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BASIC PRINCIPLES OF CELL INJURY AND ADPTATION

INTRODUCTION:-

Study of abnormalities in structure and function of cells in disease has remained the focus of attention
in understanding of diseases. Thus, most forms of diseases begin with cell injury followed by
consequent loss of cellular function.

CELL INJURY:- Cell injury is defined as the effect of a variety of stresses due to etiologic agents a
cell encounters resulting in changes in its internal and external environment.

The cellular response to stress may vary and depends upon following two variables:

i) Host factors i.e. the type of cell and tissue involved.

ii) Factors pertaining to injurious agent i.e. extent and type of cell injury.

NORMAL CELL
(ﬂ\nered functional demand \ Mild to moderate stress XSevere persistent stress
ADAPTATIONS REVERSIBLE CELL INJURY IRREVERSIBLE CELL INJURY

ATROPHY, HYPERTROPHY, DEGENERATIONS,
HYPERPLASIA, METAPLASIA, SUBCELLULAR ALTERATIONS,
DYSPLASIA INTRACELLULAR ACCUMULATIONS

lSlress removed l Stress removed

NORMAL CELL RESTORED ) REPAIR AND HEALING ) CELL DEATH )

Cellular responses to cell injury
Various forms of cellular responses to cell injury may be as follows
Reversible Cell Injury:-When the stress is mild to moderate, the injured cell may recover. This is
known as reversible cell injury.
Irreversible Cell Injury:- If stress is very sever and persistent, cell may die. This is known as
irreversible cell injury e.g. narcosis and apoptosis.
Cellular Adaptations:- Some cells adapt to the changes when there is increased functional demand,
and then revert back to normal state if stress is removed. This is known as cellular adaption e.g.

Atrophy, hypertrophy, hyperplasia, metaplasia and dysplasia.
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HOMEOSTASIS
HOMEO= SAME STASIS= STANDING

Homeostasis refers to the maintenance of constant internal environment of the body Homeostasis is

the state of steady internal, physical, and chemical conditions maintained by living systems.

This dynamic state of equilibrium is the condition of optimal functioning for the organism and
includes many variables, such as body temperature and fluid balance, being kept within certain
pre-set limits (homeostatic range). Other variables include the pH of extracellular fluid, the
concentrations of sodium, potassium and calcium ions, as well as that of the blood sugar level, and
these need to be regulated despite changes in the environment, diet, or level of activity. Each of
these variables is controlled by one or more regulators or homeostatic mechanisms, which together

maintain life.

® Input: Control
Is:::r?: g:t:l;n pomter @ ﬁ?;?::atlon sent
afferent along efferent
pathway to pathway to
I Receptor (sensor) | Effector
(2) Change

detected
by receptor

(& Response of
effector feeds

@[ stimulus:

4 back to
Produces h’bﬁfa influence
phanqe th magnitude of
in variable stimulus and

returns variable

Variable (in homeostasis) to Eiomsoetanls

e

Homeostasis

Homeostatic mechanisms:- For the functioning of homeostatic mechanism, the body must recognize
the deviation of any physiological activity from the normal limits. Fortunately, body is provided with
appropriate detectors or sensors, which recognize the deviation. These detectors sense the deviation
and alert the integrating center. The integrating center immediately sends information to the

concerned effectors to either accelerate or inhibit the activity so that the normalcy is restored.
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The Home Heating System

1. When the temperature of a room decreases below a set point, the thermostat electrically starts the
furnace.
2. As the temperature of the room rises to the set point, the thermostat shuts down the furnace.

3. As the room cools, step one is repeated.

f Normal

Deviation J Correction
Sensor Effector

Control center

Information Command

Components of homeostatic system
There are three components to this system:
1. The Sensor which detects the stress.
2. The Control Center which receives information from the sensor and sends a message to the
Effector.
3. The Effector which receives the message from the control center and produces the response which

reestablishes homeostasis.

MECHANISM OF ACTION OF HOMEOSTATIC SYSTEM

Homeostatic mechanism in the body is responsible for maintaining the normalcy of various body
systems. Whenever there is any change in behavioral pattern of any system, the effectors bring back
the normalcy either by inhibiting and reversing the change or by supporting and accelerating the

change depending upon requirement of the situation. This is achieved by means of feedback signals.
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Feedback is a process in which some proportion of the output signal of a system is fed (passed) back

to the input. This is done more often intentionally in order to control the behavior pattern of the
system. Whenever any change occurs, system receives and reacts to two types of feedback:

1. Negative feedback

2. Positive feedback.

NEGATIVE FEEDBACK

Negative feedback is the one to which the system reacts in such a way as to arrest the change or
reverse the direction of change. After receiving a message, effectors send negative feedback signals
back to the system. Now, the system stabilizes its own function and makes an attempt to maintain

homeostasis

Hyperthermia s Heatre:ep.tnrsin | Hypothalamus |—
the skin

Stress
Sensors Control Center

Stress is reduced
shutting down
mechanism

Increased activity

of sweat glands

Perspiration ./ ¢ \

evaporates cooling ﬁ
the skin ‘x Increased blood

flow to the skin

Effect
Effectors

Homeostatic Regulation of Body Temperature through Negative Feedback
In case of Hyperthermia heat receptors in the skin act as sensors and send information to
Hypothalamus (Control Center) , then it activate the TRC (Temperature regulating center) which
Increased activity of sweat glands Increased blood flow to the skin (Effectors), Hence Perspiration

(sweat) evaporates cooling the skin Stress is reduced shutting down mechanism.

Many homeostatic mechanisms in the body function through negative feedback. For example,
thyroid-stimulating hormone (TSH) released from pituitary gland stimulates thyroid gland to secrete
thyroxine. When thyroxine level increases in blood, it inhibits the secretion of TSH from pituitary so

that, the secretion of thyroxin from thyroid gland decreases
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> Inhibition of
( TSH secretion 1
Increased secretion Decreased secretion
of thyroxine of thyroxine
Normal level of No Normal level of
thyroxine deviation » thyroxine
Decreased secretion Increased secretion
of thyroxine of thyroxine
[ o Stimulation of I

¥

TSH secretion
Negative feedback mechanism — secretion of thyroxine

Normal water
Decreased = content Increased
water content water content

[

No de\'/-iftiy
Stimulation of No stimulation of

osmoreceptors in Thirst No thirst osmoreceptors in
hypothalamus ~ = \T/ hypothalamus

Increased Increase in Decrease in Decreased
ADH secretion from water intake water intake ADH secretion from
posterlor pituitary \_./ posterior pituitary

d o T

Increased water Decreased water

retention by kldneys No:':rgg:ev:/]?ter J‘— retention by kidneys

Negative feedback mechanism — maintenance of water balance.
ADH = Antidiuretic hormone.
On the other hand, if thyroxine secretion is less, its low blood level induces pituitary gland to release
TSH. Now, TSH stimulates thyroid gland to secrete thyroxine. Another example for negative
feedback mechanism is maintenance of water balance in the body
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POSITIVE FEEDBACK MECHANISMS

Homeostatic systems utilizing positive feedback exhibit two primary characteristics:

1. Time limitation — Processes in the body that must be completed within a constrained time frame
are usually modified by positive feedback.

2. Intensification of stress — During a positive feedback process, the initial imbalance or stress is
intensified rather than reduced as it is in negative feedback.

Typical Positive Feedback Process

Stress | — & Sensor Control Center

Intensifies Effector

One of the positive feedbacks occurs during the blood clotting. Blood clotting is necessary to arrest
bleeding during injury and it occurs in three stages.

The three stages are:

I. Formation of prothrombin activator

ii. Conversion of prothrombin into thrombin

iii. Conversion of fibrinogen into fibrin.

Inju to blood vessel -
. ?llnd bleeding Stoppage of bleeding

Formation of
prothrombin activator

l+ %

Conversion of
prothrombin into thrombin ——

Conversion of
fibrinogen into
fibrin
Positive feedback mechanism — coagulation of blood.
Once formed, thrombin induces the formation of more prothrombin activato.r
Thrombin formed in the second stage stimulates the formation of more prothrombin activator in
addition to converting fibrinogen into fibrin. It causes formation of more and more amount of
prothrombin activator so that the blood clotting process is accelerated and blood loss is prevented

quickly.
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Homeostatic Regulation of Child Birth through Positive Feedback:- Pressure of Fetus on the

Uterine Wall then nerve endings in the uterine wall carry afferent messages to the hypothalamus that
lead to production and release of Oxytocin into the Blood which increasing strength of uterine

contractions. The birth of the child will bring this process to a close.

Onset of labor

l+

Positive feedback

Contraction of uterus <
<+
Movement of fetus into Release of oxytocin from
cervix hypothalamus

! T

Transmission of impulses
to hypothalamus

! 1

Dilatation of cervix

Movement of fetus Discharge of impulses
through cervix from the receptors
Stimulation of receptors I
in cervix

Positive feedback mechanism — parturition
Positive feedback “mini-loops”™ are built into pathway to speed up production of chemicals needed to

form the clot. Entire sequence of clotting is a negative feedback pathway: Feedback in Coagulation.

Body temperature Body temperature
decreases increases
1 Heating Cocimg
mechanisms mechanisms
activated activated
(shi vermg) | (swea ting)
Body temperature Bo-cl;.r temperature
increases decreases

Negative feedback & Positive feedback
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conditions in the body
change from set point

change
detected
corrective mechanisms corrective
switched off mechanisms activated

conditions
returned
to set point

Positive feedback
Harmful Effects of Positive Feedback Positive feedback can be harmful. Two specific examples
of these harmful outcomes would be:
1. Fever can cause a positive feedback within homeostasis that pushes the body temperature
continually higher. If the temperature reaches 45 degrees centigrade cellular proteins denature
bringing metabolism to a stop and death.
2. Chronic hypertension can favor the process of atherosclerosis which causes the openings of blood
vessels to narrow. This, in turn, will intensify the hypertension bring on more damage to the walls of

blood vessels.

ETIOLOGY OF CELL INJURY(CAUSES OF CELL INJURY)
The cells may be broadly injured by two major ways:
A. Genetic causes
B. Acquired causes
The acquired causes of disease comprise vast majority of common diseases afflicting mankind. Based
on underlying agent, the acquired causes of cell injury can be further categorized as under:
W Hypoxia and Ischemia
Physical agents
Immunologic agents

Chemical agents and drugs

& & & &

Microbial agents
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®l Psychological Factors

% Nutritional Imbalance

Wl Genetic derangements

In a given situation, more than one of the above etiologic factors may be involved. These factors are

briefly outlined below.

Hypoxia and Ischaemia: Cells of different tissues essentially require oxygen to generate energy and

perform metabolic functions. Deficiency of oxygen or hypoxia results in failure to carry out these

activities by the cells. Hypoxia is the most common cause of cell injury. Hypoxia may result from the

following 2 ways:

4+ The most common mechanism of hypoxic cell injury is by reduced supply of blood to cells due to
interruption i.e. ischaemia.

4+ Hypoxia may also result from impaired blood supply from causes other than interruption e.g.
disorders of oxygen carrying RBCs (e.g. anaemia, carbon monoxide poisoning), heart diseases,
lung diseases and increased demand of tissues.

Physical Agents: Physical agents in causation of disease are as under:

i) Mechanical trauma (e.g. road accidents);

ii) Thermal trauma (e.g. by heat and cold);

iii) Electricity;

iv) Radiation (e.g. ultraviolet and lonising); and

V) Rapid changes in atmospheric pressure.

Immunologic Agents: Immunity is a ‘double-edged word’—it protects the host against various

injurious agents but it may also turn lethal and cause cell injury e.g.

i) Hypersensitivity reactions;

i1) Anaphylactic reactions; and

iii) Autoimmune diseases.

Chemicals And Drugs An ever-increasing list of chemical agents and drugs may cause cell injury.

Important examples include the following:

i) Chemical poisons such as cyanide, arsenic, mercury;

ii) Glucose or salt hypertonic

iii) Environmental pollutants;

iv) Insecticides and pesticides;

v) Oxygen at high concentrations;
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vi) Hypertonic glucose and salt;

vii) Social agents such as alcohol and narcotic drugs; and

viii) Therapeutic administration of drugs.

Microbial Agents Injuries by microbes include infections caused by bacteria, rickettsiae, viruses,
fungi, protozoa, metazoa, and other parasites.

Psychogenic Diseases There are no specific biochemical or morphologic changes in common
acquired mental diseases due to mental stress, strain, anxiety, overwork and frustration

e.g. depression, schizophrenia. However, problems of drug addiction, alcoholism, and smoking result
in various organic diseases such as liver damage, chronic bronchitis, lung cancer, peptic ulcer,
hypertension, ischaemic heart disease etc.

Nutritional Imbalances: A deficiency or an excess of nutrients may result in nutritional imbalances.
Nutritional deficiency diseases may be due to overall deficiency of nutrients (e.g. starvation), of
protein calorie (e.g. marasmus, kwashiorkor), of minerals (e.g. anaemia), or of trace elements.
Nutritional excess is a problem of affluent societies resulting in obesity, atherosclerosis, heart disease
and hypertension..

Genetic Factors:- Genetic injury can result in a defact as gross as the congenitial malformations
associated with Down syndrome, or a single amino acid substitutions in haemoglobin as seen in

sickle cell anaemia.

PATHOGENESIS OF CELL INJURY

Injury to the normal cell by one or more of the above listed etiologic agents may result in a state of
reversible or irreversible cell injury. The underlying alterations in biochemical systems of cells for
reversible and irreversible cell injury by various agents are complex and varied. However, in general,
irrespective of the type, following common scheme applies to most forms of cell injury by various
agents:

PATHOGENESIS OF ISCHAEMIC AND HYPOXIC INJURY

Ischaemia and hypoxia are the most common forms of cell injury. Although underlying intracellular
mechanisms and ultrastructural changes seen in reversible and irreversible cell injury by hypoxia-
ischaemia (depending upon extent of hypoxia and type of cells involved) are a continuation of the

process, these mechanisms are discussed separately below and illustrated diagrammatically.
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ISCHAEMIA / HYPOXIA

!

+ ATP Generation

v
{ Synthesis of membrane
phospholipid

T Cytosolic Ca*™
Reperfusion

MITOCHONDRIA
Tca™

;

A . ++
Cytosolic Ca

Phospholipase activation

Protease activation

v

T Loss of membrane
= phospholipid

MEMBRANE DAMAGE | <

Lipid breakdown  Cytoskeletal
products injury

]

Toxic oxygen radicals

Reperfusion
k4

05, Hy0p, OH

A 4
Lipid peroxidation
DNA damage

-

Liberation of intracellular enzymes

!

NUCLEAR CHANGES
Pyknosis, karyolysis
karyorrhexis

'

CELL DEATH
Myelin figures

!

SERUM ENZYME ESTIMATION
SGOT, LDH, CPK-MB, ¢Tn

Sequence of events in the pathogenesis of reversible and irreversible cell injury caused by

REVERSIBLE CELL INJURY

hypoxia/ischaemia.

If the ischaemia or hypoxia is of short duration, the effects may be reversible on rapid restoration of

circulation e.g. in coronary artery occlusion, myocardial contractility, metabolism and ultrastructure

are reversed if the circulation is quickly restored. The sequential biochemical and ultrastructural

changes in reversible cell injury are as under:

1. Decreased ATP Production:

All living cells require continuous supply of oxygen to produce ATP which is essentially required for

a variety of cellular functions (e.g. membrane transport, protein synthesis, lipid synthesis and

phospholipid metabolism). ATP in human cell is derived from 2 sources:

+ Firstly, by aerobic respiration or oxidative phosphorylation (which requires oxygen) in the

mitochondria.
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+ Secondly, cells may subsequently switch over to anaerobic glycolytic oxidation to maintain

constant supply of ATP (in which ATP is generated from glucose/glycogen in the absence of
oxygen).

+ Ischaemia due to interruption in blood supply as well as hypoxia from other causes limit the
supply of oxygen to the cells, thus causing decreased ATP generation from ADP:

+ Inischaemia from interruption of blood supply, aerobic respirations as well as glucose availability
are both compromised resulting in more severe and faster effects of cell injury. Ischaemic cell
injury also causes accumulation of metabolic waste products in the cells.

%« On the other hand, in hypoxia from other causes (RBC disorders, heart disease, lung disease),
anaerobic glycolytic ATP generation continues, and thus cell injury is less severe. However,
highly specialised cells such as myocardium, proximal tubular cells of the kidney, and neurons of
the CNS are dependent solely on aerobic respiration for ATP generation and thus these tissues
suffer from ill-effects of ischaemia more severely and rapidly.

2. Decrease pH / Intracellular lactic acidosis:
Due to low oxygen supply to the cell, aerobic respiration by mitochondria fails first. This is followed
by switch to anaerobic glycolytic pathway for the requirement of energy (i.e. ATP). This results in
decrease level of glycogen and accumulation of lactic acid lowering the intracellular pH.
3. Damage to plasma membrane pumps (Na* pump damage):
Normally, the energy (ATP)-dependent sodium pump (also called Na*/K* ATPase) operating at the
plasma membrane allows active transport of sodium out of the cell and diffusion of potassium into
the cell. Lowered ATP in the cell lowers the activity of sodium pump and consequently interferes
with this membrane-regulated process. This results in intracellular accumulation of sodium and
diffusion of potassium out of the cell. The accumulation of sodium in the cell leads to increase in
intracellular water to maintain iso-osmotic conditions.

4. Reduced protein synthesis: Dispersed ribosomes

As a result of continued hypoxia, membranes of endoplasmic reticulum and Golgi apparatus swell up.

Ribosomes are detached from granular (rough) endoplasmic reticulum and polysomes are degraded to

monosomes due to hypoxia. This ultimately leads to decrease protein synthesis.

5. Functional Changes

Functional disturbance occurs in reversible cell injury e.g due to coronary occlusion myocardial

contractility ceases within one minute but can reversed on restoration of circulation
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ORGANELLES A, REVERSIBLE CELL B, IRREVERSIBLE CELL
IN NORMAL CELL INJURY INJURY
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5. CYTOSKELETON
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/ ! \ 299
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Ultrastructural changes during cell injury due to hypoxia-ischaemia.
6. Ultrastructural Changes
4+ Mitochondrial swelling.
4+ Myelin figures are lying in the cytoplasm or outside the cell.

+ Membrane bound polysomes are detached from the surface of Rough endoplasmic reticulam.
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IRREVERSIBLE CELL INJURY

Irreversible cell injury occurs due to persistence of ischaemia or hypoxia. In irreversible cell injury

the mitochondrial dysfunction is not reverse on reperfusion or reoxygenation and cell membrane
functions are disturbed.

Two essential phenomena always distinguish irreversible from reversible cell injury

+ Inability of the cell to reverse mitochondrial dysfunction on reperfusion or reoxygenation.

4 Disturbance in cell membrane function in general, and in plasma membrane in particular

1. Mitochondrial Dysfunction: Calcium influx

Due to cytosolic influx of Ca* ions occurs, mostly in irreversible injuried cell after reperfusion,
which is taken up by the mitochondria and lead to mitochondrial dysfunction. The various changes
observed in mitochondria are depositions of amorphous calcium salts in the mitochondrial matrix and
vacuoles in the mitochondria.

2. Membrane damage: Activated Phospholipases

In ischaemia induced irreversible cell injury particularly plasma membrane is damaged, is the most
important event in irreversible cell injury.

I. Loss of membrane phospholipid:

Due to deficiency of oxygen, calcium shifts from mitochondria and endoplasmic reticulam into the
cytosol. When the level of calcium increases in the cytosol, it activates endogenous phospholipase
from ischaemic tissue which damage the phospholipids of the membrane. Phospholipids are main
constituents of the lipid bilayer membrane. Another reason for membrane damage is decrease level of
ATP.

I1. Cytoskeletal Damage: Intracellular Proteases

The function of the cytoskeletal filament is to connect the plasma membrane to the cell interior.
Activation of proteases by increased Ca®* (cytosolic) can damage the cytoskeletal elements.

I11. Reactive Oxygen species. Free radicals are also involvedin the process of irreversible cell injury.
Various toxic oxygen radicals such as superoxide (O,), hydroxyl radicals (OH") and hydrogen
peroxide (H,O,) are increased in ischaemia. Incoming polymorphs produced these toxic oxygen
radicals during reperfusion. Free radical injury is also operating in other processes such as in
chemical injury, radiation injury, microbial killing, carcinogenesis and atherosclerosis.

IV. Lipid breakdown products. Break down products of lipid which accumulate in the ischaemic

cells results in further damage to other cell membranes.

The Pioneer Pharmacy Institute of Punjab




ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA

V. Damage produced by Reperfusion. Calcium homeostasis is disturbed upon reperfusion of

irreversibly injured cells, which results in large influx of calcium into the cytosol. This increase level
of calcium in the cytosol may leads to activation of membrane phospholipases, which causes
degradation of phospholipids.

3. Activated Endonucleases: Nuclear Damage

DNA or nucleoproteins are damaged by the activated lysosomal enzymes such as proteases and
endonucleases. Irreversible damage to the nucleus can be in three forms:

1) Pyknosis: Condensation and clumping of nucleus which becomes dark basophilic.

ii) Karyorrhexis: Nuclear fragmentation in to small bits dispersed in the cytoplasm.

iii) Karyolysis: Dissolution of the nucleus. Damaged DNA activates proapoptotic proteins leading the
cell to death.

4. Hydrolytic enzymes

Various hydrolytic enzymes such as DNAase, RNAase at proteases, etc., are released due to
lysosomal membrane damage. When these enzymes are activated, they cause digestion of cellular
components and induce various nuclear changes such as pyknosis,karyolysis and karyorrhexis.
Myelin figures are also formed due to replacement of dead cells by masses of the phospholipids.

These myelin figures are phagocytosed by the macrophages.

4. Estimation of Enzymes in the serum
Due to damage of the cell membrane various enzymes such as SGOT, LDH, ¢cTn CK-MB are
liberated into the serum which may be estimated for clinical purpose.

ISCHAEMIA-REPERFUSION INJURY AND FREE RADICAL-MEDIATED CELL
INJURY

Depending upon the duration of ischaemia/hypoxia, restoration of blood flow may result in the
following 3 different consequences:

1. From ischaemia to reversible injury

When the period of ischaemia is of short duration, reperfusion with resupply of oxygen restores the
structural and functional state of the injured cell i.e. reversible cell injury.

2. From ischaemia to irreversible injury

Another extreme is when much longer period of ischaemia has resulted in irreversible cell injury

during ischaemia itself i.e. when so much time has elapsed that neither blood flow restoration is
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helpful nor reperfusion injury can develop. Cell death in such cases is not attributed to formation of

activated oxygen species. But instead, on reperfusion there is further marked intracellular excess of
sodium and calcium ions due to persistent cell membrane damage.

3. From ischaemia to reperfusion injury

When ischaemia is for somewhat longer duration, then restoration of blood supply to injured but
viable cells (i.e. reperfusion), rather than restoring structure and function of the cell, paradoxically
deteriorates the already injured cell and leads it to cell death. This is termed ischaemia-reperfusion
injury. The examples of such forms of cell injury are irreversible cell injury in myocardial and
cerebral ischaemia.lschaemia-reperfusion injury occurs due to excessive accumulation of free
radicals or reactive oxygen species.

The mechanism of reperfusion injury by free radicals is complex but following three aspects are
involved:

a) Calcium overload.

b) Excessive generation of free radicals (superoxide, H202, hydroxyl radical, pernitrite).

c) Subsequent inflammatory reaction. These are discussed below

a) Calcium Overload

Upon restoration of blood supply, the ischaemic cell is further bathed by the blood fluid that has
more calcium ions at a time when the ATP stores of the cell are low. This results in further calcium
overload on the already injured cells, triggering lipid peroxidation of the membrane causing further
membrane damage.

b) Excessive Generation of Free Radicals

Although oxygen is the lifeline of all cells and tissues, its molecular forms as reactive oxygen

radicals or reactive oxygen species can be most devastating for the cells.

OH
Protein
oxidation

Lipid
peroxidation

y.'.«.v.-h-ﬂ
OH"

Mechanism of cell death by hydroxyl radical, the most reactive oxygen species.
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c) Subsequent Inflammatory Reaction

Ischaemia reperfusion event is followed by inflammatory reaction. Incoming activated neutrophils
utilize oxygen quickly (oxygen burst) and release large excess of oxygen free radicals. Ischaemia is
also associated with accumulation of precursors of ATP, namely ADP and pyruvate, which further
build-up generation of free radicals.

Antioxidants These are substances which either inhibit the generation of free radicals or inactive
them and inhibit free radical mediated cellular damage. Various antioxidants are vitamin A, C, E and
sulphhydryl containing amino acids such as cysteine and glutathione

PATHOGENESIS OF PHYSICAL INJURY Accidental or therapeutic exposure is of importance
in treatment of persons with malignant tumours as well as may have carcinogenic influences Killing
of cells by ionizing radiation is the result of direct formation of hydroxyl radicals from radiolysis of
water. These hydroxyl radicals damage the cell membrane as well as may interact with DNA of the
target cell. In proliferating cells, there is inhibition of DNA replication and eventual cell death by
apoptosis (e.g. epithelial cells). In non-proliferating cells, there is no effect of inhibition of DNA
synthesis and in these cells there is cell membrane damage followed by cell death by necrosis (e.g.

neurons).

- (IONISING RADIATIOND

H,0
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F'ruhferatmg cells Nun prollferatmg cells
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17 DNA damage —l Lipid peroxidation

Genetic Inhibition of DNA Cell membrane
damage replication damage

MUTATIONS APOPTOSIS ' NECROSIS
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MORPHOLOGY OF REVERSIBLE CELL INJURY

The morphology of the reversible cell injury is denoted by the term retrogressive changes. Various

morphological changes which occurs during reversible cell injury are
1. Hydropic changes (cellular swelling)
2. Hyaline changes
3. Mucoid changes.
4. Fatty changes.
Hydropic Changes
Hydropic change means accumulation of water within the cytoplasm of the cell. Other synonyms
used are cloudy swelling (for gross appearance of the affected organ) and vacuolar degeneration
(due to cytoplasmic vacuolation). Hydropic swelling is an entirely reversible change upon removal
of the injurious agent.
Etiology
This is the commonest and earliest form of cell injury from almost all causes. The common causes
include acute and subacute cell injury from various etiologic agents such as bacterial toxins,
chemicals, poisons, burns, high fever, intravenous administration of hypertonic glucose or saline
etc.
Pathogenesis
Cloudy swelling results from impaired regulation of sodium and potassium at the level of cell
membrane. This results in intracellular accumulation of sodium and escape of potassium. This, in
turn, is accompanied with rapid flow of water into the cell to maintain iso-osmotic conditions and
hence cellular swelling occurs. In addition, influx of calcium too occurs.

Table 1.1 Classification of morphologic forms of cell injury.
MECHANISM OF CELL INJURY NOMENCLATURE

Reversible cell injury Retrogressive changes (older term: degenerations)
: . Cell death—necrosis

Irreversible cell injury
Apoptosis
Programmed cell death
Intracellular accumulation of lipid, protein,

Deranged cell metabolism carbohydrate

After-effects of necrosis Gangrene, pathologic calcification
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Hyaline Change

The word ‘hyaline’ or ‘hyalin’ means glassy (hyalos = glass). Hyalinisation is a common

descriptive histologic term for glassy, homogeneous, eosinophilic appearance of proteinaceous

material in haematoxylin and eosin-stained sections and does not refer to any specific substance.

Though fibrin and amyloid have hyaline appearance, they have distinctive features and staining

reactions and can be distinguished from non-specific hyaline material. Hyaline change is seen in

heterogeneous pathologic conditions and may be intracellular or extracellular.

Intracellular Hyaline

Intracellular hyaline is mainly seen in epithelial cells. A few examples are as follows:

+ Hyaline droplets in the proximal tubular epithelial cells due to excessive reabsorption of
plasma proteins in proteinuria.

+ Hyaline degeneration of rectus abdominalis muscle called Zenker’s degeneration, occurring in
typhoid fever. The muscle loses its fibrillar staining and becomes glassy and hyaline.

+ Mallory’s hyaline represents aggregates of intermediate filaments in the hepatocytes in
alcoholic liver cell injury.

+ Nuclear or cytoplasmic hyaline inclusions seen in some viral infections.

+ Russell’s bodies representing excessive immunoglobulins in the rough endoplasmic reticulum
of the plasma cells.

Extracellular Hyaline

Extracellular hyaline commonly termed hyalinisation is seen in connective tissues. A few

examples of extracellular hyaline change are as under:

+ Hyaline degeneration in leiomyomas of the uterus.

+ Hyalinised old scar of fi brocollagenous tissues.

+ Hyaline arteriolosclerosis in renal vessels in hyper tension and diabetes mellitus.

+ Hyalinised glomeruli in chronic glomerulonephritis.

+ Corpora amylacea seen as rounded masses of concentric hyaline laminae in the enlarged prostate
in the elderly, in the brain and in the spinal cord in old age, and in old infarcts of the lung.

Mucoid Change

Mucoid means mucus-like. Mucus is the secretory product of mucous glands and is a

combination of proteins complexed with mucopolysaccharides. Mucin, a glycoprotein, is its

chief constituent. Mucin is normally produced by epithelial cells of mucous membranes and
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mucous glands, as well as by some connective tissues such as ground substance in the umbilical

cord. By convention, connective tissue mucin is termed myxoid.

Both epithelial and connective tissue mucin are stained by alcian blue. However, epithelial mucin
stains positively with periodic acid-Schiff (PAS), while connective tissue mucin is PAS negative
but is, instead, stained positively with colloidal iron.

a) Epithelial Mucin
Following are some examples of functional excess of epithelial mucin:
4 Catarrhal inflammation of mucous membrane (e.g. of respiratory tract, alimentary tract,
uterus).
4+ Obstruction of duct leading to mucocele in the oral cavity and gallbladder.
4 Cystic fibrosis of the pancreas.
4+ Mucin-secreting tumours (e.g. of ovary, stomach, large bowel etc).
b) Connective Tissue Mucin
A few examples of disturbances of connective tissue mucin or myxoid change are as under:
4+ Mucoid or myxoid change in some tumours e.g. myxomas, neurofi bromas, fibroadenoma,
soft tissue sarcomas etc.
4+ Dissecting aneurysm of the aorta due to Erdheim’s medial degeneration and Marfan’s
syndrome.
4+ Myxomatous change in the dermis in myxoedema.

4+ Myxoid change in the synovium in ganglion on the wrist.

BOX:- Morphology of Reversible Cell Injury
+ Degenerations or reversible cell injury depict light microscopic changes occurring at
ultrastructural level. Hydropic swelling is the earliest form of cell injury from
various etiologies and its main features are cellular swelling due to cytoplasmic
vacuoles.
+ Hyaline change is intra- and extracellular deposition of pink, proteinaceous
material.

+ Mucoid change is deposition of mucinous material in epithelial and connective
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INTRACELLULAR ACCUMULATION

Intracellular accumulation of substances in abnormal amounts can occur within the cytoplasm

(especially lysosomes) or nucleus of the cell. This phenomenon was previously referred to as

infiltration, meaning thereby that something unusual has infiltrated the cell from outside which is not

always the case. Intracellular accumulation of the substance in mild degree causes reversible cell
injury while more severe damage results in irreversible cell injury.

Abnormal intracellular accumulations can be divided into 3 groups:

W Accumulation of constituents of normal cell metabolism produced in excess e.g. accumulations of
lipids (fatty change, cholesterol deposits), proteins and carbohydrates.

W Accumulation of abnormal substances produced as a result of abnormal metabolism due to lack of
some enzymes e.g. storage diseases or inborn errors of metabolism.

W Accumulation of pigments e.g. endogenous pigments under special circumstances, and exogenous
pigments due to lack of enzymatic mechanisms to degrade the substances or transport them to
other sites.

These pathologic states are discussed below:-

Fatty Change (Steatosis)

Steatosis and fatty changes describe the abnormal accumulations of triglycerides within parenchymal

cells. Because liver is the major organ involved in fat metabolism, so fatty changes are mostly seen in

liver but also may occurs n heart and kidney and other organs. Fatty change may be mild and
reversible, or severe and irreversible cause death, depending upon cause

And amount of accumulation.

Etiology

Fatty change in the liver may result from one of the two types of causes:

1. Conditions with excess fat

These are conditions in which the capacity of the liver to metabolise fat is exceeded e.g.

+ Obesity

+ Diabetes mellitus

+ Congenital hyperlipidaemia

2. Liver cell damage

These are conditions in which fat cannot be metabolised due to liver cell injury e.g.

+ Alcoholic liver disease (most common)

% Starvation
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Protein calorie malnutrition

Chronic illnesses (e.g. tuberculosis)

Acute fatty liver in late pregnancy

Hypoxia (e.g. anaemia, cardiac failure)

Hepatotoxins (e.g. carbon tetrachloride, chloroform, ether, aflatoxins and other poisons)

- F F F F

Drug-induced liver cell injury (e.g. administration of methotrexate, steroids, CCl4, halothane
anaesthetic, tetracycline etc)

+ Reye’s syndrome

PATHOGENESIS

Mechanism of fatty liver depends upon the stage at which the etiologic agent acts in the normal fat

transport and metabolism. Hence, pathogenesis of fatty liver is best understood in the light of normal

fat metabolism in the liver.

Lipids as free fatty acids enter the liver cell from either of the following 2 sources:

+ From diet as chylomicrons (containing triglycerides and phospholipids) and as free fatty acids.

+ From adipose tissue as free fatty acids.

As free fatty acids, lipids enter the liver cell either from diet or from adipose tissue. In the liver cells

normally, small part of fatty acids is synthesised from the acetate, a-glycerophosphate esterifies most

of the fatty acids to triglycerides and some amount is changed into cholesterol esters, ketone bodies

and phospho- lipids. In the liver cells triglyceride require "lipid acceptor protein™ to form lipoprotein

which is excreted from liver cells as shown in figure.

In fatty liver, intracellular accumulation of triglycerides occurs due to defect at one or more of the

following 6 steps in the normal fat metabolism

+ Increased entry of free fatty acids into the liver.

+ Increased synthesis of fatty acids by the liver.

+ Decreased conversion of fatty acids into ketone bodies resulting in increased esterification of fatty
acids to triglycerides.

+ Increase alpha-glycerophosphate causing increased esterifycation of fatty acids to triglycerides.

+ Decreased synthesis of ‘lipid acceptor protein’ resulting in decreased formation of lipoprotein
from triglycerides.

+ Block in the excretion of lipoprotein from the liver into plasma.
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a) Fatty liver. Sectioned slice of the liver shows pale yellow parenchyma with rounded borders.

b) Lipid metabolism in the pathogenesis of fatty liver. Defects in any of the six numbered steps
(corresponding to the description in the text) can produce fatty liver by diff erent etiologic agents.
In most cases of fatty liver, one of the above mechanisms is operating. But liver cell injury from
chronic alcoholism is multifactorial as follows:

+ Increased lipolysis
Increased free fatty acid synthesis
Decreased triglyceride utilisation

Decreased fatty acid oxidation to ketone bodies

- + £ F

Block in lipoprotein excretion

INTRACELLULAR ACCUMULATION OF PROTEINS

Pathologic accumulation of proteins in the cytoplasm of cells may occur in the following conditions:

®l In proteinuria, there is excessive renal tubular re absorption of proteins by the proximal tubular
epithelial cells which show pink hyaline droplets in their cytoplasm. The change is reversible;
with control of proteinuria the protein droplets disappear.

® In alphal-antitrypsin deficiency, the cytoplasm of hepatocytes shows eosinophilic globular
deposits of a mutant protein.

i Mallory’s body or alcoholic hyaline in the hepatocytes is intracellular accumulation of

intermediate filaments of cytokeratin and appear as amorphous pink masses.
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INTRACELLULAR ACCUMULATION OF CARBOHYDRATES (GLYCOGEN)

Glycogen is a readily available energy store that is present in the cytoplasm. Accumulation of
glycogen occurs in various conditions such as:

1. In diabetes mellitus. Normal uptake of glucose is impaired, which leads to intracellular
accumulation of glycogen in different tissues. In diabetes mellitus glycogen deposits are seen in
epitheliun of distal portion of proximal convoluted tubule and descending loop of Henle. In
pancreatic B-cells of liver and in the cardiac muscle cells, clear vacuoles in the cytoplasm of the
affected cells are seen due to glycogen deposition.

2. In glycogen storage diseases or glycogenolysis. In these diseases enzymatic defects in the
synthesis or break down of glycogen results in massive stock piling, with secondary injury and cell
death.

Pigments

These are the coloured substances. Pigments are present in most living beings including humans.
These are classified into two main categories :

1. Endogenous pigments.

2. Exogenous pigments

1. Endogenous pigments

These are normal constituents of the cells and accumulate under speical conditions. Various
endogenous pigments are :

I. Melanin

I1. Ochronosis

I11. Haemoprotein derived pigments

IV. Lipofuscin

I. Melanin. It is non haemoglobin derived, brown black pigment formed when the enzyme tyrosinse
catalyse the oxidation of tyrosine to dihydroxy phenylalanine in melanocytes. However, sometimes
no melanin pigment is visible because tyrosine is present, but it is not active. Melanin pigmentation
cause :

+ Generalised hyperpigmentation. eg. Addison'sdisease, chloasma

+ Focal hyperpigmentation. eg. Melanosis coli, melatonic tumours.

+ Generalised hypopigmentation. eg. Albinism.

+ Localised hypopigmentation. eg. Vitiligo, leucoderma.
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Il. Ochronosis. It is an autosomal recessive disorder. In ochronosis there is deficiency of an oxidase

enzyme required for breakdown of homogentisic acid which then accumulates in tissue and excreted
in the urine. Pigment is melanin like and most affected tissues are capsules of joints, cartilages,
ligaments and tendons

I11. Haemoprotein derived pigments.

(a) Haemosiderin is a haemoglobin derived, golden yellow to brown, crystalline and granular
pigment in the form of which Iron is stored in the cell. Haemosiderin excess

leads to :

Localised haeiaosiderosis. Due to haemorrhage in the tissues localised haemosiderosis develops.
Haemoglobin is liberated due to lysis of red cells, which is taken up by macrophages where it is
degraded and stored as haemosiderin.

Generalised haemosiderosis. It occurs due to systemic Iron overload. Two types of pattern may be
there:

Parenchymatous deposition of haemosiderin occurs in parenchymal cells of the liver.
Reticuloendothelial deposition occurs in the liver and spleen.

(b) Bilirubin. It is present in the bile. Bilirubin is derived from the porphyrin ring of the haeme
moiety of the haemoglobin. When level of bilirubin increases, it leads to a clinical condition known
as jaundice.

IV. Lipofuscin. It is known as wear and tear, aging pigment or lipochrome. Lipofuscin is yellowish
brown in colour. It is found in atrophied cells of old age hence known as wear and tear or aging
pigment. It is mostly seen in liver, heart, neurons etc.

2. Exogenous Pigments

The pigments which are introduced into the body from outside by various routes such as by
inhalation, infection, or ingested are known as exogenous pigments.

I. Inhaled pigments. e.g. carbor or coal dust, silica or stonedust, iron or iron oxide and organic
substances. Inhaled pigments are mostly seen in persons living in urban areas due to atmospheric
pollutants and in smokers.

Il. Injected pigments. e.g. Cinnabar, carbon and India ink. Pigments are introduced into the dermis
in the process of tattooing, where these pigments are taken up by the macrophages and lies in the

connective tissue.
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I11. Ingested pigments. Certain metals on chronic ingestion may produce pigmentation. eg.

prolonged ingestion of certain cathartics results in melanosis coli. Chronic ingestion of silver results

in Argyria, which results in brownish pigmentation in the skin, bowel and kidney.

BOX: Intracellular Accumulations

+ Intracellular accumulations may occur from normal constituents of cell metabolism (e.g.
fats, proteins, carbohydrates), or accumulation of abnormal substances due to either
absence of some metabolic enzymes or due to pigments.

+« Fatty change is deposition of fat in the parenchymal cells or organs such as liver,
kidneys, muscle, pancreas etc.

+ Fatty liver is more common and occurs from various etiologies, most often from
alcoholic liver disease; others are obesity, diabetes, starvation, pregnancy, drugs etc.

+ Mechanism for fatty liver is due to excess of free fatty acids, either from diet or from
adipose tissues, resulting in intracellular accumulation of triglycerides in the
hepatocytes.

+ Fatty liver is characterised by enlarged pale-yellow liver, having cytoplasmic vacuoles
(microvesicles or macrovesicles) in the hepatocytes.

MORPHOLOGY OF IRREVERSIBLE CELL INJURY (CELL DEATH)

Cell death is a state of irreversible injury. It may occur in the living body as a local or focal change
(i.e. autolysis, necrosis and apoptosis) and the changes that follow it (i.e. gangrene and pathologic
calcification), or result in end of the life (somatic death).

Irreversible cell injury or cell death may occur in the living body as a local or focal change such as
autolysis, necrosis and apoptosis and the changes that follow it, such as pathological calcification

and gangrene. The various pathological processes which are involved in the cell death are :

1. AUTOLYSIS

Autolysis is also known as self digestion. It occurs when living body is surrounded by
inflammatory reaction or may occur as postmortem change when there is complete absence of
inflammatory surrounding. Autolysis occurs by the hydrolytic enzymes liberated by the lysosome

of the cells.

The Pioneer Pharmacy Institute of Punjab




ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA

2. NECROSIS

Necrosis (means ‘dead’ in Greek) is the uncontrolled and unprogramed death of cells due to

unexpected and accidental damage. It is also called ‘cell murder’ because the cell is killed by
extracellular or external events. After necrosis, the harmful chemical substances released from the
dead cells cause damage and inflammation of neighboring tissues

It is the cell death occurs by the liberation of the hydrolytic enzymes from the cells. Various agents
such as hypoxia, physical agents, chemical agents, immunological agent and microbial agents can
cause necrosis, Cell digestion by the lytic enzymes and denaturation of proteins are two essential
changes bring about irreversible cell injury in necrosis.

Causes for Necrosis

Common causes of necrosis are injury, infection, inflammation, infarction and cancer. Necrosis is
induced by both physical and chemical events such as heat, radiation, trauma, hypoxia due to lack
of blood flow and exposure to toxins.

Types of Necrosis

On the basis of morphology Necrosis is divided into following types :

I. Coagulative Necrosis

Il. Liquefactive Necrosis

I11. Fat Necrosis

IV. Caseous Necrosis

V. Fibrinoid Necrosis,

VI1.Gangrenous Necrosis (gangrene)

1. Coagulative necrosis. It is an irreversible cell death caused by ischaema (cessation of blood
flow) and markedly from chemical and bacterial agents. It is one of the most common type of
necrosis and mainly affect heart, kidney and spleen. After the death of the cell its outline is
maintained. When cell is stained with haematoxylin and eosin, the cytoplasm of necrotic cell is
more eosinophilic than the usual. The nucleus displays an initial clumping of chromatin followed
by its redistribution along the nuclear membrane.

Three morphological changes observed are:

Pyknosis. When nucleus becomes smaller due to condensation of nuclear chromatin.
Karyorrhexis. When the pyknotic nucleus fragmented into many smaller granular clump.

Karyolysis . When the pyknotic nuclear extruded from the cell.
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A, Normal cell B, Pyknosis C, Karyorrhexis D, Karyolysis:

Nuclear and cytoplasmic changes in necrosis. A, Normal cell. B, Cytoplasm is more pink and
nucleus is shrunken(pyknosis). C, Cytoplasm is more pink and the nucleus is fragmented
(karyorrhexis). D, The cytoplasm is intensely pink and nuclear material has disappeared

(karyolysis).

Il. Liquefactive Necrosis. It is also known as colliquative necrosis. When the rate of dissolution of

the necrotic cell is faster than the rate of repair, the resulting morphological appearance is known as

liquefactive necrosis. It is mostly caused by hydrolytic enzymes. Ischaemic injury, bacterial and

fungal infection are the major causes of liquefactive necrosis, eg infarct brain and abscess cavity

formed by liquefactive necrosis in a solid tissue

I11. Fat Necrosis. It mostly affects adipose tissue and results from pancreatitis or trauma. The

feature which determine this type of necrosis is the presence of triglycerides in adipose tissue.

The process of necrosis starts when digestive enzymes, which are normally found in pancreatic

duct and small intestine, are released from injured pancreatic acinar cells and ducts into

extracellular space. These enzymes digest the pancreas itself as well as the surrounding tissues

including adipose tissue, as follows

4+ Proteases and phospholipases release stored triglycerides from fat cells.

4+ Pancreatic lipase hydrolysed this triglycerides into free fatty acid.

4+ These fatty acids are precipitated as calcium soaps, which deposits at the periphery of the
irregular islands of necrotic adipocytes.

I'V. Caseous necrosis. In tuberculosis infection necrosis found in the centre of the foci is known as

caseous necrosis. Both coagulative and liquefactive necrotic features are found

caseous necrosis. In caseous necrosis, unlike coagulative necrosis, the necrotic cells fail to retain

their cellular outline. They also do not disappear by lysis, as in liquefactive necrosis. It resembles

clumpy cheese, hence the caseous necrosis.

V. Fibrinoid necrosis. It is also known as fibrinoid degeneration. In fibrinoid necrosis, plasma

proteins accumulates in the injured blood vessels which cause the wall to stain intensely with eosin.
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V1. Gangrenous necrosis (gangrene). This life threatening infection occurs when coagulative

necrosis of tissues is associated with superadded infection by putrefactive bacteria. These are
usually anaerobic gram positive clostridium spp. derived from the gut or soil which thrive in
conditions of low oxygen tension Gangrenous tissue is foul smelling and black. The bacteria
produce toxin which destroy collagen and enable the infection to spread rapidly, can become
systemic i.e. reach the blood stream, septicaemia).

3. APOPTOSIS

Apoptosis is defined as the natural or programed death of the cell under genetic control.
Originally, apoptosis refers to the process by which the leaves fall from trees in autumn (In Greek,
apoptosis means ‘falling leaves’). It is also called ‘cell suicide’ since the genes of the cell play a
major role in the death. This type of programmed cell death is a normal phenomenon and it is
essential for normal development of the body. In contrast to necrosis, apoptosis usually does not
produce inflammatory reactions in the neighboring tissues.

APOPTOSIS IN BIOLOGIC PROCESSES Apoptosis is responsible for mediating cell death in a
wide variety of physiologic and pathologic processes as under:

Physiologic Processes:

1. Organised cell destruction in sculpting of tissues during development of embryo.

2. Physiologic involution of cells in hormone-dependent tissues e.g. endometrial shedding, regression
of lactating breast after withdrawal of breast-feeding.

3. Normal cell destruction followed by replacement proliferation such as in intestinal epithelium.

4. Involution of the thymus in early age.

Pathologic Processes:

1. Cell death in tumours exposed to chemotherapeutic agents.

2. Cell death by cytotoxic T cells in immune mechanisms such as in graft-versus-host disease and
rejection reactions.

3. Progressive depletion of CD4+T cells in the pathogenesis of AIDS.

4. Cell death in viral infections e.g. formation of Councilman bodies in viral hepatitis.

5. Pathologic atrophy of organs and tissues on withdrawal of stimuli e.g. prostatic atrophy after
orchiectomy, atrophy of kidney or salivary gland on obstruction of ureter or ducts,

respectively.

6. Cell death in response to low dose of injurious agents involved in causation of necrosis e.g.

radiation, hypoxia and mild thermal injury.
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7. In degenerative diseases of CNS e.g. in Alzheimer’s disease, Parkinson’s disease, and chronic

infective dementias.

8. Heart diseases e.g. in acute myocardial infarction (20% necrosis and 80% apoptosis).
The morphological changes of apoptosis include:

. Cell shrinkage

. DNA fragmentation.

. Plasmamembrane blabbing

. Condensation of cytoplasm and nucleus (chromatin condensation)

. Formation of apoptotic bodies.

. Phagocytosis of apoptotic bodies by the macrophages

~N O O B~ W N P

. No inflammatory reactions occur. Biochemical changes

BIOCHEMICAL CHANGES Biochemical processes underlying the morphologic changes are as
under:

1. Proteolysis of cytoskeletal proteins.

2. Protein-protein cross linkages.

3. After initial pyknosis of nucleus, there is fragmentation of chromatin by activation of nuclease.

4. Appearance of phosphatidyl serine on the outer surface of cell membrane.

5. In some forms of apoptosis, appearance of an adhesive glycoprotein thrombospondin on the outer
surface of apoptotic bodies.

6. Appearance of phosphatidyl serine and thrombospon din on the outer surface of apoptotic cell
facilitates early recognition by macrophages for phagocytosis prior to appearance of inflammatory
cells.

MOLECULAR MECHANISMS OF APOPTOSIS

Several physiologic and pathologic processes activate apoptosis in a variety of ways. However, in
general the following molecular events sum up the sequence involved in apoptosis:

1. Initiators of apoptosis All cells have inbuilt effector mechanisms for cell survival and signals of
cell death; it is the loss of this balance that determines survival or death of a cell.
Accordingly, a cell may be initiated to program med cell death as follows:

i) Withdrawal of normal cell survival signals e.g. absence of certain hormones, growth factors,
cytokines.

ii) Agents of cell injury e.g. heat, radiation, hypoxia, toxins, free radicals.
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2. Initial steps in apoptosis After the cell has been initiated into self-destruct mode, cell death

signaling mechanisms gets activated from intrinsic (mitochondrial) and extrinsic (cell death receptor
initiated) pathways as outlined below. However, finally mediators of cell death are activated
caspases. Caspases are a series of proteolytic or protein-splitting enzymes which act on nuclear
proteins and organelles containing protein components. The term ‘caspase’ is derived from: ¢ for
cysteine protease; asp for aspartic acid; and ase is used for naming an enzyme.

i) Intrinsic (mitochondrial) pathway: This pathway of cell death signaling is due to increased
mitochondrial permeability and is a major mechanism. Mitochondria contain a protein called
cytochrome ¢ which is its lifeline in an intact mitochondria. But release of this protein from
mitochondria into the cytoplasm of the cell triggers the cell into apoptosis. The major mechanism of
regulation of this mitochondrial protein is by pro- and antiapoptotic members of Bcl proteins. Bcl-2
oncogene was first detected on B-cell lymphoma and hence its name. Bcl-2 gene located on the
mitochondrial inner membrane is a human counterpart of CED-9 (cell death) gene regulating cell
growth and cell death of nematode worm Caenorhabditis elegans which has been studied in detail.
Among about 20 members of Bcl family of oncogenes, the growth promoter (anti-apoptotic) proteins
are Bcl-2, Bcl-x and Mcl-1, while pro-apoptotic proteins are Bim, Bid and Bad which contain single
Bcl-2 homology domain (also called BH-only proteins). The net effect on the mitochondrial
membrane is based on the pro-apoptotic and anti-apoptotic actions of Bcl-2 gene family. Pro-
apoptotic mechanism in turn activates Bcl-2 family eff ectors Bax and Bak which damage
mitochondrial membrane and allow leakage of cytochrome c protein into cytoplasm. T is, in turn,
activates caspase cascade.

ii) Extrinsic (cell death receptor initiated) pathway: This signaling pathway of cell death is by
activation of death receptors on the cell membrane. An important cell death receptor is type 1 tumour
necrosis factor receptor (TNF-R1) and a related transmembrane protein called Fas (CDN5) and its
ligand (FasL). Fas is present on cytotoxic (CD 8") T cells. Binding of Fas and FasL activates Fas-
associated death domain (FADD) in the cytoplasm of the cell that activates caspases.

3. Final phase of apoptosis The final culmination of either of the above two mechanisms is
activation of caspases. Mitochondrial pathway activates caspase-9 and death receptor pathway
activates caspases-8 and 10. Other caspases which actively partake in the apoptotic process are
caspases-3 and 6. These caspases act on various components of the cell such as DNAase and nuclear
matrix proteins and lead to proteolytic actions on nucleus, chromatin clumping, cytoskeletal damage,

disruption of endoplasmic reticulum, mitochondrial damage, and disturbed cell membrane.
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INITIATORS OF APOPTOSIS

« Transmembranous (e.g. absence of hormones, growth factors, cytokines)
« Intracellular (mitochondrial) (e.g. heat, radiation, hypoxia toxins, free radicals)
« Extracellular (e.g. FAS receptor activation)

% shrinkage l

PROCESS OF PROGRAMMED CELL DEATH
o Activation of caspases
« Activation of death receptors (CD95)
o Activation of growth controlling genes (Bcl-2, p53)
* Cell death

Macrophage Apoptotic
bodies

PHAGOCYTOSIS

» Membrane changes (e.g. expression of phosphatidylserine, thrombospondin)
« No inflammatory cells

MORPHOLOGY I MOLECULAR MECHANISMS I

Molecular mechanism of apoptosis contrasted with sequence of morphologic changes.
4. Phagocytosis The dead apoptotic cells develop membrane changes which promote their
phagocytosis. Phosphatidyl serine and thrombo spon din molecules which are normally present on the
inside of the cell membrane, appear on the outer surface of the cells in apoptosis, which facilitate
their identifi cation by adjacent phagocytes and promotes phagocytosis. The phago cytosis is rapid
and is unaccompanied by any inflammatory cells. The mechanism of apoptosis is schematically
represented in
Apoptosis is biological Processes
Apoptosis is responsible for mediating cell death in a wide varity of physiological and pathological
process as under :-
Physiological apoptosis
1. Embryogenesis. eg. formation of digits from limb buds.

I1. Menstrual cycle : endometrial cell loss.
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I11. Breast feeding : reversal of changes in the lactating breast, once breast feeding is finished.

IV. Immune cell development : deletion of immune cells (T-cells) that may react with the body's own
tissues.
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Necrosis and apoptosis.

A, Cell necrosis is identified by homogeneous, eosinophilic cytoplasm and nuclear changes of
pyknosis, karyolysis, and karyorrhexis.

B, Apoptosis consists of condensation of nuclear chromatin and fragmentation of the cell

intomembrane-bound apoptotic bodies which are engulfed by macrophages

Pathological apoptosis
I. Tumours. The balance between apoptosis and cell protiferation is disturbed in neoplasia.

I1. Atrophy. Cell loss in atrophic tissues is by apoptosis eg, viral illness i.e. hepatitis (individual
hepatocytes can be seen in apoptotic forms).

I11. AIDS. Loss of lymphocytes is by apoptosis.

The Pioneer Pharmacy Institute of Punjab




ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA

PATHOLOGIC CALCIFICATION
It is also known as heterotropic calcification. Pathologic calcification is a condition when calcium

salts get deposited in tissues other than osteoid or enamel. There are two general types of pathologic
calcification.

I. Dystrophic Calcification.

Il. Metastatic Calcification.

1. Dystrophic Calcification. It is a condition in which there is deposition of calcium and other
minerals in dead or degenerated tissues, with normal calcium levels and calcium metabolism. Some
factors like change of pH in the necrotic tissue and release of enzymes, eg alkaline phosphatase, from
necrotic tissue have been implicated which favour deposition of calcium salts.

Dystrophic calcification process has been linked to the formation of normal hydroxyapatite in the
bone e.g. atherosoma in blood vessels, heart valves in elderly individuals, old tuberculosis lesions.

Il. Metastatic calcification. It is a condition in which calcium deposits in normal tissues and is
associated with hypercalcaemia and deranged calcium metabolism. Because hypercalcaemia causes
metastatic calcification in normal tissues, it may be due to :

4+ Excessive mobilization of calcium from the bone

+ Excessive absorption of calcium from the gut. eg. Bony destruction lesions such as metastatic

carcinoma.

CELLULAR ADAPTATIONS
Cellular adaptation is a condition when cells make adjustments with the changes in the environment
to the non- lethal pathological injury (pathological adaptation) ard to the physiological needs
(physiological adaptation). Some of these adaptations involve changes is cellular growth, size, or
differentiation and include hyperplasia (increase in cell number), hypertrophy (increase in cell size),
atrophy (decrease in the size and function of cells), metaplasia (alternation of cell differentiation) and
Dystrophy (disordered cellular development)
1. Hyperplasia
Hyperplasia is an increase in the number of cells in an organ or tissue, which may then have
increased volume. Although hypertrophy and hyperplasia are two distinctive processes, frequently
both occur together. Hyperplasia can be physiologic or pathologic.

Physiological hyperplasia: This further can be divided into
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+ Hormonal hyperplasia. eg. the proliferation of the glandular epithelium of the female breast at

puberty and during pregnancy.
+ Compensatory hyperplasia. eg. regeneration of liver following partial hepatictomy.
Various growth factors such as hepatocyte growth factor (HGF) and Interleukins such as IL-1, IL-6
are important in such hyperplasia.
Pathological hyperplasia: Most forms of pathologic hyperplasia are due to excessive hormonal
stimulation or due to effects of growth factors on target cells. eg. Pseudocarcinomatous hyperplasia of
the skin, oestrogen excess induced endometrial hyperplasia.
2. Hypertrophy
Hypertrophy is an increase in the size of the cell accompanied by an augmented functional capacity
without any change in the number of cells. Hypertrophy can be physiologic or pathologic. In both of
these cases, there may be increased functional demand or excessive hormonal stimulation.
Hypertrophy is mostly seen in cells that cannot divide.
Physiological hypertrophy. eg is the enlargement of the uterus in pregnancy.
Pathological hypertrophy.
Hypertrophy of skeletal muscle. eg hypertrophied muscles in manual labourers.
Hypertrophy of cardiac muscles eg. In hypertension, mitral insufficiency and stenosis.
3. Atrophy
Atrophy is decrease of number and size of the cell by loss of cell substance. Atropy may physiologic
or pathologic.
Physiological atrophy. In some tissues atrophy is normal process of aging which may be due to
arteriosclerosis or due to loss of endocrine stimulation, eg.
4 Atrophy of brain
4+ Lymphoid tissue atrophy in lymph node, thymus and appendix.
Pathological atrophy eg.
i). Ischaemic atrophy.
4 Atrophy of brain in atherosclerosis.
4+ Atrophy of kidney in atherosclerosis of renal artery.
if). Starvation atropy. Profound protein calorie malnutrition is associated with the use of skeletal
muscle as a source of energy. After other, reserves such as adipose stores have been depleted. This

results in marked muscle wasting.
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iii). Endocrine atrophy. It occurs due to loss of endocrine regultory mechanism which results in

decreased metabolic activity and cause atrophy. eg.

4+ Atrophy of the skin and its adnexal structures caused by hypothyroidism

+ Atrophy of thyroid, gonads and adrenal due to hypopituitarism
4. Metaplasia
Metaplasia is the reversible change, in which one of the differentiated cell type is replaced by another
cell type usually in response to an abnormal stimuli and reverts back to normal on removal of
stimulus. e.g The change from columnar to squamous cells in respiratory tract. The change from
squamous to columnar cells in Barrett esophagitis. Metaplasia also occurs in

mesenchymal tissues, eg, formation of bone in skeletal muscle.
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Adaptive disorders of growth.
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5. Dysplasia

Dysplasia refers to disordered growth and maturation of the cellular components of a tissue. It mostly
occurs in epithelial cells, which is characterised by cellular proliferation and cytologic

changes. Dysplastic changes occurs due to prolong inflammation or chronic irritation. Various
changes are :

+ Cellular and nuclear pleomorphism.

+ Increased mitotic activity.

+ Increased nucleocytoplasmic ratio.

+

Nuclear hyperchromatism.

Box: CELLULAR ADAPTATIONS

* Atrophy is reduction of the number and size of parenchymal cells of an organ or its
parts which was once normal.

+ Hypertrophy is an increase in the size of parenchymal cells resulting in enlargement
of the organ or tissue, without any change in the number of cells.

+ Hyperplasia is an increase in the number of parenchymal cells resulting in
enlargement of the organ or tissue.

+ Metaplasia is defined as a reversible change of one type of epithelial or mesenchymal
adult cells to another type of adult epithelial or mesenchymal cells, usually in
response to abnormal stimuli, and often reverts back to normal on removal of stimulus

ACIDOSIS AND ALKALOSIS
Acidosis is the reduction in pH (increase in H* concentration) below normal range.

Acidosis is produced by:

1. Increase in partial pressure of CO, in the body fluids particularly in arterial blood
2. Decrease in HCO3;™ concentration.

ALKALOSIS

Alkalosis is the increase in pH (decrease in H* concentration) above the normal range.
Alkalosis is produced by:

1. Decrease in partial pressure of CO; in the arterial blood

2. Increase in HCO3  concentration.

Since the partial pressure of CO, (pCO,) in arterial blood is controlled by lungs, the acid-base

disturbances produced by the change in arterial pCO, are called the respiratory disturbances.

The Pioneer Pharmacy Institute of Punjab




ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA

On the other hand, the disturbances in acid-base status produced by the change in HCOj3"

concentration are generally called the metabolic disturbances.

Thus the acid-base disturbances are:

1. Respiratory acidosis

2. Respiratory alkalosis

3. Metabolic acidosis

4. Metabolic alkalosis.

RESPIRATORY ACIDOSIS

Respiratory acidosis is the acidosis that is caused by alveolar hypoventilation. During
hypoventilation the lungs fail to expel CO,, which is produced in the tissues. CO, is the major
end product of oxidation of carbohydrates, proteins and fats. CO, accumulates in blood where it
reacts with water to form carbonic acid, which is called respiratory acid. Carbonic acid
dissociates into H" and HCO3 ~ The increased H+ concentration in blood leads to decrease in pH
and acidosis. Normal partial pressure of CO; in arterial blood is about 40 mm Hg. When it
increases above 60 mm Hg acidosis occurs.

Causes of Excess CO; in the Body

Hypoventilation (decreased ventilation) is the primary cause for excess CO, in the body. Some

of the conditions when increase in pCO, and respiratory acidosis occur due to hypoventilation

Acid-base balance J

v v v
Blood Buffer System Respiratory Mechanism Renal Mechanism
Bicarbonate buffer system By removal of By excretion of H*

Phosphate buffer system

Protein buffer system carbon dioxide and reabsorption of HCO,

Regulation of acid-base balance
RESPIRATORY ALKALOSIS
Respiratory alkalosis is the alkalosis that is caused by alveolar hyperventilation. Hyperventilation
causes excess loss of CO, from the body. Loss of CO, leads to decreased formation of carbonic
acid and decreased release of H'. Decreased H concentration increases the pH leading to
respiratory alkalosis. When the partial pressure of CO, in arterial blood decreases below 20 mm

Hg, alkalosis occurs.
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Causes of Decrease in CO; in the Body

Hyperventilation is primary cause for loss of excess CO, from the body because during
hyperventilation, lot of CO, is expired through respiratory tract leading to decreased pCO,. Some

of the conditions when decreased pCO, and respiratory alkalosis occur due to hyperventilation

METABOLIC ACIDOSIS

Metabolic acidosis is the acid-base imbalance characterized by excess accumulation of organic
acids in the body, which is caused by abnormal metabolic processes. Organic acids such as lactic
acid, ketoacids and uric acid are formed by normal metabolism. The quantity of these acids
increases due to abnormality in the metabolism.

Causes of Metabolic Acidosis

Lactic acid

The amount of lactic acid increases during anaerobic glycolysis in some abnormal conditions
such as circulatory shock.

Ketoacids

The amount of ketoacids increases because of insulin deficiency as in the case of diabetes
mellitus. In diabetes mellitus, glucose is not utilized due to lack of insulin. So, lipids are utilized
for liberation of energy resulting in production of excess acetoacetic acid and beta
hydroxybutyric acid.

Uric acid

The amount of uric acid increases in the body due to the failure of excretion. Normally uric acid
is excreted by kidneys. But in renal diseases, the kidneys fail to excrete the uric acid. Some of
the conditions when the metabolic acids increase in the body resulting in metabolic acidosis.
METABOLIC ALKALOSIS

Metabolic alkalosis is the acid-base imbalance caused by loss of excess H* resulting in increased
HCOj3; concentration. Some of the endocrine disorders, renal tubular disorders, etc. cause
metabolic disorders leading to loss of H+. It increases HCO3; and pH in the body leading to
metabolic alkalosis. Some of the conditions when excess H+ is lost and HCO3 content increases

leading to metabolic alkalosis.
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ELECTROLYTE IMBALANCE

Electrolyte imbalance, or water-electrolyte imbalance, is an abnormality in the concentration
of electrolytes in the body. Electrolytes play a vital role in maintaining homeostasis in the body.
They help to regulate heart and neurological function, fluid balance, oxygen delivery, acid—base
balance and much more. Electrolyte imbalances can develop by consuming too little or too much
electrolyte as well as excreting too little or too much electrolyte.

Electrolyte disturbances are involved in many disease processes, and are an important part of
patient management in medicine. The causes, severity, treatment, and outcomes of these
disturbances can vastly differ depending on the implicated electrolyte. The most serious
electrolyte disturbances involve abnormalities in the levels of sodium, potassium or calcium.
Other electrolyte imbalances are less common and often occur in conjunction with major
electrolyte changes. The kidney is the most important organ in maintaining appropriate fluid and
electrolyte balance, but other factors such as hormonal changes and physiological stress play a
role.

Chronic laxative abuse or severe diarrhea or vomiting can lead to dehydration and electrolyte
imbalance. People suffering from malnutrition are at especially high risk for an electrolyte
imbalance. Severe electrolyte imbalances must be treated carefully as there are risks with
overcorrecting too quickly, which can result in arrhythmias, brain herniation, or refeeding
syndrome depending on the cause of imbalance.

General Function of Electrolytes

Electrolytes are important because they are what cells (especially nerve, heart and muscle cells)
use to maintain voltages across their cell membranes. Electrolytes have different functions, and
an important one is to carry electrical impulses between cells. Kidneys work to keep the
electrolyte concentrations in blood constant despite changes in the body.

For example, during heavy exercise, electrolytes are lost in sweat, particularly in the form of
sodium and potassium. The kidneys can also generate dilute urine to balance sodium levels.
These electrolytes must be replaced to keep the electrolyte concentrations of the body fluids
constant. Hypernatremia, or low sodium, is the most commonly seen type of electrolyte
imbalance.

Treatment of electrolyte imbalance depends on the specific electrolyte involved and whether the
levels are too high or too low. The level of aggressiveness of treatment and choice of treatment

may change depending on the severity of the disturbance. If the levels of an electrolyte are too
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low, a common response to electrolyte imbalance may be to prescribe supplementation.

However, if the electrolyte involved is sodium, the issue is not a deficiency of sodium, but rather
a water excess, causing the imbalance. Supplementation for these people may correct the
electrolyte imbalance but at the expense of volume overload, which can be dangerous
particularly for neonates. Because each individual electrolyte affects physiological function
differently, they must be considered separately when discussing causes, treatment, and
complications.

SODIUM

Sodium is the most abundant electrolyte in the blood. Sodium and its homeostasis in the human
body is highly dependent on fluids. The human body is approximately 60% water, a percentage
which is also known as total body water. The total body water can be divided into two
compartments called extracellular fluid (ECF) and intracellular fluid (ICF). The majority of the
sodium in the body stays in the extracellular fluid compartment. This compartment consists of
the fluid surrounding the cells and the fluid inside the blood vessels. ECF has a sodium
concentration of approximately 140 mEq/L. Because cells membranes are permeable to water
and not sodium, the movement of water across membranes impacts the concentration of sodium
in the blood. Sodium acts as a force that pulls water across membranes, and water moves from
places with lower sodium concentration to places with higher sodium concentration. This
happens through a process called osmosis. When evaluating sodium imbalances, both total body

water and total body sodium must be considered.

I) Hypernatremia

Hypernatremia means that the concentration of sodium in the blood is too high. An individual is
considered to be having high sodium at levels above 145 mEq/L of sodium. Hypernatremia is not
common in individuals with no other health concerns. Most individuals with this disorder have
either experienced loss of water from diarrhea, altered sense of thirst, inability to consume water,
inability of kidneys to make concentrated urine, or increased salt intake.

Causes

There are three types of hypernatremia each with different causes. The first is dehydration along
with low total body sodium. This is most commonly caused by heatstroke, burns, extreme
sweating, vomiting, and diarrhea. The second is low total body water with normal body sodium.

This can be caused by diabetes insipidus, renal disease, hypothalamic dysfunction, sickle cell
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disease, and certain drugs. The third is increased total body sodium which is caused by increased

ingestion, Conn's syndrome, or Cushing's syndrome.

Symptoms

Symptoms of hypernatremia may vary depending on type and how quickly the electrolyte
disturbance developed. Common symptoms are dehydration, nausea, vomiting, fatigue,
weakness, increased thirst, excess urination. Patients may be on medications that caused the
imbalance such as diuretics or nonsteroidal anti-inflammatory drugs. Some patients may have no
obvious symptoms at all.

Treatment

It is crucial to first assess the stability of the patient. If there are any signs of shock such as
tachycardia or hypotension, these must be treated immediately with 1V saline infusion. Once the
patient is stable, it is important to identify the underlying cause of hypernatremia as that may
affect the treatment plan. The final step in treatment is to calculate the patients free water deficit,
and to replace it at a steady rate using a combination of oral or IV fluids. The rate of
replacement of fluids varies depending on how long the patient has been hypernatremic.

Lowering the sodium level too quickly can cause cerebral edema.

1) Hyponatremia

Hyponatremia means that the concentration of sodium in the blood is too low. It is generally
defined as a concentration lower than 135 mEg/L. This relatively common electrolyte disorder
can indicate the presence of a disease process, but in the hospital setting is more often due to
administration of Hypotonic fluids. The majority of hospitalized patients only experience mild
hyponatremia, with levels above 130 mEg/L. Only 1-4% of patients experience levels lower than
130 mEq/L.

Cause

Hyponatremia has many causes including heart failure, chronic kidney disease, liver disease,
treatment with thiazide diurectics, psychogenic polydipsia, syndrome of inappropriate
antidiuretic hormone secretion. Common causes in pediatric patients may be diarrheal illness,
frequent feedings with dilute formula, water intoxication via excessive consumption Dilutional
hyponatremia can happen in diabetics as high glucose levels pull water into the blood stream
causing the sodium concentration to be lower. Diagnosis of the cause of hyponatremia relies on

three factors: volume status, plasma osmolality, urine sodium levels and urine osmolality.
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Symptoms

Many individuals with mild hyponatremia will not experience symptoms. Severity of symptoms
is directly correlated with severity of hyponatremia and rapidness of onset. General symptoms
include loss of appetite, nausea, vomiting, confusion, agitation, and weakness. More concerning
symptoms involve the central nervous system and include seizures, coma, and death due to brain
herniation. These usually do not occur until sodium levels fall below 120 mEg/L.

Treatment

Considerations for treatment include symptom severity, time to onset, volume status, underlying
cause, and sodium levels. If the sodium level is <120 mEg/L, the person can be treated
with hypertonic saline as extremely low levels are associated with severe neurological
symptoms. In non-emergent situations, it is important to correct the sodium slowly to minimize
risk of osmotic demyelination syndrome. If a person has low total body water and low sodium
they are typically given fluids. If a person has high total body water they may be placed on fluid
restriction, salt restriction, and treated with a diuretic. If a person has a normal volume of total
body water, they may be placed on fluid restriction alone.

CALCIUM

Though calcium is the most plentiful electrolyte in the body, a large percentage of it is used to
form the bones. It is mainly absorbed and excreted through the GI system. The majority of
calcium resides extracellularly, and it is crucial for the function of neurons, muscle cells,
function of enzymes, and coagulation. The normal range for calcium concentration in the body is
8.5 - 10.5 mg/dL. The parathyroid gland is responsible for sensing changes in calcium

concentration and regulating the electrolyte with parathyroid hormone.

I) Hypercalcemia

Hypercalcemia describes when the concentration of calcium in the blood is too high. This occurs
above 10.5 mg/dL.

Causes

The most common causes of hypercalcemia are certain types of cancer,
hyperparathyroidism, hyperthyroidism, pheochromocytoma, excessive ingestion ofvitamin D,
sarcoidosis, and tuberculosis. Hyperparathyroidism and malignancy are the predominate causes.

It can also be caused by muscle cell breakdown, prolonged immaobilization, dehydration
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Symptoms

The predominant symptoms of hypercalcemia are abdominal pain, constipation, kidney stones,
extreme thirst, excessive urination, nausea and vomiting.*'® In severe cases where the calcium
concentration is >14 mg/dL, individuals may experience confusion, altered mental status, coma,
and seizure.

Treatment

Primary treatment of hypercalcemia consists of administering IV fluids. If the hypercalcemia is
severe and/or associated with cancer, it may be treated with bisphosphonates. For very severe
cases, hemodialysis may be considered for rapid removal of calcium from the blood.

I1) Hypocalcemia

Hypocalcemia describes when calcium levels are too low in the blood, usually less than
8.5 mg/dL.

Causes
Hypoparathyroidism and vitamin D deficiency are common causes of hypocalcemia.®! It can also
be caused by malnutrition, blood transfusion, ethylene  glycol intoxication, and

pancreatitis.

Symptoms

Neurological and cardiovascular symptoms are the most common manifestations of
hypocalcemia. Patients may experience muscle cramping or twitching, and numbness around the
mouth and fingers. They may also have shortness of breath, low blood pressure, and cardiac

arrhythmias.

Treatment
Patients with hypocalcemia may be treated with either oral or 1V calcium. Typically, IV calcium
is reserved for patients with severe hypocalcemia. It is also important to check magnesium levels

in patients with hypocalcemia and to replace magnesium if it is low
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BASIC MECHANISM INVOLVED IN THE PROCESS OF INFLAMMATION AND REPAIR
INTRODUCTION

® Inflammation (Latin inflammatio, to set on fire) is a protective mechanism of the body to
remove the injurious stimuli or complex biological response of vascular tissue against the
harmful stimuli like pathogen, damaged cells or irritants.

® It is a protective attempt by the organism to remove the injurious stimuli as well as initiate the
healing process for tissue.

& Inflammation is not the synonyms of infection. But sometimes inflammation is caused by the
infections.

Causing of Inflammation:

Infective Agents: Bacteria, virus, fungi, parasites and their toxins

Immunological Agents: Cell mediated and Antigen Antibody

Physical Agents: Heat, cold, radiation, mechanical trauma

Chemical Agents: Organic and Inorganic Poisons

Inert Materials: Such as Foreign

Clinical Sign of inflammation

Rubor (Redness): Dilatation of small blood vessels in damaged area
Calor (Heat): Increased blood flow to area (hyperaemia)
Tumor (swelling): Accumulation of fluid in extracellular space (edema, British: Oedema)

Dolor(Pain): Stretching/distortion of tissue from oedema, chemical mediators can induce

pain

Function laesa (Loss of function): Caused by combined effect off the above

> &

Pain Heat Redness Swelling Loss of
Function
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Under normal circumstances inflammation is a protective response, the goal of which is to

eliminate both the initial cause of injury, such as bacteria or toxins, and the consequences of such
injury, such as dead cells and tissues. However, if triggered or directed inappropriately, the
inflammatory response can itself become harmful, leading to cell, tissue and organ destruction.

TYPES OF INFLAMMATION

Depending upon the defense capacity of the host and duration of response, inflammation can be
classified as acute and chronic inflammation.

A) ACUTE INFLAMMATION

® Short duration (lasting less than 2 weeks)

Represents the early body reaction followed by healing.

Acute inflammation consists of the initial response of the body to tissue injury.

& & &

Acute inflammation is of short duration, which could be anything from a few minutes to a few

days

-

The main features of acute inflammation are:
+ Accumulation of fluid and plasma at the affected site;
+ Intravascular activation of platelets; and
+ Polymorphonuclear neutrophils (PMN) as inflammatory cells.
i Sometimes, the acute inflammatory response may be quite severe and is termed as fulminant acute
inflammation.
i Acute inflammatory response by the host to any agent is a continuous process but for the purpose of
discussion, it can be divided into following two events:
I.  Vascular events.

1. Cellular events.

l. VASCULAR EVENTS
Alteration in vessel caliber in increased blood flow (vasodilation) and structural changes that

permits plasma protein to leave the circulation (Increased vascular permeability)

1. CELLULAR EVENTS

Emigration of leukocytes from the microcirculation and accumulation in the focus of injury
(cellular recruitment and activation) these events include;

» Migration and rolling of leukocytes

» Adhesion and transmigration between endothelial cells.

» Migration in interstitial tissues toward a chemotactic stimulus
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PROCESS OF INFLAMMATION: The series of events in the process of inflammation are:-

® Vasodilation: leads to greater blood flow to the area of inflammation, resulting in redness and heat

W Vascular Permeability: Endothelial cell become leaky from either direct endothelial cell injury or
via chemical mediators.

i Exudation: Fluid, proteins, RBCs and WBCs escape from the intravascular space as a result of
increased osmotic pressure extravascularly an increase hydrostatic pressure intravascularly.

W Vascular Stasis: Slowing of the blood flow in the blood stream with vasodilation and fluid
exudation to allow chemical mediators and inflammatory cells to collect and response to

stimulus.

MECHANISM

Alteration in the microvasculature (arterioles, capillaries and venules) is the earliest response to
tissue injury. These alterations include:

a) Hemodynamic changes

b) Changes in vascular permeability.

a) Hemodynamic changes

Tissue injury

|

Release of chemical for local effect (Histamine, Prostaglandins, Kinins, Leukotriens, Complement

|

Immediate Response is Vascular Contraction

etc)

It may persist for 3-5 second or last for 5 minu\Les depending on the severity of injuryit is known

|

After this phase arterioles get dilate known as persistent progressive vasodilatation

as transient vasoconstriction

It increase the blood flow and this type of vascdilar expansion produce redness and heat known as
Erythema

When the volume of blood flow increases, it increases intravascular hydrostatic pressure. So fluid

from the capillary get migrate in to the tissue and this fluid is known as transudate
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When the volume of blood flow may¢aise more and permeability gets increase

Fluid with the protein migrate from capillary to tissue known as exudates

v
Loss of the Protein rich fluid from the capillary reduces the intravascular osmotic pressure and

increase the osmotic pressure of the interstitial fluid (Fluid present in to thetissue due to migration

|

So it produces out flow of the water and ions into the extra-vascular

from capillary)

These fluids accumulate in to the extravascular space and produce edema.

TRIPLE RESPONSE

The features of hemodynamic changes in inflammation are best demonstrated by the Lewis
experiment. Lewis induced the changes in the skin of inner aspect of forearm by firm stroking with
a blunt point. The reaction so elicited is known as triple response or red line response consisting of
the following

1) Red line appears within a few seconds following stroking and is due to local vasodilatation of

capillaries and venules.

i) Flare is the bright reddish appearance or flush surrounding the red line and results from

vasodilatation of the adjacent arterioles.

iii) Wheal is the swelling or oedema of the surrounding skin occurring due to transudation of fluid
into the extravascular space. These features, thus, elicit the classical signs of inflammation-

redness, heat, swelling and pain.

The appearance of inflammatory oedema due to increased vascular permeability of microvascular
bed is explained on the basis of Starling’s hypothesis. In normal circumstances, the fluid balance

is maintained by two opposing sets of forces:

i) Forces that cause outward movement of fluid from microcirculation are intravascular

hydrostatic pressure and colloid osmotic pressure of interstitial fluid.
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ii) Forces that cause inward movement of interstitial fluid into circulation are intravascular

colloid osmotic pressure and hydrostatic pressure of interstitial fluid

Red line Flare Wheal
/

DERMIS

Wheal

Flare

= ;‘\

Pain (Nerve)

A. ‘Triple response’ elicited by firm stroking of skin of forearm with a pencil.
B. Diagrammatic view of microscopic features of triple response of the skin.

Changes in Vascular Permeability

Whatever little fluid is left in the interstitial compartment is drained away by lymphatics and, thus,
no oedema results normally. However, in inflamed tissues, the endothelial lining of
microvasculature becomes more leaky. Consequently, intravascular colloid osmotic pressure
decreases and osmotic pressure of the interstitial fluid increases resulting in excessive outward

flow of fluid into the interstitial compartment which is exudative inflammatory oedema.

ND
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HP{32 mmHg ] OH25 mmHg |

ARTERIQLAR END
VENULARE

A, NORMAL FLUID EXCHANGES B, IN ACUTE INFLAMMATION

Fluid interchange between blood and extracellular fluid (ECF).

(HP = hydrostatic pressure, OP = osmotic pressure)

PATTERNS OF INCRASED VASCULAR PERMIABILITY
The hall mark of acute inflammation is increased vascular permeability leading to escape of

protein rich exudates. Five mechanism of increased permeability are as follow:-
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i) Contraction of endothelial cells. This is the most common mechanism of increased leakiness

that affects venules. The contraction of endothelial cells, they develop temporary gaps between
them and resulting in vascular leakiness. It occurs due to release of histamine, bradykinin and other
chemical mediators. The response occurs immediately after injury, usually short duration and

reversible (15-30 minutes).

i) Retraction of endothelial cells. In this mechanism, there is structural re-organization of the
cytoskeleton of endothelial cells that causes reversible retraction at the intercellular junctions. This
change mediated by cytokines such as interleukin-1 (IL-1) and tumor necrosis factor (TNF)-a. The

response occurs 4-6 hours after injury and lasts for 2-4 hour.

iii) Direct injury to endothelial cells. It cause appearance of physical gaps and cell narcosis at the
sites of detached endothelial cells. The thrombosis occurs at the site of damaged endothelial cells.
The all levels of microvasculature (venules, capillaries and arterioles) are affected. The
permeability may increase either immediately after injury and last for several hours or days or may

occur after a delay of 2-12 hours and last for hours or days

iv) Endothelial injury mediated by leucocytes. Leucocytes are activated when these adhere to
the endothelium at the site of inflammation. The activated leucocytes then release various
protolytic enzymes and toxic oxygen species which may cause endothelial injury and increased

vascular leakiness mostly venules and is a late response.

v) Leakiness in neovascularization. Under the influence of vascular endothelial growth factor

(VEGF) newly formed capillaries, during the process of repair and in tumors are, more leaky.

v) Leakiness from neovascularisation

i) Contraction or mild endothelial cell damage

i) Gap due to contraction of endothelial cells

Normal endothelial layer . 5 Basement membrane
Interstitial fluid (oedema)

Schematic illustration of pathogenesis of increased vascular permeability in acute

inflammation. The serial numbers in the figure correspond to five numbers in the text.
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The cellular phase of inflammation consists of 2 processes:

I .Leucocytes Exudation  I1. Phagocytosis.

Leucocytes exudation

There are various cellular events related to leucocytes adhesion cascade. Accumulation of
leucocytes’ is the most important feature. This process is regulated by “Leucocyte’s adhesion
cascade”.

The changes leading to migration of leucocytes are as follows:

Changes in the formed elements of blood.

Initially the inflammation, the rate of flow of blood is increased due to vasodilatation. But
subsequently stasis, changes in the normal axial flow of blood in the microcirculation take place.
The normal axial flow consists of central stream of cells comprised by leucocytes and RBCs and

peripheral cell free layer of plasma close to vessel wall.

Margination

Stenosis lead to widening the central stream of cells and narrowing of peripheral plasma zone
because of loss of plasma by exudation This process is known as margination.

Pavementing

The redistribution, neutrophils of the central column come to close the vessel wall.

Rolling and Adhesion.

In this magrinated leucocytes line the endothelium they start to adhere to the surface of endothelial
cells through various adhesions molecule once adhesion os firm, the leucocytes become stationary
and can begin to migrate through the endothelium various type of adhesion molecule are :-

1) Selectins are expressed on the surface of activated endothelial cells which recognise specific
carbohydrate groups found on the surface of neutrophils, the mostimportant of which is s-Lewis X

molecule.

» P-selectin :Preformed and stored in endothelial cells and platelets) is involved in rolling,

» E-selectin: (synthesized by cytokine activated endothelial cells) is associated with both rolling and
adhesion;

» L-selectin: (expressed on the surface of lymphocytes and neutrophils) is responsible for homing of
circulating lymphocytes to the endothelial cells in lymph nodes.
i) Integrins: These are activated during adhesion between endothelial cells and leukocytes on the

surface of endothelial cells.
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iii) Immunoglobulin gene superfamily adhesion molecule: This include intercellular adhesion

molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) allow a tighter adhesion

and stabilize the interaction between leucocytes and endothelial cells.

A, NORMAL
AXIAL FLOW

B, MARGINATION AND C, ROLLING AND D, EMIGRATION
PAVEMENTING ADHESION AND DIAPEDESIS

Sequence of changes in the exudation of leucocytes.

(A) Normal axial flow of blood with central column of cells and peripheral zone of cell-free
plasma.(B) Margination and pavementing of neutrophils with narrow plasmatic zone. (C)
Adhesion of neutrophils to endothelial cells with pseudopods in the intercellular junctions (D)
Emigration of neutrophils and diapedesis with damaged basement membrane.

Emigration.

The process which leucocyte escape from the blood to perivascular tissues, moving to the site of
inflammation is called emigration. Emigration occurs in the post capillary venules become
adequate number of endothelial gaps and histamine receptors are found to be located on it.
Neutrophils are the first to emigrate. Escape of RBC’s through gaps between the endothelial cells

is known as Diapedsis

PMNs Test solution Chemotactic agent Millipore filter
\

The Boyden’s chamber with millipore filter, shown by dotted line. A, Suspension of leucocytes
above is separated from test solution below. B, Lower half of chamber shows migration of

neutrophils towards chemotactic agent.
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Chemotaxis.

Chemotaxis is the transmigration of leucocytes’ after crossing various barriers to reach the
interstitial tissues through chemotactic factor. Cytokines or chemokine’s are the substance which

act as potent chemotactic agents are: Platelet Activating Factor, cytokine(IL-1), Leukotriene’s

PHAGOCYTOSIS

Phagocytosis is defined as the process of engulfment of solid particulate material by the cells (cell-
eating). The cells performing this function are called phagocytes. There are 2 main types of
phagocytic cells:

i) Polymorph nuclear neutrophils (PMNs) which appear early in acute inflammatory response,
sometimes called as microphages.

ii) Circulating monocytes and fixed tissue mononuclear phagocytes, commonly called as
macrophages.

Neutrophils and macrophages on reaching the tissue spaces produce several proteolytic enzymes—
lysozyme, protease, collagenase, elastase, lipase, proteinase, gelatinase, and acid hydrolases. These
enzymes degrade collagen and extracellular matrix. The microbe undergoes the process of
phagocytosis by polymorphs and macrophages and involves the following 3 steps

1. Recognition and attachment

2. Engulfment

3. Killing and degradation

19G opsonin

Pseudopod

Bacterium
Aegranulauon\

Phagocytic vacuole
gocy Phagolysosome

T '.\’

:-" Bt N
— L "

( Fc re@e
Al

A B - C D

Stages in phagocytosis of a foreign particle. A, Opsonisation of the particle. B, Pseudopod
engulfing the opsonised particle. C, Incorporation within the cell (phagocytic vacuole) and

degranulation. D, Phagolysosome formation after fusion of lysosome of the cell.
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1. RECOGNITION AND ATTACHMENT

The various phagocytic cell are recognized by bacteria, through chemotactic factors which are

released by bacterial products as well as by tissue proteins. The opsonins and their receptors on the
surface phagocytic cell are as under
i) 1gG opsonin is the Fc fragment of immunoglobulin G; it is the naturally occurring antibody in
the serum that coats the bacteria while the PMNSs possess receptors for the same.
i) C3b opsonin is the fragment generated by activation of complement pathway. It is strongly
chemotactic for attracting PMNs to bacteria.
1ii) Lectins are carbohydrate-binding proteins in the plasma which bind to bacterial cell wall.
2. ENGULFMENT
The opsonised particle bound to the surface of phagocyte is ready to be engulfed. The plasma
membrane which enclosing the phagocytic vacuole break from the cell surface and the membrane
lined the vacuoles lie free in cell cytoplasm.
3. KILLING AND DEGRADATION
In the degradation stage the performed stored products of PMNs are secreted in to the phagosomes
and extra cellular environment. Next stage is killing and digestion of micro-organism completing
the process of phagocytosis. The microorganisms are degraded by hydrolytic enzyme. But tubule
bacilli is not killed.
B) CHRONIC INFLAMMATION

Chronic inflammation is defined as prolonged process in which tissue destruction and
inflammation occur at the same time.

= Also known as chronic systemic inflammation.

= Longer duration

= Causative agent of acute inflammation persists for a long time

= Another variant, chronic active inflammation: Stimulus is such that it induces chronic
inflammation from the beginning

= |t is an inflammatory immune response of prolonged duration that eventually leads to tissue
damage.
Chronic inflammation may develop as a progression from acute inflammation, if the original
stimulus persists or after repeated episodes of acute inflammation.
Common features of chronic inflammation
Mononucler cell Inflammation: Chronic inflammatory lesions are infiltrated by mononulclear
inflammatory cells like lymphoid and phagocyte cells. Circulating monocytes, epitheloid cells and

tissue macrophages represents phagocytes. The most important cell in chronic inflammation are
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macrophages.

On reaching the extra vascular space, blood monocytes transform into tissue macrophages. The
macrophaeges may get activated in response to stimuli such as cytokines and bacterial endotoxins.
After activation, macrophages release various biologically active substances, which bring about
tissue distruction, neovascularisation

Tissue Destruction & Nacrosis: The central feautres of chronic inflammatory lesions are tissue
destruction and necrosis. Tissue destruction and necrosis is brought about by activated
macrophages which releases various reactive substances such as protease, lipase, cytokines and
Nitric oxide etc.

Proliferative Changes: Proliferation of small blood vessels and fibroblasts is stimulated as a

result of necrosis, which result in formation of inflammatory granulation tissue

Types of Chronic Inflammation

1. Non-specific chronic inflammation

2. Specific chronic inflammation

1. Non- specific chronic inflammation When irritant substance produces a non-specific chronic
inflammatory reaction with formation of granulation tissue healing by fibrosis eg Chronic ulcer

2. Specific chronic inflammation

When characteristic histological response is produced by injurious agent eg. Tuberculosis and

syphilis

Infiltration with mononuclear
cells — macrophages,
lymphocytes & plasma cells

Tissue
CHRONIC destruction
INFLAMMATION

|

Healing by Proliferation &
connective tissue replacement of
damaged tissue
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CHEMICAL MEDIATORS OF INFLAMMATION

Chemical mediators of inflammation are also called as permeability factors or endogenous
mediators of increased vascular permeability.
The various substances which act as mediators of inflammation may be released from the cell or
the plasma.
Thus inflammatory mediators are broadly classified as:
1. cell derived mediators
2. Plasma derived mediators.
1. Cell derived mediators of inflammation
Vasoactive Amines: Vasoactive amines are stored in cells for immediate release.
Histamine: Histamine is stored in the granules of mast cell, platelet and basophils.
It is important in early inflammatory response.
It promotes contraction of smooth muscle and in bronchi.
It released in response to a number of stimuli. Histamine is responsible for:-

i Arteriole dilation

Wl Increased venous permeability

W Pain

W Itching
Agents which stimulates the release of histamine from mast cells are- Chemical, physical agents,

cytokines, toxins and snake venous.

5-Hydroxy Tryptamine. (5-HT/Serotonin)

Chromoffin cells of GIT, spleen at nervous tissue have 5-Hydroxy Tryptamine .

It is present in platelets. Release of histamine and serotonin is stimulated when platelets
aggregate after contact with collagen and thrombin

It act similar to that of histamine.

Arachidonic Acid Metabolites (Eicosanoids)
Arachidonic acid is mainly derived from diet directly or by conversion of essential fatty acid into
arachidonic acid. Eicosanoids are produced by either Cyclooxygenase (COX) pathway or Lipo-

oxygenase (LOX) pathway.
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Metabolism by Cyclooxygenase (COX) pathway

Cyclooxygenase (COX), a fatty acid enzyme present as COX-1 and COX-2, acts on
activated arachidonic acid to form prostaglandin endoperoxide (PGG2).

PGG2 is enzymatically transformed into PGH2 with generation of free radical of oxygen.

PGH2 is further acted upon by enzymes and results in formation of the following 3

metabolites
Activated arachidonic acid
Cyclo-oxygenase
PGG, ) PGH, + Free oxygen radical
PGD,, PGE, PGFyu XA, PGI, Resolvins

« Vasodilator » Vasodilator » Vasoconstrictor + Vasodilator ¢ Inhibitor of pro-
« Bronchodilator « Bronchoconstrictor » Bronchoconstrictor « Bronchodilator inflammatory

« T Permeabilty + Platelet aggregation | | » Anti-aggregating agent cytokines

Arachidonic acid metabolites via cyclooxygenase pathway
a) Prostaglandins PGD2, PGE2 and PGF2-a). PGD2 and PGE2 act on blood vessels to cause
increased venular permeability, vasodilatation and broncho dilatation and inhibit inflammatory
cell function. PGF2-a induces vasodilatation and bronchoconstriction.
b) Thromboxane A2 (TXAZ2). Platelets contain the enzyme thromboxane synthetase and hence
the metabolite, thromboxane A2, formed is active in platelet aggregation, besides its role as a

vasoconstrictor and broncho-constrictor.

c¢) Prostacyclin (PGI2). PGI2 induces vasodilatation, broncho dilatation and inhibits platelet

aggregation.

d) Resolvins: are a newly described derivative of COX pathway. These mediators act by
inhibiting production of pro-inflammatory cytokines. Thus, resolvins are actually helpful—drugs
such as aspirin act by inhibiting COX activity and stimulating production of resolvins. It may be
mentioned here that some of the major anti-inflammatory drugs act by inhibiting activity of the
enzyme COX; e.g. non-steroidal anti-inflammatory drugs (NSAIDs), COX-2 inhibitors.
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Metabolism by Lipo-oxygenase pathway (LOX)

The enzyme, lipo-oxygenase, a predominant enzyme in neutrophils, acts on activated arachidonic
acid to form hydroperoxy eicosatetraenoic acid (5-HPETE) which on further peroxidation forms
following 2 metabolites.

5-HETE (hydroxy compound), an intermediate product, is a potent chemotactic agent for
neutrophils.

Leukotrienes (LT) are so named as they were first isolated from leucocytes. Firstly, unstable
leukotriene A4 (LTA4) is formed which is acted upon by enzymes to form LTB4 stimulates
phagocytic cell adherence) while LTC4, LTD4 and LTE4 have common (chemotactic for
phagocytic cells and actions by causing smooth muscle contraction and thereby induce
vasoconstriction, bronchoconstriction and increased vascular permeability; hence they are also

called as slow reacting substances of anaphylaxis (SRS-AS).

Activated arachidonic acid

lLipooxygenase

5-HPETE === [5-HETE
e Chemotactic

LTA,

| [fticl Uiy e ol
« Chemotactic e Smooth muscle constrictor
e Cell adherence e Vasoconstrictor

e Bronchoconstrictor
« T Vascular permeability

Arachidonic acid metabolites via lipo-oxygenase Pathway
Lipoxins (LX) are a recently described product of lipooxygenase pathway. Lipooxygenase-12
present in platelets acts on LTA4 derived from neutrophils and forms LXA4 and LXB4.

Lipoxins act to regulate and counterbalance actions of leukotrienes.
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PLATELET ACTIVATING FACTOR (PAF)

It is released from IgE-sensitised basophils or mast cells, other leucocytes, endothelium and
platelets. Apart from its action on platelet aggregation and release reaction, the actions of PAF as
mediator of inflammation are:

Increased vascular permeability;

Vasodilatation in low concentration and vasoconstriction

Bronchoconstriction;

Adhesion of leucocytes to endothelium; and

& & & & &

Chemotaxis.

CYTOKINES. Cytokines are polypeptide substances produced by activated lymphocytes
(lymphokines) and activated monocytes (monokines). Activated lymphokines and momkines are
produced by activated monocytes. The various cytokines are intern leukin-I (IL-1), Tumor
necrosis factor-& and —f (TNF- & and TNF- ), Interferon-y (IF- y). IL-1, TNF- &, TNF-

L | Fibroblastic Proliferation.

L] Increase Leucocyte adherence

L | Thromogenicity

NITRIC OXIDE. It is a soluble gas and is produced by activated macrophages, endothelial cells
and some neurons.

@ Potent vasodilator

@ Relaxes smooth muscle.

@ Reduced platelet aggregation

@ Aids in leucocyte recruitment

@ Direct antimicrobial activity in high concentration

PLASMA DERIVED MEDIATORS

I. Kinin System:- This system on activation by factor Xlla generates bradykinin, so named
because of the slow contraction of smooth muscle induced by it. First, kallikrein is formed from
plasma prekallikrein by the action of prekallikrein activator which is a fragment of factor Xlla.

Kallikrein then acts on high molecular weight kininogen to form bradykinin.

Bradykinin acts in the early stage of inflammation and its effects include:
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vasodilatation;

& & & &

pain

smooth muscle contraction;

increased vascular permeability; and

Factar Xl

* Contact

Factor Xlla

v

Prekallikrein activator

Kininogen—>|7 BRADYKININ ]

v

Plasma prekallikrein s Kallikrein

v

Pathway of Kinin System

Il. The Clotting System. Factor Xlla initiates the cascade of the clotting system resulting in

formation of fibrinogen which is acted upon by thrombin to form fibrin and fibrino peptides.

The actions of fibrino peptides in inflammation are:

L] Increased vascular permeability;

b Chemotaxis for leucocyte; and

b Anticoagulant activity.

F=cror X111

Corrf=act

>3

FProthrombin

Fibrimogen
Plasmin

[Eessmimoresnioes ]

Pathway of clotting system

11 The Fibrinolytic System. This system is activated by plasminogen activator, the sources of
which include kallikrein of the kinin system, endothelial cells and leucocytes. Plasminogen

activator acts on plasminogen present as component of plasma proteins to form plasmin. Further

breakdown of fibrin by plasmin forms fibrinopeptides or fibrin split products.
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) Plasminogen activator
(Kallikrein, Xlla, leucocytes, endothelium)

4

Plasminogen Eems———————p-  Plasmin

C L Fibrino
; 3 gen j
@ |__Fibrin split products Ji

The Activation of Fibrinolytic system

The actions of plasmin in inflammation are as follows:

®l Activation of factor XII to form prekallikrein activator that stimulates the kinin system to
generate bradykinin;

i Splits off complement C3 to form C3a which is a permeability factor.

®i Degrades fibrin to form fibrin split products which increase vascular permeability and are
chemotactic to leucocytes.

IVV. The complement system. The activation of complement system yields membrane attack

coplex (MAC) and anaphylatoxins Csc Csa Csa

Factor Xil
Contact

Factor Xlla
FIBRINOLYTIC SYSTEM | [ cLOTTING'SYSTEM | [ TKININSYSTEM ™ ]
Fibrin Kallikrein
Plasmin >
Fibrin split products Bradykinin

COMPLEMENT SYSTEM |

Inter-relationship among clotting, fibrinolytic, kinin, and complement syatems
MAC is able to insert into bacterial cell and causes cell lysis with ensuring death
Anaphylaxations Cause: Release of histamine from mast cell, Increase vascular

permeability&Chemotactic for leucocytes
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BASIC PRINCIPLES OF WOUND HEALING IN THE SKIN

HEALING (REPAIR)
Healing is the body response to injury in an attempt to restore normal structure and function.

Healing involves 2 distinct processes:

i REGENERATION

@ REPAIR

REGENERATION when healing takes place by proliferation of parenchymal cells and usually
results in complete restoration of the original tissues.

REPAIR when healing takes place by proliferation of connective tissue elements resulting in
fibrosis and scarring.

Cell cycle is defined as the period between two successive cell divisions and is divided into 4
unequal phases

M (mitosis) phase: Phase of mitosis.

G1 (gap 1) phase: The daughter cell enters G1 phase after mitosis.

S (synthesis) phase: During this phase, the synthesis of nuclear DNA takes place.

G2 (gap 2) phase: After completion of nuclear DNA duplication, the cell enters G2 phase.
GO (gap 0) phase: This is the quiescent or resting phase of the cell after an M phase.

o
“ Permanent cell
o (e.g.Neuron)
y O
B e
L8 Stable cell . Labile cell
|| (e.g.Hepatocyte)
Stable cell
. Permanent cell

Parenchymal cell in relation to cell cycle

The Pioneer Pharmacy Institute of Punjab




ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA

Not all cells of the body divide at the same pace. Some mature cells do not divide at all while
others complete a cell cycle every 16-24 hours. The main difference between slowly dividing
and rapidly-dividing cells is the duration of G1 phase.

Depending upon their capacity to divide, the cells of the body can be divided into 3 groups:

labile cells, stable cells, and permanent cells.

1. Labile cells. These cells continue to multiply throughout life under normal physiologic
conditions. These include: surface epithelial cells of the epidermis, alimentary tract, respiratory
tract, urinary tract, vagina, cervix, uterine endometrium, haematopoietic cells of bone marrow

and cells of lymph nodes and spleen.

2. Stable cells. These cells decrease or lose their ability to proliferate after adolescence but retain
the capacity to multiply in response to stimuli throughout adult life. These include: parenchymal
cells of organs like liver, pancreas, kidneys, adrenal and thyroid; mesenchymal cells like smooth

muscle cells, fibroblasts, vascular endothelium, bone and cartilage cells.

3. Permanent cells. These cells lose their ability to proliferate around the time of birth. These

include: neurons of nervous system, skeletal muscle and cardiac muscle cells.

REPAIR

Repair is the replacement of injured tissue by fibrous tissue.

Two processes are involved in repair:

l. Granulation tissue formation; and

1. Contraction of wounds.

Repair response takes place by participation of mesenchymal cells (consisting of connective
tissue stem cells, fibrocytes and histiocytes), endothelial cells, macrophages, platelets, and the

parenchymal cells of the injured organ.

I. Granulation Tissue Formation: The following 3 phases are observed in the formation of

granulation tissue.
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Plasma celis Lymphocytes Fibroblasts
]

Neovascularisation Macrophages Ulcer / Neutrophils

|

Active granulation tissue has inflammatory cell infiltrate

1. PHASE OF INFLAMMATION. Following trauma, blood clots at the site of injury. There is
acute inflammatory response with exudation of plasma, neutrophils and some monocytes within
24 hours.

2. PHASE OF CLEARANCE. Combination of proteolytic enzymes liberated from neutrophils,
autolytic enzymes from dead tissues cells, and phagocytic activity of macrophages clear off the

necrotic tissue, debris and red blood cells.

3. PHASE OF INGROWTH OF GRANULATION TISSUE. This phase consists of 2 main

processes: angiogenesis or neovascularization, and fibro genesis.

1) Angiogenesis (neovascularization). Formation of new blood vessels at the site of injury takes
place by proliferation of endothelial cells from the margins of severed blood vessels.

The proliferated endothelial cells are solid buds but within a few hours develop a lumen and start
carrying blood. The newly formed blood vessels are more leaky, accounting for the edematous
appearance of new granulation tissue. These blood vessels differentiate into muscular arterioles,
thin-walled venules and true capillaries. The process of angiogenesis is stimulated with

proteolytic destruction of basement membrane.
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Angiogenesis takes place under the influence of following factors:

a) Vascular endothelial growth factor (VEGF)

b) Platelet-derived growth factor (PDGF)

c¢) Transforming growth factor-g (TGF- p)

d) Basic fibroblast growth factor (BFGF)

ii) Fibrogenesis. The newly formed blood vessels are present in an amorphous ground substance
or matrix. The new fibroblasts originate from fibrocytes as well as by mitotic division of
fibroblasts. Some of these fibroblasts have combination of morphologic and functional

characteristics of smooth muscle cells (myofibroblasts).

Collagen fibrils begin to appear by about 6th day. As maturation proceeds, more and more of

collagen is formed while the number of active fibroblasts and new blood vessels decreases.

This results in formation of inactive looking scar known as cicatrisation.

Il Contraction of Wounds

The wound starts contracting after 2-3 days and the process is completed by the 14th day.

During this period, the wound is reduced by approximately 80% of its original size.

Contracted wound results in rapid healing since lesser surface area of the injured tissue has to be
replaced.

In order to explain the mechanism of wound contraction, a number of factors have been
proposed.

These are as under:

1. Dehydration as a result of removal of fluid by drying of wound was first suggested but without

being substantiated.

2. Contraction of collagen was thought to be responsible for contraction but wound contraction

proceeds at a stage when the collagen content of granulation tissue is very small.

3. Discovery of myofibroblasts appearing in active granulation tissue has resolved the

controversy surrounding the mechanism of wound contraction. These cells have features
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intermediate between those of fibroblasts and smooth muscle cells. Their migration into the

wound area and their active contraction decreases the size of the defect.

Very Short Answer Type Question (2 Marks)

1
2
3
4.
5
6
7

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.

Define Amyloidosis?

. Define atrophy with example?

. What is Ischemia? What is glycogenesis?

What is Hypoxia?

. Differentiate between Necrosis and Apoptosis.
. Differentiate between Degeneration and Necrosis.

. What is hypertrophy? Give one example each for physiological and pathological

hypertrophy.
What is metaplasia? Give example.

Differentiate between metaplasia and dysplasia.
Differentiate hypertrophy and hyperplasia.
What is Apoptosis?

Differentiate between hyperplasia and neoplasia.
What is anaplasia?

Anaplasia and dysplasia.

Difference between necrosis and degeneration.
What is Hypertrophy and Hydropic swelling?
Mention the types of necrosis.

What is autolysis?

Define Pyknosis, Karyorrhexis, and Karyolysis.
List out complications of wound healing

Role of Histamine in acute inflammation
What are cardinal signs of inflammation?

Write the differences between transudate and exudate.
List of prostaglandins in inflammation.

List the factors affecting wound healing.
Healing of wounds.

What is regeneration and repair?
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Short Answer Type Question (5 marks)

1. What is Cell Injury? Discuss the various factors influencing Cell Injury?

2. What are the various biochemical intracellular accumulations found in Cell Injury?
3. What is Hyperplasia? What is Physiological Hyperplasia and Pathological Hyperplasia?
4. What is Necrosis? Write about the Pathogenesis of Necrosis?

5. Write the principals involved in the pathogenesis of cell injury by various agents.
6. With the help of a diagram differentiate ultra-structural changes between reversible and
irreversible cell injury due to hypoxia/ischemia.

7. Write the mechanism of free radicals induced cell injury.

8. Briefly discuss types of necrosis.

9. Describe the morphology of reversible cell injury

10. Briefly discuss the morphology of irreversible cell injury

11. Pathogenesis of reversible cell injury.

12. Describe biochemical changes during cell injury.

13. Explain the process of apoptosis.

15. Explain in detail glycogen storage diseases with examples

16. Explain pathologic calcification and necrosis.

17. What is healing by Granulation tissue formation?

18. Discuss the factors affecting wound healing.

19. Describe the physiological and pathological significance of prostaglandins.

20. Briefly discuss plasma-derived mediators of acute inflammation.

21. Explain the pathogenesis of chronic inflammation.

22. Explain the role of autacoids in inflammation.

23. Differentiate between acute and chronic inflammation.

24. Differentiate between regeneration and fibrosis

25. Explain Granulomatous inflammation.

26. Explain the process of phagocytosis

Long Answer Type Questions (10 MarksO0
1. What are cellular adaptations? Give examples.
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2. Explain the various types of cell injury with examples? Discuss the Etiology of cell injury.

3. Describe the pathogenesis of reversible cell injury induced by hypoxia/ischemia.

4. Describe the pathogenesis of irreversible cell injury induced by hypoxia/ischemia.

5. Explain the etiology, pathogenesis, and morphology of cell injury.

6. Enlist the etiological agents causing cell injury. Describe the pathogenesis of reversible cell
injury induced by hypoxia/ischemia.

7. What are the various cellular events in acute Inflammation?

8. What are the various chemical mediators of Inflammation?

9. Write in detail the vascular events involved in the process of Inflammation.
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