2
Animal Cell and Associated Tissues

2.1

PROKARYOTES AND EUKARYOTES

Cells are the smallest structural and functional units of all living organisms. The organisms
can be classified into unicellular such as bacteria which means consisting of a single cell,
whereas, animals are multicellular. The cells in living organisms are classified into two
categories. The first category is prokaryotic cells and the second is eukaryotic cells. The
difference between prokaryotic and eukaryotic cells is that prokaryotic cells do not have
membrane-bound nucleus and their genetic information is in a circular loop called a
plasmid instead of having the chromosomal DNA. Cells in the Monera kingdom such
as bacteria and cyanobacteria (also known as blue-green algae) are prokaryotes. Some
bacteria grow naturally as filaments, e.g., members of the actinomycetes or masses of
cells, but each cell in the colony are identical and have free existence. The cells may be
adjoining to one another because they did not separate after cell division or because
they remain enclosed in a common sheath secreted by the cells. Prokaryotic cells come
in different shapes: cocci (round), baccilli (rods), and spirilla or spirochetes (helical
cells). Cocci (singular coccus) may be oval, elongated, or flattened on one side and may
remain attached after cell division. Cocci that remain in chains after dividing are called
streptococci and those divide in multiple planes and form grape-like clusters or sheets are
called staphylococci. Two paired cocci cells are called diplocoocci. Bacillus is rod shaped
and should not be confused with genus of bacteria with the name Bacillus. Most bacilli
appear as single rods. Diplobacilli appear in pairs after division. Spiral bacteria have one
or more twists and have a helical shape. These spiral bacteria can be divided into two
types. First type has rigid bodies called spirilla (singular spirillum) and the second has
flexible bodies called spirochaetes (singular spirochaete).
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Fig. 2.2

Eukaryotic cell

Selective permeability is the property of a living cell membrane that allows the cell
to control which molecules can pass through the membrane, moving into or out of the
cell. Some solutes cross the membrane without any assistance, some cross with assistance
of other molecules, and others do not cross at all. The manner by which molecules cross
the plasma membrane depends on the molecule size and on whether the molecules
are already concentrated either inside or outside of the cell. For the transport of the
small molecules or ions across the membrane, require the assistance of specific protein
carriers. If a molecule size fit through a special protein channel embedded in the plasma
membrane, it will be able to move across the membrane either by passive transport or
active transport.
The large molecule will have to enter or exit the cell by moving in a vesicle. Vesicles
are tiny pockets that may form in the cell membrane to help in the transport of larger
molecules across it and this process is called endocytosis when molecules are moved into
the cell and exocytosis when molecules are moved out of the cell. So, it is the size of the
molecule which acts as the sole criteria to distinguish whether the molecule will cross by
transport or within a vesicle. Every cell is able to communicate and signal transduction
at the cellular level which refers to the movement of signals from outside the cell to
inside or a process by which an extracellular signalling molecule activates a membrane
receptor that in turn alters intracellular molecules creating a response. The movement of
signals can be simple, like that associated with receptor molecules of the acetylcholine
class (receptors that constitute channels which allow signals to be passed in the form
of small ion movement, either into or out of the cell). These ion movements result in
changes in the electrical potential of the cells that, in turn, propagates the signal along the
cell membrane (explained in detail in chapter 5).
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Cytoplasm

There are many types of plasm contained within a eukaryotic cell. The term protoplasm
includes the living substance within the cell membrane. It can be differentiated into
cytoplasm and the nucleus. The cytoplasm is a thick liquid residing between the cell
membrane holding all organelles, except for the nucleus. All the contents of the cells of
prokaryote organisms (which lack a cell nucleus) are contained within the cytoplasm. The
fluid usually found in the nucleus of eukaryotic cells is called nucleoplasm, which acts
as a suspension medium for the organelles of the nucleus. The other functions include
the preserving of nuclear shape and structure, and transportation of ions, molecules, and
other substances important to cell metabolism.
In eukaryotic cells, the cytoplasm contains organelles, such as mitochondria, which
are filled with liquid that is kept separate from the rest of the cytoplasm by biological
membranes. Cytoplasm is a collective term for the cytosol plus the organelles suspended
within the cytosol. Many metabolic pathways including glycolysis and cell division occur
within the cytoplasm. Cytosol is the intracellular fluid that is present inside the cells. Once
the process of eukaryotes starts, the fluid is separated by the cell membrane from the
organelles (mitochondrial matrix) and the other contents that float about in the cytosol.
Cytosol is the part of the cytoplasm that is not held by any of the organelles in the cell. In
prokaryotes, most of the chemical reactions of metabolism take place in the cytosol, while
a few take place in membranes or in the periplasmic space. In eukaryotes, while many
metabolic pathways still occur in the cytosol, others are contained within organelles.

2.1.3

Nucleus

Nucleus (pl. nuclei) is a membrane-enclosed most prominent organelle in eukaryotic
cells that contains the cell’s hereditary information and controls the cell’s growth and
reproduction. The nucleus regulates all the cell activities. DNA contains the information
for the production of proteins which is encoded in the four DNA bases; adenine, thymine,
cytosine and guanine. The specific sequence of these bases instructs the cell the order
in which amino acids are arranged. The contents of the nucleus and the cytoplasm are
separated by a surrounding membrane of nucleus, called nuclear envelope. The nuclear
membrane is a double membrane with multiple pores. The nuclear pores regulate the
passage of macromolecules like proteins and RNA by active transport. The pores also
allow free movement of small molecules and ions. Nuclear transport is crucial to cell
function, as movement through the pores is required for both gene expression and
chromosomal maintenance. In the nucleus of each cell, the DNA molecule is packaged
into thread-like structures called chromosomes. Each chromosome is made up of DNA
tightly coiled many times around proteins called histones that support its structure.
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2.1.4

Ribosome

Ribosomes are small dense organelles (an internal component) of a biological cell that
create proteins from all amino acids and RNA representing the protein. DNA is used to
make RNA, which is used to make proteins. The DNA sequence in genes is copied into
a messenger RNA (mRNA). Ribosomes accomplish the task of reading the information
in this mRNA and use it to create protein structure. This process is known as translation,
since it translates the four character alphabet of the bases used in genetic code into proteins.
Ribosomes do this by binding to an mRNA and using it as a template for determining
the correct sequence of amino acids in a particular protein. The amino acids are attached
to transfer RNA (tRNA) molecules, which enter one part of the ribosome and bind to the
messenger RNA sequence. The attached amino acids are then joined together by another
part of the ribosome. The ribosome moves along the mRNA, reading its sequence and
producing a corresponding chain of amino acids.

2.1.5

Endoplasmic Reticulum

Endoplasmic reticulum (ER) is a multifold membranous structure within eukaryotic cells
that forms an interconnected network of membrane lamellae and tubules called cisternae;
the internal space of the endoplasmic reticulum is called the cisternal space or the lumen.
The endoplasmic reticulum is of two types, rough and smooth. The rough endoplasmic
reticulum is lined with ribosome on their outer surfaces, while smooth endoplasmic
reticulum has no ribosome bound to it. Rough endoplasmic reticulum synthesizes
proteins, while smooth endoplasmic reticula synthesize lipids and steroids, metabolize
carbohydrates and steroids, and regulate calcium concentration. Sarcoplasmic reticulum
(SR) is a special type of smooth endoplasmic reticulum found in smooth and striated
muscles whose function is to store and release calcium ions. They release the calcium ions
during the muscle contraction and absorb them during relaxation. The only structural
difference between this organelle and the smooth endoplasmic reticulum (SER) is that the
smooth endoplasmic reticulum synthesizes molecules while the sarcoplasmic reticulum
stores and pumps calcium ions.

2.1.6

Golgi Apparatus

The Golgi apparatus (also Golgi body or the Golgi complex), which was identified in
1897 by the Italian physician and histologist Camillo Golgi, is an organelle found in
most eukaryotic cells. Golgi is the structure of membrane bound sacs called the Golgi
apparatus. The sacs of Golgi apparatus are known as cisternae (singular: cisterna). An
individual stack is sometimes called a dictyosome (from Greek dictyon: net + soma: body),
especially in plant cells. A mammalian cell typically contains 40 to 100 stacks. There are
five functional regions of cisternae: cis Golgi network, cis Golgi, medial golgi, trans Golgi
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and trans Golgi network. A major function of Golgi appartus is modifying, sorting and
packaging of proteins for secretion. They are also responsible for the transport of lipids
around the cell.

2.1.7

Mitochondrion

Mitochondrion (plural mitochondria) is a membrane-enclosed organelle found in most
eukaryotic cells. These organelles range from 0.5 to 10 micrometres (μm) in diameter.
Mitochondria are also described as cellular power plants because they generate most
of the cell’s supply of adenosine triphosphate (ATP) through the process of electron
transport chain or oxidative phosphorylation. In addition to supplying cellular energy,
mitochondria are involved in signalling, cellular differentiation, cell death, as well as the
control of the cell cycle and cell growth.

2.2 TISSUES OF ANIMAL BODY
Cells group together in the body to form tissues - a collection of similar cells that group
together to perform a specialized function. There are four primary tissue types in the
animal body:
1. Epithelial tissue
2. Connective tissue
3. Muscle tissue
4. Nerve tissue

2.2.1

Epithelial Tissue

Epithelial tissue is specialized to form the surface of the skin, line the various cavities and
tubes of the body, and cover the internal organs. Epithelial tissue that occurs on surfaces
on the interior of the body is known as endothelium. Epithelial tissue is made of closelypacked cells arranged in flat sheets, with almost no intercellular spaces and only a small
amount of intercellular substance. Every epithelial tissue is usually separated from the
underlying tissue by a thin sheet of connective tissue known as basement membrane.
The basement membrane provides structural support for the epithelium and also binds
it to neighbouring structures. The cells of epithelial tissue form continuous sheets that
serve as linings in different parts of the body. Epithelial tissue serves as membrane lining
organs and helping to keep the body’s organs separate, in place and protected. Some
examples of epithelial tissue are the outer layer of the skin, the inside of the mouth and
stomach, and the tissue surrounding the body’s organs.
According to the shape and arrangement of component cells into one or more layers
is the basis of classification of epithelial tissues. The different shapes of the epithelial
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cells may be squamous, cuboidal and columnar. Simple squamous epithelium is a single
layer of flat cells which is found in the walls of small blood vessels (capillaries) and in
the air sacs of the lungs. It is thin so it permits diffusion of substances from one side to
the other. Cuboidal epithelium has roughly square or cuboidal in shape with spherical
nucleus in the centre and found in glands, in the lining of the kidney tubules as well as in
the ducts of the glands. Simple columnar epithelium is a single layer of elongate cells and
forms the lining of the stomach and intestines. Ciliated columnar epithelium is simple
columnar epithelial cells, but in addition, they possess fine hair-like outgrowths, cilia
on their free surfaces. These cilia are capable of rapid, rhythmic, wavelike beatings in a
certain direction. Ciliated epithelium is usually found in the air passages like the nose.
If the epithelial cells are arranged in one single layer, the epithelium (plural, epithelia)
is considered to be simple; if they are arranged in two or more layers, it is stratified. The
epithelia are composed of several layers of cells, where body linings have to withstand
deterioration and are called compound or stratified epithelium. The top cells are flat and
scaly and it may or may not be keratinized (i.e., containing a tough, resistant protein called
keratin). The mammalian skin is an example of dry, keratinised, stratified epithelium.
The lining of the mouth cavity is an example of an unkeratinisied, stratified epithelium.

2.2.1.1 Functions of epithelial tissue
There are seven major functions of epithelial tissues which include protection, sensation,
secretion, absorption, excretion, diffusion and cleaning.
Protection The epithelium of the skin protects the underlying tissues from mechanical
injury, harmful chemicals, ultraviolet light, invading bacteria and from excessive loss of
water.
Sensation Sensory stimuli penetrate specialised epithelial cells. Specialised epithelial
tissue containing sensory nerve endings is found in the skin, eyes, ears, and nose and on
the tongue.
Secretion Epithelial tissue is specialized to secrete specific chemical substances such as
enzymes, hormones and lubricating fluids.
Absorption Epithelial cells lining the small intestine uptake nutrients from the digestion
of food.
Excretion Epithelial tissues in the kidney excrete waste products from the body and
reabsorb needed materials from the urine.
Diffusion Simple epithelium promotes the diffusion of gases, liquids and nutrients.
Because they form such a thin lining, they are ideal for the diffusion of gases (e.g., walls
of capillaries and lungs).
Cleaning Ciliated epithelium assists in removing dust particles and foreign bodies
which have entered the air passages.
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Relative to the other tissue types, there is very little epithelial tissue in the animal
body. Much of it is removed during slaughter and processing. The epithelial tissue
remaining in the carcass is associated with the blood and lymph vessels as well as the
edible organs such as the kidney and liver. In chickens the epithelial tissue under the skin
gives fried chicken its characteristic flavour and crispiness.

2.2.2

Connective Tissues

There are many types of connective tissues in the body. As the name implies, connective
tissue serves a connecting function. Connective tissues are responsible for providing
structural support for the tissues and organs of the body. This function is important for
maintaining the form of the body, organs and tissues. The connective tissues serve a
nutritive role. All the metabolites from the blood pass from capillary beds and diffuse
through the adjacent connective tissue to cells and tissues. Similarly, waste metabolites
from the cells and tissues diffuse through the loose connective tissue before returning
to the blood capillaries. The hematopoietic tissues (blood-forming tissues) are a further
specialized form of connective tissue. These include the myeloid tissue (bone marrow)
and the lymphoid (lymphatic) tissue. The lining of the blood and lymphatic vessels
(endothelial cells) as well as the peripheral blood, are also specialized forms of connective
tissues. Various components of the connective tissues play roles in the defense or protection
of the body including many of the components of the vascular and immune systems.
Unlike epithelial tissue, connective tissue is made up of certain types of cells and
extracellular products secreted by them. This extracellular secretion is composed of fibres
and an amorphous ground substance bathed in tissue fluid. The amorphous ground
substance is transparent and homogeneous. Ground substance is found in all cavities and
clefts between the fibres and cells of connective tissues. The main structural constituent
of ground substance is proteoglycans. It also contains water, salts and other low
molecular substances. Proteoglycans are responsible for the highly viscous character of
the ground substance. Proteoglycans (mucoproteins) are formed of glycosaminoglycans
(GAGs) covalently attached to the core proteins. The polysaccharide chains belong to
one of the five types of glycosaminoglycans, which form the bulk of the polysaccharides
in the ground substance. Ground substance is composed of glycosaminoglycans (acid
mucopolysaccharides), proteoglycans (glycosaminoglycans and protein bound together)
and glycoprotein (protein bound with sugars). Glycosaminoglycans forming the
proteoglycans are the most abundant heteropolysaccharides in the body.
There are three types of fibres which are present in the ground substance: collagenous,
reticular and elastic. A family of protein types called collagen constitutes the collagenous
and reticular fibres. Roman numerals are used to label the different types of collagen.
There are 14 different types, with types I, II, III and IV being the most common. Which
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Precursor cells called Monocytes generate the macrophages. Monocytes are originated
in the bone marrow from where they are liberated into the blood stream. They are actively
mobile and leave the blood stream to enter connective tissues, where they differentiate
into macrophages. Depending on the demand for phagocytotic, macrophages change
their appearance activity. Resting macrophages may be as numerous as fibrocytes.

2.2.2.1

Classification of connective tissues

Connective tissue can be classified into two categories: proper and specialized.

2.2.2.1.1

Connective tissue proper

It includes all organs and body cavities connecting one part with another and also separating
one group of cells from another. It includes adipose tissue (fat), areolar (loose) tissue, and
dense regular tissue. They are called “proper” because they are the types usually meant
when using the phrase connective tissue.

2.2.2.1.1.1

Loose connective tissue or areolar tissue

Areolar tissue is loose connective tissue that consists of meshwork of fibres, with
many connective cells in between the meshwork of fibres. Like other loose connective
tissues, areolar connective tissue consists of three different types of fibres. These fibres
include collagenous fibres, elastic fibres and reticular fibres. The different types of cells
embedded within the areolar tissue include fibroblasts, plasma cells, adipocytes, mast
cells and macrophages. All of these cells and fibres are embedded in a semi-fluid ground
substance. Areolar connective tissue is found in the skin and in most internal organs of
vertebrates, where it allows the organs to expand; it also forms a protective covering for
muscles, blood vessels, and nerves.

2.2.2.1.1.2

Dense connective tissue

The main matrix element in case of dense connective tissues is fibres. Dense connective
tissues are completely dominated by fibres. They are subdivided according to the spatial
arrangement of the fibres in the tissue. In dense irregular connective tissue the fibres do
not show a clear orientation within the tissue but instead form a densely woven threedimensional network, example is the dermis of the skin. In regular dense connective
tissue the fibres run parallel to each other. Examples of regular dense connective tissue
are tendons, ligaments, fasciae and aponeuroses of muscles.

2.2.2.1.1.3

Adipose tissue

Adipose tissue is essentially a loose fibrous connective tissue packed with large numbers
of adipocytes that are specialized for storage of triglycerides more commonly referred
to as fats. Each adipocyte cell is filled with a single large droplet of triglycerides. As this
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occupies most of the volume of the cell, its cytoplasm, nucleus, and other components are
pushed towards the edges of cell, which is bounded by the plasma membrane. There are
two types of adipose tissue, which derive their names from the colour of the tissue (white
or brown) and the number of lipid droplets found in the adipocytes.
•

Adipocytes of white, unilocular adipose tissue contain one large lipid droplet.

•

Adipocytes of brown, multilocular adipose tissue contain many lipid droplets.

Most of the adipose tissue in the bodies of meat animals is of white type, but brown
fat is present in all of them at birth, especially around the kidneys, and persists in some
mammals, even in adult stage. Adipocytes in brown fat contain plenty of mitochondria. A
very rich capillary supply and the cytochromes found in the mitochondria give the tissue
its characteristic colour. A protein (UCP-1 or thermogenin) found in these mitochondria
decouples the oxidation of fatty acids from the generation of ATP. Instead, these cells
generate heat.

2.2.2.1.2
2.2.2.1.2.1

Specialized connective tissues
Cartilage

The supportive structure for the animal body is provided by cartilage along with bone.
Most bone is initially formed as cartilage during embryonic development and is later
converted to bone. However, not all cartilage is converted to bone. Cartilage serves to
provide structure and support to the body’s other tissues without being as hard or rigid
as bone. It can also provide a cushioning effect in joints. Cartilage is avascular, meaning
that it is not supplied by blood vessels; instead, nutrients diffuse through the matrix.
Cartilage is usually flexible, again depending on the type. Cartilage can be found in many
places throughout the body including the surfaces of bones at joints, the ventral ends of
ribs, between vertebrae, in the ear and many other locations. It is made of cells called
chondrocytes embedded in a matrix, strengthened with fibres of collagen and sometimes
elastin, depending on the type of cartilage. There are three different types: hyaline
cartilage, elastic cartilage, and fibro cartilage.
Hyaline cartilage makes up the majority of the body’s cartilage and contains mostly
type II collagen fibres. It lines the bones in joints, helping them to articulate smoothly.
Elastic cartilage is more flexible than the other types of cartilage because it consists of
elastin fibres. This type of cartilage is found in the outer ear, the larynx, and the eustachian
tubes. It is helpful in providing the ideal balance of structure and flexibility and keep
tubular structures open.
Fibrocartilage is the strongest and most rigid type of cartilage. It contains more
collagen than hyaline cartilage, including more type I collagen, which is tougher than
type II. It provides high tensile strength and support. It is present in areas most subject
to regular stress like intervertebral discs, the symphysis pubis and the attachments of
certain tendons and ligaments.
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2.2.2.1.2.3

Blood and lymph

Blood is carried throughout the body by two types of blood vessels — arteries and veins.
The arteries carry oxygenated blood (blood that has received oxygen from the lungs) from
the heart to the rest of the body. The blood then travels through the veins back to the heart
and lungs, where it receives more oxygen. The blood that flows through this network of
veins and arteries is called whole blood, and it contains three types of blood cells:
•

Red blood cells (RBCs)

•

White blood cells (WBCs)

•

Platelets

Blood cells are made within the bone marrow (the soft tissue inside bones) of lots of
bones throughout the body. But, as animal gets older, blood cells are made mostly in the
bone marrow of the vertebrae (the bones of the spine), ribs, pelvis, skull, sternum (the
breastbone), and parts of the humerus (the upper arm bone) and femur (the thigh bone).
The cells travel through the circulatory system suspended in a yellowish fluid called
plasma. Plasma is 90% water and contains nutrients, proteins, hormones, and waste
products. Whole blood is a mixture of blood cells and plasma.
The shape of red blood cells (also called erythrocytes) is like slightly aligned, flattened
disks. Red blood cells contain pigment haemoglobin which is rich in heme iron. Blood
gets its bright red colour when haemoglobin picks up oxygen in the lungs. As the blood
travels through the body, the haemoglobin releases oxygen to the other tissues. The body
contains more red blood cells than any other type of cell, and each has a life span of
about four months. Every day, the body produces new red blood cells to replace those
that die or are lost from the body. White blood cells (also called leukocytes) are meant
for defending the body against infection. They can move in and out of the bloodstream
to reach affected tissues. The blood contains far fewer white blood cells than red cells.
There are several types of white blood cells, and their life spans vary from a few days
to months. New cells are constantly being formed in the bone marrow. Certain types of
white blood cells produce antibodies, special proteins that recognize foreign materials
and help the body destroy or neutralize them.
Platelets (also called thrombocytes) are tiny oval-shaped cells generated in the bone
marrow and are helpful in the clotting process. When a blood vessel breaks, platelets
help in sealing off the leak. Platelets survive only for a few days in the bloodstream and
are constantly being replaced by new cells. Important proteins called clotting factors are
critical to the clotting process. Although platelets alone can plug small blood vessel leaks
and temporarily stop or slow bleeding, the action of clotting factors is needed to produce
a strong, stable clot. Blood contains other important substances, such as nutrients from
food that has been processed by the digestive system. Blood also carries hormones
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released by the endocrine glands and carries them to the body parts that need them.
Blood also carries carbon dioxide and other waste materials to the lungs, kidneys, and
digestive system to be removed from the body. Blood normally constitutes about 7 per
cent of the body weight of mammals.
Lymphatic system removes excess fluid from the body’s tissues and returns it to the
circulatory system. It also helps the body to fight infection. It consists of lymph vessels,
lymph nodes and associated lymphoid organs such as the spleen and tonsils. Lymph
vessels form a network of tubes that extend all over the body. From lymph capillaries—the
smallest vessels—lymph flows into larger vessels called lymphatic, which are studded
with nodes. These nodes are collection of lymph tissues that act as filters and contain
spaces where many scavenging white blood cells which filter out harmful foreign
particles such as bacteria and cancerous cells from the limbs.

2.2.3

Muscle Tissue

Muscle is a very specialized tissue that has both the ability to contract and conduct electrical
impulses. Muscles are classified both functionally as well as structurally. Functionally,
as either voluntary or involuntary and structurally as either striated or smooth. From
this classification, there come out three types of muscles: smooth involuntary (smooth)
muscle, striated voluntary (skeletal) muscle and striated involuntary (cardiac) muscle.
Voluntary muscles are those muscles which are under the animal’s conscious control,
e.g., the skeletal muscles that move the bones, are attached to it by means of tough
inelastic tissue known as tendons. When the muscle contracts it becomes shorter and
thicker, and pulls the bones together via the inelastic tendon. The end of a muscle which
is attached to an immovable bone is said to be the origin of the muscle. The opposite end
which is attached to a movable bone (i.e. bone that moves when the muscle contracts)
is called insertion of the muscle. Involuntary muscles are smooth, unicycle nucleated,
non-branching muscles that are not directly controllable at will. They are found in the
all of the alimentary canal, arteries and veins. Cardiac muscles which occur in the walls
of heart are a special form of involuntary muscle. Cardiac muscle fibres are fairly short
and branch and unite to form a branching network and contract rhythmically without
nervous stimulation.

2.2.3.1 Skeletal muscle
Skeletal muscle tissue is named so because of its location that is attached to bones. Skeletal
muscle makes up 35 to 65 per cent of the carcass weight of a typical animal. An animal is
able to move its body at will because of these muscles. Skeletal muscle can be attached to
bones, ligaments, fascia, cartilage, or skin. It is striated means the fibres (cells of skeletal
muscle) contain alternating light and dark bands that are perpendicular to the long
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Muscle fibre along with nucleus and striations

Muscle fibre ranges in size from a under a hundred microns in diameter and a few
millimetres in length to a few hundred microns across and a few centimetres in length.
As discussed above, each muscle fibre contains a number of myofibrils that are stacked
lengthwise and run along the entire length of the fibre. Muscle fibre contains mitochondria,
an extensive smooth endoplasmic reticulum (SER) and many nuclei. The multiple nuclei
arise from the fact that each muscle fibre develops from the fusion of many cells (called
myoblasts). The parts of muscle fibre are given special names such as sarcolemma for
plasma membrane; sarcoplasmic reticulum for endoplasmic reticulum; sarcoplasm for
cytoplasm. The nuclei and mitochondria are located just below the plasma membrane.
The endoplasmic reticulum extends between the myofibrils. All skeletal muscle fibres are
not alike in structure or function. There is variation in skeletal muscle fibres depending
on their content of myoglobin. Depending on their ability to split adenosine triphosphate
(ATP), skeletal muscle fibres contract with different velocities. Faster contracting fibres
have greater ability to split adenosine triphosphate. Skeletal muscle fibres vary with
respect to the metabolic processes which are used to generate adenosine triphosphate.
They also differ in terms of the onset of fatigue. Due to variation in various structural and
functional characteristics, muscle fibre types can be divided into two main types: slow
twitch (Type I) muscle fibres and fast twitch (Type II) muscle fibres. Fast twitch fibres can
be further categorized into Type IIa and Type IIb fibres (already explained in detail in
chapter 1).
Sarcoplasm: The cytoplasm of muscle cells contain the various cellular organelles
and are largely dominated by the presence of myofibrils. Myofibrils are dipped in the
sarcoplasm. Sarcoplasm contains chemicals that are required for muscle contraction,
including glycogen, ATP, and phosphocreatine. In addition the sarcoplasm of active
muscles tends to be rich in mitochondria. The sarcoplasm contains myoglobin which has
strong attraction for oxygen than the haemoglobin pigment. The fluid of the sarcoplasm
contains large quantities of potassium, magnesium, phosphate, protein enzymes,
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the elongated muscle cell. The filaments are organized into repeated subunits along the
length of the myofibril. These repeated subunits are known as sarcomeres. Sarcomere is
defined as the repeating structural unit of myofibril and it is also the basic unit in which
events of muscle contraction-relaxation cycle occur. The process of muscle contraction
and relaxation can be explained by using single sarcomere. The muscle cell is filled with
myofibrils running parallel to each other on the long axis of the cell. The sarcomeric
subunits of one myofibril are in nearly perfect alignment with those of the myofibrils
next to it. This alignment gives rise to certain optical properties which cause the cell to
appear striated. In smooth muscle cells such alignment is absent, so there are no apparent
striations and the cells are called smooth.
The names of the various sub-regions of the sarcomere are based on their relatively
lighter or darker appearance when viewed through the light microscope. Each sarcomere
is divided by two very dark coloured bands called Z-discs or Z-lines (from the German
zwischen meaning between). These Z-discs are dense protein discs that do not easily allow
the passage of light. The area between the Z-discs is further (Fig. 2.5) divided into two
light colour bands at either end called the I-bands, and a darker band in the middle called
the A-band. A stands for anisotropic and I for isotropic referring the optical properties of
living muscles.
The I bands appear lighter because these regions of the sarcomere mainly contain
thin actin filaments and smaller diameter of these filaments allows the passage of light

Fig. 2.5

(a) Muscle fibre (b) myofibril showing different bands (c) actin and myosin filament
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The A-band, I-band, sarcoplasmic reticulum, transverse tubule and triad
Cited from: (http://www.aps.uoguelph.ca)

Smooth muscle

Smooth muscle is responsible for the contractility of hollow organs, such as blood vessels,
the gastrointestinal tract, the bladder, or the uterus. Its structure differs greatly from that
of skeletal muscle, although it can develop isometric force per cross-sectional area that is
equal to that of skeletal muscle. However, the speed of smooth muscle contraction is only
a small fraction of that of skeletal muscle.
The most important feature of smooth muscle is the lack of visible cross-striations
(hence, the name smooth). Smooth muscle fibres are much smaller (2–10 m in diameter)
than skeletal muscle fibres (10–100 m) and are classified as single-unit and multi-unit
smooth muscle. The fibres are assembled in different ways. The muscle fibres making
up the single-unit muscle are gathered into dense sheets or bands. Though the fibres run
roughly parallel, they are densely and irregularly packed together, most often so that the
narrower portion of one fibre lies against the wider portion of its neighbour. These fibres
have connections, the plasma membranes of two neighbouring fibres form gap junctions
that act as low resistance pathway for the rapid spread of electrical signals throughout
the tissue. The multi-unit smooth muscle fibres have no interconnecting bridges and are
mingled with connective tissue fibres. The ratio of thin to thick filaments is much higher
in smooth muscle (~15 : 1) than in skeletal muscle (~6 : 1). Smooth muscle is rich in
intermediate filaments that contain two specific proteins, desmin and vimentin.
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Smooth muscle is primarily under the control of autonomic nervous system, whereas
skeletal muscle is under the control of the somatic nervous system. The single-unit smooth
muscle has pacemaker regions where contractions are spontaneously and rhythmically
generated. The fibres of multi-unit smooth muscle are innervated by sympathetic and
parasympathetic nerve fibres and respond independently from each other upon nerve
stimulation.
Nerve stimulation in smooth muscle causes membrane depolarization, like in skeletal
muscle. The electrochemical event (excitation) occurring at the membrane is followed by
the mechanical event known as contraction. In the case of smooth muscle, this excitationcontraction coupling is termed electromechanical coupling; the link for the coupling is
Ca2+ that permeates from the extracellular space into the intracellular water of smooth
muscle. There is another excitation mechanism in smooth muscle, which is independent
of the membrane potential change which is based on receptor activation by drugs or
hormones followed by muscle contraction. This is termed pharmacomechanical coupling.
The link is Ca2+ that is released from the sarcoplasmic reticulum.
The role of mechanical events of smooth muscle in the wall of hollow organs is
twofold: (1) Its tonic contraction maintains organ dimensions against imposed load.
(2) Force development and muscle shortening like in skeletal muscle.

2.2.3.3

Nervous tissue

Nervous tissue is responsible for sensing stimuli and transmitting signals to and from
different parts of an animal. Nervous tissue makes up the body’s nervous system, which
is divided into the central nervous system and the peripheral nervous system. Central
nervous tissue can be found in the brain and spinal chord. The peripheral nervous system
is made up of all nervous tissue outside of these areas. Peripheral nervous tissue gathers
signals from all parts of the body and sends them to the central nervous system. Nervous
tissue is responsible for many of the body’s activities and processes, including memory,
reasoning and emotions. Signals from nervous tissue also cause muscle contractions.
Nervous tissue (Fig. 2.7) is formed by neurons and glial cells. All cells of the nervous
system are comprised neurons (Fig. 2.8). A neuron consists of two major parts.
Cell Body The central cell body contains the neuron’s nucleus, associated cytoplasm,
and other organelles and nerve processes which are finger-like projections from the cell
body that are able to conduct and transmit signals. There are further of two types:
Axons carry signals away from the cell body.
Dendrites carry signals toward the cell body. Neurons usually have one axon
(can be branched). Axons usually terminate at a synapse through which the signal is sent
to the next cell, most often through a dendrite. Unlike axons, dendrites are usually more
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2.2.3.4

Neuromuscular junction

Skeletal muscle fibres are supplied by motor nerves but usually only one axon (nerve cell)
supplies one muscle fibre.
Each axon usually divides into a number of terminal branches which lose their myelin
sheaths and then each branch supplied a single muscle fibre. The neuromuscular junction
(Fig. 2.9) can be seen in the electron microscope where there is a small gap between the
axon and the muscle membrane. Acetylcholine (ACh) released from the vesicles of the
axons, diffuses across the gap and activates the muscle fibres by causing depolarization
of the muscle sarcolemma. If one axon supplies many muscle fibre these muscle fibres
are said to be a motor unit. There is decrease in the intensity of control over the muscle
contraction with the increase in number of fibres in a motor unit, the coarser the control
over muscle contraction.

Fig. 2.9

Neuromuscular junction

Glossary
Anisotropic material It is a material which does not behave the same way in all directions, e.g.,
wood. Wood is very strong along the grain. Against the grain, however,
it will easily break.
Aponeuroses

A sheet like fibrous membrane, resembling a flattened tendon, that
serves as a fascia to bind muscles together or as a means of connecting
muscle to bone.

I band

Isotropic, refracting polarized light in one direction.

Isotropic material

Most metals (steel, aluminium) are isotropic materials. They respond the
same way in all directions.
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