1.1 INTRODUCTION |
Pathology is a scientific study of the nature of discase and its causes, processes, mechanism ang
effects are also called pathology. _ _ .
If the cells fail to adapt under stress, they undergo certain changes le_admﬁ to C('(:I lll:lu_ry, The
affected cells may recover from the injury called Reversible injury; if cell may die, it is calleq
Irreversible injury.

All forms of tissue injury start with molecular or st-ructuml alterations in c.ellj. Thcdnorglal cell
undergoes modification in its structure and function in response to changes 1n demand and stress,
Until these stresses become too severe the cell is to maintain a narrow range of structure and
function so called- homeostasis. If the cell undergoes excessive physiological stresses or certain
pathological stimuli, it can undergo adaptation. The principle cellular adaptation 1is ﬂtfopf}y,
hypertrophy and hyperplasia. If the cell doesn’t undergo adagtaﬂon or the cell .adapnve capacity
is exceeded, the cell in developing. The cell injury is reversible up to a certain level, but with

severe or persistent stress the cell suffers irreversible injury and dies.

The relationship among adapted, reversible and irreversible ce}l injury can be seen in heart
muscle. Myocardial fibers when subjected to increasing load, as in case .Of hypertension, Fhe cell
adapts and undergoes hypertrophy i.e. an increase in size and heart sufficiently pumps against the
increased load structure.

Normal cell Recovered cell

Injury Recovery /

v
Swelling of endoplasmic /
reticulum mitochondria and

clumping of chromatin

v

Reversible Injury

A 4

Cell death b

Swelling of endoplasmic reticulum
Loss of ribosome

Lysosome rapture

Membrane blebs

Swollen Mitochondria with
amorphous densitis

y

Irreversible cell Injury

Fig. 1.1 Basic mechanism of reversible and irreversible Injury

The morphological pattern of cell death is coagulative necrosis caused by denaturation of
cytoplasmic proteins and the breakdown of cell organelles. The cell death due to survival
physiological and pathological processes is called apoptosis. The main cause is condensation and
fragmentation. The mechanism by which apoptosis is induced to differ from that of necrosis.

Whether a specific stress, which induces adaptation or causes reversible or irreversible injury
resulted in morphological changes, depends on many factors related to the cell only which ar¢
vulnerable, differentiation, blood supply nutrition and previous state of cell.
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1.2 HOMEOSTASIS

The word homeostasis are derived from the Greek words homeo, or same, and stasis, or stable,
and means remaining stable by remaining the same. Homeostasis is a process in which each of
the body’s biochemical or physiologic variables (body temperature; oxygen, sodium, calcium,
glucose levels; and pH) was maintained within a narrow set point range. Negative feedback loops
were used to sense and correct any deviations from the set point ranges for the variables, thereby
supporting the survival of the individual, despite threats from the external or internal
environments. Examples of homeostasis are:

Temperature regulation
Regulation of blood carbon dioxide level
Regulation of blood glucose level

Homeostasis typically involves negative feedback loops that counteract changes of various
properties from their target values, known asset points. In contrast to negative feedback
loops, positive feedback loops amplify their initiating stimuli, in other words, they move the
system away from its starting state.

1.2.1 COMPONENTS AND TYPE OF FEED BACK SYSTEM

Three basic components are involved in every feedback loop:

Sensory Mechanism: The process of regulation first requires the body to be able to sense or
identify the variable being controlled. If deviations from the normal set point range occur the
sensor generates a signal from nerve impulse or hormone to transmit that information to the
second component of the feedback loop.

Integrating or Control Center: When the control center receives input from a homeostatic
sensor, that information is analyzed and integrated with input from other sensors, and then some
specific action is initiated to maintain homeostasis. If significant deviation from the “set point”
exists, then control center sends its own specialized signal to the third component of the control
loop.

Effectors Mechanism: Effectors are organs such as muscles or glands that directly influence

controlled physiological variables. The activities of effectors are ultimately regulated by feedback
of information regarding their own effects on a controlled variable.

Negative Feedback Control Systems

Negative Feedback Control Systems are inhibitory. They oppose a change by creating a response
that is opposite in direction to the initial disturbance. They produce an action that is opposite to
the change that activated the system. Negative feedback systems are responsible for maintaining a
| _
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) : outside of thej
constant internal environment. They keep variables from straying too far I Normy

ranges.
Positive Feedback Control Systems

Positive Feedback Control Systems are stimulatory. It does not O_Pcmte to help thc. body maing,
a stable or homeostatic condition. It is often harmful or even dlsas“trolus, to survnval."Insteafi of
opposing a change in the internal environment and causing a return to normal”, positjye
feedback tends to amplify or reinforce the change that is reoccurring.

Temperature control is a negative feedback mechanism. Nerve cglls relay information about body
temperature to the hypothalamus. The hypothalamus then signals several .effectors to return the
body temperature to 37 degrees Celsius (the set point). The effectors may signal the sweat glands
to cool the skin and stimulate vasodilation so the body can give off more heat.

If body temperature is below the set point, muscles shiver to generate heat and the constriction of
the blood vessels helps the body retain heat. The hypothalamus can change the body's
temperature set point, such as raising it during a fever to help fight an infection. Both internal and
external events can induce negative feedback mechanisms.

Thermoreceptor

in

Motor nerve Impulses to skin Vasodilation

Increased sweating

hypothalamus

Temperature

Thermoreceptor

Decrease in body
Increase in body Temperature
Temperature
Normal body No change in body temperature Normal body
temperature 37% temperature 37%

Temperature
remains set point
Decrease In body

Motor nerve Impulses to skin

a

Increase in body
Temperature

® o
in
hypothalamus

N Vasoconstrictor

Fig. 1.2 Systematic representation of temperature regulation,
feedback loops. If the body temperature is too high, a negative

down towards the set point,

decreased sweating

negative feedback loops and positive
feedback loop will act to bring it back

or target value, of 98.6F/37 oc.

et

Scanned with CamScanner



1.3 CAUSES OF CELL INJURY

Causes of cell injury are the stresses, which induce morphological changes in the cell from
physical damage to gene defects, cause many metabolic discases. The broad categories of various
causes of cell injury and adaptation include: (A) Acquired and (B) Genetic causes. The acquired
causes are: 1. Hypoxia and Ischemia 2. Chemical agents and drugs 3. Physical agents 4.
Microbial agents 5. Immunologic agents 6. Nutritional imbalance 7. Aging. The genetic causes
are defects in genes.

1.3.1 (A) Acquired causes

1. Hypoxia and Ischemia: Cells of different tissues essentially require oxygen to generate
energy and perform metabolic function. It is due to reduced supply of blood when the arterial
flow or the venous drainage is restricted by vascular disease or thrombi and inadequate
oxygenation of the blood due to cardio-respiratory failure. Hypoxia is also due to loss of
oxygen carrying capacity of the blood as seen in anemia or carbon monoxide poisoning
where the production of a stable carbon monoxyhemoglobin block oxygen transport.

2. Chemicals and drugs: Chemical poisons, strong acids and alkali, environmental pollutants,
insecticides and pesticides, oxygen at high concentration, hypertonic glucose and salts,
alcohol and narcotic drugs and therapeutic administration of drugs are important causes of
cellular adaptation, injury and death, the poisbnous substances cause severe cell damage or
even death to organisms. The mechanism of action is by acting on the vital function of cell
such as membrane permeability, osmotic homeostasis, or in the functional capacity of the

enzyme or cofactor.

3. Physical agents: Physical agents for cell injliry are: Mechanical trauma (Road accident)
Thermal trauma (Heat and cold), Electricity, Radiation and Rapid changes in atmosphere
pressure all have a wide range of effects on the cell.

4. Microbial agents: Wide variety of microbes ranging such as bacteria, rickettsiae, viruses,
fungi, protozoa, metals and other parasites affect the cell in various ways leading to cell

death.

5, Immunologic reactions: The immune system works in the defense against biological agents,
hence immune response reactions such as hypersensitivity reactions, anaphylactic reactions,
autoimmune diseases may cause cell injury. Anaphylactic reactions to a foreign protein are a
good example and reaction to endogenous self-antigens thought to be responsible for
autoimmune diseases.
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6. Nutritional imbalance; Nutritional deficiency causes cell dcath,.A deﬁc-:lency OF an exceg,
of nutrients may result in nutritional imbalances. Nutritional deficiency diseases 'may be dye
to overall deficiency of nutrients (starvation), protein calorie (Marasmus, KWashlorkor), ang
minerals (anemia) or of trace elements. High fat diets are the cause of atherosclerosig ang

obesity.

7. Aging: the accumulation of injury caused by free radicals over the yeaf may be responsipje
for cellular aging. Lipofucin a brownish-yellow granular intracellular plgn.lents accumulateg
in a variety of tissues of heart, liver and brain as a function of age. The pigment represents
complexes of lipids and protein that are derived from the oxidation of polyunsaturated lipids

of subcellular membrane.

1.3.2 (B) Genetic causes

1. Developmental defect: (Errors in morphogenesis) Developmental defects are group of
abnormalities during fatal life due to errors in morphogenesis.

Cytogenic defects: The chromosomal abnormalities are concerned abnormalities of
chromosomes, it may be numerical or structural. The abnormalities occur due to increase or
decrease in the numbers of the total chromosomes known as numerical abnormality. The
abnormalities that occur due to changes in appearance of chromosomes is called structural
abnormalities.

2

(¥

Single-gene defects (Mendelian syndrome): The defect follows classic mendelian patterns
of inheritance and are called as Mendelian syndrome or disorder. It is due to mutation of a
single gene. A

4. Disorders with multifactorial inheritation: are the concern of multiple genes in
combination with lifestyle and environmental factors. Conditions caused by many
contributing factors are called complex or multifactorial disorders e.g. heart disease, diabetes,
and obesity.

1.4 MECHANISM OF CELL INJURY (Pathogenesis)

Injury to cell may have many causes. The macromolecules, enzymes and organelles within the
cell are so closely interdependent, hence it may not be possible to differentiate the primary target
of Injury. With injurious agents the mechanism and location of cell injury are well defined. In
such case oxygen plays a central role in the cell Injury. Lack of OXygen, which causes ischemia, is
the cause of pathogenesis of cell injury. In partially reduced activated oxygen species such as
Clostridium perfringens (anaerobic bacterial) have elaborate phospholipids, which attack

phospholipids in cell membranes. These are called free radical species cause lipid oxidation and
other deleterious effects on cell structure.,
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Fig. 1.3 A detail diagram reversible and irreversible ischemic cell injury. The ATP levels have a
key role, ischemia can cause direct membrane damage, mitochondrial damage, ribosome damage and
nuclear damage
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1.4.1 ISCHEMIC AND HYPOXIC INJURY _

Cellular Injury: The term, ischemia, has been used to denote deficnf:nl blood. suppI)./ to tissyeg
due to obstruction of the arterial inflow. The disorders chaructquzcd by ischemia such 4
myocardial infarction, stroke, and peripheral vascular disease, continue to be among the mqg
frequent causes of cell Injury or cell damage.

Cell damage: The effect of hypoxia is in the aerobic respiration cells 'mvolx'lmg the oxidatiop
phosphorylation reactions in mitochondria. The generation of adenosine tpphosphale (ATP)
slows down or stops which may effect on many systems which causes failure of the active
membrane sodium pump, this effects the accumulation of sodium intracell'ular and fus:on of
potassium out from the cell. Thus, it produces acute cellular swelling due to iso-osmotic gain of
water. This stage is reversible if oxygen is restored.

If ischemia persists, the irreversible injury may be the result. It is associatgd with severe
vacuolization of the mitochondria which includes cristate, extensive damage to plasma member,
swelling of lysosome, and particularly massive calcium influx into cell, the cell leads to calcium
deposits in mitochondrial matrix and efflux the cellular enzyme creatine kinases (CK) and lactate
dehydrogenase; There is continued loss of proteins, essential coenzyme and ribonucleic acid from
the hypermeable membranes. The cell reaches at stage to necrosis or cell death. This stage is
called Irreversible Injury.

Nuclear damage: The decrease in cellular ATP and Increase in adenosine monophosphate
(AMP) also stimulates the enzyme Phosphofructotokinase glycolysis in order to maintain the cells
energy source by generating the ATP from glycogen. The glycogen gets rapidly depleted and
hence causes histological changes. Glycolysis results in the accumulation of the lactic acid and
inorganic phosphate from the hydrolysis of phosphate ester, it reduces the intercellular Ph and
glycogen which results in clumping the chromatin. This stage is reversible if oxygen is restored.

If ischemia persists, the cell reaches at the next stage- irreversible injury. The fall of PH leads
to injury to the lysosomal membranes followed by leakage of their enzymes in to cytoplasm,
activation of acid hydrolases and enzymatic digestion of cytoplasmic and nuclear components

Ribosome damage: This process also involves oxidative phosphorylation, decrease the ATP,
the result detachment of ribosomes from the granular endoplasmic reticulum and dissociation of
polysomes into monosomes decreased proteins synthesis , lipids deposition and lipotoxicity.
This stage cell may recover the injury and is called reversible injury If hypoxia continues, it will
lead to increased membrane permeability and diminished mitochondrial functions. This
mitochondria will appear normal, slightly swollen or condensed, the endoplasmic reticulum is
dilated and entire cell is markedly swollen, a stage arises called apoptosis Irreversible injury.

Mitochondrial Damage: Cell injury or damage occurs as a result of the initial ischemia. ATP
levels and intracellular pH decreases as a result of anaerobic metabolism and lactate
accumulation. As a consequence, ATPase-dependent ion transport mechanisms become
dysfunctional, this stage is called reversible Injury if oxygen restored. If hypoxia continues
which leads to contributing an increased intracellular and mitochondrial calcium levels (calcium
overload), cell keeps swelling and rupture, and thus, there is cell death by necrotic, necroptotic,
apoptotic, and autophagic mechanisms
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1.4.2 FREE RADICAL MEDIATION OF CELL INJURY

Chemical species with unpaired or an odd number of electrons are called free radicals. In
biological systems, the term free radicals mostly refer to reactive oxygen species (ROS) and are
oxygen centered. Major ROS includes superoxide anion (O2) hydrogen peroxide (H202), and
hydroxyl radical (OH). Besides ROS, reactive nitrogen species (RNS), including nitric oxide
(NO), peroxynitrite (NO3), S-nitrosothiols also contribute to the generation of free radicals. |

The radical are extremely unstable and react with inorganic membranes and nucleic acids in the
cell. Free radical also initiates autocatalytic reactions where by the molecules with which they
react are converted into free radical to start the chain of damage.

The radical are imitated within the cells due to absorption of radiant energy.e. Ultraviolet light
X-rays or in the reduction reaction that occurs during normal physiology processes or may be ‘
derived from enzymatic metabolism of exogenous chemicals. |
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Fig. 1.4 Schematic representation of formation the free radicals and action of free radicals on lipids,
proteins and DNA. Free radicals acts in a nonspecific manner with proteins membrane lipids and
nucleic acids which cause cell injury by various mechanismns.
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1.5. MORPHOLOGY OF CELL INJURY

The cell is a highly-structured complex of molecules and organelles that arc arranged to fulfil
routine metabolic housekeeping functions and the specialised functions that make one cell
different from another. In order to carry out these functions the cell has energy needs and some
transport mechanisms to facilitate the import of metabolites and the export of waste products.
Injury to a cell results in relative disruption to one or more of these structures or functions.
Certain injurious agents (radiation, certain chemicals, viruses, and some bacterial and fungal
toxins) these stimuli which bring changes in cellular morphology can be divided into three
patterns:

|
!
|
|
|

1. Pattern of active cell injury i.e. reversible and irreversible leading to necrosis or
apoptosis.

5 Sub cellular alteration that occurs mainly as response to more chronic or persistent
injurious stimuli.

3. Intercellular accumulation of a number of substance i.e. lipids, carbohydrates, proteins
which is a result of derangements in cell metabolism or excessive storage.
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Fig. 1.5 Morphological of cell injury cell injury. The end result may be total recovery, permanent
impairment and death.
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1.6 CELLULAR ADAPTIVE CHANGES

Cell- must undergo adaptation even under normal conditions to overcome changes in its
environment. These physiological adaptations are due to the response to normal stimulation by
hormones or endogenous chemical substances, for example enlargement of breast and induction
of lactation in pregnancy. The pathological adaptations may undergo the same mechanism but
provide the cell with ability to adapt to their environment in order to escape the injury.

Thus the cellular adaptations are the state, which is intermediate between normal or unstressed
injured cells.

The cell adaptations are many, some involve up or down regulations on specific cellular receptor
which involves in the metabolism of certain components. (1) For example regulation of cell
surface receptors involved in uptake and degradation of low density lipo-proteins (LDL) (2) the
other are induction of new proteins synthesis by target cells such as heart stock or stress shock

proteins which protects cells from some form of injury

The other adaptation involves the cell from producing one type of proteins to another or
overproduction of one proteins of one protein. In such case where the cell is produced, various

types of collagens and extracellular matrix,the proteins can be seen in chronic inflammation and

fibrosis.

ses are atrophy (decreased cell size), hypertrophy (increased cell
11 number), metaplasia (conversion of one cell type to another),
th). Each of these changes is potentially reversible when the

The common adaptive respon
size), hyperplasia (increased ce
and dysplasia (disorderly grow
cellular stress is relieved..

1.6.1 ATROPHY

1 cell size, loss of cell substance is named atrophy. If

is a decrease or becoming smaller i
i S an organ’s cells, the complete organ gets smaller or

atrophy takes place in an enough number of
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Fig 1.9. The adaptive cellular response of atrophy

Physiologic atrophy takes place with early development. For example, the thymus glapg

undergoes physiologic atrophy during childhood. Pathologic atrophy takes place as an outcome of
decrease in blood supply, nutrition, hormonal stimulation, worklc?ad and pressure. The effect of
beings made without motion in bed for a going on for a long time exhibit a type of skeleta]
muscle atrophy called disuse atrophy. Atrophy getting old ages the braincellsto become
atrophic  and endocrine-dependent organs, ~ such as the gonads, to get - smaller as hormonal
stimulation decreases. If atrophy is caused by normal physiologic conditions or by pathologic

conditions, atrophic cells exhibit the same basic changes.

Some of these stimuli are physiological whereas others are pathogenic. The cellular changes are
identical in both cases and the cell shrinks to a small size. Wherever the survival is possible, it
affects mitochondria and myofilaments and less on edoplasmic reticulam. The mechanisms
probably include decreased protein synthesis, increased protein catabolism, or both. Up-

regulation of proteasome which cause atrophy.

Hormones such as insulin, thyroid glucocorticoids and prostaglandin influence such as protein
synthesis. For example a slight increase in protein degradation over a long period result in
atrophy as it occurs in muscular dystrophies.

In some cases atrophy as a result of chronic malnutrition is often accompanied by a “self-eating”
process called autophagy inducing autophagic vacuoles.Some of the cell debris within
autophagic vacuoles resists digestion and remains as membrane bound residual bodies, which
remains in cytoplasm as sarcophagi. Examples of such residual bodies are present in sufficient
number, which imparts a brown discolors to the tissue (Brown atrophy).

1.6.2 HYPERTROPHY

Hypertrophyis an increase in the size of cells, which leads to increase in organ Ssize.
Hypertrophy is due to increased functional demand or by specific hormonal stimulation, which
may occur during physiological and pathogenic conditions.

B L
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Fig. 1.10 The adaptive cellular response of hypertrophy

For example in the physiological growth of uterus during pregnancy, which involves both
hypertr(?ph)_l and hyperplasia. The cellular hypertrophy is stimulated by estrogen receptor, which
allows its interaction with nucleus DNA resulting in increased synthesis of smooth muscle

proteins and increase in cell size of the uterus. Thus this physiological hypertrophy is due to
hormonal stimulations.

Hypertrophy is an adaption response which is also due to enlargement of muscles. The cells of
the heart and kidneys are particularly responsive to enlarge. The striated muscle cells of both the
heart and skeletal muscles are capable of hypertrophy. Physiologic hypertrophy in skeletal muscle
occurs in response to heavy work. Enlargement of the heart is caused by dilation of the cardiac
chambers, is short-lived, and is followed by increased synthesis of cardiac muscle proteins,
allowing muscle fibers to do more work. The nucleus also is hypertrophic and exhibits increased
synthesis of deoxyribonucleic acid (DNA). The increase in cell size is associated with an
increased accumulation of protein in the cellular components (plasma membrane, endoplasmic
reticulum, myofilaments, mitochondria) and does not allow an increase in the amount of cellular
fluid. With time passing by cardiac hypertrophy is characterized by extracellular matrix
remodeling and increased growth of adult myocytes. The myocytes progressively increase in size
and reach a limit beyond which no further hypertrophy can occur.

The more the number of myofilament undergoes an increased workload with an increase in level
of metabolic activity per unit of volume of the cell does not differ in comparison to normal cell.

Proteins synthesis in heart is by two mechanisms of hypertrophys:

1. The mechanical stretch through stretch receptor which triggers RNA synthesis leads to
proteins production.

2. Activation of alpha-adrenergic receptor on the surface of myocytes alter gene expression for
certain contractile protein.

Whatever may be the mechanism of hypertrophy, the hypertrophy may reach to a limit beyond
which enlargement by muscle mass is no longer compensated for increased burden and results in
cardiac failure. At this stage number of degenerative changes occurs in myocardial fibers, which
gets lysed resulting in loss of myofibrillar contractile elements.

The limiting factors for continuous hypertrophy and the cause of regresswe changes are due to
diminish oxidative capabilities of mitochondrion or to alteration in proteins synthesis and
degradation.
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1.6.3 HYPERPLASIA

Hyperplasiais an increase in the number of cells resulting from in mcfcasu]lu:tli'c Offccllula,
division. The cell growth is increased due to multistep process involving the p[r()f l |:)]n' "'8r0wzh
factors, which stimulate the remaining cells to synthesize new cell compm‘T” i “'“m‘“Cl)’. to
divide. Hyperplasia and hypertrophy are closely related and often deve ‘;P SI{S?"TIPCOUSIY in
tissue. Both hyperplasia and hypertrophy take place if the cells are capable of synthesizing DNa

ST LS

Normal Hyperplasia (Increased cell number)

Fig. 1.11 The adaptive cellular responses of hyperplasia

Cardiac and skeletal muscle cells have no capacity for hyperplastic growth and thus usually
undergo only hypertrophy.

Hyperplasia can be physiologic or pathological: Physiology hyperplasia is divided into

(1) Hormonal hyperplasia seen in proliferation of the epithelium of the female breast at
puberty and during pregnancy

(2) Compensatory hyperplasia i.e. hyperplasia occurs-

Compensatory hyperplasia is an adaptive mechanism that enables certain organs to regenerate.
For example when a portion of tissue is removed, mitotic activity in the remaining liver cells
begins as early 12 hours after hypertrophy resulting the liver to attain its normal weight and after
that the mitoses ceases. The stimuli for cell proliferation are polypeptide growth factors and
hormones, which are produced by remaining hepatic cell. The various specific factors that appear
to be involved in liver regenerating are transforming growth factor hepatocyte growth factor
(HGF), 1s a mediator in vitro of liver regeneration. In addition, other in vitro growth factors and
cytokines (cell-signaling proteins) that increase hepatic cell regeneration includes transforming
growth factor-alpha (TGF-a), epidermal growth factor (EGF), interleukin-6 (IL-6), and tumor

necrosis factor-alpha (TNF-o).

Hormonal hyperplasia most from of pathological hyperplasia is due to excessive hormonal
stimulation and its effect on growth factor on targeted cells. A type of hormonal induced
abnormal hyperplasia develops some time in endometrium. After a normal menstrual period there
is a rapid burst of increased activities in endometrium, which is potentiated by pituitary hormones
and ovarian estrogens and progesterone. If the normal level of estrogen and progesterone i
disturbed and there is an increase in estrogen level which will result in hyperplasia.

Hyperplasia is also an important response of increase of connective tissue cell in wound healing
in which proliferating fibroblast and blood vessels are stimulated by growth factor. which aids in

repair.

Hypertrophy and hyperplasia are two distinct processes. They occur together and may be
triggered by the same mechanism. Estrogen induced growth in uterus causing increase DNA
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