proteins 
whose cytoplasmic domains interact through intermediate proteins such as vinculin or 
talin to bind to actin microfilaments.  Thus integrins act as an important br
b
intra-cytoplasmic microfilaments and permit anchora
 
THE CELL CYCLE AND CELL REPRODUCTION 
 
After division (mitosis) the cell enters the first resting phase - G1 (Gap 1).  This 
phase is variable and in some cells may be so prolonged that they are effectively out 
of cycle (Go).  They may return to the cycle or become fully differentiated 'end-cells' 
incapable of division.  S-phase is concerned with the synthesis of DNA and histones 
taking the cell up to a tetraploid state.  At the same time there is parallel synthesis of 
RNA and proteins.  The cell then enters a second, brief resting phase - G2 (Gap 2) 
which is followed by mitosis.  If both 'daughter' cells enter the replicative cycle then 
the total number of cells will double with each generation and the population will grow 
exponential
development the cells do not immediately enter the cycle so that doubling tim
prolonged. 

o categories of dividing cells are recognized, stem cells and progeny cells: 
1. Stem cells are capable of producing different forms of progeny cell.  When they 

divide they give rise to one replacement stem cell and one dividing progeny cell. 
Progeny cells divide but also differentiate 
cells.  Thus, the progeny cell pool gradually diverges in form and function and is 



only renewed by input from the stem cells. 
The rate of growth of a tissue is a function of the frequency with which stem cells 
reproduce and supply the progeny pool and the number of 'amplifying' divisions 

e.  The number of such amplifying 

within a tissue 
. Surface attachments 
. Cytokines and their receptors 

 glycosylated polypeptides and proteins 
sec e behaviour of target 
cel

(ii) They act on cells in the vicinity of the producing cell - a paracrine effect 
ically on distant sites - an endocrine effect. 

s 
 

. Tumour necrosis factors 

s.  The major activities of interleukins, 
and interferons are concerned with the immune response 

ll polypeptides produced by various cells.  They have a number of 
actions, the most important of which are the control of cell proliferation and 
differe

th factor 

These GFs are produced by many cell types.  They interact with the erb-B family of 
recept

(ii) 
F-A and PDGF-B produced by platelets, 

ages etc., important in tissue repair and 

(iii)
ive tissue synthesis ) 

 of inhibins actions) 
bitory substance (development of male reproductive system) 

undergone by the progeny cells during their lifetim
divisions is modified by: 
1. The spatial distribution of cells 
2
3
 
 
CYTOKINES 
 
Cytokines are a family of glycosylated or non

reted by cells in response to a stimulus which modulates th
ls.  They exert their effects in three ways: 
(i) They act on the cell producing them - an autocrine effect 

(iii) They act system
 
Classes of cytokines 
1. Growth factor
2. Colony stimulating factors
3. Interieukins 
4
5. Interferons 
 
Growth factors and colony stimulating factors are involved in cell proliferation and 
differentiation in a wide variety of tissue
tumour necrosis factors 
and inflammation and will be considered later. 
1. Growth factors (GFs) 
These are sma

ntiation.. 
(i) Epidermal growth factor family 

a. Epidermal grow
b. Transforming growth factor a 
c. Amphiregulin 

ors and are important in epithelial cell proliferation and differentiation 
Platelet derived growth factor (PDGF) 
Dimers of two subunits PDG
endothelial cells, activated macroph
chronic inflammatory processes 
 Transforming growth factor b family 
a. TGFb1-3 (major actions - growth regulation, connect
b. BMP2A, 2B and 3 (bone morphogenesis) 
c. Inhibins A and B (regulation of pituitary gonad axis) 
d. Activin A and AB (antagonism
e. Mullerian inhi



(iv) th factor (FGF) 
FGF 

F 

Th ry factors for neuroectodermal cells, endothelial cells, 
fibroblasts etc., and play a major role in embryogenesis 

(v)  growth factor 

Mediate action of hormones such as growth hormone 
(vi) Nerve growth factors 

b. Neuroleukin 
issues which play a role in wound healing 

. Colony stimulating factors 
egulate the proliferation and differentiation of haematopoietic cells. 

ion 

 

  

    Monocytes, fibroblasts    Enhances granulocyte 
 and 

            Chemotactic 

ophages and 
f IL-1 

               prostaglandin E 
of 

rythroid 
       Cell types        precursors 

 Fibroblast grow
a. Acidic 
b. Basic FG
c. int 2 
d. FGF5 
e. hst 

ese GFs are potent stimulato

Insulin-like
a. Type I 
b. Type II 

a. Nerve growth factor 

Neurotropic factors for neural t
 
2
R
 
 
CSF       Principal source      Major act
 
GM-CSF      T lymphocytes and many   Proliferation of 
granulocytes
(granulocyte/     other cells types      and macrophages. 
Regulation 
macrophage)               and activation of 
granulocytes 
                  and macrophages for host
                  defense 
G-CSF  
(granulocyte)     and endothelium      production
activation 
      
M-CSF      Monocytes, fibroblasts     Activation of 
macr
(macrophage)     and endothelium      secretion o
and 
   
Erythropoietin    Kidney and some other    Differentiation 
e
 
 
 
 
 
 
 
 



CYTOKINE RECEPTORS 
 
Re

ptor.  Receptors can be of high or low affinity, 
.g. IL-2, or they can have a different level of response to different ligands, e.g. IGF-1 

 
Re  

nsertion 
(ii) receptor internalisation and recycling 

adation via lysosomes 

 through phospholipase-C activity, e.g. crk.  

m ions from internal pools and thereby modulates many 
alcium-dependent processes.  This is an example of calcium ions acting as a 

ns, 
lcium pump.  When a cell is activated, for example by 

 move into the cell cytoplasm. 
Th
1. nter through: 

x of calcium ions 
the activation of a calciumbinding protein calmodulin.  The active 

lates a wide range of intracellular processes 

isassembly 
. Secretion, e.g. in enterocytes and in the exocrine pancreas 

ceptors consist of 
(i) an external domain which is the binding site for the ligand 
(ii) a transmembrane region which spans the cell membrane 
(iii) an intracellular domain which delivers the signal to the cytosol 

Receptors may consist of a single polypeptide chain on its own, e.g. EGF-R, a single 
polypeptide chain plus a second helper protein, e.g. IFN-,Y receptor, or two 
polypeptide chains, e.g. IGF-1 rece
e
receptor binding IGF-1 and insulin. 

ceptor modulation is achieved by altering:
(i) the rate of synthesis and membrane i

(iii) receptor degr
 
Signal transduction 
Following binding of cytokine with its appropriate receptor there follows a cascade of 
events that eventually (after several hours) lead to stimulation of DNA synthesis and 
cell division or induction of mRNA and protein synthesis.  The mechanisms involved 
in this 'signal transduction' are highly complex.  Some receptors operate through 
activation of their internal tyrosine kinase domain, e.g. erb-B family, PDGF-r, IGF1-r; 
others transduce their signals via cytoplasmic tyrosine or serine/threonine kinases, 
e.g. src, yes, fgr; yet others operate
These enzymes act through a series of intermediaries and protein phosphorylation to 
'switch on' DNA and protein synthesis. 
Generation of inositol triphosphate through phospholipase-C activity leads to 
mobilisation of calciu
c
'second messenger'. 
 
Calcium fluxes in cell regulation 
Although extracellular fluid has a high Ca2+ concentration (10-3 M), intracellular levels 
are several orders lower (about 10-6 M). This steep electrochemical gradient is 
maintained by the relative impermeability of the plasma membrane to calcium io
and by active exclusion by a ca
a cytokine, hormone or nerve impulse, calcium ions

e ions originate either from: 
Extracellular calcium ions which e
(i) Receptor operated channels 
(ii) Voltage dependent channels 

2. Calcium 'stores' in the smooth endoplasmic reticulum The influ
leads to 
calmodulin-calcium complex regu
including: 
1. Cyclic nucleotide metabolism 
2. Microfilament polymerisation 
3. Microtubule assembly-d
4



5. Glycogen metabolism 
 
CAUSES OF CELL INJURY 
 
1. To

 cyanide on cytochrome 

 - e.g. paracetamol (acetaminophen) 
 of the 

pancreatic islets 
thyl alcohol, psychotropic drugs, heavy metal poisons 

 
2. 

s, i.e. extreme heat or cold 
blast injuries) 

(iv) Ionising radiation 
 

3. 
Lo

) Failure of cellular absorption, e.g. glucose in diabetes mellitus 
ilure of blood supply – ischaemia 

Ge

(ii) Malnutrition resulting from dietary deficiency or malabsorption 

4. 
Inju

ccharide) 
utrients 

(iii) Provocation of an inflammatory cell or immune response 
tion 

 
5. 

(i) Autoimmune diseases 
 states, e.g. contact dermatitis 

 
6. Ge

(i) 
 aneuploidy 

 or translocation 
(ii) etic code 

a. e.g. inborn errors of metabolism, thalassaemia 
b. 

Mutation 

xic substances 
(i) Biochemically specific - enzyme poisons such as

oxidase; sodium fluoracetate block of the Krebs cycle 
(ii) Tissue specific

producing liver necrosis; alloxan giving rise to necrosis in B-cells

(iii) General - e.g. e

Physical agents 
(i) Trauma 
(ii) Temperature injurie
(iii) Pressure effects (

(v) Electrical injuries
 

Lack of nutrients 
cal 
(i
(ii) Fa
 
neral 
(i) Hypoxia, e.g. severe anaemia, respiratory failure 

(iii) Hormonal deficiency 
 

Infective agents and parasites 
re by 
(i)  Production of toxins, exotoxins and endotoxins (lipopolysa
(ii) Competition for essential n

(iv) Intracellular multiplica

Immune mechanisms 

(ii) Hypersensitivity

netic defects 
Change in chromosome make-up 
a. Alteration in number -
b. Alteration in structure as a result of chromosomal deletion
Change in gen

Inherited, 
Acquired 

Deletion of gene 
 



EVOLUTION OF CELL INJURY 
 
The term 'injury' embraces a wide range of adverse events which will affect cellular 
homeostasis.  Where an injury is mild and transient the cell may suffer limited 
damage to membranes and organelles which can be readily repaired and normal 
structure and function restored.  Such injuries induce increased synthesis of specific 
stress proteins which could help in the dissociation and clearance of denatured 
proteins and protein complexes, and satisfy the greater demand for protein folding 

ome irreversibly damaged, and die.  In some circumstances 

ed period may 
dapt by altering the direction of cellular differentiation to produce cells more capable 

  Such a change is termed metaplasia. 

nges or in degenerative changes 
hich can be reversed but might also herald the onset of cell death.  The 

: 
 
1. 

f microvilli and focal expansions of the plasma membrane 

vacuo
mes.  This brings about the loss of 

cytoplasmic basophilia seen on light microscopy 
tae 

Th
the endoplasmic reticulum and mitochondria. 

(ii) Later stages - progressive dilatation of the ER leads to the appearance of clear 

brought about by the adverse conditions.  Unwanted or effete organelles and 
membranes are removed by autophagocytosis. 
More severe and sustained injury may result in degenerative changes such as cloudy 
swelling and fat accumulation which, if the injurious agent is withdrawn, are also 
reversible and the cell recovers.  If, however, the injury persists the cell may 
degenerate further, bec
the injury may be so catastrophic that the cell dies without showing these 
intermediate changes. 
Alternatively, when an adverse environment persists, the cell may adapt and 
establish a new steady state.  Only when the cell fails to establish an altered level of 
homeostasis in response to injury is cell death inevitable.  Under some 
circumstances the new environment may require a heightened state of activity for 
homeostasis to be maintained.  Increased functional activity is brought about by an 
increase in the number of organelles and a concomitant increase in cell size - cellular 
hypertrophy.  An increase in cell number may be required to cope with increased 
demands or to compensate for a shortened life span - hyperplasia.  More frequently, 
a cell adapts to an adverse environment by functioning at a lower level than normal.  
The diminution in functional organelles is paralleled by reduced cell size - atrophy.  
Finally tissues exposed to an adverse environment over a sustain
a
of combating the environment.
 
SUBLETHAL CELL INJURY 
 
Sublethal injury may result in long-term adaptive cha
w
degenerative consequences of cell injury comprise

Injury to cell membranes and mitochondria 
(i) Loss o
(ii) Formation of vacuoles by enfolding of the plasma membrane - endocytic 

lation 
 (iii) Disruption of the RER and loss of riboso

(iv)  Mitochondrial swelling and loss of cris
 
2. Cloudy swelling (intracellular oedema) 

is results from the accumulation of watery fluid in the dilated sacs or cisternae of 

(i) Early stages - under the light microscope, the cytoplasm has a fine granularity 
like ground-glass 



vacuoles visible by light microscopy - hydropic vacuolation 
 
Mechanis

(i) 

ds to failure of the sodium-pump.  Sodium ions enter the cell in 
exc dration shell, there is a 
net inf

(ii)  resulting from 
a. Accumulation of lactate and pyruvate 
b. Net catabolism of macromolecules 

).  Triglycerides are synthesized from free fatty acids 
FAS) entering the cell from the blood.  FFAs also undergo oxidation to C02 and 

 phospholipid. 

Fa
A. 

(i) triglycerides 
(ii) ults in: 

ation 
Diminished release of fat from the cell as lipoprotein 

B. s and triglyceride into the cell 
Ca

disease 
sufficiency 

(vii) Chronic alcoholism (liver) 
on tetrachloride, phosphorus (liver) 

 macrophages after phagocytosis of silica.  In toxic injury, however, 
pture is thought to be a consequence of advanced cellular damage rather than an 

m 
Fall in oxidative phosphorylation due to 
a. Lack of oxygen 
b. Damage to mitochondria or its enzymatic pathways 

The diminished formation of ATP affects all the energy requiring reactions in the cell 
but in particular lea

hange for potassium and as the former have a larger hy
lux of water. 
Increased intracellular osmotic pressure

 
 
 
3. Fatty change 
This is the appearance of abundant spherical globules of fat (triglyceride) within the 
cytoplasm.  It can be demonstrated using frozen sections and staining with 
lipid-soluble dyes such as Oil red 0 or Sudan black, and is most commonly seen in 
cells of the liver, kidney and myocardium.  Fatty change must be distinguished from 
pathological adiposity where fat cells (lipocytes) infiltrate an organ or tissue.  This is 
a feature of severe obesity.  In normal cells fat is held in a dispersed state and 
transported out of the cell as micelles or lipoprotein complexes (triglyceride with 
phospholipid and/or protein
(F
conversion to
 
Mechanism 

tty change results from: 
Impaired metabolism of fat 

Reduced oxidation of FFAs with increased conversion to 
Reduced synthesis of phospholipid and protein. This res
a. Reduced dispersal of fat leading to globule form
b. 

Excessive entry of FFA
uses 
(i) Diabetes mellitus 
(ii) Congestive cardiac failure 
(iii) Severe anaemia 
(iv) Malnutrition and wasting 
(v)  Ischaemia, e.g. coronary in
(vi) Infections (septicaemia) 

(viii) Poisons, e.g. carb
 
4. Lysosomal damage 
A. Lysosomal rupture is thought to be responsible for some forms of cell injury, e.g. 
injury to alveolar
ru



initiating factor. 
 
B. Lysosomal overloading.  Many metabolic processes depend upon the hydrolysis 
of intermediates by lysosomal enzymes.  When a particular hydrolase is deficient or 
absent, all substances entering lysosomes or arising within them that require this 
nzyme for their further digestion, accumulate and progressively enlarge the 

 
Su

(ii)  Type 11 storage disease (Pompe) 
 

(iv) (glucoceramide) Niemann-Pick disease 

angliosides) 
(v) Mucopolysaccharide - Hurier's syndrome (gargoylism) 

5. Su
A. Inc

 invagination of the nuclear membrane 
llar bodies, etc. 

usions, e.g. herpes 
B. 
C. 

ounds such as the mustards and 
eth
result in cell death, but smaller doses may produce: 

(ii) Genetic abnormalities.  Similar injury to germ cells may produce changes 
in genetic abnormalities in the offspring. 

 
6. r abnormal products 

ucus 

ane-like material 
(iv) Calcification 

These are widely distributed brown-pigments derived from the oxidation of lipids and 
are of gment is seen in the following situations: 

(i) ls 
is 

(ii)

e
lysosome. 

bstances accumulating in this way include: 
(i) Lipofuscin (see below) 

Glycogen -
(iii) Protein - forming the hyaline deposits in kidney tubule cells in the nephrotic 

syndrome 
 Lipids - Gaucher's disease 

(sphingomyelin)  
Tay-Sachs disease (g

(vi) Cystine - cystinosis 
 

blethal nuclear injury 
lusions 
(i) False inclusions resulting from
(ii) Abnormal deposits of glycogen, lame
(iii) Viral incl

Abnormal DNA-dependent RNA synthesis 
DNA damage 
Ionising radiation and certain chemical comp

yleneimides exert their toxic effects principally on cell nuclei.  High doses 

(i) Mutations.  Latent injury to DNA may result in mutation and the 
development of malignant cells. 

in the DNA code which result 

Excessive o
(i) Excess of normal secretions, e.g. m
(ii) Amyloid  
(iii) Basement membr

(v) Mallory's hyaline 
 
7. Accumulation of lipofuscins 

 heterogeneous composition.  The pi
In certain apparently normal cel
a. Epithelial cells of the epididym
b. Interstitial cells of the testis 
c. Ganglion cells and neurones 

 I n ageing cells - so-called 'wear-and-tear' pigment.  This is best seen in 
'permanent' tissues such as myocardium where the fibres show increasing 



pigmentation with age.  It is particularly evident where the heart has atrophied 

e 
ll necrosis and oxidation of lipid 

(iv) e 
(v) In the 'brown-bowel' syndrome.  Pigmentation of smooth muscle cells 

accompanies various malabsorption states 

rbance of intracellular 
tasis has far-reaching effects on cellular function and sets in train (or 

ium ions enter the 
ne 

ynthesis 

 variety of agents 
flux of calcium ions and that this influx initiates a final 

lic disturbances leading to cell death. 
Ce
1. 

 nuclear chromatin 

smalemma 
in mitochondria 

2. 

leus 
e nucleus 

3. Ch

le cells are impermeable to these dyes. 
 

sm 
no groups results in increased affinity for  

4. 
(i) 

minotransferase (formerly GOT) 

as a result of wasting disease -'brown atrophy'.  Also seen in liver cells with 
increasing age and with certain drugs, e.g. phenobarbiton

(iii) As 'ceroid' pigment in the liver after liver ce
membranes, e.g. after viral hepatitis, drug hepatotoxicity 
 In liver cells in the Dubin-Johnson syndrom

 
 
 
LETHAL CELL INJURY 
 
An immediate consequence of damage to the plasma membrane is altered 
permeability with an influx of calcium ions.  The ensuing distu
calcium homeos
accelerates) the metabolic changes that will lead to cell death. 
These include: 
1. Cessation of oxidative phosphorylation in damaged mitochondria 
2. Failure of ATP-dependent pumps so that more calcium and sod
cell (together with water) and potassium ions pass out.  With advancing membra
disruption, semipermeability is lost and the influx of water ceases. 
3. Disordered nuclear function and a decrease in DNA-dependent RNA s
4. Continuing anaerobic glycolysis leads to a fall in pH which activates hydrolytic 
enzymes escaping from damaged lysosomes and accelerates autolysis. 
It seems likely that plasma membrane injury caused by a wide
inevitably leads to a rapid in
common pathway of metabo

ll death is recognized by: 
Ultrastructural changes 
(i) Margination or progressive loss of
(ii) Focal rupture of the nuclear membrane 
(iii) Breakdown of the pla
(iv) Development of flocculent densities 
Changes in the nucleus 
(i) Swelling and clumping of chromatin 
(ii) Pyknosis - condensation of chromatin and shrinkage of the nuc
(iii) Karyorrhexis - fragmentation of th
(iv)  Karyolysis - dissolution of the nucleus by deoxyribonuclease 

anges in the cytoplasmic staining 
(i) Positive staining with vital dyes such as trypan blue, which reflects abnormal 

membrane permeability.  Viab
(ii) Opacification - denaturation of proteins leads to aggregation with resultant

opacification of the cytopla
(iii) Eosinophilia - exposure of basic ami

acidicdyes such as eosin 
Biochemical changes 

Release of K' by dead cells 
(ii) Release of enzymes into the blood, e.g. increased plasma levels of creatine 

kinases, lactic dehydrogenase and aspartate a



(iii) Release of protein or protein breakdown products into the blood, e.g. 
myoglobin from injured skeletal muscle cells. 

The term autolysis 
 sometimes applied to degradation associated with somatic death but the distinction 

following individual or multiple cell death is artificial. 

 stages: 
he nucleus 

4. egation of cytoplasmic organelles 

 of 
g the basic architecture.  This is 

ations: 
orphosis 

us cell-deletion in tumours 

yel

itis graft-versus-host reactions 
at doses lower than those which cause 

 as when immature thymocytes are exposed to 
lucocorticoids, or when a stimulus is withdrawn such as removal of interleukin-2 

 
 
 
 
CELL DEATH AND NECROSIS 
 
Cell death occurs at the point where injury becomes irreversible.  The dead cell then 
enters a phase in which there is progressive degradation brought about by 
denaturation and hydrolysis of cell constituents - this is necrosis.  
is
from necrosis 
 
APOPTOSIS 
 
Apoptosis is a form of cell death in which single cells are eliminated from living tissue. 
In apoptosis the cell passes through the following
1. Condensation of chromatin in t
2. Deep invaginations of the nuclear membrane 
3. Fragmentation of the nucleus 

Contraction of the cytosol and aggr
5. Budding and separation of membrane-bound bodies containing condensed 

organelles and nuclear fragments 
This converts the cell into several small apoptotic bodies which are usually 
phagocytosed by surrounding healthy tissue cells or by macrophages. 
Apoptosis does not provoke an acute inflammatory response and large numbers
cells can be eliminated from tissues without disturbin
the mode of cell death seen in normal cell-turnover and in the following situ
1. Embryological development and metam
2. Atrophy, which may be either physiological (involution) or pathological  
3. Spontaneo
4. In certain viral infections, for example those affecting the liver, viral hepatitis, 

low fever,  
5. Cells dying as a result of a cytotoxic T-lymphocyte attack, for example in chronic 

active hepat
6. Irradiation and chemotherapy applied 
frank necrosis 
7. Clonal selection in the immune system 
Apoptosis has been termed 'programmed cell death' and is brought about by a 
stereotyped mechanism involving calcium and magnesium-dependent 
endonucleases which cleave nuclear DNA and other effector molecules which require 
continuing synthetic activity by the cell.  It is reasonable to assume that apoptosis is 
to some extent under genetic control and two genes claimed to be involved in 
programmed cell death have recently been partly characterized, but changes in the 
immediate environment of the cell are of crucial importance.  The effect of these 
environmental signals will differ according to the cell type and to its stage of 
development or maturation.  Furthermore, apoptosis may be induced by the 
appearance of a stimulus
g



from mature T lymphocytes. 

SIS 

A. Ge
1. Co

(ii) Architecture destroyed, e.g. caseous necrosis in tuberculosis 
osis - necrosis and liquefaction, e.g. cerebral infarct 

B. Sp
1. Fat ne

 inflammatory 

2. rue necrosis but a strongly eosinophilic 
degeneration of collagen, e.g. in a rheumatoid nodule; or in polyarteritis nodosa.  
A s

sition of antigen-antibody complexes 
(iii) Necrosis of smooth muscle 

ECROSIS 

3. 
4. ical reactions to subcellular components released by dead tissue, or to 

 post-myocardial infarction 
syndrome 

. Calcification, e.g. in old caseous foci of tuberculosis 

ular adaption and ageing 

embranes persist as the brown pigment 

 
 
 
 
FORMS OF NECRO
 

neral forms 
agulative necrosis 
(i) Architecture preserved, e.g. renal infarct, syphilitic gumma 

2. Colliquative necr
 

ecial forms 
crosis 

(i) Traumatic - release of lipid from fat cells provokes a chronic
and giant cell response as seen in subcutaneous fat or the breast 

(ii)  Enzymatic - as occurs in association with acute pancreatitis 
Fibrinoid 'necrosis' - this is not a t

imilar appearance may result from: 
(i) Deposition of fibrin 
(ii) Depo

3. Gangrene  
 
CONSEQUENCES OF N
 
1. Acute inflammation 
2. Healing by repair or regeneration 

Chronic inflammation 
Immunolog
self-antigens altered by denaturation, e.g. the

5
 
 
 

2. Cell
 
ATROPHY 
 
Atrophy is the acquired diminution in size of an organ or tissue brought about by loss 
or decrease in size of its constituent cells.  Loss of cells is by single-cell necrosis 
(apoptosis).  Reduction in size of cells is a result of disturbed intermediary 
metabolism with decreased oxidative phosphorylation and an increase in glycolysis.  
There is increased focal cytoplasmic degradation and the effete intracellular 
components are taken into autophagic vacuoles.  In some cells, e.g. liver, heart, 
brain, oxidised lipids derived from these m



lipofuscin.  Evidence of other types of sublethal injury such as cloudy swelling and 
tty change may precede atrophy of cells. 

Atr
 

Hypoplasia is a partial failure of development whereby an organ does not attain 

 
Agenesis is a complete failure of development, e.g. congenital absence of one or 

physiological or pathological conditions: 
 
A. Ph

1. 
efts 

(ii) Thyroglossal duct 

 
2. 

teriosus 
i) Umbilical vessels 

3. Po nce 
(i) 

ic lymph nodes 
. Appendix 

s 

4. 

(ii) Post-lactational atrophy of the breasts 
l atrophy of the uterus, ovaries, and breasts 

 
B. Pa

1. phy 
(i) e to atherosclerosis 
(ii)

ngioma causing atrophy of overlying skull 

(iii)
a. y resulting from immobilisation 

 of a duct draining an exocrine gland leads to atrophy of the 

(iv)
 idiopathic Addison's disease 

ia 
(v)

fa
ophy must be distinguished from a failure in development of an organ or tissue. 

the normal size, e.g. hypoplasia of one or both kidneys. 

both kidneys. 
 

Atrophy can occur under 

ysiological atrophy 
In the fetus 
(i) Branchial cl

(iii) Notochord 

In the neonate 
(i) Ductus ar
(i
(iii) Urachus 
 

st adolesce
Lymphoid tissue 
a. Tonsils 
b. Mesenter
c
d. Thymu
 

In the adult 
(i) Post-partum involution of the uterus 

(iii) Post-menopausa

thological atrophy 
Localized atro

Ischaemia, e.g. cerebral atrophy du
 Pressure 
a. Aortic aneurysm eroding bone 
b. Meni
c. Hydronephrosis producing atrophy of the kidney parenchyma 
 Disuse 

Local osteoporosis and muscular atroph
b. Obstruction

glandular elements, e.g. salivary gland 
 Autoimmune 
a. Adrenal atrophy in
b. Gastric parietal-cell atrophy in pernicious anaem
 Hormone withdrawal 



a. Endometrial atrophy after oestrogen withdrawal 
py, etc. 

i) Neuropathic 
trophy following loss of nerve supply 

 
(vii) Idiopathic 

 disease 
 
2. Ge

tained increased catabolism in fever, following severe trauma, etc. 
starvation, severe malnutrition, malabsorption and malignant 

cac
(iii) Senility 

 
Generalized atrophy is characterized by: 

ssue 
(iii) 'Brown atrophy' of the heart 

anchnia 

creased demand for work.  A further rare 
ause is the hypertrophy of the tongue and heart seen in acromegaly resulting from 

 by growth hormone. 
 
1. Ca

(i) rage thickness) 
 

e anaemia, hypercapnia, thyrotoxicosis 

(ii) 4 cm thickness) 
e 

d. Congenital left to right shunts 
 valvular lesions 

- exercise 
 
3. 

(ii) rtrophy) 
(iii) ), e.g. 

b. Testicular atrophy, in cirrhosis, oestrogen thera
(v

a. Muscle a

a. Villous atrophy in coeliac

neralized atrophy results from: 
(i) Sus
(ii) Simple 
hexia 

(iv) Hypopituitarism 

(i) Muscle wasting 
(ii) Loss of adipose ti

(iv) Microspl
 
HYPERTROPHY 
 
Hypertrophy is the increase in size of an organ or tissue brought about by an 
increase in size of its specialized cells.  In a pure form, hypertrophy is found only in 
muscle and is usually a response to an in
c
increased stimulation

rdiac muscle 
Left ventricle (> 1.5 cm ave
a. Systemic hypertension
b. Aortic valvular disease 
c. Mitral incompetence 
d. High-output states such as sever
e. Hypertrophic cardiomyopathy 
Right ventricle (> 0.
a. Chronic lung disease - cor pulmonal
b. Mitral stenosis 
c. Secondary to left ventricular failure 

e. Pulmonary or tricuspid
 
2. Skeletal muscle 

Smooth muscle 
(i) Uterus - pregnancy 

Arteries - hypertension (medial hype
 Alimentary tract (usually proximal to an obstruction
a. Above an oesophageal stricture 



b. Proximal to an annular carcinoma of the colon 
yloric stenosis 

(iv) Urinary bladder (obstruction to outflow) 
ent 

d. Severe phimosis 
ital bladder neck obstruction 

r tissue brought about by an increase 
 number of its specialized cells.  In many cases, hyperplasia is associated with 

trophy of individual cells. 
 
1. En

(i) 

 

(ii)

dary to chronic renal failure 
(iii)
(iv)

rplasia is an occasional cause of acromegaly 

(v) Pancreatic islets 
 the babies of diabetic mothers 

 
2. En

(i) 
al hyperplasia in pregnancy and lactation 

Cystic hyperplasia in response to excessive oestrogen stimulation 
rostate - benign nodular hyperplasia 

 
3. Skin

(i) (acanthosis) is seen in many skin diseases including 
gs) 

atitis 

(ii)
nic inflammation and granulation tissue 

b. Overlying dermal tumours such as granular-cell myoblastoma 
acanthoma 

c. Idiopathic hypertrophic p

a. Prostatic enlargem
b. Urethral stricture 
c. Meatal stricture 

e. Congen
 
HYPERPLASIA 
 
Hyperplasia is an increase in size of an organ o
in
some degree of hyper

docrine glands 
Adrenal cortex 
a. ACTH administration 
b. Basophil adenoma of the pituitary
c. Idiopathic hyperplasia 
d. Congenital adrenal hyperplasia 

 Parathyroids 
a. Primary (idiopathic) hyperplasia 
b. Secon
 Thyroid - primary thyrotoxicosis (Graves' disease) 
 Pituitary 
a. Acidophil hype
b. Basophil hyperplasia - Cushing's syndrome 

Hyperplasia is seen in

docrine target organs 
Breasts 
a. Physiologic
b. Pathological in cystic disease of the breast 

(ii) Endometrium 

(iii) P

 
Prickle-cell hyperplasia 
a. Psoriasis (in the rete pe
b. Chronic derm
c. Acanthosis nigricans 
d. Viral warts 

 Pseudo-epitheliomatous hyperplasia is seen 
a. In association with chro

c. In kerato-
 



4. Lining epithelia 

Bone marrow 
Hy only seen where demand for red blood cells is increased 
by 

(i) Haemolytic states 

at a junction between two epithelia.  

, these cells have no intrinsic defect in their 

site.  The appearance of so-called pyloric metaplasia (ulcer associated 

t and this may render the parent organ vulnerable to damage, e.g loss of 
e mucociliary escalator when tracheo-bronchial epithelium changes to a squamous 

ell type. 

TAPLASIA 
 
A. Ep

1. Sq
o-stratified columnar ciliated epithelium 

nally) in chronic sinusitis and in 
hyp
(ii)  

estrogen therapy 
 glands associated with cervical 'erosion' 

(iii)

e.g. at the margins of healing ulcers in the stomach, duodenum or colon 
5. 

perplasia is most comm

(ii) Hypoxia 
 
METAPLASIA 
 
Metaplasia is the conversion or replacement of one normal adult cell type by a 
different adult (fully-differentiated) cell type.  In most instances, such conversion is 
achieved by a change in differentiation in the progeny pool but the term is also 
employed where one type of epithelium is substituted by another, for example by 
migration from the margins of an ulcer 
Metaplasia is usually a response to chronic irritation or inflammation and rarely does 
the alteration cross histogenetic boundaries. 
Altered environmental factors inhibit differentiation along the usual pathway whilst 
promoting differentiation via some new pathway.  Such factors cause cells to stop 
growing at different growth-arrest points thereby altering the differentiation potential 
of the precursor cells.  However
regulatory processes so that further changes in the environment are capable of 
reversing the metaplastic process. 
The appearance of different forms of epithelia within a tissue might also be due to the 
development of novel cell lineages whose progeny adopt a phenotype not usually 
found at that 
cell lineage) in the mucosa of the intestine following ulceration might arise by this 
mechanism. 
Metaplasia can have disadvantages in that the normal function of the original cell 
type is los
th
c
 
 
FORMS OF ME

ithelial 
uamous metaplasia 

(i) From pseud
a. In the trachea and bronchi in chronic bronchitis, cigarette smokers, 

bronchiectasis 
b. In nasal sinuses, (occasio
ovitaminosis A 
From simple columnar epithelium
a. Endometrium in senility 
b. Gall-bladder in cholelithiasis 
c. Prostatic ducts in ageing and o
d. Endocervical mucosa and
 From transitional cell epithelium 
a. Renal pelvis with calculi 



b. Urinary bladder with chronic cystitis or schistosomiasis 

2. 
e of the breast 

(ii) Intestinal metaplasia of the gastric mucosa in chronic gastritis 
 of peritoneum, pleura and synovium 

 
B. Co

1. Os taplasia 
(i) ation 

rculous lesions 

(ii)
itis ossificans 

ic 
s 

(iii)

arathyroidism 

2. My
nt of haemopoietic tissue in the metaplastic bone 

b. Extra-medullary haemopoiesis in the liver and spleen, e.g. in 
is 

r levels remain 

1. ean and maximum life span 
generally increased, the maximum life 

3. 

can restore immortality.  Transfection of selected 
hromosomes back into immortal cell lines restores senescence.  The function of 

(iv) From mesothelium of the pleura and peritoneum 
Columnar metaplasia 
(i) 'Pink-cell' or apocrine metaplasia seen in cystic diseas

(iii) In mesothelium

nnective tissue 
seous me
In sites of dystrophic calcific
a. Scars 
b. Old tube
c. Medial calcification of arteries 

 In muscle 
a. Localized myos
b. Post-traumat
c. After tetanu
d. Paraplegia 
 In soft tissues 
a. Tumoral calcinosis (?) 
b. Progressive fibrodysplasia ossificans 
c. Pseudo-hypop
d. Hereditary osteodystrophy (Albright's) 
eloid metaplasia 
a. Developme

myelofibros
 
AGEING 
 
The mechanisms underlying ageing at the somatic and cellula
obscure.  Several factors indicate a genetic basis: 

Each species has a characteristic m
2. In the human, although life expectancy has 

span remains virtually unchanged 
Longevity has definite familial associations 

4. Certain diseases with a genetic basis are associated with accelerated ageing and 
a diminished life span, e.g. Werner's syndrome and progeria. 

Research on cell culture lines has demonstrated that normal cells have a finite 
capacity for replication, the so-called Hayflick number.  However, this limit is rarely, if 
ever, reached by cells in vivo so that senescence cannot be attributed solely to a 
failure of cell division.  Nevertheless, it may be that following mitosis cells are 
produced which enter a permanent G0 phase and are irreversibly committed to 
senescence and death.  Such 'committed' cells may exhibit normal growth (for a 
time) but dilute the fraction of cycling cells to a point where the population cannot be 
maintained.  Strong experimental evidence for a genetic control mechanism of 
ageing by a family of senescence genes has accumulated.  Fusion of immortal cells 
with normal cells can lead to senescence of the hybrid, and subsequent non-random 
loss of chromosomes 
c



these genes has not yet been established. 
 
Theor

1. Ran
(i) 

tely 
 repair.  The repair mechanisms themselves may 

(ii)

slation.  Minor errors in the synthesis 
and, in particular, enzymes, gradually accumulate to the point 

2. 

genes is seen as an active 

ed phenomenon which is shortened to the actual life span by 
nvironmental factors or random genetic events reducing the cells' capacity to 
urvive. 

zed living tissue to local injury' 

. Formation of a fluid exudate 

1. 
Ch

(i) 
(ii) Persistent vasodilatation of arterioles, venules, and lymphatics, and an 

 of 'dormant' parts of the capillary network - active hyperaemia 
 
Ch

(i) 
(ii) Slowing with disturbance of axial flow as a result of increased blood viscosity 

 through the vessel wall 

the walls of small blood vessels are freely permeable to water and 

ies of cellular ageing 
dom 
Somatic mutation 
Ageing results from random damage to DNA produced by mutagens such 
as radiation, viral infection, free radicals, etc., which is not adequa
remedied by DNA
decrease in efficiency and contribute to the accumulation of mutations. 

 'Error catastrophe' 
Ageing is envisaged as a deterioration in the mechanisms responsible for 
the accuracy of transcription and tran
of proteins 
where the cell can no longer survive. 

Programmed 
This theory implicates senescence or 'lethal' genes which slow down or stop 
vital processes.  Selection or expression of such 
process brought about by evolutionary pressures which confer an advantage 
on the species at the expense of individual death. 

These theories are not mutually exclusive.  The maximum life span may be a 
programm
e
s
 
 
 

3. Acute inflammation 
 
'The reaction of vasculari
 
BASIC COMPONENTS 
 
1. Changes in the microcirculation 
2
3. Formation of a cellular exudate 
 

Changes in the microcirculation 
anges in calibre 

Transient arteriolar constriction as a direct response to the injurious agent 

opening up

anges in flow 
Initially rapid as a result of vasodilatation 

secondary to loss of plasma
 
2. Formation of a fluid exudate 
Normally 



crystalloids but most of the plasma proteins are retained, i.e. there is 'molecular 
sie
No

a across the endothelial cell within vesicles 

dothelial 

es vascular permeability for higher 
molecular weight proteins such as fibrinogen and immunoglobulins.  Gap formation 

a.  in the desquamation of dead cells and production of 

- causing cells to 'round-up' and separate 

tion 
Th e the following important constituents 
of 

(i) ement system  
ting bacteria prior to phagocytosis, or 

(iii)
(iv) ember is fibrinogen.  Once in 

the 
  Fibrin is important as a: 

b. esses 

d. Surface against which the phagocytosis of microorganisms is enhanced - 

 drugs, etc. 

sit through the inflamed part has a beneficial 

ving'. 
rmal fluid transport may be via: 
(i) Micropinocytosis - transfer of plasm
(ii) Intermittent opening of inter-endothelial cell junctions 
(iii) 'Closed' inter-endothelial junctions 

The quantitative importance of these various routes is not known.  Micropinocytosis 
and transient opening of junctions would permit the passage of plasma including high 
molecular weight proteins across the endothelium, so that molecular sieving would 
have to occur at the basement membrane.  This membrane, however, is freely 
permeable to large molecules so these mechanisms cannot explain the low protein 
fluid output of normal vessels.  On the other hand, normal ('closed') inter-en
cell junctions allow the passage of water, crystalloids and low molecular weight 
proteins, so that this mechanism adequately accounts for molecular sieving. 
The formation of a protein-rich fluid exudate in inflammation is facilitated by 
separation of the intercellular junctions of the endothelium.  Such separation, which 
is maximal in post-capillary venules, increas

between endothelial cells is a consequence of: 
(i) Direct injury 

Lethal - resulting
defects in the  
endothelial lining 

b. Sub-lethal 
(ii) Contraction of microfilaments under the influence of chemical mediators of 

inflamma
e fluid exudate carries into the inflamed tissu
the plasma: 

Components of the compl
(ii) Specific antibodies which can act by coa

by neutralising exotoxins 
 Circulating cytokines e.g. interleukin-1  
 Acute phase proteins of which the principal m

 interstitium fibrinogen is converted to fibrin.
a. Cement substance uniting severed tissues 

Scaffold for repair proc
c. Barrier against the spread of organisms 

contact phagocytosis 
(v) Therapeutic agents-antibiotics, anti-inflammatory

 
In addition, the increased fluid tran
dilutional effect on toxin and metabolite accumulation. 
 
3. Formation of a cellular exudate 
Following the phase of increased vascular permeability, leucocytes migrate through 
the walls of venules and appear in the interstitium.  It was formerly believed that the 
leucocytes utilised the enlarged gaps between endothelial-cells to facilitate 
emigration, but recent work has demonstrated that the phase of increased 



permeability may be finished before migration begins.  It is now thought that 
polymorphs (the first cells to appear) themselves open-up the gaps by inserting a 
cytoplasmic projection or pseudopodium into the junction.  After the cell has passed 
through, the junction immediately closes and prevents further escape of plasma.  

ach maximal levels.  By this time the rate of polymorph accumulation is 
de

s 

al orphs and this explains the localized nature of polymorph 
marginati

a. ich bind to specific 

morph, e.g. ELAM-1 (endothelial leucocyte adhesion 
e) 

rapid 

 the endothelial 

h the C3b receptor on polymorphs 
ut by: 

ndotoxins 
(ii) 

a. endothelial cells by insertion of a 
'ps

b. kines, 
TNF, IL-1 and chemotactic agents 

c. Passage through the vascular basement membrane following its physical 
orph achieves this disruption is not known 

ATION 

rs of inflammation are derived either from plasma 

. The complement system 

nolysis system 

 amines 
. Acidic lipid products 

. Cytokines 

The exudation of polymorphs is followed by monocyte emigration which may take 
6-12 hrs to re

clining in a non-pyogenic inflammatory response. 
Polymorph emigration can be divided into two main phases, adhesion and 
penetration: 

(i) Adhesion between polymorphs and endothelial cells.  The mechanism
underlying adhesion are much more related to changes in the endothelial cell than to 

terations in polym
on and adhesion.  The mechanisms underlying polymorph adhesion are: 
Synthesis of adhesion molecules by endothelial cells wh
receptors 
 on the poly
molecule),and ICAM-1 (intercellular adhesion molecul

b. Production of platelet activating factor (PAF) by endothelial cells may 
promote 
 adhesion, i.e. in the first few minutes following injury 

c. Complement activation leads to the deposition of C3b on
cell and 
 serves as a bridge wit

Induction of adhesion molecule synthesis is brought abo
a. Cytokines, such as tumour necrosis factor (TNF) and interleukin 1 (IL-1) 
b. Bacterial e
Penetration of the vessel wall by polymorphs involves: 

Opening up of gaps between 
eudopodium' 

Migration into the subendothelial space under the influence of cyto

disruption.  How the polym
 
 
MEDIATORS OF INFLAMM
 
The endogenous mediato
constituents or from cells. 
 
Plasma-derived mediators 
A
B. The kinin system 
C. The coagulation-fibri
 
Cell-derived mediators 
A. Vasoactive
B
C. Lysosomal products 
D



 
PLASMA-DERIVED MEDIATORS 

mplement system 
 
Co
results

(ii) the production of biologically active products which increase vascular 
hance leucocyte migration and phagocytosis 

se suffix.  The high molecular 

f low molecular weight.) Activated 

b combines with C4b2a and the enlarged complex 
en cleaves C5 releasing a second anaphylatoxin C5a.  Without further enzymatic 

d C7, and this complex binds C8 and six or more C9 

number of cell-bound C3bB complexes.  This is the amplification 
ed-back loop.  These complexes bind properdin (P) to form stable C3 and C5 

classical pathway. 
 
Activi

 
A. The co

mplement is the main effector pathway of the humoral immune response and 
 in 

(i) cytolysis 

permeability and en
(iii) involvement of the coagulation and fibrinolytic systems 

 
1. The classical pathway 
Activation initiates a sequence of cleavage reactions each of which produces an 
enzyme responsible for the next step in the cascade.  In this way considerable 
amplification of the response is achieved.  The major components are identified as 
Cl-C9 whilst their cleavage products carry a lower ca
weight products are usually designated 'b', e.g. C3b, whilst the minor fragments are 
designated 'a'. (C2b is an exception being o
components are identified by a bar over the numbers. 
There are 11 proteins in the classical pathway, Cl having three main components, 
Clq, Clr and Cls, held together by calcium ions. 
Activation may be triggered by a number of agents, the most important of which are 
complexes of IgG and IgM with antigen.  The antigen is usually a cell or bacterial 
wall with antibodies attached by their Fab sites.  Clq combines with their Fc regions 
and activates Clr which cleaves a peptide from Cls.  The activated Cls acts as an 
esterase on C4 and C2 and the major products C4b and C2a remain attached to the 
cell membrane where they act in combination as the classical C3 convertase.  
C4b2a acts on several C3 molecules releasing the anaphylatoxin C3a into the fluid 
phase.  The major product C3
th
action C5b binds C6 an
molecules to form the final membrane attack unit. 
 
2. The alternate pathway 
Complement can also be activated at the C3 level without prior involvement of Cl, C4 
and C2.  Activation of an initiating factor (IF) in conjunction with C3 triggers the 
alternate pathway.  The most important activators are bacterial lipopolysaccharides 
(endotoxins) and aggregated IgA, IgE and IgG4.  Activated IF binds to a site on the 
bacterial wall and reacts with activated Factor B (C3 activator) and native C3 to form 
an enzyme with limited C3 convertase activity.  This acts on more C3, releasing C3a 
into the fluid phase and depositing C3b at further sites on the cell membrane.  The 
C3b combines with activated B to form a complex which has labile C3 convertase 
activity.  In this way more C3b is generated and by further combinations with B can 
greatly multiply the 
fe
convertases, the latter activity initiating the final membrane-attack sequence as in the 

ties of the complement system 



 Cy
nt of the final membrane attack complex C5-9 is thought to be 

tion 
ts by insertion of the protein complex into the membrane. 

2. 
5a bring about histamine release from mast cells and platelets. 

mo
4. 

acteria and cell membranes permitting adhesion to 

s immune adherence may: 

e polymorph adhesion to endothelial cells prior to expression of 

nic material and immune complexes on antigen presenting cells 
ttice 

5. 
asing vascular permeability 

6. Blood coagulation 
ysis of platelets, together with activation of 
agulation 

ol by membrane binding 
2. . of C3 and C5 convertase 
3. pathway.  
Ex

) Cl esterase inhibitor 
which is important in controlling the amplification loop 

are 
uted plasma and tissue enzymes, kininogenases. The 

rated by the 
II (Hageman factor) or plasmin on prekallikrein. 

urfaces including exposed collagen 

omal enzymes 
(amino acids) and kallidin (10 amino acids, 

: 
. Vasodilatation 

tolysis 
The C8 compone
responsible for cytolysis.  It may act by an enzymatic (phospholipase) ac
or create defec
Anaphylatoxins 
C3a and C

3. Chemotaxins 
C5a and C567 have a chemotactic effect on polymorphs, eosinophils and 
nocytes. 
Immune adherence 
C3b molecules opsonise b
polymorphs and macrophages via their C3b receptor sites.  This ligand 
function, referred to a
(i) facilitate phagocytosis 
(ii) facilitat
adhesion molecules 
(iii) bring about destruction of the C3b-coated target cell by release of cytotoxic 
enzymes 
(iv) hold antige
(v) increase the solubility of immune complexes by disrupting their la
structure 
Kinin activity 
C2b displays kinin-like activity in directly incre

Platelet aggregation by C3b and l
Factor XII by C567 initiate blood co

 
The control of complement activation 
1. Spatial contr

Spontaneous decay, e.g
Specific inhibitors exert a modifying effect at many points in the 
amples are: 
(i
(ii) C3b inactivator 
(iii) Carboxypeptidase B which inhibits the anaphylatoxins C3a and C5a 
 

B. The kinin system 
The kinins are polypeptides composed of 8-10 amino-acids and are present in the 
plasma globulin fraction as inactive precursors kininogens.  These precursors 
activated by widely distrib
major plasma enzyme with this property is kallikrein which itself is gene
action of either activated Factor X
Factor XII is activated by: 
1. Contact with negatively charged s
2. Antigen-antibody complexes 
3. Bacteria[ endotoxins 
4. Polymorph lysos
The major kinins are bradykinin 
lysyl-bradykinin), and both cause
1



2. Increased vascular permeability 
3. Stimulation of pain receptors 
 
C. The coagulation-fibrinolysis system 
Activation of Factor XII also initiates the blood clotting cascade so that coagulation 

pri
pla

peptides - fibrin degradation products (FDPs).  
vascular permeability and are chemotactic for 

. Converts kininogens into kinins 
krein 

. Acts on C3 to initiate the alternate pathway 

ELL-DERIVED MEDIATORS 

chemical mediators and is widely distributed 
ne is formed by the action of the enzyme histidine 

de portant source of histamine 
is f ls. 
De

ction with cell-bound IgE antibodies 

(iv) Direct injury 
tion, constriction of veins, and increased 

nstrictor and is relatively more active on the smooth 
uscle of veins than of arterioles and so produces a rise in capillary pressure.  

rmeability and its role in the acute phase of 
flammation is questionable. 

zymic pathway, the cyclo-oxygenase products 
dins and the lipoxygenase products are the hydroperoxy fatty 

aci
(HP
1. 

and fibrinolysis are intimately connected with the acute inflammatory response.  The 
ncipal mediator is plasmin which is formed by the action of kallikrein on 
sminogen.  The main actions of plasmin are: 

1. Breakdown of fibrin to fibrino
These products directly increase 
polymorphs 

2
3. Converts prekallikrein to kalli
4
 
C
 
A. Vasoactive amines 
 
1. Histamine 
This is the best documented of the 
through the tissues.  Histami

carboxylase on the amino acid histidine.  The most im
rom the degradation of mast-cel
granulation is provoked by: 
(i) Antigen intera
(ii) Anaphylatoxins (C3a, C5a) 
(iii) Cytolysis by the full complement pathway 

Histamine release causes arteriolar dilata
vascular permeability of short duration (10-15 min). 
 
2. 5-Hydroxytryptamine (serotonin, 5HT) 
This amine is also present in mast-cells together with platelets and enterochromaffin 
cells. 5HT is a potent vasoco
m
However it does not increase vascular pe
in
 
B. Eicosanoids (acidic lipid products) 
 
This group consists of long-chain fatty acid derivatives of the ubiquitous 20-carbon 
parent compound arachidonic acid.  Arachidonic acid is a major constituent of the 
phospholipids of plasma membranes and is readily released for further metabolism 
by the enzyme phospholipase A2.  The products can be allocated to two main 
groupings depending upon the initial en
are the Prostaglan

ds, notably the leukotrienes but also including long-chain hydroperoxides 
ETEs) and hydroxyacids (HETEs). 

Prostaglandins 



The 'classical' Prostaglandins involved in acute inflammation are E2, D2 and F2a, of 
which E2 is the most potent.  They cause vasodilatation and potentiate the 
increase in permeability brought about by histamine and bradykinin.  
Prostaglandins also manifest anti-inflammatory effects, however, and may 
suppress the release of polymorph lysosomal enzymes and mast-cell 

 prostacyclin (PGI2), a potent vasodilator, and thromboxane A2 (TxA2) 
a 

r antagonising the effects of prostacyclin and a powerful aggregator 

 
2. 

the smooth muscle contraction and increased vascular 
permeability formerly attributed to SRS.  Subsequently a more potent 
infl tified as leukotriene B4 which has the 
foll

(iii) ation of mast-cells 

bout by classical  
prostaglandins. 

 major source of LTB4 is synthesis by leucocytes including polymorphs, thereby 
 in an acute inflammatory reaction. 

lls and in addition to its permeability effects PAF increases polymorph 
dhesion to endothelial cells and is chemotactic for polymorphs.  PAF also 

 of other inflammatory mediators such as Prostaglandins 

. Lysosomal products 
ucts (mainly enzymes) are released by polymorphs, 

and to a lesser extent by monocytes, in acute inflammation.  These include: 
 
1. 

(i) Degranulating mast-cells 
ing vascular permeability independent of mast-cells 

 
2. 

 acid protease which acts on plasma precursors to 
produce leukokinins 

(ii) C5-cleaving enzyme which releases the anaphylatoxin C5a 

degranulation by raising intracellular cAMP levels.  Two further cyclo-oxygenase 
products are

vasoconstricto
of platelets. 

Leukotrienes 
It is now clear that the chemical mediator long known as 'slow reacting substance' 
(SRS) is a mixture of leukotrienes - C4, D4, and E4, and that these substances are 
responsible for 

ammatory mediator has been iden
owing actions: 
(i) Chemotactic for polymorphs 
(ii) Enhances polymorph movement 

Causes degranul
(iv) Causes release of lysosomal enzymes 
(v) Enhances the increase in vascular permeability brought a

A
amplifying polymorph exudation
 
 
C. Platelet Activating Factor 
PAF is a potent vascular permeability factor produced by degranulating mast cells 
which causes aggregation of platelets and release of histamine and 5HT Other cell 
types are capable of synthesising PAF including neutrophils, macrophages and 
endothelial ce
a
stimulates the production
and leukotrienes. 
 
D
A wide variety of lysosomal prod

Cationic proteins capable of: 

(ii) Increas
(iii) Chemotactic effects on monocytes 

Proteases 
(i) Leucokininogenase, an



(iii) Plasminogen activator 

E. 
Lymphocyte and macrophage products which have a role in acute inflammation 
inc

(i) olony stimulating factor (GM-CSF) increases the 

ils and basophils 
(iii)
(iv) Tumour necrosis factor (TNF) increases expression of endothelial adhesion 

 and enhances polymorph chemotaxis and phagocytosis 

portant in sustaining 
ascular permeability; in particular LTC4 and D4 are potent inducers of 

.  Likewise, in combination with 
asodilator Prostaglandins, LTB4 potentiates plasma leakage. 

d myosin.  Microtubules also play some part and probably translate 
orrect locomotory response (sensory transduction).  

nergy for movement and ingestion is provided by ATP generated by anaerobic 

 
. Enhanced by chemokinetic factors such as leukotriene B4 

ribed but the number of 
ceptors on the neutrophil is likely to be small.  It is possible, therefore, that many 

 a common receptor or induce chemotaxis indirectly by 
stimulating cells to produce a common chemotactic factor. 
 
Chemotactic factors 

1. Pla
(i) Co

inus the terminal arginine) is chemotactic in the 

 
 

Cytokines 

lude: 
Granulocyte-macrophage c
production of polymorphs 

(ii) Interleukin-1 promotes leucocyte-endothelial adhesion and activates 
eosinoph
 Interleukin-8 is chemotactic for polymorphs 

molecules 

 
THE ROLE OF MEDIATORS IN VASCULAR PERMEABILITY 
 
The early increase in vascular permeability is brought about by histamine released by 
mast-cells activated by C3a, C5a and PAF, probably aided by bradykinin.  Plasma 
leakage may be potentiated by increased blood flow induced by vasodilator 
Prostaglandins.  Lipo-oxygenase products are likely to be im
v
macromolecular leakage from post-capillary venules
v
 
ACTIVITIES OF THE NEUTROPHIL POLYMORPH 
 
A. Movement 
Polymorphs move by amoeboid motion brought about by contractile forces provided 
by a network of microfilaments.  The network is made up of actin, actin-binding 
protein, an
membrane signals into the c
E
glycolysis. 
Polymorph movement can be: 

1
2. Directed by chemotactic factors which the cell detects as a concentration gradient 

over its membrane 
 
A wide variety of chemotactic factors have been desc
re
chemotaxins act on

sma derived 
mplement products 

a.  C5a 
b. C5a des arg (C5a m



presence of a serum 'helper factor' 

(ii) m Kallikrein 
c system 

rinopeptide B 

2. 

(ii) Neutrophil chemotactic factor (NCF) produced by activated macrophages 
ting factor (PAF) 

 
3. 

(i) Soluble, low molecular weight (<3600) bacterial peptides, e.g. 

 
4. down products 

Tissue injury results in the partial digestion of collagen, elastic and other 
he resulting protein fragments are directly chemotactic for 

 facilitated by opsonisation - coating of 
e organism with immunoglobulin or complement products which can then attach to 

the
op

 
2. Normal immune state The classical pathway of complement is activated by 

 
ation).  A 

M) is present; the Fab portions 
ing the Fc terminals to attach to specific receptor 

 complement independent opsonisation. 
Th

2. Increased glycogenolysis 
via the hexose-monophosphate shunt 

 other micro-organisms are attacked by 

c. C567 
Kinin syste

(iii) Fibrinolyti
Fibrin degradation products - fib
Thrombin 

Cell derived 
(i) Leukotrienes, especially LTB4 

(iii) Platelet activa
(iv) Cytokines, e.g. interleukin-8, TNF 

Bacterial factors 

f-Met-Leu-Phe 
(ii) Proteases which cleave C5 

Tissue break

proteins.  T
polymorphs 

 
B. Phagocytosis 
Polymorphs ingest bacteria or other particles by extending pseudopodia around 
them.  Subsequent fusion of these processes encloses the bacterium in a 
heterophagic vacuole formed by the internalised plasmalemma. 
Adhesion of micro-organisms to polymorphs is
th

 Fab or C3b receptors on the polymorph surface membrane.  The mode of 
sonisation is related to the immune status: 

 
1. Non-immune state The alternate pathway is activated by bacterial 
lipopolysaccharide and adhesion brought about by generation of C3b. 

specific antibody binding to bacterial antigen.  Adherence by C3b and Fc 
receptors follows. 

3. Hyper-immune state (that is following recent infection or immunis
high concentration of specific antibody (IgG and Ig
attach to the surface antigen leav
sites on the neutrophil.  This is
e   intracellular events during phagocytosis include 
1. Rise in oxygen consumption 

3. Increased glucose oxidation 
4. Production of reactive oxygen metabolites 

 
C. Intracellular microbial killing 
Within the phagocytic vacuole, bacteria and



several agents aimed at destruction of the organism.  These agents or mechanisms 
n: the oxygen dependent mechanisms are the 

 
1. Ox

(i)  

a highly oxidative complex.  This reacts with a 
 ions or thiocyanates to form a strong antimicrobial 

(ii) ighly reactive products of oxygen reduction may contribute to bacterial killing: 
a. Superoxide anion (O-

2) 

 
2. ms 

(i) Low intravacuolar pH resulting from lactic or carbonic acid formation 
e iron required for bacterial growth 

D. 
Re

stase, cathepsins, etc.  These 

scaping from polymorph granules, and are subsequently 
neutralized by antiproteases such as alpha-l-antitrypsin 

ivating Factor XII 
. Increase vascular permeability - leucokinins 

enia) 

2. Ass
3. Ass
4. Ass

 
s (anti-leucocyte antibodies) 

. Chronic infantile agranulocytosis 
penia 

ammaglobulinaemia 
9. chwachman's syndrome) 

1. 

may or may not involve oxygenatio
most important in achieving bacterial killing: 

ygen dependent mechanisms 
Hydrogen peroxide (produced via the hexose-monophosphate shunt)
reacts with 

 myeloperoxidase to form 
co-factor such as halide
agent 
H

b. Singlet oxygen (1O2) 
d. Hydroxy radicals (OH,) 
 

Oxygen independent mechanis

(ii) Lactoferrin acts by chelating th
(iii) Lysozyme (muramidase) 
(iv) Granular cationic proteins 

 
Release of lysosomal products 
lease of lysosomal products into the external medium: 

1. Injure tissues by proteolysis - collagenase, ela
enzymes are 
 activated by oxidants e

2. Initiate blood coagulation by act
3
4. Attract other leucocytes 
 
DISORDERS OF POLYMORPHS 
 
A. Defective production (neutrop
1. Drug-induced neutropenia 

ociated with aplastic anaemia 
ociated with acute leukaemia 
ociated with splenomegaly 

5. Immune neutropenia resulting from
(i) Multiple blood transfusion
(ii) Passive maternal antibodies in neonates 
(iii) Auto-immune reactions in SLE, rheumatoid disease, etc. 

6
7. Chronic idiopathic neutro
8. Associated with thymic aplasia or dysg

Associated with exocrine pancreatic insufficiency (S
 
B. Defective chemotaxis 

Abnormalities of adhesion molecules 



Inherited deficiency of leucocyte adhesion proteins 
 
2. 

(i) Decreased production, e.g. deficient complement components C3, C5 
hemotactic factor formation and action, e.g. in uraemia, hepatic 

(iii) ctic factor inactivator in Hodgkin's disease 
 
3. Ce

(i) 

e  
rrent pyogenic bacterial 

etabolism and faulty 
microtubule assembly 

tion -'lazy leucocyte syndrome' possibly related to  
 of actin in the microfilaments 

ted migration in response to chemotaxins 
 

. Defective phagocytosis 
tion 

(ii) Low IgM, e.g. in neonate, hypogammaglobulinaemia 

 
D. 
. Disorders of granules 

se, in which giant lysosomes fail to fuse with the 

(ii) 
 
2. Defective microbial killing 

(i) e 

milial 
b. secondary to acute myeloid leukaemia 

(iii) Severe glucose-6-phosphate dehydrogenase deficiency 
hate shunt by a serum factor in hepatic 

failure 

ARIETIES OF ACUTE INFLAMMATION 

Th o injury is modified according to the tissue and the nature of 
e injurious agent resulting in several descriptive types of inflammation. 

1. rich fluid exudate with minor cellular exudation, e.g. 

Abnormalities of chemotactic factors 

(ii) Inhibition of c
failure 

 Circulating chemota

llular defects 
Abnormal polymorph adherence, e.g. in steroid therapy, diabetes and acute 
alcohol intoxication 

(ii)Abnormal deformability, e.g. Chediak-Higashi disease an autosomal recessiv
condition characterized by partial albinism and recu
infections, possibly resulting from abnormal cyclic GMP m

(iii)Abnormal random migra
defective polymerisation

(iv) Abnormal direc

C
1. Disorders of opsonisa

(i) C3 deficiency 

 
2. Diminished ingestion 

Immaturity of neutrophils, e.g. in acute leukaemia 

Defects in bactericidal activity 
1

(i) Chediak-Higashi disea
phagosome 

Deficiency of lysozyme and secondary granules 

Chronic granulomatous disease which results from a failure to produc
hydrogen peroxide, due to a deficiency of NADH oxidase 

(ii) Myeloperoxidase deficiency 
a. fa

(iv) Inhibition of the hexose-monophosp

 
 
V
 

e general response t
th
 

Serous. formation of a protein-



synovitis, peritonitis 

2. d as a thick 
fibrin coating, e.g. pericarditis 

3. sociated with conspicuous haemorrhage as a 
mage, e.g. meningococcaemia, viral pneumonia 

 
 by the production of pus composed of: 

(iii)
uppuration may result in the formation of: 

appendix, or a body space, e.g. empyema thoracis in the pleural space 

5. 
ts of detached epithelium, and inflammatory cells 

ells and is usually associated with only focal superficial ulceration, 
e.g. pseudomembranous colitis 

. Necrotising or gangrenous: acute inflammation associated with widespread 
ulting from superimposed thrombosis or 

vascular occlusion due to high tissue pressure, e.g. in severe acute 

 
OUTCOME OF ACUTE INFLAMMATION 

e restored to 
normal, e.g. lobar pneumonia.  This presumes that there has been no tissue 

by repair or regeneration where tissue has been destroyed. 
 
3. pts at healing. 
 
4. Sp

(i) Dir
(ii) 
(iii) Blo

ad of pyogenic organisms in infected micro-thrombi via the 
astatic) abscesses. 

lood stream in the 
absence of adequate host defenses 

 
Fibrinous: exudate contains abundant fibrinogen which is precipitate

 
Haemorrhagic: inflammation as
result of vascular da

4. Suppurative (or purulent) - characterized
(i) Dead and dying polymorphs 
(ii) Liquefied tissue 

 Pyogenic organisms 
S

(i) Abscess - a localized collection of pus in an organ or tissue 
(ii) Empyema - a collection of pus in a hollow viscus, e.g. in the gall-bladder or 

 
Membranous: inflammation of a lining epithelium with a coating of fibrinous 
exudate, more or less intact shee

 
6. Pseudo-membranous: the adherent coat is composed of matted fibrin and 

inflammatory c

 
7. Catarrhal. inflammation of mucosal surfaces with hypersecretion of mucus, e.g. 

common cold 
 
8

necrosis of the organ probably res

appendicitis 

 
1. Resolution.  The inflammatory exudate is reabsorbed and the tissu

destruction. 
 
2. Healing 

Chronic inflammation.  Continuing acute inflammation with attem

read 
ect - e.g. cellulitis 

Lymphatic - lymphangitis progressing to acute lymphadenitis 
od vessels 

a. Pyaemia - spre
blood stream possibly giving rise to secondary (met

b. Septicaemia – multiplication of organisms in the b



5. Death resulting from 
(i) Toxaemia, e.g. endotoxic shock and its complications 
(ii) Involvement of vital organs, e.g. encephalitis, myocarditis 

 achieved in two ways: 

epair.  The proliferation and migration of connective tissue cells leading to fibrosis 

s cellular proliferation is an essential component of repair, there is considerable 

MAJO
 
1.  supply - ischaemic necrosis, e.g. myocardial infarction 

sical or toxic effects, e.g. an abscess 
as a result of the host response, e.g. caseous necrosis in 

. Traumatic excision 
l 

(ii)  Surgical 

 

Tis
1. ch continue to proliferate throughout life, e.g. epidermis, lining 

2. 
by virtue of normal cell-turnover, e.g. liver, renal tubular epithelium, 

3. 
nal glomeruli, striated muscle, adrenal 

medulla 
 tissues heal by regeneration with little or no repair.  

Re
inh

 
 
 

 
4. Healing 
 
Healing is the body's replacement of destroyed or lost tissue by viable tissue. 
Tissue replacement is
Regeneration. The proliferation and migration of specialized cells re-establishing the 
anatomical and functional integrity of an organ or tissue. 
R
and 'scar' formation. 
A
overlap between the processes of regeneration and repair. 
 

R CAUSES OF TISSUE DESTRUCTION 

Loss of blood
2. Inflammatory agents 

(i) By direct phy
(ii) Indirectly 

tuberculosis 
3

(i) Accidenta

4. Radiotherapy 
 
REGENERATION 

The capacity of damaged tissue to respond by regeneration varies considerably.  
sues can be allocated to one of three categories: 
Labile cells whi
epithelia, endothelium, connective tissue, haemopoietic tissue 
Stable cells which retain the capacity to regenerate and occasionally exhibit 
mitoses 
smooth muscle 
Permanent cells which cannot reproduce themselves after attaining maturity, e.g. 
neurones of the CNS, sensory organs, re

Following injury labile
Permanent tissues are incapable of regeneration and heal entirely by repair.  
Most organs show evidence of both processes. 

 
Control of regeneration 

generation appears to be controlled by the balance between stimulators and 
ibitory growth factors or hormones.  Stimulation appears to be a two-stage 



pro
1. owth arrested cells in G0 are primed for progression to 

roliferation of fibroblasts 

acted upon by other growth factors 

ibroblasts are also stimulated to divide by interieukin-1 and tumour necrosis factor 
o up-regulates collagen synthesis.  Inhibition of cell division is less clearly 

nderstood.  TGFb is known to act as an inhibitor under certain circumstances, and 

of blood and a complex series of 
lement and kinin systems.  Endothelial 

damage results in leakage of platelets into the interstitium where they release PDGF 
and other growth factors from their granules.  PDGF initiates fibroblast replication 

hich is the predominant feature of early repair. 
o overlapping processes: 

 
1.  
This is the conversion of dead tissue or inert material into granulation tissue - 
imm e.  Organisation is seen in: 

 and fracture healing 

(iii)
(iv)

Granu
(i) a, take on the properties of 

(ii) 
nce synthetic 

(iii) blood vessels of 
 undergo rapid proliferation and grow into the area as 

Fa and basic FGF which is 
d in the 

cess: 
Priming.  Cells in G1 or gr
cell division.  An example of this type of factor is platelet derived growth factor 
(PDGF) which is released following activation of platelets but is also produced by 
endothelial cells and macrophages.  PDGF initiates the p
and smooth muscle cells. 

2. Progression.  Once primed, the cells are 
which stimulate DNA synthesis.  These potentiating factors include epidermal, 
fibroblast and transforming growth factors (EGF, FGF, and TGFa  ) 

Cell proliferation is also under the influence of general or nonspecific stimulators like 
growth hormone, and insulin-like growth factor. 
F
which als
u
Prostaglandins and (a-interferon are known to inhibit fibroblasts in vitro. 
 
REPAIR 
 
Injury to tissues is followed by extravasation 
reactions embracing the coagulation, comp

w
Repair involves tw

1. Organisation 
2. Progressive fibrosis 

Organisation

ature fibrovascular tissu
(i) Haematomas in wound
(ii) Thrombi 

 Infarcts 
  Fibrinous exudates 
lation tissue forms by: 
Demolition.  Monocytes migrate into the are
macrophages, and phagocytose cell debris, fibrin and red blood cells. 
Clearance of dead tissue is facilitated by the secretion of proteolytic enzymes 
by macrophages (e.g. collagenase, elastase) and other secretary products are  
important in promoting repair, e.g. interieukin-1 
Fibroblast activity.  Local resting fibroblasts (fibrocytes) proliferate rapidly and 
migrate into the area where they continue to divide and comme
activity.  Initially the activated fibroblasts produce proteoglycans but as they 
mature switch over to collagen synthesis.  At the same time, some fibroblasts 
develop bundles of microfilaments in their cytoplasm and acquire contractile 
properties.  Such modified fibroblasts are termed myofibroblasts. 
 Ingrowth of capillaries.  Endothelial cells in the severed 
surrounding viable tissue
solid cords.  Angiogenesis is stimulated by TG
stored extracellularly bound to heparin sulphate on the cell surface an



matrix.  The proliferating endothelial cells form 'buds' which: 
a. Link up to form arcades 

rs within hours of formation 
ocytes and platelets 

 
2. 

tion of intercellular collagen 

llularity 
 an avascular, hypocellular 'scar' 

urther changes in scars: 
tion in size resulting in deformity 

(ii) Calcification 

ubstance' of connective tissues are, as their name implies, 
acromolecules composed of a protein core to which carbohydrate is attached.  The 

e moieties take the form of long linear polysaccharides which are 
round the protein molecule.  They can be divided into sulphated 
 types: 

ulphated: 
e 
 

ulphates A, B, and C 

ith proteoglycans which greatly modifies its properties.  On the basis of 
e differing composition and combinations of its constituent chains, eleven types of 

ollagen have been recognized thus far; Types I, II and III are fibrillar collagens while 
ypes IV to XI are amorphous forms found in basement membranes or in the 
terstitium. 

b. Canalise.  This occu
c. Become freely permeable to plasma, RBCS, leuc
d. Differentiate into arterioles, capillaries and venules 

Progressive fibrosis 
(i) Continued accumula
(ii) Collagen re-orientation along lines of stress - remodelling 
(iii) Diminished ce
(iv) Formation of

F
(i) Cicatrization - a late diminu

(iii) Ossification 
 
CELL-MATRIX INTERACTIONS 
 
The matrix of repair tissue consists predominantly of coliagen and proteoglycans' The 
proteoglycans or 'ground s
m
carbohydrat
attached radially a
and non-sulphated
 
S
Heparan sulphat
Keratan sulphate
Chondroitin s
 
Non-sulphated: 
Hyaluronic acid 
Chondroitin 
 
The protein moiety is synthesized in the rough ER of the fibroblast and to this core 
the hexose sugars are sequentially added to form the polysaccharide attachments.  
Sulphation follows as a separate step. 
Collagen is the most abundant protein in the body and forms the major structural 
component of many organs.  Collagen molecules consist of three polypeptide chains 
arranged in a triple helix and whilst the basic polypeptide structure is straightforward, 
the molecule undergoes a complex series of post-translational modifications and 
interactions w
th
c
T
in
 
 
 
 



Collagen type  Tissue distribution 
 
I     All connective tissues (bone, dermis, tendon, cornea) 
     All cartilages, nucleus pulposus, eye 

ain cells require to be attached to 
ed 
s.  

Th
1. 

3.  Type IV coliagen of basement membranes 
Specific receptors (integrins) link the binding proteins to the appropriate cell type 
and form a molecular bridge between the cell and the matrix 

s hydroxy-apatite and calcium ions to Type I collagen (bone 
matrix) and initiates mineralization 

types are usually distinguished: 
. A clean wound with closely apposed margins - an incised wound 

nd 
ces between these two types, they merely differ in 

1. 
2. 
3. 

ymes which assist in the removal of dead tissue, for example 
nd elastase.  In addition macrophages secrete products which are 

imp interieukin-1 and fibronectin. 
5. Pla e PDGF, EGF, TGFa and other 

gro
6. Organisa

(ii) Ac te proteoglycans 
 migrate along 

d migration of endothelial cells 

II
III     Reticulin fibres, early scar tissue, fetal and infant connective tissue 
IV     Basement membranes (epithelial and endothelial) 
V-XI    Interstitial tissues and blood vessels 
 
Whilst it has long been appreciated that cert
substrate before they can proliferate normally, it has only recently been establish
that such attachment is brought about by a series of specific binding protein

ese proteins are particularly important in the proliferation of connective tissue cells: 
Fibronectin attaches fibroblasts to coliagen 

2. Chondronectin binds chondrocytes to Type II coliagen, the matrix of cartilage 
Laminin binds epithelial cells to the

4. Osteonectin bind

 
 
WOUND HEALING 
 
In considering the healing of a skin wound two 
1
2. An open or excised wou
There are no fundamental differen
the degree to which the various stages apply. 
 
Stages in wound healing 

Escape of blood and exudate 
Acute inflammatory response at the margins 
Hardening of the surface forming a scab 

4. Demolition by macrophages with phagocytosis of cellular debris and secretion of 
proteolytic enz
collagenases a

ortant in the early stages of repair such as 
telets escaping from the severed vessels releas
wth factors 

tion: 
(i) PDGF initiates fibroblastic proliferation 

tivated fibroblasts secre
(iii) Fibroblasts produce Type III coliagen (reticulin) fibres and

this 'scaffold' 
(iv) Fibronectin-mediated attachment of fibroblasts to collagen is followed by 

enhanced proliferation 
(v) Simultaneous proliferation an

7. Contraction of the wound - an early diminution in size brought about by the inward 
movement of the skin margins which greatly reduces the volume of repair tissue 
required for healing.  Such contraction is attributed to the activity of 



myofibroblasts and to resorption of proteoglycans 
Epidermal proliferation.  By mitotic activity and migration, epidermal cells grow in 
from the margins and undermine the

8. 
 surface scab.  When they meet in the centre 

of 
cell-to
controlling epidermal proliferation are not fully understood, but the following 
me

(i) 

hesis is curtailed. 
tration of an inhibitory factor, possibly 

fluence on mitosis.  As the wound 
heals, levels of such factors build up and mitotic activity subsides to the 

 in coliagen fibres 

 tissue loss 
y exudate and necrotic tissue to remove 

ry 
. More granulation tissue is required, a bigger scar is formed and this may result in 

. Slower process 

 
Factors influencing wound healing 
 
1.  affecting healing 

t; blunt, crushing, tearing, etc. 

t 
f margins, e.g. large haematoma formation 

(vii) Poor wound contraction due to tissue tethering, e.g. skin over tibia 
(vii
(ix) Previous irradiation 

. sacral bed sores 

 
2. General factors adversely affecting healing 

(i) 
a. sults in a lack of the sulphur-containing amino 

 and cystine which are essential for the synthesis of 

acid (vitamin C) results in abnormal granulation tissue and 
t coliagen production 

eficiency 

the wound, mitosis and migration cease presumably as a result of some 
-cell signal.  This phenomenon is known as 'contact inhibition'.  The factors 

chanisms have been proposed: 
Tissue injury brings about the production and release of epidermal growth 
factor (EGF).  EGF stimulates replication until regeneration is complete at 
which point synt

(ii) Injury depletes the local concen
TGFO, which removes its negative in

pre-injury state 
9. Progressive increase
10. Loss of vascularity and shrinkage of the scar 
 
The healing of an excised wound differs from that of an incised wound in that there is: 
1. Greater
2. More inflammator
3. Wound contraction is necessa
4
deformity 
5
6. Increased liability to infection 

Local factors adversely
(i) Type of wounding agen
(ii) Infection 
(iii) Foreign bodies in wound 
(iv) Poor blood supply 
(v) Excessive movemen
(vi) Poor apposition o

i) Infiltration by tumour 

(x) Tissue pressure 
a. External, e.g
b. Intrinsic, e.g. lymphoedema 

Poor nutrition 
Deficiency of protein.  This re
acids methionine
collagen 

b. Lack of ascorbic 
deficien

c. Zinc d



(ii) Excessive glucocorticosteroid production or administration 
(iii) Fall in temperature 

 
 
3. nd healing 

(ii) Administration of anabolic steroids, deoxycorticosterone acetate, and (?) 

rature 
eutic administration of growth factors 

3. iving rise to keratin-filled epidermal cyst 

5. 
. Keloid formation.  The production of an elevated scar by excessive connective 

sis 
. Malignant change.  The development of squamous carcinoma in old healed 

 A FRACTURE 

1. 
ha

 there is a 

(iv) Jaundice 
(v)  Old age 

Factors accelerating wou
(i) Ultraviolet light 

growth hormone 
(iii) Rise in tempe
(iv) Therap

 
Complications of wound healing 
1. Wound rupture 
2. Infection 

Implantation of epidermal cells g
4. Weak scars with possible development of incisional herniae 

Cicatrization and deformity 
6

tissue proliferation and fibro
7

incisions is a recognized but rare complication 
 
HEALING OF
 
Steps in the healing of a fractured long bone are: 

Haemorrhage from the highly vascular severed ends producing a large 
ematoma 

2. Inflammation - an acute inflammatory response to injury 
3. Organisation - the haematoma is infiltrated by fibroblasts and endothelial cells.  

At the same time demolition by macrophages assists in the partial reabsorption of 
blood clot and cell debris. 

4. Proliferation of specialized cells -cells derived from the periosteum and the 
severed ends of the endosteum secrete proteoglyeans (like fibroblasts in genera 
matrix special form of collagen (Type I) that provides the bone matrix - so-called 
osteoid. These specialised connective tissue cells are osteoblasts. 

5. Mineralization - the.Typ I collagen fibres of the osteoid bind the attachment 
protein osteonectin which sequestrates calcium and phosphate ions out of 
solution.  In this way calcium phosphate precipitates on the fibres and after one 
or more intermediate phases, hydroxy-apatite crystals are formed at discrete 
sites. Subsequently the secondary processes of crystal-growth and seeding of 
other crystals by the original deposits extend the area of mineralization over the 
fibres.  The result of mineralization of the irregularly arranged coliagen fibres of 
osteoid is woven bone.  By this stage the fractured ends of the bone are united 
by a hard fusiform mass of granulation tissue and woven bone - this is fracture 
callus.  Where there is excessive movement, e.g. in a rib fracture, or
relative lack of nutrients, as for example at the centre of a large haematoma, the 
connective tissue cells differentiate into chondroblasts.  These cells produce 
large amounts of proteoglycans and synthesise Type II coliagen fibres which in 



combination make up cartilage.  The cartilage also becomes calcified. 

7. 

TNFa, PDGF and lymphocytederived  interferon-g, all play a part.  
There are however, additional factors derived from skeletal cells and the bone 

ic FGF and somatomedin C. The final contour of 
rs to be dictated by the lines of stress set up within it on 

. 
 
Complications of fracture healing 

2. 
(i) 

3. esulting from 

rthrosis) 
(ii) Infection which may also give rise to osteomyelitis 
(iii) Ischaemia 

. Non-union if soft-tissues such as muscle or fat are interposed between the 

ATHOLOGICAL FRACTURES 

s occurring spontaneously (that is with normal stresses) because 
 bone. 

. Primary tumours (benign and malignant) 

. Bone lesions of hyperparathyroidism 
genesis imperfecta 

 
HEAL
 
1. Live

(i) uced necrosis or acute 
hepatitis, the liver heals completely by regeneration 

eated injury, as in alcoholic abuse or chronic hepatitis, leads to collapse of 

6. Conversion to lamellar bone - the woven bone, and any calcified cartilage 
present, undergoes phagocytic resorption by multinucleate osteoclasts.  At the 
same time osteoblasts lay down regular Type I collagen plates with Haversian 
systems which on mineralization forms lamellar bone 

Remodelling of lamellar bone - continuing osteociastic and osteoblastic activity 
over many months brings about remodelling of the bone.  Remodelling is a 
complex process regulated by hormones and growth factors.  Most of the local 
growth factors are common to those which regulate wound healing.  Thus 
interieukin-1, 

matrix; these include TGF- b, bas
the bone appea
mobilisation

1. Delayed union 
Mal-union 

Angulation 
(ii) Shortening 
Fibrous union r
(i) Excessive movement which may lead to the development of a false joint 

(pseudoa

4
severed ends 
 
 
 
P
 
These are fracture
of intrinsic disease of the
 
Causes 
1. Osteoporosis 
2. Metastatic tumours 
3
4. Paget's disease 
5
6. Osteo

ING IN OTHER SITES 

r 
After a single, short-lived injury such as drug-ind

(ii) Rep
the reticulin framework, production of coliagen by mesenchymal cells, and 



irregular, nodular regeneration, resulting in cirrhosis. 
 
2. Kidney 

ally confined to the tubular epithelium and is seen for example 
aft
scarrin
 
3. Muc

(i) Superficial ulceration (erosion) is followed by regeneration of the epithelium but 

type epithelium or show pseudo-pyloric 
metaplasia (ulcer-associated cell lineage) 

 
4. Ner
Ad

(i) 
 Schwann cells, with 

eventual enclosure in a new myelin sheath 
ral nervous system.  If the involved neurone survives axons and dendrites 

tion of a glial scar often around a fluid filled cavity 
 
5. 

(i) 
fibr

(ii) acity to regenerate and if only part of a 
muscle fibre is destroyed then the fibre may regrow within the sarcolemmal 
sheath 

(iii) Smooth muscle cells are capable of proliferation and minor tissue loss may be 

ammation at the same time as attempts at 
t.' 

 
Me
The injurious agent may persist because: 
1. 

(iii) Abnormal neutrophil function 

2. tion 

Regeneration is virtu
er acute tubular necrosis.  Otherwise injury results in loss of glomeruli and 

g. 

osal surfaces 

there may be loss of specialized cells.  In the stomach, for example, healed 
areas may be covered by intestinal-

 
(ii) Deeper ulceration with involvement of submucosa and muscle heals by scar 

formation and epithelial regeneration 

vous system 
ult neurones are incapable of mitotic division but limited regeneration is possible 

Peripheral nerve section results in distal Wallerian degeneration, growth of 
axon-sprouts from the cut end, and proliferation of

(ii) Cent
can regrow, but most tissue loss is followed by astrocytic proliferation with the 
forma

Muscle 
Cardiac muscle shows no regeneration and healing is achieved entirely by 
ous  
repair 
 Skeletal muscle shows a limited cap

followed by successful regeneration 
 
 
 

. Chronic inflammation 5
 
A process in which there is continuing infl
healing resulting from persistence of the injurious agen

chanisms 

There is a defective acute inflammatory response 
(i) Poor blood supply 
(ii) Poor general nutrition 

(iv) Anti-inflammatory drugs, especially corticosteroids 
The agent is resistant to phagocytosis and/or intracellular destruc



(i) Intr tuberculosis, salmonellosis, brucellosis, 

 Foreign-body reactions.  These act as a nidus for persistent infection or as 
tissue

ch irritants can be divided into: 
e, cholesterol crystals, uric acid  

silica, asbestos 

. The provoking agent is a body constituent as in: 
diseases, e.g. diffuse lymphocytic thyroiditis (Hashimoto's 

disease), auto-immune atrophic gastritis, adrenal atrophy, etc. 
tions to altered self-antigens, e.g. contact dermatitis to rubber, nickel, etc.  

CL
 
. Clinical 

g de novo, e.g. brucellosis, tuberculosis 
 
2. His

(i) Specific - having a reproducible histological pattern, e.g. tuberculosis, syphilis, 

(ii) Non-specific - showing only the general features of inflammation, e.g. chronic 
phritis 

 
GE
 

tion 
ularity 

2. g - repair and/or regeneration 
3. onic inflammatory cells 

(i) Macrophages 

(iii) Plasma cells 
 

 macrophages in chronic inflammation is frequently conspicuous 

atous.  The aggregates themselves are 
rmed granulomas. 

 recruit macrophages from the circulating 

acellular infectious agents, e.g. 
viral infections 

 irritants which directly provoke a chronic inflammatory reaction.  
 Su
a. Endogenous, e.g. necrotic adipose tissu

crystals in gout 
b. Exogenous, e.g. suture material, metallic fragments, 

fibres 
3

(i) Auto-immune 

(ii) Reac
 

ASSIFICATION 

1
 

(i) Following a recognizable acute inflammation, e.g. chronic osteomyelitis 
(ii) Arisin

tological 

leprosy 

cholecystitis, chronic pyelone

NERAL FEATURES 

1. Continuing acute inflammation 
(i) Polymorph infiltration 
(ii) Fibrinous exuda
(iii) Increased vasc
Features of healin
Infiltration by chr

(ii) Lymphocytes 

(iv) Eosinophils
 
CELLS OF CHRONIC INFLAMMATION 
 
A. Macrophages 
Although monocyte emigration is a feature of the later stages of acute inflammation, 
their accumulation as
and they may constitute the predominant cell type.  When macrophages are the 
dominant cell, and in particular when they are found in circumscribed aggregates, the 
inflammatory reaction is termed granulom
te
Granulomas with a high turnover of cells



monocyte 'pool'.  The demands of low-turnover granulomas can be met by 
roliferation of local tissue macrophages. 

1. phagocyte system 
 A sys
 
2. Fu

(i) 
 destruction of bacteria (particularly after a lymphokine 

res
b. 
c. arbon particles 

(ii) 
processing of antigen with production of polypeptide 

 expressed on the cell surface in conjunction with Class 
ompatability antigens 

b. -to-cell binding with specifically sensitized lymphocytes 
(iii) En

a. 

tivator 
vertase 

b.  

s 

atases 

c. bacterial activity) 
(iv) Synth

a. Complement 
etabolites 

ns 
e 

bulin 
) Soluble mediator (cytokine) production 

a. Interieukins-1, 6 and 8 
 

 
 

p
 

The mononuclear-
tem composed of macrophages and their precursors. 

nctions of the macrophage 
Phagocytosis 
a. Ingestion and
ponse) 

Removal of effete cells or necrotic cell debris 
Storage of irritant substances, e.g. c

Antigen handling 
a. Endocytosis and 

fragments which are
II major histoc
Direct cell
zyme production 
Neutral proteases 
Collagenase 
Elastase 
Plasminogen ac
Angiotensin con
Acid hydrolases
Lipases 
Acid protease
Ribonucleases 
Phosph
Glycosidases 
Sulphatases 
Lysozyme (anti-
esis of 

components 
b. Arachidonic acid m

Prostaglandi
Thromboxan
Leukotrienes 

c. Binding proteins 
Fibronectin 
Transferrin 
Transcobalamin 

d. Enzyme inhibitors 
Plasmin inhibitors 
(a-2-macroglo

(v

b. Tumour necrosis factor a
c. Interferon a 



3. 
(i) d macrophages with finely granular eosinophilic 

d are found in 
sis, Crohn's granulomas, etc. 

a

c. Haemosiderosis 
(iii) Melanophages - melanin-laden macrophages found in the interstices of a 

of: 
 

b. Cholesterol, e.g. in atherosclerosis, cholesterolosis of the gall-bladder, etc. 
ges - macrophages which have ingested mucin following its release 

r 
matory bowel disease 

 
4. Gia
In some circumstances macrophages fuse and give rise to multinucleate giant-cells: 

(ii) 
(iii) (Touton giant-cells) in xanthogranuloma, 
fibr

ver (Aschoff giant-cells) 
les 

(v) Granulomatous diseases of unknown aetiology 

B. 
Small 

(i) oral) 

rowth and differentiation factors both by the antigen-presenting 

Special forms of macrophage 
Epithelioid cells - enlarge
cytoplasm which have an increased secretary capacity an
tuberculosis, sarcoido

(ii) Siderophages - macrophages laden with haemosiderin and found in: 
. Areas of haemorrhage 

b. Chronic venous congestion of the lung ('heart failure cells') 

malignant melanoma, pigmented naevus, etc. 
(iv) Lipophages - macrophages with 'ground-glass' cytoplasm after phagocytosis 

a. Altered fat, e.g. in traumatic fat necrosis

(v) Mucipha
from damaged epithelium, e.g. in the lamina propria of the large intestine afte
an episode of inflam

nt cells 

(i) Specific infections 
a. Tuberculosis (Langhans giant-cells) 
b. Syphilis 
c. Fungal infections 
Foreign-body reactions 
 Lipid phagocytosis 
o-histiocytoma, etc. 

(iv) 'Collagen' diseases 
a. Rheumatic fe
b. Rheumatoid nodu
c. Giant-cell arteritis 

a. Sarcoidosis 
b. Crohn's disease 
c. Wegener's granulomatosis 

 
Lymphocytes and plasma cells 

lymphocytes can be divided into two reactive populations 
B-lymphocytes which are responsible for antibody mediated (hum

immunity 
(ii) T-lymphocytes which are dependent upon the thymus for their proper 

development and are responsible for cell-mediated immune responses such as 
direct cytotoxicity, and also regulate antibody synthesis by B-lymphocytes 

Following macrophage uptake and processing of antigens, polypeptide fragments are 
expressed at the cell surface and are recognized by either 'helper' T-lymphocytes or 
by 'cytotoxic' T-cells.  The specific interaction with antigen leads to the synthesis and 
release of soluble g
cells and the T-lymphocytes.  The factors released by lymphocytes are termed 
lymphokines, and are responsible for the rapid proliferation and differentiation of the 
initially small population of antigen-specific lymphocytes present in the previously 



unchallenged host. 
B-lymphocytes bear monomeric immunoglobulin (mlgM) on their surface which acts 
as the antigen receptor.  B-cells may respond directly to some antigens, but the 
majority of antigen responses require the participation of helper T (TH) cells.  
Sensitized helper cells activate B-cells into the cell cycle and progressive 
multiplication ensues.  At the same time genetic 'switching' leads to differentiation 

s do not give conventional results in tests of T- and 

y tumour cells in vitro and lymphokine 
ctivated killer cells (LAK cells). 
 the normal individual about 75% of the peripheral blood lymphocytes are T-cells.  

 belong to the helperinducer subset (CD4+), and the other 1/3 are of 

rtain acute inflammatory responses such as atopic 
ypersensitivity reactions, they are more characteristic of chronic inflammation.  

cytic cells whose granules have a high content of an 
arg ition to the usual granulocyte enzymes.  They 
po
 
1. 

(ii) Inhibition of histamine release from mast-cells via the cyclic AMP system, 
by production of El and E2 Prostaglandins 

ells 
 
2. Che
Eo
the following important additions: 

tissues on exposure to antigen 
 produced by sensitized T-lymphocytes 

on exposure to antigen 
ranules (ECF-M) which may be 

identical with ECF-A 

y responses.  These cytokines 
ave previously been classified into lymphocyte-derived mediators (lymphokines) and 

into a clone of plasma-cells producing an antibody identical to that present in 
monomeric form at the surface.  At the same time a small population of primed 
'memory' cells equipped with the same immunoglobulin surface receptor are 
generated. 
A third population of lymphocyte
B-cells and these cells have been designated 'null cells'.  This population also 
includes cells capable of antibody-dependent cytotoxicity (K cells), natural killer cells 
(NK cells) which spontaneously destro
a
In
About 2/3 of these
the cytotoxic or suppressor type (CD8+). 
 
 
C. Eosinophils 
Whilst eosinophils are seen in ce
h
They are poorly phago

inine-rich cationic protein in add
ssess receptors for IgG, C3b and C3d. 

Functions (possible) 
(i) Neutralisation of leukotrienes 

probably 
(iii) Production of enzymes capable of killing helminths 
(iv) Killing of antibody-coated c

motaxis 
sinophils respond to the same chemotactic factors as neutrophil polymorphs with 

(i) Eosinophil chemotactic factor of anaphylaxis (ECF-A) released from sensitized 

(ii) A specific eosinophil chemotactic factor

(iii) A pre-formed factor released from mast-cell g

(iv) A complement dependent factor EF-C 
 
CYTOKINES IN INFLAMMATION AND IMMUNITY 
 
Cytokines secreted by macrophages and lymphocytes (and occasionally by other 
cells) play a vital role in immune and inflammator
h



those of monocyte origin (monokines) but recent changes in nomenclature have 

 
1. Int
Curren e to 
grow a are listed here: 

(i) a and b) and are produced by 
e cells such as 

cells.  Its principal effects include: 

is of acute phase proteins by the liver  

(ii) 

 secreting cells and on other T-lymphocytes causing proliferation 
is way the lymphocyte response 

n, IL-2 also 

 Interleukin-3 is released by antigen activated 

e marrow 

IL-
t important action is in stimulating B-cell proliferation and 

(v)

(vi) Interieukin-6 is produced by activated macrophages and T-cells.  Although 
stimulated antibody 

of T-lymphocytes and induces the differentiation of cytotoxic T-cells.  IL-6 has 
 

ocytes, 

c. 

e.  acute phase protein production 
  (vii) Interieukin-7 is produced by stromal cells in the bone marrow and induces 

roliferation and differentiation of B-cell precursors 

categorized them as interleukins.  Other cytokines, such as interferons and tumour 
necrosis factor, continue under their original names. 

erleukins 
tly 12 different interleukins have been identified but the list will continu
nd only the better characterized 
Interleukin-1 exists as two species (
macrophages, lymphocytes and a wide range of non-immun
endothelial, epithelial and haemopoietic 
a. Activation of TH- and B-cells 
b. Stimulation of thymocyte proliferation 
c. Induction of synthes
d. Activates eosinophils and basophils 
e. Promotes leucocyte/endothelial adhesion 
f. Increases collagenase synthesis by fibroblasts and chondrocytes 
g. Acts as a pyrogen 
Interieukin-2 is synthesized and secreted by 
T-lymphocytes following their activation by antigen and acts in an autocrine 
manner on the
and expression of more IL-2 receptors.  In th
is greatly amplified.  IL-2 also induces T-lymphocyte cytotoxicity and 
stimulates natural killer cell activity.  In combination with interfero
activates macrophages 

(iii)
T-lymphocytes and acts as a stimulator of haemopoietic stem cells leading to 
the production of many of the major cell types in the bon

(iv) Interieukin-4 is produced by a subset of T helper cells which also produces 
5  
and IL-6.  Its mos
regulating their production of immunoglobulin isotypes 
 Interieukin-5 has multiple effects on B-cells leading to increased 
immunoglobulin secretion.  It may also act as a stimulator of eosinophil growth 
and differentiation 

originally described as a B-cell differentiation factor which 
formation without prior cellular proliferation, IL-6 also serves as a co-stimulator 

a multiplicity of actions including:
a. Generates thrombopoietin to increase platelet numbers 
b. Increases the proliferation of a variety of cell types including keratin

mesangial cells, and nerve fibres 
Has procoagulant properties 

d. Releases corticotrophin from the anterior hypothalamus 
In conjunction with IL-1 it stimulates

the p
(viii) Interleukin-8 is produced by T-cells and activated macrophages and is a 

potent chemotaxin for polymorphs 
 



2. Interferons 
Th
important for their antiviral effects, but IFN-c has a wide range of activities and has a 
key cells and 
NK

tion of macrophages, which show enhanced phagocytosis and tumour 

 T-cells and NK cells 
(iii) Induction of class 11 MHC expression on macrophages and many other types 

fer cells in response to inflammation and 
infe on and duration of 
produ
tissue repair, whereas sudden systemic release leads to shock and tissue injury and 
chroni

(i) ator by: 
Ms and ELAMs and improves leucocyte 

ad
f macrophages and polymorphs 

hagocytosis and cytotoxic activity 

(ii)

ne hand it can stimulate fibroblasts, 
ondrocytes and endothelial cells to proliferate, and induce the 

 
(iii) Septic shock. 

d as the central mediator of the pathophysiological 
the release of lipopolysaccharide (LPS) from 

ts include: 

d. crosis 
idosis 

e of reactive oxygen intermediates and arachidonic 
olites 

(iv)
ver-production of TNF-U, results in: 

ree classes of interferon (a, b and c) are recognized.  IFN-a and IFN-b are 

 role in immunoregulation.  IFN-c  is produced by antigen-specific T-
 cells recruited by IL-2.  Its activities include: 
(i) Activa

killing capacity 
(ii) Activation and growth enhancement of cytotoxic

of cells  
(iv) Induces immunoglobulin secretion in B-cells primed by IL-2 
(v) Potentiates B-cell proliferation induced by IL-4 

 
3. Tumour necrosis factors 
TNF is found in two main forms (a and b).  TNF-a (also known as cachectin) has 
many actions in common with IL-1 and is released by macrophages, T-lymphocytes, 
NK cells, astrocytes and microglia, and Kupf

ction.  The effects of TNFa depend upon its concentrati
ction, so that small amounts produce beneficial effects in inflammation and 

c over-production results in cachexia. 
Inflammation TNF-a acts as an inflammatory medi
a. increasing expression of ICA

hesion 
b. enhancing chemotaxis o
c. increasing p
TNF-a also acts as a pyrogen by 
a. a direct effect on the hypothalamus 
b. inducing IL-1 synthesis 

  Tissue repair. 
TNF-a has an important role in tissue remodelling by virtue of its proliferative 
and destructive properties.  On the o
osteoblasts, ch
synthesis of other growth factors, while on the other hand TNF-a can be 
directly cytotoxic to endothelial cells and promote the synthesis of proteases 
active against connective tissue matrix.

TNF-a is now regarde
changes consequent upon 
bacterial cell walls.  Its effec
a. Fever 
b. Respiratory arrest 
C. Capillary leak syndrome 

Haemorrhagic ne
e. Lactic ac
f. Release of 'stress' hormones 
g. Biosynthesis and releas

acid metab
 Cachexia. 
Long term o



a. Loss of fat and protein 
b. Anorexia 
c. Anaemia 

ed acute phase protein synthesis 

mphotoxin) shares some of the biological activity of TNF-a. 

olecule (VCAM) expressed on endothelium in chronic 
flammatory reactions.  Such expression is induced by cytokines and interferons.  

 of memory lymphocytes into an 
infl
antige
 
Ro

ctivation.  Complement products 
facilitate phagocytosis or bring about cytolysis 

ffect is mediated by 
clic AMP generated 

by 
during e the inflammatory response but 
act mune response. 

e of antibody 
-cell cytolysis is inhibited by autocoids 

(iii) Histamine can induce a sub-set of T-suppressor cells to produce a 
ctivated lymphocyte 

to pass through the cell cycle. 

 

d. Fever 
e. Hypertriglyceridaemia 
f.    Increas

 
TNF-b (also known as ly
and basic fibroblast growth factor.  It is responsible for some lymphocyte mediated 
tissue destruction. 
 
Lymphocyte adhesion 
Just as neutrophils attach to adhesion molecules on endothelial cells in an acute 
inflammatory response, lymphocytes possess integrins - lymphocyte function 
associated antigen I (LFA-1) and very late activation antigen 4 (VLA-4) which enable 
them to bind to adhesion molecules - intercellular adhesion molecule (ICAM-1) and 
vascular cell adhesion m
in
This mechanism may direct the 'homing'

ammatory response and also facilitate adhesion between lymphocytes and 
n-presenting cells. 

le of antibodies in chronic inflammation 
(i) Antigen binding followed by complement a

(ii) Bacterial agglutination 
(iii) Opsonisation of bacteria or foreign cells via Fc binding of phagocytic cells 
(iv) Neutralisation of toxins and virus infectivity 

 
Inflammatory mediators and the immune response 
Inflammatory mediators such as histamine, Prostaglandins, and beta-mimetic 
catecholamines (collectively termed 'autocoids') are capable of moderating a number 
of immune functions, usually by inhibition. 
Receptors for autocoids on lymphocytes are non-randomly distributed.  A proportion 
of suppressor T-cells always have receptors, but precursor B-cells and precursors of 
helper and cytotoxic T-cells do not.  The inhibitory modulating e
and directly proportional to the intracellular concentrations of cy

the autocoid.  Thus autocoids generated in acute and chronic inflammation, or 
 an immunological reaction, not only mediat

 as a feed-back mechanism modifying the im
Autocoids have the following actions on lymphocyte responses: 

(i) After B-cells have been specifically stimulated to respond to an antigen, 
autocoids can inhibit the releas

(ii) T

suppressive factor which regulates the ability of another a

(iv)  



LEUCOCYTOSIS IN ACUTE AND CHRONIC INFLAMMATION 

1. 

(ii) Tissue breakdown - myocardial infarction, mesenteric infarction 
 
2. Eosi

(ii) P sis, hydatid disease, 

(iii) Skin diseases - some cases of exfoliative dermatitis, dermatitis herpetiformis, 
czema, psoriasis, scabies 

,     

(v) osa 
 
3. 

(i) Chronic infection - tuberculosis, secondary syphilis, brucellosis, typhoid fever 
ubella, mumps, measles, chicken-pox, infectious 

(iii) Whooping-cough 

 
. Monocytosis in some cases of 

(i) Bacterial infections - tuberculosis, typhoid fever, brucellosis, subacute bacterial 
endocarditis 

 malaria, 
ky Mountain spotted fever 

 variety of reactions rejecting or nullifying them.  In carrying out these 
from 

elf'.  In the fetus the developing lymphoid system is exposed to body constituents 

ma ecognized as 

spe
 
1. tion of immunoglobulins which are released into the blood and other 

 
Neutrophilia in 
(i) Pyogenic infections 

nophilia in 
(i) Allergic disorders - hay fever, drug allergy 

arasitic infestation - trichinosis, schistosomiasis, filaria
strongyloides 

pemphigus, e
(iv) Pulmonary eosinophilia - Loeffler's syndrome (simple pulmonary eosinophilia)

prolonged pulmonary eosinophilia, tropical eosinophilia 
 Polyarteritis nod

Lymphocytosis in 

(ii) Viral infection - influenza, r
mononucleosis 

(iv) Acute infectious lymphocytosis 

4

(ii) Protozoal and rickettsial infections -
leishmaniasis, trypanosomiasis, Roc

 
 
 

6. Immunopathology 
 
The immune system is concerned with the recognition of foreign materials (antigens) 
and through a
functions the system must be capable of distinguishing foreign, that is 'non-self', 
's
and is rendered unresponsive (tolerant) to these self proteins.  When immunological 

turity is established after the neonatal period, a non-self protein is r
foreign and a 

cific immunological reaction follows.  There are two basic types of response. 

The forma
body fluids following a B-lymphocyte response - humoral antibodies 

2. The production of specifically sensitized small lymphocytes which possess 
antibody-like molecules on their surface (the T-cell antigen receptor - TCR) and by 
virtue of cytokine production or direct cytotoxicity are the effectors of cell mediated 
immunity 

In the majority of cases both types of response depend upon the initial recognition of 



a foreign antigen by T-lymphocytes.  The ability of these cells to respond rests on 
their possession of a specific antigen receptor and correct presentation of the antigen 

pment because of selection events in the thymus that restrict the T-cell 
pertoire to cells capable of recognizing foreign antigens in the context of self MHC 

earing 
ceptors that bind self MHC in the thymus, whereas negative selection eliminates or 

 is confined to B-cells, 

ponsiveness. 
mune reactions might, however, be controlled by specific genes.  Based on 

, immune responsive (1r) and suppressive (is) genes have been 
ostulated which are either controlled by genes of the HLA system or are themselves 

any different antigens is associated with two HLA 
h o 3 and A3, B7,Dw2. 
 
TOLE
 
Three main mechanisms have been proposed for the induction of self-tolerance in T- 
and B

1. 

by an appropriate major histocompatibility molecule on the antigen presenting cell.  
The T-cell receptor is made up of two glycoprotein chains of differing composition 
(i.e. heterodimers) non-covalently linked to the T-cell surface antigen T3 (CD3).  The 
majority of T-lymphocytes have an a/b heterodimer receptor but a small proportion 
(around 10%) have a c/d receptor. 
The specificity of individual T-cells is determined during their development in the 
thymus.  As the cells mature random rearrangement of the variable (V), diversity (D) 
and joining (J) gene segments at a the and b loci (or in another lineage at the c/d loci) 
leads via a multitude of combinations to the potential expression of millions of 
different TCR specificities.  Not all specificities, however, are expressed following 
fetal develo
re
molecules.  Thus positive selection allows the maturation of T-cells b
re
nullifies those T-cells capable of reacting against self antigens thereby producing a 
state of tolerance. 
 
THE HLA SYSTEM AND THE MAJOR HISTOCOMPATABILITY ANTIGENS 
 
The search for factors controlling the acceptance or rejection of tissues following 
transplantation, led to the identification of a complex series of histocompatibility 
antigens present on cell surfaces.  The antigens were first identified on the surface 
of blood leucocytes and were therefore referred to as human leucocyte antigens 
(HLA). 
The antigens comprising the HLA system are determined by genes situated on the 
short arm of the sixth chromosome, and the major loci have been designated A,B,C 
(Class I major histocompatability antigens) and DR (Class II MHC antigens).  In 
normal tissues expression of Class II antigens
monocytes/macrophages, dendritic cells, and vascular endothelium, whereas Class I 
antigens are expressed on all nucleated cells.  Each locus possesses many different 
alleles which have been numbered, e.g. HLA-A8, HLA-B27, etc.  Certain specific 
alleles of the various loci tend to be found together (as a 'haplotype') more frequently 
than would be expected by chance.  This 'linkage disequilibrium' of alleles may exert 
a governing effect on general immune res
Im
animal studies
p
linked to the HLA loci.  Thus it has been shown, for example, that immune 
hyper-responsiveness toward m
apl types, Al,B8,Dw

RANCE 

-lymphocytes, these are: 
Clonal deletion 
Engagement between the developing T-lymphocytes and selfantigens 
expressed on bone-marrow derived dendritic cells in the thymus leads to cell 



death by apoptosis and elimination of the auto-reactive T-cells. 
lonal anergy 

ates clones of T-cells anergic to epithelial-specific 
peptides.  Such cells retain the capacity to bind to antigens but fail to produce 

This mechanism assumes survival of auto-reactive lymphocytes which retain 
the ability to respond to self-antigens but are held in check by T-suppressor 

eaks down, the immune system may mount a cell-mediated 

A. P
When f
antigen-
MHC m
lymphoc
respons

(i) 

e of host cells in combination with 

(ii) 

 presented in peptide 
 Class II type 

ace of the individual's own monocytes, macrophages, 
 antigen-presenting cells.  However, 

s (for 
tion) and this renders them 

Depe
1. B-lymphocytes may react: 

(ii) Only after interaction with a T-helper cell with the majority of antigens. 

(i)  De
of  

2. Induction of c
This mechanism assumes the survival of some self-reactive lymphocytes which 
have been rendered functionally inactive following interaction with thymic 
epithelium.  This cre

lymphokines and do not proliferate. 
3. Suppression 

cells or their products. 
 
When self-tolerance br
attack or produce antibodies directed against the body's constituents - auto-immunity. 
 
 
THE IMMUNE RESPONSE 
 

rimary response 
oreign antigen is first introduced into the body it undergoes processing in 
presenting cells and the resulting peptide in combination with the appropriate 
olecule is recognized by one or more specifically responsive small 
ytes.  B-lymphocytes may be activated directly by some antigens but most 
es depend upon initial T-cell recognition. 
Cytotoxic T-lymphocytes are involved in the recognition and destruction of 
virally infected cells or rejection of foreign cells.  These CD8+ lymphocytes 
recognize either foreign Class I MHC molecules on 'non self' cells, or react to 
viral antigens expressed at the surfac
Class I MHC antigens.  Thus cytotoxic lymphocytes are generated that will 
react to a certain haplotype of MHC together with viral antigen but they will 
not kill cells of a different haplotype infected by the same virus.  This 
mechanism, termed 'haplotype restriction' has probably evolved so that 
antigen receptors on T-cells do not become saturated with free virus and 
block their cytotoxicity. 
Helper T-lymphocytes.  These CD4+ cells co-operate with macrophages and 
assist B-cells to respond to certain (T-dependent) antigens.  Helper T-cells 
only respond to antigen which following processing is
form in association with major histocompatibility antigens of the
(HLA- DR) on the surf
dendritic or B-cells all of which act as
under certain circumstances tissue cells may acquire Class II antigen
example in rejection and after interferon stimula
capable of presenting antigens to helper/inducer cells. 

nding on their lineage the lymphocytes will react in different ways: 

(i) Directly to a T-independent antigen, or 

     Following blast cell transformation the cell will either: 
velop rough endoplasmic reticulum and differentiate into a plasma-cell capable 

  manufacturing a specific immunoglobulin (in the first instance) of the IgM 



clas
(ii) 

 
2. T-l

(i) Proliferate to form a population (clone) of cells capable of acting as effector 
c cell-mediated response.  Such activated T-lymphocytes 

. Secondary response 
ure to the same antigen, there is some interaction with 

re-formed humoral antibody and with an enlarged population of responsive 

onstant (c) regions as well as different 'joining' genes which 
ode for the amino acids of the region (j) joining constant and variable segments.  

tion in all these components leads to 
antibodies each of which is expressed on 

ind
antibo ed. 
 
1. unting for about 70% of the total 
imm xist in four different forms so that 
fou
Molec

ive 
immunoglobulin in the neonate 

s, or 
 Revert to a small (B) lymphocyte and act as a primed memory cell 

ymphocytes will undergo blast transformation and either: 

cells in a specifi
will act either as cytotoxic cells or secrete cytokines which will stimulate 
macrophages and enhance bacterial killing or recruit other lymphocytes and 
further amplify the response, or 

(ii) Revert to a small (T) lymphocyte and act as a primed cell 
 
B
On subsequent expos
p
lymphocytes.  There is therefore a greatly amplified humoral antibody response and 
a more rapid recruitment of sensitized cells.  Memory B-cells are capable of 
secreting IgG and lgA immunoglobulins following appropriate antigenic stimulation 
(see below). 
 
IMMUNOGLOBULINS 
 
Immunoglobulins share a similar basic structure.  They consist of two heavy and two 
light polypeptide chains linked by disulphide bonds.  Splitting by papain produces 
two univalent fragments capable of binding antigen (Fab) and a third fragment 
without this capacity (Fc fragment). 
The light chains are of two types, kappa (K) and lambda (L) and each 
immunoglobulin molecule has either two K or two L chains but never one of each.  
The heavy chains are of five major types and each molecule has a pair of identical 
type.  Thus five distinct immunoglobulin classes are recognized on the basis of their 
heavy chains: lgG, IgA, IgM, IgD and IgE which have two c, a, m, d or e heavy chains 
respectively.  Half of each light chain and a quarter of each heavy chain consists of a 
variable (v) region.  The initial germ line DNA contains genes which code for 
different variable and c
c
The joining of v to j regions is imprecise so this adds further diversity to antibody 
structure.  In the production of heavy chains additional variability is introduced by 
differences in the 'diversity' chain of DNA.  Varia
the production of millions of different 

ividual lymphocytes.  Just as with T-lymphocytes, those B-cells bearing anti-self 
dies must be eliminated or nullifi

IgG is the major serum immunoglobulin acco
unoglobulin pool.  The heavy chains of IgG e

r sub-classes can be distinguished (IgGl-G4) 
ular weight = 150 000 Properties: 

(i) Crosses the placental barrier and is therefore the major protect

(ii)  Diffuses easily into all extracellular fluids 
(iii) Acts as an antitoxin (neutralising antibody) 
(iv) Responsible for opsonic binding of bacteria 



(v) Coats cells prior to killing by K-cells (macrophages and T-lymphocytes with 
specific cytotoxic activity related to their surface receptors for Fc) 

(vi) Complement activation by two or more molecules through their Fc portions 

esents 15-20% of the immunoglobulin pool.  It exists as a monomer, 
dim
cystei rough epithelia 
as 
stabili  against proteolysis.  IgA is therefore the major factor in 
'se
Molecular weight = 160 000+ 

roperties: 

g adhesion of organisms 

s and activate complement by the 

 
. IgM accounts for about 10% of the immunoglobulin pool. This is usually a 

r a monomeric form is present on the 
 antigen receptor 

Mo
infection 

(ii) Largely restricted to plasma 
ct as agglutinating and opsonising antibodies 

counts for less than 1% of the lg pool 
eight = 185 000 Properties: 

an
 
5. 

his is only present in trace amounts in the immunoglobulin pool Molecular weight = 

roperties: 

se 

inthic parasites 

xcessive or altered reactions to an antigen producing adverse effects are termed 
y.  These reactions have been classified into five groups: 

ype I - Immediate (anaphylactic-type) hypersensitivity 
ypersensitivity 

 
2. IgA repr

ers, trimers and polymers.  It polymerises by spontaneous binding through a 
ne-rich polypeptide joining (J) chain (J-chain).  It is secreted th

the dimer bound to a third polypeptide, the secretary or transport piece, which 
zes the molecule

cretary immunity' 

P
(i) Principal immunoglobulin in secretions such as those of the respiratory and 

gastrointestinal tracts and in sweat, saliva, tears and colostrum 
(ii) Prevents infection of mucous membranes by inhibitin

to the epithelium 
(iii) When aggregated will bind polymorph

alternate pathway 

3
polymeric pentamer linked by J-chain, howeve
surface of B-lymphocytes and acts as the

lecular weight = 900 000 Properties: 
(i) Produced early in response to 

(iii) A
 
4. IgD ac
Molecular w

Acts as a cytophilic antibody on B-lymphocytes and may play a role in 
tigen-induced lymphocyte differentiation 

IgE 
T
200 000 
P

(i) Becomes firmly fixed via its Fc fragment to mast cells and basophils.  These 
coated cells degranulate when exposed to the appropriate antigen and relea
histamine and other agents 

(ii)  May play a role in immunity to helm
 
HYPERSENSITIVITY 
 
E
hypersensitivity or allerg
T
Type 11 - Cytotoxic type h
Type III - Complex-mediated hypersensitivity 
Type IV - Cell-mediated (delayed-type) hypersensitivity 
Type V - Stimulatory hypersensitivity 



 
Type I - Anaphylactic 
 
A. Systemic anaphylaxis 
Anaphylactic shock is characterized by intense bronchospasm, laryngeal oedema 
nd a fall in blood pressure, and occasionally results in death.  It can be provoked by 

ome time after one or more smaller sensitizing 

of the IgE class) bound to 
mast-cells or basophils by their Fc portions and results in the release of histamine 
and other mediators such as leukotrienes and platelet activating factor.  Anaphylaxis 
can al  reactions (see below) 
 
B. 

 are seen in three main situations: 
1. Respiratory tract 

itis (hay fever) 

berries, etc. 
icals, injected antigens, etc. 

In 
system
 
Type I
Reacti ody combines with an antigen on the 

 cell and results in cell-death by: 

(ii) ponse to an opsonic antibody effect or by 

(iii) y cells activated through their Fc receptors. Such 
totoxicity (ADCC) can be effected by 

Exam

a

b

ns, e.g. salmonellosis 
ing treatment with Sedormid (now withdrawn) and  

occasionally aspirin, tetracyclines, PAS, oestrogen and other drugs 
iated with amidopyrine, quinine, PAS, thiouracil, 

a
injecting a large dose of an antigen s
doses of the same antigen.  The principal pathogenetic type is cytotrophic 
anaphylaxis where antigen reacts with antibodies (usually 

so result from Type III

Local anaphylaxis (atopic allergy) 
Local reactions result from the exposure of tissue mast-cells in sensitized individuals 
to specific antigens and

(i) Allergic rhin
(ii) Extrinsic asthma 

2. Intestine: Food allergy - shellfish, straw
3. Skin: Urticarial reactions to drugs, chem
highly sensitized individuals provocation with the appropriate antigen may result in 

ic anaphylaxis. 

I - Cytotoxic 
ons of this type occur when an antib

surface of a
(i) Complement-mediated cytolysis (C89) 

 Phagocytosis of the cell in res
immune adherence (C3b) 
  Promotion of cytotoxicity b
antibody-dependent cell-mediated cy
monocytes, polymorphs and NK cells. 

ples: 
(i) Haemolysis resulting from antibodies directed against red-cell antigens or 

ntigens attached to the surface 
a. Transfusion reactions 
. Rhesus incompatibility 

c. Auto-immune haemolytic anaemia 
d. Drug-induced haemolysis, e.g. a-methyldopa, chlorpromazine, phenacetin 
e. Associated infectio

(ii) Thrombocytopenia follow

(iii) Agranulocytosis assoc
colchicine, phenothiazines, etc. 

(iv) Anti-glomerular basement membrane antibodies in Goodpasture's syndrome 
activate   complement and provoke an acute inflammatory response in the 
glomerulus and lung 

(v)   Hashimoto's thyroiditis 
 



Type III - Complex-mediated 
When large amounts of a soluble antigen are introduced into the circulation and an 
antibody reaction commences, immune complexes are formed in extreme antigen 
excess.  These complexes (e.g. Ag2Ab, when antibody binds two antigen 
molecules) do not fix complement but can be cleared through Fc mediated 
phagocytosis by polymorphs and macrophages.  When complexes are formed in the 
presence of higher concentrations of antibody (e.g. Ag3Ab2, Ag2Ab3) complement is 
activated and phagocytosis by the more efficient C3b mechanism follows.  

omplexes are formed in antibody 
 be insoluble and remain localized to the site of formation.  

Co
the RE
Antige atory reaction by the 
activation of complement and subsequent formation of anaphylatoxins, leucotaxins, 
an ue destruction may result from 
compl
polym

 

 diabetics 
m leprosum 

(ii) 
rials or microorganisms which lead to 

sis producing progressive restrictive lung disease 
B. An

ss - a syndrome characterized by pyrexia, urticaria, joint pains, 
athy and albuminuria, which is occasionally seen 

 of foreign protein 
ritis 

d other infections 
s (SLE) 

e in rheumatoid arthritis 

c. 
d. Wegener's granulomatosis (?) 

Accumulation of complexes in the circulation may result from defective phagocytosis 
or from excessive production in response to a large antigenic challenge.  Small 
complexes are deposited in glomeruli whereas larger complexes by activating 
complement increase vascular permeability and may be found in the skin, the 
intestine, in synovial membranes, etc.  When c
excess they tend to

mplexes of this type entering the circulation are cleared rapidly by macrophages of 
S. 
n-antibody complexes will initiate an acute inflamm

d aggregation of platelets.  Tiss
ement-mediated cytolysis or by release of lysosomal enzymes from 
orphs which will also activate Factor XII and promote coagulation. 

A. Antibody excess
(i) Arthus reaction - an acute vasculitis produced by the introduction of antigen 

into the skin in the presence of high levels of precipitating antibody (IgG), e.g. 
a. Reaction to insulin injection in sensitized
b. Erythema nodosu
In the lung - extrinsic allergic alveolitis 
Type III reactions to inhaled organic mate
inflammation and fibro
tigen excess 

(i) Serum sickne
generalized lymphadenop
following large injections

(ii) Glomeruloneph
a. Post-streptococcal an
b. Systemic lupus erythematosu
c. Quartan malaria 
d. Drug-induced, e.g. penicillamin

(iii) Skin lesions 
a. Erythema multiforme 
b. Secondary syphilis 

(iv) 'Vasculitides' 
a. Polyarteritis nodosa 
b. Henoch-Schönlein disease 

Drug-induced vasculitis 

(v) Lung lesions due to such complexes occur in 
a. Respiratory syncytial virus infection 
b. Measles in an 'immunized' individual 

(vi) Central nervous system SLE 



(vii) Arthritis (associated with various viral infections) 

Wh
the appropriate antigen it undergoes blast-cell transformation and cell division.  
Simult ote a mixed 
inflam
 T-lymphocyte responses are usually beneficial and underlie a number of important 

d hypersensitivity to bacterial antigens (bacterial allergy) is 
res

toux reaction to an intradermal injection of tuberculin 
 in tuberculosis 

prosy 
(ii) cting as hastens attach 

oteins and render them antigenic.  The resulting cell-mediated 
edema and often vesiculation - contact 

a. Nickel  

(iv) Some auto-immune diseases 

ype V - Stimulatory hypersensitivity 
e example of this form of hypersensitivity has been defined and that 

hyroid stimulator (LATS), is directed at the 

oxine and triidothyronine by the cell. 

ISSUE TRANSPLANTATION 

enograft - between different species 

All

(viii) Rheumatic fever (complexes with streptococcal antigen deposited in small 
blood vessels in a wide variety of tissues) 

 
Type IV - Cell-mediated (delayed-type) hypersensitivity 

en a specifically sensitized T-lymphocyte (T-memory cell) comes into contact with 

aneously, the cell produces numerous cytokines which prom
matory reaction.  

defense mechanisms against certain bacterial, viral and fungal infections 
(cell-mediated immunity).  In some circumstances however they may have a 
deleterious effect and constitute a hypersensitivity reaction Examples: 

(i) Cell-mediate
ponsible for: 
a. The Man
b. Caseation
c. The tuberculoid form of le
Contact hypersensitivity in the skin: simple chemicals a
to skin pr
response produces erythema, o
dermatitis.  
Common skin sensitizers are: 

b. Rubber 
c. Poison-ivy and primulus 
d. Topical medicaments - neomycin, lanolin, penicillin 
e.   Iodine 
f. Dinitrochlorobenzene (DNCB) 

(iii) Graft rejection 

 
T
Thus far only on
is the stimulatory auto-antibody responsible for a type of thyrotoxicosis (Graves' 
disease).  The auto-antibody, long-acting t
same surface receptor as is activated by TSH, and results in prolonged 
hypersecretion of thyr
 
T
 
Nomenclature 
Autograft - transplantation within the same individual Isograft or syngeneic graft - 
between identical twins or in-bred animals 
Allograft - between individuals of the same species but of different genetic make-up 
(formerly homograft) 
X
 
Transplantation antigens 

 nucleated cells possess surface histocompatibility antigens determined by 



separa  and specific 
an
of ant
whilst placenta, muscle, aortic wall, have low levels. 
 
Rejec
Three pa

(i) incompatibility with high 

(ii)
hypersensitivity.  Destruction of the graft is brought about 

by: 
 of sensitized cytotoxic (CD8+) T-lymphocytes 

macrophages activated by cytokines or 

K-cells on IgG-coated graft cells 
(iii) Chronic rejection consequent upon gradual vascular obliteration, probably 

gulation 
 
Pre

nsplantation 
rior chamber of the eye 

ted by virtue of unusual vascularity or lymphatic 

(ii) Accurate tissue matching 
ciency states, pregnancy, and uraemia 

(iv) Immunosuppression 
costeroids 

m 
on 

 
AU
 
Mech
The formation of antibodies or cell-mediated reactions directed against 'self' 
onstituents may result from: 
.   Alteration of self-proteins 

 as in contact dermatitis and a-methyldopa-induced 

g burns, red cells in mycoplasma infection, or to enzymically altered 

 
 
 

te gene loci. Tests for histocompatibility employ leucocytes
tisera.  Although an individual's tissues are antigenically similar, the concentration 

igens varies from tissue to tissue, for example skin has a high concentration, 

tion 
tterns are described. 

Hyperacute rejection occurs where there is major 
levels of humoral antibodies resulting in an Arthus-type reaction 
 Acute rejection occurs 2 to 3 weeks after grafting and results from antibody- 
and cell-mediated 

a. The direct action
b. Phagocytosis of graft cells by 

following C3b opsonisation 
c. Attack by 

due to deposition of immune complexes and activation of complement and 
blood coa

vention of rejection 
(i) Favorable sites for tra

a. Cornea and ante
b. Meninges 
c. Testis 
These sites may be protec
drainage 

(iii) Immune defi

a. Corti
b. Azathioprine 
c. Antilymphocyte seru
d. Whole-body irradiati
e. Induction of immune tolerance 

TO-IMMUNITY 

anisms 

c
1

(i) Combination with haptens,
haemolysis 

(ii) Modification by degenerative or infective conditions, e.g. to skin proteins 
followin
thyroglobulin or gammaglobulin. 



2. 
Som
does e mature animal they will be 

eated as non-self. 
  Orchitis may be followed by production of antisperm antibodies 

(iii)
(iv)Release of myelin basic protein from the brain and the subsequent immune 

 
3. 
Immune reactions to exogenous antigen may cross-react with self-proteins 

(i) T-lymphocyte responses induced by bacterial or parasitic heat-shock (stress) 
react with self stress proteins with which there is 

atic fever 
(iii) An immune response to heterologous brain tissue in rabies vaccine may give 

 
4. Bre

(i) Ge ntibody production may 

(ii)
mples: 

a. Hydralazine precipitating SLE 
e appears to underlie the development of 

auto-immune haemolytic anaemia and complex-mediated 

y 

hocytes. 
 
HLA A
 
As ou
immun
betwe
The b

1. Communication between antigen-presenting cells and abnormal T- and 

d T-helper cells 
bers of T-suppressor cells 

2. lement 
munity and complement (which is genetically 

Exposure of hidden antigens 
e antigens remain hidden or sequestered from the immune system and tolerance 

not develop.  On subsequent exposure in th
tr

(i) Spermatozoa.
and lead to sterility 

(ii) Lens protein.  Degeneration and/or removal of a cataract may result in 
auto-antibodies and damage to the contralateral lens 
 Sympathetic iritis following damage to the contralateral iris 

response may have a role in multiple sclerosis 

Cross-reactions 

proteins may cross-
considerable homology, e.g. T-lymphocyte responsive to mycobacterial stress 
proteins in rheumatoid arthritis 

(ii) Antibodies to streptococcal antigens may react with constituents of cardiac 
muscle or connective tissue in rheum

rise to encephalitis 

akdown of tolerance 
netic.  An inherited defect or lack of efficiency in a

lead to the formation of damaging antigen-excess complexes 
 Direct disturbance of the immune system by drugs, chemicals, infective 
agents, and neoplasia.  Exa

b. Virus infection of NZB mic

glomerulonephritis 
c. Chronic lymphocytic leukaemia and malignant lymphomas may be 

associated with auto-immune haemolytic anaemia 
(iii) Stimulation of pre-existing clones of T- and B-cells capable of self-reactivity b

infectious agents or adjuvants, either directly or by eliminating the appropriate 
suppressor T-lymp

ND AUTO-IMMUNE DISEASE 

tlined above there are strong links between the HLA system and normal 
e reactivity.  It is not surprising, therefore, that there exists a close association 

en certain HLA antigen types and auto-immune disease. 
asis for the relationship between auto-immunity and the HLA system rests on: 

B-subsets, namely: 
(i) Increased numbers of activate
(ii) Decreased num
Participation of comp
The link between auto-im



encoded in the HLA region) is exemplified by the finding that most patients with 
e null allele for C4 and C2, suggesting that people with 

 genetically susceptible to the 

Exam en HLA status and auto-immune disease include: 

rpetiformis 

pe) 

(i) Ankylosing spondylitis 
rthritis 

Chronic active hepatitis 
 

6. 
7. 

 
Patho
Auto-antibodies can be found in the sera of apparently healthy individuals and 
increa  be attributed to 
the an role in disease operate 
throug

1. 

ytopenia (anti-platelet) 
mphopenia (anti-lymphocyte) 

trophil) 
(anti-thyroglobulin, antimicrosomal) 
ti-intrinsic factor, anti-parietal cell) 

ture's syndrome (anti-basement membrane) 
ophthalmitis 

tory or anti-TSH receptor antibody) 
2. 

 virus 

3. 
myelitis and in association with 

 disease 

Disea ary role in producing the 

SLE carry at least on
only one gene dose for these components are
disease  

ples of the association betwe
1. HLA-A3 Haemochromatosis 
2. HLA-B8 with 
(i) Coeliac disease 
(ii) Dermatitis he
(iii) Addison's disease 
(iv) Graves' disease 
(v) Chronic active hepatitis (auto-immune ty

3. HLA-B27 with 

(ii) Post-infective (e.g. gonococcal) a
(iii) Acute anterior uveitis 

4. HLA-DR2 with Multiple sclerosis 
5. HLA-DR3 with 

(i) 
(ii) Sjögren's syndrome
HLA-DR3/DR4 Insulin dependent diabetes 
HLA-DR4 with Rheumatoid arthritis 

genesis of auto-immune disease 

se in incidence with age.  In most cases no harmful effects can
tibodies.  Auto-immune reactions having a primary 
h: 
Humoral antibodies in 
(i) Auto-immune haemolytic anaemia (anti-RBC antibodies) 
(ii) Idiopathic thromboc
(iii) Some cases of ly
(iv) Some cases of agranulocytosis (anti-neu
(v) Hashimoto's thyroiditis 
(vi) Pernicious anaemia (an
(vii) Some cases of male infertility (anti-spermatozoa) 
(viii) Goodpas
(ix) Lens-induced end
(x) Thyrotoxicosis (stimula
Immune complexes in 
(i) SLE (anti-DNA) 
(ii) NZB mice infected with leukaemia
(iii) Aleutian mink disease 
Cell-mediated reactions in 
(i) Experimental allergic encephalo
auto-antibodies in 
(ii) Atrophic gastritis 
(iii) Hashimoto's
(iv) Auto-immune orchitis 

ses in which auto-antibodies are found but a prim



diseas
1. 

se - anti-IgG, anti-IgM antibody 

2. 
oid lupus erythematosus - antinuclear/anti-IgG 

sement membrane 
ormis - anti-reticulin 

3. 
sease - lymphocytotoxic 

Indeed the medical field of 

utrients. 

cted by this energy. The meridians that run through the body 

e has not been established include: 
Connective tissue disorders 
(i) Rheumatoid disea
(ii) Scleroderma - anti-IgG/antinuclear 
(iii) Dermatomyositis - anti-IgG/antinuclear 
(iv) SLE - lymphocytotoxic antibodies 
Skin diseases 
(i) Disc
(ii) Pemphigus - anti-intercellular cement substance 
(iii) Pemphigoid - anti-ba
(iv) Dermatitis herpetif
Alimentary system 
(i) Ulcerative colitis/Crohn's di
(ii) Primary biliary cirrhosis - anti-mitochondrial 
(iii) Chronic active hepatitis - anti-smooth muscle 
(iv) Some cases of 'cryptogenic' cirrhosis 

4. Others 
(i) Idiopathic adrenal cortical atrophy (Addison's disease) 
(ii) Sjögren's syndrome 
(iii) Multiple sclerosis 
(iv) Myasthenia gravis - anti-end-plate 
(v) Juvenile diabetes mellitus 

Meditation has been getting more attention in recent years as the understanding of 
the link between mind and body grows. 
psychoneuroimmunology demonstrates the acceptance of the power the mind has 
over the body. Sadly the epidemic levels of depression and chronic stress is taking its 
toll on people’s health. Although stress has a biological purpose the human body was 
never meant to be subjected to it constantly. Stress hormones are meant to aid the 
body in the fight or flight response and then the body is supposed to break them 
down and dispose of them. With the case of depression there is the poor nutrition 
that most people get as well as the dissatisfaction with their personal and 
professional lives. Keep in mind that the brain utilizes one fourth of available blood 
sugar as well as tremendous amounts of n

Meditation involves slowing down the constant chatter inside of a person’s mind and 
with it eliminates the physiological responses to the emotions evoked by said chatter. 
The word emotion can be considered a contraction of the words “energy in motion”. 
Emotions generate energy and that energy affects the body. Traditional Chinese 
Medicine recognizes the energy generated by emotions as well as the organs that 
produce or are affe
direct the flow of energy into and out of the organs. Through various forms of 
meditation this energy can be controlled. 

Any form of contemplative meditation teaches how to control the mind by letting 
discursive thoughts fade to the point of no longer disrupting conscious brain function. 
When the level of agitation of the mind by these thoughts diminishes a person 
becomes less distracted and functions more efficiently. Shamatha meditation or 
“peaceful abiding” of the Tibetan Buddhist tradition is one method of meditation that 
accomplishes this. 
Chi Kung is a form of meditation that takes this a step further and teaches the control 



of the energies in our body that affect the body to improve health. This form of 
editation uses visualization to direct the flow of energy along the meridians. By 
irecting the flow of energy one can not only reduce the negative effects on health 

ess this power to improve health. 
ly many Western physicians are 

luctant to accept. Ironically quantum physics has demonstrated that many 
tched. As interest in things such as yoga, 
tive arts grows so will research into the 

n. Perhaps this will help other fields of alternative 
d. 

ce to infection 
 
Resistance to infection is dependent upon: 
A. 

C. 
 
A. 
 
1. 

(i) 

2. 
dherent organisms 

, e.g. nasal turbinates 
xpulsion 

 

liva and tissue fluids 
aginal secretion 

weat 
gA in intestinal secretions 

olypeptides 
4. 

runner's glands and salivary glands facilitates epithelial regeneration 
 by sweat glands 

. Surface phagocytosis by: 
rophages 

(ii) Epithelial cells, e.g. in the bladder 
mmensal organisms in: 

(ii)
(iii)

m
d
caused by out of control emotions but actually harn
The human energy system is a concept that sad
re
alternative medical theories are not so farfe
t’ai chi ch’aun, chi kung and other medita
medical applications of meditatio
medicine become more accepte
 
 

7. Resistan

The general body defense mechanisms 
B. Innate non-specific immunity 

Acquired specific immunity 

BODY DEFENSES 

Physical barriers 
Skin 

(ii) Urothelium 
(iii) Mucous membranes of alimentary and respiratory tract 
Mechanical decontamination 
(i) Desquamation of surface cells together with a
(ii) Flushing of the urinary tract 
(iii) Anatomical trapping
(iv) Mucus trapping and e
(v) Dysfunction of cilia resulting from structural defects or an abnormal response 

to ATP may underlie some cases of: sinusitis and bronchitis
3. Antimicrobial secretions 

(i) Lysozyme (muramidase) in sweat, tears, sa
(ii) Acidity of sweat, gastric juice and v
(iii) Unsaturated fatty acids in sebum and s
(iv) Immunoglobulins, e.g. I
(v) Basic p
Growth factor secretion 
(i) EGF by B
(ii) TGFa

5
(i) Macrophages, e.g. alveolar mac

6. Competition by co
(i) Upper respiratory tract 

 Mouth 
 Lower ileum and colon 

(iv) Vagina 



(v)
 
B. 
 
1. 

(i) nerally resistant to syphilis, poliomyelitis, 
l meningitis whereas humans are immune to myxomatosis, foot 

ble to tuberculosis 
s 

The male is more prone to fatal infectious disease than the female 

 (vi  
pothyroidism 

2. Ce
(i) ages and polymorphs 
(ii) K cells, usually large granular lymphocytes 

3. 
(i) 
cel
(ii) ng 

b. Opsonisation 
c. Immune adherence 

(iii) Interferon, a non-specific anti-viral agent produced by a wide variety of cells 

' opsonin by 
 protein of pneumococci 

 
 
C. AC
 
Acquir
to the  individual mounts a cellular 

anufactures antibodies in response to an antigen, or passive 
wh med antibodies. 
1. Ac

(i) 
d organisms 

b. iomyelitis (Salk) vaccine 
cine is a live 

attenuated strain of Mycobacterium tuberculosis 

(i) Natural, transfer of antibodies of maternal origin 

 Skin 

INNATE IMMUNE MECHANISMS 

Genetic factors 
Species, e.g. animals are ge
meningococca
and mouth disease, etc. 

(ii) Race, e.g. Negroes and American Indians are more suscepti
than Caucasian

(iii) Individual (hereditary factors) 
(iv) Sex.  
(v) Age.  The very young and the elderly are more susceptible to infection 

) Hormonal status, e.g. infections are more common in diabetes mellitus,
steroid therapy, hy
llular factors 
Phagocytosis by macroph
Cytotoxicity by N

Humoral factors 
Lysozyme is an enzyme which acts on the muramic acid present in bacterial 
l walls 
 Complement.  Activation of the alternate pathway by endotoxin may bri
about several antimicrobial effects: 
a. Bacteriolysis 

d. Leucotaxis 

but particularly by cells of the RES in response to an inducer which is probably 
the nucleoprotein component of the virion.  Interferon is more important in the 
elimination of viruses in non-immune individuals than in preventing infection 

(iv) Acute phase proteins, e.g. C reactive protein acts as a natural
binding to the C

QUIRED IMMUNITY 

ed immunity implies the generation of a specific cellular or humoral response 
 infective agent.  Immunity is active where an

immune response or m
ere temporary protection is afforded by giving pre-for

tive immunity 
Natural, following previous infection 

(ii) Artificial, by administering toxoid, killed or attenuate
a. Toxoid, e.g. formaldehyde-treated exotoxin of diphtheria bacilli 

Killed organisms, e.g. typhoid vaccine, pol
c. Attenuated organisms, e.g. Bacille-Calmette-Guerin vac

2. Passive immunity 



a. Trans-placental (IgG) 

Homologous, e.g. pooled human gammaglobulin used in treatment of 
gammaglobulinaemia, etc. 

d in the horse 
 
IM
 
1. Hu

acteria to host cells 
oteins and capsules promote opsonization and phagocytosis 

by 
rs 

e 
ation via the alternate pathway by endotoxin (LPS) 

es (anti-toxins) directed against bacterial exotoxins, e.g. 

rlet fever 

) Phagocytosis by polymorphs and macrophages 
s  

a. LPS, 

b. 
(iii) T-lymphocyte response directed at bacterial stress proteins 
 
IMMU
 
1. Hu

(i) 
blo .g. poliomyelitis 

nes are 
reventing local infection, e.g. against influenzal attack on the 

(iii) ated via 

 of virus infected cells by T-lymphocytes 
(iv) Tumour necrosis factor has anti-viral effects similar to the interferons 

. Cellular factors 

a. Destruction of virus infected cells by cytotoxic T-cells 
timulation of B-lymphocytes and macrophages 

b. Intestinal absorption from colostrum and milk (IgA) 
(ii) Artificial, by the administration of immunoglobulins 

a. 
measles, hypo

b. Heterologous, e.g. tetanus anti-toxin prepare

MUNITY TO BACTERIAL INFECTION 

moral factors 
(i) Secretory IgA antibodies may prevent attachment of b
(ii) Antibodies to M pr

a. Fc recepto
b. Complement activation and C3b adherenc

(iii) Complement activ
(iv) Neutralising antibodi

antibodies against the erythrogenic exotoxin of Streptococcus pyogenes which 
gives rise to the skin changes of sca

(v) Antibodies directed against bacterial stress proteins 
(vi) Serum lysozyme 

 
2. Cellular factors 
(i
(ii) Killing mechanism

These are enhanced by 
activation by bacterial products such as 
formyl-methionyl-leucyl-phenylaianine and related peptides 
activation by cytokines such as interferon-y and TNF 

NITY TO VIRAL INFECTION 

moral factors 
Neutralising antibodies in plasma are particularly important where there is a 

od-borne phase before the virus reaches its target, e
(ii) Neutralising lgA antibodies in secretions from mucous membra

important in p
respiratory mucosa 
 Interferons.  The anti-viral effects of interferons are medi
a. Direct inhibition of viral replication 
b. Activation of NK cells and macrophages capable of destroying 
virus-infected cells 
c. Increased expression of Class I and II MHC antigens which facilitates 

recognition

2
(i) T-lymphocyte response with 

b. Cytokine s



(ii) Phagocytosis of virus by macrophages with subsequent interferon production, 
n-producing cells 

 K cells (large granular 

 
 

TOZOA AND HELMINTHS 
 
1. 
Antibodies directed against surface antigens and stress proteins 

(
(iii)
 (iv) Facilitate antibody-dependent cell cytotoxicity (ADCC) by macrophages, 

neutrophils and eosinophils 

(i) T-cell production of cylokines such as IFNg 

) Killing by polymorphs and eosinophils. (The latter are recruited by a specific 

NISTIC INFECTION 
 
Opportunistic infections are usually found in patients whose body defenses or 
immune reactivity are impaired.  The infective agents may be recognized pathogens, 
or increasingly, may be organisms of low pathogenicity often derived from the host 
flor
Organisms of low pathogenicity or uncommon pathogens which are found in 
op  
 
. Fungi 

lbicans 
ans 

 
Aspergillus fumigatus 

etes 

 
. Bacteria 

 
Atypical mycobacteria 

seminated infection 

or transfer of the inducer to other interfero
(iii) Antibody dependent cell mediated cytotoxicity by

lymphocytes) 

IMMUNITY TO PRO

Humoral factors 

(i) Lead to complement activation and lysis 
ii) Block invasion of host cells by blood-borne parasites 

 Enhance phagocytosis by Fc and C3b mechanisms 

2. Cellular factors 

(ii) Macrophage proliferation leading to granuloma formation.  This may 'wall off' 
the parasites 

(iii) Secretion of soluble 'killing' factors by macrophages 
(iv

eosinophil stimulation promotor secreted by T-lymphocytes) 
 
 
OPPORTU

a. 

portunistic infections include:

1
Candida a
Cryptococcus neoform
Histoplasma capsulatum

Phycomyc
Mucor 
Rhizopus 
Absidia 

2
Nocardia asteroides 

 
2. Viruses  

Cytomegalovirus 
Varicella - herpes zoster    Dis



Measles 
ccinia Va

 

 

1. Disturbance of physical body defenses 
. infection by bacteroides, staphylococci 

(iii) Foreign bodies including urinary and intravascular catheters - Gram-negative 

3. eatment 
(i) Corticosteroids 

 
. Disorders of neutrophils  

5. humoral immunity, as in chronic lymphatic leukaemia or multiple 
myeloma: pyogenic cocci, Gram-negative bacilli, Listeria monocytogenes, 

 
. Deficient cellular immunity, as in AIDS and Hodgkin's disease, 

pical mycobacteria (M. avium-intracellulare), fungi, viral 

cientific 
otions and spirit affect our health, some physicians 

ion. This despite the fact that in 1975, Dr. Robert Ader, 

4. Pneumocystis carinii 

Predisposing factors are: 

(i) Surgery, e.g
(ii) Trauma, e.g. staphylococci 

bacilli, fungi 
(iv) Burns - Pseudomonas 

2. Alteration of flora by antimicrobial drugs, especially of the vagina and alimentary 
tract, e.g. Candidiasis, Clostridium difficile 

Immunosuppressive tr

(ii) Irradiation 
(iii) Chemotherapy various organisms, especially Gram-negative bacilli 

4
Staphylococci, streptococci, Gram-negative bacilli, fungi 
Deficient 

Pneumocystis carinii 

6
Pneumocystis carinii, aty
infections especially cytomegalovirus 

 
7. Immunodeficiency of mixed type - viral infections, Pneumocystis carinii, Candida 

albicans 
 
8. Post-splenectomy - Streptococcus pneumoniae, Neisseria meningitides, 

Haemophilus influenzae 
 
Psychoneuroimmunology 
In the 6th Century B.C. Hippocrates wrote that "For this is the great error of our day 
that the physicians separate the soul from the body." Today, despite s
advances showing how our em
refuse to make the connect
Director of the Division of Behavioral and Psychosocial Medicine at the University of 
Rochester in New York, first reported that our immune system, nervous system, and 
endocrine system work together, each system influencing the other systems. The 
study of these complex interactions was originally termed psychoneuroimmunology 
or PNI although today it is more commonly referred to as the mind-body connection. 
By 1980, the early studies of Ader were reproduced and confirmed by researchers at 
Harvard University, and today PNI is taught at most leading medical schools. 

Immune System Influences 



The early studies of Dr. Ader showed that the immune system can be conditioned. In 
one early experiment consisted of feeding mice with saccharin while simultaneously 
injecting a second drug that caused upset stomach. By association, the mice learned 
to avoid the saccharin. An additional side effect of the drug used was that it 
suppressed the immune system. When the experiment was repeated without the 
drug to reverse the aversion Dr. Ader found a high proportion of the mice formally 
injected died when receiving saccharin alone because of immune suppression. 

Dr. Ader hypothesized that the conditioning had been so successful that saccharin 

erpreted by the body, and, in response, the person experiences 

the immune system and the implications of these linkages for 

dications consistently petted the rabbits 

n trigger of autoimmune disease. The flares and exacerbations 
at are characteristic of autoimmune disorders correspond to periods of heightened 

tress. In studies of patients with Graves' disease, the stress associated with 
ereavement is a significant disease trigger. 
andace Pert, in her book on the mind-body connection explains how hormones 

our emotions, and both hormonal and 
fluence immune function. In her work on 

pecific emotions induce specific disease 

alone suppressed the immune system enough to kill the mice. It is possible then, that 
when there is stress on the organism, mental or physical, that there is a 
corresponding link between the two systems. That is, if a person is depressed, this 
state can be int
lethargy and other corresponding ailments. Conversely, if the body is diagnosed as 
ailing from a serious disease, for instance multiple sclerosis, a negative mental state 
may ensue. By conditioning the immune system behaves accordingly. Providing the 
patient with some feeling of control over their circumstances may create a positive 
outlook and attitude. 

Psychoneuroimmunology then is the scientific field of study investigating the link 
between bi-directional communications among the nervous system, the endocrine 
(hormone) system, and 
physical health. 

In similar studies at Harvard University, Dr. Joan Borysenko described a study on 
rabbits that were treated with a potent cancer-inducing agent. Although all of the 
rabbits in the upper cages developed the expected cancer, the rabbits in the lower 
cages remained free of cancer. Upon investigating, the researchers learned that the 
laboratory assistant who administered the me
in the lower cages since they were easier to reach. Their emotional well being 
caused their immune system to fight the effects of the administered medication, and 
they remained healthy. 

Stress and Emotions in Autoimmune Disease 

Stress is a well-know
th
s
b
C
produced during times of stress affect 
emotional changes produce peptides that in

etaphysics, Louise Hay explained how sM
states and how disease states can be reversed through changes in attitude that 
influence emotions. 
 
 
 
 
 



8. Immune deficiency 
 
The proper functioning of the immune system depends upon the integrity of the 
thymus, the bone marrow, and the lymphoid tissues, together with normal function of 

lymorphs, monocytes, and the complement system.  Immune deficiencies can 
ult from a congenital defect in any of these components (primary 
unodeficiency) or may arise as a consequence of some other disease. 

po
res
imm

Y 
 
In vie
immun
 
1. Co obulinaemia).  This is an X-linked 

dis characterized by an almost complete absence of 
imm dividuals are particularly prone to 
ba bronchitis, pneumonia, otitis media 

2. 
(i) 

ne to intestinal giardiasis 
ficiency include: 

(ii)
aracterized by low IgM levels associated 

(iii)

t varying patterns of immunoglobulin 
red.  Most patients have low IgG and variable degrees 

dim
ma

toimmune diseases, notably 

 

 
PRIMARY IMMUNODEFICIENC

w of the complex interactions between T- and B-lymphocytes, division of 
odeficiency into 'pure T-cell' and 'pure immunoglobulin' deficiencies is artificial. 

ngenital sex-linked (Bruton's agammagl
ease confined to males and is 

nu oglobulins from the serum.  Affected in
rent cterial infections and suffer from recur

and skin infections. 
Dysgammaglobulinaemia 

Selective IgA deficiency 
Patients exhibit a wide range of clinical manifestations.  Some are 
asymptomatic whilst others suffer repeated respiratory and intestinal infections, 
being particularly pro
Associations with IgA de
a. Atopic reactions 
b. Malabsorption syndrome 
c. Intestinal nodular lymphoid hyperplasia 
d. Auto-immune haemolytic anaemia 

me  Wiskott-Aldrich syndro
An X-linked or sporadic disorder ch
with: 
a. Recurrent infections especially with Streptococcus pneumoniae and H. 
influenzae 
b. Atopic eczema 
c. Thrombocytopenia 
 Ataxia-telangiectasia syndrome 
A sex-linked disorder in which there is extremely low or absent IgA and 
occasional reduction in IgE or IgG.  Patients exhibit: 
a. Recurrent respiratory tract infections 
b. Cerebellar ataxia 
c. Oculo-cutaneous telangiectasia 

(iv) Common variable hypogammaglobulinaemia (CVH) Probably represents 
se entities in thaseveral different disea

encountedeficiency are 
of IgA and IgM deficiency.  About 1/3 have reduced T-cells and show 

inished delayed hypersensitivity skin-tests.  The most common clinical 
nifestations are recurrent sinusitis, bronchiectasis, and pneumonias.  

nts also have a high prevalence of auThese patie
pernicious anaemia, haemolytic anaemia, and rheumatoid arthritis. 



3. Defects in thymic development 

(ii)

nd 4th bronchial arches leads to thymic 

 T-cell numbers 

 (under-development) leads to varying degrees of T-cell 

unodeficiency disease (SCID) The thymic and lymphoid 
and B-cell 

numbers.  SCID is thought to be due to enzyme defects in purine metabolism 
which are inherited as autosomal recessives. 

. Chronic muco-cutaneous candidiasis 
ida (and other) infections, patients frequently have an 

tes mellitus 

(iv) Gonadal dysgenesis 
ymphocyte, polymorph, and monocyte function. 

 
Limite
This i
pathog

(i) ononucleosis (Duncan disease) 
ty to H. influenzae epiglottitis 

 
Comp
Genet
descri

(i) 
 associated 

me with facial rashes, nephritis and arthritis.  HLA 

(ii) 
s from these components are of fundamental 

 to recurrent 
bacterial infections.  Depletion of C3 could also stem from a deficiency in C3 

in continuous fluid-phase activation 
unavailable for the normal complement pathway 

efects 

 Deficiency of these factors 

(i) Cellular immunodeficiency with immunoglobulins (Nezeloff syndrome) - results 
from isolated thymic aplasia (agenesis) 
 DiGeorge's syndrome 
a. Complete 

Maldevelopment of the 3rd a
aplasia, absence of the parathyroids, and abnormalities of the aortic arch.  
There is a marked reduction in

b. Partial 
Thymic hypoplasia
deficiency 

(iii) Severe combined imm
tissues are under-developed and there is a marked reduction in T- 

4
In addition to repeated cand
associated endocrine disorder such as 

(i) Diabe
(ii) Pernicious anaemia 
(iii) Addison's disease 

There are defects in T-l
 
 

d immunodeficiency 
mplies susceptibility to only a single pathogen or only a narrow range of 
ens. 
Fatal infectious m

(ii) Unusual susceptibili

lement deficiency 
ic deficiencies of virtually all the complement components have been 
bed.  Those associated with systemic disease include: 
C1, C2 and C4 defects 
Abnormalities in the initial stages of the complement cascade are
with an SLE-like syndro
control of immune responses and complement synthesis probably underlies 
this association 
C3 and C5 defects 
As the cleavage product
importance in polymorph and monocyte chemotaxis (C3a, C5a) and in immune 
adherence (C3b), it is to be expected that deficiencies lead

inactivator, as the latter deficiency results 
of C3 rendering it 

(iii) C6, C7 and C8 d
The final components of the complement pathway appear to be of particular 
importance in the clearance of Neisseria. 



predisposes to disseminated infection with N. gonorrhoea and N.  

Recurrent infections may arise from a failure to generate opsonins through the 
ly a result of Factor B deficiency 

. Monocyte defects 
diseases causing abnormal polymorph function also affect monocytes.  

 

IENCY 

munodeficiency is the acquired 

bisexual males 

3.  recipients, e.g. haemophiliacs 
uals 

In e above high-risk 
y sexual contact, parenteral administration or 

 
lymphocytes seen in AIDS means that patients are unable to mount antibody 
respon ns and exhibit a marked reduction in cytokine synthesis 
which in and haemopoietic growth and 
differentia mune function are: 
1. Lym
2. d T-cell function results in opportunistic infection and increases 

susceptibility to neoplasms 
3. Po ives rise to 

hypergammaglobulinaemia and circulating immune complexes 
4. crophage function 
These defects in immune reactivity give rise to the following opportunistic infections: 

1. 

m-intracellulare 
. tuberculosis 

2. 
 

meningitides 
(iv) Alternate pathway defects 

alternate pathway.  This is usual
 
Defects in polymorph and monocyte function 
1. Polymorph defects  
2
Many 
Defective monocyte chemotaxis is also a feature of: 

(i) Chronic muco-cutaneous candidiasis 
(ii) Hyper-IgE syndrome 
(iii) Associated with various malignancies

 
SECONDARY IMMUNODEFIC
 
The most notable example of secondary im
immunodeficiency syndrome (AIDS) 
 
AIDS 
AIDS results from infection by the human immunodeficiency virus (HIV), a retrovirus 
which binds to CD4+ (helper) T-lymphocytes and exerts cytopathic effects on them 
leading to profound depletion.  The disease is of world-wide distribution and in the 
US and Europe is seen in the following groups: 
1. Homosexual or 
2. Intravenous drug abusers 

Blood and blood component
4. Heterosexual contacts of infected individ

Africa heterosexual spread is paramount.  As implied by th
groups, transmission of HIV is b
vertically from infected mothers to their offspring.  The striking depletion of T-helper

ses to new antige
 turn affects macrophage function 
tion.  The major disturbances of im

phopenia 
Decrease

lyclonal B-cell activation g

Impaired ma

Bacterial 
(i) Mycobacterial 

a. Atypical e.g. M. aviu
b. Disseminated M

(ii) Salmonellosis 
Viral 
(i) Cytomegalovirus



(ii) Herpes simplex virus 
(iii) Varicella zoster virus 

3. Fungal 
(i) Candidiasis 
(ii) Cryptococcosis 

sis 

AIDS patients also develop an unusual pattern of malignant disease. 
1. a - a multicentric neoplasm of vasoformative cells which follows 

2. -cell lymphoma resembling Burkitt's lymphoma. 
3. isease. 
4. . 
Other causes of secondary immunodeficiency are: 
1. munoglobulins 

ing enteropathy 

2. immune system by 

uch as measles 
(iv) Leprosy 

 

3. 

Predominantly T-cell deficiency in: 
 

Deficiency of normal immunoglobulins in: 
(ii) a 
(iii) Waldenström's macroglobulinaemia 

(iii) Histoplasmo
4. Protozoal and helminthic 

(i) Cryptosporidiosis 
(ii) Pneumocystis carinii 
(iii) Toxoplasmosis 
(iv) Strongyloidosis 

Kaposi's sarcom
an aggressive clinical course. 
High-grade B
Hodgkin's d
CNS lymphomas

Excessive loss of im
(i) Protein los
(ii) Nephrotic syndrome 
Depression of the 
(i) Old age 
(ii) Malnutrition 
(iii) Virus infections s

(v) Malaria
(vi) Sarcoidosis 
(vii) Surgery 
(viii) Endotoxaemia 
(ix) Uraemia 
Immunosuppression by 
(i) Radiotherapy 
(ii) Corticosteroids 
(iii) Cytotoxic drugs 
(iv) Antimetabolites 

 
4. Neoplasia 

(i) Hodgkin's disease

 Multiple myelom

Mixed deficiency in: 
(iv) Non-Hodgkin's lymphoma 
(v) Chronic lymphocytic leukaemia 

5. Loss of splenic function 
Results in diminished clearance of particulate antigens and impaired production of 
IgM antibodies 

(i) Spienectomy 



(ii) Spienic atrophy 
a. Coeliac disease 
b. 'Idiopathic' 

 
Psychoneuroimmunology is defined as the study of behaviorally associated 
changes in immunity and immunologically associated changes in behavior that result 
from the interaction among the nervous, endocrine, and immune systems (1,2). The 

 area of some controversy, the impact of 

o 

ity response? Can the 
chemical sensitizer itself, provide both unconditioned and conditioned stimuli?  

ocial changes 
implicated in the development of MCS? If so, could psychological/behavioral 

, stress) 

S?  

• What do chemical initiators of MCS and initiators of MCS such as a car 
ctor is more important in the 
ssociated with the traumatic 

event, and/or the stressful experience associated with the event? Can a 

charge to this working group was to develop experimental protocols with which to 
investigate multiple chemical sensitivity (MCS) from the heretofore unconsidered 
perspective of psychoneuroimmunology. Given that the involvement of the immune 
system in MCS is still an
psychoneuroimmunological processes on the onset, development, and clinical course 
of MCS is problematic. Thus, the group also considered a reasonable area of 
scientific inquiry to be the possible influences on immunity of the stress associated 
with MCS as a chronic disability (3).  

Questions Relevant to the Relationship between Exposure and 
Symptoms in Chemical Sensitivities 
During its deliberations, the group raised the following six related sets of questions 
whose answers could reveal a relationship among behavioral stimuli, neural-immune 
system interactions, and MCS.  

• In situations in which a sensitizing chemical may be immunomodulatory, d
environmental cues temporally associated with the sensitizing exposure serve 
as conditioned stimuli (4)? If so, can such cues, with or without subthreshold 
amounts of the chemical, elicit a chemical sensitiv

• Are there significant immunological, neuroendocrine, and psychosocial 
deviations from normalcy shortly before, at the time of, or consequent to, the 
development of MCS symptomatology? If physiological changes are noted 
consequent to psychosocial changes, are those psychos

intervention be of therapeutic value, at least in some subset of patients (3)?  

• What is the interval between the initiating event and the development of early 
symptoms of MCS? What is the interval between the initial trigger and the 
so-called increase in sensitivities to diverse stimulants?  

• Is the duration of these intervals related to psychosocial factors (e.g.
or to personality/sex/health status (e.g., allergic status, autoimmunity or 
autoimmune predisposition) of the subject, or the chemical nature of the 
initiator? Do events perceived as stressful in the recent or past history of the 
individual play roles in the onset and/or progression of MC

accident or childbirth have in common? Which fa
traumatic initiation: the exposure to chemicals a

stressor precipitate MCS in a chemically sensitized individual who is not 



displaying overt symptoms of MCS at the time of stressor exposure?  
Why is there variability in the development and severity of MCS? Is there any 
relationship between major histocompatibility complex phenotype and MCS? Is there 
a detectable humoral or cellular immune response to the initiating chemical? Is an 
immune response causal or the result of the MCS process(es)?  
 
 

9. Granulomatous diseases 
e finding of granulomas 

f circumscribed collections of modified (epithelioid) macrophages, 
unaltered macrophages and lymphocytes. 
Epithelioid cells show reduced phagocytosis but exhibit a prominent endoplasmic 
reticulum and Golgi apparatus in keeping with enhanced secretary activity.  The 
presence of non-degradable material and/or a T-cell response involving the 
production of INF-g, interleukin-1 and interieukin-4 is thought to be essential for 
granuloma formation. 

MA RANULOMAS 
 
Dis ranuloma formation include: 
1. 

sis 

l mycobacterial infection 

ase 

mosis 
osis 

s 
3. 

. Protozoal 
(i) Leishmaniasis 

sis 
. Chlamydia - lymphogranuloma venereum 

 
(ii) Berylliosis 

7. 

 

 

 
Chronic inflammatory conditions characterized by th
composed o

 
JOR CAUSES OF G

eases characterized by g
Bacterial 
(i) Tuberculo
(ii) Leprosy 
(iii) Atypica
(iv) Syphilis 
(v) Cat scratch dise
(vi) Yersiniosis 

2. Fungal 
(i) Histoplas
(ii) Cryptococc
(iii) Coccidioidomycosis 
(iv) Blastomycosi
Helminthic 
(i) Schistosomiasis 

4

(ii) Toxoplasmo
5
6. Inorganic material 

(i) Silicosis

Idiopathic 
(i) Sarcoidosis 
(ii) Crohn's disease 
(iii) Primary biliary cirrhosis

 



TU
 
An ition caused by Mycobacterium tuberculosis.  Five varieties are 
rec
 

2. Bovine 3. Asian 
 Africa) 

      

6. M. avium-intracellulare 
ulosis 

ute 

 

es to the formation of a circumscribed cellular 

gla olved 

In the majority of cases, infection is by inhalation and the Primary focus is usually 

of 

ter

he body's response to M. tuberculosis passes through the following stages: 
sponse with exudation of polymorphs 

ally sensitized T-lymphocytes which 

. Some macrophages fuse to form Langhans giant cells characterized by a 
hoe' arrangement of nuclei 

 

BERCULOSIS 

 infective cond
ognized: 

1. Human, 'classical'type 

4. African I (West
5. African II (East Africa) 

Other potentially pathogenic mycobacteria include: 
1. M. man .num 
2. M. ulcerans I   
3. M. kansasii 
4. M. scrofulaceum 
5. M. xenopi 

7. M. paratuberc
These are referred to as atypical, anonymous or opportunist mycobacteria. 
 
Routes of infection 
1. Inhalation - pulmonary infection, the most common ro
2. Ingestion - tonsillar or small intestinal infection (now uncommon as bovine 
tuberculosis is eradicated in developed countries) 
3. Congenital (rare) 

(i) Blood spread via the placenta 
(ii) Ingestion of infected amniotic fluid 

4. Skin inoculation (very rare)
 
Primary infection 
Initial infection leads in most cas
reaction (the primary focus) and lymphatic spread of organisms to the regional lymph 

nds where a similar response develops.  The primary focus and the inv
regional glands are referred to as the primary complex. 

found in a mid-zonal, sub-pleural situation (Ghon focus) with associated involvement 
hilar lymph glands. 

The fully-developed lesion has a characteristic microscopic appearance and is 
med a 'tubercle' or tuberculous follicle. 

Development of the tubercle 
T
1. A short-lived acute inflammatory re
2. Accumulation of macrophages 
3. Infiltration of surrounding tissue by specific

secrete lymphokines including macrophage activating and cytotoxic factors 
4. Phagocytosis of tubercle bacilli followed by development of lepithelioid' features to 

form a granuloma 
5

peripheral 'horse-s
6. Necrosis of the central zone with formation of structureless, finely-granular,

eosinophilic material - caseous necrosis 



7. Fibroblastic proliferation around the periphery with increasing collagenisation 
 
Th berculosis 
Re
ag
Ce
pro
de
 

1. 
. Accumulation of sensitized T-lymphocytes and cytokine synthesis.  The cytokines 

acute inflammation, as seen at the site of tuberculin injection in a 

y and TNF which draw monocytes (macrophages) into 
 and inhibit their further migration, activate the macrophages and 

enhance intracellular killing of mycobacteria 
ring about destruction of macrophages and host 

rosis).  Necrosis may be increased by ischaemia towards the 

3. proliferation is probably enhanced in immune patients by virtue of 
interleukin-1 production by activated macrophages 

 
The course of the disease 
Th

2. 
3. Inf
 
Effects of the primary complex 
1. 

 most cases there are no signs of ill-health; a few patients have: 

r 

b. Obstructive emphysema 

 glands - disfiguring swelling in the neck 

Th
Wi imary infections the development of specific cellular 
immunity is followed by progressive healing of the lesion. 
1. s may never be completed) 
2. d slow removal of caseous material by macrophage activity 

e host response to tu
sistance to tuberculosis varies between races and is modified by 
e, sex, hereditary and environmental factors. 
ll-mediated immunity is of far greater importance than humoral immunity in 
tection and takes the form of a hypersensitivity response to tuberculoproteins 

rived from the bacillus, a form of bacterial anergy. 

Immune responses 
Macrophage phagocytosis and 'processing' 

2
include: 

(i) Mediators of 
positive Mantoux test 
(ii) Interieukins, interferon-
the infected area

(iii) Cytotoxic factors which b
tissue (caseous nec
centre of the tubercle 
Fibroblastic 
increased 

is is dictated by: 
1. Degree of resistance of the host 

Virulence of the organism 
ecting dose 

Systemic features 
In

(i) Malaise 
(ii) Feve
(iii) Erythema nodosum 
(iv) Raised ESR 
(v) Lymphocytosis 

2. Local effects resulting from lymph gland enlargement 
(i) Peribronchial glands - lymph node compression syndrome 

a. Lung collapse 

c. Bronchiectasis 
(ii) Cervical

 
e fate of the primary complex 
th most pr

Gradual destruction of the bacilli (thi
Progressive fibrosis an



3.  collagenised scar tissue 

dir

ult of: 
(i) Old age 

muno-suppressive treatment 
es mellitus 

(v) s silicosis 
2. Re  rendered hypersensitive by previous 

infection but whose overall level of immunity is inadequate 
Post-primary, like primary, infection is usually seen in the lung but the lesion is 
typica
of ensitisation and the lesion may produce a large cavity, erode into a 

bronchopneumonia may ensue, but progressive fibrocaseous destruction is more 

 
Sp
1. 

ia 

(ii)

'co
2. Lym

un
3. Blo

Organisms gain access to the circulation by: 
nections, e.g. thoracic duct 

ary focus into a vein 

Two main patterns of blood spread are seen: 
(i) Widespread dissemination - miliary tuberculosis, to liver, spleen, kidneys, 

, prostate, seminal vesicles, endometrium, 
pian tubes and meninges 

ent - implies that organisms carried to other sites are 
ses in an isolated organ.  This may take many 

nt by which time the pulmonary (or other) 
e healing by fibrosis and be difficult to 

mes 
4. 

lcers in the larynx 

Calcification of persistent caseous debris or of the heavily
Where the level of innate, and later specific, immunity is poor the lesion may spread 

ectly, or through lymphatics, or through the blood stream. 
 
Post-primary (aduft or re-infection) tuberculosis 
Pathogenesis 
1. Activation of endogenous bacilli from a dormant primary lesion.  The bacilli 

multiply when host general or local immunity deteriorates as a res

(ii) Malnutrition 
(iii) Im
(iv) Diabet

Coincidental fibrosing lung diseases such a
-infection by exogenous bacilli in a patient

lly apical (Assmann focus).  There is early caseation and liquefaction because 
previous s

bronchus, and discharge infected necrotic material.  Tuberculous 

usual. 

read of tuberculosis 
Direct 
(i)   Lung 

a. Acute tuberculous bronchopneumon
b. Fibrocaseous pulmonary tuberculosis 
c. Tuberculous empyema 

 Elsewhere 
Coalescence of caseous foci and liquefaction gives rise to a so-called 
ld-abscess' 

phatic spread to regional lymph glands is invariable in primary infection, 
common in post-primary 
od spread 

(i) Lymphatic con
(ii) Rupture of a primary or post-prim
(iii) Erosion of a blood vessel in an involved lymph gland 

lungs, bone-marrow, adrenals
fallo

(ii) Single-organ involvem
destroyed and infection progres
years to become clinically appare
source of infection may have undergon
identify.  Common sites are meninges, kidneys, bone, fallopian tubes and 
epididy

Infected sputum 
(i) Tuberculous u



(ii) Ulcers in the small intestine (tuberculous enteritis) resulting from the 

Or
1. 

(i) 
(ii)  

rculosis 
lus 

2. Ali
 (rare) 

s enteritis 
3. 

 plexus 
 of a Rich's focus 

ocephalus as a result of blockage of 
. 

 cord may arise by extension of vertebral infection. 
 from endarteritis obliterans 

abscess (tuberculoma) which may develop in areas of cortical 

4. 
r first) 

c and uretero-vesical junctions 
(iv) Tuberculous 'pyonephrosis' 

ymis 
tal tract 

                       

(iii)
(iv)

6. 
(i) near the epiphyseal line 
(
(iii)

e leads to pathological fractures and vertebral collapse 

the spine) 

asionally complicated by 

swallowing of infected sputum 
 

gan involvement in tuberculosis 
Lungs 

Primary (Ghon) focus 
Post-primary (Assmann) focus

(iii) Tuberculous bronchopneumonia 
(iv) Fibrocaseous pulmonary tube
(v) Cavitation (may become super-infected by moulds such as Aspergil
species) 
(vi) Miliary lesions 

mentary tract 
(i) Primary focus
(ii) Post-primary focus tuberculou
Central nervous system 
(i) Small cortical lesion (Rich's focus) 
(ii) Leptomeningitis arising from 

a. Direct haematogenous involvement of the choroid
b. Rupture

Healed meningitis may give rise to hydr
foramina by organised exudate
Pachymeningitis around the
(iii) Ischaemic lesions resulting
 (iv) Tuberculous 

ischaemic necrosis 
Urinary system 
(i) Cortical lesions (appea
(ii) Tubular spread to involve pyramids and calyces - tuberculous pyelonephritis 
(iii) Strictures at uretero-pelvi

(v) Spread to ureters, bladder, prostate and epidid
5. Geni

(i) Tuberculous salpingitis    
(ii) Tuberculous endometritis 

 Tuberculous prostatitis 
 Tuberculous epididymitis 

Skeletal system 
Early lesions 

ii) Destruction of cartilage and disc erosion 
 Synovitis and arthritis 

(iii) Destruction of bon
(Pott's  
disease of 

(v) Spread along fascial planes (psoas abscess) 
7. Skin 

(i) Primary lesion (very rare) 
(ii) Lupus vulgarism Most common on the face and neck, and may result in 

extensive tissue destruction and scarring.  It is occ
the development of squamous carcinoma 



(iii)

tic tuberculide - probably represents an extreme hypersensitivity 

thema induratum I hypersensitivity reaction 
8. 
Tu exudative response characterized by an 
outpouring of protein-rich fluid containing large numbers of lymphocytes. 

(i) Tuberculous pleurisy which may become an empyema 
culous pericarditis may be followed by marked fibrosis and calcification 

producing constrictive pericarditis and cardiac failure 
th 

intestinal tuberculosis or salpingitis, or be generalized.  This is a possible 
f laparotomy 

son's disease) 

(i) Tubercles of the choroid in miliary spread 
tivitis 

LE
 
A chronic inflammatory disease of low infectivity caused by Mycobacterium leprae. 
 
Route
1. ion 
2. Th
When  indeterminate macule.  
Therea
 
A. Lep
This occurs in patients who have low cell-mediated immunity because of an 
increa  Widespread infection ensues: 

1. 

kening, e.g. leonine facies 

On
tes 

cted dermis 
mbers within histiocytes.  These can be 

monstrated using the Ziehi-Neelsen method without acid differentiation 
-laden histiocytes containing clumped degenerate bacilli 

2. olvement 
mic necrosis 

ressive fibrosis 

 Scrofuloderma.  Involvement of the skin by direct extension from an 
underlying lymph gland 

(iv) Papulo-necro
reaction   to infection elsewhere in the body 

(v) Erythema nodosum 
(vi) Ery

Serous cavities 
berculosis of serous linings produces an 

(ii) Tuber

 (iii) Tuberculous peritonitis may be a localized involvement associated wi

complication o
9. Endocrine glands 

(i) Tuberculosis of the adrenals (Addi
(ii) Tuberculous abscesses in the thyroid (rare) 

10. Eyes 

(ii) Phlyctenular conjunc
(iii) Iridocyclitis 

 
PROSY 

 of infection 
By inhalation of droplet infect

rough intact skin by direct contact 
 infection develops in the skin, the initial lesion is the
fter two major clinical forms may develop. 

romatous leprosy 

sed proportion of suppressor T-cells. 
Skin involvement 
(i) Papules 
(ii) Nodules covered by greasy skin 
(iii) Diffuse thic
(iv) Loss of hair 
 histology the skin shows 
(i) Dermal infiltrates rich in histiocy
(ii) Clear area between epidermis and affe
(iii) M. leprae in large nu

de
(iv) Globi- enlarged, fat
Nerve inv
(i) Oedema and ischae
(ii) Prog



(iii) Peripheral neuritis which is symmetrical 
(iv) Anaesthesia may lead to neuropathic arthropathy (Charcot's joints) and 

3. 

(ii) Ulceration of the nasal septum 
tenosis of the larynx 

 keratitis 

ion 
6. 

mastia 
7. 

onia, tuberculosis 
ing infection of bone marrow 

c glomerulonephritis or amyloidosis 
 
B. 
Th creased 

 nerves. 
1. Skin lesions 

Scattered hypopigmented, anaesthetic areas showing anhidrosis 
2. Nerve involvement 

(i) Destruction by granulomas 
by fibrosis with consequent thickening 

(iii) Anaesthesia, muscle wasting 

osis. 

DOSIS 

Th erized by widespread 
gra tions.  It appears to be more 

us viral and mycobacterial infection in which case viral infection is 
sponsible for the observed T-cell depression and mycobacteria exert a stimulant 

ffect on B-lymphocyte function, but this is speculation. 

trophic ulcers 
Mucous membranes 
(i) Nasal blockages and epistaxis 

(iii) Ulceration and s
4. Mouth - loss of upper incisors 
5. Eyes 

(i) Punctate
(ii) Iritis 
(iii) Corneal ulcerat

Testes 
Testicular atrophy leading to sterility and gynaeco
Death may result from 
(i) Respiratory infection; pneum
(ii) Septicaemia from chronic osteomyelitis follow
(iii) Renal failure due to chroni

Tuberculoid leprosy 
is develops when there is a high cell-mediated immunity because of in

numbers of helper T-cells.  The infection is limited to skin and

(ii) Repair 

 On histology these lesions show 
(i) A mass of lymphocytes and epithelioid cells 
(ii) Langhans-type giant cells 
(iii) Very few organisms 

(iv) Skin involvement extending through the dermis and epidermis in continuity 
(v) Caseous necrosis, sometimes within nerve lesions but not in the skin 

Many of these features resemble those found in tubercul
 
 
 
 
SARCOI
 

is is a generalized disease of unknown aetiology charact
nuloma formation and protean clinical manifesta

common in communities which have recently eradicated tuberculosis and leprosy, but 
no definite link with these diseases has been established.  Sarcoidosis may result 
from simultaneo
re
e
 



Immunological findings 
The granulomas contain variable proportions of CD4+ helper cells and CD8+ 

malities 
inc
1. 

(i) ifest by a negative Mantoux) 

ced by increased circulating antibodies to a 
luded EB virus, herpes simplex, rubella, measles, and 

 

his consists of: 

 mainly Langhans but also of foreign-body type 
 giant-cells (and occasionally in epithelioid cells) 

nd-stage phagosomes 
mann bodies - laminated, basophilic conchoidal bodies which when 
ecome extracellular 

clusions 
4. s 

6. ncommon and mild in degree.  The reticulin framework is 
hereas in caseation it is usually destroyed 

 

 
Sa ) 

. Foreign-body reactions 
gical glove powder) 

c  

tubes) 

2. 

rteritis 
3. ctly involved by neoplasm (e.g. liver/spleen) 
4. 

(i) 

5. Dru ylbutazone 
 
Organ

 

radiating from the hilum 
hich may progress to 'honeycomb lung' 

cytotoxic-suppressor T-lymphocytes.  Generalized immunological abnor
lude: 
Depressed T-cell functions as shown by 

Cutaneous anergy (as man
(ii) Diminished response to non-specific mitogens 

2. Exaggerated B-cell function as eviden
wide variety of antigens inc
parainfluenzae 

 
The sarcold granuloma 
T
1. A well circumscribed collection of epithelioid macrophages 
2. Giant-cells,
3. Inclusion bodies found in

(i) Residual bodies about 1 Jim in diameter which are e
(ii) Schau

large b
(iii) Asteroid bodies - small star-shaped retractile in
An outer narrow zone of lymphocyte

5. A collar of fibrous tissue 
Central necrosis is u
preserved w

These appearances although suggestive of sarcoidosis are not specific and may be
found in many other conditions. 

rcoid-like granulomata may be found in all granulomatous diseases (see p. 100
together with: 
1

(i) Corn-starch grains (used in sur
(ii) Tal
(iii) Silica 
(iv) Beryllium (formerly used in fluorescent 
(v) Zirconium (used in deodorants) 
Hypersensitivity reactions 
(i) Allergic alveolitis 
(ii)  A
Hodgkin's disease in tissues not dire
'Local' sarcoid reactions in lymph glands 

Draining a wide variety of tumours 
(ii) In association with chronic cholecystitis (Cholegranulomatous lymphadenitis) 

g reactions, e.g. liver granulomata with phen

 involvement in sarcoidosis 
1. Lungs

(i) Widespread 'miliary' lesions 
(ii) Linear fibrosis 
(iii) Diffuse fibrosis w



(iv) Collapse secondary to bronchial obstruction (rare) 

ound principally on 
per back 

ther than 

d on the face, ears and fingers 

 ciliary body 

icca 
5. ment and loss of secretion.  Sarcoidosis is 

sec
by uveitis and pyrexia - uveoparotid fever (Heerfordt's syndrome) 

rely of clinical significance 
. Spleen.  Sarcoidosis is a rare cause of mild to moderate splenomegaly 

sions in the phalanges of the feet and hands 

l nervous system (uncommon) 

(iii) Transverse myelitis 
ifocal leucoencephalopathy 

2. Kidneys mainly involved by nephrocalcinosis consequent upon hypercalcaemia 

pathy. 

istological diagnosis 
 intradermal in . ection of saline suspension of a 

sarcoid granuloma on 

 glands, skin or even 

 

Sy
con ntact.  The agent responsible is the 
pirochaete Treponema pallidum. 

2. Lymph glands.  Hilar gland involvement is common 
3. Skin 

(i) Erythema nodosum is common 
(ii) Boeck's sarcoid - purple/red papules, nodules or plaques f

the face, as well as on the extensor surfaces of the arms and up
 (iii) Darier-Roussy sarcoid - where the lesions are subcutaneous ra

intracutaneous  and are found on the trunk 
(iv) Lupus pernio - characterized by indurated, erythematous bluish-red macules 

and plaques foun
4. Eyes 

(i) Uveitis - inflammation of the iris and
(ii) Conjunctivitis 
(iii) Retinal lesions 
(iv) Keratoconjunctivitis s
Salivary glands resulting in enlarge

one of the many causes of Mikuliczs syndrome (bilateral enlargement and loss of 
retion in salivary and lachrymal glands).  Involvement is sometimes accompanied 

6. Liver involvement, whilst common, is ra
7
8. Bone.  Small cystic le
9. Heart.  Myocardial granulomata and fibre atrophy may lead to heart failure or 

conduction defects 
10. Pituitary and hypothalamus.  Sarcoidosis is a rare cause of diabetes insipidus 
11. Centra

(i) Meningoencephalitis 
(ii) Peripheral neuropathy 

(iv) Mult
1

and hypercalciuria which result from vitamin D sensitivity with increased uptake of 
calcium from the gut 

13.  Skeletal muscle - sarcoid myo
 
H
1. Kveim test.  This consists of an
sarcoid lymph gland or spleen.  A positive reaction, which takes about 6 weeks to 
develop, appears as a firm nodule with the features of a 
histology 
2. Biopsy of lymph gland, liver, skeletal muscle, labial salivary
lung may reveal the characteristic granulomas. 

SYPHILIS 
 

philis is an infective disease which can spread to the fetus to give rise to 
genital syphilis or acquired through sexual co

s
 
 



Natural history of acquired syphilis 
1. Inoculation followed by an incubation period of 2-4 weeks but possibly 10-90 days 

ally present for 6-8 weeks 
d into the blood stream 

 to disappear 

ntaneous cure 
. The tertiary stage becomes clinically apparent 3-10 years after infection 

of the cardiovascular and nervous systems.  This may take up 
 clinically.  The late nervous system involvement is 

 quaternary syphilis 

esion is the chancre, which when fully developed is a hard, painless, 
 ulcer with regular, well-demarcated margins.  Histologically there is: 

tion tissue 
. Endothelial proliferation in small blood vessels 

cell and lymphocytic infiltration 
etes may be demonstrable 

 

s (syphilides) 

 
itis (rare) 

he characteristic lesion is the gumma.  This comprises: 
ecrosis in which the original architecture can usually 

nulation tissue heavily infiltrated by plasma cells and lymphocytes 

5. 
Le
1. 

s, e.g. 'worm-eaten' skull 
4. 
5. 
6. leen, urinary tract 

Ca iary) 
1. rtitis 

2. The primary lesion which is usu
3. Involvement of regional lymph nodes and sprea
4. The secondary stage may take up to 9 months
5. The latent stage where there are no signs and symptoms but the infection is still 

present and active.  The disease may then undergo spo
6
7. Later involvement 

to 20-40 years to present
sometimes referred to as

 
Primary syphilis 
The primary l
indurated
1. Ulceration 
2. Underlying granula
3
4. Heavy plasma-
5. Healing by fibrosis producing a small scar.  Spirocha

by a silver impregnation method such as the Levaditi stain 

Secondary syphilis 
The lesions are very variable: 
1. Skin rashe
2. Mucous membranes 
3. Lymphadenitis 
4. Hepatitis 
5.  Iritis 
6. Arthritis, bursitis and periosteitis
7. Mening
 
Tertiary syphilis 
T
1. A central zone of structured n

be distinguished 
2. A surrounding zone of epithelioid cells and occasional giant cells 
3. Gra
4. Fibrosis 

Endarteritis obliterans 
sions are found in: 
Skin and subcutaneous tissue 

2. Mucous membranes 
3. Bone

Liver 
Testis 
Rare sites - muscles and joints, gastrointestinal tract, lung, sp

 
rdiovascular syphilis (tert
Aorta - syphilitic mesao



This is  cause of 

Pa
(i) Infection around adventitial vessels spreads into the wall along vasa vasorum 
(ii) Endarteritis obliterans develops in these small nutrient vessels 
(iii) Ischaemia leads to necrosis of the media with destruction of elastic lamina 

hese changes are most marked in the proximal part of the thoracic aorta 
ffects 

(i) Aneurysm formation (saccular or dissecting) 

3. Hea

 
 

 
 
 
Neuro
Trepo s of syphilitic 
infecti ely half of these patients will 
develo se of many years. 
1. Co

which may be complicated by cranial nerve palsies and 

eningitis 
(iii) Gummata in the meninges 
(iv) erebral infarcts 

2. Pa
(i) 

 chronic syphilitic encephalitis with widespread lesions and diverse motor, 
 and psychiatric symptoms.  The main pathological features are: 

fibres with cerebral atrophy 

c. Reactive proliferation of astrocytes - gliosis 
leptomeninges 

l features: 
a. Wasting of the posterior roots 
b. Thickening of the pia-arachnoid 
c. Gross demyelination of the dorsal columns 
 

 the commonest manifestation of tertiary syphilis and is an important
death 

thogenesis 

T
E

(ii) Aortic incompetence 
(iii) Coronary ostial stenosis leading to myocardial ischaemia 

2. Small arteries 
(i) Intimal proliferation 
(ii) Adventitial fibrosis 

produce endarteritis obliterans which may lead to ischaemic damage 
rt 

Gumma (very rare). 

 

syphilis (Quaternary) 
nema invade the CNS in up to 20% of cases during the early stage
on.  In the absence of treatment approximat
p signs of neurosyphilis after a lap
nnective tissues and blood vessels (meningovascular) 

(i) Leptomeningitis 
internal hydrocephalus 

(ii) Pachym

 Endarteritis obliterans leading to c
renchymal involvement 
General paralysis of the insane (GPI) 
A
sensory,
a. Degeneration of nerve cells and 
b. Proliferation and hyperplasia of migroglia forming I rod- cells' 

d. Thickening of 
e. Perivascular infiltration by lymphocytes and plasma cells 

(ii) Tabes dorsalis 
This is the equivalent lesion in the spinal cord and involves lower sensory 

neurones. 
Pathologica



Effects: 
a. Loss of coordination with ataxia 

Congen s 
and die.  In those that survive, the 

1

Inf
range of systemic responses which embrace vascular, metabolic, endocrine, 
ne ions.  Those occurring soon after the onset of 
infe e.  The acute phase response 
ha tive of 

e localized or systemic nature of the initiating disease, and several components of 

pathological processes that induce it.  This uniformity of reaction points to the 
inv iators in the overall ,orchestration' of the acute 
phase response.  The major mediator coordinating the response is interleukin-1, 
aided and abetted by tumour necrosis factor (TNFa).  Thus the mononuclear 
ph e major source of these cytokines, plays a 
piv
Mo Fa by: 

with LPS-binding protein. 
2. Antigen-antibody complexes. 
3. Intact micro-organisms following phagocytosis. 
4. Other cytokines produced by activated lymphocytes and macrophages. 

terleukin-1 and TNFa have a multiplicity of biological activities at the following sites: 
othalamus - fever 

b. Deep anaesthesia resulting in Charcot's joints and penetrating ulcers 
 

ital syphili
The fetus may be overwhelmed by infection 
lesions found during the first 2 years are similar to those of the secondary stage.  
Many of the lesions appearing in the third year and after are of the gummatous type.  
The scars of deformities resulting from early or late lesions which have healed are 
termed stigmata. 
 
 
 
 
 
 

0. The effects of infection and injury on the 
body 

 
lammatory conditions and major tissue injury are frequently associated with a wide 

urological and immunological funct
ction or injury are called the acute phase respons

s the outstanding characteristic of being a generalized host reaction irrespec
th
the response are remarkably constant despite the considerable variety of 

olvement of relatively few med

agocyte system, which serves as th
otal role. 
nonuclear cells are stimulated to produce IL-1 and TN
1. Bacterial endotoxin - lipopolysaccharide (LPS), especially when complexed 

 
In

1. Hyp
2. Bone marrow - neutrophilia 
3. Neutrophils - activation 
4. B-lymphocytes - antibody production 
5. T-lymphocytes - IL-2 production 
6. Liver - acute phase proteins 
7. Fibroblasts - proliferation and coliagen synthesis 
8. Muscle - protein catabolism with amino-acid release 

 



 
 
 
COMP
 
A. 
Bo
endings in the skin, but principally by a central control mechanism in the 

nsory centre (shown in animals to be in the anterior hypothalamus) 

 the onset of fever 
(ii) Contraction of the erector pili muscles ('gooseflesh') maintains an insulating 

e skin 

 activity and heat production in 

Fe ied by general malaise and anorexia.  If the temperature rises to 
41
(10  direct thermal injury to various tissues, and particularly 
to beneficial effect of hyperthermia is 
au he high setting of the 

Lesser degrees of neutrophil leucocytosis occur in: 

line 
 tissue, e.g. myocardial infarction  

Le in a few hours of the onset of a bacterial infection and 
is is due partly to release of many polymorphs 

 venules of the lungs and elsewhere, and partly 
du usoids of the red marrow.  

he leucocytosis is maintained, however, by an increased rate of formation in the 
span of about 12 hours, death and loss of 

infection requires a large 

ONENTS OF THE ACUTE PHASE RESPONSE 

Fever 
dy temperature is controlled partly by reflexes initiated by the thermosensory nerve 

hypothalamus.  The central mechanism can be likened to a thermostat, and this 
thermose
responds to variations in the temperature of blood flowing through it. Signals from the 
thermosensory centre influence the activity of other hypothalamic centers which 
regulate the physiological processes responsible for heat production and heat loss, 
thus controlling the core temperature.  In fever the thermostat is set high and a rise 
in temperature is achieved by increasing heat production and inhibiting heat loss by: 

1. Cutaneous vasoconstriction: 
(i) Coldness and pallor of the skin at

layer of air next to th
2. Higher metabolic activity particularly in skeletal muscles and in the liver 
3. Shivering - associated with increased catabolic

skeletal muscles. 
ver is accompan
.6 0C  
7 0F) there is a danger of
cerebral neurones.  However, a potentially 
gmentation of the immune response by T-helper cells.  T

thermosensory centre in fever is brought about by interleukin-1.  The effect of 
interleukin-1 on thermoregulation is mediated by Prostaglandins, in particular by 
PGE2.  This mechanism underlies the value of drugs like aspirin, an inhibitor of 
prostaglandin synthesis, in reducing fever. 
 
B. Neutrophil leucocytosis 
Normally the neutrophil count is between 2.5-7.5 xl09/litre.  In infections this rises to 
10-20 x 109/litre - particularly with pyogenic bacteria.  
 

(i) Pregnancy 
(ii) Strenuous exercise 
(iii) Severe mental stress 
(iv) Injection of glucocorticoids or adrena
(v) Following necrosis of

ucocytosis may develop with
of diagnostic value.  This early rise 

which normally lie marginated in the
e to release of immature polymorphs lying in the sin

T
marrow.  As polymorphs have a life 
polymorphs in exudation, for example in a suppurating 
output requiring hyperplasia of the myeloid or granulocyte series in the bone marrow. 
 



Interleukin-1 has a central role in neutrophil leucocytosis.  It promotes: 
(i) Release of neutrophils from their marginated state 
(ii) Increases granulopoiesis 

e: 
s 

n-chelation 
acterial properties 

tive activity  
hosphate shunt activity 

(iii) Haptoglobin 
in 

oteins, for example haptoglobin (an a2 globulin capable of binding free 
haemoglobin) and fibrinogen are normally present in substantial levels in plasma but 
inc .  Others which normally occur at low 
lev d fold.  Likewise some appear 
rapidly, but others require several days to reach maximum levels.  C-reactive protein 

tress (or heat shock, HSP) proteins are present in all living systems and are among 
 in nature.  Their intracellular production is induced by 

roteins 'tagged' with 
biquitin can undergo proteolysis and be recycled into the cell's economy, while 

es regulate the assembly and disassembly of proteins and 

Actions on neutrophils themselves includ
(i) Release of granule
Lactoferrin - Iro
Lysozyme - Antib
(ii) Increases oxida

 (iii) Increased hexose mono-p
 
C. Acute phase and stress proteins 
In febrile conditions or following injections of endotoxin or 
interieukin-1 there is a dramatic increase in the synthesis of intracellular stress (heat 
shock) proteins and some proteins by the liver.  These latter proteins enter the 
circulation and can be detected within a few hours of the onset of fever which is why 
they are labeled acute phase proteins. 
 
1. Acute phase proteins These include: 

(i) C-reactive protein 
(ii) Fibrinogen 

(iv) Ceruloplasm
(v) Amyloid A and P proteins 

Interieukin-1 promotes protein catabolism in skeletal muscle and a flux of amino 
acids into the liver where protein synthesis is substantially increased.  There is 
evidence of independent regulation of each of the acute-phase proteins.  Some of 
these pr

rease 2 or 3 fold after interieukin-1 injection
els, e.g. C-reactive protein, increase several hundre

is capable of binding in a non-immunological way to 'foreign' antigens and activating 
the classical complement pathway.  It thus acts as an opsonin and prepares material 
for phagocytosis. 
 
2. Stress proteins 
S
the most highly conserved
rises in temperature and synthesis commences rapidly (within 5-15 minutes) after the 
onset of 'heat shock'.  Other stimuli which induce the synthesis of stress proteins 
include: 

(i) Cytotoxic agents 
(ii) Free radicals, e.g. in reperfusion injury 
(iii) Cellular poisons, like alcohol and heavy metals 
(iv) Certain viral infections 

Stress proteins together with ubiquitin are involved in the transport and degradation 
of proteins denatured by cell injury so that, for example, p
u
HSPs and other chaperon
provide a means of shuttling polypeptides between molecular structures. 



 
D. Nutritional responses 
Following major infection or injury the body goes into substantial negative nitrogen 
balance, part of which meets the increased caloric needs of fever.  Accelerated 
muscle protein degradation leads to myalgia and reduced physical performance.  
Interleukin-1 acts directly on skeletal muscle to promote protein catabolism, an effect 
mediated by an accumulation in the muscle of PGE2 which ultimately activates 
proteolysis in the lysosomes.  This brings about amino-acid release from muscle 

hich helps to satisfy the increased energy requirements via gluconeogenesis, but 
proteins in proliferating immunological cells and 

is also an increase in serum copper levels in keeping with the 
crease in the coppertransport protein ceruloplasmin.  Copper is involved in enzyme 

 role in fever is unknown. 

E. Vascular responses and shock 
Selective arterial constriction increases peripheral resistance and tends to 
com sels involved are those of 

nchnic circulation, whilst blood flow to the heart, brain and skeletal 
muscle is maintained at normal levels.  When vasoconstriction fails to maintain 
normal blood pressure the clinical picture of shock develops.  Underperfusion of 
tissues leads to accumulation of acid metabolites and vessels may cease to respond 
to teriolar dilatation occurs 

is 'sequestrated' in the greatly enlarged capillary reservoir.  Intractable 
hyp es termed 
'irreve
 

 causes of shock 
1. 

(ii) Loss of plasma, e.g. burns 
fluid and electrolytes, e.g. severe diarrhoea 

ajor pulmonary embolism 
ardiac surgery 

ilure 
3. 

 (i)
osa 

ndrome) 
4. 

w
also contributes to the synthesis of 
the synthesis of acute phase reactants released from the liver. 
 
Changes in trace metals 
The serum levels of iron and zinc are depressed in the acute phase of bacterial 
infection.  There is evidence that the decrease in serum iron is probably important in 
protecting the host against various bacteria as a reduction in iron suppresses the 
growth rate of various micro-organisms.  Iron appears to be sequestrated by the 
binding substance lactoferrin, and lactoferrin/iron complexes are deposited in the 
tissues.  Interieukin-1 has been shown to activate lactoferrin release from 
neutrophils.  There 
in
and transport mechanisms but its
 

pensate for diminished cardiac output.  The main ves
the skin and spla

normal constrictor stimuli.  Progressive and irreversible ar
and blood 

otension results and this constitutes a lethal condition sometim
rsible shock'. 

Main types and
Hypovolaemic 
(i) Haemorrhage 

(iii) Loss of 
2. Cardiogenic 

(i) Myocardial infarction 
(ii) M
(iii) Following c
(iv) Myocarditis and other causes of acute cardiac fa

'Septic' 
 Endotoxic, mediated by bacterial lipopolysaccharide e.g. endotoxin 
 A from Pseudomonas aerugin

(ii) Exotoxic, e.g. exotoxin from Staphylococcus aureus (toxic shock sy
'Vascular' 



(i) Anaphylactic 

 

1.  cardiac output resulting from reduced blood volume 
2. Ca art function ('pump 
failure
3. 

(ii) Induction of nitric oxide synthetase in endothelial and vascular smooth muscle 
O) which is responsible for sustained 

(v) Activation of Factor XII initiates coagulation and bradykinin formation.  The 
o disseminated intravascular coagulation 

4
d in 

sels due to loss of vasomotor tone 
rsistent venular constriction 

s 

vascular coagulation (DIC) 
in which the activation of coagulation factors leads to deposition of 

platelet-fibrin thrombi in small vessels throughout the body.  The consumption of 
coagulation factors and activation of fibrinolysis frequently leads to life-threatening 
h
 
F Metabolic reactions 

ly metabolic reaction are: 
1. Hyperglycaemia 

ture 
onsumption 

 oxidative mechanisms 
5. Loss of albumin from plasma due to transcapillary escape 

 
Irreve
F

1. Reduced oxygen consumption 
2. Diminished heat production 
3. 

dosis 

lycaemia 
 

. Hormonal reactions 

1. Catecholamines which 

(ii) Neurogenic, e.g. spinal injuries 

Pathogenesis 
Hypovolaemia - a fall in

rdiogenic - a fall in output resulting from inadequate he
') 

Septic shock 
(i) Release of TNFa and IL-1 in high concentration 

cells leads to a buildup of nitric oxide (N
vasodilation and hypotension 

(iii) Activation of complement with release of anaphylatoxins C3a/C5a 
(iv) Activation of neutrophils leads to endothelial damage resulting in capillary 
leakage 

former may lead t
. Vascular mechanisms 

(i) Pooling of bloo
a. Large peripheral ves
b. Capillaries resulting from pe

(ii) Increased vascular permeability 
(iii) Slowing of blood flow resulting from 'sludging' of red cell

 
Disseminated intra
This is a condition 

aemorrhage. 

Features of the ear

2. Fall in body tem' pera
3.  Decreased oxygen c
4. Alteration of intracellular

rsible shock 
eatures include: 

Increasing hypoxia 
4. Metabolic aci
5. Hypotension 
6. Hypog

G
Increased production of: 



(i) Increase cardiac output 

h bring about 
+

4. A
W

 

 

 
PATHOLOGICAL LESIONS IN SHOCK
 
1. Kid
(i) Ac
(ii) G
(iii) Acute cortical necrosis (rare) 

2. L ory distress syndrome Features 

(v) I
3. Liver 

(i) Centrilobular ischaemic necrosis 
nge 

depletion (compact-cell change) in cortex 

5. H

of the stomach and duodenum (Curling's ulcers) 
hagic gastroenteropathy 

ive haemorrhage into the stomach or intestinal 
ith local superficial ulceration, probably resulting from 

8. Pituitary 
following hypovolaemia (most commonly due to postpartum 

n's syndrome 
(ii) Chronic insufficiency - Simmond's disease 

(ii) Constrict arterioles 
(iii) Increase gluconeogenesis 

2. Corticosteroids whic
(i) Retention of Na  
(ii) Excretion of K+ 
(iii) Catabolism of proteins 

3. Aldosterone 
 Potassium deficiency 

DH 
ater retention 

 

neys 
ute tubular necrosis 
lomerular microthrombosis 

ungs -'shock lung' or adult respirat
(i) Congestion and intraseptal oedema 
(ii) Microthrombi 
(iii) Hyaline-membrane formation 
(iv) Atelectasis 

nterstitial pneumonia 

tty cha(ii) Fa
4. Adrenals 

(i) Lipid 
(ii) Focal necrosis of cortical cells 
(iii) Massive haemorrhage (Waterhouse-Friderichsen syndrome) 
eart 
(i) Subendocardial haemorrhage 
(ii) Contraction bands within myocytes 

6. Gastrointestinal tract 
(i) Acute ulceration 
(ii) Haemorr

Focal or more extens
mucosa associated w
hypoxia 

7. Brain 
   Anoxic or hypoxic encephalopathy (see p. 338) 

Necrosis 
haemorrhage) giving rise to: 
(i) Acute insufficiency - Sheeha



LATE REACTIONS TO INJURY AND INFLAMMATION 

mperature 
3. Catabolism of protein increased 

 of fatty acids 
esis from amino acids derived from muscle 

rogen balance restored 
 equilibrium regained 

 the injured tissues 

res s prolonged the sustained increase in 
the serum concentrations of these proteins leads to the appearance of fibrillar 
material (amyloid) in many different tissues.  However, amyloid is not a specific 
protein.  ed of one or more proteins or glycoproteins all having a 
characteristic b-pleated fibrillar appearance on electron microscopy.  Thus, amyloid 
complicating long-standing inflammation is made up of amyloid A (AA) and P (AP) 
proteins d  partial degradation by macrophages of SAA and SAP proteins.  
Another major form of amyloid is composed of AL protein which is derived from 
immunoglobulin light chains, mainly of In addition, a heterogeneous 
collection of amyloid types (some of which have not been characterized) are found in 
certain he as localized deposits. 
 
Disea yloid deposition 

1. A
(i) 

b. Bronchiectasis 

A. Metabolic reactions 
Catabolic phase 

ygen consumption 1. Rise in ox
2. Rise in body te

4. Increased mobilisation
n5. Increased gluconeoge

 
Anabolic phase 
1. Positive nit
. Electrolyte2

 
B. Haematological reactions 
1. Increased formation of platelets 
2. Increased fibrinogen production 
. Decreased plasminogen 3

4.  Anaemia 
5. Lymphopenia 
 
C. Hormonal reactions  
Increased production of 
1. Insulin which stimulates glucose uptake, and glycogen, fat and protein synthesis 
2. Growth hormone - possibly involved in the mobilisation of adipose tissue 
3.  Thyroxine 
 
D. Immunological reactions 
1. Reactive changes in lymphoid tissues, e.g. hyperplasia in lymph nodes, 
splenomegaly 
2. Production of IgM antibodies directed at various components of
 
E. Amyloidosis 
Although the synthesis of amyloid precursor proteins is part of the acute phase 

ponse to inflammation, when inflammation i

It can be compos

erived from

lambda type.  

reditary or familial conditions and 

ses associated with am
A/AP amyloid 

Chronic infections (of long standing) 
culosis a. Tuber



c. Osteomyelitis 
d. Pyelonephritis 
e. Leprosy 
f. Syphilis 

(ii) Chronic inflammatory disorders 

n's disease 
mas of bladder, kidney, stomach, bronchus, ovary 

2. AL 
(i) 
(ii) oglobulinaemia 

a (localized) 
3. Her

(i) hy 
(ii)

ith Mediterranean fever 
(iv) rticaria, and deafness 
(v) oid 

4. 

mer's disease 
 of Langerhans 

vesicles 
(ii) Endocrine tumours 

llary carcinoma of the thyroid (AMCT) 
b. Pituitary adenoma 

t-cell tumours of the pancreas 

y tract 

e. Heart 

Pa

De in endothelial cells or in fixed 
plain the 

Th  precursor proteins may be under the 

a. Rheumatoid disease 
b. Crohn's disease 
c. Systemic lupus erythematosus 
d. Pustular psoriasis 

(iii) Malignant states 
a. Hodgki
b. Carcino
amyloid 
Multiple myeloma 

 Waldenstr6m's macr
(iii) Solitary plasmacytom

editary/familial types 
Amyloid polyneuropat

 Amyloid cardiomyopathy 
(iii) Amyloidosis associated w

 Familial amyloid nephropathy, u
Familial cutaneous amyl

Localized amyloid deposition 
(i) Senility 

a.  Heart 
b. Brain - also in Alzhei
c. Islets
d. Seminal 

a. Medu

c. Isle
(iii) Non-endocrine tumours 

a. Naso-pharyngeal carcinoma 
b. Basal cell carcinoma 

(iv) In the islets of Langerhans in diabetes mellitus 
(v) Tumour-like deposits in: 

a. Larynx, trachea, bronchi, and lung 
b. Genito-urinar
c. Eye 
d. Tongue 

f.  Skin 
 

thogenesis 
It is believed that amyloids are produced by partial degradation of precursor proteins.  

gradation of AA protein takes place either 
macrophages of the RES, particularly in sinusoid lining cells, and this may ex
tendency for amyloid to be deposited in relation to vascular basement membranes.  

e abnormal, or incomplete, degradation of the



influence of a further protein synthesised by the liver which has been termed amyloid 
nhancing factor (AEF). 

partial degradation of immunoglobulin light chains 
produced in excess by abnormal populations of plasma cells. 
 
Detection
1. Of his sulphuric acid produce blue coloration 

simila arch (Latin-amylum) 
2. Congo-red and Sirius-red stain amyloid orange/red and when viewed under 

polaris  birefringence 
3. Thiofla  yellow fluorescence in ultraviolet light 
4. Amyloid has a characteristic ultrastructural appearance being composed of 

parallel arrays of fibres 7 to 10 nm diameter 
5. te staining reveals different structural forms 
 
Organ inv

1. 

 Glomeruli (mesangium and basement membrane) 
 basement membranes 

Re
 

l vein thrombosis 

enic diabetes insipidus 
2.Sple

(i) odies (sago spleen) 
 Diffusely in the walls of sinusoids 

No unction 
3. Live

: 
the sinusoid lining cells and the 

el walls 

tes.  In extreme cases this may lead to 

ypertension if involvement of the central veins leads to outflow 

4. Hea
De

ndocardial zone 
ective tissue 

Re
failure 

5. Ad
De erulosa and then advances throughout the cortex 

e
AL amyloid is thought to arise by 

 of amyloid 
torical interest, iodine and dilute 

r to that obtained with st

ed light gives apple-green
vine-T staining gives rise to

Potassium permangana

olvement in amyloidosis 
Kidney 
Amyloid is deposited in: 

(i)
(ii) Tubular
(iii) Blood vessel walls 
sults in: 
(i) Nephrotic syndrome
(ii) Rena
(iii) Haematuria 
(iv) Nephrog
en Deposited in: 

Malpighian b
(ii)

Results in: 
 significant disturbance of f
r 

Deposited in
(i) The space of Disse between 
hepatocytes 
(ii) Blood vess

Results in: 
(i) Pressure atrophy of hepatocy
liver failure 
(ii) Portal h

obstruction 
rt 
posited in: 
(i) Sube
(ii) Interstitial conn
sults in: 
(i) Cardiomegaly and cardiac 
(ii) Disturbances of rhythm 
renal glands 
posited in the zona glom



Results in Addison's disease (rarely) 
ointestinal tract 

d in: 
ial basement membranes 

(iii) As plaques in the submucosa 

ction 
n of plaques 

 amyloidosis 
ar amyloidosis 

 
F Ca

cartilages 
ilages 

2. In dead or degenerate tissue (dystrophic calcification) Examples 
(i) lous lesions 
(ii)
(iii)
(iv) In degenerate tumours, especially uterine leiomyomata (fibroids) 
(v) s 

3. In  levels of calcium (or occasionally with increased 
ph  tissues, usually derived from the skeleton but also 
inv  from the intestine and decreased loss through 

ly) 

 

rption states 

 with or without skeletal involvement, especially with 

6. Gastr
Deposite

(i) The vicinity of epithel
(ii) Walls of small blood vessels 

Results in: 
(i) Macroglossia 
(ii) Dysphagia (oesophageal rigidity) 
(iii)  Malabsorption syndrome 
(iv) Diarrhoea 
(v) Protein-losing enteropathy 
(vi) Pseudo-obstru
(vii) Ulceratio

7.  Skin 
Forms: 

(i) Lichen
(ii) Localized nodul

lcification 
Calcification other than that normally occurring in the teeth and skeletal system 
(heterotopic calcification) is seen in the following circumstances: 

1. Associated with advancing age Deposits are found in: 
(i) Pineal gland 
(ii) Tracheal and laryngeal 
(iii) Costal cart
(iv) Dura mater 

In old tubercu
 In scars 
 In dead parasites 

In atheromatous plaque
association with increased
osphate) in the blood and
olving increased absorption

the kidneys.  Such calcification occurs in previously normal tissues and is 
referred to as metastatic.  
 It is found in: 
(i) Hyperparathyroidism  

Primary, due to: 
a. Adenoma 
b. Hyperplasia 
c. Carcinoma (very rare
Secondary, due to: 
a. Chronic renal failure
b. Renal tubular acidosis 
c. Malabso
d. Pregnancy and lactation 

(ii) Carcinomatosis



bronchial and breast cancer. 

ercalcaemia 
inistration of vitamin D 
e of bone (when immobilised) 

(vii
(vii e 
(ix) deposits in the basal ganglia) 

Sites o ation 
(i) lead to renal failure 

the elastic fibres of the alveolar septa 
sels 

4. 
de calcium salts among their constituents.  

Ca

e 
(ii) Biliary system 

a. calcium bilirubinate 
(iii) Salivary glands 
(iv) Pancreas 
(v) Prostate 

d bodies - calcospherites are found in 
association with: 

a. Adenocarcinoma of the ovary 
 carcinoma of the thyroid 

c. Meningioma (psammoma bodies) 

e. Oligodendroglioma 
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CO
 

smolality (solute concentration per kg water) is the same in all compartments. 

. Extracellular fluid (ECF) is similar in composition to plasma but has a low protein 

(iii) Myelomatosis 
(iv) Vitamin D sensitivity, as in sarcoidosis and infantile hyp
(v) Excessive adm
(vi) Paget's diseas

) Hypophosphatasia 
i) Milk-alkali syndrom
 Hypoparathyroidism (

f metastatic calcific
Kidneys, producing nephrocalcinosis which may 

(ii) Stomach 
(iii) Lungs, on 
(iv) Blood ves
(v) Cornea 

In calculi (stones) 
Many calculi inclu

lculi are found in: 
(i) Urinary tract 

a. calcium phosphate 
b. calcium oxalate 
c. calcium carbonat

5. In neoplasia 
Microscopic laminated calcifie

b. Papillary

d. Benign and malignant breast lesions 

 

 

. Fluids and ions 

MPOSITION 

O
 
1

content.  The principal cation is sodium, and the major anions are chloride and 
bicarbonate. 



2.  Intracellular fluid (ICF) has a high protein content.  The principal cations are 
potassium and magnesium, and the main anions are phosphate and proteins.  
The difference between the sum of the concentrations (in mEq per litre) of the 

ions and anions is known as the 'anion gap'. 

creased when there are raised levels of acidic ions which are 
acetate, phosphate, 

tyrate, etc. 
 
CO
 
Plasm pressure in the vascular 

s balanced by equal and opposite effects.  The relative distribution 
between extra- and intracellular compartments is determined by the osmolar contents 
of rtments.  Control of the 
extracellular compartment is primarily by: 
1. 

This is primarily by regulation of the renal re-absorption of Na+ Cl-, and water 

This is regulated by water intake and excretion modified by 

ti-diuretic hormone secreted by the posterior pituitary in response to 

ptors in the hypothalamus 
d volume changes 

3. 
Th
(i) ons, phosphate ions and protein 
(ii) of bicarbonate 

ANCE OF WATER BALANCE 

. Decreased intake 

. Increased loss 
tes insipidus) 

(ii) Unresponsiveness of the renal tubules to ADH 
Nephrogenic diabetes insipidus 

mia 

se to ADH) 

Eff
1. 
2. Tra
3. 
 
 

major plasma cat
Anion gap = (Na+ + K+) - (Cl- + HCO- 3) 
The anion gap is in
not included in the calculation, e.g. lactate, aceto
hydroxybu

NTROL 

a volume can only be maintained if the hydrostatic 
compartments i

each compartment as osmolality is equal in the two compa

Volume control 

2. Osmoiality control 

(i)  Thirst 
(ii) An
stimulation by 

a. Osmorece
b. Baroreceptors sensitive to bloo

pH control 
is is regulated by 
Buffers; bicarbonate i

 Respiratory control 
(iii) Renal excretion of acidic groups 

 
DISTURB
 
A. 'Pure'water depletion (i.e. in excess of sodium deficit) 
Causes: 
1
2

(i) Lack of ADH (diabe

a. 
b. Hypercalcae
c. Hypokalaemia 

(iii) Failure of tubular water re-absorption (despite cellular respon
 

ects: 
Increased osmolality of extracellular fluid 

nsfer of water from intracellular compartment to equilibrate osmoiality 
Cellular dehydration which may lead to hypotension and coma 



B. 'Pure' water excess 

 post-operative patients 
(ii) Administration of water to patients who are sodium depleted 

(i) Poor renal function 
usually resulting from increased 

reabsorption of Na  and water in the proximal tubule, e.g. in cardiac failure 
ntinued secretion of ADH despite lowered plasma osmolality 

epletion, e.g. following blood loss 
inoma of the bronchus 

ffects: 
ased osmoiality of the extracellular fluid 

ls causing intracellular oedema which may lead to 

 SODIUM BALANCE 

A. ter) deficiency -'dehydration' 
 
Ca
. Severe vomiting or diarrhoea 

austion') 
. Diuretic treatment 

2.  volume - haemoconcentration 
. Low renal blood flow causes rise in plasma urea 

rine output 

(i) Dehydration 
(ii) Muscular irritability - cramps 
(iii) Hypotension with shock in severe cases 

. Sodium (and water) excess 

auses: 
sive salt consumption, especially in infants 

 
Eff
Expansion of the extracellular compartment may lead to generalized oedema 
 
 

 
Causes: 
1. Excessive intake 

(i) Large infusions of glucose solution in

2. Diminished excretion 

(ii) Diminished fluid delivery to the distal tubule 
+

(iii) Co
a. In response to volume d
b. Secretion of ADH by oat-cell carc

 
E
1. Decre
2. Transfer of water into cel

disturbances in CNS and renal function 
 
DISTURBANCES OF
 

Sodium (and wa

uses: 
1
2. Excessive sweating ('heat exh
3
 
Effects: 
1. Transfer of water into cells 

Diminished extracellular
3
4. Low u
5. Clinically: 

 
B
 
C
1. Exces
2. Excessive administration of saline solutions to patients in acute renal failure or 

post-operative patients 

ects-. 

 



DISTURBANCE OF POTASSIUM BALANCE 
 
A.
 

auses: 
ntake - this is an unusual cause but can be a contributory factor in the elderly 

d loss in the urine 

syndrome 
t-cell carcinoma 

rders with failure of urinary acidification 
3. 

essive mucus secretion by a colo-rectal villous adenoma 
kalaemic syndrome (Werner-Morrison 

 
Eff
1. 

(i) Increased sensitivity to digoxin 
hycardia 

(iii) Dilatation 
 weakness involving 

uscle leading to hypotension 

esponse to ADH) 
(ii) Diminished reabsorption of Cl- and increased reabsorption of bicarbonate, 

ds to high HCO-
3 and low Cl- in the plasma (hypokalaemic alkalosis) 

bule-lining cells (vacuolar nephropathy) 

 excess (hyperkalaemia) 

auses: 
 renal function 

) Acute renal failure with anuria 

ffects: 
. Cardiac arrhythmias 

 

. Confusion 

 Potassium depletion (hypokalaemia) 

C
1. Low i
2. Increase

(i) Diuretic treatment 
(ii) Primary hyperaldosteronism 
(iii) Cushing's 
(iv) Secretion of ACTH by oa
(v) Renal tubular diso
Increased loss from the gut 
(i) Diarrhoea (including purgative abuse) 
(ii) Exc
 (iii) Watery diarrhoea, achlorhydria, hypo

syndrome) due to VIP secreting tumour 

ects. 
Cardiac 

(ii) Ectopic beats, paroxysmal atrial tac

2. Muscle
(i) Skeletal muscle 
(ii) Smooth muscle of the gut 
(iii) Vascular smooth m

3. Renal 
(i) Polyuria (diminished r

lea
(iii) Vacuolation of tu
(iv) Pyelonephritis 

 
B. Potassium
 
C
An increased load in the presence of diminished
(i
(ii) Chronic renal failure 
(iii) Excessive potassium administration in the elderly, or in saline-depleted patients, 

with poor renal function 
 
E
1
2. Muscular weakness
3. Paraesthesiae 
4
 
 



DISTURBANCES OF ACID-BASE BALANCE 

 retention Of C02 with formation of carbonic acid.  
lthough the level of HCO 3 also rises, it does so to a much lesser degree, so that 

 
A. Respiratory acidosis 
Inadequate ventilation leads to

-A
according to the equation: 
 
 
pH = pK + log HCO-

3 
                       a[pCO2] 

ma Cl  level 

tilation results in excessive 'blowing Off' Of CO2.  The fall in pCO2 is 
associated with a rise in blood pH.  The kidneys attempt to compensate by 
increa  of H+ ions. 
 
C. Metab
Th
Metabolic acidosis is usually due to increased production or ingestion of acid 
sub result in a high anion gap.  
 However, in other circumstances there may be loss of bicarbonate ions and a 
relativ hloride ions so that there is 'hyperchloraemic acidosis' with a 
ormal anion gap. 

is with a high anion gap 
Ca

(i) Lactic acidosis 
ion of lactic acid in hypoxic tissues 

 lactic acid in liver and renal diseases, and in patients 

(ii) n of phosphate and 

(iii)
a. Diabetes mellitus 

 

osis 

rbonate ions from gastrointestinal secretions 
a. Diarrhoea 

a 
nal tubular acidosis 

 the distal tubule 

 
(where pK = 'dissociation constant' and a = 'solubility coefficient') the rise in the 
partial pressure Of CO2 leads to a fall in pH. 
 
Respiratory acidosis leads to: 
1.  Increased renal excretion of H+ and ammonia 
2. Lowering of plas -

 
B. Respiratory alkalosis 
Hyperven

sing excretion of bicarbonate ions and reduced secretion

olic acidosis 
e fundamental change is a primary reduction in [HCO-

3 ] followed by a fall in pH.  

stances which 

e increase in c
n
 
1. Acidos

uses: 

a. Increased product
b. Failure to metabolise

receiving phenformin 
 Chronic renal failure as there is diminished excretio

sulphate ions 
 Ketosis in: 

b. Starvation
 
2. Hyperchloraemic acid
Causes: 

(i) Excessive loss of bica

b. Pancreatic fistul
(ii) Re

a. Failure of acidification in



b. Failure of HCO-
3 reabsorption in the proximal tubule 

mosis (after removal of the bladder) leads to increased - 

. Deep, rapid respirations ('air-hunger') 
ardiac function 

s 

. Metabolic alkalosis 
auses: 
. Excessive loss of gastric acid 

. Excessive intake of alkali - e.g. sodium bicarbonate in large quantities for 
' 

. Severe hypokalaemia 

. Tetany 

nsudate. 

ravity (>1.020) fluid containing all the plasma proteins 
inc cells, and resulting from increased 
vascu
 
Trans  1.012) fluid containing small amounts of albumin 
and few c e forces tending to move fluid out 
of the ves it within them. 
 
Even wh es of fluid are passing out of vessels, increased 
lymphatic drainage may prevent the appearance of oedema.  Conversely, lymphatic 
obstruction may itself produce oedema when the other factors are at normal levels. 
Oedema  
 

(iii) Uretero-colic anasto
absorption of Cl- from the colon in exchange for HCO-

3 
 
Effects of acidosis 
1
2. Poor c
3. Neurological disturbance
4. Shock, coma, and death 
 
D
C
1

(i) Persistent vomiting 
(ii) Continuous suction 

2
'indigestion
3
 
Effects: 
1. Respiratory depression 
2. Neurological disturbances 
3
 
 
 

12. Oedema and congestion 
 
OEDEMA 
 
Oedema is an excessive accumulation of fluid in the interstitial tissues.  
Accumulations in the body cavities are termed ascites (peritoneum), hydrothorax or 
pleural effusion, and pericardial effusion. 
The fluid may be either an exudate or a tra
 
Exudate.  High specific g

luding fibrinogen and numerous inflammatory 
lar permeability. 

udate.  Low specific gravity (<
ells.  It arises from an imbalance in thos
sels and those tending to retain 

en excessive quantiti

may be generalized or localized.



A. 
1. 

(i) 
2. Decreased osmotic pressure of the blood 

(i) 

teropathy 
(ii) rotein 

 
(iii)  of protein 

kor) 

sorption syndrome 
3. th expansion of the extracellular fluid compartment 

onstriction and/or diminished glomerular filtration rate 

(ii) ary to: 
a. Cardiac failure 

yndrome 

isone 

4. Generalized increase in vascular permeability 
(i)  Hy
(ii) Ba
(iii) Ch

5. Dim

substance, e.g. rendered more soluble by 
rome 

 
B. Local

1. 
(i) 

ulation o vu us 

rhosis (portal hypertension) 
(ii) kle oedema after prolonged standing 

2. Increased vascular permeability 
(i) 

a. Urticarial reactions in skin 
b. Pulmonary oedema 

Generalized oedema 
Increased hydrostatic pressure of the blood 

Cardiac failure 

Excessive loss of protein 
a. Proteinuria, e.g. nephrotic syndrome 
b. Protein-losing en
Inadequate synthesis of p
a. Hepatic cirrhosis 

 Inadequate intake
a. Malnutrition (Kwashior
b. Prolonged starvation 
c. Malab

Sodium retention wi
(i) Renal vasoc

a. Cardiac failure 
b. Nephrotic syndrome 
c. Acute glomerulonephritis 
Increased levels of aldosterone second

b. Nephrotic s
c. Hepatic cirrhosis (failure of inactivation) 

(iii) Excess ACTH or cort
a. Therapeutic 
b. Cushing's syndrome 

poxia 
cterial toxins 
emicals 

inished tissue tension 
(i) Loss of elasticity with age 
(ii) Change in the ground 

corticosteroids in Cushing's synd

ized oedema 
Increased hydrostatic pressure of the blood due to: 

Venous obstruction 
a. Venous thrombosis 
b. Strang
c. External pressure on veins 

Gravid uterus 
Ligatures/tourniquets  
Tumour 

d.  Hepatic cir
Gravity, e.g. an

Chemical irritants giving rise to 



(ii) Immunological reactions resulting in complement activation with release of 
anaphylatoxins.  Angioneurotic oedema is included in this category and 
results from genetically determined absence or deficiency of Cl esterase 

 causes of acute inflammation 
3. Lym s 

y's disease 
ondary to: 

ent bacterial lymphangitis 
 
PULM
 
Cause

1. Ra

sis 
essure 

infusion 

ve disease 
3. rmeability 

usulphan, hexamethonium, methotrexate 

ia, sulphur dioxide 
(iv)  Uraemia 

4. Raised intracranial pressure 

 acute high-altitude oedema 

bsorption 

AILURE 

An  or tissue may be an active hyperaemia in 
response to increased metabolic activity, for example in skeletal muscle, or passive 
con stion may result from local venous obstruction and 
pa sudate, or more frequently it is a consequence of 

inhibitor 
(iii) Other
phatic abnormalitie

(i) Congenital malformation, e.g. Milro
(ii) Obstruction sec

a. Carcinoma 
b. Irradiation 
c. Filariasis 
d. Recurr

ONARY OEDEMA 

s 
ised left atrial pressure 

(i) LVF 
(ii) Mitral steno

2. Raised pulmonary capillary pr
(i) Over 
(ii) Acute renal failure 
(iii) Veno-occlusi
Increased capillary pe
(i)  Infection 

Bacterial/viral pneumonias 
(ii) Drug reactions 

Iodine, nitrofurantoin, b
(iii) Irritant fumes 

Smoke, ammon

(v)  Radiation 

5 5.  Trauma 
(i) Direct injury to the chest 
(ii)  Blast injury  
(iii) Thoracic surgery 

6. Hypoxia -
7. Lymphatic obstruction - mainly carcinomatous 
8. Hypoproteinaemia - rarely in: 

(i) Nephrotic syndrome 
(ii) Hepatic failure 
(iii) Mala

 
CONGESTION AND CARDIAC F
 

 increased content of blood in an organ

gestion.  Passive conge
rallels the formation of a tran



cardia
Cardiac failure can predominantly involve the right ventricle giving rise to congestion 
of the er with ascites and peripheral oedema, or involve the 
left ventricle producing pulmonary congestion and under-perfusion of the systemic 
circ
ardiac failure results. 

Right ventricular failure (RVF) 
Cause

1. re 
2. Pu
3. Pu
4. 

(ii)
(iii)

5. Myocarditis 
cardial infarction (rare in RVF) 

 
Eff

(i) Hepatomegaly 
utmeg' appearance due to 

bular congestion and atrophy of liver cells 
 

ibrosis in prolonged (chronic venous) congestion which may 
s, 

with regenerative nodules, is rare 
 
2. 

(ii) Fibrosis of sinusoidal walls 
(iii) Haemosiderin deposition 

s 

ia 
ding to 

4. Oe ainly in the dependent parts of the body 
5. 

6. tal congestion 
 
 
Left ventricular failure (LVF) 
Cause

1. 

c failure. 

 abdominal organs togeth

ulation.  Frequently, both ventricles are involved and a state of congestive 
c
 

s 
Secondary to left ventricular failu

lmonary hypertension 
lmonary embolism 

Congenital heart disease 
(i) Atria[ septal defect 

 Pulmonary stenosis 
 Tricuspid anomalies 

6. Myo

ects of RVF 
1. Liver 

(ii) 'N
a. Centrilo
b. Peripheral fatty change resulting from hypoxia

(iii) Centrilobular necrosis in severe, acute congestion 
(iv) Centrilobular f

link up and give a false impression of cirrhosis.  A true 'cardiac' cirrhosi

Spleen 
(i) Mild to moderate spienomegaly 

 
3. Kidney

(i) Congestion 
(ii) Fatty change and/or cloudy swelling due to hypox
(iii) Redistribution of blood flow with a relative increase to the medulla lea

sodium retention 
dema of the subcutaneou stissues-m

Brain 
(i) Congestion 
(ii) Hypoxia 

Ascites due to por

s 
Systemic hypertension 



2. Myocardial chaemia (with or without infarction) 
3. sease 

nce 
or incompetence 

4.  
5. f the aorta 
6. Congenital heart disease 

opathy 
8. Myocarditis 

(iii)  
(iv)
(v)
(vi)

ase 

 
Effects of
 

1. Co
(i) 

a-alveolar haemorrhage 
crophages ('heart-failure cells') 

(iii)  (especially in mitral stenosis) 
horax 

2. Eff
(i)  in organs where the blood supply is 

already compromised by atherosclerosis.  They may be found in 
a.  Kidneys 
b. Brain, particularly in 'watershed' areas 
c. Large intestine (ischaemic colitis/strictures) 

(ii) Kidney Decreased blood flow leads to: 
uolation in tubular epithelium 
 filtration rate resulting in salt and water retention 

(iii) Liver 

le areas - the cornu ammonis and the 
 cerebellum 

is
Rheumatic heart di
(i) Mitral incompete
(ii) Aortic stenosis 
Calcific aortic stenosis
Coarctation o

7. Cardiomy

9. High output states 
(i) Pregnancy 
(ii) Severe anaemia 

 Hypoxia and hypercapnia
 Pyrexia 
 Thyrotoxicosis 
 Hepatic failure 

(vii) AV aneurysm 
(viii) Paget's dise
(ix) Beri-beri 

 LVF 

ngestive effects in the lungs 
Pulmonary oedema 

(ii) Chronic venous congestion 
a. Capillary congestion 
b. Mild interstitial fibrosis mainly involving interlobular septa 
c. lntr
d. Haemosiderin-laden ma
 Pulmonary infarcts

(iv) Hydrot
ects of hypoperfusion 
Acute LVF may give rise to infarcts

a. Hypoxia - hydropic vac
b. Diminished glomerular

a. Centrilobular necrosis 
b. Fatty change 

(iv) Brain 
Individual cell necrosis in susceptib
Purkinje cell layer in the

 
 
 
 



 

13. Hypertension 
 
CON  PRESSURE 
The mic arterial blood pressure is maintained by three 

on 
2. R
. Aidosterone production - sodium retention 

re against this background of endocrine control is 
s system. 

Nor

re 
 
2. R
Ren
(JGA) in 
in th
turn is hydrolysed by a converting enzyme to the more powerful octapeptide 
ang

(i) Reduction in renal perfusion pressure and low glomerular filtration rate 

Ang

e 
odifies the excretion of water and electrolytes by a direct action on the 

This syste
 

3. Aido  the 
zon
(i)
(ii) In  

TROL OF BLOOD
 general level of the syste

mechanisms: 
1. Catecholamine producti

enin-angiotensin system 
3
Regulation of the blood pressu
achieved by the baro-receptor mechanism and autonomic nervou
 
1. Catecholamine production 
Catecholamines are produced principally by the chromatin cells of the adrenal 
medulla. 
Adrenaline increases: 

(i) Heart rate 
(ii) Cardiac output 
(iii) Systolic blood pressure 

 adrenaline increases:
(i) Peripheral resistance 
(ii) Both systolic and diastolic pressu

enin-angiotensin system 
in is an enzyme produced by the juxta-glomerular apparatus 

the kidney.  It acts on a substrate (angiotensinogen) found 
e u.-2 globulin fraction of plasma to form a decapeptide angiotensin I which in 

iotensin 11. 
Release of renin is stimulated by: 

(ii) Hyponatraemia 
(iii) b-adrenergic stimulation 
(iv)   Hyperkalaemia 

iotensin II has the following effects: 
(i) Contracts smooth muscle 
(ii) Stimulates aidosterone secretion 
(iii) Increases blood pressure by stimulating medullary vasomotor and cardiac 

centres and facilitates the release of adrenaline and noradrenalin
(iv) M

kidney 
(v) Stimulates thirst by an action on the central nervous system 

m may be opposed by vasodilators generated in a kallikrein-kinin system. 

sterone production - sodium retention Aidosterone is produced by
nal cortex, its main actions are: a glomerulosa cells of the adre

 Increases potassium excretion 
creases sodium reabsorption, mainly in the distal tubules



(iii) P alkalosis by interfering with urinary acidification 
Excessive production of aidosterone leads to hypokalaemia and hypernatraemia, with 
an assoc od pressure.  Excessive production can be either 
primary, o  renin/angiotensin formation. 
 
Causes 

(i) Pr
ion of renin and angiotensin as a 

drome) 

, e.g. chronic pyelonephritis 
c. Cardiac failure 

s of the kidney 

nts and in the vascular smooth muscle cells of 

majority of patients with hypertension (BP>160/95 mmHg) reveals 
no underlying primary disease and the condition is termed essential hypertension. 
It has been proposed that essential hypertension is an exaggeration of the tendency 
for blo it results from a repeated sequence in 
which autonomic nervous overactivity results in a small rise in blood pressure and 
produces changes in the kidney which maintain the raised level and becomes the 
basis for a further incremental rise. 
In about 10% of patients an underlying cause is found and these cases are termed 
sec e is in excess of 120 mmHg and there is 
papilloedema, the hypertension may be designated 'malignant in type as it carries a 
poor prognosis.  The malignant phase of hypertension is associated with 
charac
Possib econdary hypertension are: 
 
A. Re

erulonephritis 

(v) Tumours 

roduces a metabolic 

iated moderate rise in blo
r secondary to an increase in

imary aldosteronism 
a. Adrenocortical adenoma with suppress

consequence of sodium retention (Conn's syn
b. Adrenocortical micronodular hyperplasia 
c. Aldosterone-secreting carcinoma of the adrenal or ovary (very rare) 

(ii) Secondary aldosteronism 
a. Diuretic therapy with increased Na' loss 
b. Na' losing renal disease

d. Cirrhosis of the liver 
e. Nephrotic syndrome 
f. Malignant hypertension 
g. 'Toxaemia' of pregnancy 
h. Combination-type contraceptive pill 
i. Renal artery stenosis 
j. Renin-secreting tumour
k. Bartter's syndrome (hypertrophy of the JGA) 

The key role of sodium in hypertension may ultimately be explained by cell 
membrane alterations leading to changes in ionic fluxes and intracellular sodium 
concentrations.  Such changes have been demonstrated in red blood cells and 
leucocytes of hypertensive patie
hypertensive experimental animals.  
 
Investigation of the 

od pressure to rise with age, and that 

ondary.  When the diastolic pressur

teristic pathologica atures. 
le causes of s

nal diseases 
1. Parenchymal 

(i) Chronic pyelonephritis 
(ii) Acute or chronic glom
(iii) Polycystic disease 
(iv) Amyloidosis 



(vi) Hydronephrosis 
struction 

ysplasia 
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a

oma 

(ii)  
ydroxylation 

 (iv) Adrenogenital syndrome resulting from absence of 1 1-0-hydroxylase.  This 
oduction of 1 1-deoxycorticosterone and 1 1-deoxycortisol 

coid effects  

(i) re found in the 
adrenal medulla: rare sites include sympathetic ganglia around the aorta and 

secrete large 
renaline 

(ii) ith indirect sympathomimetics (amphetamine, tyramine) in 
with monoamine oxidase inhibitors 

3. es 
ma giving rise to acromegaly 

H production 
the kidney (very rare) 

. Cardiovascular causes 

2. High cardiac output states produce a rise in blood pressure but do not result in 
 pathological lesions of hypertension (see p. 139) 

 
D. Ne

1. Ra
(i) 
(ii)
(iii)

2. Renal artery stenosis/ob
(i) Atheroma 
(ii) Thrombosis/embolism 
(iii) Fibromuscular d
(iv) Ligatures 
(v) Pressure from tumour
(vi) Dissecting aneurysm
Microvascular disease 
(i) Diabetic nephropathy 
(ii) Polyarteritis nodosa 
(iii) Systemic lupus erythematosus 
(iv) Henoch-Schbnlein syndrome 

 Endocrine 
. Excess corticosteroids 

(i) Cushing's syndrome 
a. Corticosteroid therapy 
b. ACTH therapy 
c. Cortical denoma 
d. Cortical hyperplasia 
e. Adrenal carcin
f. Basophil adenoma of the pituitary 
Primary and secondary hyperaldosteronism (see p. 305)

(iii) Deoxycorticosterone excess due to a defect in 17-h

leads to excessive pr
which exert mineralocorti

2. Excess catecholamines 
 Phaeochromocytoma - a tumour of chromatin cells. 90% a

inferior vena cava and in the wall of the bladder.  These tumours 
quantities of noradrenaline/ad

 Treatment w
combination 
Pituitary caus
(i) Acidophil adeno
(ii) Basophil adenoma with excessive ACT

4. Renin-producing tumours of 
 
C

1. Coarctation of the aorta 

the systemic

urological causes (usually giving a transient or terminal elevation) 
ised intracranial pressure 
Trauma 

 Tumour 
 Abscess 



(iv)
2. Lesions of hypothalamus and brain-stem 

 
 
PATH  
 
A. Blood

1. Art
(i) 

ancreas, and adrenals.  The hyaline deposit contains some fibrin, 
 lipid and cholesterol and is presumed to originate from the 

2. mall and medium-sized arteries 

ration 
m formation in the small perforating arteries (less than 1 mm 
 brain, especially in the basal ganglia and subcortical areas.  

nd with increasing age, but they are found earlier 
and in greater numbers in hypertensive patients.  There is loss of the 

intimal hyaline deposits which stain for 

Good Coping Skills May Raise 'Good' Cholesterol Levels  

 Haemorrhage 

3. Psychogenic - anxiety state 

OLOGICAL EFFECTS OF'BENIGN' HYPERTENSION

 vessels 
erioles 
Hyalinisation: this is seen in ageing but is accentuated by hypertension.  It 
consists of the accumulation of homegeneous eosinophilic material initially 
under the endothelium but later replacing the entire wall and occurs in 
many organs.  It is seen most frequently in the kidney (afferent arterioles), 
spleen, p
glycoprotein,
plasma 

S
(i) Medial muscular hypertrophy and later fibrosis 
(ii) Duplication of the elastic lamina 
(iii) Intimal prolife
(iv) Micro-aneurys

diameter) of the
Such aneurysms are fou

muscular media and the wall consists of dilated intima and adventitia.  
Some micro-aneurysms contain sub
fibrin and fat (lipohyalinosis) and these lesions are particularly prone to 
rupture 

3. Large arteries 
Increase in severity of atherosclerosis and its results 
 

By Kathleen Doheny  
WebMD Medical News  

Reviewed by Louise Chang, MD  

Aug. 20, 2007 -- The better you cope with stress, the better your "good" cholesterol 
level is likely to be, according to a new study. 

 department of human development 
and family sciences at Oregon State University in Corvallis. There has been less 

n (HDL) in her study. 

"We know that stress and hostility affect cholesterol," says researcher Carolyn M. 
Aldwin, PhD, professor and chairwoman of the

research, however, on how coping skills can counteract the effects of stress, she 
says. 

Good coping skills were associated with better levels of the so-called "good" 
cholesterol or high-density lipoprotei

The study was released at the 115th annual convention of the American 



Psychological Association in San Francisco. 

Stress and Cholesterol 

Aldwin and her colleagues evaluated data from 716 men who participated in the 

ost were white. They were evenly split 

 them to describe their most 

 with the problem causing the stress. 

ore apt to use unhealthy coping skills to deal with that 

sults were a surprise, Aldwin tells WebMD. "What we were really expecting is 

e good coping skills only helped the protective effect of the 
"good" HDL cholesterol. 

 had higher levels of HDL than people who didn't cope well," 
she says. 

She cannot cite an exact improvement in HDL or an average HDL level among those 
n 

While the study included only men, Aldwin says she would think the same findings 

It's been known for years, Aldwin says, that stress affects LDL and makes it rise.  

 levels," she says. 

Normative Aging Study. The researchers looked at the interplay of hostility, stress, 
coping, and the participants' cholesterol levels. 

The average age of the participants was 65; m
between white-collar and blue-collar occupations. 

The researchers assessed the men's hostility and asked
stressful problem in the past week. 

The men also completed a questionnaire that asked them to rate how often they used 
26 different coping strategies when dealing with a stressful problem in the past 
month. Some were unhealthy strategies, such as socially isolating themselves when 
under stress or blaming themselves for the stress. Other strategies were healthy, 
such as making a plan of action to deal

The more hostile the men were, the more likely they were to look at problems as 
stressful. They were also m
stress. 

After fasting overnight, the men's blood was tested for HDL cholesterol, low-density 
lipoprotein (LDL) or "bad" cholesterol, and triglycerides. 

Coping Skills Aid HDL Cholesterol 

The re
that coping would mitigate the effects of stress on LDL," she says. But the 
researchers found that th

"People who coped well

who coped well. "This is simply a correlational study," she says, finding a
association between good coping skills and better HDL levels. 

The amount of stress you deal with isn't as important, they also found, as how you 
deal with it. "Stress doesn't matter nearly as much as how you cope with it," she 
says. 

The more hostile the men were, the worse the LDL and triglyceride levels, the 
researchers also found. 

would apply to women. 

"Stress raises total cholesterol levels in general and it raises LDL



The results "are consistent" with research by Peter Vitaliano, PhD, professor of 
psychiatry and behavioral sciences, psychology, and health services at the University 
of Washington in Seattle. The new study, Vitaliano says, "adds to the body of 
research on how hostility relates to health, in particular heart disease." 

ther research, he says, also found that "avoidance" coping,O
o

 such as blaming 
nese  is unhealthy and related to hostility and anger. "Both of those are related to 
lood ressure elevation and lower HDL," he says. 

d glucose levels in healthy people and in 
diabetics," he says, "and that rais

Hostile ften use emotion-focused coping," he says. "They use 
em r and avoidance instead of problem solving." 

Ideally g/dL, according to the 
American Heart Association. HDL levels 60 mg/dL and above are heart-protective, 
wh  in women are considered low and a risk 
fac imal, and below 130 is "near or 
above
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1. Gross appearances 
Normal or reduced size 

t membrane 
(ii) Loss of cellularity 

 Hyalinisation 

ilatation of Bowman's space and collapse of the 

Variable atrophy, with occasional casts. 

lar hypertrophy 
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1. emorrhage 
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small haemorrhages 
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"Hostility is also associated with higher bloo
es the risk of heart disease." 

 people, he says, "o
otions like ange

, total cholesterol levels should be below 200 m

ile levels below 40 in men and below 50
tor for heart disease. LDL below 100 mg/dL is opt

 optimal." Triglycerides should be below 150 mg/dL. 

 

neys (hypertensive nephrosclerosis) 

(i) 
(ii) Granular surface 

2. Glomeruli 
(i) Thickening of basemen

(iii)
3. Bowman's capsule 

(i) Deposition of coliagen on inside of capsule 
(ii) Less frequently, d
glomerulus 

4. Tubules 

Most of these changes probably result from ischaemia 
 
C. Heart 

1. Left ventricu
2. Increased coronary atherosclerosis 
3. Focal myocardial fibrosis 

in 
Massive intracerebral ha
Perivascular ischaemic atrophy ma
Multiple small i

4. Multiple 
5. Microaneurysms 



PA ICAL EFFECTS OF MALIGNANT HYPERTENSION 
 
A. Blo

1. 
Fibrinoid 'necrosis' of the arteriolar wall in which pyknotic nuclear fragments and 
red blood cells may be seen.  Found in the kidney, pancreas, adrenal, 

ery, brain, eye, heart and liver.  Such arteriolar necrosis is also a feature 

rythematosus 
sa 

n 
2. 
En connective tissue and mucinous 

 ('onion-skin' thickening) which narrows the lumen.  Also 
see

(ii) Post-partum acute renal failure 
e 

nsplantation 
 
B. Kid

al haemorrhages 

(i) Deposition of fibrin in the capsular space 

THOLOG

od vessels 
Arterioles 

mesent
of: 

(i) Systemic lupus e
(ii) Polyarteritis nodo
(iii) Haemolytic-uraemic syndrome 
(iv) Irradiatio

Arteries 
darteritis fibrosa: concentric lamellar 

thickening of the intima
n in: 
(i) Progressive systemic sclerosis 

(iii) Haemolytic-uraemic syndrom
(iv) Rejection after tra

ney 
1. Gross appearances 

(i) Size is variable 
(ii) Smooth surface 
(iii) Subcapsular petechi

2. Glomeruli 
(i) Patchy fibrinoid necrosis of tufts 
(ii) Occasionally complete infarction tufts 

3. Bowman's capsule 

(ii) Occasional epithelial 'crescent' formation 
 
C. Brain (hypertensive vascular crisis) 

1. Gross appearances 
(i) Oedema 
(ii) Petechial haemorrhages 

2. Microscopic appearances 
(i) Fibrinoid necrosis of arterioles and small arteries 
(ii) Perivascular cuffing by lymphocytes 

Cortisol, Stress, and Health 

Today, we are more stressed than ever before. Men and women are working more 
hours, teens are committing suicide at high rates, and physicians cannot write 
enough prescriptions for antidepressant and anti-anxiety medications. 

Although modern technology is light years ahead of that of our primitive forebears, 
our biological make-up has not changed appreciably for many thousands of years. 
Because of this, understanding how our bodies react to external and internal 
stressors is vitally important to the quest for optimal health and well-being. 



While questions remain as to precisely how stress contributes to the disease 
process, research has shown that chronic stress causes a significant dysfunction of 

 

ction. 

y health. The intricate connection between the brain 
t 

g the HPA axis. 

 

s Hormone 

one of the most vital systems of our body—the neuroendocrine system.1-4

The Mind-Body Connection  
The study of brain-body interaction, or psychoneuroimmunology, is one of the most 
contentious fields in medicine today. While more researchers and physicians believe 
that the mind and body are one, a significant number of doctors still insist that the 
mind and body are separate entities that have only minimal intera

Of course, this stubbornness is not surprising, as Western medicine has long held as 
one of its major axioms that the mind and body are separate entities. By contrast, 
Chinese and other traditional medicines have always recognized the 
interconnectedness of the body and mind. For those who still doubt this interplay, 
recent scientific research proves that what happens in the mind can profoundly 
influence the body.  

The Neuroendocrine Connection 
Scientists are just now beginning to unravel the ways in which in the mind influences 
the body, and vice versa. The hypothalamic-pituitary-adrenal (HPA) axis plays a 
major role in both mind and bod
and endocrine system broadly influences our health, and many researchers sugges
that our stressful, modern lifestyles are overtaxin

Before we explore how aberrations of the HPA axis can contribute to many chronic 
disease states, it is important to understand how the HPA axis works. It starts with 
the hypothalamus, a specialized glandular area of the brain that some consider the 
“master gland” of the neuroendocrine system. The hypothalamus has many 
functions, such as controlling the body’s temperature, water balance, thirst, and 
hunger. It also acts as a controller of the pituitary gland, a small, bean-sized structure 
that sits just below the hypothalamus. During times of stress, the hypothalamus 
releases corticotropin-releasing factor, which in turn signals the pituitary gland to 
release adrenocorticotropic hormone, or ACTH. This hormone then travels through 
the bloodstream to the adrenals, two small, triangle-shaped glands located on the top 
of the kidneys. When ACTH reaches the adrenals, it causes them to release a 
biochemical known as cortisol. 

Cortisol: the Stres
Cortisol is, in many ways, a paradoxical hormone. A certain amount of cortisol is 
needed to maintain optimal health, but too much or too little can be deadly. Cortisol is 
involved in multiple bodily functions, including blood pressure regulation, 
cardiovascular and immunological function, and the metabolism of fats, proteins, and 
carbohydrates. In stressful situations, the body secretes cortisol at 
higher-than-normal rates to help break down and use fatty acids and proteins for 
energy production, which is especially important for optimal brain function. Unlike 
levels of other hormones such as testosterone and DHEA, cortisol levels generally do 
not decrease as we get older. In fact, some researchers now believe that many 
age-related problems may result from a ratio of increased cortisol and lowered DHEA 



as we age.5-7 

How Stress Kills 
In the 1930s, the renowned endocrinologist Hans Selye discovered that both 
psychological and biological stress can adversely affect human health through 

rs, seeking to maintain homeostasis, 

ee-step model to describe the process: 

 immediate stressor (either physical or 

to 

led study, scientists 

vidence mainly from animal models and human studies 

interactions between the mind and the adrenal glands.8 Following his landmark work 
on the crucial link between stress and the HPA axis, in 1946 Selye published his 
now-classic work on the relationship between chronic stress and disease. Selye 
reasoned that living organisms, including humans, react in physiologically predictable 
ways to both physical and psychological stresso
or a constant, dynamic metabolic equilibrium wherein all organ systems function to 
maintain optimal health. He termed these often-complex physiological and behavioral 
responses to stress the “general adaptation syndrome,” or GAS.9 Selye also 
observed that if the stressors were continuous, the organism would ultimately “burn 
out” and die. He devised the following thr

• Step 1: alarm reaction. Faced with an
psychological), there is activation of both the “flight or fight” response and the 
HPA axis, leading to secretion of greater amounts of hormones such as 
cortisol.  

• Step 2: resistance phase. If the perceived stressors are not countered in a 
timely fashion and the HPA axis is in a continual “on” mode in an attempt 
maintain homeostasis, adrenal hypertrophy and numerous other deleterious 
health effects begin to occur.  

• Step 3: exhaustion phase. If the perceived stress is prolonged, the adrenal 
glands and other organ systems begin to “burn out” and experience a 
precipitous decline in function. If the exhaustion phase continues long enough, 
the organism will die 

Stress, Cortisol, and Illness 
Taking their lead from Selye’s original work, scientists have demonstrated that both 
acute and chronic levels of stress contribute to elevated levels of cortisol.10-12 In 
addition, high levels of stress are now known to be significantly linked to various 
illnesses, including upper respiratory infections,13 exacerbation of multiple 
sclerosis,14 and gastrointestinal disorders such as irritable bowel syndrome.15,16 

Since the mid-1990s, scientists have presented provocative evidence linking cancer, 
stress, and elevated cortisol levels. In a 1996 case-control
examined hormone levels of the hypothalamic-pituitary-adrenal system in women 
with both early-stage and metastatic breast cancer.17 Both groups had statistically 
higher levels of cortisol compared to women without breast cancer. Furthermore, 
those with metastatic breast cancer had higher cortisol levels than women with 
early-stage breast cancer. The authors noted, “these data provide evidence that 
breast cancer is associated with a hyperactive adrenal gland.17 

A more recent report in the journal Lancet Oncology summarized what is currently 
known about the complex interactions between the HPA system, stress, and cancer. 
According to the authors, “E



suggests that stress and depression result in an impairment of the immune system 
and might promote the initiation and progression of some types of cancer…Through 
HPA activation, the mediators released during chronic stress suppress some 
non-specific and specific parts of the immune response…compromising the most 
important effectors of the immune response against tumors.”18 

While cancer is probably the most widely feared chronic disease, heart disease 
remains the number-one killer of Americans. Mayo Clinic researchers examined the 
medical and economic costs of stress in heart disease patients.19 In a study of 311 
men and 70 women, the authors found that patients with the highest stress levels had 
markedly higher rates of rehospitalization and reoccurrence of further heart 
disease-related problems, including heart attacks and cardiac arrest. Concluding that 
psychological distress may adversely affect prognosis in heart disease patients, the 

ion—an estimated 30% of all Americans will be 65 or older by the year 

 the root cause of this devastating illness, 
vels of stress, along with high levels of 

ople who 
were prone to experiencing high levels of stress had twice the risk of developing 

authors suggested that identifying and treating psychological distress could improve 
outcomes in these patients. 

A more recent report in the European Heart Journal supports the theory that stress 
can literally be a killer.20 In this 21-year prospective study of nearly 14,000 men and 
women, researchers concluded, “chronic stress is an independent risk factor for 
[cardiovascular disease], particularly fatal stroke.” Other scientists, however, have 
criticized these data, indicating the need for further investigation. 

Alzheimer’s disease, the most common cause of dementia in those aged 65 or older, 
is characterized by a progressive decline in cognition and memory. This debilitating 
condition currently affects over 15 million people worldwide. With the rapidly aging 
US populat
2050—projections are that 14 million people in the US alone will be affected by 
Alzheimer’s in the next few decades.21,22 This represents a quadrupling over the 
current prevalence of Alzheimer’s in the US. 

Although scientists continue to search for
new evidence suggests that increased le
cortisol, may play a significant role. Research indicates that high cortisol levels may 
promote degeneration and death of neurons,23-25 along with decreased memory 
function in otherwise healthy elderly men and women.26 Furthermore, a recent report 
in the journal Neurology showed that chronic stress is associated with the risk of 
developing Alzheimer’s disease.27 In this study, researchers found that pe

Alzheimer’s as those who were not prone to stress. The authors concluded, 
“proneness to experience psychological stress is a risk factor for [Alzheimer’s 
disease].” 

While mainstream medicine offers little in the way of reducing chronic stress or high 
cortisol levels, making behavioral changes and using certain supplements can help 
you bring your stress load and high cortisol levels safely under control.  

Exercise Counters Stress 
Humans are designed to be physically active. However, our typical twenty-first 
century lifestyle—sitting in front of a computer all day—is a far cry from the daily 
hunting and gathering activities of our ancestors. While it is common knowledge that 
exercise can keep our muscles and bones strong and healthy, less often recognized 



is that moderate exercise can also decrease stress and high cortisol levels. 

A newly published study in the journal Psychoneuroendocrinology examined the 
effects of aging and fitness on the HPA axis response to stress.28 The study authors 
hypothesized that aging is associated with a greater HPA axis reactivity to 

ortisol levels, and that exercise could 
rchers subjected three groups of 

n anagram test, and a cold pressor test, where subjects placed their 
they could tolerate. While cortisol levels 

cortisol, then taking time out each day 
ntific evidence has 

 are valuable therapeutics for 

ere taken and hormone levels analyzed at the study’s onset and 
again four months later after the subjects had learned and practiced a meditation 

ose who had practiced meditation had lower average cortisol levels 
compared to subjects who had not meditated, suggesting that meditation may help 

dition, studies suggest that effective natural 

psychological stress leading to higher c
ameliorate this reactivity. The resea
women—categorized as “young-unfit” (aged 25-30), “older-unfit” (aged 64-67), and 
“older-fit” (aged 64-68)—to a battery of psychological and physical tests meant to 
induce stress. These tests included an EKG-monitored treadmill test, a mental 
arithmetic test, a
hands in a bucket of ice water for as long as 
rose in all three groups of women, those in the older-unfit group had the most 
significant increase. The authors concluded that “aging is associated with greater 
HPA axis reactivity to psychological stress, and that higher aerobic fitness among 
older women can attenuate these age-related changes as indicated by a blunted 
cortisol response to psychological stress. These findings suggest that exercise 
training may be an effective way of modifying some of the neuroendocrine changes 
associated with aging.”28 

Relaxation and Meditation 
If you want to decrease stress and lower your 
to relax and meditate may be just the solution. Considerable scie
established that relaxation and meditation techniques
optimal health. 

An article in Psychoneuroendocrinology highlighted meditation’s effects on levels of 
various hormones, including cortisol, in otherwise healthy male subjects who were 
subjected to mental and physical stressors.29 In this prospective, randomized study, 
blood samples w

technique. Th

reverse the effects of chronic stress.29 A paper in the journal Psychosomatic 
Medicine described how women with stage I or II breast cancer could decrease their 
perceived levels of stress, as well as their cortisol levels, by simple 
cognitive-behavioral stress-management techniques.30 

Supplements to Combat Cortisol 
Exercise and meditation are two important modalities that may help many individuals 
manage stress-filled lives. In ad
supplements, such as vitamin C, fish oil, phosphatidylserine, and herbal adaptogens, 
may help keep the HPA axis in equilibrium, reduce elevated cortisol levels, and help 
optimize health.  

Vitamin C  
Besides its beneficial effects in maintaining proper immune system function, vitamin 
C has been shown to help modulate high levels of cortisol brought about by stress. A 



study in 2001 examined the effects of supplemental vitamin C on high cortisol levels 
brought about by physical stress in marathon runners.31 In a randomized, 

amarathon runners were given 500 mg a day of vitamin 
 a day of vitamin C, or a placebo seven days before a marathon, the day 

mpared to those who were given placebo. 

icycle ergometer. While all subjects showed increased cortisol 
 dose of phosphatidylserine significantly 

to the physical stressor.35 

placebo-controlled study, ultr
C, 1500 mg
of the race, and two days after the race. Researchers found that athletes who took 
1500 mg per day of vitamin C had significantly lower post-race cortisol levels then 
those taking either 500 mg a day or placebo.31 

Another study published in the journal Psychopharmacology reviewed evidence 
showing that vitamin C can reduce high cortisol levels brought about by 
psychologically induced stress.32 In a randomized, double-blind, placebo-controlled 
trial, researchers gave 3000 mg per day of vitamin C or a placebo to 120 volunteers 
who were subjected to psychological stress through the Trier Social Stress Test 
(TSST), a commonly used assessment tool in psychological research that simulates 
public speaking and arithmetic tests to induce stress and raise cortisol levels. 
Subjects who took vitamin C had lower blood pressure, subjective stress, and cortisol 
measures co

Fish Oil 
In a number of clinical tests, fish oil has been shown to reduce cardiovascular risk in 
women and men. Preliminary research has shown that fish oil may help individuals 
cope with psychological stress and lower their cortisol levels. In a study published in 
2003, researchers gave seven study volunteers 7.2 grams per day of fish oil for three 
weeks and then subjected them to a battery of mental stress tests.33 Blood tests 
showed that these psychological stressors elicited changes in the subjects’ heart 
rate, blood pressure, and cortisol levels. After three weeks of fish oil 
supplementation, however, the rise in cortisol levels secondary to stress testing was 
significantly blunted, leading the authors to conclude that supplementation with 
omega-3 fatty acids from fish oil “inhibits the adrenal activation elicited by a mental 
stress, presumably through effects exerted at the level of the central nervous 
system.”33 

Phosphatidylserine 
Another supplement that has been shown to be useful in combating the deleterious 
effects of stress is phosphatidylserine. This phospholipid constitutes an essential part 
of biological cellular membranes. For more than 10 years, studies have shown that 
phosphatidylserine is able to cut elevated cortisol levels induced by mental and 
physical stress. In one early study, 800 mg per day given to healthy men significantly 
blunted the rise in cortisol caused by physical stress.34 Another paper reported that 
even small amounts of supplemental phosphatidylserine (50-75 mg administered 
intravenously) could blunt cortisol increases secondary to physical stressors.35 In 
this study, eight healthy men had their blood drawn before and after physical stress 
induced by riding a b
levels, pretreatment with the 50- or 75-mg
blunted cortisol response 

Finally, a study published in 2004 examined phosphatidylserine’s effects on 
endocrine and psychological responses to mental stress.36 The stressor used was 
the Trier Social Stress Test (TSST), which consists of 15 minutes of psychological 
stress induced via a mock job interview, followed by a mental arithmetic challenge. 



This double-blind study followed 40 men and 40 women, aged 20-45, for three 
weeks. The subjects were given either phosphatidylserine (either 400 or 600 mg 

, with those taking 400 mg daily (but not, 

y have a role in managing 

resistance to a 

mpounds found in the plant’s roots. Multiple studies 
from the former Soviet Union have demonstrated rhodiola’s effectiveness in 

ave shown that ginsenosides, bioactive 
compounds in ginsengs, improve the sensitivity of the HPA axis to cortisol.38,39 In 

ee plants provide protection against both physical 

daily) or a placebo before taking the TSST. Phosphatidylserine was effective in 
blunting the cortisol response to stressors
surprisingly, 600 mg) of phosphatidylserine showing a significantly decreased cortisol 
response. The authors concluded that phosphatidylserine helped dampen the effects 
of stress on the pituitary-adrenal axis, and ma
stress-related disorders.36 

Herbal Adaptogens 
Plant-derived adaptogens can be a very useful in combating the mental and physical 
rigors of our modern lifestyle. Adaptogens work by modulating the levels and activity 
of hormones and brain neurochemicals that affect everything from cardiac activity to 
pain perception. For any herb or substance to be properly classified as an 
adaptogen, it should: 

• produce a non-specific response and increase an individual’s 
wide range of deleterious stimuli  

• produce a normalizing response in an individual when subjected to 
physiological, emotional, or mental stressors  

• be non-toxic and not induce changes in the physiological, emotional, or mental 
state of a non-stressed individual.  

One such herbal adaptogen is Rhodiola rosea, or rhodiola. In traditional Asian and 
European medicine, this herb has been used for centuries to increase physical 
endurance and longevity, as well as to manage fatigue, depression, and impotence. 
Rhodiola’s positive effects are thought to be mediated through the actions of rosavins 
and salidrosides, chemical co

combating both physically and psychologically stressful conditions.37 

Another herb that serves as an adaptogen is ginseng, which has been used 
throughout Asia since antiquity. It is important to note that ginseng is the name given 
to three different plants used as adaptogens. The most widely used ginseng is Panax 
ginseng, also known as Korean, Chinese, or Asian ginseng. Panax 
quinquefolium—or American ginseng—is also considered a “true” ginseng. However, 
Siberian ginseng (Eleutherococcus senticosus), while commonly referred to as 
ginseng, is not a true ginseng but a closely related plant. Yet no matter what the 
genus or species, all three of these plants have experimental evidence backing their 
adaptogenic claims. Animal studies h

addition, studies suggest that all thr
and psychological stresses.38,39 

Finally, another plant that deserves mention as an adaptogen is ginkgo biloba. For 
the last 5,000 years, leaves of the ginkgo tree have been used to treat various 
medical conditions. While ginkgo is currently used to help combat the debilitating 
effects of memory decline and dementia,40-42 emerging evidence suggests that it 
may be useful in treating the impact of stress and elevated cortisol levels. A recent 



double-blind, placebo-controlled study published in the Journal of Physiology and 
Pharmacology examined ginkgo’s effects in modulating cortisol and blood pressure 
levels in 70 healthy male and female subjects.43 When subjected to physical and 
mental stressors, subjects who were given 120 mg per day of a standardized ginkgo 
extract saw smaller increases in their cortisol levels and blood pressure then did their 
counterparts who were given a placebo. 

Raising DHEA Levels 
While cortisol levels stay the same or even increase as we age, levels of another 

of Endocrinology examined the 
 

and is even 

ol and DHEA] occurring in aging 
ciated neurogenerative 

as relaxation and meditation, and 
e stress and lower cortisol to promote 

e scientifically supported techniques 

h cortisol levels 

 training) and aerobic 
(jogging, cycling) every other day.  

. Supplements to reduce high cortisol levels secondary to stress 

ay.  

, standardized extract.  

• rdized extract.  

biloba: 100-200 mg/day, standardized extract.  

• any hormone supplementation should be monitored by 

vitally important hormone, DHEA, decrease with each passing year. This relationship 
between cortisol and DHEA has led some to suggest that these adrenal hormones 
may play a significant role in the aging process and its associated negative health 
effects. A recent paper in the European Journal 
pathophysiological correlates of age-related changes in the HPA axis.44 The authors
showed that the cortisol/DHEA ratio increases significantly as one ages, 
higher in elderly patients who suffer from dementia. Supplemental DHEA, however, 
enhances the brain’s resistance to stress-mediated changes, maintains functional 
abilities, and protects against age-related diseases. The authors concluded, “the 
changes of the hormonal balance [between cortis
may contribute to the onset and progression of the aging-asso
diseases.”44 

Conclusion 
Exercise, stress management techniques such 
nutritional supplements can help you manag
optimal health and longevity. The following ar
that can help support a healthy response to stress.  

1. Behavioral techniques to lower stress and manage hig

• Exercise: 30-45 minutes of both anaerobic (resistance

• Meditation/relaxation: 15-30 minutes daily.  

2

• Vitamin C: 1000-3000 mg/d

• Fish oil (omega-3 fatty acids):1-4 gm/day.  

• Phosphatidylserine: 300-800 mg/day.  

• Rhodiola rosea: 100-200 mg/day

Ginseng: 100-300 mg/day, standa

• Ginkgo 

DHEA: 25-50 mg/d
your physician).  

ay (
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Th ry is about 15 mmHg. Pulmonary 
ypertension is characterized by pressures in excess of 30 mmHg. 

Psychoneuroimmunology is defined as the study of behaviorally associated changes 

lop experimental protocols with which to investigate 

e 

nsitizing exposure serve 

sequent to, the 

ONARY HYPERTENSION 

e normal pressure in the pulmonary arte
h
 
Causes of pulmonary hypertension 

1. Increased pulmonary venous pressure 
(i) Chronic left ventricular failure 
(ii) Mitral stenosis 

Rare causes: 
(iii) Left atrial myxoma 
(iv) Cor triatriatum 
(v) Idiopathic thrombosis of pulmonary veins 
(vi) Compression of veins by mediastinal neoplasm 
(vii) Veno-occlusive disease 

2. Increased pulmonary vascular resistance 
Obstruction to pulmonary arteries/arterioles 

 

in immunity and immunologically associated changes in behavior that result from the 
interaction among the nervous, endocrine, and immune systems (1,2). The charge to 
this working group was to deve
multiple chemical sensitivity (MCS) from the heretofore unconsidered perspective of 
psychoneuroimmunology. Given that the involvement of the immune system in MCS 
is still an area of some controversy, the impact of psychoneuroimmunological 
processes on the onset, development, and clinical course of MCS is problematic. 
Thus, the group also considered a reasonable area of scientific inquiry to be the 
possible influences on immunity of the stress associated with MCS as a chronic 
disability (3).  

Experimental Questions Relevant to the Relationship between 
Exposure and Symptoms in Chemical Sensitivities 
During its deliberations, the group raised the following six related sets of questions 
whose answers could reveal a relationship among behavioral stimuli, neural-immun
system interactions, and MCS.  

• In situations in which a sensitizing chemical may be immunomodulatory, do 
environmental cues temporally associated with the se
as conditioned stimuli (4)? If so, can such cues, with or without subthreshold 
amounts of the chemical, elicit a chemical sensitivity response? Can the 
chemical sensitizer itself, provide both unconditioned and conditioned stimuli?  

• Are there significant immunological, neuroendocrine, and psychosocial 
deviations from normalcy shortly before, at the time of, or con
development of MCS symptomatology? If physiological changes are noted 
consequent to psychosocial changes, are those psychosocial changes 
implicated in the development of MCS? If so, could psychological/behavioral 
intervention be of therapeutic value, at least in some subset of patients (3)?  



• What is the interval between the initiating event and the development of early 
symptoms of MCS? What is the interval between the initial trigger and the 
so-called increase in sensitivities to diverse stimulants?  

• Is the duration of these intervals related to psychosocial factors (e.g., stress) 
or to personality/sex/health status (e.g., allergic status, autoimmunity or 
autoimmune predisposition) of the subject, or the chemical nature of the 
initiator? Do events perceived as stressful in the recent or past history of the 

uch as a car 

tressor exposure?  
development and severity of MCS? Is there any 

otype and MCS? Is there 
al? Is an 

rysms 
ase which affects the intima of arteries.  It appears as focal 

 tissue and lipid deposits.  Atherosclerosis 
  The latter term includes a number of 

3. 
hyp
4. 
(ar
5. 
6. 

 
Th
the
 
1. 

d below the 

ntima.  These foamcells 
mooth muscle cells 

individual play roles in the onset and/or progression of MCS?  

• What do chemical initiators of MCS and initiators of MCS s
accident or childbirth have in common? Which factor is more important in the 
traumatic initiation: the exposure to chemicals associated with the traumatic 
event, and/or the stressful experience associated with the event? Can a 
stressor precipitate MCS in a chemically sensitized individual who is not 
displaying overt symptoms of MCS at the time of s

Why is there variability in the 
relationship between major histocompatibility complex phen
a detectable humoral or cellular immune response to the initiating chemic
immune response causal or the result of the MCS process(es)?  
 

14. Atherosclerosis and aneu
 

therosclerosis is a diseA
thickening or plaques composed of fibrous

 not synonymous with arteriosclerosis.is
diseases characterized by thickening of arterial vessels: 
 

lassification of arteriosclerosis C
1. Intimal thickening with lipid deposition - atherosclerosis 
2. Hyaline thickening     --                      Ageing, diabetes and hypertension 

Medial fibrosis           --                      Ageing, diabetes and 
ertension 
Fibrous intimal proliferation 
teriosclerosis obliterans)     --               Hypertension 
Medial hypertrophy            --              Hypertension 
Medial calcification 

 
PATHOLOGY OF ATHEROSCLEROSIS 

is disease is generally considered to pass through three stages, the fatty streak, 
 fibro-fatty plaque, and the complicated lesion. 

Fatty streaks in the aortic intima can be found even in the first two decades of life, 
especially in the aortic valve region, around the ductus scar, an

 lipid is found in endothelial cells overlying the intercostal ostia.  Some of the
streaks, but the majority is found within foam-cells in the i
arise from two sources: some are lipid-containing s

cells, while others are macrophages derived from circulating -'myogenic'foam-



monocytes.  Most of the lipid in these lesions is intracellular and can therefore be 
mobilised and resorbed under certain circumstances, e.g. a low-lipid diet. 

es represent the typical lesion seen in middle and old age.  They 

Earlier lesions contain myogenic foam-cells and a few macrophages in the 
 the later free fat or cholesterol crystals in a central 

m
ad

3. Co

(ii) 
(iii)
(iv)

 
 
Arteri
In o
the ph
 
1. 

(i)

a into the intima 
(

with age and shows a gradual 
increase in its content of smooth muscle cells.  This layer together with the 

of the vessel. 

ll blood vessels which enter from the 
adventitia and supply the outer 2/3 of the wall 

. Pressure effects on the wall 

of the wall in the direction of flow.  In addition 

2. Fibro-fatty plaqu
consist of lipid accumulations, fibro-elastic tissue, and proliferated smooth-muscle 
cells in the intima. 

subendothelial region, but in
ass of necrotic material.  New vessels develop from the vasa vasorum and 
ventitia and infiltrate the base of the plaque. 
mplicated lesions.  The fibro-fatty plaques can be complicated by: 

(i) Superimposed thrombosis 
Haemorrhage into the plaque from the vasa vasorum 
 Rupture and ulceration with discharge of necrotic debris 
 Calcification 

al structure 
rder to understand the various theories of pathogenesis, the normal structure and 

ysiological pressure effects acting on large arteries must be understood. 

Structure of a large artery 
 Endothelium has a structure similar to that found in capillaries and is freely 
permeable to fluid and electrolytes.  It also allows slow leakage of large 
molecules, e.g. protein and lipoproteins, from the plasm

ii) A thin layer of loose fibro-elastic tissue lies between the endothelium and 
internal elastic lamina.  It becomes thicker 

endothelium constitute the intima 
(iii) The media is composed of collagen fibres, elastic tissue and smooth muscle 

cells.  Its main function is to resist the expansive force of the blood pressure, 
and convert a pulsatile to a continuous flow 

(iv) The outermost layer consists of loose fibrocellular tissue - the adventitia.  It 
contains nerve fibres, lymphatics and small nutrient arteries associated with 
the vessel wall 

(v) Extracellular matrix (ground substance) fills the interstices of the wall and is 
most abundant in the intima.  It binds or retards larger molecules passing 
through the wall, thus acting as a fine pored filter, and is composed of 
glycosaminoglycans, glycoproteins and proteoglycans 

(vi) The vasa vasorum are the sma

 
2
Blood flow exerts shearing stresses on the wall which tend to displace the 
endothelium and the inner layers 
arterial walls are subjected to a considerable compressive force amounting, for 
example, to about 50 kg/cm2 in the aorta.  This compressive force is gradually 
converted into a tangential force (tensile stress) by the elastic laminae and muscle 
fibres of the media.  The vasa vasorum can only nourish those parts of the wall 
where the intramural compressive force is equal to or less than the capillary blood 
pressure, and such conditions are found only in the outer 2/3 of the wall.  The intima 



and inner part of the media are nourished entirely by diffusion of plasma from the 
lumen.  There is a considerable flow of plasma into the wall and this leaves via the 
lymphatics and veins of the vasa vasorum. 
 
LIPOPROTEINS 
 
The plasma lipids are almost entirely bound to certain proteins within composite 

esterol and apoB-100 
5. -I, II, apoC-II and apoE 
Ch  and muscle cells where they become 
ttached to a membrane-bound enzyme, lipoprotein lipase, on the surface of 

 FFAs and monoglycerides from the 
trig
rec
act
TG
lipo ediate density 
poproteins.  IDL acquire more cholesterol esters derived from the action of plasma 

ransferase (LCAT) on the circulating HDL pool, and are 
the
an
subjects, account for about two-thirds of the total plasma cholesterol. 
DLs are disposed of in two ways: 

 Once bound to the 
cell surface, the lipoprotein is internalised and undergoes lysosomal degradation.  
Liberated cholesterol is utilised for membrane building or steroid synthesis, or is 
passed back to the HDL pool.  Plasma LDL concentration increases with age, 
probably as a result of an acquired defect in LDL receptor function. 

Where there is a high plasma level of LDL, or some local build-up, macrophages 

molecules known as lipoproteins.  
 Each can be considered as a protein fraction - the apoprotein, bound to a variety of 
different lipids - cholesterol, cholesterol esters, phospholipids, and triglycerides (TG). 
Lipoproteins are generally classified according to their ultracentrifugation properties 
and have been divided into high-density (HDL), low-density (LDL) and very 
low-density (VLDL) lipoproteins.  These categories correspond to the (a, b, and 
pre-b-lipoproteins recognized electrophoretically.  In addition triglyceride-rich 
lipoproteins are formed and packaged within intestinal mucosal cells and enter the 
circulation as chylomicrons.  More recently other transport forms, chylomicron 
remnants, and VLDL remnants (termed intermediate density lipoproteins - IDLS), 
have been described. 
Composition of plasma lipoproteins: 
1. Chylomicrons - triglyceride and apoA-I, II, IV and apoB-48 
2. VLDL - triglyceride, phospholipid and apoB-100, apoC-I, II, III and apoE  
3. IDL - esterified cholesterol, phospholipid, apoB-100 and apoE 
4. LDL - triglyceride, esterified chol

HDL - phospholipid, cholesterol, apoA
ylomicrons carry dietary TG to adipose

a
endothelial cells.  The lipase liberates

lyceride core and the chylomicron remnants re-enter the circulation, attach to 
eptors on liver cells, and following endocytosis are broken down by lysosomal 
ion.  In a similar fashion, VLDL manufactured by the liver from newly synthesised 
, proteins, and cholesterol (which has usually been recycled), are acted upon by 
protein lipase and liberate VLDL remnants which are termed interm

li
lecithin-cholesterol acylt

reby converted into particles made up almost entirely of a cholesterol ester core 
d an apoprotein coat.  These particles constitute the LDLs which, in normal 

L
1. via high-affinity specific receptors 
2. via non-specific macrophage activity 

 
1. Receptor-mediated disposal 

LDL receptors are present on liver and extra-hepatic cells. 

 
2. Macrophage activity 



will absorb and degrade lipoprotein and accumulate cholesterol esters in their 
cytoplasm 

 
The major ligand for the LDL receptor and the chylomicron remnant receptor is 
apoprotein E This arginine rich protein is also associated with VLDLs and is the 
ligand that promotes their interaction with macrophages leading to cholesterol ester 
storage.  Apoprotein E is involved in the transformation of VLDLs to particles of LDL 
size and density, and the removal of VLDLs from the circulation. 
 
 
 
 
 
SM LS 
 
Arterial smooth muscle cells are largely responsible for the tensile strength and the 
structu atrix and the cells 
vary considerably in the degree to which they manifest these 'contractile' or 'synthetic' 
activities.  Thus, during development arterial smooth muscle cells switch from a 
predominantly synthetic role in the fetus to a contractile state in the adult but can 
rea llowing damage to the arterial wall.  The synthetic 
henotype has several noteworthy differences to the contractile phenotype.  

(i) Do not contract 

ACROPHAGES AND ATHEROSCLEROSIS 

acrophages are not normally present within the arterial wall but are a prominent 

lial cells expressing adhesion molecules.  Endothelial expression of 
 occurs in atherosclerosis and monocytes adhere via their b-2 integrin 
r and penetrate the endothelium.  Once in the intima, monocytes transform 

nal macrophages and by producing TNF and IL-1 increase endothelial 
nd encourage more monocyte emigration.   

rther stimulated by the production of cytokines with monocyte 
erties by intimal macrophages in a positive feedback loop. 

ce PDGF and other cytokines which promote the proliferation of 
.  They also ingest oxidised LDLs present in the intima and are 

OOTH MUSCLE CEL

ral integrity of the wall by the synthesis of extracellular m

dily reverse this pattern fo
p
Synthetic cells: 

(ii) Migrate and proliferate following stimulation by macrophage- derived growth 
factors 
 (iii) Synthesise and secrete PDGF which acts in an autocrine fashion to further 

stimulate proliferation 
(iv) Show increased: 

a. Collagen synthesis 
b. Degradation of VLDL 
c. Lysosomal enzyme activity, except cholesterol esterase 

(v) Show diminished: 
a. Degradation of LDL 
b. Acid cholesterol esterase activity 

(vi) Accumulate cholesterol 
 
M
 
M
feature of atherosclerosis.  Just as in the inflammatory response monocytes attach 
to endothe
ICAM-1
recepto
into functio
synthesis of adhesion molecules a
Such emigration is fu
chemotactic prop
Macrophages produ
smooth muscle cells



converted into foam cells.  Thus, both macrophages and smooth muscle cells 
ccumulate lipid in atherosclerosis and can appear as foam cells. 

ISK FACTORS IN ATHEROGENESIS 

studies the following major risk factors have been 
entified: 

3. 
4. Hig
5. Cigare
6. Hypert
7.Diabete
8. 
9. Low
 
PATH
 
The fo ible in some measure for the 
de
 
A. 
Suppo

1. yperlipidaemia states.  The more common types 

LDL) 
(ii) Type IIB - Over-indulgence hyperlipidaemia 

Endogenous hypertriglyceridaemia (raised VLDL) 
rimary 

creased atherosclerosis where there is a high level of lipoprotein-A, a distinct 

inogen-like effects and may compete 

4. ding with a high 
cho

5. An mes the normal lipid 
con de up predominantly of cholesterol 

6. High HDL levels protect against coronary atherosclerosis probably by inhibiting 
macrophage production of monocyte chemoattractants. 

 in the plasma 
e endothelium allows more plasma lipids to enter the 

tion 
characteristics of the ground substance 

4. Defective metabolism of the smooth muscle cells leads to saturation of the 

a
 
R
 
On the basis of epidemiological 
id
1. Age 
2. Sex 

Obesity 
h dietary cholesterol intake 

tte smoking 
ension 
s mellitus 

Hyperlipidaemia 
 HDL level 

OGENESIS OF ATHEROSCLEROSIS 

llowing factors have been claimed to be respons
velopment of atherosclerosis: 

Lipid accumulation 
rting evidence 
Increased atherosclerosis in h
associated with an increased risk are: 

(i) Type IIA - Familial hyper-b-lipoproteinaemia (high 

(iii) Type IV - 
2. Increased atherosclerosis in hypercholesterolaemia resulting from p

(familial) or secondary deficiency of LCAT 
3. In

member of the LDLs which may prevent normal uptake and disposal of other 
LDLS.  This lipoprotein also has plasm
for plasminogen binding sites and inhibit fibrinolysis 
Production of fatty plaques in experimental animals by fee

lesterol diet 
alysis of atheromatous plaques reveals 10 or more ti
tent of the intima.  The increase is ma

linoleate derived from LDLS. 

 
Possible mechanisms 

1. Excess low density lipoproteins (especially lipoprotein-A)
2. Altered permeability of th
wall 
3. Retention of lipoproteins in the intima resulting from altered filtra



lysosomal lipoprotein disposal system.  This may result from: 
al hydrolytic enzyme deficiency 

iabetes mellitus 

 
 
Effect
. Alteration in the ground substance 

 smooth muscle cells - frequently monoclonal 
3. 
4. Incr
5. 
 
B. Ha
Suppo

there is cyclical reversal of flow 

 flow velocity and oscillating wall shear stress 
nimal involvement of the pulmonary circulation 

(except where there is pulmonary hypertension) 

 into the intima 
d 

thrombosis while the latter may alter vascular permeability or increase 

3.  ground substance which alters its filtration characteristics 
4. Formation of new collagen and elastin fibres 

 resulting from the connective tissue and smooth muscle cell 

 
C. 
suppo

romatous plaque can be identical 
2. Deposition of fibrin and platelets on vascular endothelium is a frequent event 

s plaques contain large quantities of fibrinogen, fibrin, and 

decreased clotting time and 

 
Pro

1. 

(i) congenit
(ii) acquired relative deficiency as in d
(iii) effects of viral infection (see below) 

5. Leakage from newly-formed vasa vasorum in fibro-fatty plaques 

s 
1
2. Proliferation of

Accumulation of 'foam-cells' 
ease in connective tissue fibres 

Necrosis and inflammation in advanced lesions - the necrogenic effect of lipids 

emodynamic stress 
rting evidence 

1. Association with systemic hypertension 
2. Increased severity in coronary arteries where 
3. increased incidence and severity at sites of branching where there is a 

relatively low
4. Absence from veins and mi

 
Effects of stress 

1. Low and oscillating shear stresses may weaken interendothelial cell junctions 
so that there is greater ingress of lipids

2. Low shear stresses encourage the attachment of platelets, monocytes an
polymorphs to endothelial cells.  The former may initiate surface 
micro-
the rate of monocyte entry into the intima. 
Polymerisation of the

5. Intimal thickening
proliferation 

6. Rupture of the elastic lamina 

Organisation of surface thrombosis 
rting evidence 

1. The microscopic appearances of an organised mural thrombus and an 
athe

3. Atheromatou
platelets 
4. Hyperlipidaemic states are associated with a 

impaired fibrinolysis 

bable mechanisms 
Endothelial injury results in surface microthrombosis 

2. Lipoproteins may prevent initial access and binding of plasminogen to the 
deposited fibrin thereby blocking lysis 



3. eases the rate of entry of LDLs into the organising 

4. ooth muscle cell proliferation in the 

 
. Viral infection 

2. pes 

3. s in vitro leads to inactivation of 

l infection by herpes simplex virus leads to increased synthesis and 

5. 
n the vessel wall 

 
Proba

1. 
nt to endothelial and smooth muscle cells via their FGF receptors 

2. Entry of virus into endothelial cells is followed by lethal injury and cellular 
lethal cytopathic effects 

gen which leads to platelet 

4.  diminished 

6. ered metabolic activity in which 

 
Multif

1. kely to be the initial event 

al infection 

esion.  Increased numbers of monocytes may enter the intima where they 
produce cytokines that amplify cellular emigration 

 platelet-vessel wall interactions by modulating 
the balance between prostacyclin and thromboxane synthesis.  Platelet 

s 
hage-derived growth factors 

 synthetic phenotype.  The cells proliferate and 

Re-endothelialisation incr
thrombus by micropinocytosis 
Fibrin degradation products stimulate sm

intima 

D
supporting evidence 

1. Herpes viruses can be found in the arterial wall 
Atherosclerosis can be induced in normocholesterolaemic animals by her

viruses 
Herpes virus infection of smooth muscle cell
cholesterol ester hydrolase and accumulation of free and esterified cholesterol 

4. Endothelia
expression of glycoprotein C which can act as a binding site for Factor X and 
initiate blood coagulation 
Herpes viruses can induce the synthesis of cytokines which act as growth 
promoters for cells withi

6. Cytomegalovirus infection following cardiac transplantation can lead to 
accelerated atherogenesis 

ble mechanisms 
Initial binding of herpes simplex virus to heparan sulphate is followed by 
attachme

desquamation or sub
3. Desquamation results in exposure of colla
aggregation 

Sublethal injury leads to enhanced platelet binding to endothelium,
PG[2 production and reduced synthesis of heparan sulphate which normally 
acts as a surface anticoagulant.  These effects promote thrombosis in the 
area of endothelial infection 

5. The damaged endothelium also releases growth factors and cytokines which 
stimulate smooth muscle proliferation 
Infection of smooth muscle cells leads to alt
there is increased binding of LDL cholesterol esters coupled with decreased 
cholesterol ester (CE) hydrolysis resulting in accumulation of CE-enriched lipid 
droplets 

actorial causation 
Endothelial injury is li

2. Injury probably results from haemodynamic stress but may also be related to 
toxins (? nicotine, carbon monoxide), metabolites, or vir

3. Endothelial injury or inflammation promotes Polymorph, monocyte and platelet 
adh

4. Dietary fatty acids may influence

aggregation then leads to surface thrombosi
5. Smooth muscle cells are stimulated by macrop

including PDGF and switch to a



secrete increased amounts of proteoglycans and collagen 
6. The proteoglycans in the matrix favour the entrapment of apo B containing 

resulting lipid-rich complexes and oxidised LDLs are taken 
up by macrophages 

ndothelial permeability, matrix trapping and defective lysosomal 
disposal lead to an accumulation of LDLs in the intima 

EF
 

1. n leading to ischaemia 

3. 
4. 
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An aneurysm is a localized dilatation of an artery or part of the heart consequent 
up
1. 

(i) ary weakening of the 

the media and elastica in 

rosis.  In this disorder there is focal loss of elastin and 
quent cystic 

degeneration and splitting of the vessel giving rise to a 'dissecting aneurysm'. 
Dissecting aneurysms also occur in Marfan's syndrome. 

(iv) Trauma, especially in arteries of the legs 
(v) Syphilis.  The mesaortitis of tertiary syphilis can lead to aneurysms in the 

oli 

small intracerebral arteries 
s dilatation lesions in muscular arteries 

lipoproteins and the 

7. Altered e

8. The rate and extent of LDL accumulation is modified by the plasma lipoprotein 
levels 

 
FECTS OF ATHEROSCLEROSIS 

Progressive occlusio
2. Infarction resulting from sudden occlusion due to 

(i) Superimposed thrombosis 
(ii) Haemorrhage into plaque 

Rupture of a plaque leading to micro-embolisation by atheromatous debris 
Aneurysm formation 

EURYSMS 

on weakening of its wall. 
Large and medium-sized arteries.  Aneurysms may result from: 

Atherosclerosis.  This is the commonest cause.  Second
media gives rise to fusiform or saccular dilatations usually in the abdominal 
portion of the aorta 

(ii) Congenital defects.  A congenital deficiency of 
cerebral arteries leads to 'berry' aneurysm formation 

 (iii) Cystic medionec
accumulation of acid glycoproteins in the media with subse

thoracic aorta 
(vi) Polyarteritis nodosa 
 (vii) Infection of the vessel wall by bacteria brought there by infected emb

giving rise to 'mycotic' aneurysms, e.g. in bacterial endocarditis 
2. Small arteries.  Microscopic dilatations of small arteries (microaneurysms) which 
predispose to rupture are found in: 
(i) Systemic hypertension, in 
(ii) Pulmonary hypertension, a
(iii) Diabetic retinopathy 
3. Heart.  Ventricular aneurysms may complicate myocardial infarction 
 
 



 

 
15.Thrombosis, embolism, and infarction 
 
Thrombo ss from the constituents of the blood within 
the vascular system d or semi-solid) mass is called a thrombus. 
 
CAUS
 
These
in 185
A. Cha

. Chang
n of the blood 

A. 

e or drug induced 

2. Ve

, i.v. catheters 
b. icose veins and 

itis of venous sinuses complicating 

 
B. 

Stasis and/or turbulence related to 

cular 'pumping' action greatly reduces venous 

g plasters, bandages, gravid uterus, 

ac failure 
s, etc. 

 

sis is the formation of a solid ma
uring life.  The solid (

ES OF THROMBOSIS 

 are best considered under the three headings originally proposed by Virchow 
6: 
nges in the vessel wall 

es in blood flow B
C. Changes in the constitutio
 

Changes in the vessel wall 
1. Arteries 

(i) Atherosclerosis 
tion (ii) Inflamma

Direct involvement in wall of an abscess, ulcer, etc. a. 
b. Auto-immun
c. Polyarteritis nodosa 
d. Giant-cell arteritis 
e. Thromboangiitis obliterans 
ins 

ombophlebitis) resulting from (i) Inflammation (thr
a. Trauma - fractures, tourniquets

Chemical injury - e.g. sclerosing fluids for treatment of var
haemorrhoids, irritant fluids administered intravenously 

c. Bacterial infection, e.g. thrombophleb
acute suppurative otitis media or mastoiditis 

 in blood flow Changes
1. Arteries 

(i) Aneurysms 
(ii) Atherosclerotic plaques 
(iii) Spasm 

2.  Veins 
(i) Local causes 

a. Inactivity.  Lack of mus
flow 

ill-fittinb. Pressure on veins by 
tumours, etc. 
c. Dilatation and valvular incompetence, e.g. in varicose veins 

(ii) General factors 
a. Congestive cardi
b. Circulatory collapse following severe trauma, burn



C. Ch
1. Increased viscosity associated with erythraemia (or polycythaemia) promotes 

Causes: 

ic congenital heart 

 Polycythaemia rubra vera 
rotein content, e.g. multiple 

f the oral contraceptive pill 

oma of the pancreas 

ST
 

f Factor XII and 
facilitated by platelet phospholipid (Factor III) which is present on the surface 

(ii) The extrinsic pathway initiated by tissue thromboplastins derived from 

r further 
platelet adhesion which is followed by deposition of another layer of fibrin and 

In f platelet (pale) 
thrombus, and fibrin with enmeshed red blood cells (red thrombus) is built up.  The 
irregular are termed lines of 
Zahn.  O  
the throm on is not occurring in 
circ
clot m ere is flowing blood and initiate a fresh 
thr veins by thrombus and blood clot may 

anges in the constitution of the blood 

thrombosis in arteries and veins. 

(i) Dehydration, particularly in infancy leading to renal and cortical vein 
thrombosis 
(ii) Chronic hypoxic states, e.g. respiratory failure, cyanot
disease 
(iii)

2. Increased viscosity resulting from high plasma p
myeloma 
3. Hypercoaguable states found 

(i) Following major surgery or trauma 
(ii) In pregnancy and parturition 
(iii) In some users o
(iv) In some cases of leukaemia and polycythaemia rubra vera due to 
thrombocytosis 
(v) After splenectomy 
(vi) In endotoxaemia, shock, hypersensitivity reactions 
(vii) In association with some tumours, e.g. carcin

 
EPS IN THE FORMATION OF A THROMBUS 

1. Adhesion of platelets to exposed collagen at the site of endothelial damage.  
Adhesion is mediated by fibronectin on the surface of platelets and is stimulated 
more by Type III collagen than basement-membrane collagen 

2. Secretion of adenosine diphosphate (ADP) and thromboxane A2 by the adherent 
platelets 
3. ADP and thromboxane induces platelet aggregation 
4. Activation of blood coagulation by: 

(i) The intrinsic pathway ('intrinsic' because all the necessary factors are already 
present in the blood) is initiated by collagen activation o

of the aggregates 

damaged endothelial cells, etc.  The final common pathway leads to thrombin 
formation which in addition to converting fibrinogen to fibrin causes further 
ADP and thromboxane release from platelets thus promoting aggregation.  
The aggregates are stabilised by the deposited fibrin 

5. The rough surface of the developing thrombus acts as a stimulus fo

entrapped red blood cells 
this way, a laminated mass composed of alternating layers o

pale laminae are sometimes visible to the naked eye and 
nce complete occlusion of the vessel has occurred, the static blood beyond
bus may undergo coagulation.  Here coagulati

ulating blood, and a homogeneous red clot is produced.  In veins, the tail of this 
ay reach a tributary vessel in which th

ombus.  In this way, occlusion of small 



extend proximally into major veins, a process termed propagation. 
 
VENOUS
 
Venous thrombosis is much more common than thrombosis in arteries.  It is 
inc
popula derdeveloped countries.  The explanation 

r this might lie in differences in diet, in levels of activity, in longevity and in the 
surgical operations performed.  Many thrombi are clinically'silent'. 

 
Fa

osis is common after operations. 

(ii) Local effects, e.g. gynaecological and hip operations 
ect pressure on veins during anaesthesia 

nd myocardial infarction.  These are associated 
wit

3. Ag e 
4. Pre

6. 
7. Malignancy, e.g. carcinoma of pancreas, possibly related to production of 

 tumour cells 

sing de novo 

Most venous thrombi are thought to originate in or close to a valve pocket. 

rombosis secondary to inflammation of the vein wall 

Recurrent thrombosis at different sites 
(ii) Typically involves limb veins 

ed with visceral malignancy (Trousseau's sign) 
g of pregnancy' thrombosis of the 

her with arterial spasm 
4. us veins of the 

 
ARTE IS 
 
Facto  arterial thrombosis 
1. 
. Micro-turbulence around irregular atheromatous plaques 

 aneurysms or due to sustained spasm 

 THROMBOSIS 

reasing in frequency and is apparently related to the general prosperity of the 
tion, being much less common in un

fo
number of 

ctors implicated in venous thrombosis (phlebothrombosis) 
1. Surgical operations.  Thromb

(i) General effects, e.g. splenectomy 

(iii) Loss of muscle 'pump' and dir
(iv) Immobilisation, especially in orthopaedic cases 

2. Congestive cardiac faiure a
h venous stasis and immobilisation 
e.  Thrombosis increases with ag
gnancy 
(i) Hypercoaguable state 
(ii) Pressure on pelvic veins by gravid uterus 

5. Oral contraceptive pill - high oestrogen type 
Obesity 

thromboplastins by the
 
Location 

1. Deep veins of the calf 
2. Iliofemoral segment by propagation from the calf or ari
3. Multiple sites simultaneously 

 
Special varieties of venous thrombosis 

1. Thrombophlebitis - th
2. Thrombophlebitis migrans 

(i) 

(iii) Often associat
3. Phlegmasia alba dolens -'painful white le

femoral and external iliac veins toget
Mondor's disease - localized phlebitis affecting subcutaneo
abdominal or thoracic wall, especially around the breast 

RIAL THROMBOS

rs implicated in
Damage to the endothelial lining, e.g. atherosclerosis, trauma 

2
3. Major disturbances of flow in



 
Types of thrombus 

2. 
throm
 
CARD
Facto

1. 

3. Turbulence, as in a ventricular aneurysm following myocardial infarction 

1. 
 
Th
on the valve cusps are termed vegetations.  They are found in: 

er.  The vegetations (which are composed almost entirely 
of platelets) are small, compact, firm and rubbery 

ocarditis.  This condition affects valves previously damaged by 

own for many years as 
excrescences, these sterile vegetations are found with increased 

rcinomatosis.  They 
infarction 

carditis (Libman-Sacks) found in some cases of systemic 

 
2. Mural 
Throm

(i) My ion of the endocardium and 

(ii) Rh  left atrium resulting from mitral 

(iii) Acute myocarditis 

e atria in atrial 
fibr
sudde
atrial appendage or a polypoid thrombus attached to the wall. 
1. 

1. Occluding thrombus in medium and small arteries frequently in association with 
concentric atherosclerosis 

Thrombosis occurring over part of the wall of a large artery or the aorta - mural 
bosis 

IAC THROMBOSIS 
rs implicated in intracardiac thrombosis 
Endocardial damage resulting from 
(i) Underlying myocardial damage as in myocardial infarction 
(ii) Primary endocardial inflammation as in acute rheumatic fever 
(iii) Haemodynamic factors in chronic valvular disease with resultant 
mechanical injury 

2. Disordered myocardial contraction, e.g. intra-atrial thrombosis resulting from 
atrial fibrillation 

 
Types of cardiac thrombosis 

Valvular thrombosis 

rombi composed of platelets, fibrin and variable numbers of red blood cells formed 

(i) Acute rheumatic fev

(ii) Infective end
rheumatic fever or congenitally abnormal valves, e.g. bicuspid aortic valve.  
The vegetations are large, friable, and contain the infective agent, e.g. 
bacterial 'colonies' or more rarely, rickettsia, fungi and yeasts 

 (iii) Non-infective ('abacterial') thrombotic endocarditis.  Kn
Lambl's 
frequency in patients with wasting diseases, particularly ca
are of variable size and may break off giving rise to cerebral 

 (iv) Verrucous endo
lupus erythematosus 

thrombosis 
bosis adherent to part of the endocardial lining is found in: 

ocardial infarction which can result in inflammat
subsequent thrombosis 

eumatic fever, MacCallum's patch in the
regurgitation 

 
3. Ball thrombus 
A detached, ovoid or spherical thrombus may be formed in th

illation.  This can impact in the mitral ring and produce a syncopal attack or even 
n death.  More commonly, atrial fibrillation is associated with thrombosis in the 

Resolution 



The th
(i) ous to clot-retraction in vitro 
(ii) Platelet autolysis 

is brought about by: 

leased by vascular endothelium) to fibrin 
b. Generation of plasmin, a powerful proteolytic enzyme which if not bound to 

n is inactivated by plasma (a-2-antiplasmin 
c. Degradation of fibrin by plasmin with release of fibrinopeptides (fibrin 

 
 cells, fibroblasts and smooth muscle cells convert the 
lar tissue rich in collagen and elastin fibres. 

hrombi continuity of newly-formed vascular channels may be 
subsequent dilatation lead to partial restoration of blood 

ess known as re-canalisation 
mbi the surface becomes re-endothelialised and the organised 

thrombus eventually becomes a fibrous plaque which may be indistinguishable 
n atherosclerotic lesion 

 
EMBO
 
Embolism ormal 
undissolved material carried there by the blood stream.  The recognized types are: 
1. 
2. Fa
3. Ga bolism 
4. 
5. 
6. Ath ial 

. Amniotic fluid 

onest type.  The detached thrombus may be of venous, 

e pulmonary 

b. Acute right ventricular failure 
tion of 5-HT causing spasm of the pulmonary arterial system 

rombus may be completely removed by a combination of 
Shrinkage by a process analog

(iii) Fibrinolys
a. Binding of the circulating proenzyme plasminogen and plasminogen 

activator (re

fibri

degradation products) into the circulation 
(iv) Phagocytosis by macrophages which infiltrate the thrombus 

 
2. Organisation
Ingrowth of endothelial
thrombus into fibrovascu

(i) In occluding t
established and their 
flow - a proc

(ii) In mural thro

from a
 
3. Detachment 
A portion of a friable or loosely attached thrombus may break off into the circulation 
forming an embolus. 

LISM 

 is the impaction in part of the vascular system of any abn

Thrombi 
t emboli 
seous em

Tumour fragments 
Infective agents 

eromatous mater
7
8. Foreign bodies 
 
1. Thrombi 
These are by far the comm
arterial, or cardiac origin. 
Venous thrombosis in the leg or pelvic veins may lead to embolism to th
arteries.  The possible results are: 

(i) Sudden death after obstruction by major embolism.  Death results from 
a. Systemic anoxia 

c. ? Libera
d. ? Reflex vagal inhibition 

(ii) Ischaemic necrosis of lung tissue - infarction.  In the lung, infarcts are 



haemorrhagic because of the dual blood supply (via pulmonary and bronchial 
arteries) 

rative pulmonary hypertension from multiple microemboli 
e proximal pulmonary artery following 

ain sites are: 
) Mural thrombus in the left ventricle 

theromatous lesions in the aorta and major branches 
(iii)
(iv) At
(i) Lo
(ii) Arteria
(iii) Large ation I saddle' embolus, producing 
isc
 
2. Fat
Is the 
thromboembolism in that the globules are fluid and deformable and so occlusion may 
e temporary or incomplete. 

auses of fat embolism 
ones is the major cause 

(ii)
(iii) Trauma to adipose tissue (rare) 
(iv)
 

ites and effects 

ith hypoxaemia which may result 
pillary anastomoses.  Such shunting 

bolism 
lism is never found in the absence of pulmonary embolism.  

nd ischaemic lesions particularly in the 
white matter which may lead to coma and death.  Multiple petechiae may be 

und in the skin. 
 
 
 
Origin

(i) t cells releases globules of fat into the marrow veins, which then 
pass to the lungs 

ules form by fusion of chylomicrons under the influence of 

d 

(iii) Progressive oblite
 (iv) Splits in the wall and aneurysms in th

acute stretching 
 
Arterial and cardiac thrombosis The m
(i
(ii) Thrombus on a

 Vegetations on valves 
rial thrombus Detachment results in: 
dgement in end-arteries, e.g. in brain, kidneys, spleen, retina, etc. 

l occlusion leading to gangrene of the intestine or limbs 
 embolism lodging across the aortic bifurc

haemic changes in the lower limbs 

 embolism 
impaction of large fat globules in small arteries and capillaries.  It differs from 

b
 
C
(i) Fracture of long b

 Operative manipulation of fractures, e.g. in arthroplasty 

 Trauma to a fatty liver (very rare) 

S
(i) Pulmonary fat embolism 

a. Minor degrees probably have little significance 
b. More marked embolism is associated w

from shunting of blood through pre-ca
can also give rise to systemic em

(ii) Systemic fat embo
The most important site for impaction is the cerebral vasculature.  This 
produces multiple small haemorrhagic a

fo

 of fat emboli 
Disruption of fa

(ii) ? Large fat glob
platelet factors released following trauma 

 
3. Gaseous embolism Causes 

(i) Mismanaged intravenous infusions, especially with infusion pumps 
(ii) Operations in which large veins are opene



(iii) Air injections for radiological techniques 
he Fallopian tubes 

 (vi

4. 
Va gnant neoplasms, and clumps of 
tumour cells may detach and impact at some distant site.  Whilst this may be a 
sou bolism is rarely large enough to produce 
isc e growth into the renal 
vein may give rise to relatively large tumour emboli. 
 
. Infective agents 

ive endocarditis giving rise to pyaemic 

rebral malaria 

sterol embolism 
Ru e may lead to release 
of 
interventions, such as aortic surgery, aortography, cardiac catheterisation and 
an n patients with severe aortic 
theroma.  Depending upon the site of origin and size, such embolism can give rise 

(i) Myocardial infarction or multifocal necrosis (coronary arteries) 

(iv) Cerebral or spinal cord infarction 
arction 

. Amniotic fluid 
riven through the placental bed into the maternal circulation during 

bour, particularly where there is obstruction. 

ay be fatal 
mboplastins in the 

(iii) wing plasmin activation 
 

(iv) Insufflation of t
(v) Criminal abortion 

) Caisson disease or decompression sickness (nitrogen bubbles forming as a 
consequence of rapid decompression) 

 
Effects 

(i) Sudden death as a result of a large volume of air reaching the right ventricle 
and preventing the propulsion of blood into the pulmonary artery 

(ii) Sudden decompression leads to tissue damage by bubble formation especially 
in the CNS ('divers's bends') and aseptic necrosis of bone resulting in 
osteoarthrosis 

 
Tumour fragments 
scular invasion is a common finding in mali

rce of secondary tumours such em
haemic damage.  An exception is renal carcinoma wher

5
(i) Bacterial clusters, e.g. from infect

abscesses or 'mycotic' aneurysms 
(ii) Parasites, e.g. clumps of plasmodia in ce

 
6. Chole

pture of the thin fibrous cap over a soft atherosclerotic plaqu
granular lipidic debris into the artery.  Many cases arise following medical 

gioplasty, but spontaneous emboli can occur i
a
to: 

(ii) Livedo reticularis in skin of the lower limbs 
(iii)  Splinter haemorrhages of the nails 

(v) Multifocal renal inf
(vi) Acute pancreatitis 
(vii) Intestinal infarcts or strictures 

 
7
Fluid may be d
la
 
Effects 

(i) Acute respiratory distress and shock which m
(ii) Disseminated intravascular coagulation produced by thro
fluid 

 Afibrinogenaemia follo



8. For
 
This i
intrave
 
Parad

 defined as the passage of an embolism from the right to the left side of the heart 
ptal defect (with a right to left shunt) resulting in systemic arterial 

 
INFAR
 
An infarct is an area of tissue necrosis resulting from ischaemia (deprivation of blood 
supply). y either thrombosis, 
embolism
Wheth  depends upon: 

3. The general state of the circulation - when the circulation is already impaired 
ngestive cardiac failure, the effects of arterial occlusion may be 

ple, although the lungs have a dual blood supply 
 a patient 

ion will lead to infarction. 
 
Ma
The m

1. 
rteries 

(ii) In situ thrombosis Of a cerebral artery 
 - resulting from impaction in the pulmonary arterial tree of a 

ys, spleen, or intestines - resulting from systemic thromboembolism or 
from atherosclerosis and its complications in the supplying arteries 

Ev
1. 

 a solid organ such as the heart, kidney, or spleen 

mmatory response provoked by tissue breakdown products such as 
mes, etc.  This is 

3. Demolition of dead tissue by macrophages 

eign bodies 

s rare, but an important example is embolism of Polythene catheters used in 
nous infusions which may break off and lodge in the heart. 

oxical embolism 
Is
through a se
embolism from a venous source. 

CTION 

 Infarcts therefore arise from arterial occlusion b
, or as a complication of atherosclerosis. 

er or not an infarct follows arterial blockage
1. The size of artery occluded - occlusion of a single small vessel may not give 

rise to tissue necrosis 
2. The collateral circulation - organs with a dual blood supply (e.g. liver) rarely 

suffer infarction 

as a result of co
exacerbated.  For exam
(pulmonary and bronchial arteries), occlusion of a pulmonary artery in
with chronic venous congest

jor sites 
ajor sites of infarction are: 
Myocardium - resulting from atherosclerosis and its complications in the 
coronary a

2. Brain - resulting from 
(i) Systemic embolism by 

a. Detached thrombus from the left side of the heart 
b. Vegetations from the aortic or mitral valves 

3 Lungs
thrombo-embolus formed in the leg or pelvic veins 

4. Kidne

 
ents in an infarct 

Necrosis, which may be: 
(i) Coagulative in
(ii) Colliquative in the brain 
(iii) Haemorrhagic in the lung 

2. An infla
membrane fragments, denatured proteins, released enzy
manifest as a surrounding rim of hyperaemia and neutrophil polymorph 
infiltration 



4. Organisation - ingrowth of fibroblasts and endothelial cells 
5. Scar formation.  Even in organs capable of regeneration, this is always very 

limited after infarction, and a fibrous scar is the usual end result. 

efactive 
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DE
 
A con  or abnormality is one present from birth which may or may not 
be

ons which are 
lterations in shape and/or structure of a previously normally formed part, e.g. 

postural scoliosis, talipes (deformities of the feet), 

 
GENE
 
A. Ch s 

ceives both chromosomes 

2. ring meiosis when one of a chromosome pair (or 
e) fuses to another to form a large composite 

 
3. ole, or part, of a chromosome during meiosis 

In  
aft  to mosaics, individuals possessing two or more 

 
Gangrene 
This is a special form of infarction where the dead tissue is infected with putr
organisms. 
 
Varieties: 

1. 'Dry gangrene'- a term usually applied to ischaemic necrosis in a limb.  To be 
precise, this should not be referred to as gangrene as it is not super-infected 
with putrefactive 
organisms; the proper term is 'mummification' but this is rarely used. 

2. 'Wet' gangrene - this is where there is super-infection, e.g. in infarcts of the 
intestine. 
3. Gas-gangrene - where the putrefactive organisms produce 

gas which collects as 'bubbles' in the affected tissues.  The organisms are 
almost always of a clostridia species. 

 
 
 

 
. Congenital and inherited disorders 

FINITIONS 

genital disease
 genetic. 

An inherited disease results from genetic factors but may not become apparent until 
adulthood. 
A genetic disorder can be either inherited or mutational. 
Congenital malformations are primary defects in body structure resulting from an 
error in morphogenesis.  They are to be distinguished from deformati
a
congenital torticollis, congenital 
etc. 

TIC DISORDERS 

romosome abnormalitie
1. Non-disjunction - failure of a chromosome pair to separate during the formation 

of gametes by meiosis means that one gamete re
and the other none 
Translocation - also occurs du
part of a chromosom
chromosome
Deletion - loss of the wh

addition, non-disjunction and deletion can occur during the early mitotic divisions
er fertilisation and give rise



popula aving a different chromosomal make-up. 
Chromosome abnormalities may affect both the sex chromosomes and the 
autoso lmost always lethal. 
 
Sex ch
These nction and include: 

1. 
(i) Testicular hypoplasia 

lity 
r cases who prove to be 46XY.  Here the abnormalities 

ry failure of germ-cell development. 
l, aggressive males who may show: 

 

 some loss of intelligence and infertility. 

 neck 
est with widely spaced nipples 

onads in position of ovaries 

. Gene abnormalities 
on 

deletion 
letion (i.e. 3 base deletion) 

tation 

n/deletion 
eletion 

l mutation/deletion 
dem short repetitive sequence (e.g. trinucleotides) 

ltered genes can be transmitted through families according to 
 main patterns of inheritance are recognized: 

ies a dominant abnormal gene will suffer from the disease.  

tions of cells h

mes, although absence of an autosome is a

romosome abnormalities 
 are almost invariably the result of non-disju
Klinefelter's syndrome - XXY 

(ii) Sterility 
(iii) Mental subnorma

There are clinically simila
result from a prima
2. 'Super-male'- XYY Tal

(i) Sexual maldevelopment 
(ii) Skeletal disorders
(iii) Myopia 
(iv) Marfan's syndrome 

3. 'Super-female'- XXX Females showing
4. Turner's syndrome - XO 

(i) Dwarfism 
(ii) Sexual infantism 
(iii) Increased carrying angle of lower arms 
(iv) Webbed
(v) Broad ch
(vi) Streaked g
(vii) Coarctation of the aorta 

 
B

(i) Multigene deleti
(ii) Single gene deletion 
(iii) Exon deletion 
(iv) Within exon 
(v) Frame shift de
(vi) Base pair mu
(vii) Splice site mutation/deletion 
(viii) Promotor mutatio
(ix) Termination codon mutation/d
(x) Poly A signa
(xi) Expansion of a tan

A
Mendelian laws.  Three

1. Dominant 
2. Recessive 
3. Intermediate 

In addition the mutant gene may be sited on the X or Y chromosome in which case its 
inheritance is sex-linked. 
 
Dominant inheritance 
Every individual who carr
Nearly all affected individuals are heterozygous. 



Examples include: 

me 
atous polyposis 

ressed when the individual is homozygous 
(th affected).  Autosomal recessive diseases are usually caused 
by abnormalities in genes coding for enzymes or tumour suppressor genes.  The 
presence of abnormal enzymes, or deficiencies of normal enzymes, gives rise to the 
so-cal etabolism'.  Recessive diseases include: 
1. Cy
2. Wi tion) 
3. Re
4. essive spinal muscular atrophy of infants) 

In this situation the possession of a single recessive mutant gene leads to detectable 
abnormalities but less severe than in homozygotes. 
Exam
1. Sic
2. Th
3. Ca
 
Sex-lin
This can be either dominant or recessive 

1. X 

pe) 
 deficiency 

2. Y chromosome, e.g hairy ears 
 
Exam

) 
 dehydrogenase deficiency (G-6-P D) 

lpha-l-antitrypsin) 
(iv) Marfan syndrome (fibrillin) 

eta globin) 

1. Achondroplasia 
2. Brachydactyly 
3. Hyperelastosis cutis (Ehlers-Danlos syndrome) 
4. Marfan's syndro
5. Familial adenom
6. Spherocytosis 
7. Huntington's chorea 
 
Recessive inheritance 
Here the genetic abnormality is only exp

at is both alleles are 

led 'inborn errors of m
stic fibrosis 
lson's disease (hepato-lenticular degenera
tinitis pigmentosa 

Werdnig-Hoffmann disease (progr
 
Intermediate inheritance 

ples include: 
kle-cell trait 
alassaemia minor 
rriers of the phenylketonuria gene 

ked inheritance 

chromosome 
(i) Haemophilia 
(ii) Christmas disease 
(iii) Colour blindness 
(iv) Chronic granulomatous disease 
(v) Muscular dystrophy (Duchenne ty
(vi) Glucose-6-phosphate

ples of inherited conditions where the type of genetic lesion is known: 
1. Point mutation 

(i) Cystic fibrosis (CFTR
(ii) Glucose-6-phosphate
(iii) Alpha-l-antitrypsin deficiency (a

(v) Beta thalassaemia (b
(vi) Retinitis pigmentosa (rhodopsin) 
(vii) Familial adenomatous polyposis (apc) 

2. Frame shift deletion 
(i) delta 508 deletion in cystic fibrosis (CFTR) 



(ii) Beta thalassaemia (beta globin) 
(iii)  Haemophilia A and B (factor VIII and IX deficiency) 

3. Exon or gene deletions 
(i) Duchenne muscular dystrophy (dystrophin) 
(ii) Lesch-Nyhan syndrome (HGPT) 

III and IX) 
4. em repetitive sequence 

(ii) Fragile X syndrome 

C. 
Ma
can e.  It is assumed that 
these defects and diseases arise by virtue of the additive effect of multiple genes. 
For example genes that have been implicated in atherosclerosis: 

1. Low density lipoprotein gene (mutated in familial hypercholesterolemia) 
2. Apoprotein B-100 (mutated in familial defective apolipoprotein B-100) 
3. Apo
4. Ap
diseas

d frequency of the beta allele) 
6. 

(i) 
(ii) g and fibrinolysis 

 
ENVIR ONGENITAL DISEASE 
 

1. 
Exper
(vitamin A, riboflavin, folic acid) but clinical proof is lacking 

tions have also been described after influenza, measles, mumps, 
 

roven. 

on of females has resulted from administration of androgens or 
 early pregnancy, or as a result of congenital adrenal 

 treatment of maternal diabetes may lead to malformation (?) 
(iii) deficiency in anencephaly 

(iii) Retinoblastoma (rb) 
(iv) Wilms' tumour (Wt) 
(v) beta thalassaemia (beta globin) 
(vi) Haemophilia A and B (factor V
Expansion of a short tand
(i) Myotonic dystrophy 

(iii) X linked spinal bulbar atrophy 
 

Polygenic abnormalities 
ny congenital abnormalities and major diseases such as cardiovascular disease 
not be explained on the basis of single gene inheritanc

protein C11 lipoprotein lipase (defective in lipoprotein lipase deficiency) 
oprotein's A1, CIII and AIV (increased allele frequency in cardiovascular 
e) 

5. Fibrinogen (increase
Other genetic defects might be found in: 

Lipoprotein or cholesterol metabolism 
Blood clottin

(iii) Macrophage function 
(iv) Smooth muscle cell proliferation 

ONMENTAL FACTORS IN C

Nutritional disturbances 
imental studies have demonstrated the importance of essential vitamins 

2. Maternal infection 
(i) Rubella 
(ii) Cytomegalovirus 
(iii) Toxoplasmosis 

Malforma
polio, echo and coxsackie infections.  These are all rare associations and a
causal relationship has not been p

3. Hormonal agents 
(i) Masculinisati

progesterone in
hyperplasia 

(ii) Insulin used in
 Hypoplasia of the adrenals results from pituitary 

4. Drugs 



(i) Thalidomide (limb defects) 
(ii) Anti-metabolites 
(iii) Other commonly used drugs, e.g. salicylates,  sulphonamides, and 

streptomycin, have had teratogenic effects in animals, but evidence in 

5. Mechanical factors 

ia - may lead to cardiac malformations in children born at high altitudes 
8. 
9. rank 

ent with increasing maternal age 
10 ect on some dominant mutations, e.g. achondroplasia 
11

 
 
 
CONG S 
 
Major congenital malformations are found in about 2.5% of total births, and of these 
neural tube defects such as spina bifida and anencephaly, and congenital heart 
dis thirds. 
The m mations are: 

1. Lim
(i) location of the hip 

 the tibia 
(iii) Talipes equinovarus (club foot) 
(iv) Congenital elevation of the shoulder (Sprengel's shoulder) 
(v) is 

 
2. 

 

agus 
ernia 

ric stenosis 

rung's disease 
(ix) Imperforate anus 

3. Ca stem 
(i) 

humans is lacking 

Compression of the fetus is important in producing deformations, and may 
exaggerate deformities associated with malformations, e.g. in congenital 
dislocation of the hip 

6. Irradiation 
7. Hypox

Disordered circulation in the embryo 
Maternal age and birth 
(i) Mongolism 
(ii) Hydrocephalus 
(iii) Achondroplasia 
(iv) Anencephaly 

are more frequ
. Paternal age has an eff
. Multiple births 

ENITAL MALFORMATION

ease account for about two-
ost important malfor

bs 
Congenital dis

(ii) Bowing of

 Radio-ulnar synostos
(vi) Syndactyly/brachydactyly
Alimentary tract 
(i) Cleft lip and palate
(ii) Microstomia and macrostomia 
(iii) Atresia of the oesoph
(iv) Diaphragmatic h
(v) Congenital pylo
(vi) Atresia of the intestine 
(vii) Duplication 
(viii) Hirschsp

rdiovascular sy
Septal defects 
a. Atrial 
b. Ventricular 



(ii)
 

 
) 

rta 
nt ductus arteriosus 

(v) alogy  
(vi) Transposition of the great vessels 

4. Central nervous system 
(i) Hydrocephalus 

(iii) Meningocele/myelocele 

ladder 

(iv) Penis Hypospadias 

 
INBO
 
When f an abnormal protein, and this protein 
is an emical defect may become manifest through the 
accumulation of some precursor or substrate which brings about a disease 
s n recessives, are termed 

born errors of metabolism.  They can be grouped into four main categories 

A
B. E
C
D. E
E
F.  
A. E
1 sphate uridyl transferase) 

. Glycogen storage diseases include: 
sphatase) 

(ii) Pompe's (a-1,4,6 glucosidase) 
-glucosiderase {debrancher}) 

ase [brancherl) 

 Stenosis 
a. Aortic
b. Pulmonary
c. Infundibular (RV

(iii) Coarctation of the ao
(iv) Persiste

 Fallot's tetr

(ii) Anencephalus 

5. Genito-Urinary system 
(i) Kidneys 

a. Agenesis 
b. Hypoplasia 
c. Cystic diseases  

(ii) B
a. Ectopia vesicae 
b. Persistent urachus 

(iii) Testes 
a. Absence 
b. Undescended 

(v) Uterus 
a. Double 
b. Septate 
c. Bicornuate 

RN ERRORS OF METABOLISM 

 a genetic error results in the formation o
 enzyme, the resultant bioch

yndrome.  Such diseases, usually inherited as Mendelia
in
involving: 

. Errors of carbohydrate metabolism 
rrors of amino-acid metabolism 

. Errors of lysosomal function 
rrors of steroid metabolism 

. Errors of porphyria metabolism  

rrors of carbohydrate metabolism 
. Galactosaemia (deficiency of galactose-l-pho

2
(i) von Gierke's (glucose-6-pho

(iii) Limit dextrinosis (amylo-1, 6
(iv) IV (amylo-1, 4-1, 6-transgiucosid



(v) V McArdle's (muscle phosphorylase) 
(vi) VI (liver phosphorylase) 
(vii) VII (glycogen synthetase) 

3. te aldolase) 
 
B. E

1. Phenylketonuria (phenylalanine hydroxylase deficiency resulting in 
 

2. ylpyruvic acid oxidase deficiency resulting in 
anine and tyrosine). 

3. e deficiency) 
4. Maple syrup urine disease (branched-chain ketoacid decarboxylase deficiency 

5. thetase) 
 
C. E
 

1. 

se) 
(iii) Krabbe's (b-galactosidase) 

) 
myelinase) 

tic leucodystrophy (sulphatidase) 
ry's (ceramide trihexosidase) 

s (mucopolysaccharidoses) 
onidase) 
uronidase) 

e sulphatase) 
aran sulphate sulphamidase) 

(v) IIIB - Sanfilippo (a-N-acetylglucosaminidase) 
osamine) 

se-B) 

s 
 

is 
 

on of other compounds 
(i) Refsum's disease (phytanic acid) 
(ii) Cystinosis - Lignac-Fanconi (?) 
(iii) Pompe's disease (lysosomal-a-glucosidase) 

Fructose intolerance (fructose-l-phospha

rrors of amino-acid metabolism 

accumulation of phenylalanine)
Tyrosinosis (p-hydroxyphen
accumulation of phenylal
Alkaptonuria (homogentisic acid oxidas

resulting in accumulation of a-ketoacids) 
Homocystinuria (cystathione syn

rrors of lysosomal function 

Accumulation of sphingolipids 
(i) Tay Sachs' (hexosaminidase A) 
(ii) Generalized gangliosidosis (b-galactosida

(iv) Gaucher's (b-glucosidase
(v) Niemann-Pick's (sphingo
(vi) Metachroma
(vii) Anderson-Fab

 
2. Accumulation of neutral lipids 

(i) Wolman's (acid esterase) 
(ii) Cholesterol ester (?) 
(iii) Cerebro-tendinous xanthomatosis 

 
3. Accumulation of glycosaminoglycan

(i) IH - Hurler (a-L-idur
(ii) IS - Scheie ((a-L-id
(iii) II - Hunter (L-iduronosulphat
(iv) IIIA - Sanfilippo (hep

(vi) IV - Morquio (N-acetyl hex
(vii) VI - Maroteaux-Lamy (arylsulphata

 
4. Accumulation of mucolipid

(i) Mucolipidosis types I-IV
(ii) Fucosidosis 
(iii) Mannosidos

5. Accumulati

 



6. Other lysosomal enzyme
(i) Hyperphosphatasia 

 disorders 

(ii) Hypophosphatasia 
ncy 

2. 11-Hydroxylase deficiency 

eoplasia means 'new growth'. 

h from Tel Aviv 
niversity, in a bold new field called Psychoneuroimmunology, may prevent those 

ity's 
epartment of Psychology, has shown scientifically that psychological and 

tumor is being removed.  

l stressors of surgery deal a blow to the immune system, but this is 
ardly discussed in the medical community," says Prof. Ben-Eliyahu. "Ours is among 

liyahu's studies is that stress hormones such as 
drenaline, which are released before and during surgery, "underlie much of the 

(iii) Acid phosphatase deficie
(iv) Ceroid-lipofuscinosis 

 
D. Errors of steroid metabolism 
Resulting in congenital adrenal hyperplasia 
The principal defects are: 

1. 21-Hydroxylase deficiency 

Other enzymes may be involved, these are: 
3. 17-Hydroxylase 
4. 3-b-Hydroxysteroid dehydrogenase 
5. Desmolase 

 
 
 
 

17.  Neoplasia 
 
N
Psychoneuroimmunology: Stress Reduction To Prevent Cancer Recurrence 
After the surgical removal of a malignant tumor, the chance that cancer will re-appear 
in a different location of the body remains high. But new researc
U
cancer cells from taking root again - and the key to the treatment is stress reduction.  
 
A new study led by Prof. Shamgar Ben-Eliyahu, from Tel Aviv Univers
D
physiological stress prior to, during and after surgery has a biological impact that 
impairs immune system functioning. This impairment bears down on disease 
progression, he says, especially at the critical point during oncological surgery when 
a primary 
 
The study was published in the journal Brain, Behaviour, and Immunity (2007). The 
results are expected to influence cancer intervention programs in the future.  
 
Effects of Fear  
 
"The psychologica
h
the first studies to show that psychological fear may be no less important than real 
physiological tissue damage in suppressing immune competence."  
 
The surprising part of Prof. Ben-E
a
devastating effects of surgery on immune competence," says Prof. Ben-Eliyahu.  



 
Until now, doctors assumed that the immune system was weakened due to tissue 
damage and the body's responses to it. A weak immune system is one of the major 
factors that promotes cancer metastases after an operation, 
B
 
"Timing is everything after cancer surgery," says Prof. Ben-Eliyahu. "There is a short 
window of opportunity, about a week after surgery, when the immune system needs 
to be functioning maximally in order kill the tiny remaining bits of tumor tissue that are 
scattered around the body."  
 
An Early Boost  
 
The main stress hormones that appear to have an impact on immune competence 
are released before and during surgery, Prof. Ben-Eliyahu has found. He is currently 
developing a novel i
th
 
P
reveal that by blocking these stress hormones, cancer metastases in animal models 
could be reduced. In a recent study (in progress), Prof. Ben-Eliyahu also found that 
by blocking these hormones, he could increase long-term post-operative survival 
rates from cancer in animal models, by as much as 200-300 percent.  
 
Prof. Ben-Eliyahu and his students are now also trying to integrate stimulation of the 
immune system just before surgery and prevent its suppression. This may provide 
the immune system with an opportunity to eradicate cancer residuals after
s

explains Prof. 
en-Eliyahu.  

ntervention program, based on existing generic drugs, to block 
e influence of these hormones.  

re-clinical studies in a 2005 study also published in Brain, Behaviour, and Immunity 

 the 
urgical removal of the primary tumor, and before these residuals are re-established 

boosting the immune system and blocking its 
hysiological stress, starting a day or two before 

rof. Ben-Eliyahu is  novel and 
merging field of Psy

 nervous and 
 
 

S. 

Article adapted by Medical News Today from original press release. 
 

and become resistant to immunity, he says.  
 
Prof. Ben-Eliyahu concludes, "By 
uppression by psychological and ps

surgery, during surgery and after surgery, we may be able to provide an intervention 
program that can extend people's lives and potentially increase their chances for 
long-term survival."  
 
He plans on starting clinical trials within the next year or two.  
 
P one of about 200 other scientists working in the

choneuroimmunology. It is an interdisciplinary study of the e
interaction between the psychological processes of the brain, and the
immune systems of the human body. In this field, Prof. Ben-Eliyahu collaborates

rregularly with Prof. Gayle Page from the Johns Hopkins School of Nursing and othe
 by the U.scientists from the United States and Israel. His work is supported

ational Institute of Health. In May, he plans on attending the N
Psychoneuroimmunology Research Society conference in Madison, Wisconsin. 
 



CLASSIFICATION OF TUMOURS 
 
Tumours are currently classified according to their behaviour and tissue of origin.  
On the basis of their behaviour they can be separated in in groups, benign 
and malignant.  The malignant tumours can then be  primary or 
econdary (metastatic) tumours. 

Mode of growth   Expansive/pushing      
      Circumscribed       Poorly-defined margins 

lated 
ate of growth   Slow and may cease      Rapid 

ely resembles tissue of    differentiation 

Necrosis 

s    Absent         Present 

cts   Mechanical or hormonal     Mechanical, 

utcome     Rarely fatal        Usually fatal 

ibit 
e.g. 

urs usually end with the suffix -oma.  Malignant epithelial tumours are 
usually called -carcinoma and malignant tumours derived from mesoderm -sarcoma.  

eir 
le 

rigin        Benign     Malignant 

Epithelial 
squamous         Papilloma      Squamous 

to two ma
 separated into

s
The principal points of distinction between the two groups are: 
 

Benign         Malignant 
 

Infiltrative 
 
       Encapsulated        Non encapsu
R
 
Microscopic    Well-differentiated (i.e.     Varying degrees of 
structure     clos

origin) 
Cells - regular       Cellular and nuclear 

pleomorphism (variation in 
size and shape) 

Absent or scanty mitotic     Increased mitoses 
figures 

Haemorrhage 
 
Metastase
 
Clinical effe
destructive, 

hormonal, systemic effects 
 
O
 
These are general points to which there are many exceptions. Some tumours exh
an intermediate type of behaviour and cannot be allocated to either category, 
giant-cell tumour of bone. 
Benign tumo

Teratomas are derived from germ cells and tumours arising from fetal tissues or th
remnants -blastomas.  There are exceptions to most of these rules, for examp
hamartomas are not tumours, seminomas and lymphomas are both malignant, so 
whilst these rules are helpful, caution is required in the use of terminology. 
 
Tissue of o
 

carcinoma 
glandular         Adenoma      Adenocarcinoma 



transitional        Papilloma      Transitional cell 

 
Connective tissue 
Fibrous tissue        Fibroma      Fibrosarcoma 
Fat          
Bone          Osteoma      

steogenic 
sarcoma) 

     Leiomyoma     Leiomyosarcoma 

 Angiosarcoma 
ymphoid tissue               Malignant 

oma 
          Astrocytoma, 

Oligodendroglioma 
Ependymoma 

      Hydatidiform mole   Choriocarcinoma 
    Benign teratoma    Malignant teratoma 

        Nephroblastoma 
Hepatoblastoma 
Medulloblastoma (brain) 
Retinoblastoma 

(sympathetic nerve) 
 
T
A
it
T  cases may 
ave been arrested in their migration from the yolk sac wall). 

 
Sit
1. Ov
2. Testis (u
3. diastinum 
4. Pre
5. Re
. Intrapericardial 

7. 
8. Intr
9. Nec
 

NON NEOPLASTIC CONDITIONS OFTEN CONFUSED WITH TUMOURS 
 

ich it is found.  

carcinoma 

 Lipoma      Liposarcoma 
Osteosarcoma 

(o

Cartilage         Chondroma     Chondrosarcoma 
Smooth muscle  
Striated muscle       Rhabdomyoma    Rhabdomyosarcoma 
Blood vessels        Haemangioma   
L
lymph
Nervous system     

Trophoblast  
Germ Cells    
 
Embryonic tissues      

Ganglioneuroma  Neuroblastoma 

eratoma 
 teratoma is 'a true tumour composed of multiple tissues foreign to the part in which 
 arises' (Willis). 
eratomas originate by neoplastic change in germ cells (which in some

h

es 
ary (usually benign) 

sually malignant) 
Anterior me

sacral 
troperitoneal 

6
Base of skull and nasopharynx 

acranial, including pineal 
k - usually within the thyroid gland 

Hamartoma 
A hamartoma is a tumour-like malformation composed of a haphazard arrangement 
of mature tissues appropriate to the particular part of the body in wh



The distinction between a hamartoma and a benign tumour can be very difficult, and 
p from such malformations. 

 
Exa

y hamartoma composed principally of mature cartilage but 
 fibrous tissue 

2. 
h circumoral 

 

 
Cho
A choristoma is composed of normal ti
pan s nal cells under the capsule of the 
kidney.  t can rarely give rise to tumours. 

COMPLICATIONS OF BENIGN TUMOURS 
1. Pre

(i) Meningioma compressing brain or spinal cord 
id) compressing endometrium 

(iii) CSF obstruction by an ependymoma 

noma of the colon 

5. 

6. 

oma giving rise to 

(iv) P
a

(
7. M
e.g. 
sporadic adenomas and in familial adenomatous polyposis 

 

very occasionally malignant tumours develo

mples 
1. 

(i) Pulmonar
Respiratory system 

including columnar or cuboidal epithelium and
Intestine 

e.g. Peutz-Jeghers' polyps in the small intestine associated wit
pigmentation 

3. 
(i) Skin papules -'adenoma sebaceum, 

Multi-system involvement e.g. Tuberous sclerosis 

(ii) Angiolipomyoma in the kidney. (These can also occur without tuberous 
sclerosis.) 

ris oma t
ssue at an abnormal site, e.g. ectopic 

crea  in the small intestine or stomach or adre
They are not neoplasms bu

ssure effects 

(ii) Uterine leiomyoma (fibro
2. Obstruction 

(i) Bronchial obstruction due to an adenoma 
(ii) Blockage of the mitral valve by an atrial myxoma 

3. Ulceration and haemorrhage 
(i) Leiomyoma of the stomach wall 
(ii) Ade

4. rInfa ction, e.g. pedunculated leiomyoma 
Rupture of cystic neoplasms, e.g. mucin-secreting cystadenoma of the ovary 
producing myxoma peritonei 
Hormone production 

Is(i) let-cell tumour of the pancreas producing insulin or glucagon 
(ii) Phaeochromocytoma 

nal cortical aden(iii) Adre
a. Cushing's syndrome 
b. Conn's syndrome 
ituitary adenoma 
. Acromegaly 

b. Cushing's syndrome 
v) Parathyroid adenoma 
alignant change 

Adenomas of large intestine giving rise to adenocarcinoma, as occurs in 



COMPLIC

1. 
(

( creas invading 

 peritoneal or pleural surface, e.g. adenocarcinoma of 

2. M
n and involvement of 

ead, e.g. squamous carcinoma of the 
h subsequent haematogenous 

(ii) ion, e.g. osteosarcoma 

 by vascular and lymphatic routes initially within 

3. Obs
l structure, e.g. colon, bile duct, ureter by 

(ii) ls, e.g. peau d'orange of the breast caused 
ls by adenocarcinoma of the breast 

4. 
(i)  primary or secondary tumour, e.g. 

amous carcinoma of the skin or 
adenocarcinoma of the prostate invading into the rectum 

renal cell adenocarcinoma 

ei 
vary rupturing into the peritoneum 

ration of carcinoma of the colon 
 production 

of the lung producing 

rp) 

cell tumours 
n 

ATIONS OF MALIGNANT TUMOURS 

Invasion 
i) Direct spread within the organ of origin, e.g. squamous carcinoma of the 

lung or hepatocellular carcinoma in the liver 
ii) Spread to adjacent organ(s), e.g. adenocarcinoma of the pan

m, stomach or colon duodenu
(iii) Invasion through the

the stomach or lung 
etastasis 

phatic invasio(i) Carcinomas usually spread by lym
lso by vascular sprlymph nodes but a

lung invading regional lymph nodes wit
 to liver, bone and brain spread

 Sarcomas usually spread by vascular invas
 to the lung spreading

(iii) Lymphomas usually spread
ystem the immune s

truction 
(i) Stenosis of a hollow viscera

condary tumour primary or se
Obstruction of lymphatic channe

nneby blockage of lymphatic cha
Ulc orrhage eration and haem

Ulceration of a mucosal surface by a
adenocarcinoma of the colon or squ

(ii) Haemorrhage into a tumour, e.g. 
5. Infarction 
6. Rupture or perforation 

oma of the ovary causing myxoma periton(i) Cystadenocarcin
atoma of the o(ii) Ter

(iii) Perfo
7. Hormone

(i) Carcinoma 
a. ADH 
b. Parathyroid hormone related peptide (PTH-
c. ACTH 

 islet (ii) Malignant
oa. Glucag

b. Insulin 
(iii) Malignant carcinoid tumours 

a. Serotonin 
b. 5-Hydroxy indole acetic acid 

(iv) Renal cell adenocarcinoma 
a. Erythropoietin 
b.Parathyroid hormone related protein 

 
 



GROW
 
Th
A. Un

. Invasion 
 

A. 
Th

f cells by: 

In ell birth rate) is equal to the rate 
of 
leads to cell loss in excess of the cell birth rate then atrophy or tissue damage such 

s ulceration will result.  In neoplasia, the cell birth rate exceeds cell loss so that 

io- or chemotherapy.  Tumour growth progresses in two ways: 
gn 

fibroadenoma of the breast 
2.  and can be recognized 

our. 
 
B. Inv
Direct owing: 

1. 
eation as a continuous cord of tumour cells 

3. 
ren
4. 

5. 
g. uterine tumours spreading along the Fallopian tubes or 

 
The m
but inv
an ac
explan

1. d loss of substrate dependence 

2. 

TH AND SPREAD OF TUMOURS 

e most important characteristics of tumours are their capacity for: 
coordinated growth 

B
C. Metastasis
 

Tumour growth  
is is the result of: 
1. The rate of entry and time spent in the cell cycle 
2. Death o

(i) Apoptosis 
(ii) Necrosis 

normal tissues the level of mitotic activity (i.e. the c
cell loss so that the total number of cells is more or less constant.  Where injury 

a
there is progressive accumulation of tumour cells.  In some tumours, the cell birth 
rate although exceeding cell loss, may be lower than the prevailing level of mitosis in 
the surrounding tissue of origin, and this may explain the poor response of such 
tumours to rad

1. Expansive growth.  Purely expansive growth is a feature of many beni
tumours and produces a circumscribed, encapsulated neoplasm, e.g. 

Infiltrative growth is usually a reflection of invasion
around the margins of a malignant tum

asion 
 spread of tumour in continuity occurs along the foll
Microscopic tissue spaces (interstitial spread) 

2. Lymphatics - perm
Veins and capillary blood vessels, e.g. renal cell adenocarcinoma along the 
al vein 
Coelomic cavities, e.g. pleural spread of lung cancer or peritoneal spread of 
colonic adenocarcinoma 
Cerebrospinal spaces, e.g. malignant gliomas 

6. Epithelial cavities, e.
into the cervix 

echanisms underlying the invasive properties of malignant cells are not known 
asion can be blocked if protein synthesis is inhibited indicating that invasion is 
tive process.  The following factors have been suggested as possible 
ations. 
Increased motility, loss of adhesiveness, an
(i) Loss or down-regulation of laminin or collagen receptors and cell adhesion 

molecule abnormalities 
(ii) Increased production of autocrine motility factors 
Loss of contact and density inhibition 
The failure of malignant cells to show the normal inhibition of mitosis and 
movement on contact may be due to: 



(i) Loss of responsiveness to inhibitory cytokines 
(ii) 

3. Fib
Fib many tumours.  The 

ts role in tumour spread is therefore 
doubtful. 

production 

avage' as routes of invasion, in reality these are filled by a relatively dense 
 I and III), glycoproteins, and 
This matrix forms a dense 

of epithelial origin must first traverse a dense basement 

w been shown that many tumours secrete collagenases capable of 
digesting the interstitial matrix together with a distinctive metalloproteinase 

ollagen.  Such destruction of the 
matrix by proteolytic enzymes is believed to facilitate invasion.  

 secreted by some tumour cells.  In addition, production of 
tor by tumour cells and the subsequent formation of 

ant in: 
rin from around the advancing tumour margin 

(ii) Releasing pro-collagenases from the cell membrane 
(iii) Increasing vascular permeability for tumour cells 

Inhibitor proteins from the surrounding tissues or the tumour cells can block 
e activity.  Such factors include tissue inhibitors of 

C. 
Denotes successful growth of tumour in the body at a site distant from its primary 
locatio
Th

vascular and other tissue/organ spaces and 
their drainage 

operties of the tumour cells as well as those of the site of the 

De
1. 
2. 
3. Co
4. 

 
 

Defects in trans-membrane communication 
rin production 
rin is deposited around the growing margins of 

organisation of this deposit may lead to the formation of blood vessels, 
lymphatics and stroma, bringing nutrition to the tumour and encouraging its 
growth.  On the other hand, the fibrin deposit may be a host reaction tending 
to limit the growth of the tumour.  I

4. Enzyme 
Although mention has been made of 'microscopic tissue spaces' and 'lines of 
cle
interstitial matrix composed of collagen (Types
acid mucopolysaccharides (proteoglycans).  
meshwork which does not normally allow the passage of cells.  Furthermore, 
invasive cells 
membrane composed of Type IV collagen. 
It has no

which degrades basement membrane c
extracellular 
Elastase is also
plasminogen activa
plasmin might be import

(i) Removing fib

metalloproteinas
metalloproteinases (TIMPS) and plasminogen activator inhibitors (PAIs).  Loss 
of these genes may facilitate invasion. 

 
Metastasis 

n. 
e metastatic potential of a tumour is dependent on: 
1. The site, histological type and grade of tumour 
2. Access of the tumour to lymphatic, 

3. Specific pr
metastasis 

 
tached tumour cells take the following paths: 

Lymphatics 
Blood vessels 

elomic spaces 
Cerebrospinal spaces 

5. Epithelial cavities 



 
1. Lym
This i
malign
Resul

(i) 
a. veins 

ior vena cava syndrome 
(iii) ph flow 

 
2. 
Th pread from

carcinomas.  There are three continuous phases: 
sels by tumour cells Mechanism 

blood vessels allowing direct access 
s) 

c. Loss of cell-to-cell adhesiveness 
umour cells by established vascular pathways.  The 

(iii) The lodgement, attachment, and growth of tumour cells at the distant site.  
rculating tumour cells is not a result of non-specific mechanical 

ies and their differing affinity for arrest may explain the organ specificity 
of metastatic tumour spread. 

g and  

renals 
c. Carcinoma of the colon and rectum spread to the liver 

ads to the lung 

ples 
(i) Spread from a gastric or intestinal primary to the ovaries (Krukenberg tumours) 

leural spread of lung and breast cancer 

S may spread via the subarachnoid space or the 

 
5. 

This mode of spread is rare.  One example is implantation of desquamated 
ical 

phatic spread 
s most commonly associated with carcinomas, but is frequently seen with 
ant melanoma and malignant teratoma of the testis. 

ts of lymph node involvement: 
Invasion of adjacent tissues: 

b. trachea, skin, etc. 
(ii) Compression of neighbouring structures, e.g. super

 Further dissemination by diversion of lym
(iv) Lymphoedema of limb or scrotum 

Blood spread 
is occurs typically with sarcomas and as a later feature of s

 
(i) The invasion of blood ves

a. Production of degradative enzymes weakening blood vessel integrity 
b. Imperfect endothelial lining of tumour 

by tumour cells (especially in sarcoma

(ii) The transport of t
presence of circulating tumour cells may be a common feature of tumours and 
does not inevitably lead to metastases 

The arrest of ci
trapping, but probably is determined by the cell surface properties of the 
tumour cell such as adhesion molecules.  The variation in these surface 
propert

 
Examples of organ specificity 
a. Carcinoma of the breast, thyroid, kidney, lun

prostate frequently metastasise to bone 
b. Carcinoma of the bronchus often involves the liver and ad

d. Seminoma (testis) spre
e. Sarcomas spread principally to the lung but also to liver and brain 

 
3. Coelomic spaces Exam

(ii)P
(iii) Peritoneal spread of ovarian carcinoma 

 
4. Cerebrospinal spaces 

Primary tumours of the CN
ventricular system and give rise to seedlings distant from their origin. 

Epithelial cavities 

tumour cells from an intestinal carcinoma into anastomosis sites during surg



removal. 
 

ur must be determined 
) The tissue of origin and type of tumour  

w aggressive is the tumour - the grade of the tumour 

rigin and type of tumour 
de of spread and its extent are strongly influenced by the site and tissue of 

Th  the presence 
an
A f  is a 

idely used modified scheme: 
sion through the muscularis mucosae has occurred but the 

tumour has not penetrated through the muscularis propria.  Survival 90% 

olved.  Survival 20% 
(iii) Stage D: Distant metastases to the liver or unresectable local disease. 

vival 0-5%. 

Two tumours at the same stage may have very different outcomes as one may 
be iveness of the tumour is 
oft cy.  The grade is usually based on the 
de rentiated' state of the tissue 
of 

(i) Well differentiated/low grade - closely resembles tissue of origin 
rade 

(iii) Poorly differentiated/high grade - difficult to recognise the tissue of origin 

PR
 
It i precursor lesions of malignant tumours.  Often 
these are benign tumours such as colorectal adenomas which precede colorectal 
adenocarcinomas.  In other situations a benign tumour is not present but 
morph  be identified.  These abnormalities are called 
dysplasia
 

PATHOLOGICAL ASSESSMENT OF NEOPLASIA  
Three features of a tumo

(i
 (ii) How far in its natural history has it progressed - the stage of the tumour 
(iii) Ho

 
O
The mo
origin and the nature of the tumour.  Furthermore the form of treatment will often be 
dictated by these factors. 
 
Stage 

e stage of a tumour is determined from the degree of invasion and
d extent of metastasis. 
requently encountered example is in colorectal cancer Dukes'staging.  This

w
(i) Stage A: inva

 (ii) Stage B: The muscularis propria is breached but no metastases are detected.  
 Survival 60% 

(iii) Stage Cl: Peri-tumoural lymph node involvement is present.  Survival 40% 
 (iv) Stage C2: The highest lymph node resected, i.e. the node at the vascular tie, 

is inv

Sur
 

Staging systems differ depending on the type, site and clinical behaviour of the 
tumour. 
 
 
Grade 

have more aggressively than the other.  The aggress
en reflected by the 'grade' of malignan
gree of similarity of the tumour to the fully mature 'diffe
origin. 

(ii) Moderately differentiated/intermediate g

 
EMALIGNANCY 

s frequently possible to recognise 

ological abnormalities may still
. 



Dyspl
A and maturation.  It is generally 
ssumed that once initiated dysplasia will inevitably progress (through increasing 

e said that 
vidence is accumulating that dysplasia can remain static or regress. 

 dysplasia spectrum can be synonymous with 
intra-epithelial carcinoma or carcinoma-in-situ.  Dysplasia is recognized by: 

1.  (excessive variation in shape and size) 
2. ty 
3.  cells 

5. 
 
Dy und in: 
 
A. Sq

vical Intra-epithelial Neoplasia (CIN)' 
2. 
3. 
4. 
5. 

ase of the skin 
This is usually (but not invariably) associated with an underlying but 
separate adenocarcinoma and is found in the nipple, axilla, anus, and vulva 

(ii) Bowen's disease (intra-epidermal carcinoma) 
6. Bronchus in areas of squamous metaplasia 

1. Gastric mucosa in 
tritis 

(iii) Pancreatic duct 

asia 
pre-malignant disturbance of cell proliferation 

a
grades of severity) to an invasive malignant tumour.  However, it must b
e
The most severe end of the

Pleomorphism of cells
Hyperchromatic nuclei and increased mitotic activi
Loss of polarity (orientation) of

4. Disordered maturation 
Absence of invasion 

splasia and carcinoma-in-situ are fo

uamous epithelia 
1. Cervix uteri - 'Cer

Vagina and vulva (VIN) 
Oro-pharynx and oesophagus 
Larynx 
Skin 
(i) Paget's dise

 
B. Transitional epithelium of the urinary system, especially in the bladder 
 
C. Columnar secretary epithelia 

(i) Chronic gas
(ii) Margins of a chronic peptic ulcer (uncommon) 
(iii) Menetrier's disease (rare) 

2. Large intestinal mucosa 
(i) Ulcerative colitis 
(ii) Crohn's disease 

3. Small intestinal mucosa (rare) 
(i) Crohn's disease 
(ii) Coeliac disease 

4. Ductal epithelia 
(i) Breast - atypical hyperplasia and intra-duct carcinoma 
(also lobular carcinoma-in-situ) 
(ii) Bile ducts 

4. Endometrium 
 
 
 
 



Stress Is Back 
People who face serious life stress are more likely to develop a 
peptic ulcer over the next 15 years.  
By: Richard Firshein 

For years, doctors believed that ulcers were psychosomatic, caused by stress. But 
then researchers discovered a hardy, virulent little bacterium known as Helicobacter 
priori. Able to survive and even thrive in stomach acid, this bacterium is so damaging 
it has been given Class 1 carcinogen status since it's known to be a direct precursor 
of certain stomach cancers. This led scientists to believe that it caused ulcers. 

ers seems to rise after national disasters. A review of 

ge role in all my patients' illnesses. I see 
iabetes during periods of stress. When 

to suggest nutritional and lifestyle changes, 
ines, to help both mood and body. 

or example, a 54-year-old woman recently sought my help. She'd suffered from 
lcers for many years, and her doctor had given her multiple courses of antibiotic 

ed, but only temporarily; the ulcers always 
turned. Nobody had asked about her levels of anxiety, but when I inquired, she 

editation and biofeedback to help her relax. I also 
rescribed a course of natural supplements, among them DGL (deglycyrrhizinated 

mach, and aloe, another 
 which soothes inflammation. That, along with a final course of 

d her stress and quieted her inflamed gut. She hasn't suffered 
er in over a year. 

lize that illnesses almost always stem 

The discovery of H. priori was revolutionary. Doctors began to treat ulcers with 
antibiotics. A combination of ampicillin and metronidrazole (Flagyl), two common 
drugs, seemed to work best, and individuals who had been suffering for years with 
agonizing ulcer pain suddenly became well. Talk about a swing of the pendulum: a 
shocked medical community concluded that all ulcers were caused by infection. The 
search for a psychological root was abandoned. 

End of story? Not quite. Eight out of 10 people infected with H. priori never get ulcers. 
As an article in the Journal of the American Medical Association points out, studies 
show that people who face serious life stress are more likely to develop a peptic ulcer 
over the next 15 years. Research reported in the Archives of Internal Medicine 
followed 4500 subjects and found that the incidence of ulcers in those who felt they 
were stressed was almost twice as great as in those who were stress-free. In 
addition, the incidence of ulc
medical records from 61 hospitals, published in the American Journal of 
Gastroenterology, found that the Hanshin-Awaji earthquake in Japan was followed by 
a marked increase in bleeding gastric ulcers. 

It's clear to me that the true origin of ulcers lies both in the mind and the body. As a 
physician, I can see that stress plays a hu
flare-ups of asthma, hypertension and d
approaching treatment of any illness, I try 
and when necessary, medic

F
u
therapy. The drugs had always help
re
admitted that she'd just gotten out of a long and difficult marriage and was now a 
single mother with financial problems. Stress had been her constant companion for 
years. 

I suggested a program of m
p
licorice), a licorice extract that helps heal the lining of the sto
healing agent
antibiotics, alleviate
from an ulc

To understand any disease, we need to rea



from multiple causes. Psychological factors should never be overlooked when 

. That's why I'm glad that stress is back at least where ulcers are concerned. 

Art

 

D. 

he importance of the premalignant phase is that removal or treatment of the lesion 
t becoming invasive or spreading.  Screening for neoplasia is usually 

ased on identifying the premalignant or early malignant stages of the disease. 

AE
 
Tu
1. 
2. 
3. 
4. Ge
Our knowledge is far from complete but these general principles apply: 
1. Agents capable of causing tumours usually mediate their effects through damage 
to 
2. Different types of genes are affected 
3. A r ccur varying from a single base pair mutation to loss 

ype of lesion may be seen in 

4. a tumour depends on 
the maturity and type of tissue 

. The type and frequency of events differs from tissue to tissue and may be highly 
specific to one tumour or common to a wide range of tumours 

vents may vary in tumours of the same type 

e scrotum in chimney sweeps 
s and arms in shale-oil workers 

Present day examples are: 

co smoke 

 dye production 

treating disease, and the immune and nervous systems should be examined 
together
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The bone marrow - Myelodysplasia 
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may prevent i
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TIOLOGY OF TUMOURS 

mours are induced by a variety of mechanisms including: 
Chemicals 
Physical agents 
Viruses 

netic lesions 

DNA 

ange of genetic lesions o
of the entire gene or chromosome.  More than one t
the same gene on different alleles 
The number and type of genetic lesions required to induce 

5

6. The sequence of genetic e
 
A. Chemical 
 
Of largely historical interest, early examples of chemical carcinogenesis are: 

1. Carcinomas of th
2. Cancer of the hand
3. Cancer of the skin and lung after long-term exposure to arsenic (still seen 
occasionally) 

4. Carcinoma of the lung 
(i) Tobac
(ii) Asbestos 
(iii) Chromate smelting 

5. Carcinoma of the bladder 
(i) Aniline



(ii) Rubber manufacture 
 nasal sinuses in wood-workers 

enesis 
ens undergo some metabolic conversion to form 

tion on DNA 

hese modifications may have the following effects on the cell: 

2. y successful repair 
3. DN
4. Stable

to neo
 
Chemica
1. Lo ic aromatic hydrocarbons such 
as 3 ng' carcinogens 
cha
(i) Ac
(ii) Mo
(iii)
2. Re
(i) Procarcinogens are either activated through several steps 'proximate carcinogens' 
to the ultimate carcinogen or the ultimate carcinogen may be formed in one step e.g. 
N-met duces liver tumours after oral administration 
becau  carcinogenic N-hydroxy 
erivative. 

(ii)  also lead to cancer if 
ubsequent modification of the detoxified product occurs, e.g. the excretion product 

ted in the urine giving rise to bladder tumours 

ons in the p53 gene 
(ii) Cycad nuts.  The active principal cycasin induces tumours of kidney, liver 

6. Carcinoma of the
7. Carcinoma of the skin in tar-workers 
8. Haemangiosarcoma of the liver in vinyl chloride workers 

 
 
 
Experimental carcinog
Most, if not all, chemical carcinog
either intermediate compounds called Proximate carcinogens or active alkylating or 
arylating products which bind to DNA, and to a lesser extent, RNA and protein.  
These active products are termed the ultimate carcinogens and can modify the 
genome of the cell by: 
1. Direct ac
2. Modification of TRNA followed by the production of mutant DNA by the reverse 

transcriptase mechanism 
 
T
1. Cell death 

DNA damage followed b
A damage with faulty repair conferring neoplastic potential 

 mutation and transmission of DNA damage to its progeny, possibly leading 
plasia 

l carcinogens 
cally-acting chemical carcinogens, e.g. polycycl
:4 benzpyrene, 3:methylcholanthrene These are 'stro

racterized by: 
tion at the site of administration 
st tissues will respond 

 High tumour yield 
motely-acting carcinogens 

hyl-4-aminoazobenzene (MAB) pro
se the liver is the site of its metabolic conversion to the

d
 Detoxification and excretion of a procarcinogen can

s
of b-napthylamine is activa
 
Examples of chemical carcinogenesis 

1. Naturally occurring 
(i) Aflatoxin, a product of the fungus Aspergillus flavus, is a frequent 

contaminant in foodstuffs in the tropics.  It produces liver and kidney 
tumours in animals.  Known to induce point mutati

and colon in animals 
(iii) Senecio alkaloids (ragwort) - ? liver cancer 
(iv) Nitrosamines in certain smoked foods - ? gastric cancer 



2. Polycyclic aromatic hydrocarbons 
(i) Pitch, coal-tar, creosote and oil products (skin) 
(ii) Cigarette smoking (lung) 

3. Aromatic amines 
(i) b-naphthylamine                     urothelial cancers 
(ii) benzidine                  
(iii) auramine and magenta  
(iv) aminoazo dyes - liver tumours 
(v) 2-acetylaminofluorene - liver and bladder tumours 

 
4. Vinyl chloride monomer - haemangiosarcoma of liver 

 
Biology of carcinogenesis 
1. The effects of carcinogens are dose-dependent, additive, and irreversible 

nesis occurs after a variable latent period during which a series of 

r cell.  Such modifications are accelerated and enhanced by cell 
pro  a modified to malignant 
cell may not be carcinogenic themselves, e.g. Croton oil 

 
Thus f DNA, although modifying the cell, do not necessarily lead to 
neopla fied cell has to come under the influence of promoters which 
sel
way, t
popula aturation to 
norma r persistence and eventual 
transfo
exogenou ese constitute cancer cells.  In embryonal tumours the 
numbe
episodes of damage are required, in some instances as many as seven have been 
sug
Once 
under ristics 
volve.  Those most suited to the local environment survive and proliferate whereas 
ose not so well adapted decline in number or die.  Metastatic variants and cells 

e to therapeutic modalities may develop. 

. Physical 
radiation.  Ultraviolet light causes DNA damage by dimerising 

(i) Skin cancer 

2. Carcinoge
modifications occurs converting a normal cell, through successive generations, 
into a cance

liferation, and chemicals promoting the change from

the initial lesions o
sia.  The modi

ectively stimulate the cell to divide at the expense of surrounding cells.  In this 
he initiated cell population is greatly amplified.  Even at this stage the enlarged 
tion of initiated cells may undergo regression or m
l-appearing tissue.  The alternative, however, is fo
rmation to a self-generating population of cells no longer dependent upon 

s stimuli and th
r of events required may be as little as two whereas in adult tumours multiple 

gested.  This probably explains why tumours predominantly affect the elderly.  
the neoplasm has been formed it then becomes invasive and subsequently 

goes progression.  Tumour cells with different biochemical characte
e
th
unresponsiv
 
B

1. Solar 
pyrimidines 

(i) Squamous and basal cell carcinomas of the skin 
(ii) Melanomas 

2. X-irradiation 

(ii) Leukaemia 
3. Radio-active substances - alpha and beta particles, protons and neutrons 

cause damage by removing electrons from atoms with which they interact 
forming highly charged radicals which bind to and damage DNA 
(i) Lung cancer due to radon (Schneeburg miners) 
(ii) Osteogenic sarcoma following ingestion of radium,  strontium, 



mesothorium (luminous paint) 
(iii) Liver tumours following 'thorotrast' (thorium dioxide) administration for 

radiological purposes 
4. Heat - this is dubious but it could act by promotion of the effects of a 

carcinogen possibly present in the fuel, e.g. in Changri cancer of the 
abdominal wall (charcoal braziers tied around the abdomen in Kashmir) 

 
 
C. Viruses 
Different types of virus induce tumours through different mechanisms. 
 
Retrov
These are RNA viruses with a simple RNA genome.  Two different types exist, the 
rap
(STRV
where

Me
A R  cell itself or more usually in association with an STRV.  
RT ene.  This gene varies 
etween different viruses but it has the same effect in that if it is removed or 

e RTRV can no longer rapidly induce tumours.  If this gene is isolated 

 and the equivalent genes in animals showed that the 
nimal genes had introns (non coding regions) inserted between exons (coding 

that RTRV oncogenes 
we l cellular oncogene MRNA and incorporating it 
into th e RTRV an advantage over the STRVs as they could 
contro  
transfo

1. ction of 'new' viral oncogenes into cells which following integration 
ontrolling cell growth and 

2. existing genetic sequences (protooncogenes) and 
t proteins controlling cell growth and division.  

o be produced by carcinogens and irradiation. 
Po ruses: 

1. Human T-cell leukaemia/lymphoma virus (HTLV-1) 
TLV-5 

 
DN
DN
inappropriate expression (? hepatitis B), or by producing viral proteins, e.g. E6 
(human papilloma vir
an
ret

iruses 

idly transforming retroviruses (RTRV) and the slowly transforming retroviruses 
).  The former can induce tumours in animals within weeks of infection 
as the STRV take much longer. 

 
chanism of action 
TRV may either infect a

RVs have an extra gene over the STRVs called an oncog
b
inactivated th
and transfected into cells in vitro then the cells will transform and behave as tumour 
cells.  This gene is therefore capable of causing tumours - an oncogene. 
It was subsequently discovered that all organisms have a range of these genes and 
that they are highly conserved at all levels of the animal kingdom.  Study of the 
structure of RTRV oncogenes
a
regions) whereas the viral genes did not.  It is now known 

re obtained by 'hijacking' an anima
eir genome.  This gave th
l the cell regulatory processes more easily.  Thus retroviral induced
rmation can come about by two mechanisms: 
The introdu
bring about the synthesis of virally coded proteins c
division 
The activation of pre-
inappropriate production of hos
Such activation can als

ssible RNA virus candidates as human tumour vi

2. HTLV-2 and H
3. Human immunodeficiency virus and Kaposi's sarcoma 

A viruses 
A viruses act either by inserting close to a proto-oncogene and causing 

us) and E1b (adenovirus) which inactivate the product of p53, 
d E7 (human papilloma virus) and E1a (adenovirus) which bind to the 
inoblastoma gene product. 



 
DN

s (v. rare) 
(iii) HPV 6 and HPV 11 - condyloma acuminatum and genital verrucous 

. Hepatitis B virus - hepatocellular carcinoma 

Wa

 

resence has no impact. Although recent figures are lower, at one time as many 

irus for venereal warts within their bodies.  

logy studies the impact of 
 

o say to sexual partners require both 
idelines are being updated as 

vider. The key to avoiding 

A common rule for genital herpes was to avoid intercourse or other contact with 

A viruses implicated in human neoplasia 
1. Human papilloma virus (HPV) 

(i) HPV 1 - plantar warts 
(ii) HPV 5 - squamous carcinoma in epidermodysplasia verruciformi

carcinoma 
(iv) HPV 16,18, 31, 33, 35, 51 - cancer of the cervix 

2. Epstein Barr virus in 
(i) Burkitt's lymphoma 
(ii) Nasopharyngeal carcinoma 
(iii) Hodgkin's disease 

3

rts and Herpes: 
We are in the midst of a worldwide epidemic of sexually transmitted diseases. At 
least two of its major diseases are helped by psychological techniques: twenty-six 
to thirty-one million Americans have genital herpes; forty to fifty million Americans
have venereal warts.  
 
We must carefully distinguish between having either the virus and having the 
symptoms. The both creepy and reassuring reality is that we all swim in a sea of 
viruses not only outside us but within us. If you have ever had chicken pox, 
mononucleosis, or other such diseases, the virus is now in your body. Usually its 
p
as 90 percent of Americans had the herpes virus for cold sores in their bodies. 
Perhaps two-thirds of the people who have the possibility of genital herpes have 
had one or several outbreaks but do not have subsequent symptoms.  
 
Warts are caused by forty or fifty variants of the human papilloma virus (HPV). 
While its story is not as clear as herpes, a vast percentage of the world population 
has had a wart at some time. A British study found that 16.2 percent of 
schoolchildren had active warts (it is not clear how many had the virus in their 
bodies but not active). As many as 30 percent of American women may have the 
v
 
Here enters the immune system. Its job is to maintain law and order. When it is 
functioning well, all of these microscopic predators are kept in their place. It puts 
an end to herpes recurrences and often produces the spontaneous remission of 
warts. The emerging field of psychoneuroimmuno
psychological factors on the immune system's ability to function effectively. 
 

ing what tPreventing transmission and know
specific information and personal judgment. The gu
new research comes in, so consult your health care pro
transmission is having the partner avoid contact with affected skin when the virus 
is present. Condoms are effective if they cover the affected area, and nonoxynol-9 
spermicides also kill the virus.  
 



the affected skin from the start of the prodrome (tingling, muscle aches, or other 
indications of a coming recurrence) until two days after the healing of sores. This 

 growing awareness of the role of asymptomatic 
. It is not clear how 

 it is quite rare yet another called it the 
ptomatic transmission appears 

 that there is no 

al warts present similar ambiguities. Warts seem to differ in their 
incubation periods (how long after exposure you see them) and the presence of 

aring. One rule of thumb is to consider the virus as 
r six months after possible exposure and for the same 

time period after visible symptoms have gone away.  
 
Ways 

1
2. Iso
3. Demo
4. Ce

ani
5 ecedes the development of cancer 
6. Se
7. Vaccin

 
D. Genet
A var

1. Proto
2  genes: inactivated or deleted 
3. M
4. Se : deleted 

Proto-
methods 
 
Alteratio

1. 
(i) Increased production of growth factor(s) 

ction of growth factor(s) 
(iii) Loss of production of inhibitory growth factor(s), e.g. TGF-b 

tor receptors (GF-r) 

3. Signal transduction 
GTPase binding proteins increasing the level of signal 

has been complicated by a
transmission?that is, transmission with no visible sores
common this is. One study concluded that
major source of transmission. The danger of asym
to diminish sharply after the first six months. The clear message is
clear message.  
 
Venere

virus after apparent cle
possibly transmissible fo

of establishing human viral oncogenesis: 
. Isolation of virus from the tumour 

lation of virus-specific products from the tumour 
nstration of cell transformation by virus in culture 

lls transformed by the virus in tissue culture are able to produce tumours in 
mals 

. Infection with the virus pr
ro-epidemiological studies 

ation against the virus lowers the incidence of cancer 

ic basis of neoplasia 
iety of types of gene have been implicated in neoplasia: 

-oncogenes activated to oncogenes 
. Tumour suppressor

etastasis genes: decreased expression or deletion 
nescence genes
oncogenes fall into four groups each class being activated by a variety of 

ns in oncogenes 
Growth factors (GF) 

(ii) Inappropriate produ

2. Growth fac
(i) Increased numbers of receptors caused by overexpression or by 

amplification of the GF-r gene, e.g. erb-B, erb-B-2 in breast cancer 
(ii)  Abnormal receptors which do not require GF stimulation, e.g. erb-B in 
gliomas 

(i) Point mutations in 
transmission, e.g. ras family in colorectal cancer, gsp in pituitary adenoma 

(ii) Over-expression of GTPase binding proteins or tyrosine kinases increasing 
the level of signal transduction, e.g. ras, src, yes 

 (iii) Translocation of a tyrosine kinase to form a new protein product with 



increased activity, e.g. abl-bcr in chronic myeloid leukaemia 
4. Nuclear factors 

(i) Gene amplification of cell cycle control proteins, e.g. nmyc in 

 lymphoma 
sing the stability of a protein, e.g. p53 in a wide 

ed expression of a range of nuclear factors, e.g. myb, fos 
 
Tumo
 
In 
This c riments between normal and 
tum
These
of the genes from a normal cell. 
 
Domin
Tumo
cance
sporad
assoc
polym
rb was
The d
The fu a gene as a tumour suppressor gene has been 
con
reverted towards a normal phenotype. 

ther tumour suppressor genes: 
r genes VT-1 and WT-2 on chromosome 11. Two loci have been 

ed in 
schwannomas and resides on chromosome 22q. 

crine neoplasia-1 (MEN-1).  The MEN-1 gene is located at llql2 

ing its usually very short half life.  This activating 
point mutation makes p53 act as an activated oncogene.  Mutant p53 binds 

ctive complex.  Thus p53 acts by a 

neuroblastoma 
(ii) Translocation of inactive gene to an area under the influence of an active 

promoter, e.g. myc in Burkitt's
(iii) Point mutations increa

range of tumours 
(iv) Increas

ur suppressor genes 

vitro evidence 
lass of genes was discovered from fusion expe

our cells.  The resultant hybridoma cells showed a non malignant phenotype.  
 experiments proved that malignancy could be suppressed given the influence 

antly inherited cancer 
ur suppressor genes have frequently been identified by the analysis of familial 
rs.  Retinoblastoma - a tumour of the retinoblasts of the retina - can occur 
ically or within a family as a dominantly inherited disease where it is 

iated with deletions of chromosome 13ql4.  By restriction fragment length 
orphism analysis, gene probing and DNA sequencing the retinoblastoma gene 
 identified.  The retinoblastoma gene product is a nuclear transcription factor.  

evelopment of inherited and sporadic retinoblastoma is shown on page 203. 
nction of the retinoblastom

firmed by the reintroduction of rb into retinoblastoma cells in vitro.  The cells 

O
(i) Wilms'tumou

identified. 
(ii) Familial adenomatous polyposis (FAP).  The APC gene on chromosome 5q2l 

is mutated or deleted in FAR An adjacent gene called the MCC gene (mutated 
in colorectal cancer) also plays a role in sporadic colorectal cancer. 

 (iii) Neurofibromatosis.  NF-1 on chromosome 17q11.  NF-2 is implicat

 (iv) Multiple endo
and MEN-2A between lOpl2-qll.  Other abnormalities may be seen on 1p and 
22q. 
(v) p53.  This gene on 17p is one of the most frequent targets for DNA 
damage yet known.  If it sustains a point mutation in one of several areas it 
stabilises the protein extend

with wild type p53 to create an ina
dominant negative effect.  Loss of the remaining normal (wild type) allele 
causes complete loss of the tumour suppressor function of p53 leaving the 
abnormal p53 protein complexes only. p53 can also be bound by viral proteins 
such as adenovirus E1b an human papilloma virus protein E6.  These proteins 
neutralise its tumour suppressor function 



(vi) 3p. Consistent loss of heterozygosity of 3p in small cell lung cancers and other 
tumours. 

 
Metastasis genes 
Fusion of metastatic cells with non-metastatic cells can lead to a temporary cessation 

 deleted in cancers which have 
etastasised.  The gene has homology to the family of nucleoside diphosphate 

ule function and interact with G proteins. 

riments between a normal cell and an 
ck number of the 

no enes allows the cell to become immortal but not 

ctal cancer 
ith regard to molecular events is the 

he colorectal cancer.  The earliest lesion occurs 
on chromosome 5. Initially this is thought to be a point 

utation with possible subsequent loss of the remaining normal allele.  This leads to 
 variety of genes subsequently become hypomethylated 

an sten ras mutations at codon 12, 13 or 61 may 
then a interface point mutations of p53 with 
subse of the deleted in colorectal 
cance dhesion gene, may then be seen.  Abnormalities of 
nm23, rb and chromosomes 1, 3, 12 and 22 may also occur. 
The c
good exa way of neoplasia. 
 
BIOLOGY OF NEOPLASTIC CELLS 
 
Morph
Morph f differences 
from normal cells but these are non-specific: 
1. Increase in nuclear and cytoplasmic volume with an increase in 

 th
2.  nucleoli 
3. Nu
4. Dis cytoskeleton 
5. Sim
6. tumour giant cells 
7. Ab
 

iochemical alterations 

rotein molecules 

of the metastatic phenotype. nm23 is a putative metastasis gene that is involved in 
colorectal and breast cancer.  It is down-regulated or
m
kinases which are involved in microtub
 
Senescence genes 
A group of genes on a number of different chromosomes are involved in genetically 
programming senescence.  Cell fusion expe
immortal cell indicate that these genes can 'remember' the Hayfli

rmal cell.  Deletion of these g
transformed. 
 
Molecular pathology of colore
The best characterized tumour system w
adenoma-carcinoma sequence of t
in the APC or MCC genes 
m
a hyperplastic mucosa.  A

d early adenomas are formed.  Kir
occur.  At the adenoma-carcinom
quent loss of the wild type allele occurs.  Deletions 
r gene (DCC), a cell a

omplete dissection of these multiple events requires further research but it is a 
mple of the multistep path

ological changes 
ological observations on cancer cells have revealed a number o

e nuclear-cytoplasmic ratio 
Irregular nuclear shape and multiple

merous misshapen protrusions from the cell surface 
organised 
plification of cytoplasmic organelles 

Formation of 
normal mitotic figures 

B
1. Composition of the cell surface 

(i) Loss of glycop
(ii) Deletion of saccharide residues from glycolipids 
(iii) Loss of fibronectin 



2. Cell surface properties 

ucture of receptor 
eptors 

e charge on the plasma membrane 

nd plasminogen 

GMP 

ehavioural characteristics in vitro 
. Loss of senescence 

dergo a finite number of divisions (Hayflick 
number), neoplastic cells will proliferate ad infinitum under ideal culture conditions 

 inhibition' and proliferation persists 
. Increased motility 

ed with normal cells, it is claimed that neoplastic cells migrate more 
bly as a consequence of altered cytoskeletal function 

4. 
The presence of specific topographic patterns of 

rec bances in the arrangement of macromolecules 

such phenomena as contact inhibition and mutual adhesiveness 
5. 

Mo suitable substrate before proliferation 

 .  Neoplastic cells show a greatly diminished dependence on 

 

 
HORM
 
Whilst
tumou that 
ho
factor 

(i) Enhanced mobility of receptor resulting from loss of cytoskeletal attachment 
to integral glycoproteins 

(ii) Increase in number of cell surface receptors, abnormal str
or loss of rec

(iii) Expression of fetal, viral, or neo-antigens 
(iv) Shedding of antigens (and other glycoproteins) 
(v) Increase in the net negativ

3. Changes in nuclear DNA 
(i) Hypomethylation 
(ii) Increased DNA content expressed as DNA aneuploidy 

4. Enzyme production and release 
(i) Increased protease activity (including collagenases a
activator) 
(ii) Increased release of alkaline phosphatase and glycosyl transferase 

5. Transport 
Increased uptake of sugars and amino acids 

6. Cyclic nucleotides Increased cyclic 
 
B
1

Whilst normal somatic cells can only un

2. Loss of contact inhibition 
When normal cells which are proliferating and spreading come into contact, a 
'cut-out' mechanism operates and mitosis and movement ceases.  Malignant 
cells show a loss of such 'contact

3
Compar
rapidly, proba
Decreased cell-to-cell adhesion 

macromolecules at the cell surface may serve as a mechanism for cellular 
ognition and adhesion.  Distur

on tumour cells may explain the breakdown in cell-to-cell signals that underlie 

Loss of substrate dependency 
st normal cells require attachment to a 

can occur; this attachment being mediated by binding proteins such as fibronectin 
and laminin
substrate attachment for proliferation. 

 

ONAL FACTORS IN NEOPLASIA 

 it is well known that hormones can greatly modify the production and growth of 
rs, their role in the causation of tumours is less clear. it is probable 

rmones act as promoters of malignant change already initiated by some other 
such as a virus or chemicals. 



 
Exam
. Oestrogens 

(i) In mice oestrogens promote the development of mammary cancer which has 
been initiated by the Bittner virus 

(ii) Administration of artificial oestrogens to trans-sexual men has resulted in a few 

(iii) Breast carcinoma in women may undergo regression after adrenalectomy and 

atocellular carcinoma 
. Trophic hormones 

s will bring about proliferation and in some cases malignant 

the oestrogens released by the ovary are 

phins (feed-back deletion) 

 

 

 
MUNOLOGICAL FACTORS IN NEOPLASIA 

no
Th al surveillance'.  The 

differences between normal and neoplastic cells.  Evidence for the development of 
une reactions to them has been drawn from animals and 

hu
 

animals can reject transplanted tumour if previously immunised against 

2. 
 in viral-induced animal leukaemias 

4.  been removed from an animal, it is more difficult 

ore susceptible to oncogenesis 

ples 
1

cases of mammary carcinoma 

oophorectomy 
(iv) Hyperoestrogenism, for example due to a granulosa cell tumour of the ovary, 

may give rise to endometrial carcinoma 
(v) Adenocarcinoma of the vagina in the daughters of women given stilboestrol in 
pregnancy 
(vi) Oral contraceptives giving rise to liver cell adenomas and a few cases of 

hep
2

(i) Gonadotrophin
change in the ovaries of experimental animals which have been transplanted 
into the spleen.  In this site 
inactivated by the liver and there is reduced feed-back to the pituitary which 
responds by excessive production of gonadotro

(ii) Excess TSH and ACTH levels may bring about tumour formation in the 
corresponding target organs in experimental animals

(iii) A possible increase in tumours in patients with growth hormone 
overproduction (acromegaly) 

 

 

IM
 
The immunological theories of oncogenesis depend upon some breakdown of the 

rmal capacity to recognise neoplastic cells as 'foreign' and to react against them.  
is ability to recognise mutant cells is termed 'immunologic

existence of immunological surveillance presumes that there are antigenic 

tumour antigens and imm
mans. 

Evidence in animals 
1. Syngeneic 

it (e.g. with irradiated tumour cells) 
The presence of circulating antibodies cytotoxic to tumour cells in vitro has been 
demonstrated

3. Immune lymphocytes produced in one animal will cause regression of 
chemically-induced tumours when injected into syngeneic animals 
After a primary solid tumour has
to re-establish the tumour and a large inoculum must be given 

5. Animals rendered immunodeficient by neonatal thymectomy or made tolerant to 
tumour antigens are m



6. Vaccination against an animal oncogenic virus (turkey herpes virus) can prevent 

 
Ev
. Circulating antibodies to tumour antigens have been demonstrated in malignant 

urkitt's lymphoma and nasopharyngeal carcinoma 

stromal infiltrate 

4. sis and the number and reactivity of circulating 

5. r immunosuppression is associated with an increased 
incidence of non-Hodgkin lymphomas, squamous and basal carcinomas and 

 inadvertently transplanted into the recipients of 
 cancer patients have grown successfully because of 

ion of tumours, e.g. melanomas 
l doses of chemotherapy, e.g. in Burkitt's lymphoma 

9. mour may be followed by regression of secondaries 
0. Long-standing relapses after presumed 'dormancy' of cancer cells.  In some 

 an alteration in immune status resulting from 
radiation, etc. 

Alteration of the genome by an oncogenic agent may lead to the formation of new 
an t respond to cytokines and contact 
stim tion or tissue invasion. 

tigen which is characteristic of the 
nd common to all tumours produced by that virus 

2. Ch  
tum

3. Some tumours develop fetal antigens not normally expressed in adult tissues, e.g. 

 
Effector m
1. Se
2. Na
3. 
4. Co
5. Macro

(i) An ) 
(ii)

 
ailure of the immune response 

Immune surveillance may fail if the 

tumour development in chickens 

idence in man 
1

melanoma, neuroblastoma, B
(which cross-react with EB virus), osteogenic sarcoma, etc. 

2. Cell-mediated immunity can be demonstrated to tumour specific antigens by 
macrophage migration inhibition, etc. 

3. Histological evidence 
With certain tumours, those that have a prominent lymphocytic 
('host reaction') have a better prognosis 
Correlation between progno

lymphocytes 
Immunodeficiency o

melanomas 
6. Tumour cells which have been

renal homografts taken from
immunosuppression of the host 

7. Spontaneous full or partial regress
8. Dramatic response after smal

and choriocarcinorna 
Removal of a primary tu

1
cases relapse has followed
immunosuppressive treatment, ir

 
Development of tumour antigens 

tigens at the cell surface.  These might no
uli appropriately and react by excessive prolifera

1. Virus alterations result in a new surface an
infecting virus a

emical carcinogens also induce new surface antigens but these differ from
our to tumour (idiotypic) 

CEA, (a-fetoprotein 

echanisms in tumour-cell killing 
nsitized killer T-lymphocytes 
tural killer lymphocytes 

Antibody-dependent cell-mediated cytotoxicity 
mplement-mediated cytolysis 

phage killing following: 
tibody attachment (Fc

 Cytokine activation 

F



1. Tumour is non-antigenic 
2. Immune system is inefficient because of 

reasing age 

3. 

sent from birth, e.g. hepatitis B 
Activation of T-suppressor cells 

ic effects on tumour cells by 

to production of immune complexes in Ag excess) 
 

tosis of cell-bound Ag/Ab complexes 
mplement-mediated cell lysis 
ncentration of surface antigens (antigen 'capping') leads to 

aggregation of Ag/Ab complexes so that steric hindrance prevents 
ing 

b. Changes in the lateral mobility of surface antigens may hinder the critical 
alignment of Ag/Ab complexes necessary for complement activation 

ther factors in tumour formation 

 all increase with 
 breast and cervix occur earlier with only a small 

isease and osteogenic sarcoma occur with a 
ults and the elderly.  Germ cell tumours tend to 

ildren. 

 sexes for most major types of cancer 

Family history of tumours strongly affects predisposition to specific types of 
mour 

. Geographical location 

8. Die
9. Ch

 
COMM  
 

hus (squamous, small cell and adenocarcinoma) 
2. 

a of the colon and rectum 

5. 

(i) Inc
(ii) Human immunodeficiency virus infection 
(iii) Immune suppression in transplant recipients 
Cancer cells evade the immune mechanisms 
(i) Tolerance 

a. Oncogenic virus transmitted vertically or pre
b. 
c. High dose suppression by antigens shed from tumour cells 

(ii) Blocking of cytotox
a. Formation of soluble Ag/Ab complexes (shedding of tumour antigens leads 

b. Shedding of cell-bound Ag/Ab complexes
c. Increased endocy

(iii) Escape from co
a. Localized co

complement bind

 
O
Tumour formation is also influenced by: 
1. Age 

Carcinoma of the bronchus, colorectum, stomach and pancreas
age whereas carcinoma of the
increase with age.  Hodgkin's d
bimodal distribution, in young ad
occur in 30's and 40's and blastomas in ch

2. Sex 
Variability in incidence between

3. Genetic background 

tu
4. Race 
5
6. Hormonal status 
7. Immune function 

t 
ronic inflammation 

 

ONEST MALIGNANT TUMOURS IN ADULTS

1. Carcinoma of the bronc
Squamous and basal cell carcinomas of the skin 

3. Adenocarcinom
4. Adenocarcinoma of the breast 

Adenocarcinoma of the stomach 



6. 
ma of the bladder 
ia 

 
NT TUMOURS OF CHILDHOOD 

. Leukaemia (32% of total) of which about 80% are acute lymphocytic leukaemia 

(i) Non-Hodgkin's lymphoma including Burkitt's lymphoma (5%) 

cluding 

a, frequently sub-tentorial (9%) 

4. 
d adrenal medulla Some mature into 

ga
’s tumour) (5%) 

ure glomeruli in a mesenchymal stroma which 
, fat, cartilage and bone 

6. 
a (1%) 

8.  (yolk sac tumour, teratoma) (4%) 
yosarcoma and other soft tissue sarcomas (5%) 

10
at the lower end of the femur, then the upper part of the tibia 

11

 

. Skin markers of malignancy 

ys associated with carcinoma - 75%  

4. 
ukaemias 

5. 
nchus 

7. 
rcinomas 

Adenocarcinoma of the prostate 
7. Transitional cell carcino
8. Lymphoma and leukaem
9. Carcinoma of the oesophagus 
10. Adenocarcinoma of the ovary 
 

COMMONEST MALIGNA
 
1
2. Lymphoma (10%) 

(ii) Hodgkin's disease (5%) 
3. Brain tumours (25%) in

(i) Medulloblastoma (cerebellum) (5%) 
(ii) Astrocytom
(iii) Ependymoma (5%) 

Neuroblastoma (6%) 
From sympathetic ganglia an

nglioneuroma 
5. Nephroblastoma (Wilm

Composed of tubules and immat
may contain striated muscle
Retinoblastoma (3%) 

7. Hepatoblastom
Germ cell tumours

9. Rhabdom
. Osteogenic sarcoma (3%) 
Most commonly 

. Ewing's tumour (2%) 
 
 
NON-METASTATIC EFFECTS OF TUMOURS
 
A
1. Acanthosis nigricans 

almost alwa
adenocarcinoma 

2. Dermatomyositis  
about 15% of cases associated with malignancy 

3. Necrolytic migratory erythema 
with glucagonoma 
Exfoliative dermatitis 
with lymphomas and le
Erythema gyratum repens 
with carcinoma of the bro

6. Pigmentation 
in carcinomatosis 
Pruritus 
in lymphomas and some ca



8. 

9. 
0. Acquired ichthyosis in lymphomas 
1. Fixed LE-like eruptions 

B.  
1. My

2. 
with intrathoracic tumours usually oat-cell carcinoma of bronchus and thymoma 

3. 
with , stomach, breast, together with 

myeloma 
4. 

5. 
6. 
7. 

 lymphomas 
. Brain stem degeneration 

thy caused by papova virus 

 

C. fects 

(
( r coagulation - prostate, 

(
se, lymphomas, thymoma 

(
(

, etc. 
 
D. uction by tumour cells 

ted with oat-cell carcinoma of the bronchus, thymoma, carcinoid tumours, 
medullary carcinoma of the thyroid 

. Hyponatraemia (ADH-like substance) 
oat-cell carcinoma 

Herpes zoster 
in Hodgkin's lymphomas 
Bullous pemphigoid (?) 

1
1
12. Hypertrichosis 
 

Neuromuscular effects
opathy 

with various carcinomas and lymphomas 
Myasthenic syndrome 

Mixed neuropathy (sensory and motor) 
many types of carcinoma, e.g. bronchus

lymphomas and 
Sensory neuropathy 
a rare complication of carcinoma of the bronchus 
Autonomic neuropathy 
Dementia or psychosis 
Cerebellar degeneration 
with carcinoma of bronchus, breast, ovary and

8
may accompany some other neuromuscular lesion 

9. Progressive multifocal leucoencephalorpa
very rare; association with lymphoma 

 
Haematological ef

1. Thrombotic disorders 
(i) Venous thrombosis 

especially carcinoma of the pancreas and mucinproducing carcinomas 
ii) Non-bacterial thrombotic endocarditis 
iii) Disseminated intravascula

bronchus, stomach, pancreas 
(iv) Microangiopathic haemolytic anaemia, usually advanced carcinoma of 

stomach, pancreas, colon, lung and breast 
2. Miscellaneous 

i) Normocytic normochromic anaemia 
(ii) Autoimmune haemolytic anaemia Hodgkin's disea
iii) Sideroblastic anaemia 
iv) Thrombocytopenia 

(v) Red cell aplasia associated with thymoma 
(vi) Polycythaemia with renal carcinoma

Hormonal effects - due to inappropriate prod
1. Cushing's syndrome (ACTH production) 

associa

2



3. Hypoglycaemia (insulin-like substance) 
mesothelioma, liver cell carcinoma, adrenal cortical carcinoma 

oietin production) 
l cases of uterine leiomyoma, hepatocellular 

a, nephroblastoma 
T) 

inoma of the thyroid 
gen) 

 carcinomas of bronchus, testicular tumours, 

nephroblastoma 
. Hyperthyroidism (TSH-like substance) 

lignant teratoma trophoblastic of testis 
0. Pigmentation (melanocyte stimulating hormone - MSH) oat-cell carcinoma of 

S 

A tumour marker is a substa cted in the serum, whose concentration 
tance need not necessarily be 

 because it is secreted in much greater 

linically useful serum markers include: 
onadotrophin - HCG 

. Alpha feto-protein - AFP 

 globulin - PAb1 G 
. Placental alkaline phosphatase 

 phosphatase and prostate specific antigen 
unoglobulins) 

value in the diagnosis and/or follow-up of the following 

   HCG 

. Malignant teratoma   HCG, AFP, PAb1 G 
al alkaline phosphatase 

6. 
7. 

 

4. Hypercalcaemia (parathyroid hormone related peptide) carcinoma of the 
bronchus and cervix, renal carcinoma, lymphomas, small cell carcinoma of the 
ovary and breast carcinoma 

5. Polycythaemia (erythrop
renal adenocarcinoma and occasiona
carcinoma, cerebellar haemangioblastom

6. Carcinoid syndrome (5-H-
oat-cell carcinoma, medullary carc

7. Gynaecomastia (HCG or human placental lacto
with anaplastic or squamous
hepatocellular carcinoma 

8. Hypertension (excess renin production) from 
9

(i) Hydatidiform mole and choriocarcinoma 
(ii) Ma

1
bronchus 
 
 
TUMOUR MARKER
 

nce, usually dete
can be related to the presence of a tumour.  The subs
tumour-specific but can be used as a marker
quantities by tumour cells. 
C
1. Human chorionic g
2
3. Carcino-embryonic antigen - CEA 
4. Pregnancy associated beta1
5
6. Prostatic acid
7. Paraproteins (monoclonal imm
 
These markers are of 
tumours: 
 
1. Choriocarcinoma 
2. 'Yolk sac tumour    AFP 
3
4. Dysgerminoma    HCG, placent
5. Prostatic cancer    prostatic acid phosphatase, prostate 

specific antigen 
Colorectal cancer    CEA (in follow-up) 
Myeloma      Paraproteins 

8. Hepatoma      AFP 



CANC
 
Tre

r immune function. 

Ch
Factors affecting chemotherapy: 
1. Efficiency of absorption/delivery 
2. Dru
3. Duration of exposure 

5. Ra
6. Development of resistance to agent 

Ma
1. ich interact with DNA  

(i) 
 

(iii) Others - busulphan, thio-TEPA and procarbazine 
 

e of pyrimidine bases uracil and thymidine interferes 

 - competitive inhibition of DNA polymerase 
rcaptopurine and thioguanine interferes with DNA 

nar multi ring structures that intercalate into DNA - inhibits 

b. Actinomycin 

. Vinblastine 

4. 

ginase - degradation of L-asparagine 

Sy
. Bone marrow suppression - loss of rapidly proliferating lineages.  Granulocytes > 

ells 
ation - inhibition of production of epithelial cells leading to loss of 

lete loss of hair 
 cell development - spermatozoa and oocytes 

5. 
6. 

ER THERAPY 

atment of cancer is by surgery, irradiation, chemotherapy or by manipulation of 
hormonal o
 

emotherapy 

g concentration 

4. Rate of metabolic breakdown 
te of excretion 

 
jor groups of chemotherapeutic agents 
Alkylating agents - electron deficient side chains wh

Nitrogen mustards - cyclophosphamide, melphalan and chlorambucil 
(ii) Nitrosoureas - BCNU, CCNU and methyl-CCNU

2. Antimetabolites - inhibit nucleic acid synthesis directly or indirectly
(i) Methotrexate - analogue of folic acid causes cessation of DNA synthesis 
(ii) 5-fluorouracil - analogu

with RNA processing and DNA synthesis 
(iii) cytosine arabinoside
(iv) purine antimetabolites - me

synthesis 
3. Natural products 

(i) anthracyclines - pla
DNA and RNA synthesis 
a. Doxorubicin 

c. Bleomycin 
(ii) vinca alkaloids - bind to tubulin and disrupt the mitotic spindle 

a
b. Vincristine 

Miscellaneous 
(i) Cisplatin - cross links DNA-DNA and DNA-protein 
(ii) Hydroxyurea - inhibits ribonucleotide reductase 

enzymes that convert ribose nucleotides to deoxyribose nucleotides 
(iii)  L-aspara

 
stemic effects of chemotherapy 

1
platelets > red blood c

2. Intestinal ulcer
function and ulceration 

3. Partial or comp
4. Inhibition of germ

Cessation of ovarian function 
Nausea and vomiting 



7. can lead to second malignancies 
especially leukaemias 

 zero mass and 

. g-rays are similar to X-rays but are generated by the spontaneous decay of 
otopes 

 and a positive charge of 2 equivalent to a helium 
ey are produced by the nuclear reactions of high-energy 

decay of radio-active elements, such as radium 

4. ng negligible mass and one negative charge, which 
roduced by decay of certain isotopes 

 
Mechanisms of action 

e a direct ionisation of part of a molecule by the 
ab
2. 

likely explanation is that highly reactive free radicals, such as uncharged 
 are formed which subsequently attack 

s causing cell injury 

Ce
1.  cell death 

oses by affecting DNA synthesis reduce mitotic activity 
3.  after cell division 
 
Tis
1. 

(i) 
alities in pigmentation 

ages 

2. 
ia 

3. 

atogonia 
4. 

follicles 
sation of menstruation 

5. 
d oedema 

Mutation of DNA and chromosomal damage - 

 
Types of radiation 
1. X-rays are machine-generated electromagnetic radiations of
charge 
2

radio-active is
3. a-Particles have a mass of 4

nucleus.  Th
electromagnetic radiation and the 
and uranium 
b-Particles are electrons havi
in medical usage are p

1. Direct action 
One mode of action may b

sorbed energy 
Indirect action 
A more 
hydrogen atoms or OH° radicals,
intracellular macromolecule

 
llular effects 
Very high dosage leads to rapid

2. Lower d
Chromosome abnormalities may appear

sue effects 
Skin, with increasing dosage 

Erythema 
(ii) Abnorm
(iii) Hyperkeratosis 
(iv) Loss of skin append
(v) Epidermal atrophy 
(vi) Dermal fibrosis 
(vii) Ulceration 
Haemopoietic system 
(i) Transient pancytopen
(ii) Aplastic anaemia 
(iii) Leukaemic change 
Testis 
(i) Tubular atrophy and hyalinisation 
(ii) Loss of sperm
Ovary 
(i) Destruction of 
(ii) Ces
Lungs 
(i) Pulmonary congestion an



(ii) 'Hyaline membrane' reaction 
 

-active substances, e.g. 
neeberg (pitchblende) 

6. 

roduce malignant hypertension 
7. 

(i) Mucosal oedema and ulceration 
on 

uscularis propria 
 

8. sed function leads to 

9. 

10

11 stem 
(i) White matter oedema 
(ii) Astrocyte hypertrophy and hyperplasia 

icrocalcification 
ably mediated by small vessel fibrosis 

aemopoietic syndrome (4-10 Gy) 

(iii) Thrombocytopenia 
orrhage 

15 Gy) 
y 

 or nutritional impairment 

nd pressure damage.  Nausea 

 

(iii) Interstitial fibrosis
 (iv) Bronchial carcinoma following inhalation of radio

miners of Sch
Kidneys 
(i) Glomerular fibrosis 
(ii) Vascular sclerosis 
These changes may p
Gastrointestinal tract 

(ii) Vascular hyalinisati
(iii) Submucosal fibrosis 
(iv) Glandular atrophy 
(v) Fibrosis of the m
(vi) Stricture formation
Salivary glands - decrea
(i) Xerostomia 
(ii) Infections of the mouth 
(iii) Dental caries 
Liver 
(i) Diffuse fibrosis 
(ii) Veno-occlusive disease 

. Bone 
(i) 'Radionecrosis' 
(ii) Osteogenic sarcoma from radium and mesothorium 

. Nervous sy

(iii) Vascular hyalinisation 
(iv) M
(v) Necrosis prob

 
Whole body irradiation 
With increasing dosage the effects can be grouped into three main syndromes: 
1. H

(i) Lymphopenia 
(ii) Granulocytopenia 

Death may result from infection or haem
2. Gastrointestinal syndrome (10-

(i) Villous atroph
(ii) Mucous depletion 

Death is due to fluid and electrolyte imbalance, infection,
3. Cerebral syndrome (>100 Gy) 

Nerve cells are destroyed by either direct radiation injury or secondary to 
increased vascular permeability with oedema a
and vomiting are followed by tremors and convulsions with death 1-2 days after 
exposure. 

 



If the patient survives the acute phase then there are a number of possible late 

1. 
2. 
3. 

etc

6. 
 
Se rradiation  
The following facts are important: 

2. ually inversely proportional to the sensitivity 
3. Mit ity 
4. Va
5. Hypox umours to radiation, conversely hyperbaric 

ance radiotherapy 
6. Re he most 

rad

ther therapeutic agents 
. Modulation of oestrogens 

(i) Tamoxifen - competes with oestradiol for the high affinity oestrogen receptor 
terone 
f oestrogen 

. Modulation of androgens - cyproterone acetate, flutamide and synthetic 
gonadotro-releasing agonists 

 modifiers (cf. cytokines) - therapeutic agents which help the 
host's defense mechanisms to act against cancer cells 

s 

sis factors 
. Immunotherapy (mainly experimental) 

apy 
ated tumour cells 

inistration of immune stimulants such as BCG or Corynebacterium 
sole 

(ii) Passive immunotherapy 
onoclonal antibodies or fragments of antibodies 

ral killer cells 
 
 
 
 

effects: 
Marrow aplasia 
Cataracts 
Developmental abnormalities in the fetus 

4. Leukaemia, skin cancer, or cancer in other organs such as thyroid, bone, larynx, 
. 

5. General effects - premature ageing 
Pneumonitis; nephritis; myocarditis and pericarditis 

nsitivity of tumours to i

1. Tissue of origin 
Degree of differentiation, us

otic activity, directly proportional to the sensitiv
scularity of the stroma and general blood supply, which is related to 5 

ia reduces the sensitivity of t
oxygen has been used to enh

current tumours are insensitive as they are probably derived from t
ioresistant cells of the primary neoplasm. 

 
O
1

(ii) Progestational agents - medroxyproges
(iii) Aminoglutethimide - inhibits synthesis o

2

3. Biological response

(i) Interferon
(ii) Interieukins-1 and 2 
(iii) Tumour necro

4
(i) Active immunother

a. Administration of inactiv
b. Adm

parvum vaccine or levami

a. Administation of m
b. Injection of cloned cytotoxic T-cells or natu



18. Alimentary system 
 
 
S
 

. Congenital 
. Agenesis of one or more glands 

 
B. Acute inflammation 
1. Acute suppurative sialadenitis 
 2. Mumps 

n disease 
 
 

e 
junctivitis sicca 

(ii) Xerostomia 
(iii) Rheumatoid arthritis 
(iv) Enlargement of salivary glands 

3. Sarcoidosis 
4. Tuberculosis 
5. Actinomycosis 

7. Mikuliczs disease (benign lymphoepithelial lesion) 

ers 
ure of a duct 
of a sublingual gland 

ialolithiasis 

(mixed parotid tumour) 

a 

F
oma 

2. Adenoid cystic carcinoma 
 a pleomorphic adenoma 

 
 

 
 

ALIVARY GLANDS 
A
1
2. Atresia of a duct 

 3. Cytomegalic inclusio

 C. Chronic inflammation 
1. Non-specific, usually in association with calculi 
2. Sjögren's syndrom

(i) Keratocon

6. Syphilis 

 
D. Mechanical disord

1. Mucocoele resulting from rupt
2. Ranula result from obstruction 
3. Obstruction by calculus - s

 
 
E. Benign tumours 

1. Pleomorphic adenoma 
2. Warthin's tumour 
3. Monomorphic adenom

. Malignant tumours 
1. Mucoepidermoid carcin

3. Carcinoma arising from
4. Adenocarcinoma 
5. Lymphoma 

 
 



M
 
A
1
2. Microstomia and macrostomia 
3. Microglossia and macroglossia 
. Median rhomboid glossitis 

5. 'Bifid' and 'scrotal' tongue 
 
B. Acu

1. Non-specific gingivitis 
2. Vin ing ulcerative gingivitis) 
3. Aphthous stomatitis 
4. Herpetic gingivo-stomatitis 
5
6. Ca

 
C. Ch

1. Ch
2. Tuberculosis 

pulis (probably reactive) 
r' of pregnancy (reactive) 

6. Squamous papilloma 
a 

8. Granular-cell myoblastoma 

or dental hygiene 

(iii) Trauma from rough teeth 
 

pic appearances 

 
flammatory reaction 
(may be absent) 

ma (mucous/salivary glands) 
ansitional-cell' carcinoma (pharynx) 

OUTH AND PHARYNX 

. Congenital 
. Cleft lip and palate 

4

te inflammation 

cent's infection (acute necrotis

. Moniliasis (thrush) 
ncrum oris (noma) 

ronic inflammation 
ronic desquamative gingivitis 

3. Actinomycosis 
4. Syphilis 

 
D. Benign tumours and tumour-like conditions 

1. 'Congenital epulis' 
2. Giant-cell e
3. Angiomatous 'tumou
4. Fibroma 
5. Haemangioma 

7. Lymphangiom

 
E. Leucoplakia 

1. Aetiology 
(i) Po
(ii) Smoking 

(iv) Syphilis
 
2. Microsco

(i) Hyperplasia of squamous epithelium 
(ii) Hyperkeratosis
(iii) Chronic in
(iv) Dysplasia 

 
F Malignant tumours 
1. Squamous carcinoma 
2. Adenocarcino
3. Intermediate or 'tr



4. Undifferentiated carcinoma with lymphoid stroma 'lymphoepithelioma' 
asopharynx) 

. Fibrosarcoma 

ESOPHAGUS 

1. Agenesis (extremely rare) 
2. Atresia, usually associated with a fistula into the trachea 

4. 
 
B. 
1. 
Ra
2. rpes simplex and CMV 

ophagitis 

agitis 
5. Corrosive chemical ingestion 
6. ng iron deficiency 

se 
isease 

- dilatation of submucosal veins resulting from portal 

D. 
1. 

2. 
ic ulceration or corrosive ingestion 

(iv) Pro
ebs 

(vi) Co
3. 

(ii) Full thickness - oesophageal perforation 
s hernia 

 
(ii) Pa erforation 

(n
5. Malignant melanoma 
6
7. Lymphoma (tonsils) 
 
O
 
A. Congenital 

3. Stenosis 
Gastric heterotopia 

Inflammation 
Reflux oesophagitis 
re causes 
Viral oesophagitis, e.g. he

3. Fungal oes
(i) Candidiasis 
(ii) Aspergillosis 

4. Uraemic oesoph

Plummer-Vinson syndrome - resulting from long-standi
7 Tuberculosis 
8. Crohn's disea
9. Chagas' d
 
C. Vascular disorders 
 
Oesophageal varices 
hypertension 
 

Mechanical disorders 
Diverticula 
(i) Traction 
(ii) Pulsion 
Obstruction resulting from: 
(i) Stricture - chronic pept
(ii) Carcinoma 
(iii) Achalasia (cardiospasm) 

gressive systemic sclerosis 
(v) Mucosal w

ngenital stenosis 
Rupture 
(i) Mucosal (Mallory-Weiss syndrome) 

4. Hiatu
(i) Sliding type

ra-oesophageal p



E. Benig
1. Leiomy
2. Fibrom
3. 
4. Granul
 
F. Malign urs 
1. Carcinoma of the oesophagus 

redisposing factors, many of which are speculative 
 and alcohol 

us hernia, achalasia 
-Vinson syndrome (post cricoid) 

(v) Fol  
Types 

ing polypoid or spindle cell variants 
 arising from- 

a. Metaplastic columnar epithelium in the lower oesophagus (Barrett's 
us) 

b. Gastric type epithelium in lower 2 cm 
arcinoma (rare) 

arcinoma (rare) 

pread 

 Trachea or main bronchi 

) 
(ii)

 

5 y
The remainin

2. Sarcom
(i) 
(ii)

3. 
4. Carcino

 
STOMACH 
 
A. Congenital 
1. Diaphragmat
2. Congenita
 

n tumours 
oma 
a 

Lipoma 
ar cell myoblastoma 

ant tumo

P
(i) Tobacco
(ii) Barrett's metaplasia 
(iii) Anatomical abnormalities, e.g. hiat
(iv) Plummer

lowing corrosive injury

(i) Squamous cell, includ
(ii) Adenocarcinoma,

oesophag

(iii) Oat-cell c
(iv) Adenosquamous c

 
S

(i) Direct to: 
a. Mediastinum 
b.
c. Lung 
d. Aorta or heart (uncommon

 Metastasis to: 
a. Regional lymph nodes 
b. Liver 
c. Lungs 
d. Adrenal 

Prognosis 
ear survival is below 10% 

g tumours are all very rare: 
a 
Leiomyosarcoma 
 Fibrosarcoma 

Malignant melanoma 
-sarcoma 

ic hernia 
l Pyloric stenosis 



B. Inflamma
1. Ac
Causes 

cess 
(ii) Sa

) Staphylococcal exotoxin in contaminated food 
t chemicals/corrosives 

(vi) Aft
2. Acute tis - the acute phase of Helicobacter pylori infection of 

the sto
3. stritis 

(i) Au
intrinsic factor antibodies 

corpus glands 
 the corpus 

plasia 
itis type 

omach 
egeneration 

nic inflammation 
ection and the presence of other 

s bile reflux and dietary irritants, atrophy and intestinal 
in the later stages. 

ncer 
 chronic gastritis, antrum predominant type 

flammation in the antrum 
rmal or shows only minor involvement 

 in people with acid-induced gastric metaplasia in the 

 
 

 bile reflux 
NSAID usage 

 (possible) 

a. Foveolar hyperplasia 
a propria oedema 

tory cells 

lial lymphocytes 
(ii) Maximal in the corpus 

l folds 
 Aphthoid ulcers 

nétrier's disease) 

f glands 

tions 
ute haemorrhagic gastritis 

(i) Alcohol ex
licylates and other drugs 

(iii) Bile reflux 
(iv
(v) Irritan

er major surgery or trauma 
neutrophilic gastri
mach 

Chronic ga
toimmune gastritis 
a. Anti-parietal cell and anti-
b. Sensitized T-cell attack on 
c. Glandular atrophy restricted to
d. Intestinal meta

(ii) H. pylori-associated chronic gastritis, pan-gastr
a. Involves entire st
b. Surface epithelial d
c. Active chro
d. Depending on the duration of inf

factors such a
metaplasia are seen 

e. Increased risk of gastric ulcer and gastric ca
(iii) H. pylori-associated

a. Active chronic in
b. Corpus is no
c. occurs

duodenum 
d. Strong association with duodenal ulceration 

(iv) Reflux or chemical type 

Causes 
a. Entero-gastric
b. 
c. Alcohol

Features 

b. Lamin
c. Vasodilatation/congestion 
d. Paucity of inflamma

4. Lymphocytic gastritis 
(i) Large numbers of intra-epithe

(iii) Enlarged mucosa
(iv)

5. Hypertrophic gastritis (Mé
(i) Rugal hypertrophy 
(ii) Cystic dilatation o



(iii) Strands of muscularis mucosae in lamina propria 

 to H. pylori 
erial, e.g. food particles in the mucosa 

(i.e. idiopathic) 

C. 
1. 

 
2. hock 

(ii) idents 

(iv) ACTH or corticosteroid therapy 

D. 
1. Site

(ii) 

(iv) tomy margins 
rticulum 
f duodenum and jejunum in Zollinger-Ellison syndrome 

2. Predisposing factors Gastric ulceration 
. pylori-associated pan-gastritis 

(ii) NS
(iii) Alc

uodenal ulceration 
onic gastritis - antral predominant 

um 

Chronic peptic ulcers occur when the digestive action of acid and pepsin overcome 
the  develop when: 

in the duodenum as a consequence of excessive 

infection causes active chronic inflammation in the 

ation reduces mucosal resistance and erosions and 

Gastric ul
(i) Long-standing chronic gastritis (H. pylori-associated) reduces mucosal 

(ii) In NSAIDs act synergistically with H. pyloriassociated mucosal 

6. Eosinophilic gastritis 
7. Granulomatous gastritis 

(i) Crohn's disease 
(ii) Sarcoidosis 
(iii) Reaction
(iv) Foreign mat
(v) Isolated 

 
Acute ulceration and erosions 
Related to acute gastritis 
(i) Aspirin 
(ii) Alcohol excess 
(iii) Bile reflux 

Related to s
(i) Severe burns, major trauma (Curling's ulcers) 

 Cerebrovascular acc
(iii) Septicaemia 

 
Chronic peptic ulcers 

s  
(i) Lesser curve of stomach 

First part of duodenum 
(iii) Lower oesophagus 

 Gastroenteros
(v) Meckel's dive
(vi) Remainder o

(i) Chronic H
AID use 
ohol abuse 

(iv) Bile reflux 
D

(i) Helicobacter-associated chr
(ii) Gastric metaplasia in the duoden

3. Pathogenesis 

 natural defenses of the mucosa.  Duodenal ulcers
(i) Gastric metaplasia appears 
acid output 
(ii) Subsequent H. pylon 

metaplastic mucosa 
 (iii) Active chronic inflamm

ulceration ensue 
cers are multifactorial 

resistance to acid/pepsin 
some cases 



damage to produce ulcers 
s undergone intestinal metaplasia may be more susceptible 

ack 

(i) 
(ii) 

a. Pyloric 
Hour-glass deformity 

 change (rare) 
 
E. yps 
1. erative) polyps 

ifficult to predict behaviour) 
3. Hamartomas and heterotopias 

(i) 'Cystic hamartomatous polyps'- simple fundic polyps 
(ii) He

ithelial hamartoma) 
(iv) Peutz-Jeghers' polyps 

ronkhite-Canada syndrome 
olyposis of the stomach and intestines 

phy 

 
F. 
1. 

rophy and intestinal metaplasia 

hronic peptic ulcer rarely give rise to gastric carcinomas, <1%) 

(i) Nodular 
 

ting 

 
-mucosal 'tubular' or 'signet-ring cell' types 

a 
a. Intestinal type 

owing well, moderate or poor differentiation 

bmucosa = early gastric cancer (even if lymph 

 (iii) Mucosa which ha
to acid att

4. Complications 
Perforation 
Haemorrhage 

(iii) Stenosis 

b. 
(iv) Malignant

Benign tumours and pol
Hyperplastic (regen

2. True neoplasms 
(i) Adenoma 
(ii) Stromal tumours (d

terotopic pancreas 
(iii) Adenomyoma (myo-ep

(v) C
a. P
b. Abnormal skin pigmentation 
c. Nail dystro
d. Baldness 

Malignant tumours 
Carcinoma 

Precancerous conditions 
a. H. pylori-associated chronic gastritis with at
b. Adenomatous polyps (rare outside Japan) 

(C
 
Gross types 

(ii) Ulcerative
(iii) Polypoid or funga
(iv) Linitis plastica 

Microscopic appearances
(i) Intra
(ii) Adenocarcinom

b. Diffuse type 
c. Mixed sh

(iii) Anaplastic carcinoma 
 
Spread 

(i) Direct 
a. Confined to mucosa or su



nodes involved) 
b. Spread into muscularis propria and beyond advanced gastric cancer 

g lesser and greater curve 

tum, peritoneum and ovaries (Krukenberg spread) 
2. d prevalence in pernicious anaemia 
3. -cell lymphoma) 
4. uscle or neural origin 
 
 
SM
 
A. 
1. Duodenal diverticula 
2. Diverticulosis of jejunum and ileum 
3. 
4. 
5. 
 
B. Inflammation/ulceration 
1. 
A chronic granulomatous disease mainly affecting the small intestine but can involve 

mouth to anus. The aetiology is unknown but there is increasing 
evi g towards infection by Mycobacterium paratuberculosis. 

of wall 

 
ucosa 

es 

(ii) flammation 
(iii) ttern of inflammatory cells 
(iv) Submucosal oedema, lymphangiectasia, and fibrosis 
(v)
(vi)
Co
(i) 
(ii)
(iii) Fistula formation 

eri-biliary fibrosis 
ns 

(vii
(ix) Malign

2. Infections
(i) 

(ii) Lymphatic to nodes alon
(iii) Blood spread to liver 
(iv) Transcoelomic to omen
Carcinoid tumour - increase
Lymphoma - usually maltoma (B
Stromal tumours of smooth m

ALL INTESTINE 

Congenital 

Meckel's diverticulum 
Atresia 
Failures of rotation 

Crohn's disease 

any part from 
dence pointin
Gross features 
(i) 'Hosepipe' thickening 
(ii) Ulcers - aphthoid or linear 
(iii) Deep fissures
(iv) 'Cobblestone' m
(v) 'Skip' lesions (i.e. segmental involvement) 
(vi) Enlarged lymph nodes 
Microscopic appearanc
(i) Granulomas (sarcoid-type) 

 Transmural in
 Aggregated pa

 Fissure ulcers 
 Neuromatoid hyperplasia 
mplications 
Malabsorption 

 Obstruction 

(iv) Perforation 
(v) Haemorrhage 
(vi) Liver disease - p
(vii) Skin lesio

i) Ocular inflammation 
ancy 

 
Cholera 



(ii) E. coli 
(iii) Typho

(v)
(vi) Ac
(vii) Y
(vii ses and reoviruses 
(ix) Whipp
(x)  - found more commonly in: 

a. Chil
b. Mal
c. Follow
d. Pan
e. Hyp
f. Nodula

d, Indian subcontinent, etc) 
 
C. Malabsor
Due to abnormal small intestinal function 

1. Villous
Terminolo

ophy 
 

(ii) Cry

oplasia 
Ma

al response of the small intestinal 
 unknown peptide found in the wheat protein, gluten.  This is 

mediated. 

a cells show diminished lgA, and increased lgM 

eased in the serum whilst lgA is increased 
of immune dysfunction such as splenic atrophy and 

ired lymphocyte transformation 
certain fractions of gluten 

n t-membrane following gluten challenge.  
ound in untreated coeliacs 

f g/b T-cells in the epithelium  

l or severe partial villous atrophy 
elium with palisading of nuclei and indistinct 

epithelium by lymphocytes 
e in lymphocytes and plasma cells in lamina propria 

-associated T-cell lymphoma 

infections in infants 
id/paratyphoid 

(iv) Staphylococcal enterocolitis 
 Tuberculosis 

tinomycosis 
ersinia pseudotuberculosis (acute terminal ileitis) 

i) Viral diseases parvoviru
le's disease 

Giardiasis
dhood 
nutrition 

ing gastrectomy 
creatic disease 
ogammaglobulinaemia 

r lymphoid hyperplasia 
g. Dysgammaglobulinaemia 
h. Travellers (Leningra

ption 

 atrophy 
gy 

(i) Villous architecture 
a. Mild, moderate or severe partial villous atr
b. Total villous atrophy
pt cellularity and mitotic activity 
a. Crypt hyperplasia 
b. Crypt hyp

jor causes of crypt hyperplastic villous atrophy 
(i) Coeliac disease caused by an abnorm

mucosa to an
likely to be immunologically 

Immunological  findings 
a. Mucosal plasm

secretion 
b. lgM is decr
c. Features 

impa
d. The serum may contain lgM antibodies to 
e. lgA deposited on baseme

lgG deposits f
d. Increased proportion o

Microscopic features 
a. Tota
b. Cuboidal surface epith

brush border 
c. Heavy infiltration of 
d. Increas

Complications 
a. Enteropathy



b. Ulcerative jejunitis 
oma of the small intestine 

ignancy, e.g. carcinoma of the oesophagus 

ctive malabsorption syndrome 

denitis 
Cause illous atrophy 

(i) Pernicious anaemia 
iency 

is 

2. ving rise to malabsorption 
se deficiency 

bsorption 
e 

on injury 

(iv) Crohn's disease 
 

 
 Jejunal diverticulosis 

le strictures               as in Crohn's disease 

s causes 
ase 

ngiectasia 
 
D. sorders 

giectasia (Osler-Rendu-Weber syndrome) 

(i) Thrombosis/embolus 
(ii) Atherosclerosis 

ic veins 

in later stages leads to arterial occlusion) 
aemorrhagic infarction 

aemia resulting from 
(i) Cardiac failure 

c. Adenocarcin
d. Extra-intestinal mal

(ii) Tropical sprue 
(iii) Stasis syndrome with bacterial overgrowth 
(iv) Post-infe
(v) Kwashiorkor 
(vi) Severe chronic duo
s of crypt hypoplastic v

(ii) Folic acid defic
(iii) Carcinomatos
(iv) Hypopituitarism 
(v) Irradiation 
Biochemical disorders gi
(i) Sucrase-isomalta
(ii) Lactase deficiency 
(iii) Monosaccharide mala
(iv) Hartnup diseas
(v) Cystinuria 
(vi) Congenital chlorodiarrhoea 
(vii) Abeta-lipoproteinaemia 

3. Disease of the intestinal wall 
(i) Amyloidosis 
(ii) Radiati
(iii) Collagen disease 

4. Altered bacterial flora
(i) Stagnant loop syndrome
(ii)
(iii) Multip
(iv) Fistulae 

5. Miscellaneou
(i) Whipple's dise
(ii) Lympha

Vascular di
1. Mucosal vessels 

(i) Hereditary haemorrhagic telan
2. Mesenteric arteries 

(iii) Fibro-muscular hyperplasia 
(iv) Polyarteritis nodosa 

3. Mesenter
(i) Thrombosis 
(ii) Strangulation (

Arterial and venous occlusion results in h
4. Non-occlusive isch



(ii) Shock 
(iii) Drug-induced vasoconstriction 

 
E. Me
Obstruction of the small intestine 
Cause

1. 
2. 

5. 
6. l or acquired 
7. 
8. Gall stones or foreign body (including food bolus) 

ium plug (mucoviscidosis) 
lso result from mesenteric thrombosis and neurogenic paralytic 

 
F. Be ll rare 

1. Adenoma - mainly peri-ampullary 
2. Lip
3. endu-Weber syndrome) 
4. 
5. s) 
6. 

 
G. ours 

1. 
2. Ly

(i) 
(ii)

able hypogammaglobulinaemia 

3. 
isposed to by: 

ease 
matous polyposis 

 
AP
A. 

  
ainly by causing obstruction) 

(i) Lymphoid hyperplasia 
siological 

and other viral diseases 
alith/foreign bodies/food residues 

ema 
iculosis of the appendix 

chanical disorders 

s 
Hernias 
Adhesions 

3. Neoplasms 
4. Intussusception 

Volvulus 
Strictures, congenita
Atresia 

9. Mecon
Obstruction may a
ileus 

nign tumours - these are a

oma 
Haemangioma (may be part of the Osler-R
Lymphangioma 
Peutz-Jeghers' polyps (hamartoma
Stromal tumour 

Malignant tum
Carcinoid tumour 

mphoma Predisposed to by: 
Coeliac disease 

 Alpha-chain disease 
(iii) Selective lgA deficiency 
(iv) Common vari
(v) Crohn's disease 
Malignant stromal tumour 

4. Adenocarcinoma (rare) Pred
(i) Crohn's disease 
(ii) Coeliac dis
(iii) Familial adeno

PENDIX 
Inflammation 
1. Acute non-specific
Predisposing factors (act m

a. Phy
b. Measles 

(ii) Faec
(iii) Mucosal oed
(iv) Divert



(v) Carcinoid tumour 
s 

Complications 
ation leading to: 

ppendicular abscess 
tula formation 

 abscess 
(iii) Septicaemia 

appendicitis 
 rupture and produce pseudomyxoma peritonei 

2. 

tinomycosis 
ease 

4. sis 
5. 
6. 

 
B. Ne
1. Ca
2. Ad
3. 
4. Lym
 
LARGE INTESTINE 
 
A. Co
1. Atr rforate anus 
2. Ste

. Inflammation 
Infective colitis Features 

morph infiltrate 
(iii) Poorly formed 'mucoid' crypt abscesses 

d surface epithelial degeneration and crypt hyperplasia 

gellosis) 
c. Salmonella food-poisoning 

oli 

(vi) Threadworm

(i) Perfor
a. Generalized peritonitis 
b. A
c. Fis

(ii) Suppurative pylephlebitis and liver

(iv) Chronic 
(v) Mucocoele which may
Specific bacterial infections 
(i) Yersinia pseudotuberculosis appendicitis 
(ii) Typhoid 
(iii) Tuberculosis 
(iv) Ac

3. Crohn's dis
Starch-grain granulomato
Polyarteritis nodosa 
Eosinophil granuloma 

oplasms 
rcinoid tumour 
enoma 

Adenocarcinoma 
phoma 

ngenital 
esia including impe
nosis 

3. Duplication 
4. Hirschsprung's disease - aganglionosis 
 
B

1. 
(i) Crypt pattern preserved 
(ii) Predominantly neutrophil Poly

(iv) Marke
Causes 
(i) Bacterial 

a. Campylobacter jejuni 
b. Bacillary dysentery (shi

d. Tuberculosis 
e. Staphylococcal enterocolitis 
f. Gonorrhoea 
g. Enterotoxic E c



(ii) Viral / chiamydial 
a. CMV 
b. Lymphogranuloma venereum 

b. Schistosomiasis 
tidiasis 

lis 
2. Ulcerative colitis 
A chronic inflammatory process of unknown aetiology characterized by relapses and 
remissions leading to persistent diarrhoea and debility. 
 
Sit
Usually starts in rectum and spreads proximally to involve a variable length of colon.  
Frequently the entire colon is involved. 
 
Gross

(i) 
(ii) 
(iii)

ascularity 

lcers and inflammatory polyps 
(v) Crypt atrophy and distortion 

cell metaplasia 

Co

isturbance 

xic dilatation 
adenocarcinoma, rarely a malignant carcinoid or small 

inal disease 
 pyoderma gangrenosum, erythema nodosum 

g spondylitis 
hronic pericholangitis 

ritis 
e. Biliary tract - sclerosing cholangitis, carcinoma 

(iii) Others 
a. Amoebic dysentery 

c. Balan
d. Rectal syphi

es 

 features 
Continuity of involvement 

Confluent irregular mucosal ulceration 
 Pseudopolyps'- residual inflamed mucosa  

(iv) Intense v
 
Microscopic features 

(i) Continuous inflammation maximal in the mucosa 
(ii) Congestion and vasodilatation 
(iii) Crypt abscesses 
(iv) Undermining u

(vi) Mucin depletion 
(vii) Paneth-
(viii) Pre-malignant dysplasia may be present in long-standing cases 

 
mplications 
(i) Haemorrhage 
(ii) Anaemia 
(iii) Electrolyte d
(iv) Perforation 
(v) To
 (vi) Malignant change - 

cell carcinoma 
(vii) Extra-intest

a. Skin lesions -
b. Arthritis/ankylosin
c. Liver disease - c
d. Eye disease - iritis, uveitis, episcie

3. Crohn's colitis 
4. Irradiation colitis 
5. Antibiotic-associated (including pseudomembranous colitis) 
6. Mucosal prolapse syndrome - including solitary ulcer 



7. Microscopic or lymphocytic colitis 
8. Collagenous colitis 
9. Diversion colitis 
 
C. Vascular disorders 
1. Ischaemia 

schaemia are the same as those in the small intestine. 
 

(i) Infarction 

2. 
Varicosities of the superior and inferior rectal veins.  
auses 

 physical work 

n 

lasia - usually in the caecum 
 

ers 
1. Diverticular 
Outpouchings of the large bowel mucosa through the muscle coat develop in 
response to prolonged increases in intraluminal pressure.  These diverticulae form at 
the sites of lympho-glandular complexes in the mucosa which overlie defects in the 

uscularis mucosae.  The usual segment to be affected is the sigmoid colon, but 
e found in the proximal colon.  The diverticulae become 

ected, probably following minor trauma, and the ensuing diverticulitis 
can lead to abscess formation and generalized peritonitis. 
2. Vo
3. Hernia
4. Intuss
 
E. Tumour-like conditions 

eghers' polyps 
(ii)

 
 
F. Benig
1. Epithelial 

oma (adenomatous polyp) 
(ii) a 
(iii)
v) Metaplastic polyps 

2. 
(i)  

3. Con
(i) 

The causes of i
Ischaemia results in:

(ii) Ischaemic colitis 
(iii) Stricture 

Haemorrhoids. 
 
C

(i) Chronic constipation 
(ii) Heavy
(iii) Pregnancy 
(iv) Pelvic tumours 
(v) Portal hypertensio
(vi) Rectal carcinoma 

3. Angiodysp

D. Mechanical disord
disease 

m
infrequently they can b
secondarily inf

lvulus 
tion 
usception 

(i) Peutz-J
 Juvenile polyposis 

n tumours and polyps 

(i) Tubular aden
 Tubulo-villous adenom
 Villous adenoma 

(i
Lymphoid 

Benign lymphoid polyp
nective tissues 
Lipoma 



(ii) Stromal tumours 
(iii)

angioma 
 
G. Ma
1. Car

Pre-malignant conditions 

 colorectal cancer syndrome 
arcinoma sequence 

Ae
ilial tendency 

 
sidue food 

 

id/fungating 
 
Microscopic appearances 

(ii) Mucoid (colloid) carcinoma 
m and anal 

(iv) Squamous carcinoma (including basaloid variety) 

Direct and lymphatic: Dukes' classification - 
does not penetrate through the muscle layer of the colon/rectum 

nding fat but there is no involvement of regional 

of the highest resected lymph node 
Stage D - distant metastases  

 is mainly to the liver  

bstruction 

(iii)

(v)
(vi

2. Car
3. Lym
4. Sar

(i) 

5. nt melanoma (anal region) 

 Ganglioneuroma 
(iv) Haem

lignant tumours 
cinoma 

(i) Adenomas - adenoma-carcinoma sequence 
a. Familial adenomatous polyposis 
b. Hereditary non-polyposis

(ii) Ulcerative colitis - dysplasia-c
 

tiology 
(i) Genetic - fam
(ii) Dietary factors 

a, ? Bile salts and anaerobic organisms
b. ? Low re

Gross features 
(i) Annular ulcerated 
(ii) Polypo

(i) Adenocarcinoma 

(iii) Small-cell undifferentiated carcinoma and in the lower rectu
canal 

Spread 

Stage A - 
Stage B - extends into surrou
lymph nodes 
StageC1 - secondary deposits present in the regional lymph nodes 
Stage C2 - involvement 

Blood spread
Complications 

(i) O
(ii) Perforation 

 Fistula formation 
(iv) Haemorrhoids (with rectal carcinoma) 

 Anaemia 
) Diarrhoea 
cinoid tumour 
phoma, including malignant lymphoid polyposis 

coma 
Malignant stromal tumour 

(ii) Liposarcoma 
Maligna



 

19. Liver, gall-bladder-and pancreas 
 
DISEASES OF THE LIVER 
 
A. Cong
1. Accessory lobes - Riedel's lobe 
2. Congenital cystic disease (found in association with polycystic kidneys) 
3. Congenital hepatic fibrosis (some cases are associated with renal cysts) 
4. cy 
 
B. Inf
1. Vir

Types
y an RNA enterovirus, 2-6 weeks incubation, 

pread 
dna Virus, 2-6 months incubation, parenteral, 
ad Dane particle - complete virion consisting of a 

clei and a coat which is 
 and is often found detached from the core.  The 

 HBCAG and the surface antigen, HBsAg.  A third 
has three variants and e3 is associated with 

ecific DNA polymerase. 
ted to flaviviridae, long incubation, parenteral 

NA virus, infection only occurs if patient has 

 - RNA virus, short incubation, faecal-oral spread 
tis viruses - unexplained outbreaks of hepatitis and sporadic 

us viral diseases involving the liver include 
ious mononucleosis 

omegalovirus 

ually single-cell but may be zonal 
r degenerative changes - 'ballooning' 

matory cell infiltration of portal tracts and parenchyma, mainly 
crophages with small numbers of polymorphs 

estasis 
res of regeneration 
cute viral hepatitis 

ith bridging necrosis (subacute hepatic necrosis) 
necrosis 

lestatic' hepatitis 

enital 

(a-l-antitrypsin deficien

ections 
al hepatitis  
 

(i) Hepatitis A - caused b
epidemic, faecal-oral s

(ii) Hepatitis B - DNA hepa
placental or venereal spre
core containing circular DNA formed in liver cell nu
formed in the cytoplasm
core antigen is termed
antigen e antigen, 
hepatitis-B-sp

(iii) Hepatitis C - RNA virus rela
spread 

(iv) Hepatitis D - defective R
hepatitis B, parenteral spread 

(v) Hepatitis E
(vi) Other hepati
cases 
(vii) Miscellaneo

a. Infect
b. Cyt
c. Herpes hominis 
d. Yellow fever 

Microscopic features 
(i) Necrosis of hepatocytes, us
(ii) Othe

(iii) Inflam
lymphocytes and ma

(iv) Kupffer cell proliferation 
(v) Variable chol
(vi) Featu

Variants of a
(i) W
(ii) With massive 
(iii) 'Cho

Fate of acute viral hepatitis 
(i) Resolution 



(ii) Massive necrosis and death 
epatitis 

 hepatitis 
tis (hepatitis B, C and D) 

2. n 
(i) Tuberculosis especially in miliary spread 

r fibrosis 

on 
ptospirosis (Weil's disease) 

4. 

plasmosis 

7. 
nulosus 

 (Clonorchis) 

(v)
pecific inflammation 

 
C. Chron
A diffuse y condition of the liver in which there are clinical and/or 
biochemi es for longer than 6 months. 
1. Chronic persistent hepatitis 

The liver contains excessive numbers of chronic inflammatory cells but these are 
confined to the portal tracts. 

Cause
(i) 

specific reaction to systemic disease 

cy 
rognosis 

ally resolves (unless it is secondary to some untreatable 

of chronic inflammatory cells in portal and peri-portal areas 
r cells at the interface between connective tissue and 

(iii) Recurrence of acute h
(iv) Chronic persistent
(v) Chronic active hepati
(vi) Cirrhosis 

Bacteria[ infectio

(ii) Brucellosis 
3. Spirochaetes 

(i) Syphilis 
  a. Congenital pericellula
  b. Gummata - hepar lobatum 
(ii) Borrelia recurrentis infecti
(iii) Le
Protozoa 
(i) Amoebiasis 

a. Amoebic hepatitis 
b. Amoebic abscess 

(ii) Toxo
5. Rickettsia 

(i) Q fever 
6. Fungi 

(i) Histoplasmosis 
Parasites 
(i) Hydatid cysts - Echinococcus gra
(ii) Opisthorchiasis
(iii) Fasciola hepatica 
(iv)  Schistosoma mansoni. 

 Ascaris lumbricoides 
8. Non-s

(i) Abscess (pyaemic) 
(ii) Cholangitis 

ic hepatitis 
 inflammator
cal disturbanc

s 
Prolonged viral hepatitis 

(ii) Non-
(iii) Inflammatory bowel disease 
(iv) Alpha-l-antitrypsin deficien

P
Good, the disease usu
condition), but it may progress to chronic active hepatitis 
2. Chronic active hepatitis (CAH) 

Excessive numbers 
with destruction of live



parenchyma - piecemeal necrosis. 

 linking portal tracts 
(ii) Lobular hepatitis - inflammatory infiltration and degenerative changes 

(i) Primary - ? an auto-immune disease with systemic features 
 

tal hepatitis 
e below) 

c. Alcohol (rare) 

 
most invariably progression to cirrhosis but deterioration is delayed 

by steroid or interferon therapy. 
 
D. Drugs and the liver 
Drugs may injure the liver by a direct toxic effect or because of an idiosyncratic 
reaction where the drug is acting as an allergen.  Four major categories of liver 
damage are produced: 
1. is 

lone 

1. dictable injury resulting in zonal or 
ma
 
Ca

erdosage 

oride and benzene derivatives 

 
nnic acid 

 
2. ese are hypersensitivity reactions and may produce a 

able from acute viral hepatitis or a chronic active 
he
Ca

mine oxidase inhibitors 

There might also be: 
(i) Bridging necrosis

throughout the parenchyma 
Causes 

(ii) Secondary
a. Viral 

Hepatitis B  
Hepatitis C  
Hepatitis D  
Neona

b. Drugs (se

d. Wilson's disease 
e. Alpha-l-antitrypsin deficiency 

Prognosis
Poor, there is al

Direct hepatic necros
2. Hepatitis-like reactions 
3. Cholestasis and hepatitis 
4. Cholestasis a
 

Direct hepatic necrosis.  This is usually a pre
ssive necrosis. 

uses include 
(i) Paracetamol (acetaminophen) in acute ov
(ii) Ferrous sulphate in acute overdosage 
(iii) Carbon tetrachl
(iv) Methotrexate and 6-mercaptopurine (non-zonal) 
(v) Aflatoxin
(vi) Ta

Hepatitis-like reactions.  Th
histological picture indistinguish

patitis. 
uses include 
(i) Halothane 
(ii) Monoa
(iii) (a-Methyldopa 
(iv) Isoniazid 
(v) Oxyphenisatin 



(vi) Nitrofurantoin 
(vii) Sulphonamides 

3. Cholestasis and hepatitis.  This also represents a hypersensitivity reaction in 
which cholestasis is the major feature but some histological evidence of hepatitis is 
usuall
Cause

ecially chlorpromazine 
yclic antidepressants 

(iii) iazepam) 
(iv) enylbutazone, indomethacin) 
(v) rugs (PAS, rifampicin) 
(vi) sulphamethoxazole) 

4. Ch
This o hypersensitivity but genetic factors may alter 
suscep
Ca

s (methyltestosterone/norethandrolone) 

5.  
(i) Diffuse fatty liver - tetracycline 

enacetin 
d cirrhosis - long-term methotrexate therapy for 

sion - Senecio alkaloids, urethane 
atitis (haemorrhagic cysts) - anabolic steroids 

ata - phenylbutazone 
6. the liver 

ay be associated with: 

ry rare) 
(ii)

Featu
e-cell necrosis 

ation 

 
tochondria 

epatitis 

. Degenerative/metabolic disorders 
scinosis 

tes mellitus 

y present. 
s include 

(i) Phenothiazines esp
(ii) Tric

 Anxiolytic drugs (chlordiazepoxide, d
 Anti-inflammatory drugs (ph
Anti-tuberculous d
 Antibiotics (erythromycin, 
olestasis alone 
injury is not related t
tibility: 

uses 
(i) Anabolic steroid
(ii) Contraceptive steroids 
Miscellaneous drug injuries

(ii) Increase in liver cell lipofuscins - ph
(iii) Fatty change, fibrosis, an
psoriasis 
(iv) Central vein occlu
(v) Peliosis hep
(vi) Granulom
Alcohol and 
(i) Fatty liver - m

a. Jaundice 
b. Portal hypertension 
c. Encephalopathy 
d. Fat embolism (ve

 Alcoholic hepatitis 
res 
a. Centrilobular singl
b. Mallory's hyaline bodies 
c. Fatty change 
d. Polymorph infiltr
e. Pericellular collagenisation 
f. Perivenular fibrosis
g. Giant mi

(iii) Cirrhosis 
(iv) Portal fibrosis 
(v) Chronic active h
(vi) Cholestasis (unusual) 

 
E
1. Brown atrophy - lipofu
2. Fatty change 

(i) Diabe



(ii) Starvation 
(iii)
(iv)
(v)
(vi)

l aetiology, usually preceded by influenza or varicella 
ith salicylates) 

aemia 

ty change 
3. Amyloidosis - usually secondary type 
4. Gly

(i) Dia

5. Lip
(i) isease 

(iii)
6. Haemosiderosis/haemochromatosis 
7. Wi

F. 
1. tension follows obstruction to the portal blood flow somewhere along 
its 

 
titis or pylephlebitis 

 glands in porta hepatis 

tration of portal tracts by lymphoma, myeloproliferative disease, or 
sarcoidosis 

atic fibrosis 
venopathy 

(iii)

from ingestion of Senecio alkaloids, 
irradiation 

(iv)

(v) 

c. Tricuspid incompetence 
ulting from occlusion of the hepatic arteries are uncommon and usually 

 Alcoholic 
 Obesity 
 Kwashiorkor 
 Drugs - methotrexate, corticosteroids 

 (vii) Reye's syndrome (? vira
infection, associated w
a. Fever/vomiting 
b. Hypoglyc
c. Respiratory acidosis 
d. Encephalopathy 
e. Liver shows microvesicular fat

cogen deposition 
betes mellitus (with nuclear vacuolation) 

(ii) Von Gierke's disease 
id storage 
Hand-Schüller-Christian d

(ii) Gaucher's disease 
 Niemann-Pick 

lson's disease 
 

Vascular disorders 
Portal hyper
course 
(i) Extrahepatic portal vein

a. Thrombosis possibly secondary to pancrea
b. Pressure from
c. Invasion by carcinoma of pancreas or biliary tract 
d. Stricture or ligature following surgery 

(ii) Intrahepatic portal veins 
a. Schistosomiasis 
b. Infil

c. Congenital hep
d. Obliterative portal 
 Sinusoids or small hepatic veins 
a. Cirrhosis 
b. Veno-occlusive disease resulting 

administration of cytotoxic drugs and liver 
 Hepatic veins (Budd-Chiari syndrome) 
a. Thrombosis 
b. Tumour involvement 
Chronic venous congestion of liver (CVC) 
a. Congestive cardiac failure 
b. Constrictive pericarditis 

2. Infarcts res
result from a severe arteritis or when the additional supply from the portal vein is 



diminished. 
Occlusion of intrahepatic branches of the portal vein results in haemorrhagic 

ecrosis is seen in shock. 
4. Ca is' 

Prolonged and severe CVC leads to centrilobular necrosis, distortion of reticulin 
framework and scarring.  In the most  severe cases this scarring may link up 

erse lobulation'.  The intervening 
ufficient evidence of regeneration to justify the term 

cirr
 

mation around medium sized bile ducts 
sappearance of ducts 

filtration 
rophages in portal tracts 

2. Sc

ration of extra-hepatic biliary system 
erative colitis 

(iv) Proceeds to biliary cirrhosis (secondary) 

is 
ead fibrosis and regenerative nodule formation following 

cells. 
fication 

3. Vir natal hepatitis) 
4. Im

patitis 
is 

hosis, resulting from long standing obstruction 
6. Metabolic and inherited disorders 

disease 

(v) Hereditary haemorrhagic telangiectasia 
 

ntolerance 

lesions - 'Zahn's infarcts'. 
3. Hypoxic centrilobular n

rdiac 'cirrhos

adjacent central veins to  produce 'rev
parenchyma rarely shows s

hosis. 

G. Bile duct diseases 
1. Primary biliary cirrhosis 

(i) Granulomatous inflam
(ii) Destruction and di
(iii) Aggregated lymphocytic in
(iv) Lipid-laden mac
(v) Anti-mitochondrial antibodies in serum 
lerosing cholangitis 
(i) Loss of bile ducts in liver 
(ii) Fibrous oblite
(iii) Association with ulc

 
H. Cirrhos
A combination of widespr
necrosis of liver 
Aetiological classi
1. Cryptogenic or idiopathic 
2. Toxic or drug-induced 

(i) Alcohol 
(ii) Methotrexate 
(iii) Aflatoxins 
al hepatitis (including neo
munologically mediated 
(i) Chronic active he
(ii) Primary biliary cirrhos

5. Secondary biliary cirr

(i) Haemochromatosis 
(ii) Wilson's 
(iii) a,-l-antitrypsin deficiency 
(iv) Cystic fibrosis 

(vi) Galactosaemia
(vii) Hereditary fructose i

7. Intestinal by-pass 
8. Indian childhood cirrhosis 
 
 



Incidence 
0%) 

3. Bil
4. Dis

. Idiopathic (15%) 
 

 - decreased synthesis of factors V, VII, IX and X 

2. Po
egaly 

rto-systemic anastomoses 

3. Inte eritonitis  
4. Development of liver-cell carcinoma 

esions 

3. Fo
4. Diffuse nodular hyperplasia 
5. Partial nodular transformation 

. Benign tumours 

enoma 
ptive steroids) 

2. Inf elioma 
 
K. Malig
1. Liver c posing factors 

(i) mochromatosis 
(ii)
(iii)

2. Bil
is infestation 

3. Ha
de manufacture 

4. He
5. Lymph
6. Fibros
7. Metastati

1. Alcoholic (about 6
2. Viral (10%) 

iary (10%) 
ordered iron metabolism (5%) 

5. Other metabolic disorders (1%) 
6
Complications of cirrhosis
1. Hepatocellular failure 

(i) Increasing jaundice 
(ii) Coagulopathy
(iii) Encephalopathy 
(iv) Hyperoestrogenism 
rtal hypertension 
(i) Splenom
(ii) Enlargement of po
(iii) Ascites 
rcurrent infection, e.g. suppurative p

 
I. Tumour-like l
1. Cavernous haemangioma 
2. Mesenchymal hamartoma 

cal nodular hyperplasia 

 
J
1. Adenoma 

(i) Bile duct ad
(ii) Liver cell adenona (associated with contrace

antile haemangioendoth

nant tumours 
ell carcinoma predis
Cirrhosis, especially hae

 Aflatoxins ? 
 Hepatitis B infection 

e duct carcinoma Predisposing factors 
(i) Clonorchis sinens
(ii) Arsenic 
(iii) Ulcerative colitis 
emangiosarcoma Predisposing factors 
(i) Polyvinyl chlori
(ii) Thorotrast 
patoblastoma 

oma 
arcoma/neurogenic sarcoma (very rare) 

c carcinoma is very common.  The main sources are: 
(i) Gastrointestinal tract 



(ii)

Likewise involvement by leukaemias and lymphomas arising elsewhere is common 
 
L. Hyper
Causes o
1. Exces

(i) Ha  to 

cts 

eukaemias, etc. 
(ii) mary ,shunt' 
hyp

2. Decre r cells and transport to the smooth 
en

(i) l condition resulting in mild intermittent jaundice 
(ii) 

3. Defect
(i) ficiency 

ysiological') 
jjar disease.  A very rare condition giving rise to severe 

 of bilirubin in the brain - kernicterus 
al neonatal 

yndrome) 
4. Dis tion 

Int
ellular excretion into canaliculi 

, associated with marked lipofuscin deposition 

, without such pigment 
(ii) tion 

b. roids such as methyl testosterone 
c. Cholestatic jaundice of pregnancy and the pill 

e. Associated with Hodgkin's disease and other lymphomas 
ere infections 

uction 

olangitis 

iocarcinoma 
xtrahepatic bile duct obstruction 

(i) Gall stones 

 Breast 
(iii) Bronchus 

bilirubinaemia (jaundice) 
f jaundice: 
sive bilirubin production capacity of the liver 

emolysis due
a. Hereditary spherocytosis 
b. Hereditary red-cell enzyme defe
c. Thalassaemia 
d. Sickle-cell disease 
e. Auto-immune haemolytic anaemia 
f. Secondary to Hodgkin's disease, l

 Increased production by the bone marrow – pri
erbilirubinaemia 

ased uptake of bilirubin into live
doplasmic reticulum 

Gilbert's disease.  A familia
Viral hepatitis 
ive conjugation of bilirubin 
Glucuronyl transferase de
a. Neonatal jaundice ('ph
b. Crigier-Na

persistent jaundice and deposition
(ii) Glucuronyl transferase inhibitor in the maternal serum famili

hyperbilirubinaemia (Lucey-Driscoll s
turbances of bilirubin excre

rahepatic: 
(i) Impaired c

a. Viral hepatitis (cholestatic type) 
b. Alcoholic hepatitis  
c. Dubin-Johnson syndrome

in liver cells 
d. Rotor syndrome
Canalicular or ductular obstruc
a. Drug hypersensitivity, e.g. chlorpromazine 

C-17 substituted ste

d. Breast-milk jaundice of neonates 

f. Sev
g. Idiopathic recurrent cholestasis 

(iii) Bile duct obstr
a. Primary biliary cirrhosis 
b. Sclerosing ch
c. Intrahepatic biliary atresia 
d. Cholang

E



(ii) Carcinoma of the pancreas/ampulla 
volved lymph glands at the porta hepatis 

 of the extrahepatic ducts 
rative stricture 

5. He
The ja ilure may result from several disturbances but the principal 
de ficient functioning liver cells to conjugate the normal 

re: 
al cirrhosis 

city, e.g. paracetamol (acetaminophen) overdosage, 
halothane hepatitis 

 GALL-BLADDER AND EXTRA-HEPATIC BILE DUCTS 

A. 
1. Atr r of any part of the hepatic or common bile ducts 
2. Fo
3.  across the lumen 
4. all-bladder 
5. the Cystic duct and artery 
6. 
 
B. Inf
1. Ac

(i) 
yema 

may perforate and produce 

cess 
(iv)

2. Ch
(i) 

hoff-Rokitansky sinuses) 
(iii)  cell infiltrate 
(iv) Muscular hypertrophy 

 
 
C. is 
Factors involved 

ction of abnormal bile 
ess bile pigment 

cess of cholesterol relative to bile salts and lecithin 

(iii) Stasis 

(iii) Pressure by tumour in
(iv) Sclerosis
(v) Postope
(vi) Extrahepatic atresia 
patic failure 
undice of hepatic fa

fect is that there are insuf
bilirubin load.  The major causes a

(i) Termin
(ii) Massive necrosis 

a. Fulminant viral hepatitis 
b. Drug hepatotoxi

 
DISEASES OF THE
 

Congenital 
esia of the gall-bladder o
lded gall-bladder 

Complete or incomplete septum
'Floating' g
Anomalies of 
Choledocal cyst 

lammation 
ute cholecystitis Results 
Resolution 

(ii) Emp
(iii) Gangrene which 

a. Generalized peritonitis 
b. Local abs
 Ascending cholangitis 
ronic cholecystitis Features 
Fibrosis 

(ii) Mucosal herniations (Asc
 Chronic inflammatory

Cholelithias

(i) Produ
a. Exc
b. Ex

(ii) Infection and inflammation 

Composition 
(i) Mixed stones (about 90%) 
(ii) Pure stones 



a. Cholesterol 
b. Calcium bilirubinate 
c. Calcium carbonate 

(i) 
(ii) rovoke acute and chronic cholecystitis 
(iii)

 empyema and mucocoele 
ing obstructive jaundice 

e and in some cases acute pancreatitis 
ation 

(v)
0% of cases of carcinoma of the gall-bladder 

Ris
(i) 
(ii)

(iv) Sex 
-hepatic circulation 

l disorders 

(i) Fundal, usually in relation to a congenital septum (socalled 'adenomyoma') 
lecystitis glandularis proliferans' 

on to the extra-hepatic bile ducts 

(ii) re 

eptic ulcer 

uct tumours 

(iii)
reas 

 the porta hepatis 

(iv)
a. Carcinoma of the Ampulla 

ducts 
uring carcinoma 

E.  
1. 
2. 

denomatosis (widespread) 
 

Effects 
Clinically 'silent' 
Inflammation - p
 Obstruction 
a. Cystic duct; leading to
b. Common bile duct; produc
c. Ampulla of Vater; jaundic

(iv) Erosion and perfor
a. Biliary peritonitis 
b. Gall-stone ileus 
 Malignant change 

Gall-stones are present in about 9
k factors 
Obesity 

 Diet 
(iii) Race 

(v) Reduced entero
 
D. Mechanica
1. Diverticulosis of the gall-bladder 

(ii) Generalized - 'cho
2. Obstructi

(i) Gall stones 
 Benign strictu
a. Following surgery 
b. Traumatic 
c. Fibrosis around a p
d. Chronic pancreatitis 
e. Benign bile d
f. Sclerosing cholangitis 
 External pressure 
a. Carcinoma of the panc
b. Enlarged lymph glands at
c. Duodenal diverticulum 
 Malignant stricture/occlusion 

b. Carcinoma of the bile 
c. Invasion by neighbo

(v) Atresia 
 

Benign tumours
Papilloma 
Adenoma 

3. Papillary a



F. 
Ca

(i) Gall-bladder 
a. Papillary 
b. Diffuse infiltration 

a. Adenocarcinoma 
ous carcinoma (metaplasia) 

ts Gross features 

ning of the wall 
ces 

illary adenocarcinoma 
-secreting adenocarcinoma 

1. 
 and post-traumatic 

3. 
ll-stones 

n - duodenal ulcer or pancreatitis 

4. 

 node involvement 

DIS
 
A. 
1. 
. Ectopic pancreas in 

 diverticulum 

3. 
4. 
5. sis (cystic fibrosis) 

 gland obstruction by secretions.  Pathogenesis 
un

Autosomal recessive inheritance 

cystic changes 
opneumonia usually staphylococcal 

s 

Malignant tumours 
rcinoma 

Microscopic appearances 

b. Squam
c. Anaplastic 

(ii) Extra-hepatic duc
a. Papillary nodule 
b. Thicke
Microscopical appearan
a. Pap
b. Scirrhous, mucus

 
G. Stricture of the bile ducts 

Congenital biliary atresis 
2. Surgery

Post-inflammatory 
(i) Ga
(ii) Local inflammatio
(iii) Parasites 
Tumours 
(i) Adenoma 
(ii) Adenocarcinoma 
(iii) Extrinsic lymph

 
 
 

EASES OF THE PANCREAS 

Congenital 
Aplasia and hypoplasia 

2
(i) Stomach and duodenum 
(ii) Jejunum 
(iii) Meckel's
(iv) Ileum 
Anomalies of the ducts 
Annular pancreas 
Mucoviscido
Lesions mainly due to exocrine

known. 

Lesions 
(i) Meconium ileus 
(ii) Pancreas - fibro
(iii) Lungs - recurrent bronch
(iv) Liver - biliary cirrhosi



(v) Salivary glands - acinar atrophy and fibrosis 
enital cysts 

 
B. Inflammations 
1. gical factors 

ct disease and gall-stones 

lux of duodenal juice 
 

of cases are associated with: 

yroidism 
(iv) Hyperlipoproteinaemia 

ncy and gall-stones 

pancreas 
athioprine therapy 

 
ffects (in severe cases) 

alcaemia (tetany) 
ia 

 
Resul

(i) mplete 
(ii)
(iii) sac 
(iv) Recurrent acute pancreatitis 
(v)

etiology 

ing acute pancreatitis 
 tract disease 

atosis 

fficiency – steatorrhoea 
s 

  

 

6. Cong

Acute haemorrhagic pancreatitis Aetiolo
(i) Alcohol excess-causes hypersecretion and protein-plugging 
(ii) Bile reflux - biliary tra
(iii) Ischaemia 
(iv) Ref

A small proportion 
(i) Hypothermia in the aged 
(ii) Mumps 
(iii) Primary hyperparath

(v) Pregna
(vi) Trauma 
(vii) Carcinoma of the 
(viii) Corticosteroid and az

E
(i) Hypovolaemic shock 
(ii) Paralytic ileus 
(iii) Hypoc
(iv) Hypomagnesaem

ts 
Resolution, usually inco

 Abscess 
 Pseudocyst formation in lesser-

 Chronic pancreatitis 
2. Chronic pancreatitis 
A

(i) Idiopathic 
(ii) Alcohol excess 
(iii) Follow
(iv) Biliary
(v) Haemochrom

 
Effects  

(i) Exocrine insu
(ii) Diabetes mellitu
(iii) Obstructive jaundice 
(iv) Haematemesis and melaena 

 
C. Degenerative disorders
1. Fatty infiltration (adiposity) 
2. Atrophy 

(i) Atherosclerotic 



(ii) Obstruction of major ducts resulting from 
genital stenosis 

etaplasia 
lving ducts 

D.  
1. r, glycogen-rich type 
2. 

. Carcinoma of the pancreas 

2. 
 tumour 

omplications 
. Biliary obstruction 

(i) Obstructive jaundice 

. Invasion of duodenum - bleeding 
itus 

. Venous thrombosis 

itis migrans 
5. 
6. ase secretion by widespread tumour may give 

rosis) 
(iii)

7. My
8. rditis 
9. 
 

1  tumour) 
ut 10% of cases are multiple. 10-15% are malignant 

2. a (delta-cell tumour) associated with the Zollinger-Ellison syndrome 
nt 

3. 
 
 

a. Atresia or con
b. Pancreatic calculi 
c. Squamous m
d. Carcinoma invo
e. Ligature 
f. Inflammatory stenosis 

3. Acinar ectasia in uraemia 
 

Benign tumours
Cystadenoma - microglandula
Fibroma 

3. Lipoma 
4. Haemangioma 
 
E
Microscopic types 
1. Adenocarcinoma 

(i) Mucus-secreting (mucinous cystadenocarcinoma) 
(ii) Acinar, non-mucus secreting 
Anaplastic (uncommon) 

3. Solid and cystic
C
1

(ii) Cholangitis 
(iii) Biliary cirrhosis 

2
3. Diabetes mell
4

(i) Portal vein 
(ii) Thrombophleb
Acute and chronic pancreatitis 
Excessive lip
(i) Polyarthritis 
(ii) Panniculitis (fat nec

 Eosinophilia 
opathy/peripheral neuropathy 

Thrombotic endoca
Fibrinolysis and haemorrhage 

F Islet cell tumours 
Insulinoma (B-cell
Usually solitary but in abo
Gastrinom
About 60% are maligna
 Glucagonoma 

 



20. Cardiovascular system 
 
PERIC
 
A. Inf
1. 

to myocardial infarction 

(iii) Rheumatic fever 
fectious causes 

ial - staphylococcal, pneumococcal 
ackie B 

dial infarction/postcardiotomy syndromes 

2. Chronic pericarditis 
(i) 
(ii) ase 
(iii)
(iv)
(v) 

 
B.  
1. 

(ii)
(iii)

2. 
 
HEAR

art 
 or without Situs inversus 

(ii) Laevocardia 
(iii) auses 

 coronary arteries 

cardial fibroelastosis 

 disorders - Glycogen storage (Pompe's disease) 
tal 'rhabdomyomas', as in tuberous sclerosis 

2. Acyanotic shunts (left-right) 
(i)  (VSD) 

ARDIUM 

lammation 
Acute pericarditis 
(i) Secondary 
(ii) Uraemia 

(iv) In
a. Bacter
b. Viral - especially Coxs

(v) Drug reactions 
(vi)  Postmyocar
(vii) Idiopathic 

Tuberculosis 
 Rheumatoid dise
 SLE 
 Systemic sclerosis 
Idiopathic constrictive pericarditis 

(vi) Actinomycosis 
(vii) Amoebiasis 

Tumours of the pericardium
Secondary involvement by: 
(i) Carcinoma 

a. Bronchus 
b. Oesophagus 
c.  Breast 

 Lymphoma/leukaemia 
 Thymoma 

Mesothelioma 

T 
A. Congenital 
1. Disorders of the entire he

(i) Dextrocardia - with

 Cardiomegaly C
a. Shunts 
b. Anomalies of the
c. Myocarditis 
d. Infantile endo
e. Hereditary diseases - Friedreich's ataxia, Refsum's syndrome 
f. Storage

(iv) Congeni

Ventricular septal defect



(ii) D) 
(iii) Patent ductus arteriosus 

3. nts (right-left) 
(i) f Fallot 

c.  aorta 
y 

 

(i  vessels 
4

(ii) Missing cusps 
id aortic 

anomaly - malformation of the tricuspid with downward 

P (+VSD) 
SD) 

ary - isolated or associated with other defects in Fallot's tetralogy 
' valve - deposition of proteoglycans in the mitral valve sometimes 

Eff
ly left to right but with the development of pulmonary 

hypertension the shunt is reversed and cyanosis appears 
2. Overloading of the right ventricle leading to hypertrophy and failure 
3. 

5. S
6. C

isposition to infection 
 

. Myocarditis 
yocardium caused by: 

atic fever 

Coxsackie B 
ii) Echo virus 

 oliomyelitis 
  

Atrial septal defect (AS

Cyanotic shu
Tetralogy o
a. Pulmonary stenosis 
b. Ventricular septal defect 

Dextraposition and over-riding of the
d. Right ventricular hypertroph

(ii) Eisenmenger complex 
VSD with reversal of shunt resulting from pulmonary 
hypertension 

ii) Transposition of the great
. Valvular abnormalities 

(i) Additional cusps 
a. Aortic 
b. Pulmonary 

a. Bicusp
b. Bicuspid pulmonary 

(iii) Malpositioning 
a. Ebstein's 

displacement 
(iv) Atresia 

a. Aortic 
b. ulmonary 
c. Tricuspid (+A
d. Mitral (+ASD) 

(v) Stenosis 
a. Aortic 
b. Pulmon

(vi) 'Floppy
associated with Marfan's syndrome 

ects of congenital heart disease 
1. Shunting - initial

Pulmonary hypertension 
4. Infective endocarditis 

econdary polycythaemia 
onduction disturbances 

7. General pred

B
Inflammation of the m

1. Rheum
2. Viral diseases 

(i) 
     (

 (iii) P
 (iv) Mumps



 
 Infectious mononucleosis 
 ariola 
3. Ba

   (ii) Typ
(iii) S  infective endocarditis 
(iv) Pyaemic spread, staphylococci, streptococci, etc. 

4. Parasitic diseases 
(i) T sis 
(ii) T

  (iii) Trypanosomiasis (Chagas' disease) 
  5. Acut arditis (Fiedler's) 

(i) Diffuse interstitial form 
(ii) Giant-cell (tuberculoid) form 

6. Sarco
7. S

 
C. Cardiom
Definition 
'Diffuse myocardial disease not attributable to ischaemia, or pressure or volume 
overload' 
Types 

1. D
. Hypertrophic 

luding obliterative 
Cau
1. D

ic disorders Some cases of: 
 

a
b
c
d. Nickel 

lins 
Adriamycin  

 alcoholism 

hagas' disease 

 (v) Measles 
 (vi) 

 (vii) V
cterial infections 

  (i) Diphtheria 
hoid 
pread from pericarditis,

oxoplasmo
richinosis 

e idiopathic myoc

idosis 
yphilis 

yopathy 

ilated 
2
3. Restrictive, inc

ses 
ilated 
(i) System

a. Amyloidosis 
b. Sarcoidosis 
c. Haemochromatosis 

(ii) Toxicity 
. Alcohol 
. Cobalt 
. Lithium 

e. Anthracyc
 
Daunorubicin  
Cyclophosphamide 

(iii) Nutritional deficiencies 
a. Beri-beri 
b. Chronic
c. ? Post-partum 

(iv) Post-infection 
a. Viral myocarditis Coxsackie Herpes simplex 
b. C

(v) Idiopathic 
 



2. Hypertrophic 
(
(

3. Re
(i) Idiopathic diffuse myocardial fibrosis 
(ii) End bro-elastosis 
(iii) End ial fibrosis (obliterative) 
(iv) Som

a.

c.
 
D. Rh
Ae
An alle

1. ? Antibodies to these antigens cross-react with myocardial fibres, arterial smooth 
muscle cells, and connective tissue proteoglycans 

2. ?? Immune complexes are formed which are deposited at the site of the lesions. 
Th nodule 

1. llagen 
2.  
3. (Anitschkow myocytes) which are probably altered 
fibr
4. choff giant-cells 

Lesion
1. 

arditis - 'bread and butter' type 

(iii) Endocarditis 
tis with vegetations 

b. Aortic 
c. Pulmonary (uncommon) 

are) 
) Chronic deformity 

sis/incompetence 
tic stenosis/incompetence 

mmation of the capsule 

chorea 
ephalitis 

s 
(ii) Erythema nodosum 

arginatum 

i) Inherited - as an autosomal dominant 
ii) Idiopathic 
strictive 

ocardial fi
omyocard
e cases of: 

 Amyloidosis 
b. Sarcoidosis 

 Haemochromatosis 

eumatic fever 
tiology 

rgic reaction to streptococcal antigens 

e Aschoff 
Fibrinoid degeneration of co
Mixed inflammatory cells
Large mesenchymal cells 
oblasts 
Occasional As
s 
Heart 
(i) Peric
(ii) Myocarditis 

Valvuli
a. Mitral 

d. Tricuspid (r
(iv

a. Mitral steno
b. Aor

(v) Atrial fibrillation 
2. Joints 

Synovitis and infla
3. Brain 

(i) Sydenham's 
(ii) Acute meningo-enc

4. Skin 
(i) Subcutaneous nodule

(iii) Erythema m
(iv) Erythema multiforme 
(v) Petechiae 
(vi) Urticaria 



(vii) Livedo reticularis 

Acute pneumonitis 

esenteric 

 
. Infective endocarditis 

2. 
3. treptococcus faceless) 
4. 
5.  

7. 
8. 
9. 
10 ans 

Pre
1. Va
2. Co d aortic valve 
3. Interstitial valvulitis due to stress, hypersensitivity reactions, exposure to cold or 

es 
4. ? Valvular endocarditis resulting from virus infections 
 
Me
1. Development of bland, fibrin-platelet thrombi on distorted or inflamed myocardium 
2. Seeding of these small vegetations by organisms from the blood stream 
3. Fur liferation or organisms give rise to larger, friable 

veg nfective endocarditis 
 

e endocarditis 
 toxaemia 

ss 

(iv) Splenomegaly 

rcts - brain, kidney, spleen 

scesses 

3. tion 

nephritis') 
ative glomerulonephritis 

5. Lungs 

 
6. Arteries 

Acute fibrinoid arteritis affecting coronary, cerebral, renal and m
vessels 

E
Causes 
1. Streptococcus viridans 

Staphylococci 
Enterococci (S
Brucelia 
Haemophilus group

6. Coxiella burneti 
Candida albicans 
Histoplasma capsulatum 
Aspergillus fumigatus 

.  Cryptococcus neoform
 

disposing lesions 
lves previously damaged by rheumatic fever 
ngenital valvular abnormalities, e.g. bicuspi

high altitud

chanism 

ther fibrin deposition and pro
etations characteristic of i

Lesions of infectiv
1. Features of infection and

(i) Weight lo
(ii) Anaemia 
(iii) Cafe au lait skin pigmentation 

2. Embolic features 
(i) Infa
(ii) Splinter haemorrhages 
(iii) Metastatic ab
(iv) Mycotic aneurysms 
Immune-complex deposi
(i) Kidney lesions 

a. Focal glomerulonephritis ('embolic 
b. Diffuse prolifer

 



(ii) Brain 
a. Focal encephalitis 

rebral arteritis 

's nodes 
c. Roth's spots in the retina 

haemorrhage 
ic lesions on palms and soles 

ath 
1. on 
2. 
. Ruptured mycotic aneurysm 

use glomerulonephritis 

F Ischaemic
Aetiology 

r complicated by 

 Ha
(iii) Rupture of a plaque 

2. Narrowing of the coronary ostia due to 

(ii) Syp
(iii) Disse

m
 

. Thrombotic haematological diseases 
bnormalities of the arteries 

is 
2. Infa

(i) 

equence of events 
s show degenerative changes 

creased eosinophilia 

12 h 
 normal 

48 h rder, fibres become coagulated, and 

reases 
4-10 d yellow and necrotic (myomalacia cordis) and there is 

increasing  
tion tissue formation 

b. Ce
(iii) 'Microembolic lesions' 

a. Petechial rash 
b. Osier

d. Retinal 
e. Nodular haemorrhag

Causes of de
Acute valve perforati
Embolism 

3
4. Renal failure - diff
 

 heart disease 

1. Coronary atherosclerosis alone o
(i) Thrombosis 
(ii) emorrhage into a plaque 

(i) Atherosclerosis of the aorta or rarely, 
hilitic aortitis 

cting aneurysms 
3. Coronary arteritis 
4. Embolis  
5. Trauma
6
7. Congenital a
8. Irradiation 
 
Types 
1. Chronic ischaemic fibros

rction 
Subendocardial 

(ii) Transmural 
 
S
6-12 h  fibre

(i) In
(ii) Swelling 

  polymorphs appear 
18-24 h  area paler than

  area outlined by a hyperaemic bo
nuclear 

pyknosis inc
ays  muscle becomes 

granula



12 days  collagen appears 
lation tissue 

 months  shrunken scar 

ions 
1. 
2. gic pericarditis 
3. 
4. Ru  rise to: 

(i) the pericardium (cardiac tamponade) 
(ii) ute cardiac failure 

5. Ca m 
6. Cardia
 
H. 
1. 

(i) Atrial myxoma 
(ii) Congenital rhabdomyoma (hamartoma) 

nant (all very rare) 
pindle-cell sarcoma 

ndary tumours 
 
BLOOD V
 
A. Arteriosclerosis and atherosclerosis  
 
B. Vascu

1. on or necrosis of endothelial cells 
2. Int
3. Leucocyte infiltration of the wall 

is 
tis 

ocytic 

4. Destruction of the elastica and media 
5. Su  

 

eposition 
 

2. Inf
 pyogenic infections by 

3 weeks  infarct totally replaced by granu
3
 
Complicat

Conduction defects and rhythm disturbances 
Fibrinous or haemorrha
Mural thrombosis and embolism 

pture giving
Massive haemorrhage into 
Breach in the septum resulting in ac

rdiac aneurys
c failure 

Tumours 
Benign (rare) 

2. Malig
(i) Undifferentiated s
(ii) Rhabdomyosarcoma 
(iii) Fibrosarcoma 
(iv) Seco

ESSELS 

litis 
Features 

Swelling, separati
imal thickening 

(i) Acute 
a. Neutrophilic vasculit
b. Eosinophilic (allergic) vasculi

(ii) Chronic 
a. Lymph
b. Granulomatous 

perimposed thrombosis
 

Causes 
1. Immune mechanisms 

(i) immune complex d
(ii) Cell-mediated damage

ections 
(i) Acute

a. Direct extension 



b. Infected thromboemboli 
(ii) Chronic 

a. Syphilis 
b. Tuberculosis 

3. Chemical agents 
(i) Endogenous 

a. Gastric acid 

rosing agents 

4. Ph

V
1. Conne

r 
(ii)
(iii) An dylitis 
(iv) SL
(v) Po

2. Wegener eatures 
(i) c necrosis in 
(ii) Fa
(iii) Gl

3. Thrombo  
(i) Segmental involvement of medium and small arteries often involving the 

ad
(ii) ith recanalisation and fibrosis 
(iii) L
gangr

4. Takayasu ss disease) Features 
 

edia 
(iii)

Primarily affects the arch of the aorta and the proximal branches 
5. Giant-cell arteritis Features 

 arteritis dominated by temporal artery involvement upper and 
lower respiratory tract 

e elastica with giant cell formation 
ciation with polymyalgia rheumatica 

6. 

b. Bile 
(ii) Exogenous 

a. Scle
b. Caustic or irritant chemicals 

ysical agents 
(i) Trauma 

a. Vibrating tools 
b. Intravascular catheters 
c. Pacemaker leads 

(ii) Ionizing radiation 
 

asculitis syndromes 
ctive tissue diseases 

(i) Rheumatic feve
 Rheumatoid disease 

kylosing spon
E 
lyarteritis nodosa 
's granulomatosis F

Ischaemi
cial ulceration 
omerulonephritis 
angiitis obliterans Features

jacent vein 
 Superimposed thrombosis w

eads to progressive ischaemia of the extremities and ultimately to 
ene 
's disease (syn. pulsele

(i) Fibrous thickening of the intima
(ii) Chronic inflammation of the m

 Adventitial fibrosis 

(i) Systemic

(ii) Disruption of th
(iii) Asso

'Allergic' vasculitis 
(i) Visceral 

a. Appendix 
b. Gall-bladder 
c. Breast 



d. Urinary bladder 
(ii) Skin 

a. Erythema nodosum 
b. Erythema induratum 
c. Drug reactions 

(iii)  Allergic granulomatosis 
onary vasculitis 

b. Blood eosinophilia 
levated lgE levels 

sculitis 
Causes 

 
(ii) Infected shunts 

sy 
ria 

Fe
d skin rash 

al glomerulonephritis 
9. ease syndrome (syn. mucocutaneous lymph node) 

s rash 
estion of conjunctivae and mucous membranes 

 cervical lymphadenopathy 
 

 
 

21. Respiratory system 
 
NOSE AN ES 
 
A. Conge
1. Choan
2. Involve
3. Sa lorism 

. Inflammation 

mmon cold 

(v) Diphtheria 

pertrophic rhinitis 
4. Ch

d. Weber-Christian disease 
e. Nodular vasculitis 

a. Asthma and pulm

c. E
7. Serum or drug-induced va
8. Post-infection vasculitis 

(i) Infective endocarditis

(iii) Lepro
(iv) Mala

atures 
(i) Fever an
(ii) Arthritis 
(iii) Focal segment
Kawasaki's dis

Features 
(i) Fever and erythematou
(ii) Oedema and cong
(iii) Non-suppurative

 

D NASAL SINUS

nital 
al stenosis or atresia 
ment in cleft palate 

ddle nose in hyperte
 
B
1. Acute rhinitis 

(i) Co
(ii) Allergic 
(iii) Measles 
(iv) Irritant fumes 

2. Acute sinusitis - non-specific, bacterial 
3. Chronic hy

ronic atrophic rhinitis 



(i) Simple atrophy 
(ii) Ozaena caused by Klebsiella infection 

5. Ch

(ii) 
(iii)
(iv)
(v) 

spergillosis 

ycosis 

matosis 
 
C. Na
1. All

 rhinitis 
 

2. Non-allergic including antro-choanal polyps 
 
D. Tu -pharynx 

 papilloma 
ype ('inverted') papilloma 

g from mucous glands 

al-type 
c. Adenocarcinoma 

Anaplastic including 'lymphoepithelioma' 
(vi) Malignant melanoma 

haemangioma 
nile angiofibroma 

ngiopericytoma 
(iv) Haemangioendothelioma (angiosarcoma) 

e 

4. Ne
a 

oma 
opic glial tissue) 

euroblastoma 
5. Bo ctive tissues 

(i) Osteoma 

ronic specific infections of the nose 
(i) Tuberculosis 

Leprosy 
 Syphilis 
 Rhinoscleroma 
Fungal infections 
a. Candidacies 
b. A
c. Phycomycosis 
d. Rhinosporidiosis 
e. S. American blastom

(vi) Leishmaniasis 
6. Wegener's granulo

sal polyps 
ergic 
(i) Allergic
(ii) Vasomotor rhinitis

mours of the nose and naso
1. Epithelial 

(i) Squamous
(ii) Transitional-t
(iii) Keratoacanthoma 
(iv) Adenoma arisin
(v) Carcinoma 

a. Squamous 
b. Transition

d. 

2. Vascular 
(i) Capillary 
(ii) Juve
(iii) Haema

3. Lymphoid tissu
(i) Lymphoma 
(ii) Malignant histiocytosis 
(iii) Myeloma 
urogenic 
(i) Neurilemmom
(ii) Neurofibr
(iii) Nasal 'glioma' (ect
(iv) Olfactory n
ne and conne



(ii) Chondroma 
(iii) Ossifying fibroma 
(iv) Fibrosarcoma 

a 

LARY
 
A. Co
1. La
2. Ste
3. La
 
B. Inf
1. Acute laryngitis (bacterial and viral) 
. Acute epiglottis (Haemophilus influenzae type B) 

pecific 

(vi) Leprosy 
 

1. V des) 
2. Cys

 
sts 

3. Be

ma 

illary cystadenoma 

rs 
(vii) Lipoma 
(viii) Granular cell myoblastoma 
(ix) Amyloid 'tumour' 

. Pre-malignant and malignant lesions 

epithelial hyperplasia with or without dysplasia (laryngeal 
 II) 

3. inoma 
Sit

(v) Chondrosarcoma 
(vi) Osteogenic sarcom
(vii) Chordoma 

 
NX 

ngenital 
ryngeal web 
nosis 

ryngocele 

lammation 

2
3. Chronic laryngitis 

(i) Non-s
(ii) Tuberculosis 
(iii) Syphilis 
(iv) Fungal infections 
(v) Scleroma 

C. Polyps, cysts and benign tumours 
ocal cord polyps and nodules (Singer's no

ts 
(i) Mucus retention cysts 
(ii) Epidermoid cysts
(iii) Branchial cy
nign tumours 
(i) Juvenile papillomatosis 
(ii) Adult papillo
(iii) Adenoma of sero-mucinous glands 
(iv) Pap
(v) Chondroma 
(vi) Neurogenic tumou

 
D
1. 'Keratosis' 

Keratinisation and 
intra-epithelial neoplasia I and

2. Carcinoma-in-situ / LIN III 
Invasive carc
es 

(i) Supragiottic 



(iii) Glottic - vocal cords and the commissures.  This is the most frequent 
 and carries  the best prognosis 

 prognosis 

(ii) Spindle squamous cell 

a (from mucous glands) 
4. Sa

oma 
ma 

 
 
 
TRAC
 
A. Co
1. f one lung 
2. Hypoplasia of one or both lungs 
3. Bronchogenic cystic disease of the lung 

(i) 
(ii) 

4. toid malformation 
5. Ac

(i) 
(ii)

6. Ab n 
7. Abnormalities of the pulmonary arteries 
8. Trac
 
B. Infla ronchi 
1

n or irritant gases 

2. Chronic 
n resulting in the 'Expectoration of sputum on most 

 years.' 

cretion of Mucus 
where the hypersecretion is combined with airways 

Ae
(i) S
(ii) A tion 

nt or recurrent infection, especially Haemophilus influenzae 

res 

site
(iii) Subglottic 
(iv) Transglottic - extensive tumours with a poor

Microscopic appearances 
(i) Squamous 

(iii) Verrucous squamous cell 
(iv) Anaplastic 
(v) Adenocarcinom
rcoma 
(i) Fibrosarc
(ii) Chondrosarco

HEA, BRONCHI AND LUNGS 

ngenital 
Agenesis o

Multiple 
Single - pneumatocele 

Cystic adenoma
cessory lobes 
Azygos 

 Cardiac 
sence of bronchial connections - sequestratio

heo-oesophageal fistula 

mmation of trachea and b
. Acute laryngo/tracheo-bronchitis 

(i) Bacterial/viral 
(ii) Atmospheric pollutio
(iii) Allergic 

bronchitis 
A chronic inflammatory conditio
days for three months or more, for at least two
Types 

(i) Simple - only hyperse
(ii) Obstructive - 
obstruction 
tiology 

moking 
tmospheric pollu

(iii) Persiste
(iv) Familial predisposition 

Gross featu



(i) Muco-puruient secretion 
(ii) Symmetrical mild dilatation of bronchi 
(iii) e the mucosa 
(iv) Frequently associated with emphysema 

 
M

a
 squamous metaplasia 

ous glands  

d proportion Of mucous to serous acini 
hickness ratio (Reid index) increased 

Ef

(ii) Cor
(iii) Cardiac failure 

ry failure 
pnia 

3. B
Irreversible dilatation of the bronchi, usually associated with inflammation 
 

bronchial walls 
a. Unresolved pneumonia 

onchopneumonia 
. Whooping cough 

enza 

a. Lymph node enlargement, e.g. primary tuberculosis, measles 

 
a. Pus and/or fibrinous exudates 

dies 
c
d. Tenacious mucus in mucoviscidosis 
( echanisms 
a. Kartagener's syndrome 
b. Prim

y 
 

Com
(i)
(ii
(ii
(iv
(v  failure 

Prominent mucous glands which elevat

icroscopic appearances 
(i)Bronchial epithelium 
. Goblet-cell hyperplasia 
b. Variable
c. (ii) Bronchial sero-mucin
d. a. Hypertrophy 
e. b. Increase
f. c. Gland to wall-t
g. (iii) Submucosa 
h. Chronic inflammatory cell infiltration 

fects 
(i) Progressive dyspnoea 

 pulmonale 

(iv) Respirato
a. Hyperca
b. Hypoxaemia 

ronchiectasis 

Aetiology 
(i) Inflammatory disease of 

b. Pneumococcal br
c
d. Influ
e. Complicating chronic sinusitis 

(ii) Extrinsic pressure on bronchi 

i. Tumours 
 (iii) Intra-luminal obstruction

b. Foreign bo
. Adenoma/carcinoma 

iv) impaired pulmonary defense m

ary ciliary dyskinesia 
c. Congenital immunodeficienc

plications 
 Lung abscess 
) Empyema thoraces 
i) Pyaemia - metastatic abscesses 
) Pulmonary fibrosis 
) Cor pulmonale and cardiac



(v

4. 
 T

 ( tr
a. nous allergens 
b. Non-atopic, Type III hypersensitivity mediated by circulating precipitins 
 
i) Intrinsic - attacks provoked by a wide variety of stimuli such as anxiety, 

Gr
(i) 
(ii) 
(iii) n of epithelium 
(iv)

nn's spirals 
den crystals 

Microscopic features in the bronchi 
n filled with basophilic secretion 

(i d desquamated epithelium in these plugs 
(i ma 
(i hocytes and eosinophils 
(v) Serous acini increased relative to mucous acini 

i) Muscular hypertrophy 
basement membrane 

Com
( maticus 
(
(
(iv) ary aspergillosis 
(v) Pneumothorax 
(vi) persecretion 

 
C

 1. 
(i) Lobar pneumonia - acute diffuse inflammation involving an entire lobe of lung 

and limited only by the pleura Causes 
a. Pneumococci; Types 1,2,3 and 5 account for 90-95% of cases 
b
c
d
e  
f

 Sta
 

b.
c. 

 
 

i) Secondary to amyloidosis  
 

Bronchial asthma  
ypes 
i) Ex insic 
 Atopic asthma, Type I hypersensitivity to exoge

(i
infection, exercise, smoke, etc. 

(iii) Mixed type 
oss features 

Tenacious mucus plugs 
Over-distension of lungs 

 Desquamatio
 Sputum findings 

a. Curschma
b. Charcot-Ley

(i) Lume
i) Eosinophils an
ii) Submucosal oede
v) Infiltration by lymp

(v
(vii) Thickened 
plications 

i) Status asth
ii) Sudden death 
iii) Mucus plugging and pulmonary collapse 

Allergic broncho-pulmon

  Mucus hy

. Acute pulmonary infections 
Acute bacterial pneumonia 

. Klebsiella 

. Staphylococci 

. Streptococci 

. H. influenzae?
.  Legionella 
ges 

a. Congestion
 Red hepatisation 
Grey hepatisation 



Com
a. Carnification if resolution is incomplete 
b. E

d. Metastatic abscesses, e.g. in brain, kidney 

(ii) tifocal inflammatory 
ue centred around small airways 

ae 

cocci 

 (plague) 
ool-sorter's disease') 

Co
nisation of exudate 

ng in areas destroyed by suppuration 

. Lung abscess  

on of infected material, e.g. food, blood clot, teeth, etc. 
onia/bronchiectasis 

ing bronchial obstruction especially due to carcinoma 
econdary) abscesses 

bo-emboli (especially in drug addicts) 
 injuries 

rmity of the lung 

l fistula 

3. Vi

s (H. simplex and chickenpox) 
us 

virus 
4. Ch onia) 

plications 

mpyema 
c. Suppurative pericarditis 

e. Acute endocarditis 
f. Meningitis 
g. Arthritis 
h. Peritonitis 

Bronchopneumonia (lobular) - patchy, often mul
consolidation of lung tiss

Causes 
a. Pneumococci 
b. H. influenz
c. Staphylococci 
d. Strepto
e. Pseudomonas 
f. Klebsiella 
g. Yersinia pestis
h. Anthrax ('w

mplications 
a. 'Carnification' - orga
b. Pulmonary fibrosis - scarri
c. Bronchiectasis 
d. Lung abscess 
e. Empyema 
f. Pericarditis 
g. Metastatic abscesses 

2
Causes 
(i) Inhalati
(ii) Complicating pneum
(iii) Follow
(iv) Pyaemic (s
(v) Infected throm
(vi) Penetrating

Complications 
(i) Scarring and defo
(ii) Empyema 
(iii) Broncho-pleura
(iv) Pyaemia 

ral pneumonia Causes 
a. Influenza 
b. Adenovirus 
c. Measles 
d. Herpes viru
e. Cytomegalovir
f.   Respiratory syncitial 

lamydiae (Beds
a. Psittacosis 



b. Ornithosis 
onia - M. Pneumoniae 

oxiella burneti 
 
D. Chronic Pulmonary infections 
1. Tu
2. Ac
3. No
4. Funga

(i) 

is 
oplasmosis 

 
(viii) Coccidioidomycosis 

(i) Pneumocystis carinii 

 
(iii) As
(iv) Hy

 
E. The Lung in AIDS 
1. Op

(i) Mycobacteria - tuberculosis and atypical species (e.g. M. avium 
intrace
(ii) Fungi - Candida, aspergillus, cryptococcus 

megalovirus, herpes virus 

2. Lym

(ii) ial pneumonia 

3. Tu

 
F. Diffuse in
 
Diseases ch osis of the connective tissue 
of the alveola
1. Pneumoconioses - diseases caused by the inhalation of dust 

(i) Co

e massive fibrosis 

5. Mycoplasmal pneum
6. Rickettsial pneumonia - C

berculosis 
tinomycosis 
cardiosis 

l infections 
Aspergillosis 

(ii) Candidiasis 
(iii) Phycomycosis 
(iv) Cryptococcosis 
(v) Blastomycos
(vi) Hist
(vii) Torulopsis glabrata

5. Protozoan infections 

(ii) Amoebiasis 
6. Metazoan infections 

(i) Schistosomiasis 
(ii) Paragonimiasis

cariasis 
datid disease 

portunistic infections 

llulare) 

(iii) Virus - cyto
(iv) Protozoan - 

a. Pneumocystis carinii 
b. Toxoplasmosis 

phoproliferative disorders 
(i) Pulmonary lymphoid hyperplasia 

Lymphoid interstit
(iii) Lymphoma 
mours 
(i) Kaposi's sarcoma 

filtrative lung diseases 

aracterized by diffuse inflammation and fibr
r walls (interstitial fibrosis). 

al workers' 
a. Simple pneumoconiosis 
b. Progressiv



c. Caplan's type (with rheumatoid arthritis) 
(ii) Sili
(iii) As

specially in cigarette smokers) 

(iv) Be

(tin ore particles) 
2. Physical and chemical agents 

(i) Cy , bleomycin, cyclophosphamide 

oxic substances - paraquat poisoning (herbicide) 

is and glomerulonephritis  
(v) Idiopathic 

007) — Lupus is an autoimmune disease which produces 
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cosis 
bestosis - also gives rise to: 
a. Pleural fibrosis 
b. Bronchial carcinoma (e
c. Mesothelioma 
rylliosis 

(v) Siderosis (iron oxide) 
(vi) Stannosis 

totoxic drugs - busulphan
(ii) Hypersensitivity to drugs - nitrofurantoin, salazopyrine, amiodorone, 

hexamethonium, 
(iii) T
(iv) Radiation 

3. Immunological diseases 
(i) Extrinsic allergic alveolitis 

a. Farmer's lung - Micropolyspora faeni in mouldy hay 
b. Maltworker's lung - Aspergillus clavatus in malting barley 
c. Bagassosis - mouldy sugar cane fibres 
d. Maple bark stripper's disease - Coniosporium corticale in the bark of 

maple trees 
e. Bird fancier's lung - avian proteins in bird droppings 

(ii) Interstitial pneumonias (fibrosing alveolitis)  
Types 

a. Usual interstitial pneumonia 
b. Desquamative interstitial pneumonia 
c. Lymphocytic interstitial pneumonia 

(iii) Connective tissue disorders 
a. Rheumatoid disease 
b. Systemic lupus erythematosus 
c. Progressive systemic sclerosis 

(iv) Goodpasture's syndrome - pulmonary fibros

a. Sarcoidosis 
b. Alveolar proteinosis 

Controlling Stress Helps Fight Chronic Diseases Such As 
Lupus 
ScienceDaily (Aug. 6, 2
antibodies causing injuries to the body’s cells and tissue. It makes the immune 
system go out of control and the organism attack healthy cells instead of the germs 
on them. This pathology, which affects more than 5 million people around the world, 
is more developed in women of fertile age between 15 and 44 years old. 

A study conducted in the
determined that daily stress (which occurs in circumstances of little importance but of 
high frequency) could exacerbate the symptoms of patients suffering from lupus. In 
other words, controlling the stress level of those suffering from this disease allows the 
determination of its negative effects, such as inexplicable loss of weight, feeling of 



fatigue, continuous fever or pain and inflammation in joints. 

This study, carried out by Dr. Nuria Navarrete Navarrete and led by researchers Juan 
Jiménez Alonso and María Isabel Peralta Ramírez, aimed to check the effects of 
stress treatment in patients suffering from lupus and with high levels of stress. A 
team of psychologists from the University of Granada applied a therapy to fight stress 
in a group of 45 patients suffering from lupus to teach them how to manage their 

ical level and presented fewer skin and 

ease whose course is 
npredictable. Patients alternate periods of clinical stability with others in which there 
re symptoms and signs showing that the disease is active. In addition, there are 

s which may cause crisis and, therefore, worsen the 
e disease. 

ual 
circ ation, other effects include 
knowi  which is controllable but 
incurable an is that requires chronic treatment (in some cases 
for the rest o ave important secondary effects. 

The re  dealing appropriately with 
patien , from other chronic diseases. 
“According t tion on other psychological aspects is essential to 

In 
tre
tha ent could be useful from the moment in which the disease is 
diagno inimise its 
negative effects,” says researcher Navarrete. 

Part o shed in the journals “Psychosomatic 
Medicine” and “Revista Clínica Española”. 

Adapt da

stress to reduce the negative effects of this disease.  

Results showed that patients who received psychological therapy signifcantly 
reduced their levels of stress, anxiety and depression, achieving levels even lower 
than those of the general population. Furthermore, they significantly improved their 
quality of life both at a physical and psycholog
musclar skeletal symptoms, which usually appear in patients suffering from lupus. 

Managing daily stress 

Nuria Navarrete explains that lupus is a chronic dis
u
a
certain factors such as stres
prognosis of th

Daily stress is very common in patients suffering from lupus. Apart from the us
umstances which produce anxiety in a healthy popul

ng that  from a chronic disease your body suffers
d of uncertain prognos

hich hf their life) and w

sults 
ts suffering from lupus and, by extension

of this study highlighted the importance of

o our results, atten
achieve an effective global treatment of the patient”, says Navarrete.  

other words, the treatment of daily stress, together with the usual pharmacological 
atment, is a useful weapon when treating patients suffering from lupus. “We think 
t this treatm

sed, as patients may require help to manage their stress and m

f the results of this study were publi

ed from materials provided by University of Grana . 
 
 
G. Pulmona
Classification
1. Interstitial emphysema - the presence of air in the interstitial tissue of the lung 

Causes
(i) Tea

ry emphysema 
 

 
ring of alveolar walls by excessive pressure 
a. Severe asthma 
b. Whooping cough 



c. Blast injury 
d. Intermittent positive-pressure ventilation 

lls by direct trauma 

edle biopsy 
2. Vesicular emphysema - an increase in size beyond the normal in air spaces distal 

to terminal bronchioles, that is the pulmonary acini.  An acinus contains the 
respirator nd alveoli arising from one terminal 
bronchiole. 

 

Destructive types -more severe form in 
nic bronchitis 

oking (inhibition of anti-proteases) 

Paraseptal (periacinar) emphysema 

What’s the link, and how can asthma and anxiety be managed?  

(ii) Tearing of alveolar wa
a. Fractured ribs 
b. Ne

y bronchioles, alveolar ducts, a

(i) Centriacinar (centrilobular) emphysema Distensive type found in
a. Urban dwellers 
b. Coal-miners 

a. Chro
b. Sm

Panacinar (paniobular) emphysema 
Distensive type 

a. Lobar emphysema of infancy and childhood 
b. Compensatory emphysema following collapse, agenesis, surgical 

removal of a lobe(s) 
Destructive type 

a. Chronic bronchitis and recurrent bronchopneumonia 
b. a-l-antitrypsin deficiency 
c. Inhalation of cadmium fumes (? in cigarette smoke) 

(iii) 
? results from inflammation 

(iv) Irregular emphysema 
This does not affect the acini in a uniform manner.  
Occurrence 

a. relation to scars 
b. giant bullous emphysema 
c. acute tension cysts in infancy 
 

When stress levels go up, asthma symptoms can go into overdrive.  

By Heather Hatfield  
WebMD Feature  

Reviewed by Charlotte E. Grayson Mathis, MD  

When stress levels start to creep upward -- whether it's over bills, work, or your kids 
-- jam-packed calendar -- asthma symptoms can kick into overdrive. As the wheezing 
and coughing gets worse, your health becomes one more reason to worry. Asthma 
and anxiety make for a vicious circle, and one that can spiral downward quickly. 

"Asthma is triggered by many things, and one of them is stress," says Pramod 
Kelkar, MD, a fellow with the American Academy of Asthma Allergy and Immunology 
(AAAAI). 

"So look at the big picture: just as you manage exposure to triggers like cigarette 



smoke and pet dander to keep symptoms from getting worse, stress -- as a trigger -- 
needs to be managed as well." 

Stress and Asthma: Whatâ ™s the Connection? 

eletal, immune, and 

elkar, a physician 

ict, which can worsen wheezing, coughing, 

is not a psychosomatic disease," Kelkar tells 

to be better understood. 

ers exposed a group of people with mild asthma to triggers that caused 

blished in the Proceedings of the National Academy of Science, show 
nd asthma. Although it's only preliminary 
ts. Until researchers find a clear link between 

"Stress can affect the cardiovascular, gastrointestinal, musculosk
central nervous systems," says Paul Rosch, MD, president of the American Stress 
Institute. "In fact, it's difficult to think of any disorder in which stress has not been 
shown to have an aggravating role. 

Asthma is no exception. 

Stress can create strong physiologic reactions that lead to airway constriction and 
changes in the immune system, which can worsen asthma symptoms. 

"The mechanism between asthma and anxiety is many-fold," says K
at Allergy and Asthma Care in Maple Grove, Minn. "Uncontrolled emotions can work 
the nerves and cause constriction of muscles, like the smooth muscles of the airways 
in the lungs. They tighten up and constr
and chest tightness in people with asthma." 

Although stress and anxiety start in your mind, asthma is a physical disease of the 
lungs. 

"It is important to note that asthma 
WebMD. "It's not in your head. Stress can trigger symptoms if you already have the 
disease, but if you don't have it, stress does not all of a sudden cause a person to 
develop the disease of asthma." 

The Brainâ ™s Impact on Asthma and Stress 

The brain-body link between asthma and anxiety is starting 
Led by researchers from the University of Wisconsin, a group of scientists found that 
certain areas of the brain cause worsening asthma symptoms when a person is 
under stress. 

Research
both inflammation and muscle constriction. When symptoms flared, the participants 
were asked to read words that were either emotionally charged, such as "lonesome"; 
neutral, such as "curtains"; or asthma-related, such as "wheezing." 

They found that the words linked with asthma increased inflammation and activity in 
parts of the brain that control emotions. 

The results, pu
a possible link between emotions a
research, it does start to connect the do
anxiety and asthma, keep symptoms in check by managing stress and treating 
asthma with appropriate medication. 

Persistent asthma means you have symptoms more than once a week, but not 
constantly. Treating persistent asthma requires long-term maintenance therapy, such 
as an inhaled corticosteroid, plus rescue therapy when something triggers symptoms. 

http://www.webmd.com/balance/meditation-natural-remedy-for-insomnia
http://www.webmd.com/fitness-exercise/tc/yoga-topic-overview
http://www.webmd.com/fitness-exercise/tc/yoga-topic-overview
http://www.webmd.com/fitness-exercise/features/the-benefits-of-pilates


And when your symptoms are out of control, an anti-inflammatory, such as the oral 
steroid prednisone, might be necessary. The problem is that prednisone can cause 
mood swings as a side effect, adding fuel to the anxiety fire. 

"The good news is that prednisone is only a short-term treatment," explains Kelkar. 
"When a course of oral steroids ends, a person should go back to a long-term 
maintenance therapy like inhaled steroids, which do not have an impact on mood and 
anxiety." 

Sometimes a long-term asthma medication doesn't work well, and wheezing and 
chest tightness occurs all too often. Then, a vicious circle can begin, where anxiety 
worsens asthma, and asthma worsens anxiety, says Kelkar. 

The solution is to talk to a health-care provider about your symptoms, triggers, and 
stress. Also discuss other treatment options that can help get your asthma under 
control again. 

Managing Asthma and Anxiety 

"There are numerous stress-reduction techniques, ranging from meditation, yoga, 
and Pilates to jogging, listening to music, and hobbies," says Rosch. "You have to 
find out what works best for you." 

He a
anxiety

re re stress-reduction tips from the Cleveland Clinic. They can help you make 
 one less asthma trigger for you to worry about: 

Keep your mind free of stressful thoughts. Use the power of positive thinking 
to keep your mind g

• 
oing in the right direction. When you feel anxious about 

 them. If you can't do it on your own, get help from a 

• Don't try to do it all. Manage your time wisely. Don't cram two days' worth of 
errands into one day. If you know you need to get everything done before a 
deadline, delegate so you can take some time for yourself. With more hands 

being overburdened.  

negative effects 
n, and 

something, try to stay positive. How you think and what you think both play a 
role in managing stress levels.  

• Identify your stressors. What stresses you out? Is it money, your 
mother-in-law, a hectic lifestyle? Once you know what your stress triggers are, 
work on resolving
professional. This might be a financial counselor, psychologist, or family 
therapist. Link your health-care providers together, as well. Let your allergist 
know that stress is a trigger, so she or he can keep your anxiety in mind when 
treating your symptoms.  

pitching in, you can avoid 

• Say ohm. Practicing relaxation exercises can help lessen the 
uscle relaxatioof stress and asthma. Try deep breathing, progressive m

clearing negative thoughts.  

• Eat right and exercise. Exercise is a great way to let go of stress. Also, eat 
ained 
verall 

d put you in a better position 
asthma

right and avoid junk food, coffee, and soda -- which can make you feel dr
f. This can help your oafter the sugar-high and caffeine effects wear of

 you more energy to combat stress, anhealth, give
to manage .  

http://www.webmd.com/fitness-exercise/guide/default.htm


• ily. When it comes to asthma 
upport from your loved ones 

rovide an emotional hand 
when things get tough as well as offer friendly reminders when it's time to take 

Get by with a little help from your friends and fam
and anxiety, no one should go it alone. Having s
can help you tackle stressful situations. They can p

your medication.  

• Get a good night's sleep. Sleep helps you recharge your batteries -- 
cally, emotionally, and even cognitively -- according to the National Sleep 

lid night's sleep, mood, behavior, and performance 
can be affected, and so can asthma.  
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(i) Adenocarcinoma 
(ii) Anaplastic 
(iii) Squam

B
(i) Clinical prostatic c

-at pro
significant rate of progression if
-at autopsy: incidence inc

(iii) O
covert 

Stages 
A
B  =  Nodule of carcinoma
C =  Carcinoma has spread out

structures, 
or confined

D  =  Demonstrable skeletal or ext
Spread 

(i) Direct: seminal vesicle

(iii) Blood: bone, particularl
2. Embryon

Leiomyosarcoma 
Lymphoma 

Congenital 
Undescended testis (

2
3. Fusion 
4. Simple cysts 
5. Ectopic testes 
 
B. Inflammato

Non-specific epididymo-orchitis 
2. Gonococcal epididymo-orchitis 
3. Mum

berculosis (starts in epididymis) 
philis (starts in testis) 

6. Granulom

Degenerative disorders 
ses 
Increasing age - ? ischaemic 

 Following orchitis 
ministration of anabolic steroids 



(iv) Ma
(v) Po
(vi) Hy
(vii) H

. Vascular disorders 

  

(i) Lymphatic: iliac and para-aortic nodes 

. Teratoma 
d most common tumour of testes. The prognosis is good with combination 

chemotherapy unless the disease is extremely advanced at presentation. 
t teratoma differentiated 

teratoma intermediate 

cludes tumours that can be entirely undifferentiated or show 
eas of either trophoblastic or yolk sac differentiation.  

lignant teratoma trophoblastic) and yolk sac tumours can 

3. Combined tumours Seminomas and any type of teratoma can coexist. 
 
Miscellaneous tumours 

These are more common in older men 

dix testis 

CE
 

. Inflammation 
icitis 

nic cervicitis - increased numbers of chronic 
 cells with, in a few cases, follicle formation.  These may indicate 

ial infection. 
ns 

lex 
virus infection which is manifest as: 

 acuminata 

lnutrition 
st-vasectomy 
peroestrogenic states 
ypopituitarism 

 
D
1. Torsion of the testis 
2. Varicocele (varicosity of the pampiniform plexus) 
Germ cell tumours 
1. Seminoma 

The most common testicular tumour - about 40%.  
Highly radiosensitive, therefore a good prognosis. 

Spread 

(ii) Blood: late spread to liver and lungs 
2

Secon

(i) Malignan
(ii) Malignant 
(iii) Malignant teratoma undifferentiated 

No mature elements are present 
This category in
some ar
Trophoblastic (ma
also exist as distinct neoplasms 

1. Malignant lymphoma       
2. Spermatocytic seminoma  
3. Sertoli cell tumour - rare 
4. Leydig cell tumour - mainly benign tumours secreting androgenic hormones and 

presenting in childhood with sexual precocity, in adults as a testicular swelling 
5. Carcinoma of the rete and appen
 
FEMALE 
 

RVIX 

A
1. Acute cerv
2. Chro

inflammatory
chlamyd

3. Viral infectio
(i) Herpes simp
(ii) Human papilloma 

a. Condyloma
b. Non-condylomatous wart virus infection – koilocytosis 



 
B. Squamous metaplasia and 'erosion' 
At puberty and during pregnancy the columnar epithelium of the endocervix extends 
do f the ectocervix. This change, which is physiological, 
is sequently this columnar epithelium undergoes 

type.This labile area at the squamo-columnar junction is 

 C
 polyp 

lation tissue) 

u

Malignant 

(i) Viral infection (HPV) 

uity, frequency of intercourse, early age of onset of sexual relations 
tte smoking 

 (cervical intra-epithelial neoplasia) 

CIN II (moderate dysplasia) 
CIN III (severe/carcinoma-in-situ) 

icro-invasive carcinoma 
here invasion into sub-epithelial stroma is less than 3 mm.  Such 

arcinomas carry a low risk of lymph node involvement 
 of invasive carcinoma 

 (5%) 
quamous (25%) 

Sta
Sta rcinoma-in-situ (CIN III) 

tage I  = Invasive carcinoma confined to the cervix 
 beyond the cervix but not to the pelvic wall or lower  

xtends to pelvic wall and/or the lower 1/3 of vagina 
Stage eyond the true pelvis or involvement of mucosa of bladder or  

Metastatic spread of cervical carcinoma is by Pelvic lymphatics to the para-aortic 
lymph
. Sarcomas 

 

 

wnwards and occupies part o
clinically termed an 'erosion'.  Sub

metaplasia to squamous 
known as the 'transformation zone' 
 
D. Tumour-like lesions 

ervical polyps 
(i) Endocervical or mucous
(ii) Inflammatory polyp (granu

 
D. Tumo rs 
Benign 

Leiomyoma 

1. Carcinoma 
Predisposing factors 

(ii) Low social class 
(iii) Promisc
(iv) Cigare

Pre-invasive neoplasia
CIN I (mild dysplasia) 

M
This is w
c
Histological types

(i) Squamous carcinoma (70%) 
(ii) Adenocarcinoma
(iii) Adeno-s
ging 
ge 0 = Ca

S
Stage II = Carcinoma extends

1/3 of vagina 
Stage III = Carcinoma e

 IV = Extension b
rectum 

 nodes. 
2
(i) Leiomyosarcoma
(ii) Embryonal rhabdomyosarcoma (sarcoma botryoides) 
 
 



UTERUS 
 
A. Co
Abnor

inflammation 
1. Ac
2. Ch

(ii)
ociated 

(iv) Tuberculous 

Is the presence of endometrial elements in the myometrium.  The aetiology is 
unknown but may represent herniation into the muscle 
 
D. Ho
1. rine bleeding 

(i) Anovulation 
(ii) layed shedding) 

2. Arias-S nlargement and glandular hypersecretion 
usually f a uterine pregnancy the finding of 
an Aria topic pregnancy. 

3. Oral contraceptive pill effects 
4. Senile
5. Hyper

(i) Simple hyperplasia - no risk of malignant change 
(ii) 
(iii) Co l abnormalities) - 

ancy 
6. Endom
 
E. Tumou
1. Endom

(i) 
(ii) 
Pre

 which may be a 

ian stromal hyperplasia 
tumours of the ovary 

es 

ngenital  
mal fusion of the Mullerian ducts leads to: 

(i) Double uterus 
(ii) Septate 
(iii) Bicornuate 
(iv) Bicollis 

 
B. Endometrial 

ute endometritis may result in pyometra 
ronic endometritis 
(i) Post-partum 

 IUCD associated 
(iii) Salpingitis ass

 
C. Adenomyosis 

rmone induced changes in the endometrium 
Dysfunctional ute

Persistent corpus luteum (de
tella phenomenon - nuclear e
 found in pregnancy.  In the absence o
s-Stella change suggests an ec

 cystic atrophy 
plasia 

Complex hyperplasia (architectural abnormalities) – low risk 
mplex atypical hyperplasia (architectural and cytologica

greatest risk of malign
etrial polyps 

rs 
etrium 

Adenoma (rare) 
Carcinoma 
disposing factors 

Hyperplasia especially complex atypical hyperplasia
consequence of 

a. Obesity 
b. Exogenous oestrogens 
c. Ovar
d. Granulosa cell 
e. Polycystic ovary syndrome 
Histological typ



Hyperplasia related: 
a. Adenocarcinoma 

Unrelated to hyperplasia: 
a. Adenosquamous, where there is a mixture of adenocarcinoma and 

nt squamous elements 

The prognosis is determined by the depth of myometrial invasion. 
to cervix, vagina, vulva and parametrium 

s and ovaries 
s 

ad is late - lungs, liver, adrenals and bone 
(ii) romal sarcoma - low-grade or high-grade 
(iii)

. Homologous - derived from uterine components 
es not normally present in the uterus 

2. My
(i) 
(ii) otential 
(iii) oma 

OV
 
1. Endom
Endometriosis is the presence of endometrial glands and stroma in sites other than 
the uterin retrograde menstruation and 
Mullerian metaplasia of the mesothelium. 

Sites 
(i) Ov
(ii) Fa
(iii)  - pouch of Douglas 
(iv) Pe
(v) Um
(vi) Rare sites - vulva, vagina, appendix, intestinal wall 

Effects
(i) 'Chocolate' cyst formation 

e 
(iii) Formation of adhesions 
(iv) oma of the ovary 
(v) 

 
. Neoplasms 

lial - benign, borderline or malignant 
a. Serous 

maligna
b. Papillary serous 
c. Clear cell 
Spread 

a. Direct 
b. Direct to tube
c. Lymphatic to iliac and para-aortic gland
d. Blood spre

Endometrial st
 Mixed Mullerian tumours (carcino-sarcomas) 

a
b. Heterologous - from tissu

ometrium 
Leiomyoma (fibroid) 
Smooth muscle tumour of uncertain malignant p
 Leiomyosarc

 
 

ARY 

etriosis 

e corpus.  Aetiological theories include 

aries 
llopian tubes 

 Rectovaginal septum
ritoneum 
bilicus 

 

(ii) Intra-pelvic haemorrhag

 Endometrioid adenocarcin
Infertility 

2
(i) Epithe

b. Mucinous 
c. Brenner 
d. Endometrioid 

(ii) Germ cell tumours 



a. Teratoma 
Mature cystic 
Immature solid 

Choriocarcinoma 

nt mixed germ cell tumours 
 
(iii) urs 

a 

c. Sertoli-Leydig cell tumour 
d. Mixed germ cell / stromal tumour (gonadoblastoma) 

LACENTA 

ic villi showing trophoblastic 
hyperp is an associated high HCG level and the condition may be 
complicated by choriocarcinoma.  Two types are recognized: 

(i) ishasa46XXkaryotypewithallthe genetic material being 

 
is has a triploid karyotype consisting of male (2n) and female 

(1n)
 
2. Abnormalities of placentation 

(i) Extrachorial 
a. Circum-vallate 
b. Circum-marginate 

penetration of the myometrium by chorionic villi 

. Inflammation 
s) is associated with fetal growth retardation and death.  Most 

ized causes include: 

smosis 
s immaturity 

 weight and perinatal death. 
. Vascular lesions 

cclusion of maternal spiral arteries 

b. Extra-embryonic 
Yolk sac tumour 

c. Dysgerminoma 
d. Maligna

 Sex-cord stromal tumo
a. Thecom
b. Granulosa cell tumour 

 
P
 
1. Hydatidiform mole 
The placenta is composed of swollen chorion

lasia.  There 

Completemole-th
paternal (2n). 

  No fetus. 
(ii) Partial mole - th

.  A fetus may be present. 

(ii) Accessory lobe 
(iii) Placenta accreta - 
 
 
 
 
3
Inflammation (villiti
cases are idiopathic but recogn

(i) Listeriosis 
(ii) Cytomegalovirus 
(iii) Toxopla

4. Chorionic villou
Immaturity can give rise to hypoxia, low birth

5
(i) Infarcts - o
(ii) Thrombosis of fetal villous stem arteries 
(iii) Haemangioma 

 



 
 

24.  Breast 
 
A. Congenital 
1. Supernumerary nipples - polythelia 

. Acute suppurative mastitis 

. Breast abscess 
 (plasma-cell mastitis) 

. Silicone mastitis following cosmetic surgery 

ic disease 
, cystic mastopathy, mammary dysplasia Microscopic features 

(found in various combinations) 
1. 

r fibrosis 

n (epitheliosis) 
on (adenosis) 

clerosis (sclerosing adenosis) 

ccasionally, sclerosing adenosis is found as a solitary lesion.  In some young 
the dominant feature and is associated with premature involution.  

. Tumour-like lesions 
ma 

(i) Intraca
(ii) Perica uding 'giant fibroadenoma' 

2. Intraduct 
3. Adenoma
4. Tubular a
5. Ductal ad
6. Lactating 
7. Lipoma 
8. Fibroma, 
 

2. Supernumerary breasts - polymastia 
 
B. Inflammation 
1
2
3. Mammary duct ectasia

 4. Fat necrosis
5. Tuberculosis 
6
 
C. Cyst
Fibrocystic disease

Cyst formation (macro- or microcysts) 
2. Inter- and intralobula
3. Apocrine metaplasia 
4. Epithelial proliferatio
5. Ductular proliferati
6. Papillomatosis 
7. Lobular s
8. Radial scar 
O
women fibrosis is 
This form has been designated fibrous disease of the breast. 
 
 
D
1. Hamarto
2. Microglandular adenosis 
 
E. Tumours 
Benign 
1. Fibroadenoma 

nalicular 
nalicular, incl
papilloma 
 of the nipple 
denoma 
enoma 
adenoma 

haemangioma, etc. 



Phyllodes tum
These tumours (formerly included with giant fibroadenomas) have a structure 
resembling a a cellular stroma showing 
varying degrees of atypia.  They can be benign, borderline, or malignant. 
 
Malign
1. In-situ (non-invasive) carcinoma 

(ii) (ii) Lobular 
a 

Ductal  

al 
ial' types 

Medullary 

 Apocrine 
ur metaplasia) 

Varieties 
al 

arse (paucicellular) 
olid and pleomorphic - worse prognosis 

Alveolar 
ulo-alveolar 

cystic carcinoma 
 (very rare) 

3. Pa  the nipple 

gating growths 
cia 

(i) Axillary and internal mammary lymph nodes 
(ii) Dermal lymphatics 
(iii) Widespread dissemination - mediastinal, abdominal, pelvic and inguinal 

(i) Pleura 

. Blood stream 

nals 
ies 

tc. 

our 

n intracanalicular fibroadenoma but have 

ant 

(i) Ductal  

2. Infiltrating (invasive) carcinom
(i) 

Varieties 
a. Classic
'Spec
b. 
c. Mucinous 
d. Tubular 
e. Papillary 
f.
g. Squamous (?tumo

(ii) Lobular 
a. Classic
b. Sp
c. S
d. 
e. Tub

(iii) Adenoid 
(iv) Carcinoid
get's disease of

 
Spread of mammary carcinoma 
1. Direct 

(i) Skin - fun
(ii) Deep fas
(iii) Muscle 

2. Lymphatic 

glands 
3. Serous cavities with effusions 

(ii) Pericardium 
4

(i) Lungs 
(ii) Bone 
(iii) Adre
(iv) Ovar
(v) Kidneys 
(vi) Brain, e



 
Other malignant tumours of the breast 

1. Fibrosarcoma 
2. Lip
3. Haemangiosarcoma 
4. Lymph
 
 
 

25. 
 
ADRENA
 
A. React
1. Lipid d l

l 
(ii) 

2. Degenerative changes in the zone fascicular cells 
3. He
 
B. Hy
1. 

Prim

enoma 

Sec
rticosteroid administration 

ituitary adenoma (basophil or chromophobe) 
 tumours producing ACTH 

-cell type) 

inoma of thyroid 
reas 

Effe

 
steoporosis 

(v) 
(vi)
(vi

ry changes - Crooke's hyaline degeneration in basophils 
(ix

2. Conn's sy ronism)  
Cause

All are rare 

osarcoma 

oma 

 Endocrine system 
L GLANDS 

ions to stress 
ep etion (compact-cell change) 

(I) Foca
Diffuse 

morrhage 

percorticalism 
Cushing's syndrome  
ary 

(i) Cortical hyperplasia 
a. Diffuse 
b. Nodular 

(ii) Ad
(iii) Carcinoma 
ondary 
(i) ACTH and co
(ii) P
(iii) Non-endocrine

a. Carcinoma of the bronchus (oat
b. Thymoma 
c. Medullary carc
d Islet cell tumours of panc

cts 
(i) Obesity 
(ii) Hypertension
(iii) O
(iv) Hyperglycaemia 

Myopathy 
 Atrophic change in skin 

i) Polycythaemia 
(viii) Pituita

) Susceptibility to infection 
ndrome - (Primary aldoste

s 



(i) Cortical adenoma 
r hyperplasia 

Effects
(i) Hy
(ii) Mu
(iii) Po
(iv) Hy

3. Adren
 a specific enzyme deficiency  

(ii) der children and in adults 
(iii) Ca

Effects 
(i) Co

t of the penis, rapid growth, early fusion of epiphyses 
b. hrodite, hirsutism, rapid growth 
In addition both may develop hypertension and salt-losing crises 

(ii) Ad
a.

clitoris, male musculature 
b. 

 
C. Hypoc

1. Acu
(i) Haemorrhagic necrosis 

b. Septicaemia (Waterhouse-Friderichsen syndrome) 
atal hypoxia/birth injury 

(ii) tion of chronic insufficiency of the adrenal cortex 
2. Chr ncy resulting from: 

(i) Pituitary/hypothalamic disorders 

rome 

(ii) 
a. Atrophy (idiopathic) 

Tuberculosis 
idosis 

, torulosis, coccidioidomycosis, 
mycosis 
atic carcinoma 

romatosis 
orrhagic necrosis 

ssion of ACTH production by corticosteroid treatment 
 

tion 

(ii) Diffuse or nodula
(iii) Carcinoma 

 
pertension 
scle weakness (hypokalaemia) 
lyuria and polydipsia 
pernatraemia 

o-genital syndrome Causes 
(i) Congenital adrenal hyperplasia resulting from

 Cortical adenoma               in ol
rcinoma  

ngenital type 
a. Male - enlargemen

Female - pseudohermap

ults 
 Female - amenorrhoea, hirsutism, atrophy of the breasts, enlarged 

Male - no clinical effects 

orticalism 
te adrenal insufficiency resulting from 

a. Shock and stress reactions 

c. Neon
d. Abdominal trauma 
Sudden deteriora
onic adrenal insufficie

a. Simmond's disease 
b. Sheehan's synd
c. Iatrogenic 
Adrenal diseases 

b. 
c. Amylo

  d. Fungal infections - histoplasmosis
blasto

 e. Metast
 f. Haemoch

g. Following haem
h. Congenital disorders - hypoplasia with cytomegaly, adreno-genital 
syndrome 

(iii) Suppre

Effects 
a. Increased skin pigmenta



b. Hypotension 
c. Muscle weakness 
d. Hypoglycaemia 

kalaemia 

 
D. Tumours 

lolipoma 

toma 
e catecholamine-producing chromatin cells resulting in 

paro
Ass

rine neoplasia syndrome (MEN-2, Sipple's syndrome) 

 disease 

(v) Parathyroid adenomas 

Most are benign, about 10% are malignant. 

nant tumour of neuroblasts, cells which normally mature into 
sympathetic ganglion cells.  It is a common tumour of childhood. 

s 

hetic chain in posterior mediastinum and abdomen 
. jaw, bladder 

 
(ii)
(iii o

 specially to skull and orbit (Hutchinson type) 
 the liver (Pepper type) 

3. Gan
roblastic tumour with plentiful ganglion cells.  These have a 

muc
 Both tumours may be associated with catecholamine production. 
 
DIA
 

 metabolic disorder characterized by impaired utilisation of carbohydrates and 
nd protein metabolism resulting from an absolute or relative 

d
 

e. Normochromic anaemia 
f. Hyponatraemia 
g. Hyper
h. Reduced renal excretion of water, ammonium ions and urea 

Adrenal cortex 
1. Adenoma (the majority are non-functional) 
2. Carcinoma 
3. Mye
Adrenal medulla 
1. Phaeochromocy
A tumour of th

xysmal hypertension. 
ociations 

(i) Multiple endoc
(ii) Neufibromatosis 
(iii) von Hippel-Lindau
(iv) Medullary carcinoma of thyroid 

Behaviour 

Metastases are found in lymph glands, lungs, liver and bone 
2. Neuroblastoma 

A highly malig

Site
(i) Adrenal medulla 
(ii) Sympat
(iii) Rare sites, e.g

Spread 
(i) Direct local infiltration

 Lymph glands 
) Bl od spread 

a. Skeletal metastases e
b. Multiple deposits in

glioneuroma 
'Mature' form of neu

h better prognosis. 

BETES MELLITUS 

A
disturbances in lipid a
eficiency of insulin. 



Aetio
1. pathic) 

ry 
(

chromatosis 

(ii) A
ng's syndrome 

(iii) Pituitary - acromegaly 
(iv) Thyroid - thyrotoxicosis 
(v) D

 

1. Islets of Langerhans 
(i) D
(ii) H
(
(iv) Hydropic degeneration of b-cells 

ic infiltration 
2. Kid

scierosis - afferent and efferent 
lomeruli 

erulosclerosis 
ilson lesion) 

ative lesions - fibrin cap, capsular drops 

 accumulation (Armanni-Ebstein lesion) 
 

lonephritis 

3. Ca
(i) 

sis - gangrene, myocardial infarction 
erosis (more common in diabetics) 

(ii)
(iii)

 lesions 
aneurysms 

peated haemorrhages 
s of the central retinal vein 

(iv)

logy 
Primary (idio
(i) Juvenile 
(ii) Maturity-onset 

2. Seconda
i) Pancreatic causes 

a. Pancreatitis 
b. Carcinoma of the pancreas 
c. Haemo
d. Pancreatectomy 
e. 'Glucagonoma' 
drenal causes 
a. Cushi
b. Phaeochromocytoma 

rugs - thiazides 

Pathological features 

egranulation of b-cells 
yaline deposits and amyloidosis 

iii) Fibrosis 

(v) Lymphocyt
ney 
(i) Arteries and arterioles 

a. Atherosclerosis 
b. Arteriolo

(ii) G
a. Diffuse glom
b. Nodular glomerulosclerosis (Kimmelstiel-W
c. Exud

(iii) Tubules 
a. Glycogen
b. Fatty change

(iv) Interstitium 
a. Acute or chronic pye
b. Fibrosis 

rdiovascular lesions 
Arteries 
a. Atherosclero
b. Monckeberg's scl

 Arterioloscierosis 
 Microangiopathy 

4. Ocular
(i) Capillary micro
(ii) Retinitis proliferans resulting from re
(iii) Thrombosi

 Cataracts 



5. Liver 
atty change 

 of hepatocyte nuclei 
6. Gall-b

(i)           increased incidence 
Gall-stones 

7. Neuro
(i) Ath
(ii)
(iii) Motor neuropathy 
(iv) Autonomic neuropathy 

a. Impotence 
Diarrhoea 

c. Atonic stomach 
hageal peristalsis 

. Bladder dysfunction 
8. Sk

ta 
(ii)
(iii)

carbuncles 

9. Lu
Increased risk of infection 

onia 

10. Fetus 
 diabetic mothers show hyperplasia of b-cells (nesidioblastosis) 

se hypoglycaemia 

 

PITUI
 
1. Pit y  
Aetiology

(i) especially postpartum (Sheehan's syndrome) 
(ii)

 

 

hilis 
hic giant-cell type 

(iv)

(i) F
(ii) Glycogenic vacuolation

ladder 
Cholesterolosis   

(ii) 
logical lesions 

erosclerotic neuropathy 
 Diabetic pseudotabes 

b. 

d. Disturbed oesop
e

in 
(i) Xanthoma

 Necrobiosis lipoidica diabeticorum 
 Infections 
a. Pyogenic - boils, 
b. Fungal 

ngs 

a. Bronchopneum
b. Tuberculosis 

a. Infants of
which can cau

b. Increased birth weight 

 
 

TARY 

uitary insufficienc
 
Ischaemic necrosis, 

 Tumours 
a. Chromophobe adenoma 
b. Craniopharyngioma
c. Cholesteatoma 
d. Metastatic 

(iii) Granulomata 
a. Sarcoidosis
b. Tuberculosis 
c. Congenital syp
d. Idiopat
 Infiltrations 
a. Amyloidosis 



b. Hand-Schüller-Christian disease 
(v) Trauma 

nterior pituitary failure leads to 
e 

Los s of pigment 
s of hair 

l atrophy 
e. Myxoedema 

h's syndrome - adipose-genital dystrophy 
in-type dwarfism 

Poste  to diabetes insipidus 
2. Pituitary hyperfunction results from functioning adenomas 

ing's syndrome 

rrhoea 
hoea 

ence 

THYR
 

. Congenital disorders 
. Aplasia 

lossal duct/cyst/fistula 

(i) Acute non-specific 

arcoidosis 

2. Im
(i) Hashimoto's disease 

ymphocytic thyroiditis 
3. Ph  

(i) 
(ii)

4. Unkno
(i) yroiditis - de Quervain's disease 
(ii) a) 

 
 
C. Hyperthy
Aetiology

 
A

(i) Simmond's diseas
a. 
b. Los
c. Mental deterioration 
d. Genita

(ii) Frohlic
(iii) Lora

rior pituitary failure leads

(i) ACTH - Cush
(ii) Somatotropin 

a. Gigantism 
b. Acromegaly 

(iii) Prolactin 
a. Galacto
b. Amenorr
c. Impot

 
OID 

A
1
2. Hypoplasia 
3. Thyrog
4. Lingual thyroid 
 
B. Thyroiditis 
1. Infection 

(ii) Tuberculosis 
(iii) S
(iv) Actinomycosis 

mune mechanisms 

(ii) Focal l
ysical agents

Irradiation 
 Trauma 
wn aetiology 
Subacute (giant-cell) th
Fibrous thyroiditis (Riedel's strum

roidism 
 



1. Diffuse thyroid hyperplasia but may result from: 
2. Ov goitre 
3. Functional (toxic) adenoma 
4. Hashi
 
Diffuse thyroid hyperplasia (Graves'disease) 
Aetiolo

(i)  thyroid stimulator - an immunoglobulin 
(ii)  with excess TSH production 

 
Organ

(i) 

b. lial cells 
c. Papillary infoldings of epithelium 

 Diminished colloid 
e. Focal lymphocytic infiltration 

lmos 
ema of the orbital contents 

. Increase in adipose tissue in orbits 
ation and fibrosis in extra-ocular muscles 

d hyperplasia 

r hypertrophy 

c

oporosis 
b. 'Thyroid acropachy' - finger-clubbing resulting from subperiosteal new 

bone formation 

. Multinodular 

2. Dru

(iii) PAS, etc. 
f metabolism (dyshormonogenic goitre) 

 to oxidise iodide to iodine prior to incorporation into tyrosine 
- and diiodotyrosine to form T3 and T4 

eractivity of a multinodular 

moto's disease (rarely) 

gy 
? Long-acting
? Pituitary hyperfunction

 changes 
Thyroid 
a. Enlargement 

Columnar epithe

d.

(ii) Exophtha
a. Oed
b
c. Degener

(iii) Pre-tibial myxoedema 
(iv) Lymphoi
(v) Heart 

a. Left ventricula
b. Focal myocardial necrosis 

(vi) Adrenal - hyperplasia 
(vii) Skeletal muscle 

a. Atrophy 
b. Adipose infiltration 
. Vacuolisation 

(viii) Bones 
a. Oste

 
D. Goitre 
Types 
1. Diffuse colloid 
2
Aetiology 
1. Iodine deficiency 

g-induced (goitrogens) 
(i) Iodides 
(ii) Thioureas  

3. Inborn errors o
(i) Defective iodide trapping 
(ii) Failure
(iii) Failure to couple mono



(iv) Failure to de-iodinate iodine-containing by-products of T3/T4 synthesis 
 lack of  iodotyrosine dehalogenase 

protein is produced instead of synthesis of thyroid 

 
Effect
1. ome cases, hypofunction in others.  Most are euthyroid 
2. Pre s 

 into a nodule 
4. 
 
E. Hypo
1. Cretin

 

 
2. My
Aetiolo

(i) 
a. Hashimoto's disease 

r forms of thyroiditis 
nile atrophy 

e. 
f. 
g. 

(ii)
a. Pituitary insufficiency (low TSH) 

 
1. 

(i) rdiomyopathy 
mucopolysaccharide in the interstitiurn 

lation of myocardial fibres 

2. Myxoe
in and other tissues by mucoid oedema 

3. Ce
(i) 
(ii)
(iii)Stu  

 
F. Tumo
1. Benig

(i) Follicular adenoma Variants 
id adenoma 

b. Fetal adenoma 
thle cell adenoma 

are) 

resulting from a
(v) An abnormal iodo
hormones 

s 
Overactivity in s

ssure on the trachea and oesophagu
3. Haemorrhage

Malignant change 

thyroidism 
ism Aetiology 

 (i) Aplasia 
(ii) Hypoplasia
(iii) Inborn error of hormone synthesis 

xoedema 
gy 
Primary 

b. Othe
c. Se
d. Iodine deficiency 

Goitrogenic drugs 
Thyroidectomy 
Irradiation 

 Secondary 

Organ changes
Cardiovascular system 

Congestive ca
a. Increased 
b. Mucoid vacuo

(ii) Atherosclerosis resulting from hypercholesterolaemia 
dema 

Infiltration of the sk
ntral nervous system 
Mental deterioration 

 Psychosis 
por and coma

urs 
n 

a. Collo

c. Hür
(ii) Teratoma (very r

 



2. Malignant 
 from thyroid epithelium 

. Follicular 
b. Papillary 
c. Hürthle cell 
Carcinoma arising from calcitonin-producing cells Medullary carcinoma 

a) 

oma (by metaplasia) 
pidermoid 

cinoma 

coma 
ma 

al number 2-5 
 

B. Hy
Aetiolo

ffects 
 

teitis fibrosa cystica 
lomas ('brown tumours') 

 calcification in 

 

sels 

ach 

.  Chronic pancreatitis 

. Hypoparathyroidism 
etiology 

(i) Hypoplasia/aplasia (as in Di George's syndrome) 
(ii) Atrophy (? auto-immune) 

rathyroidism (Albright) 

al disturbances 

(i) Carcinoma arising
a

(ii) 
(with amyloid in strom

(iii) Rare tumours 
a. Squamous carcin
b. Mucoe
c. Undifferentiated car

Spindle cell 
Giant cell 

d. Sar
e. Lympho

 
PARATHYROID 
 
A. Congenital 
1. Abnorm
2. Abnormal position, e.g. mediastinum
 

perparathyroidism 
gy  

 
E
1. Bone

(i) Os
(ii) Giant-cell granu

2. Metastatic
(i) Kidneys 

a. Nephrocalcinosis
b. Renal calculi 

(ii) Blood ves
(iii) Lung 
(iv) Stom

3. Peptic ulceration 
4
 
C
A
1. Surgical removal in thyroidectomy 
2. 'Idiopathic' 

3. Pseudo-hypopa
 
Effects 
1. Tetany 
2. Ment



3. Epilepsy 
4. Papilloedema 
5. Ectodermal changes 

(i) Dry skin/brittle nails 
(ii) Eczema 
(iii) Moniliasis 

6. Cataracts 
7. Calcification of the basal ganglia 
 
 
 
 

26. Haemopoietic and lymphoid tissues 
 
 
HAEMOGLOBIN 
 
Haemo  composed of four haem groups attached to 
globin. rin) ring with a ferrous ion at its 
centre
Haemoglobin from effete red cells is normally broken down in reticuloendothelial cells 
of the 
down 
moiety bilirubin and excreted.  The iron (now ferric) combines with 
protein (apoferritin) to form ferritin.  It can be stored in this form, or as a more 
concentrated iron-protein complex haemosiderin.  Iron is transported in the plasma 
as ferr ansferrin. 
Apart 
haemo
A. Disordered synthesis of haem resulting from abnormal porphyrin metabolism 
B. 
C. Abn
D. Abn in metabolism and excretion leading to hyperbilirubinaemia  
 
A. Po and its abnormalities 
 
1. Dis

Me
 to a 

ting at different points in its synthesis 

a. Acute abdominal pain 
cks 

large quantities of porphobilinogen (PBG) and 

globin is a conjugated protein
  Haem consists of a tetrapyrrole (porphy
. 

spleen, bone marrow, and liver.  The protein moiety is detached and broken 
into its constituent amino acids which are re-metabolised.  The Porphyrin 
 is converted into 

ic ion bound to the b globulin tr
from the inherited disorders of globin synthesis (the haemoglobinopathies), 
globin and its products are subject to the following disturbances: 

Formation of abnormal haemoglobin compounds 
ormal storage of iron 
ormal bilirub

rphyrin metabolism 

ordered synthesis in the liver (hepatic porphyrias) 
(i) Inherited as autosomal dominants 

a. Acute intermittent porphyria 
b. Porphyria variegate (South African type) 
c. Hereditary coproporphyria 

chanism 
Increased activity of d-aminolaevulate synthetase (ALA-S) in response
partial blockage of haem formation opera
for each disease 
Results 

b. Neuro-psychiatric atta
c. Excretion of 



d-aminolaevulinic acid (ALA) in the urine.  The attacks may be precipitated by 

(ii) atic cutaneous hepatic porphyria.  This is usually a 
pecially chronic alcoholism 

Results 

2. w (erthropoietic porphyries) 
(i) 

a. light and trauma 

e and faeces 
(ii) Erythropoietic protoporphyria (dominant) 

 skin but no bullae in response to trauma 

lithiasis 

 

 
B. l haemoglobin compounds 

mbination with carbon monoxide and 
od  

2. Methaemoglobin results from the conversion of the ferrous to a ferric ion, and in 
this for

(i) 
me iaphorase) 

3. Sul
 
C. Ab
Iron is
denatu
haemo  tissues and can be readily demonstrated by Prussian 
Blu

rin deposition may be localized or generalized: 
1. Loc

cirr
. Generalized deposition may result from: 

et due to 

drugs, especially barbiturates 
Sporadic - symptom
consequence of chronic liver disease, es

a. Skin photosensitivity 
b. Hypermelanosis 
c. Hypertrichosis 
d. Excretion of large quantities of red-coloured uroporphyrin in the urine 

Disordered synthesis in the bone marro
Congenital erythropoietic porphyria (recessive) Results 

Bulla formation in the skin in response to 
b. Accumulations of uro- and coproporphyrins in the bone marrow, red blood 

cells and teeth 
c. Excess excretion of uro- and coproporphyrins in the urin

a. Photosensitivity of the
b. Increased amounts of protoporphyrin in red cells and faeces but not in the 

urine 
c. Cirrhosis of the liver 
d. Chole

 
(iii) Erythropoietic coproporphyria

a. Photosensitivity 
b. Increased coproporphyrins in faeces 

Abnorma
1. Carboxyhaemoglobin resulting from co

producing a characteristic cherry-red colour in the blo

m cannot combine with oxygen 
Congenital - due to either a haemoglobinopathy (Hb-M) or a deficiency of 

thaemoglobin reductase (d
(ii) Acquired - drug induced, e.g. phenacetin, sulphonamides, nitrates, and 

other oxidising drugs 
phaemoglobin - drug induced, e.g. phenacetin, acetanilide 

normal storage of iron 
 normally stored as ferritin or as haemosiderin, which consists of partly 
red ferritin.  When excessive quantities require to be stored clumps of 
siderin appear in the

e reaction. 
Haemoside

alized deposits are found in: 
(i) Areas of haemorrhage in haemosiderin-laden macrophages 
(ii) Renal tubular cells in haemoglobinuria 
(iii) Siderotic nodules (Gamna-Gandy bodies) in splenomegaly with hepatic 
hosis 

2
(i) Excessive absorption of iron from the di



a. An inborn error of metabolism 
b. A greatly increased dietary intake 

nsfusions) 
on of circulating 

l blood in the 

 the cirrhosis liver, free iron enters the liver resulting in 

sturbances 
chymatous iron storage disease is 

cessive administration of iron by multiple transfusions or parenteral 
jections 

usually results in iron deposition in macrophages of the bone marrow, 
liver, and spleen and is termed haemosiderosis.  If administration is 

nchymatous deposition and fibrosis may result in a picture 
distinguishable from haemochromatosis. 

osis may affect many organs: 

inoma 
- interacinar fibrosis with Pigmentation and atrophy of islets leading 

ellitus 
c. Skin - increase in melanin in the basal layer of the epidermis. 

Haem
d. Heart - p  of myocardial fibres resulting in arrhythmias 

and ca
e. Stomach - rare cases show deposition of haemosiderin in effect on pepsin 

secret nt has little 
f. Spleen
g. There may be pigmentation and atrophy in testes, thyroid, adrenals and 

pituitary 
 
ANAEMIA 
 
An efined as a reduction below normal limits of the total circulating red 
cell mass
Causes 
The major caus
A. Blood loss 

Chronic b
microcytic, h

B. Haemolysis 
1. He

(i) 
 G6PD and 

etase 
vate kinase, hexokinase 

c. In thalassaemia, sideroblastic anaemia, and spherocytosis (in the 
absence of tra

Prolonged increased absorption leads to complete saturati
transferrin and thereafter absorbed iron is present in porta
unbound form.  Free iron is toxic and produces chronic cell injury in 
vascular shunts in
cirrhosis.  With the development of systemic circulation and affects other 
organs, notably the heart and pancreas.  A variety of functional di
may ensue and this paren
haemochromatosis. 

(ii) Ex
in

This 

prolonged or massive amounts are given, then saturation followed by 
pare
in

 
Haemochromat

a. Liver - producing cirrhosis which in turn is associated with an increased 
incidence of hepatocellular carc

b. Pancreas 
to diabetes m

osiderin is also present mainly around skin appendages 
igmentation and atrophy

rdiac failure 

ion chief cells of the gastric mucosa but the pigme
 - pigmentation and fibrosis 

aemia can be d
. 

es of anaemia are blood loss, haemolysis and diminished production. 

lood loss, e.g. from the gastrointestinal tract or menorrhagia, results in a 
ypochromic anaemia 

reditary 
Enzyme deficiency 
a. Hexose monophosphate shunt enzymes, such as

glutathione synth
b. Glycolytic enzymes - pyru



(ii)
a. e cytoskeleton - spherocytosis 

(iii) Abnormal haemoglobin synthesis 
rmal P globin chains - sickle cell anaemia (HBSS), 

) 
nt P globin synthesis - thalassaemia 

 

eactions which may be idiopathic (primary) or 
plasma infection, SLE and various 

eactions such as drug (hapten) induced haemolysis, 
isease of the newborn 

blastosis fetalis) 
s - paroxysmal nocturnal haemoglobinuria (sensitivity 

iated lysis) 
ning 

ed cells 
 haemolytic anaemias thrombotic thrombocytopenic 

njury produced by prosthetic heart valves 
 
C. Dim duction 
1. Re

s 

a - idiopathic or drug-related 
lasia 

3. Ina  

. Defective DNA synthesis 

a. Malnutrition 

 Membrane defects 
Disorders of th

b. Increased membrane lipids 

a. Production of abno
sickle cell trait (HBAS

b. Deficie

2. Acquired 
(i) Immune mechanisms 

a. Autoimmune r
associated with myco
malignancies 

b. Iso-immune r
transfusion reactions, haemolytic d
(erythro

(ii) Membrane defect
to complement med

(iii) Toxin or chemical injury - snake venoms, lead poiso
(iv) Infection - malaria 
(v) Physical trauma to r

a. microangiopathic
purpura, DIC 

b. Mechanical i

inished red cell pro
placement of the bone marrow 
(i) Malignancy 
(ii) Myelofibrosi

2. Erythroid stem cell failure 
(i) Aplastic anaemi
(ii) Pure red cell ap
dequate erythropoietin stimulation
(i) Chronic renal disease 

4
(i) Folic acid deficiency and folic acid antagonists 

b. Chronic alcoholism 
c. Malabsorption states 
d. Pregnancy 
e. Anti-cancer drugs such as methotrexate 
f. Anticonvulsant drugs 
(ii) Vitamin B12 deficiency 
a. Pernicious anaemia 
b. Post-gastrectomy 
c. Malabsorption states 
d. Ileal resection 
e. Diffuse intestinal diseases - systemic sclerosis 
f. Competition for uptake - fish tapeworm infestation or bacterial overgrowth 
in 'blind loops' 



5. Defective haemoglobin synthesis 
(i) Iron deficiency 
(ii) Thalassaemia 

ia of chronic disease' 

isordered haematopoiesis.  In acute 
ukaemia the marrow is rapidly replaced by a Population of immature cells which 

te effects of marrow failure - anaemia, bleeding and susceptibility to 

lls, frequently of lymphoid type. 

g from myelodysplasia or by 
blast transformation of CMPD.  It is divided into myeloid (AML) and lymphoid 
(lymphoblastic - ALL) types.  These are subdivided according to T or B or common 
differentiation and by some aspects of cellular morphology.  Thus AML is 
subcla ing to whether there is differentiation towards granulocytes, 
monocytes, erythroid cells or megakaryocytes. 
 
Myelodys
Myelodys
sub-clinical condition.  Dysplastic changes can be found as a secondary 

ement by 
carcino primary form, however, is 
charac ding monosomy 7 which 
points to its essentially neoplastic nature.  The proportion of immature myeloid cells 

mine the prognosis: when less than 5% MDS is an 
indolen
When 
leukae

Chron  disorders 
Over-production of granulocytes, red cells, platelets and stromal cells gives rise to: 
1. Chronic myeloid leukaemia (CML) characterized by: 

(iii) Anaemia 

(iii) 'Anaem
(iv) Sideroblastic anaemia 

 
LEUKAEMIA AND MYELOPROLIFERATIVE DISORDERS 
 
These disorders are characterized by replacement of the bone marrow by the 
progeny of a neoplastic stem cell resulting in d
le
leads to the acu
infection.  In myelodysplasia the marrow is gradually replaced by a neoplastic clone 
which results in ineffective haemopoiesis with release of abnormal cells into the 
circulation, inadequate production (pancytopenia), and a variable rate of evolution 
towards acute leukaemia.  A chronic myeloproliferative disorder (CMPD) is one in 
which the presence of an abnormal clone leads to the over-production of one or more 
cell lines which can be either red cells, granulocytes, platelets or bone marrow 
stromal cells.  However, these distinctions are blurred by the tendency for both 
myelodysplasia and chronic myeloproliferative disorders to undergo transformation to 
leukaemias.  CMPD may undergo blast transformation leading to the production of 
immature ce
 
 
Acute leukaemia 
Acute leukaemia may arise de novo as well as developin

ssified accord

plasia 
plasia (MDS) is probably quite common but in many people remains as a 

phenomenon in a large number of conditions such as marrow replac
ma and following drug treatment.  The 
terized by several chromosomal abnormalities inclu

in the marrow appears to deter
t disease whereas with levels between 5 and 30% survival declines rapidly.  
the proportion of myeloblasts exceeds 30% the diagnosis becomes acute 
mia. 

 
ic myeloproliferative

(i) Fever 
(ii) Splenomegaly 



(iv) Bleeding 

(vi) Progression to acute leukaemia 
romosome, a translocation between 

transcription of a hybrid gene 

2. Primary proliferative polycythaemia (PPP or polycythaemia rubra vera) 
acked cell volume 

cy - splenic and renal infarcts 

3. Prim
 increased numbers of platelets, bleeding occurs because 

sponse to aggregating agents.  Thrombosis in small vessels 

4. My

 
, normochromic anaemia 

 red cells - tear-drop poikilocytes 
blastic cells 

 

LYMP  
 

thy 
1. Imm

(iii)
(iv)

2. Systemic infections involving lymph nodes 
(i) 
(ii) To
(iii) Tu
(iv) C

(vi
(vi

3. Foreig
(i) 
(ii)
(iii

4. Misce
(i) 
(ii)

B. Neopl
1. 
2. e divided into: 

-Sternberg cells which can be either of B or T cell type 

(v) Hyperviscosity 

(vii) Presence of the Philadelphia ch
chromosomes 9 and 22 which results in the 
composed of c-abl - bcr. 

(i) Raised haemoglobin and p
(ii) Thrombotic tenden
(iii) Bleeding 
ary thrombocythaemia 

Although there are
there is a poor re
is another consequence. 
elofibrosis 
(i) Splenomegaly 
(ii) Extra-medullary haemopoiesis
(iii) Normocytic
(iv) Deformed
(v) Leucoerythro

 
HADENOPATHY

A. Non-neoplastic causes of lymphadenopa
une response to local infection or inflammation 

(i) Naso-pharyngeal infection 
(ii) Genital infection 

 Dermatopathic reactions 
 Crohn's disease 

Infectious mononucleosis 
xoplasmosis 
berculosis 

at-scratch disease 
(v) Yersiniosis 

) Chlamydial infection 
i) Viral infections 
n material 
Silicosis 
 Anthracosis 
) Lipid deposits - lipogranulomas 
llaneous causes 
Sarcoidosis 
 Drug reactions - e.g. phenytoin 
astic causes of lymphadenopathy 
Metastatic tumours - carcinomas, malignant melanoma, seminoma, etc. 
Malignant lymphomas which can b

(i) Hodgkin's disease characterized by 
a. Reed



b. A large population of reactive lymphocytes and histiocytes 

d. Contiguous spread along lymph node chains 
by histological type (lymphocyte 

predominant better than lymphocyte depleted) and the extent of spread 
d highly 

dkins lymphoma (NHL).These lymphomas represent a diverse and 
ly complex group of neoplasms with currently over 60 different 

es being recognized.  Classification is based on the predominant 
the cells corresponding to a certain developmental stage in the 

turation of lymphocytes.  Lymphomas of precursor 
omas and ALL, whereas 

dependent phase are much 
more diverse and consist of either small lymphocytes, germinal centre cells, 

cells.  Grading is derived from the 
classification into high, intermediate and low grade types.  Low grade 

lowly but usually show a poor response to 
.  High grade lymphomas progress rapidly but can respond 

(iii) Histiocytosis and myeloid malignancy 
mples: 

yeloproliferative disorder 
 

T OTHER SITES 

 associated B-cell lymphoma 

 
land 

a 
3. Enteropathy associated T-cell lymphoma of the intestine 
4. Myeloma - a neoplasm of bone marrow plasma cells 
 
LYMPHOMAS WITH A LEUKAEMIC PHASE 
 
1. P
2. C
3. Pre-plasma cells - hairy cell and lymphoplasmacytoid leukaemia 

. Congenital disorders associated with immune deficiency 

asia 
2
3. Thymoma - a malignant tumour of thymic epithelium  

arieties 

i) Lymphoepithelial 

c. Eosinophils 

Prognosis is largely governed 

(stage) present a diverse an
(ii) Non-Ho

high
subtyp
cell present, 
differentiation and ma
cells are typically the T-and B-lymphoblastic lymph
neoplastic proliferation of cells in the antigen

activated T-cells, or plasmacytoid 

lymphomas progress s
chemotherapy
moderately well to chemotherapy. 

Exa
a. Langerhans cell histiocytosis 
b. Chronic m

MALIGNANT LYMPHOMA A
 
1. Mucosa

(i) Stomach 
(ii) Lung  
(iii) Thyroid
(iv) Salivary g

2. Cutaneous T-cell lymphom

recursor B- and T- cells - ALL 
D5+ B-cells - CLL 

 
THYMUS 
1
 (i) Aplasia 

(ii) Hypopl
. Thymic B-cell hyperplasia 

V
(i) Lymphocytic 
(i



(i
(i
Asso

(i) Myasthenia gravis 
(ii) Red cell aplasia 
(iii) A
(iv) Thrombocytopenia 
(v) C
(vi) Auto-immune conditions especially SLE 
(vii) Dermatomyositis and polymyositis 
(viii) Myocarditis 

S
 
A. Co

2. f splenic tissue found around the hilum or in 

 
B. I
 

 inflammation - the 'septic' spleen 
2. C

hoid hyperplasia 
(ii) Specific 

mononucleosis 

f. Brucellosis 

C. Haematological diseases 
1. M

(ii) Myelofibrosis - extramedullary haematopoiesis 
ell disorders 

(
(
(
(v) P

rombocytopenic purpura 
ombocytopenic purpura 

 
. Vascular disorders 

gestion 
nic congestion (see p. 137) 

e 

ii) Epithelial 
v) Spindle cell 

ciations with thymoma 

gammaglobulinaemia 

ushing's syndrome 

 
PLEEN 

ngenital 
1. Agenesis 

Splenunculi- small rounded nodules o
the omentum. 

nflammation 

1. Acute non-specific
hronic inflammation 
(i) Non-specific, as part of a systemic lymp

a. Malaria 
b. Infectious 
c. Salmonellosis 
d. Tuberculosis (miliary) 
e. Sarcoidosis 

 

yeloproliferative 
(i) Leukaemias, especially chronic myeloid 

2. Red c
(i) Autoimmune haemolytic anaemia 
ii) Hereditary micro-spherocytosis 
iii) Sickle-cell anaemia 
iv) Thalassaemia 

olycythaemia rubra vera 
3. Platelet disorders 

(i) Idiopathic th
(ii) Thrombotic thr

D
1. Acute con
2. Chro

(i) Congestive cardiac failur



(ii) Portal hypertension 

E.
1

lopectinosis) 

. Lipids 
) Gaucher's disease (glucosyl ceramide a sphingolipid) 

(ii) Niemann-Pick's disease (sphingomyelin) 
(iii) Generalized (GM) gangliosidosis 
(iv) Wolman's disease (neutral lipids 

4. Miscellaneous 

enign 

(ii) Lymphangioma 

ement 
 uncommon.  They can be seen in 

ant melanoma and in some patients with carcinoma 
who are immuno-suppressed 

 
 
 

7.  Connective tissue diseases 
A miscellaneous collection of multisystem disorders in which connective tissue 
effects s', changes in 
collage t clinically nor do they indicate the 
pathog diated. 
 
SYSTE
 
Aetiolo
Auto-immune B cell reactions initiated by 
1. disposition 
2. Dru

 
 'Storage' disease 
. Carbohydrates 

(i) Galactosaemia 
(ii) Type IV glycogenosis (amy

 
2
(i

triglyceride/cholesterol esters) 
3. Glycosaminoglycans 

(i) Mannosidosis 
(ii) Cystinosis 

 
F. Tumours 
B

(i) Cavernous haemangioma 

Malignant 
(i) Lymphoma, usually secondary involv
(ii) Metastases, these are

malign

 
 
 

2
 

 are prominent.  Although formerly called I collagen disease
n synthesis may not be importan
enesis of the condition.  Most are thought to be immunologically me

MIC LUPUS ERYTHEMATOSUS 

gy 

Genetic pre
gs 
(i) Hydrallazine 
(ii) Procainamide 
(iii) Penicillin 



(iv) a-Methyldopa 
3. Viru
4. Ultr t 
5. 
 
 
Featur

ion at the dermal-epidermal junction 
 of collagen fibres 

rinoid necrosis in blood vessels (distinguish from discoid LE) 
2. 

e complex type) 

(iii) Membranous GN -'wire loop' lesions 

3. Heart 

Myocarditis 
ndocarditis atypical verrucous endocarditis (Libman-Sacks) 

4. 

5. Joints - inflammation, but not destruction as in RA 
 

ar thickening 
odes 

8. 

e 
 
PROG ERMA) 
 
A disease characterized by excessive fibrosis throughout the body. 
Featur

1. S
mentation 

atrophy with loss of appendages 
d separation of collagen 

alcinosis 
 

2. L
titial fibrosis - honeycomb lung 

3. K

ses (?) 
a-violet ligh

Sex hormones 

es 
1. Skin 

(i) Liquefaction/degenerat
(ii) Homogenisation
(iii) Fib
Kidneys 
(i) Diffuse proliferative GN (immun
(ii) Focal proliferative GN 

(iv) Vasculitis 

(i) Pericarditis 
(ii) 
(iii) E
Lung and pleura 
(i) Pleurisy 
(ii) Pneumonitis 
(iii) Arteritis 

6. Spleen
(i) Perisplenitis 
(ii) 'Onion skin' arteriol

7. Lymph n
(i) Follicular hyperplasia 
(ii) Focal necrosis 
CNS 
(i) Epilepsy 
(ii) Mental/hypothalamic features 
(iii) Myasthenic syndrom

RESSIVE SYSTEMIC SCLEROSIS (SCLEROD

es 
kin 
(i) Pig
(ii) Epidermal 
(iii) Dermal oedema an
(iv) C

ungs 
(i) Inters
(ii) Vascular changes 
idneys 



(i) Basement membrane thickening 
 arterioles 

(iii) Cortical infarcts 

(i) Collagenous thickening - hypomotility 
seudo-obstruction 

on and medial hypertrophy 

(i) Synovitis 
) Synovial sclerosis 

ardial fibrosis 

9. Thymus 
-epithelial proliferation 

arged Hassall's corpuscles 
 
PO
 

ed necrotising inflammation affecting medium-sized and small arteries. 

ibrinoid necrosis 
ation 

al elastic lamina 
. Super-imposed thrombosis 

ocytes, plasma cells, eosinophils 
7. ollagenisation 
 
Result
1. Ha
2. Infa
. Aneurysmal dilatation 

 
Organ
1. Kid

(i) Fo
(ii) Pro ormation 

ular deposits and fibrin (GBM) 
2. He
3. Liv
4. Ga
5. 
6. Per

(ii) Fibrinoid necrosis in

4. Alimentary tract 

(ii) P
5. Blood vessels 

(i) Intimal proliferati
(ii) Fibrinoid necrosis 

6. Muscle 
(i) Atrophy 
(ii) Myositis 

7. Joints 

(ii
8. Heart 

(i) Myoc
(ii) Pericarditis 

(i) Lympho
(ii) Enl

LYARTERITIS NODOSA 

Disseminat
 
Features 
1. Medial f
2. Polymorph infiltr
3. Destruction of the intern
4
5. Fibroblastic proliferation 
6. Infiltration by lymph

Increasing c

s 
emorrhage 
rction 

3

s affected 
neys 

cal necrosis 
liferation - crescent f

(iii) Gran
art  
er 
strointestinal tract 

Lungs 
ipheral ner 



RHEU
 
This is m disease of unknown aetiology.  
Extra-a

1. N

ter 
 

2. B
riarthrodal osteoporosis 

esulting from: 
ation 

3. H
les 

ritis 
4. 

is 
l proliferation leading to occlusion 

5. L
ibrosis 

lar lung disease 
oconiosis (Caplan's syndrome) 

6. cular hyperplasia 
7. 

(i) Arteritis 

9. Eyes 
ctivitis sicca 

(ii) Episcleritis 
erforans 

eitis 

osis 

11
uropathy 

thy 
12

(i) Thyrotoxicosis 
oto's disease 

 syndrome (kerato-conjunctivitis sicca) 

MATOID DISEASE 

 a chronic relapsing multisyste
rticular lesions 
odules 
(i) Subcutaneous tissue 
(ii) Lungs and pleura 
(iii) Heart - base of valves 
(iv) Dura ma

ones 
(i) Pe
(ii) Generalized osteoporosis r

a. immobilis
b. steroid therapy 

eart 
(i) Nodu
(ii)  Pericarditis 
(iii) Coronary arte
Blood vessels 
(i) Vasculit
(ii) Intima
ungs 
(i) Diffuse interstitial f
(ii)  Nodu
(iii) Rheumatoid pneum
Lymph nodes - folli
Secondary amyloidosis 

8. Kidneys - secondary involvement due to 

(ii) Amyloid 
(iii) Analgesics 

(i) Keratoconjun

(iii) Scleromalacia p
(iv) Uv

10. Nerves 
(i) Secondary to vasculitis 
(ii) Compression 
(iii) Amyloid
(iv) Drugs 

. Muscle 
(i) Atrophy secondary to ne
(ii) Steroid myopa

. Thyroid 
Increased incidence of 

(ii) Hashim
13. Sjögren's



 

28. Musculo-skeletal system 
 
SKEL
 
A. Muscular dystrophy 
1. My
(i) Myoton
(ii) Congenital myotonia (Thomsen's disease) 
(iii) Param t
2. No
(i) Duchenne type (pseudo-hypertrophic) 

(ii)
(iii)  

(v) Distal muscular type 
lar muscular type 

 
B. M

1. 
ypotonia 
rtion 

isease 
Nemaline myopathy 

ular myopathy 
sis multiplex congenita 

2. M

a. Type V (McArdle's) 
Tare’s) 

mpe's disease), type III and sometimes type IV 
dic paralysis syndromes 

emic 

3. E
(
(ii) Hypothyroidism 
( dism (unrelated to plasma calcium) 

(v) Hyperaidosteronism 
(vi) Hypopituitarism 

4. T

(ii) Chloroquine 

ETAL MUSCLE 

otonic 
ia dystrophica 

yo onia congenita 
n-myotonic 

 Becker type 
 Facioscapulohumeral

(iv) Limb-girdle 

(vi) Ocu

yopathies 
Congenital 

(i) Benign congenital h
(ii) Fibre type dispropo
(iii) Central core d
(iv) 
(v) Myotub
(vi) Arthrogrypo

etabolic 
(i) Glycogenoses 

b. Type VII (
c. Also in type II (Po

(ii) Perio
a. Hypokalaemic 
b. Hyperkalaemic 
c. Normokala

(iii) Hypercalcaemia 

ndocrine 
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(i) Dermal 
(ii) Diffuse 

4. Juvenile fibromatosis 
5. Juvenile aponeurotic fibroma 
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Aetiolo

2. 
3. 

5. 
atment/Cushing's syndrome 

(ii) Hyperthyroidism 

omalacia/rickets 
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(ii) Enchondroma 
Multiple in Ollier's disease 
Associated with ha

3. Chondroblastoma - Codman

 
Malignant 

1. Chondrosarco
2. Mesenchymal chon

F
Benign 

1. Non-osteogenic f
2. Ossifying fibr
3. Fibromyxoma 
lignant 
1. Fibrosarcoma 

 
Giant-cell 'tumours' 

1. T
2. Giant-cell reparative granulo

'Brown tumou
Simple 
Aneurysmal bone cyst . 

Multiple my
Malignant ly



 
ther tumours 

mour 

5. Adamantinoma of long bones 

etastatic tumours 

Ad
tic carcinomas 

us 
ng type of gastric carcinoma 

2. nomas 

(ii) Thyroid 
(iii) Colon 
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(vii) Acromegaly 

1. Fibrillation of cartilage 
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C. Rheumatoid arthritis 
 
Features 

1. Synovial inflammation 
2. Accumulation of fibrinoid material on the synovium 
3. Enlargement of synovial villi resulting from oedema, proliferation and cellular 

infiltration (lymphocytes and plasma cells) 
4. Erosion of cartilage at the margins 
5. Replacement by granulation tissue - pannus 
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29. Nervous system 
 

A premorbid blunting of normal diurnal corticosterone levels in both Lewis and DA 
rats has been shown in animals susceptible to experimentally induced arthritis [162]. 
In adjuvant-induced arthritis, chronic activation of the HPA axis is seen 7–21 days 
after adjuvant injection, together with loss of circadian rhythm [163]. This chronic 
activation of the HPA axis was shown to be due to increased corticosterone secretion 
due to an increase in the pulse frequency of secretion in adjuvant-induced arthritis 
[164]. During this chronic activation of the HPA axis, rats with adjuvant-induced 
arthritis are incapable of mounting an HPA axis response to acute stress (such as 
noise) but are still able to respond to an acute immunological stress [165]. 
Adrenalectomy or glucocorticoid receptor blockade exacerbates the disease state 
and results in death or disease expression in surviving animals [139,166,167]. It has 
been suggested that mortality from such shock-like responses is due to the increased 
cytokine production that occurs in adrenalectomized animals exposed to 
proinflammatory stimuli [166,168]. 

In addition to the role of HPA axis dysregulation, a dual role for the sympathetic 
nervous system in animal models of RA has been suggested. Activation of 

norepinephrine or 
 of cAMP and 

β-adrenoceptors or A2 receptors by high concentrations of 
adenosine results in increased intracellular concentrations
anti-inflammatory responses, whereas activation of α2-adrenoceptors and A1 
receptors by low concentrations of norepinephrine or adenosine results in 
proinflammatory events, such as the release of substance P [169]. Consistent with 
this is the observation that β-adrenergic agonists attenuate RA in animal models 
[170,171]. Rolipram, an inhibitor of the PDE-IV phophodiesterase, an enzyme that 



degrades cAMP, has been shown reduce inflammation in several rodent models 
[170,172-174]. The effects of rolipram have also been suggested to be mediated by 
catecholamines [175] or by the stimulation of the adrenal and HPA axis [176,177]. 
There is also a loss of sympathetic nerve fibers during adjuvant-induced arthritis 
[178]. The peripheral natural anti-inflammatory agent, vasoactive intestinal peptide, 
has been shown to reduce the severity of arthritis symptoms in the mouse model of 
collagen-induced arthritis [179,180]. 

In addition to the sympathetic nervous system, the parasympathetic nervous system 
 in immune regulation. A role of the cholinergic parasympathetic is also important

nervous system in an animal model of RA was suggested because direct stimulation 
of the vagus nerve was shown to inhibit the inflammatory response [181]. Impairment 
of the cholinergic regulation also exacerbates an inflammatory response to adjuvant 
in the knees of rats [182]. 

Summary of animal model studies and therapeutic correlates 

Thus, animal models for arthritis have shown a role for the HPA axis, sympathetic, 
parasympathetic, and peripheral nervous systems. They have shown the necessity of 
endogenous glucocorticoids in regulating the immune response after exposure to 
antigenic or proinflammatory stimuli, and severity of inflammatory/autoimmune 
disease or mortality after removal of these endogenous glucocorticoids by 
adrenalectomy or GR blockade. Animal models have enabled genetic linkage 
studies, which have demonstrated the multigenic, polygenic nature of such 
inflammatory diseases with genes on more than 20 different chromosomes being 

arthritis. Finally, animal models have shown defects in the 

, blunted HPA axis responses have been 

linked to inflammatory 
sympathetic and parasympathetic nervous system in arthritis. These findings have 
led to the development and testing of novel therapies (see the penultimate section, 
'New therapies'). 

Human studies 

In humans, ovine CRH, hypoglycemia, or psychological stresses have been used to 
stimulate the HPA axis. In such studies
shown in a variety of autoimmune/inflammatory or allergic diseases such as allergic 
asthma and atopic dermatitis [183-186], fibromyalgia [187-190], chronic fatigue 
syndrome [188,189,191,192], Sjögren's syndrome [2,193], systemic lupus 
erythematosus [2,194], multiple sclerosis [195,196], and RA [1,197-202]. Conversely, 
chronic stimulation of the stress hormone response, such as experienced by 
caregivers of Alzheimer's patients, students taking examinations, couples during 

going extreme exercise, results in 
glucocorticoids, causing a shift from Th1 to Th2 immune 

marital conflict, and Army Rangers under
chronically elevated 
response, and is associated with an enhanced susceptibility to viral infection, 
prolonged wound healing, or decreased antibody production in response to 
vaccination [203-206]. 

Rheumatoid arthritis 

RA is more common in women than in men, with onset usually occurring between 
menarche and menopause [207,208]. However, the incidence of RA becomes much 
less gender specific in elderly men and women [207]. In women, RA activity is 
reduced during pregnancy but returns postpartum, suggesting a role for the 



hormones that are fluctuating at this time (cortisol, progesterone, and estrogen) in the 
regulation of RA activity [33,209-212]. 

Glucocorticoids have been used for therapy for RA since the 1950s [213,214], when 
the Nobel Prize was awarded for the discovery of this effect. They are effective 
because of their anti-inflammatory actions in the suppression of many inflammatory 
immune molecules and cells. In patients with RA, administration of glucocorticoids 
decreases the release of TNF-α into the bloodstream [215]; however, there are many 
debilitating side effects including weight gain, bone loss, and mood changes. 

The HPA axis in RA 

Human clinical studies are much more difficult to perform than animal models. 
However, some evidence exists supporting the involvement of the HPA axis in RA. 
Alterations in the diurnal rhythm of cortisol secretion have been documented in 
patients with RA [216,217]. An association between the cortisol diurnal cycle and 
diurnal variations in RA activity has been made, although it still remains to be 
determined whether this is cause or effect [218]. One of the most pertinent 
observations for the regulation of RA by endogenous cortisol comes from a study in 
which RA was exacerbated by inhibition of adrenal glucocorticoid synthesis by the 
11β-hydroxylase inhibitor metyrapone [219]. 

Several studies have looked for abnormalities in the HPA axis of patients with RA. In 
general, these point to an inappropriately low cortisol response. Subtle changes in 
cortisol responses have been reported in response to insulin-induced hypoglycemia 
[201]. However, another study, also using insulin-induced hypoglycemia, described a 

A [220blunted HPA axis in patients with R ]. In one study, lower cortisol responses to 
ients with RA compared with healthy controls and surgical stress were shown in pat

an inflammatory control group, whereas normal responses of ACTH and cortisol to 
ovine CRH were seen in the same patients [198]; however, these results are 
complicated by the steroid therapy that these patients were taking. Other studies 
have shown increased peripheral ACTH levels in patients with RA without increases 
in cortisol [221-223], whereas other studies have shown a normal HPA axis in 
patients with RA [200]. Some studies have suggested that, given the inflammatory 
state of RA, a normal cortisol response is in fact indicative of an under-responsive 
HPA axis [224,225]. It has become generally accepted that lower than normal cortisol 
responses to stimulation are characteristic of RA 
[169,197,201,216,221,223,225-227]. Most recently Straub and colleagues have 
shown that the most sensitive indicator of blunted HPA axis responsiveness in early, 
untreated PA is an inappropriately low ratio of cortisol to IL-6 in these subjects [228]. 

Such defects in the stress response system are in agreement with patients' 
descriptions of RA 'flare up' during stress [229], which are likely to be caused by 
imbalances of the neuroendocrine and immune systems induced by psychosocial 
stressors [230]. It is worth noting that psychosocial stress is important in RA disease 
activity [231-233]. However, this wi
reviews by Walker and colleagues [

ll not be reviewed here and readers are referred to 
234] and Herrmann and colleagues [235]. 

Glucocorticoid receptors in RA 

Quantification of the numbers of GRs by ligand binding studies has produced 
contrasting results. In one study, normal or even slightly elevated numbers of GRs in 



peripheral blood mononuclear cells (PBMCs) were seen in untreated patients with RA 
[236], whereas other studies have shown a decrease in the number of GR molecules 
in the lymphocytes of patients with RA in comparison with controls [237]. Others have 
also shown a downregulation of GR during early RA [238,239]. Recently, Neeck and 
colleagues, evaluating the expression of GR by immunoblot analysis, showed a 
higher expression of GR in untreated patients with RA in comparison with controls 
but a decreased GR expression in glucocorticoid-treated patients with RA in 
comparison with controls [202]. This has been confirmed by others [240]. A 
polymorphism in the 5' untranslated region of exon 9 of the GR gene, which is 
associated with enhanced stability of the dominant-negative spice variant, GRβ, has 
been shown in patients with RA [31]. Enhanced expression of GRβ has also been 

nt patients with RA [241shown in the PBMCs of steroid-resista ]. A polymorphism in 
bed as a susceptibility marker for RA in an the CRH gene has also been descri

indigenous South African population [242-244]. 

Other hormone measures in RA 

Patients with RA also show abnormalities in other endocrine hormones. Like other 
inflammatory diseases, they have been shown to have low serum androgen levels 
but unchanged serum estrogen levels [245-252]. Growth retardation is a 
phenomenon seen in juvenile RA [253], and an impairment of the GH axis has been 
shown in patients with active and remitted RA [220,225]. An increased expression of 
IGF-1-binding protein, resulting in a decreased concentration of free IGF-1, was also 
observed in patients with RA [254-256]. However, another study has attributed this 
difference in IGF-binding proteins to physical activity rather than inflammation [257]. 

An association between thyroid and rheumatoid disorders, such as RA and 
autoimmune thyroiditis, has been known for many years [258] although little is known 
about the thyroid involvement in RA. One study has shown that patients with RA 

 consequently lower free T3, than normal controls have increased free T4 levels, and
[259], although other studies were unable to confirm low levels in T3 patients with RA 
[260]. However, a higher incidence of thyroid dysfunction has been shown in women 
with RA [261,262]. 

Sympathetic nervous system in RA 

The extent to which the sympathetic nervous system is involved in human RA is 
unclear. In one study, a decreased number of β-adrenoceptors in the PBMCs and 
synovial lymphocytes of patients with RA was described, suggesting a shift to a 
proinflammatory state [263,264]. Regio
system in patients with RA has been des

nal blockade of the sympathetic nervous 
cribed to attenuate some of features of RA 

[265]. Others were unable to confirm this result but found defects in other aspects of 
this signaling pathway [266]. However, as in animal models, β-adrenergic agonists 
have been shown to attenuate RA in humans [267]. 

For the sympathetic nervous system to be able to modulate inflammation in RA it is 
necessary for the synovial tissue to be innervated by sympathetic nerve fibers. In 
patients with long-term RA there is a significant decrease in sympathetic nerve fibers 
but an increase in substance P-producing sensory nerve fibers [268,269], suggesting 
a decrease in the anti-inflammatory effects of the sympathetic nervous system and 
an increase in the proinflammatory effects of the peripheral nervous system. 



Peripheral neuropeptides in RA 

Consistent with these changes in peripheral and autonomic innervation in RA are 
findings of altered peripheral neuropeptides in RA. proinflammatory CRH is locally 
secreted in the synovium of patients with RA and at a lower level than in 
steoarthritis [199o ,270]. Human T lymphocytes have been shown to synthesize and 

271secrete CRH [ ]. Inflammation in chronic RA has also been shown to be 
 the μ-opioid-specific agonist morphine [272attenuated with ]. In animal models, 

infusion of substance P into the knee exacerbated RA [273]. 

Summary of hormonal findings in RA 

Studies of patients with RA are difficult to interpret and some might be tainted by a 
prior use of glucocorticoids used generally in the treatment of RA. However, these 
studies have generally shown a defect in cortisol secretion after HPA axis stimulation, 
decreased androgen levels, a blunted GH response, and dysregulation of the thyroid 
response. In addition there is evidence of an impaired response of the sympathetic 
nervous system and enhanced levels of the peripheral proinflammatory 
neuropeptides CRH and substance P. In some cases, a decrease in the number of 
GRs has been shown in RA, or reduced glucocorticoid sensitivity has been observed 
due to GRβ overexpression, which is consistent with relative glucocorticoid 
resistance in some patients. Furthermore, a polymorphism of the GRβ associated 
with the enhanced stability of that receptor has also been shown in RA [31]. It still 
remains to be fully determined whether these alterations in neuroendocrine pathways 
and receptors are involved in the pathogenesis of RA or whether they are a result of 
the inflammatory status of the disease. 

 

Conclusion 
The CNS and im
hormonal routes and molecular mechanism

mune system communicate through multiple neuroanatomical and 
s. The interactions between the 

neuroendocrine and immune systems provide a finely tuned regulatory system 
required for health. Disturbances at any level can lead to changes in susceptibility to, 
and severity of, autoimmune/inflammatory disease. A thorough understanding of the 
mecha and immune systems communicate at all levels will 
provide many new insights into the bidirectional regulation of these systems and the 
disrup hat lead to disease, and ultimately will inform 
new avenues of therapy for autoimmune/inflammatory disease. Animal models of 
arthritis have shown changes in both the HPA axis and the sympathetic nervous 
system . More importantly, these models have demonstrated the 
importance of endogenous glucocorticoids in the regulation of immunity and the 
pre une response. Furthermore, in both 
animals and humans, RA is associated with dysregulation of the HPA, HPT, HPG, 
and GH axes. There is also evidence of an impaired regulation of immunity by the 
sympa in glucocorticoid signaling. These 
principles are now being used to test novel therapies for RA based on addressing 
and co
 

nisms by which the CNS 

tions in these communications t

 during inflammation

vention of lethality from an uncontrolled imm

thetic nervous system and of defects 

rrecting the dysregulation of these neural and neuroendocrine pathways. 
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Abstract 

Inflammation and inflammatory responses are modulated by a bidirectional 
communication between the neuroendocrine and immune system. Many lines of 
research have established the numerous routes by which the immune system and 
the central nervous system (CNS) communicate. The CNS signals the immune 
system through hormonal pathways, including the hypothalamic–pituitary–adrenal 
axis and the hormones of the neuroendocrine stress response, and through neuronal 
pathways, including the a
hypothalamic–pituitary–gonadal axis and sex hormones also have an important 
immunoregulatory role. The immune system signals the CNS through immune 
mediators and cytokines that can cross the blood–brain barrier, or signal indirectly 
through the vagus nerve or second messengers. Neuroendocrine regulation of 
immune function is essential for survival during stress or infection and to modulate 
immune responses in inflammatory disease. This review discusses neuroimmune 
interactions and evidence for the role of such neural immune regulation of 
inflammation, rather than a discussion of the individual inflammatory m
rheumatoid arthritis. 

 

Introduction 

The inflammatory 
between the brain and the immune systems. This involves hormonal and neuronal 
mechanisms by which the brain regulates the function of the immune system and, in 
the reverse, cytokines, which allow the immune system to regulate the brain. In a 
healthy individual this bidirectional regulatory system forms a negative feedback loop, 
which keeps the immune system
P

of the immune system and increased susceptibility to infe
of research have recently 
system and the CNS
systems an
rheumatoid
pathways in RA and other inflammatory diseases, see reviews by Eijsbouts and 



Murphy [1], Crofford [2], and Imrich [3]. 

There are two major pathways by which the CNS regulates the immune system: the 
first is the hormonal response, mainly through the hypothalamic–pituitary–adrenal 
(HPA) axis, as well as the hypothalamic–pituitary–gonadal (HPG), the 
hypothalamic–pituitary–thyroid (HPT) and the hypothalamic–growth-hormone axes; 
the second is the autonomic nervous system, through the release of norepinephrine 
(noradrenaline) and acetylcholine from sympathetic and parasympathetic nerves. In 
turn, the immune system can also regulate the CNS through cytokines. 

Conversely, cytokines released in the periphery change brain function, whereas 
cytokines produced within the CNS act more like growth factors. Thus, cytokines 
produced at inflammatory sites signal the brain to produce sickness-related behavior 
including depression and other symptoms such as fever [4-7]. In addition, cytokines 
produced locally exert paracrine/autocrine effects on hormone secretion and cell 
proliferation [8,9]. 

The interactions between the neuroendocrine and immune systems provide a finely 
tuned regulatory system required for health. Disturbances at any level can lead to 
changes in susceptibility to or severity of infectious, inflammatory or autoimmune 
diseases. 

 

Regulation of the immune system by the CNS 

Hormonal pathways 

HPA axis 

On stimulation, corticotropin-releasing hormone (CRH) is secreted from the 
paraventricular nucleus of the hypothalamus into the hypophyseal portal blood 
supply. CRH then stimulates the expression and release of adrenocorticotropin 
(ACTH) from the anterior pituitary gland. Arginine vasopressin (AVP) synergistically 
enhances CRH-stimulated ACTH release [10,11] ACTH in turn induces the 
expression and release of glucocorticoids from the adrenal glands. 

Glucocortic
expression

oids regulate a wide variety of immune-related genes and immune cell 
 and function. For example, glucocorticoids modulate the expression of 

cytokines, adhesion molecules, chemoattractants and other inflammatory mediators 
and molecules and affect immune cell trafficking, migration, maturation, and 
differentiation [12,13]. Glucocorticoids cause a Th1 (cellular immunity) to Th2 
(humoral immunity) shift in the immune response, from a proinflammatory cytokine 
pattern with increased interleukin (IL)-1 and tumor necrosis factor (TNF)-α to an 
anti-inflammatory cytokine pattern with increased IL-10 and IL-4 [14,15]. 
Pharmacological doses and preparations of glucocorticoids cause a general 
suppression of the immune system, whereas physiological doses and preparations of 
glucocorticoids are not completely immunosuppressive but can enhance and 
specifically regulate the immune response under certain circumstances. For example, 
physiological concentrations of natural glucocorticoids (i.e. corticosterone) stimulate 
delayed-type hypersensitivity reactions acutely, whereas pharmacological 
preparations (i.e. dexamethasone) are immunosuppressive [16]. 



Glucocorticoids exert these immunomodulatory effects through a cytosolic receptor, 
the glucocorticoid receptor (GR). This is a ligand-dependent transcription factor that, 
after binding of the ligand, dissociates from a protein complex, dimerizes, and 
translocates to the nucleus, where it binds to specific DNA sequences (glucocorticoid 
response elements) to regulate gene transcription [17]. GR can also interfere with 
other signaling pathways, such as nuclear factor (NF)-κB and activator protein-1 

echanisms that most of the 
[18-21

(AP-1), to repress gene transcription; it is through these m
anti-inflammatory actions are mediated ]. A splice variant of GR, GRβ, that is 
unable to bind ligand but is able to bind to DNA and cannot activate gene 
transcription [22] (although this is still under some dispute), has been suggested to 
be able to act as a dominant repressor of GR [23,24]. Increased GRβ expression has 
been shown in several inflammatory diseases including asthma [25-28], inflammatory 
bowel disease/ulcerative colitis [29,30], and RA [31]. 

HPG axis 

In addition to the HPA axis, other central hormonal systems, such as the HPG axis 
and in particular estrogen, also modulate the immune system [32]. In general, 
physiological concentrations of estrogen enhance immune responses [33,34] 
whereas physiological concentrations of androgens, such as testosterone and 
dehydroepiandrosterone (DHEA), are immunosuppressive [34]. Females of all 
species exhibit a greater risk of developing many autoimmune/inflammatory 
diseases, such as systemic lupus erythematosus, RA and multiple sclerosis, ranging 
from a 2-fold to a 10-fold higher risk compared with males [35,36]. Animal models 
have provided evidence for the importance of in vivo modulation of the immune 
system by the estrogen receptors [37,38]. Knockout mouse models indicate that both 
estrogen receptors α and β are important for thymus development and atrophy in a 
gender-specific manner [39]. 

In contrast, immune stress, such as occurs during inflammation, has an inhibitory 
effect on the HPG axis and thus gonadal function is reduced in conditions associated 
with severe inflammation such as sepsis and trauma. This effect is mediated either 
through a direct cytokine effect on hypothalamic neurons secreting luteinizing 
hormone releasing hormone [40,41] or through other factors such as CRH [42,43] 
and endogenous opioids [44]. Cytokines also affect gonadal sex steroid production 
by acting directly on the gonads [45]. 

Hypothalamic–growth-hormone axis 

Growth hormone (GH) is a modulator of the immune system [46,47]. The effects of 
GH are mediated primarily through insulin-like growth factor-1 (IGF-1). GH and IGF-1 
have been shown to modulate the immune system by inducing the survival and 
proliferation of lymphoid cells [48], leading some to suggest that GH functions as a 
cytokine [49]. Thus, immune cells including T and B lymphocytes [50] and 
mononuclear cells [51] express IGF-1 receptor. After binding to these receptors, GH 
activates the phosphoinositide 3-kinase/Akt and NF-κB signal transduction pathways, 
leading to the expression of genes involved in the cell cycle. The NF-κB pathway is 
also important in immunity, and therefore some of the GH effects on the immune 
system might be mediated through this signal transduction pathway [49]. However, 
the role of GH in regulation of the immune system is somewhat controversial. Studies 
in GH knockout animals have shown that this hormone is only minimally required for 
immune function [52], leading to an alternative hypothesis in which the primary role of 



GH is proposed to be protection from the immunosuppressive effects of 
glucocorticoids during stress [53]. 

GH might also modulate immune function indirectly by interacting with other 
hormonal systems. Thus, short-term increases in glucocorticoids increase GH 
production [54], whereas long-term high doses result in a decrease in the 
hypothalamic–GH axis and even growth impairment [55]. Conversely, prolonged HPA 
axis activation and resultant excessive glucocorticoid production, as occurs during 
chronic stress, also inhibits the hypothalamic–GH axis [56-58]. Consistent with this is 
the observation that children with chronic inflammatory disease exhibit growth 
retardation. During the early phase of inflammatory reactions, the concentration of 

n spite of an initial rise in GH secretion, GH action is reduced 
e induced by inflammation. IL-1α initially 

GH is increased. I
because of GH and IGF-1 resistanc
stimulates GH [59], but subsequently inhibits its secretion [60]. 

HPT axis 

As with the interaction between the HPA axis and the immune system, there is a 
bidirectional interaction between the HPT axis and immune system [61]. The HPT 
axis has an immunomodulatory effect on most aspects of the immune system. 
Thyrotropin-releasing hormone (TRH), thyroid-stimulating hormone (TSH), and the 
thyroid hormones triiodothyronine (T3) and thyroxine (T4) all have stimulatory effects 
on immune cells [62-64]. As for GH, the role of thyroid hormones in the regulation of 
immunity is somewhat controversial, and for the same reasons the alternative 
hypothesis of protection from the immunosuppressive effects of glucocorticoids has 
also been suggested for thyroid hormones [53]. Inflammation inhibits TSH secretion 
because of the inhibitory effect of cytokines on TRH [62]. IL-1 has been shown to 
suppress TSH secretion [59], whereas IL-2 has been shown to stimulate the 
pituitary–thyroid axis [65]. IL-6 and its receptor have been shown to be involved in 
developing euthyroid sick syndrome in patients with acute myocardial infarction [66]. 

In addition to direct effects of thyroid hormones on immune response, there is also 
interaction between the HPA and HPT axes. Hyperthyroid and hypothyroid states in 
rats have been shown to alter responses of the HPA axis, with hypothyroidism 
resulting in a reduced HPA axis response and hyperthyroidism resulting in an 
increased HPA axis response [67]. In agreement with this, administration of 

yroid state, has been shown to activate the HPA axis 
otective against an inflammatory challenge in rats [68

thyroxine, inducing a hyperth
and be pr ], and hypothyroidism 
has been shown to cause a reduction in CRH gene expression [69]. Chronic HPA 
axis activation also represses TSH production and inhibits the conversion of inactive 
T4 to the active T3 [70]. 

Neural pathways 

Sympathetic nervous system 

The sympathetic nervous system regulates the immune system at regional, local, and 
cluding thymus, spleen, and lymph nodes are systemic levels. Immune organs in

innervated by sympathetic nerves [71-73]. Immune cells also express 
neurotransmitter receptors, such as adrenergic receptors on lymphocytes, that allow 
them to respond to neurotransmitters released from these nerves. 



Catecholamines inhibit production of proinflammatory cytokines, such as IL-12, 
TNF-α, and interferon-γ, and stimulate the production of anti-inflammatory cytokines, 
such as IL-10 and transforming growth factor-β [15]. Through this mechanism, 
systemic catecholamines can cause a selective suppression of Th1 responses and 
enhance Th2 responses [15,74]. However, in certain local responses and under 
certain conditions, catecholamines can enhance regional immune responses by 
inducing the production of IL-1, TNF-α, and IL-8 [75]. Interruption of sympathetic 
innervation of immune organs has been shown to modulate the outcome of, and 
susceptibility to, inflammatory and infectious disease. Denervation of lymph node 
noradrenergic fibers is associated with exacerbation of inflammation [76,77], whereas 
systemic sympathectomy or denervation of joints is associated with decreased 
severity of inflammation [77].
early development (β2AR-/- mi

 However, mice lacking β2-adrenergic receptor from 
ce) maintain their immune homeostasis [78]. Therefore, 

dual activation of the sympathetic nervous system and HPA axis is required for full 
modulation of host defenses to infection [16,79]. 

Opioids 

Opioids suppress many aspects of immune responses, including antimicrobial 
ody production, and delayed-type hypersensitivity. This occurs in 
desensitization of chemokine receptors on neutrophils, monocytes, 

resistance, antib
part through the 
and lymphocytes [80,81]. Morphine decreases mitogen responsiveness and natural 
killer cell activity [82-86]. In addition to these direct effects, morphine could also affect 
immune responses indirectly through adrenergic effects, because it increases 
concentrations of catecholamines in the plasma [87]. 

Parasympathetic nervous system 

Activation of the parasympathetic nervous system results in the activation of 
he release of acetylcholine 
sensory nerve fibers of the 

 (discussed below) this forms the so-called 'inflammatory reflex'. This is a 
rapid mechanism by which inflammatory signals reach the brain; the brain responds 

cholinergic nerve fibers of the efferent vagus nerve and t
at the synapses. Together with the inflammation-activated 
vagus nerve

with a rapid anti-inflammatory action through cholinergic nerve fibers [88]. 

Acetylcholine attenuates the release of proinflammatory cytokines (TNF, IL-1β, IL-6, 
and IL-18) but not the anti-inflammatory cytokine IL-10, in 
lipopolysaccharide-stimulated human macrophage cultures through the 
post-transcriptional suppression of protein synthesis. This effect seems, at least in 
part, to be independent of the HPA axis, because direct electrical stimulation of the 
peripheral vagus nerve does not stimulate the HPA axis but decreases hepatic 
lipopolysaccharide-stimulated TNF synthesis and the development of shock during 
lethal endotoxemia [89]. 

Peripheral nervous system 

The peripheral nervous system regulates immunity locally, at sites of inflammation, 
through neuropeptides such as substance P, peripherally released CRH, and 
vasoactive intestinal polypeptide. These molecules are released from nerve endings 
or synapses, or they may be synthesized and released by immune cells and have 
immunomodulatory and generally proinflammatory effects [90-92]. 



Neuropeptides 

The HPA axis is also subject to regulation by both neurotransmitters and 
neuropeptides from within the CNS. CRH is positively regulated by serotonergic 
[93-95], cholinergic [96,97], and catecholaminergic [98] systems. Other 
neuropeptides, such as γ-aminobutyric acid/benzodiazepines (GABA/BZD) have 
been shown to inhibit the serotonin-induced secretion of CRH [99]. 

 

Regulation of the CNS by the immune system 

Cytokines 

Cytokines are important factors connecting and modulating the immune and 
neuroendrocrine systems. Cytokines and their receptors are expressed in the 
neuroendocrine system and exert their effects both centrally and peripherally 
[100-102]. 

Systemic cytokines can affect the brain through several mechanisms, including active 
transport across the blood–brain barrier [103], through leaky areas in the blood–brain 
barrier in the circumventricular organs [104] or through the activation of neural 

h as the vagal nerve [105pathways suc ]. The blood–brain barrier is absent or 
imperfect in several small areas of the brain, the so-called circumventricular organs, 
which are located at various sites within the walls of the cerebral ventricles. These 
include the median eminence, the organum vasculosum of the laminae terminalis 
(OVLT), the subfornical organ, the choroid plexus, the neural lobe of the pituitary, and 
the area postrema. In addition, in the presence of inflammation, the permeability of 
the blood–brain barrier might be generally altered [106-108]. Moreover, circulating 
IL-1 can interact with IL-1 receptors on endothelial cells of the vasculature and 
thereby stimulate signaling molecules such as nitric oxide or prostaglandins, which 
can locally influence neurons [109]. 

Cytokines signal the brain not only to activate the HPA axis but also to facilitate pain 
and induce a series of mood and behavioral responses generally termed sickness 
behavior [110,111]. Cytokines, such as IL-1, IL-6, and TNF-α, are also produced in 
the brain [112-114]. Thus, these brain-derived cytokines can stimulate the HPA axis. 

mple, IL-1 stimulates the expression of the gene encoding CRH and thereby 
e release of the hormone from the hypothalamus [115

For exa
th ], the release of AVP from the 
hypothalamus [116], and the release of ACTH from the anterior pituitary [117]. IL-2 
stimulates AVP secretion from the hypothalamus [118]. IL-6 [119] and TNF-α [120] 
also stimulate ACTH secretion. In chronic inflammation there seems to be a shift from 
CRH-driven to AVP-driven HPA axis response [121]. 

However, in contrast to these effects of peripheral cytokines on neuroendocrine 
responses in the CNS, cytokines produced within the brain by resident glia or 
invading immune cells act more like growth factors protecting from or enhancing 

th. Cytokines might therefore have a pathological consequence, 
mediated neuronal cell death is thought to be important in several 

neuronal cell dea
because cytokine-
neurodegenerative diseases such as neuroAIDS, Alzheimer's disease, multiple 
sclerosis, stroke, and nerve trauma [100-102]. In contrast, activated immune cells 
and cytokines might also protect neuronal survival after trauma and contribute to 



neural repair [122]. 

Vagus nerve 

The vagus nerve is involved in signaling of the CNS to the immune system. The 
vagus innervates most visceral structures such as the lung and the gastrointestinal 
tract, where there may be frequent contact with pathogens. Immune stimuli activate 
vagal sensory neurons, possibly after binding to receptors in cells in paraganglial 
structures [123-126]. Administration of endotoxins and IL-1 has been shown to 
induce Fos expression in the vagal sensory ganglia, and vagotomy abolishes this 
early activation gene response [124-126]. Vagal afferents terminate in the dorsal 
vagal complex of the caudal medulla, which consists of the area postrema, the 
nucleus of the solitary tract, and the dorsal motor nucleus of the vagus. These nuclei 
integrate sensory signals and control visceral reflexes, and also relay visceral 
sensory information to the central autonomic network [127]. Subdiaphragmatic 
vagotomy inhibits activation of the paraventricular nucleus and subsequent secretion 
of ACTH in response to lipopolysccharides and IL-1 [128,129]. 

 

Correlation between blunted HPA axis and disease 

A blunted HPA axis has been associated with increased susceptibility to 
autoimmune/inflammatory disease in a variety of animal models and human studies. 
In general, at the baseline the HPA axis parameters do not differ in individuals 
susceptible and resistant to inflammatory disease. However, differences become 
apparent with stimulation of the axis. 

Animal models 

A blunted HPA axis has been associated with susceptibility to 
autoimmune/inflammatory diseases in several animal models. These include the 
Obese strain (OS) chickens, a model for thyroiditis [130]; MRL mice, which develop 
lupus [131]; and Lewis (LEW/N) rats. A region on rat chromosome 10 that links to the 
innate carrageenan inflammation [132] is syntenic with a region on human 
chromosome 17 that is known to link to susceptibility to a variety of autoimmune 
diseases [133] and is also syntenic with one of the 20 different regions on 15 different 

k to inflammatory arthritis in other linkage studies chromosomes shown to lin
[134-136]. Several candidate genes within the rat chromosome 10 linkage region are 
known to have a role in hypothalamic CRH regulation as well as inflammation, 
including the CRH R1 receptor, angiotensin-converting enzyme, and STAT3 and 
STAT5a/5b [132]. However, these candidate genes either show no mutation in the 
coding region and no differences in regulation between susceptible and resistant 
strains, or show a mutation in the coding region that does not seem to have a role in 
expression of the inflammatory trait [137]. As in most complex illnesses and traits, the 
genotypic contribution to variance in the trait is small: about 35%, which is consistent 
with such multigenic and polygenic conditions. 

Inbred rat strains provide a genetically uniform system that can be systemically 
manipulated to test the role of neuro-endocrine regulation of various aspects of 
immunity. Lewis (LEW/N) rats are highly susceptible to the development of a wide 
range of autoimmune diseases in response to a variety of proinflammatory/antigenic 



stimuli. Fischer (F344/N) rats are relatively resistant to development of these 
illnesses after exposure to the same dose of antigens or proinflammatory stimuli. 
These two strains also show related differences in HPA axis responsiveness. The 
inflammatory-susceptible LEW/N rats exhibit a blunted HPA axis response, compared 
with inflammatory-resistant F344/N rats with an exaggerated HPA axis response 
[138-140]. Differences in the expression of hypothalamic CRH [141], 
pro-opiomelanocortin, corticosterone-binding globulin [142] and glucocorticoid 
expression and activation [143,144] have been shown in these two rat strains. 

Disruptions of the HPA axis in inflammatory resistant animals, through genetic, 
surgical, or pharmacological interventions, have been shown to be associated with 
enhanced susceptibility to, or increased severity of, inflammatory disease 
[139,145-148]. Reconstitution of the HPA axis in these inflammatory-susceptible 
animals, either pharmacologically with glucocorticoids or surgically by intracerebral 
fetal hypothalamic tissue transplantation, has been shown to attenuate inflammatory 
disease [139,149]. 

Animal models of arthritis 

Several animal models exist for RA in rodents. Lewis rats develop arthritis in 
response to streptococcal cell walls [138,139], heterologous (but not homologous) 
type II collagen in incomplete Freund's adjuvant (IFA) [150], and various adjuvant oils 
– including mycobacteria (MTB-AIA) [109], pristine [151], and avridine, but not IFA 
alone [152]. Inbred dark Agouti (DA) rats develop arthritis in response to 
heterologous and homologous type II collagen in IFA [153-156], cartilage oligomeric 
matrix protein [109], MTB-AIA [152], pristine, avridine [157], and ovalbumin-induced 
arthritis. DBA mice develop arthritis in response to type II collagen in complete 
Freund's adjuvant [158,159]. For specific reviews on animal models for RA, refer to 
reviews by Morand and Leech [160] and Joe and Wilder [161]. 

A premorbid blunting of normal diurnal corticosterone levels in both Lewis and DA 
rats has been shown in animals susceptible to experimentally induced arthritis [162]. 
In adjuvant-induced arthritis, chronic activation of the HPA axis is seen 7–21 days 
after adjuvant injection, together with loss of circadian rhythm [163]. This chronic 
activation of the HPA axis was shown to be due to increased corticosterone secretion 
due to an increase in the pulse frequency of secretion in adjuvant-induced arthritis 
[164]. During this chronic activation of the HPA axis, rats with
arthritis are incapable of mounting an HPA axis response to acute stress (such as 

 adjuvant-induced 

noise) but are still able to respond to an acute immunological stress [165]. 
Adrenalectomy or glucocorticoid receptor blockade exacerbates the disease state 
and results in death or disease expression in surviving animals [139,166,167]. It has 
been suggested that mortality from such shock-like responses is due to the increased 
cytokine production that occurs in adrenalectomized animals exposed to 
proinflammatory stimuli [166,168]. 

In addition to the role of HPA axis dysregulation, a dual role for the sympathetic 
nervous system in animal models of RA has been suggested. Activation of 
β-adrenoceptors or A2 receptors by high concentrations of norepinephrine or 
adenosine results in increased intracellular concentrations of cAMP and 
anti-inflammatory responses, whereas activation of α -adrenoceptors and A1 
receptors by low concentrations of 

2
norepinephrine or adenosine results in 

proinflammatory events, such as the release of substance P [169]. Consistent with 



this is the observation that β-adrenergic agonists attenuate RA in animal models 
[170,171]. Rolipram, an inhibitor of the PDE-IV phophodiesterase, an enzyme that 
degrades cAMP, has been shown reduce inflammation in several rodent models 
[170,172-174]. The effects of rolipram have also been suggested to be mediated by 
catecholamines [175] or by the stimulation of the adrenal and HPA axis [176,177]. 
There is also a loss of sympathetic nerve fibers during adjuvant-induced arthritis 
[178]. The peripheral natural anti-inflammatory agent, vasoactive intestinal peptide, 
has been shown to reduce the severity of arthritis symptoms in the mouse model of 
collagen-induced arthritis [179,180]. 

In addition to the sympathetic nervous system, the parasympathetic nervous system 
is also important in immune regulation. A role of the cholinergic parasympathetic 
nervous system in an animal model of RA was suggested because direct stimulation 
of the vagus nerve was shown to inhibit the inflammatory response [181]. Impairment 
of the cholinergic regulation also exacerbates an inflammatory response to adjuvant 
in the knees of rats [182]. 

of these endogenous glucocorticoids by 

Summary of animal model studies and therapeutic correlates 

Thus, animal models for arthritis have shown a role for the HPA axis, sympathetic, 
parasympathetic, and peripheral nervous systems. They have shown the necessity of 
endogenous glucocorticoids in regulating the immune response after exposure to 
antigenic or proinflammatory stimuli, and severity of inflammatory/autoimmune 
disease or mortality after removal 
adrenalectomy or GR blockade. Animal models have enabled genetic linkage 
studies, which have demonstrated the multigenic, polygenic nature of such 
inflammatory diseases with genes on more than 20 different chromosomes being 
linked to inflammatory arthritis. Finally, animal models have shown defects in the 
sympathetic and parasympathetic nervous system in arthritis. These findings have 
led to the development and testing of novel therapies (see the penultimate section, 
'New therapies'). 

Human studies 

In humans, ovine CRH, hypoglycemia, or psychological stresses have been used to 
stimulate the HPA axis. In such studies, blunted HPA axis responses have been 
shown in a variety of autoimmune/inflammatory or allergic diseases such as allergic 
asthma and atopic dermatitis [183-186], fibromyalgia [187-190], chronic fatigue 
syndrome [188,189,191,192], Sjögren's syndrome [2,193], systemic lupus 
erythematosus [2,194], multiple sclerosis [195,196], and RA [1,197-202]. Conversely, 
chronic stimulation of the stress hormone response, such as experienced by 
caregivers of Alzheimer's patients, students taking examinations, couples during 
marital conflict, and Army Rangers undergoing extreme exercise, results in 
chronically elevated glucocorticoids, causing a shift from Th1 to Th2 immune 
response, and is associated with an enhanced susceptibility to viral infection, 
prolonged wound healing, or decreased antibody production in response to 
vaccination [203-206]. 

Rheumatoid arthritis 

RA is more common in women than in men, with onset usually occurring between 
menarche and menopause [207,208]. However, the incidence of RA becomes much 



less gender specific in elderly men and women [207]. In women, RA activity is 
reduced during pregnancy but returns postpartum, suggesting a role for the 
hormones that are fluctuating at this time (cortisol, progesterone, and estrogen) in the 
regulation of RA activity [33,209-212]. 

Glucocorticoids have been used for therapy for RA since the 1950s [213,214], when 
the Nobel Prize was awarded for the discovery of this effect. They are effective 
because of their anti-inflammatory actions in the suppression of many inflammatory 
immune molecules and cells. In patients with RA, administration of glucocorticoids 
decreases the release of TNF-α into the bloodstream [215]; however, there are many 
debilitating side effects including weight gain, bone loss, and mood changes. 

The HPA axis in RA 

Human clinical studies are much more difficult to perform than animal models. 
However, some evidence exists supporting the involvement of the HPA axis in RA. 
Alterations in the diurnal rhythm of cortisol secretion have been documented in 
patients with RA [216,217]. An association between the cortisol diurnal cycle and 
diurnal variations in RA activity 
determined whether this is cause or effect [

has been made, although it still remains to be 
218]. One of the most pertinent 

observations for the regulation of RA by endogenous cortisol comes from a study in 
which RA was exacerbated by inhibition of adrenal glucocorticoid synthesis by the 
11β-hydroxylase inhibitor metyrapone [219]. 

Several studies have looked for abnormalities in the HPA axis of patients with RA. In 
general, these point to an inappropriately low cortisol response. Subtle changes in 
cortisol responses have been reported in response to insulin-induced hypoglycemia 
[201]. However, another study, also using insulin-induced hypoglycemia, described a 
blunted HPA axis in patients with RA [220]. In one study, lower cortisol responses to 
surgical stress were shown in patients with RA compared with healthy controls and 
an inflammatory control group, whereas normal responses of ACTH and cortisol to 
ovine CRH were seen in the same patients [198]; however, these results are 
complicated by the steroid therapy that these patients were taking. Other studies 
have shown increased peripheral ACTH levels in patients with RA without increases 
in cortisol [221-223], whereas other studies have shown a normal HPA axis in 
patients with RA [200]. Some studies have suggested that, given the inflammatory 
state of RA, a normal cortisol response is in fact indicative of an under-responsive 
HPA axis [224,225]. It has become generally accepted that lower than normal cortisol 
responses to stimulation are characteristic of RA 
[169,197,201,216,221,223,225-227]. Most recently Straub and colleagues have 
shown that the most sensitive indicator of blunted HPA axis responsiveness in early, 
untreated PA is an inappropriately low ratio of cortisol to IL-6 in these subjects [228]. 

Such defects in the stress response system are in agreement with patients' 
descriptions of RA 'flare up' during stress [229], which are likely to be caused by 
imbalances of the neuroendocrine and immune systems induced by psychosocial 
stressors [230]. It is worth noting that psychosocial stress is important in RA disease 
activity [231-233]. However, this will not be reviewed here and readers are referred to 
reviews by Walker and colleagues [234] and Herrmann and colleagues [235]. 



Glucocorticoid receptors in RA 

Quantification of the numbers of GRs by ligand binding studies has produced 
contrasting results. In one study, normal or even slightly elevated numbers of GRs in 

MCs) were seen in untreated patients with RA peripheral blood mononuclear cells (PB
[236], whereas other studies have shown a decrease in the number of GR molecules 
in the lymphocytes of patients with RA in comparison with controls [237]. Others have 
also shown a downregulation of GR during early RA [238,239]. Recently, Neeck and 
colleagues, evaluating the expression of GR by immunoblot analysis, showed a 
higher expression of GR in untreated patients with RA in comparison with controls 
but a decreased GR expression in glucocorticoid-treated patients with RA in 
comparison with controls [202]. This has been confirmed by others [240]. A 
polymorphism in the 5' untranslated region of exon 9 of the GR gene, which is 
associated with enhanced stability of the dominant-negative spice variant, GRβ, has 
been shown in patients with RA [31]. Enhanced expression of GRβ has also been 
shown in the PBMCs of steroid-resistant patients with RA [241]. A polymorphism in 
the CRH gene has also been described as a susceptibility marker for RA in an 
indigenous South African population [242-244]. 

Other hormone measures in RA 

Patients with RA also show abnormalitie
inflammatory diseases, they have 

s in other endocrine hormones. Like other 
been shown to have low serum androgen levels 

but unchanged serum estrogen levels [245-252]. Growth retardation is a 
phenomenon seen in juvenile RA [253], and an impairment of the GH axis has been 
shown in patients with active and remitted RA [220,225]. An increased expression of 
IGF-1-binding protein, resulting in a decreased concentration of free IGF-1, was also 
observed in patients with RA [254-256]. However, another study has attributed this 
difference in IGF-binding proteins to physical activity rather than inflammation [257]. 

An association between thyroid and rheumatoid disorders, such as RA and 
for many years [258autoimmune thyroiditis, has been known ] although little is known 
ne study has shown that patients with RA about the thyroid involvement in RA. O

have increased free T4 levels, and consequently lower free T3, than normal controls 
[259], although other studies were unable to confirm low levels in T3 patients with RA 
[260]. However, a higher incidence of thyroid dysfunction has been shown in women 
with RA [261,262]. 

Sympathetic nervous system in RA 

The extent to which the sympathetic nervous system is involved in human RA is 
unclear. In one study, a decreased number of β-adrenoceptors in the PBMCs and 
synovial lymphocytes of patients with RA was described, suggesting a shift to a 
proinflammatory state [263,264]. Regional blockade of the sympathetic nervous 
system in patients with RA has been described to attenuate some of features of RA 
[265]. Others were unable to confirm this result but found defects in other aspects of 
this signaling pathway [266]. However, as in animal models, β-adrenergic agonists 
have been shown to attenuate RA in humans [267]. 

or the sympathetic nervous system to be able to modulate inflammation in RA it is 
necessary for the synovial tissue to be innervated by sympathetic nerve fibers. In 
patients with long-term RA there is a significant decrease in sympathetic nerve fibers 

F



but an increase in substance P-producing sensory nerve fibers [268,269], suggesting 
cts of the sympathetic nervous system and a decrease in the anti-inflammatory effe

an increase in the proinflammatory effects of the peripheral nervous system. 

Peripheral neuropeptides in RA 

Consistent with these changes in peripheral and autonomic innervation in RA are 
findings of altered peripheral neuropeptides in RA. proinflammatory CRH is locally 
secreted in the synovium of patients with RA and at a lower level than in 
osteoarthritis [199,270]. Human T lymphocytes have been shown to synthesize and 
secrete CRH [271]. Inflammation in chronic RA has also been shown to be 
attenuated with the μ-opioid-specific agonist morphine [272]. In animal models, 
infusion of substance P into the knee exacerbated RA [273]. 

Summary of hormonal findings in RA 

Studies of patients with RA are difficult to interpret and some might be tainted by a 
prior use of glucocorticoids used generally in the treatment of RA. However, these 
studies have generally shown a defect in cortisol secretion after HPA axis stimulation, 
decreased androgen levels, a blunted GH response, and dysregulation of the thyroid 
response. In addition there is evidence of an impaired response of the sympathetic 
nervous system and enhanced levels of the peripheral proinflammatory 
neuropeptides CRH and substance P. In some cases, a decrease in the number of 
GRs has been shown in RA, or reduced glucocorticoid sensitivity has been observed 
du on, which is consistent with relative glucocorticoid 
res  Furthermore, a polymorphism of the GRβ associated 
with the enhanced stability of that receptor has also been shown in RA [31

e to GRβ overexpressi
istance in some patients.

]. It still 
remains to be fully determined whether these alterations in neuroendocrine pathways 
and receptors are involved in the pathogenesis of RA or whether they are a result of 
the inf mma
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UMMARY: 
 
 
 I have spent a life time trying to build an educational system and a 
program to make health care more available the Nelson Method of 
medicine is as follows.        
 
1. Reduce the Causes of Disease 
2. Repair the organs weakened by the Causes 
3. Unblock the Blockages to energy, nutrition, Oxygen, waste FLOW 
4. Treat the symptoms with natural means before resorting to Synthetic 
5. Balance the metabolic typing or constitutional imbalances    
 

e nTh ext step is to design a system to work with the body electric. A 
system to use the advances in science such as electronics, fractal 
chaos and Quantum Electro Dynamics. A new style of much more 
modern medicine. A device to find disease at the earliest level and 
reduce it.  
I have been able to make such a machine in 1985, legalize it in 1989, 
sell it around the world in compliance fashion. It is completely tested, 
safe, completely tested, and effective. It works and it he
many different ways. There have been over one 
published on the Device the EPFX / SCIO.  
 The frustration of lack of education and the lack of opportunity it 
conveys, leads m
crime. Addiction develops and spreads. Equal Economic Education 
will also help the society reduce degenerative disease and the costs it 
incurs. As well as when there is better education there will be 
intelligent selection of foods and the ability to resist drugs.  
 
 I have dedicated my life to helping reduce degenerative disease. If 
we can 



just how the medical community fights any change. I have dedicated my 
fe and intellect to make a new system of medicine and the tools to do it 
ith a system that is safe and effective.  But instead of me being 

ls you will see incredible 
results. As you read these testimonials, these stories, recognize that this 

f the iceberg. Is that we have been hearing these stories for 
 wondrous stories of how people’s lives have been 

egenerative disease we must  

2. Make Big Sugar pay for the damages they incur 

ite processed. Eat Good Sugars from fresh 
Avoid bad oils cooked or saturated. Eat good oils from fresh 

based on natural 

 
ese social changes degenerative disease could be so greatly 

li
w
applauded for the work that I have done, I am attacked. I am vilified.  
 As you read the EPFX / SCIO testimonia

is the tip o
20 years. The
changed.  
 So to end d
1. Make Big Tobacco pay for the damages they incur 

3. Make Big Pharma pay for the damages they incur 
4. End Allopathic philosophy and develop a new stressor reducing 
based medicine 
5. Avoid Bad sugars wh
fruit, 
and raw vegetable and uncooked low temperature made oils. 
6. Equal Economic Education- and  a new medical education 

  7. Safe forms of early intervention medicine such as energetic 
biofeedback 
 

 

With th
reduced to allow for an inexpensive medicine. 
 

WWW Sources 

1) Mind/Body Medicine  

2)Mayo Clinic-- Stress  

3)Psychosomatic Medicine  

4) Center for the Advancement of Health  

5) Alternative Therapies  



6) Lexis-Nexis search: Kutz, Borysenko, and Benson. "Meditation and Psychotherapy: A 
Rationale for the Integration of Dynamic Psychotherapy, the Relaxation Response, and 
Mindfulness Meditation". American Journal of Psychiatry, Jan. 1985; 142:1-8.  

7) Physiological Response to Humor  

8) Hypnosis  

9) Lexis-Nexis search: Ader, Cohen, and Felten. "Psychoneuroimmunology: interactions 
between the nervous system and the immune system". Lancet, Jan. 14, 1995; 345(8942): 
99-103.  

10) Lexis-Nexis search: Mahaney, Francis. "Psychoneuroimmunology: Can the Brain and 
Immune System Communicate?" Journal of the National Cancer Institute, May 2, 
1990;82:738-739.  

11)Rossi, E.L. "The Psychobiology of Mind-Body Healing". Norton & Co., Inc.: New York, 

Endnotes 

nfection  

ske-Kirschbaum A, Hellhammer DH, Kirschbaum C. HPA axis 

1986.  

1- the study of behavioral-neural-endocrine-immune system interactions  

2-NK cells are natural killer cells which are important in fighting viruses  

3- helper T cells invoke an immune system response to i

4- secreted immunoglobulins are antibodies which are critical in defense against bacteria and 
viruses  

5- psychosomatic conditions involve both psychological and physiological problems  

6- salivary IgA is a first line of defense mechanism against the entry of infectious organisms  
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