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Neoplasia 

The term ‘neoplasia’ means new growth; the new growth produced is called ‘neoplasm’ 

or ‘tumour’. However, all ‘new growths’ are not neoplasms since examples of new growth of 

tissues and cells also exist in the processes of embryogenesis, regeneration and repair, 

hyperplasia and hormonal stimulation. The proliferation and maturation of cells in normal 

adults is controlled. Thus, normally some cells proliferate throughout life (labile cells), some 

have limited proliferation (stable cells), while others do not replicate (permanent cells). 

On the other hand, neoplastic cells lose control and regulation of replication and form 

an abnormal mass of tissue. Therefore, satisfactory definition of a neoplasm or tumour is ‘a 

mass of tissue formed as a result of abnormal, excessive, uncoordinated, autonomous and 

purposeless proliferation of cells even after cessation of stimulus for growth which caused it’.  

Neoplasms may be ‘benign’ when they are slow-growing and localised without causing 

much difficulty to the host, or‘malignant’ when they proliferate rapidly, spread throughout the 

body and may eventually cause death of the host. The common term used for all malignant 

tumours is cancer. 

 

All tumours, benign as well as malignant, have 2 basic components: 

 Parenchyma’ comprised by proliferating tumour cells; parenchyma determines the 

nature and evolution of the tumour. 

 Supportive stroma’ composed of fibrous connective tissue and blood vessels; it 

provides the framework on which the parenchymal tumour cells grow. 

 

The tumours derive their nomenclature on the basis of the parenchymal component 

comprising them. The suffix ‘-oma’ is added to denote benign tumours. Malignant tumours of 

epithelial origin are called carcinomas, while malignant mesenchymal tumours are named 

sarcomas (sarcos = fleshy). 

 

SPECIAL CATEGORIES OF TUMOURS 

 

1. Mixed tumours: When two types of tumours are combined in the same tumour, it is called a 

mixed tumour. For example: 

Adenosquamous carcinoma is the combination of adenocarcinoma and squamous cell 

carcinoma in the endometrium. 

 

2. Teratomas: These tumours are made up of a mixture of various tissue types arising from 

totipotent cells derived from the three germ cell layers—ectoderm, mesoderm and endoderm. 

Most common sites for teratomas are ovaries and testis (gonadal teratomas). 
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3. Blastomas (Embryomas): Blastomas or embryomas are a group of malignant tumours which 

arise from embryonal or partially differentiated cells which would normally form blastema of 

the organs and tissue during embryogenesis. These tumours occur more frequently in infants 

and children (under 5 years of age). Some examples of such tumours in this age group are: 

neuroblastoma, nephroblastoma.  

 

4. Hamartoma: Hamartoma is benign tumour which is made of mature but disorganised cells 

of tissues indigenous to the particular organ e.g. hamartoma of the lung consists of mature 

cartilage, mature smooth muscle and epithelium. 

 

5. Choristoma: Choristoma is the name given to the ectopic islands of normal tissue. Thus, 

choristoma is heterotopia but is not a true tumour, though it sounds like one. 

 

ETIOLOGY OF CANCER 

 

CARCINOGENESIS 

 

The mechanism by which cancers occur is incompletely understood. A cancer, or neoplasm, is 

thought to develop from a cell in which the normal mechanisms for control of growth and 

proliferation are altered. Current evidence supports the concept of carcinogenesis as a 

multistage process that is genetically regulated. 

The first step in this process is initiation, which requires exposure of normal cells to 

carcinogenic substances. These carcinogens produce genetic damage that, if not repaired, 

results in irreversible cellular mutations. This mutated cell has an altered response to its 

environment and a selective growth advantage, giving it the potential to develop into a clonal 

population of neoplastic cells. 

During the second phase, known as promotion, carcinogens or other factors alter the 

environment to favour growth of the mutated cell population over normal cells. The primary 

difference between initiation and promotion is that promotion is a reversible process. In fact, 

because it is reversible, the promotion phase may be the target of future chemoprevention 

strategies, including changes in lifestyle and diet. 

The final stage of neoplastic growth, called progression, involves further genetic 

changes leading to increased cell proliferation. The critical elements of this phase include 

tumour invasion into local tissues and the development of metastases. 

 

Substances that may act as carcinogens or initiators include chemical, physical, and 

biologic agents.  

Exposure to chemicals may occur by virtue of occupational and environmental means, 

as well as lifestyle habits. The association of aniline dye exposure and bladder cancer is one 
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such example. Benzene is known to cause some leukaemia. Some drugs and hormones used 

for therapeutic purposes are also classified as carcinogenic chemicals.  

Physical agents that act as carcinogens include ionizing radiation and ultraviolet light. 

These types of radiation induce mutations by forming free radicals that damage DNA and other 

cellular components.  

Viruses are biologic agents that are associated with certain cancers. The Epstein- Barr 

virus is believed to be an important factor in the initiation of African Burkitt’s lymphoma. 

Likewise, infection with hepatitis B virus is known to be a major cause of hepatocellular cancer. 

All the previously mentioned carcinogens, as well as age, gender, diet, growth factors, 

and chronic irritation, are among the factors considered to be promoters of carcinogenesis. 

 

GENETIC BASIS OF CANCER 

 

Cancer has been described as “a malady of genes, arising from genetic damage of 

diverse sorts and leading to distortions of either expression or biochemical function of genes.”  

In recent years, there has been marked progress in the understanding of the genetic changes 

that lead to the development of cancer. There are two major classes of genes involved in 

carcinogenesis: oncogenes and tumour-suppressor genes.  

Oncogenes develop from normal genes, called protooncogenes, and may have 

important roles in all phases of carcinogenesis. Protooncogenes are present in all cells and are 

essential regulators of normal cellular functions, including the cell cycle. Genetic alteration of 

the protooncogene through point mutation, chromosomal rearrangement, or gene 

amplification activates the oncogene. These genetic alterations may be caused by carcinogenic 

agents such as radiation, chemicals, or viruses (somatic mutations), or they may be inherited 

(germ-line mutations). Once activated, the oncogene produces either excessive amounts of 

the normal gene product or an abnormal gene product. The result is dysregulation of normal 

cell growth and proliferation, which imparts a distinct growth advantage to the cell and 

increases the probability of neoplastic transformation. 

In contrast, tumor-suppressor genes regulate and inhibit inappropriate cellular growth 

and proliferation. Gene loss or mutation results in loss of control over normal cell growth. Two 

common examples of tumor-suppressor genes are the retinoblastoma and p53 genes. 

Mutation of p53 is one of the most common genetic changes associated with cancer, and is 

estimated to occur in half of all malignancies. The normal gene product of p53 is responsible 

for negative regulation of the cell cycle, allowing the cell cycle to halt for repairs, corrections, 

and responses to other external signals. Inactivation of p53 removes this checkpoint, allowing 

mutations to occur. 

Another group of genes important in carcinogenesis is the DNA repair genes. The 

normal function of these genes is to repair DNA that is damaged by environmental factors, or 

errors in DNA that occur during replication. If not corrected, these errors can result in 

mutations that activate oncogenes or inactivate tumour suppressor genes. 
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When the normal regulatory mechanisms for cellular growth fail, back-up defense 

systems may be activated. The secondary defenses include apoptosis (programmed cell death 

or suicide) and cellular senescence (aging). Apoptosis is a normal mechanism of cell death 

required for tissue homeostasis. This process is regulated by oncogenes and tumour-

suppressor genes and is also a mechanism of cellular death after exposure to cytotoxic agents. 

Overexpression of oncogenes responsible for apoptosis may produce an “immortal” cell, which 

has increased potential for malignancy. 

Cellular senescence is another important defense mechanism. Laboratory studies 

demonstrate that once a cell population has undergone a preset number of doublings, growth 

stops and cells die. This is known as senescence, a process that is regulated by telomeres. 

Telomeres are the DNA segments or caps at the ends of chromosomes. They are responsible 

for protecting the end of the DNA from damage. With each replication, the length of the 

telomeres is shortened. After the telomeres are shortened to a critical length, senescence is 

triggered. In this way, telomeres tally and limit the number of cell doublings. In cancer cells, 

the function of telomeres is overcome by overexpression of an enzyme known as telomerase. 

Telomerase replaces the portion of the telomeres that is lost with each cell division, thereby 

avoiding senescence and permitting an infinite number of cell doublings. 

 

PRINCIPLES OF TUMOR GROWTH 

The study of tumor growth forms the foundation for many of the basic principles of 

modern cancer chemotherapy. The growth of most tumors is illustrated by the Gompertzian 

tumor growth curve. Gompertz was a German insurance actuary who described the 

relationship between age and expected death. This mathematical model also approximates 

tumor-cell proliferation. In the early stages, tumor growth is exponential, which means that 

the tumor takes a constant amount of time to double its size. During this early phase, a large 

portion of the tumor cells is actively dividing. This population of cells is called the growth 

fraction. The doubling time, or time required for the tumor to double in size, is very short. 

However, as the tumor grows, the doubling time is slowed. The growth fraction is 

decreased, probably owing to the tumor outgrowing its blood and nutrient supply or the 

inability of blood and nutrients to diffuse throughout the tumor mass. 

Wide variability exists in measured doubling times for different cancers. The doubling 

time of most solid tumors is about 2 to 3 months. However, some tumors have doubling times 

of only days (e.g., aggressive lymphomas) and others have even longer doubling times (e.g., 

some salivary gland tumors).  

 

INVASION AND METASTASIS 

 

Metastasis is the spread of neoplastic cells from the primary tumor site to distant sites. The 

two primary pathways of metastasis are hematogenous and lymphatic. Other, less-common 

modes of disease spread include dissemination via cerebrospinal fluid and transabdominal 
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spread within the peritoneal cavity. Not all of the shed cancer cells, or “seeds,” result in a 

metastatic lesion. The “seed” must first find the appropriate “soil,” or an environment suitable 

for growth. This process is illustrated in the diverse patterns of metastasis that are 

characteristic of individual types of cancer. An example is prostate cancer, which commonly 

metastasizes to bone, but rarely to the brain. 

 

The process of invasion and metastasis involves several essential steps.  

1. After neoplastic transformation, the malignant cells and surrounding host tissue 

secrete substances that stimulate the formation of new blood vessels to provide 

oxygen and nutrients. This process is known as angiogenesis or neovascularization. 

2. Tumor cells must then detach from the primary mass and invade surrounding blood 

and lymph vessels. 

3. The tumor cells or cell aggregates detach and embolize through these vessels, but most 

do not survive circulation. 

4. The disseminated cells must then attach to the vascular endothelium. The cells may 

proliferate within the lumen of the vessel, but most commonly extravasate into the 

surrounding tissue. 

5. The local microenvironment may provide growth factors that can serve as “fertilizer” 

to potentiate the proliferation of the metastasis. At every step of the way, the potential 

metastatic cell must fight the host immune system. 

6. Last, the metastasis must again initiate angiogenesis to ensure continued growth and 

proliferation. 
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Stomach: 

 

Stomach is a ‘J’ shaped enlargement of GI Tract which lies directly inferior to diaphragm. It 

connect oesophagus to duodenum (first part of small intestine). Stomach serves as mixing 

chamber and holding reservoir for food. When food is ingested, stomach pushes a small 

quantity of food into duodenum periodically. As the size of stomach can vary, it can store large 

amount of food. In stomach, semisolid bolus is converted into liquid, digestion of starch 

continues, digestion of triglycerides and protein starts and absorption of several substances 

takes place. 

 

Anatomy of stomach: The stomach has four main regions: the cardia, fundus, body and pylorus. 

The cardia surrounds the superior opening of the stomach. 

The fundus is the rounded portion superior and left to the cardia. 

The body is inferior to the fundus and is the large central portion of the stomach. 

The pylorus is the region of the stomach that connects to the duodenum. (pyl = gate; orus = 

guard). Pylorus has two parts, the pyloric antrum which connects to the body of the stomach, 

and the pyloric canal, which leads into the duodenum.  

 

When the stomach is empty, the mucosa lies in large folds, called rugae (wrinkles) that can be 

seen with the unaided eye. The pylorus communicates with the duodenum of the small 

intestine via a smooth muscle sphincter called the pyloric sphincter. The concave medial border 

of the stomach is called the lesser curvature, and the convex lateral border is called the greater 

curvature. 

 

Histology of stomach: The stomach wall is composed of 4 basic layers: 

1. Mucosa: It is the inner lining of the GI tract. It is subdivided into 3 layers called Epithelium, 

Lamina propria and muscularis mucosae. 

 The epithelium may be simple or stra�fied which plays role in protec�on, secre�on and 

absorp�on. Epithelial cells also secrete mucus and fluid into the lumen of the tract. 

 The lamina propria (lamina = thin) is areolar connec�ve �ssue containing many blood 

and lympha�c vessels, which transfers the absorbed nutrients to the other �ssues of 

the body. The lamina propria also contains the mucosa-associated lympha�c �ssue 

(MALT) which contains immune system cells that protect against disease. 

 Muscularis musosae is a thin layer of smooth muscle fibers which increases the surface 

area of the stomach and small intes�ne by many folds to enhance diges�on and 

absorp�on. 
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Mucosa contains several glands called gastric glands. The gastric glands contain three types of 

exocrine gland cells and one type of endocrine cells that secrete their products into the 

stomach and bloodstream respectively. 

a. Mucous neck cells: These cells secrete mucus. 

b. Chief cells: The chief cells secrete pepsinogen and gastric lipase. 

c. Parietal cells: Parietal cells produce intrinsic factor (needed for absorp�on of vitamin B12) 

and hydrochloric acid.  

The secretions of the mucous, parietal & chief cells collectively form gastric juice (2–3 Lt/day).  

d. G cell: These are endocrine cells which are located mainly in the mucous of pyloric antrum 

and secretes the hormone gastrin into the bloodstream  

 

2. Submucosa: is made up of areolar connec�ve �ssue. 

3. Muscularis: is composed of 3 layers of smooth layers; oblique muscles, circular muscles and 

longitudinal muscles. 

4. Serosa: forms outer most layer of stomach. 

 

GARTRIC SECRETIONS: 

 

 
The mechanisms operating at the gastric parietal cells are summarized in Fig. The terminal enzyme H+K+ATPase (proton pump) which 
secretes H+ ions in the apical canaliculi of parietal cells can be activated by histamine, ACh and gastrin acting via their own receptors located 
on the basolateral membrane of these cells. 
 

The secretory products of the gastric mucosa are the gastric juice and the intrinsic factor, 

required for absorption of vitamin B12. 
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Gastric juice consists of hydrochloric acid, pepsin, mucin and electrolytes like Na+, K+, HCO3- 

and Cl-. Hydrochloric acid is produced by the parietal (oxyntic) cells by the interaction of Cl- 

ions of the arterial blood with water and carbon dioxide in the presence of the enzyme, 

carbonic anhydrase. The degree of gastric activity is correlated with the ‘total parietal cell 

mass’. Injection of histamine can stimulate the production of acid component of the gastric 

juice, while the pepsin-secreting chief cells do not respond to histamine. Physiologically, the 

gastric secretions are stimulated by the food itself. 

 

The control of gastric secretions chiefly occurs in one of the following 3 ways: 

 

1. Cephalic phase It is stimulated by the sight, smell, taste or even thought of food. A neural 

reflex is initiated via branches of the vagus nerve that promotes the release of hydrochloric 

acid, pepsinogen and mucus. 

 

2. Gastric phase It is triggered by the mechanical and chemical stimuli. 

i) Mechanical stimulation comes from stretching of the wall of the stomach and conveying 

neural messages to the medulla for gastric secretion. 

ii) Chemical stimulation It is by digested proteins, amino acids, bile salts and alcohol which act 

on gastrin-producing G cells. Gastrin then passes into the blood stream and on return to the 

stomach promotes the release of gastric juice. 

 

3. Intestinal phase It is triggered by the entry of protein rich food in the small intestine. An 

intestinal hormone capable of stimulating gastric secretion is probably released into the blood 

stream. 
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PEPTIC ULCERS 

 

Peptic ulcers are the areas of degeneration and necrosis of gastrointestinal mucosa exposed 

to acid-peptic secretions. Though they can occur at any level of the alimentary tract that is 

exposed to hydrochloric acid and pepsin, they occur most commonly (98-99%) in either the 

duodenum or the stomach in the ratio of 4:1. Each of the two main types may be acute or 

chronic. 

 

Acute Peptic (Stress) Ulcers 

Acute peptic ulcers or stress ulcers are multiple, small mucosal erosions, seen most commonly 

in the stomach but occasionally involving the duodenum. 

 

ETIOLOGY  

These ulcers occur following severe stress. The causes are as follows: 

1. Psychological stress 

2. Physiological stress as in the following: 

i) Shock 

ii) Severe trauma 

iii) Septicaemia 

iv) Extensive burns (Curling’s ulcers in the posterior aspect of the first part of the duodenum). 

v) Intracranial lesions (Cushing’s ulcers developing from hyperacidity following excessive vagal 

stimulation). 

vi) Drug intake (e.g. aspirin, steroids, butazolidine, indomethacin). 

vii) Local irritants (e.g. alcohol, smoking, coffee etc.). 

 

PATHOGENESIS It is not clear how the mucosal erosions occur in stress ulcers because actual 

hyper secretion of gastric acid is demonstrable in only Cushing’s ulcers occurring from 

intracranial conditions such as due to brain trauma, intracranial surgery and brain tumours. In 

all other etiologic factors, gastric acid secretion is normal or below normal. In these conditions, 

the possible hypotheses for genesis of stress ulcers are as under: 

1. Ischaemic hypoxic injury to the mucosal cells. 

2. Depletion of the gastric mucus ‘barrier’ rendering the mucosa susceptible to attack by acid-

peptic secretions. 

 

Chronic Peptic Ulcers (Gastric and Duodenal Ulcers) 

 

If not specified, chronic peptic ulcers would mean gastric and duodenal ulcers, the two major 

forms of ‘peptic ulcer disease’ of the upper GI tract in which the acid-pepsin secretions are 

implicated in their pathogenesis. 



 

  

PATHOPHYSIOLOGY 5 

 

DISORDERS OF GASTRO-INTESTINAL TRACT 

Gastric and duodenal ulcers represent two distinct diseases as far as their etiology, 

pathogenesis and clinical features are concerned. 

 

ETIOLOGY  

The immediate cause of peptic ulcer disease is disturbance in normal protective mucosal 

‘barrier’ by acid-pepsin, resulting in digestion of the mucosa. 

 

1. Helicobacter pylori gastri�s: About 15-20% cases infected with H. pylori in the antrum 

develop duodenal ulcer in their life �me while gastric colonisa�on by H. pylori never 

develops ulcera�on and remain asymptoma�c. H. pylori can be iden�fied in mucosal 

samples by histologic examina�on, culture and serology. 

2. NSAIDs-induced mucosal injury: Non-steroidal an�-inflammatory drugs are most 

commonly used medica�ons in the developed countries and are responsible for direct 

toxicity, endothelial damage and epithelial injury to both gastric as well as duodenal 

mucosa. 

3. Acid-pepsin secre�ons: There is conclusive evidence that some level of acid-pepsin 

secre�on is essen�al for the development of duodenal as well as gastric ulcer. 

4. Gastri�s: Some degree of gastri�s is always present in the region of gastric ulcer, though 

it is not clear whether it is the cause or the effect of ulcer. 

5. Other local irritants: Pyloric antrum and lesser curvature of the stomach are the sites 

most exposed for longer periods to local irritants and thus are the common sites for 

occurrence of gastric ulcers. Some of the local irrita�ng substances implicated in the 

e�ology of pep�c ulcers are heavily spiced foods, alcohol, cigare�e smoking, and 

unbuffered aspirin. 

6. Psychological factors: Psychological stress, anxiety, fa�gue and ulcer-type personality 

may exacerbate as well as predispose to pep�c ulcer disease. 

7. Hormonal factors: Secre�on of certain hormones by tumours is associated with pep�c 

ulcera�on e.g. elabora�on of gastrin by islet-cell tumour in Zollinger-Ellison syndrome, 

endocrine secre�ons in hyperplasia and adenomas of parathyroid glands, adrenal 

cortex and anterior pituitary. 

8. Miscellaneous: Duodenal ulcers have been observed to occur in associa�on with various 

other condi�ons such as alcoholic cirrhosis, chronic renal failure, hyperparathyroidism, 

chronic obstruc�ve pulmonary disease, and chronic pancrea��s. 
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PATHOGENESIS  

There are distinct differences in the pathogenetic mechanisms involved in duodenal and gastric 

ulcers as under: 

 

Duodenal ulcer:  

There is conclusive evidence to support the role of high acid-pepsin secretions in the causation 

of duodenal ulcers. Besides this, a few other noteworthy features in the pathogenesis of 

duodenal ulcers are as follows: 

 

1. There is generally hypersecre�on of gastric acid into the fas�ng stomach at night which 

takes place under the influence of vagal s�mula�on. 

2. Pa�ents of duodenal ulcer have rapid emptying of the stomach so that the food which 

normally buffers and neutralizes the gastric acid, passes down into the small intes�ne, 

leaving the duodenal mucosa exposed to the aggressive ac�on of gastric acid. 

3. Helicobacter gastri�s caused by H. pylori is seen in 95-100% cases of duodenal ulcers. 

The underlying mechanisms are as under: 

i) Gastric mucosal defense is broken by bacterial elabora�on of urease, protease, 

catalase and phospholipase. 

ii) Host factors: H. pylori-infected mucosal epithelium releases proinflammatory 

cytokines such as IL-1, IL-6, IL-8 and tumour necrosis factor-� , all of which incite 

intense inflammatory reac�on. 

iii) Bacterial factors: Epithelial injury is also induced by cytotoxin-associated gene 

protein (CagA), while vacuola�ng cytotoxin (VacA) induces elabora�on of 

cytokines. 

 

Gastric ulcer:  

The pathogenesis of gastric ulcer is mainly explained on the basis of impaired gastric mucosal 

defences against acid-pepsin secretions. Some other features in the pathogenesis of gastric 

ulcer are as follows: 

1. Hyperacidity may occur in gastric ulcer due to increased serum gastrin levels in response to 

ingested food in an atonic stomach. 

2. However, many patients of gastric ulcer have low-to-normal gastric acid levels. 

Ulcerogenesis in such patients is explained on the basis of damaging influence of other factors 

such as gastritis, bile reflux, cigarette smoke etc. 

3. The normally protective gastric mucus ‘barrier’ against acid-pepsin is deranged in gastric 

ulcer. There is depletion in the quantity as well as quality of gastric mucus. One of the 

mechanisms for its depletion is colonisation of the gastric mucosa by H. pylori seen in 75-80% 

patients of gastric ulcer. 
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Small Intestine: 

Small intestine starts from pyloric sphincter of stomach, coils through central and inferior part 

of abdominal cavity and ends at large intestine. It has major role in digestion and absorption 

of nutrients. 

 

Anatomy: It has 3 major parts: 

a. Duodenum: This is first part of small intestine. It starts from pyloric sphincter, extends upto 

25 cm and merges into jejunum. 

b. Jejunum: It is middle part and extends up to ileum. 

c. Ileum: It is last part of small intestine and ends at ileocecal junction of large intestine. 

 

Histology: Small intestine is composed of same basic 4 layers: 

Muscosa: The mucosa of small intestine contains many types of cells: 

 Absorptive cells: These cells digest and absorb nutrients. 

 Goblet cells: These cells secrete mucus. 

 Paneth cells: These secrete bactericidal enzyme lyzozyme. Lyzoyme play role in 

phagocytosis.  

 Endocrine cells: These cells secrete hormones into blood stream. These include:  

S cells: secrete secretin 

CCK cells: secrete cholecystokinin or CCK 

K cells: secrete Glucose dependent insulinotropic peptide or GIP 

 Mucosa of small intestine also contain some special structural feature which facilitates 

digestion and absorption: 

a. Circular folds: These are folds of mucosa and submucosa. These folds increase surface 

area and cause the chime to move spiral than straight as it passes through small 

intestine. 

b. Villi: These are fingerlike projections of mucosa which vastly increases surface area for 

absorption and digestion. (20-40 sq. mm.) 

c. Microvilli: These are projections from free membrane of absorptive cells. These are too 

small to see individually under microscope. Instead they form a fuzzy line called brush 

border. This brush border also contains several enzymes called brush border enzyme 

that have digestive function. 

 

Submucosa: The submucosa of the duodenum contains duodenal which secrete an alkaline 

mucus that helps neutralize gastric acid in the chyme.  

Muscularis: The muscularis of the small intestine consists of two layers of smooth muscle i.e. 

the outer longitudinal and inner circular muscles. 

Serosa: The serosa (or visceral peritoneum) completely surrounds the small intestine. 
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INFLAMMATORY BOWEL DISEASE (CROHN’S DISEASE AND ULCERATIVE COLITIS) 

 

The term inflammatory bowel disease (IBD)’ is commonly used to include 2 idiopathic bowel 

diseases having many similarities but the conditions usually have distinctive morphological 

appearance. These 2 conditions are Crohn’s disease (regional enteritis) and ulcerative colitis: 

 

1. Crohn’s disease or Regional enteritis is an idiopathic chronic ulcerative IBD, characterised by 

transmural, non-caseating granulomatous inflammation, affecting most commonly the 

segment of terminal ileum and/or colon, though any part of the gastrointestinal tract may be 

involved. 

 

2. Ulcerative colitis is an idiopathic form of acute and chronic ulcero-inflammatory colitis 

affecting chiefly the mucosa and submucosa of the rectum and descending colon, though 

sometimes it may involve the entire length of the large bowel.  

Both these disorders primarily affect the bowel but may have systemic involvement in the form 

of poly arthritis, uveitis, ankylosing spondylitis, skin lesions and hepatic involvement. Both 

diseases can occur at any age but are more frequent in 2nd and 3rd decades of life. Females 

are affected slightly more often. 
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Liver: 

Liver is the 2nd largest organ in body, located inferior to diaphragm. 

Anatomy: Liver is divided into 2 lobes; Right lobe (larger) and left lobe (smaller). Right and left 

lobes are separated by falciform ligament. 

 

Histology of liver: 

Liver: is made up of lobes. Lobes are made up of lobules (small functional units). Lobules are 

further made up of specialized cells called hepatocytes (hepato = liver, cytes = cells). Lobules 

contain highly permeable capillaries which supply blood to hepatocytes. These capillaries 

contain stellate reticuloendothelial cells also called Kupffer cells. These Kupffer cells act as 

phagocytes and destroy worn out RBC, WBC, bacteria and other foreign materials.  

Hepatocytes secret bile into bile canaliculi. Bile canaliculi carry bile into bile ductules which 

transfers it into left hepatic duct or right hepatic duct. These left and right hepatic ducts 

combines to form common hepatic duct which further combines with cystic duct (from gall 

bladder) to form common bile duct. 

 

Role and composition of bile: Each day, hepatocytes secrete about 1 lt of bile, a yellow, 

brownish, or olive-green liquid. It has a pH of 7.6–8.6 and consists mostly of water, bile salts, 

cholesterol, a phospholipid called lecithin, bile pigments, and several ions. 

 Bile salts (sodium and potassium salts of bile acid) play role in emulsifica�on. Emulsifica�on 

is process of breakdown of large lipids into small lipid gloubules. These small gloubules are 

easily digested by pancrea�c lipase.  

 Bile salts also play important role in absorp�on of lipids. 

 

Functions of liver: 

 Carbohydrate metabolism: Liver maintains normal blood glucose level. When blood glucose 

level is low, it starts breakdown of glycogen (storage form of glucose) to glucose. It also 

converts lactic acid and amino acid into glucose. It can also convert fructose, galactose and 

other sugars into glucose. When blood sugar level rises, it converts glucose into glycogen 

and triglycerides for storage. 

 Lipid metabolism:  Hepatocytes store some triglycerides; break down fatty acids to 

generate ATP; synthesize lipoproteins, which transport fatty acids, triglycerides, and 

cholesterol to and from body cells; synthesize cholesterol; and use cholesterol to make bile 

salts. 

 Protein metabolism: Hepatocytes remove amino group (NH2) from amino acids so that 

amino acids can be used for ATP production or can be converted into carbohydrates or 

fats. The harmful free amino group (NH2) is converted into urea which can be excreted out 

of body in urine. 

 Processing of drugs and hormones: The liver can detoxify substances such as alcohol and 

excrete drugs such as penicillin, erythromycin, and sulfonamides into bile. It can also 
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chemically alter or excrete thyroid hormones and steroid hormones such as estrogens and 

aldosterone. 

 Excretion of billirubin: Bilirubin, derived from the heme of aged red blood cells, is absorbed 

by the liver from the blood and secreted into bile. Most of the bilirubin in bile is 

metabolized in the small intestine by bacteria and eliminated in feces. 

 Synthesis of bile salts: Bile salts are used in the small intestine for the emulsification and 

absorption of lipids. 

 Storage: In addition to glycogen, the liver is a prime storage site for certain vitamins (A, 

B12, D, E, and K) and minerals (iron and copper). 

 Phagocytosis: The stellate reticuloendothelial (Kupffer) cells of the liver phagocytize aged 

red blood cells, white blood cells, and some bacteria. 

 Activation of vitamin D: Liver along with skin and kidneys participate in synthesizing the 

active form of vitamin D. 

 

JAUNDICE 

 

Jaundice or icterus refers to the yellow pigmentation of the skin or sclerae by bilirubin (page 

24). Bilirubin pigment has high affinity for elastic tissue and hence jaundice is particularly 

noticeable in tissues rich in elastin content.  

Jaundice is the result of elevated levels of bilirubin in the blood termed hyperbilirubinaemia. 

Normal serum bilirubin concentration ranges from 0.3-1.3 mg/dl, about 80% of which is 

unconjugated. Jaundice becomes clinically evident when the total serum bilirubin exceeds 2 

mg/dl. A rise of serum bilirubin between the normal and 2 mg/dl is generally not accompanied 

by visible jaundice and is called latent jaundice. 

 

NORMAL BILIRUBIN METABOLISM 

1-Macrophages in the spleen, liver, or red bone marrow phagocy�ze ruptured and worn-out    

red blood cells. 

2-The globin and heme por�ons of hemoglobin are split apart. 

3-Globin is broken down into amino acids, which can be reused to synthesize other proteins. 

4-Iron is removed from the heme por�on in the form of Fe3+, which associates with the plasma 

protein transferrin (trans-across; ferr-iron), a transporter for Fe3+ in the bloodstream. 

5-In muscle fibers, liver cells, and macrophages of the spleen and liver, Fe3+ detaches from 

transferrin and a�aches to an iron-storage protein called ferri�n. 

6-Upon release from a storage site or absorp�on from the gastrointes�nal tract, Fe3+ rea�aches 

to transferrin. 

7-The Fe3+–transferrin complex is then carried to red bone marrow, where RBC precursor cells 

take it up through receptor-mediated endocytosis for use in hemoglobin synthesis. Iron is 

needed for the heme por�on of the hemoglobin molecule, and amino acids are needed for the 

globin por�on. Vitamin B12 is also needed for the synthesis of hemoglobin. 
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8-Erythropoiesis in red bone marrow results in the produc�on of red blood cells, which enter 

the circula�on. 

9-When iron is removed from heme, the non-iron por�on of heme is converted to biliverdin, a 

green pigment, and then into bilirubin, a yellow orange pigment. 

10-Bilirubin enters the blood and is transported to the liver. 

11-Within the liver, bilirubin is released by liver cells into bile, which passes into the small 

intes�ne and then into the large intes�ne. 

12-In the large intes�ne, bacteria convert bilirubin into urobilinogen. 

13-Some urobilinogen is absorbed back into the blood, converted to a yellow pigment called 

urobilin, and excreted in urine. 

14-Most urobilinogen is eliminated in feces in the form of a brown pigment called stercobilin, 

which gives feces its characteris�c color. 

 

CLASSIFICATION AND FEATURES OF JAUNDICE 

 

Based on pathophysiology, jaundice may result from one or more of the following mechanisms: 

1. Increased bilirubin production 

2. Decreased hepatic uptake 

3. Decreased hepatic conjugation 

4. Decreased excretion of bilirubin into bile 

 

Accordingly, a simple age-old classification of jaundice was to divide it into 3 predominant 

types: 

 Pre-hepatic (haemolytic), hepatic, and post-hepatic cholestatic. 

 

1. PREHEPATIC JAUNDICE  

 This results from excessive red cell destruc�on as occurs in intra- and extravascular 

haemolysis or due to ineffec�ve erythropoiesis. 

 There is increased release of haemoglobin from excessive breakdown of red cells that 

leads to overproduc�on of bilirubin. 

 Hyperbilirubinaemia develops when the capacity of the liver to conjugate large amount 

of bilirubin is exceeded.  

 In premature infants, the liver is deficient in enzyme necessary for conjuga�on while 

the rate of red cell destruc�on is high. 

 

2. INTRAHEPATIC CHOLESTASIS  

Intrahepatic cholestasis is due to impaired hepatic excretion of bile and may occur from 

hereditary or acquired disorders. 

1. Hereditary disorders producing intrahepa�c obstruc�on to biliary excre�on are 

characterised by ‘pure cholestasis’ e.g. in Dubin-Johnson syndrome, Rotor syndrome, 
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fibrocys�c disease of pancreas, benign familial recurrent cholestasis, intrahepa�catresia 

and cholesta�c jaundice of pregnancy. 

2. Acquired disorders with intrahepa�c excretory defect of bilirubin are largely due to 

hepatocellular diseases and hence are termed ‘hepatocellular cholestasis’ e.g. in viral 

hepa��s, alcoholic hepa��s, and drug-induced cholestasis such as from administra�on 

of chlorpromazine and oral contracep�ves. 

 

EXTRAHEPATIC CHOLESTASIS  

Extrahepatic cholestasis results from mechanical obstruction to large bile ducts outside the 

liver or within the porta hepatis.  

The common causes are gallstones, inflammatory strictures, carcinoma head of pancreas, 

tumours of bile duct, sclerosing cholangitis and congenital atresia of extrahepatic ducts.  

The obstruction may be complete and sudden with eventual progressive obstructive jaundice, 

or the obstruction may be partial and incomplete resulting in intermittent jaundice. 

 

 

VIRAL HEPATITIS 

 

The term viral hepatitis is used to describe infection of the liver caused by hepatotropic viruses. 

Currently there are 5 main varieties of these viruses causing distinct types of viral hepatitis: 

 

 Hepa��s A virus (HAV), causing a faecally-spread selflimi�ng disease. 

 Hepa��s B virus (HBV), causing a parenterally transmi�ed disease that may become 

chronic. 

 Hepa��s C virus (HCV), previously termed non-A, non-B (NANB) hepa��s virus involved 

chiefly in transfusion-related hepa��s. 

 Hepa��s delta virus (HDV) which is some�mes associated as superinfec�on with 

hepa��s B infec�on. 

 Hepa��s E virus (HEV), causing water-borne infec�on.  

 

While HBV is a DNA virus, all other human hepatitis viruses are RNA viruses. 
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JOINTS 

 

NORMAL STRUCTURE 

 

The joints are of 2 types—diarthrodial or synovial joints with a joint cavity, and synarthrodial 

or nonsynovial joints without a joint cavity. 

Most of the diseases of joints affect synovial joints.  

 

SYNOVIAL JOINTS: 

These are freely movable joints. Synovial joints have a space called a synovial (joint) cavity 

between the articulating bones. Because the synovial cavity allows a joint to be freely movable, 

all synovial joints are classified functionally as diarthroses. Synovial joints have 4 special 

featuress: 

 

Articular cartilage: The bones at a synovial joint are covered by a layer of hyaline cartilage called 

articular cartilage. The cartilage covers the articulating surface of the bones with a smooth, 

slippery surface but does not bind them together. Articular cartilage reduces friction between 

bones in the joint during movement and helps to absorb shock. 

 

Articular cartilage: An articular 

(joint) capsule surrounds a synovial 

joint, encloses the synovial cavity 

and unites the articulating bones. 

The articular capsule is composed 

of two layers, an outer fibrous 

membrane and an inner synovial 

membrane. The fibrous membrane 

consists of dense irregular 

connective tissue. The flexibility of 

the fibrous membrane permits 

considerable movement at a joint, 

while its great tensile strength 

(resistance to stretching) helps 

prevent the bones from dislocating. 

The fibers of some fibrous membranes hold bones close together in a synovial joint. The inner 

layer of the articular capsule is called the synovial membrane. It is composed of areolar 

connective tissue with elastic fibers. 

 

Synovial fluid: The synovial membrane secretes a viscous, clear or pale yellow fluid named 

synovial fluid. It forms a thin film over the surfaces within the articular capsule. Its functions 
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include reducing friction by lubricating the joint, absorbing shocks and supplying oxygen and 

nutrients to and removing carbon dioxide and metabolic wastes and remove microbes and the 

debris that results from normal wear and tear in the joint.  

 

Accessory Ligaments and Articular Discs: Many synovial joints also contain accessory ligaments 

called extracapsular ligaments and intracapsular ligaments. By modifying the shape of the joint 

surfaces of the articulating bones, articular discs allow two bones of different shapes to fit 

together. Articular discs also help to maintain the stability of the joint and direct the flow of 

synovial fluid to the areas of greatest friction. 
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DEGENERATIVE JOINT DISEASE (OSTEOARTHRITIS) 

 

Osteoarthritis (OA), also called osteoarthrosis or degenerative joint disease (DJD), is the most 

common form of chronic disorder of synovial joints. It is characterised by progressive 

degenerative changes in the articular cartilages over the years, particularly in weight-bearing 

joints. 

 

TYPES AND PATHOGENESIS OA occurs in 2 clinical forms— primary and secondary. 

 

 Primary OA 

 It occurs in the elderly, more commonly in women than in men.  

 The process begins by the end of 4th decade and then progressively and steadily 

increases producing clinical symptoms. Little is known about the etiology and 

pathogenesis of primary OA.  

 The condition may be regarded as a reward of longevity. Probably, wear and tear 

with repeated minor trauma, heredity, obesity, ageing per se, all contribute to focal 

degenerative changes in the articular cartilage of the joints.  

 Genetic factors favouring susceptibility to develop OA have been observed; genetic 

mutations in proteins which regulate the cartilage growth have been identified e.g. 

FRZB gene. 

 

 Secondary OA 

 It may appear at any age and is the result of any previous wear and tear phenomena 

involving the joint such as previous injury, fracture, inflammation, loose bodies and 

congenital dislocation of the hip.  

 The molecular mechanism of damage to cartilage in OA appears to be the 

breakdown of collagen type II, probably by IL-1, TNF and nitric oxide. 
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 The manifestations of OA are most conspicuous in large joints such as hips, knee and 

back. However, the pattern of joint involvement may be related to the type of physical 

activity such as ballet-dancers’ toes, karate fingers etc.  

 Minor degree of OA may remain asymptomatic. In symptomatic cases, clinical 

manifestations are joint stiffness, diminished mobility, discomfort and pain. 

 

INFLAMMATORY JOINT DISEASES 

 

RHEUMATOID ARTHRITIS 

 

Rheumatoid arthritis (RA) is a chronic multisystem disease of unknown cause. Though the most 

prominent manifestation of RA is inflammatory arthritis of the peripheral joints, usually with a 

symmetrical distribution, its systemic manifestations include haematologic, pulmonary, 

neurological and cardiovascular abnormalities. 

 

RA is a common disease having peak incidence in 3rd to 4th decades of life, with 3-5 times 

higher preponderance in females. The condition has high association with HLA-DR4 and HLA-

DR1 and familial aggregation. The onset of disease is insidious, beginning with prodrome of 

fatigue, weakness, joint stiffness, vague arthralgias and myalgias. This is followed by pain and 

swelling of joints usually in symmetrical fashion, especially involving joints of hands, wrists and 

feet. 

 

ETIOPATHOGENESIS  

Present concept on etiology and pathogenesis proposes that RA occurs in an 

immunogenetically predisposed individual to the effect of microbial agents acting as trigger 

antigen. The role of superantigens which are produced by several microorganisms with 

capacity to bind to HLA-DR molecules (MHC-II region) has also emerged. 

 

I. Immunologic derangements: A number of observations in patients and experimental animals 

indicate the role of immune processes, particularly autoimmune phenomenon, in the 

development of RA. These include the following: 

 

1. Detection of circulating autoantibody called rheumatoid factor (RF) against Fc portion of 

autologous IgG in about 80% cases of RA. RF antibodies are heterogeneous and consist of IgM 

and IgG class. 

 

2. The presence of antigen-antibody complexes (IgG-RF complexes) in the circulation as well as 

in the synovial fluid. 
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3. The presence of other autoantibodies such as antinuclear factor (ANF), antibodies to 

collagen type II, and antibodies to cytoskeleton. 

 

4. Antigenicity of proteoglycans of human articular cartilage. 

 

5. The presence of g-globulin, particularly IgG and IgM, in the synovial fluid. 

 

6. Association of RA with amyloidosis. 

 

7. Activation of cell-mediated immunity as observed by presence of numerous inflammatory 

cells in the synovium, chiefly CD4+ T lymphocytes and some macrophages. 

 

II. Trigger events Though the above hypothesis of a possible role of autoimmunity in the 

etiology and pathogenesis of RA is generally widely accepted, controversy continues as regards 

the trigger events which initiate the destruction of articular cartilage. Various possibilities 

which have been suggested are as follows: 

 

1. The existence of an infectious agent such as mycoplasma, Epstein-Barr virus (EBV), 

cytomegalovirus (CMV) or rubella virus, either locally in the synovial fluid or systemic infection 

some time prior to the attack of RA. 

 

2. The possible role of HLA-DR4 and HLA-DR1 in initiation of immunologic damage. 

 

The proposed events in immunopathogenesis of RA are as under: 

 

i) In response to antigenic exposure (e.g. infectious agent) in a genetically predisposed 

individual (HLA-DR), CD4+ T-cells are activated. 

ii) These cells elaborate cytokines, the important ones being tumour necrosis factor (TNF)-a, 

interferon (IF)-g, interleukin (IL)-1 and IL-6. 

iii) These cytokines activate endothelial cells, B lymphocytes and macrophages. 

iv) Activation of B-cells releases IgM antibody against IgG (i.e. anti-IgG); this molecule is termed 

rheumatoid factor (RF). 

v) IgG and IgM immune complexes trigger inflammatory damage to the synovium, small blood 

vessels and collagen. 

vi) Activated endothelial cells express adhesion molecules which stimulate collection of 

inflammatory cells. 

vii) Activation of macrophages releases more cytokines which cause damage to joint tissues 

and vascularisation of cartilage termed pannus formation. 

viii) Eventually damage and destruction of bone and cartilage are followed by fibrosis and 

ankylosis producing joint deformities. 
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There are a few variant forms of RA: 

 

1. Juvenile RA found in adolescent patients under 16 years of age is characterised by acute 

onset of fever and predominant involvement of knees and ankles. Pathologic changes are 

similar but RF is rarely present. 

 

2. Felty’s syndrome consists of polyarticular RA associated with splenomegaly and 

hypersplenism and consequent haematologic derangements. 

 

3. Ankylosing spondylitis or rheumatoid spondylitis is rheumatoid involvement of the spine, 

particularly sacroiliac joints, in young male patients. The condition has a strong HLA-B27 

association and may have associated inflammatory diseases such as inflammatory bowel 

disease, anterior uveitis and Reiter’s syndrome. 
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GOUT AND GOUTY ARTHRITIS 

 

Gout is a disorder of purine metabolism manifested by the following features, occurring singly 

or in combination: 

 

1. Increased serum uric acid concentration (hyperuricaemia). 

2. Recurrent attacks of characteristic type of acute arthritis in which crystals of monosodium 

urate monohydrate may be demonstrable in the leucocytes present in the synovial fluid. 

3. Aggregated deposits of monosodium urate monohydrate (tophi) in and around the joints of 

the extremities. 

4. Renal disease involving interstitial tissue and blood vessels. 

5. Uric acid nephrolithiasis. 

 

The disease usually begins in 3rd decade of life and affects men more often than women. A 

family history of gout is present in a fairly large proportion of cases indicating role of 

inheritance in hyperuricaemia.  

Clinically, the natural history of gout comprises 4 stages: asymptomatic hyperuricaemia, acute 

gouty arthritis, asymptomatic intervals of intercritical periods, and chronic tophaceous stage. 

 

TYPES AND PATHOGENESIS  

The fundamental biochemical hallmark of gout is hyperuricaemia. A serum uric acid level in 

excess of 7 mg/dl, which represents the upper limit of solubility of monosodium urate in serum 

at 37°C at blood pH, is associated with increased risk of development of gout. Thus, 

pathogenesis of gout is pathogenesis of hyperuricaemia. 

 

Hyperuricaemia and gout may be classified into 2 types: metabolic and renal, each of which 

may be primary or secondary. Primary refers to cases in which the underlying biochemical 

defect causing hyperuricaemia is not known, while secondary denotes cases with known 

causes of hyperuricaemia. 

 

1. Hyperuricaemia of metabolic origin: This group comprises about 10% cases of gout which are 

characterised by overproduction of uric acid. There is either an accelerated rate of purine 

biosynthesis de novo, or an increased turnover of nucleic acids. The causes of primary 

metabolic gout include a number of specific enzyme defects in purine metabolism which may 

be either of unknown cause or are inborn errors of metabolism. The secondary metabolic gout 

is due to either increased purine biosynthesis or a deficiency of glucose-6-phosphatase. 

 

2. Hyperuricaemia of renal origin: About 90% cases of gout are the result of reduced renal 

excretion of uric acid. Altered renal excretion could be due to reduced glomerular filtration of 

uric acid, enhanced tubular reabsorption or decreased secretion. The causes of gout of renal 
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origin include diuretic therapy, drug-induced (e.g. aspirin, pyrazinamide, nicotinic acid, 

ethambutol and ethanol), adrenal insufficiency, starvation, diabetic ketosis, and disorders of 

parathyroid and thyroid. Renal disease per se rarely causes secondary hyperuricaemia such as 

in polycystic kidney disease and leads to urate nephropathy. 

 

 

MORPHOLOGIC FEATURES The pathologic manifestations of gout include: acute gouty arthritis, 

chronic tophaceous arthritis, tophi in soft tissues, and renal lesions as under: 

 

1. Acute gouty arthritis: This stage is characterised by acute synovitis triggered by precipitation 

of sufficient amount of needle-shaped crystals of monosodium urate from serum or synovial 

fluid. There is joint effusion containing numerous polymorphs, macrophages and microcrystals 

of urates. The mechanism of acute inflammation appears to include phagocytosis of crystals 

by leucocytes. Acute gouty arthritis is predominantly a disease of lower extremities, affecting 

most commonly great toe. Other joints affected, in order of decreasing frequency, are: the 

instep, ankles, heels, knees, wrists, fingers and elbows. 

 

2. Chronic tophaceous arthritis: Recurrent attacks of acute gouty arthritis lead to progressive 

evolution into chronic arthritis. The deposits of urate encrust the articular cartilage. Deposits 

of urates in the form of tophi may be found in the periarticular tissues.  

 

3. Tophi in soft tissue:  A tophus (meaning ‘a porous stone’) is a mass of urates measuring a few 

millimetres to a few centimetres in diameter. Tophi may be located in the periarticular tissues 

as well as subcutaneously such as on the hands and feet. Tophi are surrounded by 

inflammatory reaction consisting of macrophages, lymphocytes, fibroblasts and foreign body 

giant cells.  

 

4. Renal lesions: Chronic gouty arthritis frequently involves the kidneys. Three types of renal 

lesions are described in the kidneys: acute urate nephropathy, chronic urate nephropathy and 

uric acid nephrolithiasis. 


