
“Basics of Human Anatomy”.

In Section 1 of this course you will cover these topics:
An Introduction To Anatomy And Physiology

The Chemical Level Of Organization

Cell Structure And Function

The Tissue Level Of Organization

Topic Objective:

At the end of this topic student would be able to:

 To Learn about Comparative physiology

 To Define Allometry

 To Highlight Allometric scaling

Definition/Overview:

Physiology (from Greekφύσις, physis, "nature, origin"; and -λογία, -logia) is the study of the

mechanical, physical, and biochemical functions of living organisms. Physiology has

traditionally been divided between plant physiology and animal and all living things

physiology but the principles of physiology are universal, no matter what particular organism

is being studied. For example, what is learned about the physiology of yeast cells may also

apply to human cells.

The field of animal physiology extends the tools and methods of human physiology to non-

human animal species. Plant physiology also borrows techniques from both fields. Its scope

of subjects is at least as diverse as the tree of life itself. Due to this diversity of subjects,

research in animal physiology tends to concentrate on understanding how physiological traits

changed throughout the evolutionary history of animals. Other major branches of scientific

study that have grown out of physiology research include biochemistry, biophysics,

paleobiology, biomechanics, and pharmacology.
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Key Points:

1. Comparative physiology

Comparative physiology is a subdiscipline of physiology that studies and exploits the

diversity of functional characteristics of various kinds of organisms. It is closely related to

evolutionary physiology and environmental physiology. Many universities offer

undergraduate courses that cover comparative aspects of animal physiology. According to

Prosser, "Comparative Physiology is not so much a defined discipline as a viewpoint, a

philosophy."

Originally, physiology focused primarily on human beings, in large part from a desire to

improve medical practices. When physiologists first began comparing different species it was

sometimes out of simple curiosity to understand how organisms work but also stemmed from

a desire to discover basic physiological principles.This use of specific organisms convenient

to study specific questions is known as the Krogh Principle.

1.1 Methodology

C. Ladd Prosser, a founder of modern comparative physiology, outlined a broad

agenda for comparative physiology in his 1950

edited volume (see summary and discussion in Garlandand Carter):

 To describe how different kinds of animals meet their needs.

This amounts to cataloging functional aspects of biological diversity, and has

recently been criticized as "stamp collecting" with the suggestion that the field

should move beyond that initial, exploratory phase.

 The use of physiological information to reconstruct phylogenetic relationships of organisms.

In principle physiological information could be used just as morphological

information or DNA sequence is used to measure evolutionary divergence of

organisms. In practice, this has rarely been done, for at least four reasons:

1. Physiology doesn't leave many fossil cues,
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2. It can't be measured on museum specimens,

3. It is difficult to quantify as compared with morphology or DNA

sequences, and

4. Physiology is more likely to be adaptive than DNA, and so subject

to parallel and convergent evolution, which confuses phylogenetic

reconstruction.

 To elucidate how physiology mediates interactions between organisms and their

environments.

This is essentially physiological ecology or ecological physiology.

 To identify "model systems" for studying particular physiological functions.

Examples of this include using squid giant axons to understand general principles

of nerve transmission, using rattlesnake tail shaker muscles for measurement of in

vivo changes in metabolites (because the whole animal can be put in an NMR

machine), and the use of ectodermic poikilotherms to study effects of temperature

on physiology.

To use the "kind of animal" as an experimental variable.

"While other branches of physiology use such variables as light, temperature,

oxygen tension, and hormone balance, comparative physiology uses, in addition,

species or animal type as a variable for each function."

25 years later, Prosser put things this way: "I like to think of it as that method in

physiology which uses kind of organism as one experimental variable."

Comparative physiologists often study organisms that live in "extreme"

environments (e.g., deserts) because they expect to find especially clear examples

of evolutionary adaptation. One example is the study of water balance in desert-

inhabiting mammals, which have been found to exhibit kidney specializations.

Similarly, comparative physiologists have been attracted to "unusual" organisms,

such as very large or small ones. As an example, of the latter, hummingbirds have

been studied. As another example, giraffe have been studied because of their long
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necks and the expectation that this would lead to specializaitons related to the

regulation of blood pressure.

2. Allometry

Allometry is the study of the relationship between size and shape,, first outlined by Otto Snell

in 1892 and Julian Huxley in 1932. Allometry is a well-known study, particularly in

statistical shape analysis for its theoretical developments, as well as in biology for practical

applications to the differential growth rates of the parts of a living organism's body. One

application is in the study of various insect species (e.g., the Hercules Beetle), where a small

change in overall body size can lead to an enormous and disproportionate increase in the

dimensions of appendages such as legs, antennae, or horns.

Allometry studies shape differences in terms of ratios of the objects' dimensions. Two objects

of different size but common shape will have their dimensions in the same ratio. Take, for

example, a biological object that grows as it matures. Its size changes with age but the shapes

are similar. Studies of ontogenetic allometry often use lizards or snakes as model organisms

because they lack parental care after birth or hatching and because they exhibit a large range

of body size between the juvenile and adult stage. Lizards often exhibit allometric changes

during their ontogeny.

3. Allometric scaling

Allometric scaling's key equation for all of life equates Metabolic Rate P, to body mass W,

raised to a power (4μ - 1)/4μ, where μ is percentage of capture by mass W of energy from

oxidation reactions, for storage or expenditure. The equation models the rate at which

electrical power needs to be captured, given the limitations of organic chemistry, by a

biological system, in order to sustain itself for a duration. With metabolic rate expressed in

calories/second, or watts (Joules/second), an extremely high metabolic rate, like that seen for

masses less than one milligram at μ less than 15%, translates to many seconds, and long life

for cells if the energy is available.

This scaling equation, when graphed for a range of values from e-13 to e+8 grams, and from -

22 to 141% metabolic efficiency μ, clearly models the evolution of life to the extent that it

was driven by metabolic considerations, that is, terms of bioenergetics. This model clearly
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depicts how energy fluctuations were equilibrated by biological systems in such a way as to

drive evolution. This model explains the difference between cancerous cells and stem cells in

terms of proliferation and metabolic efficiency, how the former can be triggered to apoptosis,

and the proliferation of the latter can be extended, through the application of electrochemistry

acting upon μ.

This equation models the mass increase of fat cells, and illustrates, in terms of metabolism

and bioenergetics, how fat cells are related to the evolution of mammals by making

prolonged in utero development possible. This equation clearly depicts why resort to dieting

to reduce fat cell mass is a bad strategy, why increased activity levels is a good strategy, and

how to increase muscle mass independently of muscle use.

This equation is not well understood even by its major proponents who, on the one hand, hint

it might hold the secret to the aging process, and, on the other, believe that all metabolism is

mass dependent, operates at 1000% μ, is the result of respiration, and is not anaerobic, or

electrochemical. These beliefs have no variable in the equation to represent them, and even

conflict with its terms. The denominator of μ is expressed in amperes. P is expressed in watts.

W is expressed in grams mass, and the numerator of μ is the rate at which anabolic organic

reactions are triggered by available amperes. The value for W is a reflection of the size and

duration of working of the numerator, appearing as either growth or division. In contrast, one

refers to isometric scaling when growth does not lead to a change in geometry of an organism

Topic Objective:

At the end of this topic student would be able to:

 To Define Atom

 To Elaborate Molecule

 To Highlight Cell

 To Explain General principles

Definition/Overview:

Atom: The atom is a basic unit of matter consisting of a dense, central nucleus surrounded by

a cloud of negatively charged electrons. The atomic nucleus contains a mix of positively

charged protons and electrically neutral neutrons (except in the case of Hydrogen-1, which is
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the only stable nuclide with no neutron). The electrons of an atom are bound to the nucleus

by the electromagnetic force. Likewise, a group of atoms can remain bound to each other,

forming a molecule. An atom containing an equal number of protons and electrons is

electrically neutral, otherwise it has a positive or negative charge and is an ion. An atom is

classified according to the number of protons and neutrons in its nucleus: the number of

protons determines the chemical element, and the number of neutrons determine the isotope

of the element.

Key Points:

1. Atom

The atom is a basic unit of matter consisting of a dense, central nucleus surrounded by a

cloud of negatively charged electrons. The atomic nucleus contains a mix of positively

charged protons and electrically neutral neutrons (except in the case of Hydrogen-1, which is

the only stable nuclide with no neutron). The electrons of an atom are bound to the nucleus

by the electromagnetic force. Likewise, a group of atoms can remain bound to each other,

forming a molecule. An atom containing an equal number of protons and electrons is

electrically neutral, otherwise it has a positive or negative charge and is an ion. An atom is

classified according to the number of protons and neutrons in its nucleus: the number of

protons determines the chemical element, and the number of neutrons determine the isotope

of the element.

The name atom comes from the Greek ἄτομος/tomos,α-τεμνω, which means uncuttable,

something that cannot be divided further. The concept of an atom as an indivisible

component of matter was first proposed by early Indian and Greek philosophers. In the 17th

and 18th centuries, chemists provided a physical basis for this idea by showing that certain

substances could not be further broken down by chemical methods. During the late 19th and

early 20th centuries, physicists discovered subatomic components and structure inside the

atom, thereby demonstrating that the 'atom' was not indivisible. The principles of quantum

mechanics were used to successfully model the atom.

Relative to everyday experience, atoms are minuscule objects with proportionately tiny

masses. Atoms can only be observed individually using special instruments such as the

scanning tunneling microscope. Over 99.9% of an atom's mass is concentrated in the
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nucleus,[note 1] with protons and neutrons having roughly equal mass. Each element has at

least one isotope with unstable nuclei that can undergo radioactive decay. This can result in a

transmutation that changes the number of protons or neutrons in a nucleus. Electrons that are

bound to atoms possess a set of stable energy levels, or orbitals, and can undergo transitions

between them by absorbing or emitting photons that match the energy differences between

the levels. The electrons determine the chemical properties of an element, and strongly

influence an atom's magnetic properties.

2. Molecule

In chemistry, a molecule is defined as a sufficiently stable, electrically neutral group of at

least two atoms in a definite arrangement held together by very strong chemical bonds. It can

also be defined as a unit of two or more atoms held together by covalent bonds. Molecules

are distinguished from polyatomic ions in this strict sense. In organic chemistry and

biochemistry, the term molecule is used less strictly and also is applied to charged organic

molecules and biomolecules.

This definition has evolved as knowledge of the structure of molecules has increased. Earlier

definitions were less precise defining molecules as the smallest particles of pure chemical

substances that still retain their composition and chemical properties. This definition often

breaks down since many substances in ordinary experience, such as rocks, salts, and metals,

are composed of large networks of chemically bonded atoms or ions, but are not made of

discrete molecules.

In the kinetic theory of gases the term molecule is often used for any gaseous particle

regardless of its composition. According to this definition noble gas particles are considered

molecules despite the fact that they are composed of a single non-bonded atom.

A molecule may consist of atoms of the same chemical element, as with oxygen (O2), or of

different elements, as with water (H2O). Atoms and complexes connected by non-covalent

bonds such as hydrogen bonds or ionic bonds are generally not considered single molecules.

No typical molecule can be defined for ionic crystals (salts) and covalent crystals (network

solids), although these are often composed of repeating unit cells that extend either in a plane

(such as in graphite) or three-dimensionally (such as in diamond or sodium chloride). The
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theme of repeated unit-cellular-structure also holds for most condensed phases with metallic

bonding. In glasses (solids that exist in a vitreous disordered state), atoms may also be held

together by chemical bonds without any definable molecule, but also without any of the

regularity of repeating units that characterises crystals.

3. Cell

The cell is the structural and functional unit of all known living organisms. It is the smallest

unit of an organism that is classified as living, and is often called the building bricks of life.

Some organisms, such as most bacteria, are unicellular (consist of a single cell). Other

organisms, such as humans, are multicellular. (Humans have an estimated 100 trillion or 1014

cells; a typical cell size is 10 m; a typical cell mass is 1 nanogram.) The largest known cell is

an unfertilized ostrich egg cell.

In 1835 before the final cell theory was developed, a Czech Jan Evangelista Purkyněobserved

small "granules" while looking at the plant tissue through a microscope. The cell theory, first

developed in 1839 by Matthias Jakob Schleiden and Theodor Schwann, states that all

organisms are composed of one or more cells. All cells come from preexisting cells. Vital

functions of an organism occur within cells, and all cells contain the hereditary information

necessary for regulating cell functions and for transmitting information to the next generation

of cells.

The word cell comes from the Latin cellula, meaning, a small room. The descriptive name for

the smallest living biological structure was chosen by Robert Hooke in a book he published

in 1665 when he compared the cork cells he saw through his microscope to the small rooms

monks lived in.

4. General principles

Each cell is at least somewhat self-contained and self-maintaining: it can take in nutrients,

convert these nutrients into energy, carry out specialized functions, and reproduce as

necessary. Each cell stores its own set of instructions for carrying out each of these activities.

All cells have several different abilities:

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

8
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Reproduction by cell division: (binary fission/mitosis or meiosis).

 Use of enzymes and other proteins coded for by DNA genes and made via messenger RNA

intermediates and ribosomes.

 Metabolism, including taking in raw materials, building cell components, converting energy,

molecules and releasing by-products. The functioning of a cell depends upon its ability to

extract and use chemical energy stored in organic molecules. This energy is released and then

used in metabolic pathways.

 Response to external and internal stimuli such as changes in temperature, pH or levels of

nutrients.

 Cell contents are contained within a cell surface membrane that is made from a lipid bilayer

with proteins embedded in it.

Some prokaryotic cells contain important internal membrane-bound compartments, but

eukaryotic cells have a specialized set of internal membrane compartments

Topic Objective:

At the end of this topic student would be able to:

 To Learn about Cell

 T Define General principles

 To Elaborate Anatomy of cells

Definition/Overview:

Cell: The cell is the structural and functional unit of all known living organisms. It is the

smallest unit of an organism that is classified as living, and is often called the building bricks

of life. Some organisms, such as most bacteria, are unicellular (consist of a single cell). Other

organisms, such as humans, are multicellular. (Humans have an estimated 100 trillion or 1014

cells; a typical cell size is 10 m; a typical cell mass is 1 nanogram.) The largest known cell is

an unfertilized ostrich egg cell.
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Key Points:

1. Cell

The cell is the structural and functional unit of all known living organisms. It is the smallest

unit of an organism that is classified as living, and is often called the building bricks of life.

Some organisms, such as most bacteria, are unicellular (consist of a single cell). Other

organisms, such as humans, are multicellular. (Humans have an estimated 100 trillion or 1014

cells; a typical cell size is 10 m; a typical cell mass is 1 nanogram.) The largest known cell is

an unfertilized ostrich egg cell.

In 1835 before the final cell theory was developed, a Czech Jan Evangelista Purkyněobserved

small "granules" while looking at the plant tissue through a microscope. The cell theory, first

developed in 1839 by Matthias Jakob Schleiden and Theodor Schwann, states that all

organisms are composed of one or more cells. All cells come from preexisting cells. Vital

functions of an organism occur within cells, and all cells contain the hereditary information

necessary for regulating cell functions and for transmitting information to the next generation

of cells.

The word cell comes from the Latin cellula, meaning, a small room. The descriptive name for

the smallest living biological structure was chosen by Robert Hooke in a book he published

in 1665 when he compared the cork cells he saw through his microscope to the small rooms

monks lived in.

2. General principles

Each cell is at least somewhat self-contained and self-maintaining: it can take in nutrients,

convert these nutrients into energy, carry out specialized functions, and reproduce as

necessary. Each cell stores its own set of instructions for carrying out each of these activities.

All cells have several different abilities:

 Reproduction by cell division: (binary fission/mitosis or meiosis).

 Use of enzymes and other proteins coded for by DNA genes and made via messenger RNA

intermediates and ribosomes.
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 Metabolism, including taking in raw materials, building cell components, converting energy,

molecules and releasing by-products. The functioning of a cell depends upon its ability to

extract and use chemical energy stored in organic molecules. This energy is released and then

used in metabolic pathways.

 Response to external and internal stimuli such as changes in temperature, pH or levels of

nutrients.

 Cell contents are contained within a cell surface membrane that is made from a lipid bilayer

with proteins embedded in it.

Some prokaryotic cells contain important internal membrane-bound compartments, but

eukaryotic cells have a specialized set of internal membrane compartments.

3. Anatomy of cells

There are two types of cells: eukaryotic and prokaryotic. Prokaryotic cells are usually

independent, while eukaryotic cells are often found in multicellular organisms.

3.1 Prokaryotic cells

The prokaryote cell is simpler than a eukaryote cell, lacking a nucleus and most of

the other organelles of eukaryotes. There are two kinds of prokaryotes: bacteria

and archaea; these share a similar overall structure.

A prokaryotic cell has three architectural regions:

On the outside, flagella and pili project from the cell's surface. These are

structures (not present in all prokaryotes) made of proteins that facilitate

movement and communication between cells;

Enclosing the cell is the cell envelope - generally consisting of a cell wall

covering a plasma membrane though some bacteria also have a further

covering layer called a capsule. The envelope gives rigidity to the cell and

separates the interior of the cell from its environment, serving as a protective

filter. Though most prokaryotes have a cell wall, there are exceptions such as

Mycoplasma (bacteria) and Thermoplasma (archaea)). The cell wall consists

of peptidoglycan in bacteria, and acts as an additional barrier against exterior

forces. It also prevents the cell from expanding and finally bursting (cytolysis)
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from osmotic pressure against a hypotonic environment. Some eukaryote cells

(in plants and fungi) also have a cell wall;

Inside the cell is the cytoplasmic region that contains the cell genome (DNA) and

ribosomes and various sorts of inclusions. A prokaryotic chromosome is

usually a circular molecule (an exception is that of the bacterium Borrelia

burgdorferi, which causes Lyme disease). Though not forming a nucleus, the

DNA is condensed in a nucleoid. Prokaryotes can carry extrachromosomal

DNA elements called plasmids, which are usually circular. Plasmids enable

additional functions, such as antibiotic resistance.

3.2 Eukaryotic cells

Organelles:

(1) nucleolus

(2) nucleus

(3) ribosome

(4) vesicle

(5) rough endoplasmic reticulum (ER)

(6) Golgi apparatus

(7) Cytoskeleton

(8) smooth endoplasmic reticulum

(9) mitochondria

(10) vacuole

(11) cytoplasm

(12) lysosome
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(13) centrioles within centrosome

Eukaryotic cells are about 10 times the size of a typical prokaryote and can be as

much as 1000 times greater in volume. The major difference between prokaryotes

and eukaryotes is that eukaryotic cells contain membrane-bound compartments in

which specific metabolic activities take place. Most important among these is the

presence of a cell nucleus, a membrane-delineated compartment that houses the

eukaryotic cell's DNA. It is this nucleus that gives the eukaryote its name, which

means "true nucleus." Other differences include:

o The plasma membrane resembles that of prokaryotes in function, with minor differences in

the setup. Cell walls may or may not be present.

o The eukaryotic DNA is organized in one or more linear molecules, called chromosomes,

which are associated with histone proteins. All chromosomal DNA is stored in the cell

nucleus, separated from the cytoplasm by a membrane. Some eukaryotic organelles such as

mitochondria also contain some DNA.

o Eukaryotes can move using cilia or flagella. The flagella are more complex than those of

prokaryotes.

3. Subcellular components

All cells, whether prokaryotic or eukaryotic, have a membrane that envelops the cell,

separates its interior from its environment, regulates what moves in and out (selectively

permeable), and maintains the electric potential of the cell. Inside the membrane, a salty

cytoplasm takes up most of the cell volume. All cells possess DNA, the hereditary material of

genes, and RNA, containing the information necessary to build various proteins such as

enzymes, the cell's primary machinery. There are also other kinds of biomolecules in cells.

This article will list these primary components of the cell, then briefly describe their function.

3.1 Cell membrane: A cell's defining boundary

The cytoplasm of a cell is surrounded by a cell membrane or plasma membrane.

The plasma membrane in plants and prokaryotes is usually covered by a cell wall.

This membrane serves to separate and protect a cell from its surrounding

environment and is made mostly from a double layer of lipids (hydrophobic fat-
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like molecules) and hydrophilic phosphorus molecules. Hence, the layer is called

a phospholipid bilayer. It may also be called a fluid mosaic membrane. Embedded

within this membrane is a variety of protein molecules that act as channels and

pumps that move different molecules into and out of the cell. The membrane is

said to be 'semi-permeable', in that it can either let a substance (molecule or ion)

pass through freely, pass through to a limited extent or not pass through at all. Cell

surface membranes also contain receptor proteins that allow cells to detect

external signaling molecules such as hormones.

3.2 Cytoskeleton: A cell's scaffold

The cytoskeleton acts to organize and maintain the cell's shape; anchors organelles

in place; helps during endocytosis, the uptake of external materials by a cell, and

cytokinesis, the separation of daughter cells after cell division; and moves parts of

the cell in processes of growth and mobility. The eukaryotic cytoskeleton is

composed of microfilaments, intermediate filaments and microtubules. There is a

great number of proteins associated with them, each controlling a cell's structure

by directing, bundling, and aligning filaments. The prokaryotic cytoskeleton is

less well-studied but is involved in the maintenance of cell shape, polarity and

cytokinesis.

3.3 Genetic material

Two different kinds of genetic material exist: deoxyribonucleic acid (DNA) and

ribonucleic acid (RNA). Most organisms use DNA for their long-term information

storage, but some viruses (e.g., retroviruses) have RNA as their genetic material.

The biological information contained in an organism is encoded in its DNA or

RNA sequence. RNA is also used for information transport (e.g., mRNA) and

enzymatic functions (e.g., ribosomal RNA) in organisms that use DNA for the

genetic code itself. Transfer RNA (tRNA) molecules are used to add specific

amino acids during the process of protein translation.

Prokaryotic genetic material is organized in a simple circular DNA molecule (the

bacterial chromosome) in the nucleoid region of the cytoplasm. Eukaryotic

genetic material is divided into different, linear molecules called chromosomes
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inside a discrete nucleus, usually with additional genetic material in some

organelles like mitochondria and chloroplasts (see endosymbiotic theory).

A human cell has genetic material in the nucleus (the nuclear genome) and in the

mitochondria (the mitochondrial genome). In humans the nuclear genome is

divided into 23 pairs of linear DNA molecules called chromosomes. The

mitochondrial genome is a circular DNA molecule distinct from the nuclear DNA.

Although the mitochondrial DNA is very small compared to nuclear

chromosomes, it codes for 13 proteins involved in mitochondrial energy

production as well as specific tRNAs.

Foreign genetic material (most commonly DNA) can also be artificially

introduced into the cell by a process called transfection. This can be transient, if

the DNA is not inserted into the cell's genome, or stable, if it is. Certain viruses

also insert their genetic material into the genome.

3.4 Organelles

The human body contains many different organs, such as the heart, lung, and

kidney, with each organ performing a different function. Cells also have a set of

"little organs," called organelles, that are adapted and/or specialized for carrying

out one or more vital functions.

There are several types of organelles within an animal cell. Some (such as the

nucleus and golgi apparatus) are typically solitary, while others (such as

mitochondria, peroxisomes and lysosomes) can be numerous (hundreds to

thousands). The cytosol is the gelatinous fluid that fills the cell and surrounds the

organelles.

3.5 Mitochondria and Chloroplasts (the power generators)

Mitochondria are self-replicating organelles that occur in various numbers,

shapes, and sizes in the cytoplasm of all eukaryotic cells. Mitochondria play a

critical role in generating energy in the eukaryotic cell. Mitochondria generate the

cell's energy by the process of oxidative phosphorylation, utilizing oxygen to

release energy stored in cellular nutrients (typically pertaining to glucose) to

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

15
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



generate ATP. Mitochondria multiply by splitting in two. Organelles that are

modified chloroplasts are broadly called plastids, and are involved in energy

storage through the process of photosynthesis, which utilizes solar energy to

generate carbohydrates and oxygen from carbon dioxide and water.

Mitochondria and chloroplasts each contain their own genome, which is separate

and distinct from the nuclear genome of a cell. Both of these organelles contain

this DNA in circular plasmids, much like prokaryotic cells, strongly supporting

the evolutionary theory of endosymbiosis; since these organelles contain their own

genomes and have other similarities to prokaryotes, they are thought to have

developed through a symbiotic relationship after being engulfed by a primitive

cell.

3.6 Ribosome

The ribosome is a large complex of RNA and protein molecules. This is where

proteins are produced. Ribosomes can be found either floating freely or bound to a

membrane (the rough endoplasmatic reticulum in eukaryotes, or the cell

membrane in prokaryotes).

3.7 Cell nucleus (a cell's information center)

The cell nucleus is the most conspicuous organelle found in a eukaryotic cell. It

houses the cell's chromosomes, and is the place where almost all DNA replication

and RNA synthesis (transcription) occur. The nucleus is spherical in shape and

separated from the cytoplasm by a double membrane called the nuclear envelope.

The nuclear envelope isolates and protects a cell's DNA from various molecules

that could accidentally damage its structure or interfere with its processing.

During processing, DNA is transcribed, or copied into a special RNA, called

mRNA. This mRNA is then transported out of the nucleus, where it is translated

into a specific protein molecule. The nucleolus is a specialized region within the

nucleus where ribosome subunits are assembled. In prokaryotes, DNA processing

takes place in the cytoplasm.
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3.8 Endoplasmic reticulum (eukaryotes only)

The endoplasmic reticulum (ER) is the transport network for molecules targeted

for certain modifications and specific destinations, as compared to molecules that

will float freely in the cytoplasm. The ER has two forms: the rough ER, which has

ribosomes on its surface and secretes proteins into the cytoplasm, and the smooth

ER, which lacks them. Smooth ER plays a role in calcium sequestration and

release.

3.10 Golgi apparatus (eukaryotes only)

The primary function of the Golgi apparatus is to process and package the

macromolecules such as proteins and lipids that are synthesized by the cell. It is

particularly important in the processing of proteins for secretion. The Golgi

apparatus forms a part of the endomembrane system of eukaryotic cells. Vesicles

that enter the Golgi apparatus are processed in a cis to trans direction, meaning

they coalesce on the cis side of the apparatus and after processing pinch off on the

opposite (trans) side to form a new vesicle in the animal cell.

3.11 Lysosomes and Peroxisomes (eukaryotes only)

Lysosomes contain digestive enzymes (acid hydrolases). They digest excess or

worn-out organelles, food particles, and engulfed viruses or bacteria. Peroxisomes

have enzymes that rid the cell of toxic peroxides. The cell could not house these

destructive enzymes if they were not contained in a membrane-bound system.

These organelles are often called a "suicide bag" because of their ability to

detonate and destroy the cell.

3.12 Centrosome (the cytoskeleton organiser)

The centrosome produces the microtubules of a cell - a key component of the

cytoskeleton. It directs the transport through the ER and the Golgi apparatus.

Centrosomes are composed of two centrioles, which separate during cell division

and help in the formation of the mitotic spindle. A single centrosome is present in

the animal cells. They are also found in some fungi and algae cells.
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3.13 Vacuoles

Vacuoles store food and waste. Some vacuoles store extra water. They are often

described as liquid filled space and are surrounded by a membrane. Some cells,

most notably Amoeba, have contractile vacuoles, which are able to pump water

out of the cell if there is too much water

Topic Objective:

At the end of this topic student would be able to:

 To Learn about Cell

 T Define General principles

 To Elaborate Anatomy of cells

Definition/Overview:

Cell: The cell is the structural and functional unit of all known living organisms. It is the

smallest unit of an organism that is classified as living, and is often called the building bricks

of life. Some organisms, such as most bacteria, are unicellular (consist of a single cell). Other

organisms, such as humans, are multicellular. (Humans have an estimated 100 trillion or 1014

cells; a typical cell size is 10 m; a typical cell mass is 1 nanogram.) The largest known cell is

an unfertilized ostrich egg cell.

Key Points:

1. Cell

The cell is the structural and functional unit of all known living organisms. It is the smallest

unit of an organism that is classified as living, and is often called the building bricks of life.

Some organisms, such as most bacteria, are unicellular (consist of a single cell). Other

organisms, such as humans, are multicellular. (Humans have an estimated 100 trillion or 1014

cells; a typical cell size is 10 m; a typical cell mass is 1 nanogram.) The largest known cell is

an unfertilized ostrich egg cell.

In 1835 before the final cell theory was developed, a Czech Jan Evangelista Purkyněobserved

small "granules" while looking at the plant tissue through a microscope. The cell theory, first
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developed in 1839 by Matthias Jakob Schleiden and Theodor Schwann, states that all

organisms are composed of one or more cells. All cells come from preexisting cells. Vital

functions of an organism occur within cells, and all cells contain the hereditary information

necessary for regulating cell functions and for transmitting information to the next generation

of cells.

The word cell comes from the Latin cellula, meaning, a small room. The descriptive name for

the smallest living biological structure was chosen by Robert Hooke in a book he published

in 1665 when he compared the cork cells he saw through his microscope to the small rooms

monks lived in.

2. General principles

Each cell is at least somewhat self-contained and self-maintaining: it can take in nutrients,

convert these nutrients into energy, carry out specialized functions, and reproduce as

necessary. Each cell stores its own set of instructions for carrying out each of these activities.

All cells have several different abilities:

 Reproduction by cell division: (binary fission/mitosis or meiosis).

 Use of enzymes and other proteins coded for by DNA genes and made via messenger RNA

intermediates and ribosomes.

 Metabolism, including taking in raw materials, building cell components, converting energy,

molecules and releasing by-products. The functioning of a cell depends upon its ability to

extract and use chemical energy stored in organic molecules. This energy is released and then

used in metabolic pathways.

 Response to external and internal stimuli such as changes in temperature, pH or levels of

nutrients.

 Cell contents are contained within a cell surface membrane that is made from a lipid bilayer

with proteins embedded in it.

Some prokaryotic cells contain important internal membrane-bound compartments, but

eukaryotic cells have a specialized set of internal membrane compartments.
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3. Anatomy of cells

There are two types of cells: eukaryotic and prokaryotic. Prokaryotic cells are usually

independent, while eukaryotic cells are often found in multicellular organisms.

3.1 Prokaryotic cells

The prokaryote cell is simpler than a eukaryote cell, lacking a nucleus and most of

the other organelles of eukaryotes. There are two kinds of prokaryotes: bacteria

and archaea; these share a similar overall structure.

A prokaryotic cell has three architectural regions:

On the outside, flagella and pili project from the cell's surface. These are

structures (not present in all prokaryotes) made of proteins that facilitate

movement and communication between cells;

Enclosing the cell is the cell envelope - generally consisting of a cell wall

covering a plasma membrane though some bacteria also have a further

covering layer called a capsule. The envelope gives rigidity to the cell and

separates the interior of the cell from its environment, serving as a protective

filter. Though most prokaryotes have a cell wall, there are exceptions such as

Mycoplasma (bacteria) and Thermoplasma (archaea)). The cell wall consists

of peptidoglycan in bacteria, and acts as an additional barrier against exterior

forces. It also prevents the cell from expanding and finally bursting (cytolysis)

from osmotic pressure against a hypotonic environment. Some eukaryote cells

(in plants and fungi) also have a cell wall;

Inside the cell is the cytoplasmic region that contains the cell genome (DNA) and

ribosomes and various sorts of inclusions. A prokaryotic chromosome is

usually a circular molecule (an exception is that of the bacterium Borrelia

burgdorferi, which causes Lyme disease). Though not forming a nucleus, the

DNA is condensed in a nucleoid. Prokaryotes can carry extrachromosomal

DNA elements called plasmids, which are usually circular. Plasmids enable

additional functions, such as antibiotic resistance.
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3.2 Eukaryotic cells

Organelles:

(1) nucleolus

(2) nucleus

(3) ribosome

(4) vesicle

(5) rough endoplasmic reticulum (ER)

(6) Golgi apparatus

(7) Cytoskeleton

(8) smooth endoplasmic reticulum

(9) mitochondria

(10) vacuole

(11) cytoplasm

(12) lysosome

(13) centrioles within centrosome

Eukaryotic cells are about 10 times the size of a typical prokaryote and can be as

much as 1000 times greater in volume. The major difference between prokaryotes

and eukaryotes is that eukaryotic cells contain membrane-bound compartments in

which specific metabolic activities take place. Most important among these is the

presence of a cell nucleus, a membrane-delineated compartment that houses the
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eukaryotic cell's DNA. It is this nucleus that gives the eukaryote its name, which

means "true nucleus." Other differences include:

o The plasma membrane resembles that of prokaryotes in function, with minor differences in

the setup. Cell walls may or may not be present.

o The eukaryotic DNA is organized in one or more linear molecules, called chromosomes,

which are associated with histone proteins. All chromosomal DNA is stored in the cell

nucleus, separated from the cytoplasm by a membrane. Some eukaryotic organelles such as

mitochondria also contain some DNA.

o Eukaryotes can move using cilia or flagella. The flagella are more complex than those of

prokaryotes.

3. Subcellular components

All cells, whether prokaryotic or eukaryotic, have a membrane that envelops the cell,

separates its interior from its environment, regulates what moves in and out (selectively

permeable), and maintains the electric potential of the cell. Inside the membrane, a salty

cytoplasm takes up most of the cell volume. All cells possess DNA, the hereditary material of

genes, and RNA, containing the information necessary to build various proteins such as

enzymes, the cell's primary machinery. There are also other kinds of biomolecules in cells.

This article will list these primary components of the cell, then briefly describe their function.

3.1 Cell membrane: A cell's defining boundary

The cytoplasm of a cell is surrounded by a cell membrane or plasma membrane.

The plasma membrane in plants and prokaryotes is usually covered by a cell wall.

This membrane serves to separate and protect a cell from its surrounding

environment and is made mostly from a double layer of lipids (hydrophobic fat-

like molecules) and hydrophilic phosphorus molecules. Hence, the layer is called

a phospholipid bilayer. It may also be called a fluid mosaic membrane. Embedded

within this membrane is a variety of protein molecules that act as channels and

pumps that move different molecules into and out of the cell. The membrane is

said to be 'semi-permeable', in that it can either let a substance (molecule or ion)

pass through freely, pass through to a limited extent or not pass through at all. Cell

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

22
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



surface membranes also contain receptor proteins that allow cells to detect

external signaling molecules such as hormones.

3.2 Cytoskeleton: A cell's scaffold

The cytoskeleton acts to organize and maintain the cell's shape; anchors organelles

in place; helps during endocytosis, the uptake of external materials by a cell, and

cytokinesis, the separation of daughter cells after cell division; and moves parts of

the cell in processes of growth and mobility. The eukaryotic cytoskeleton is

composed of microfilaments, intermediate filaments and microtubules. There is a

great number of proteins associated with them, each controlling a cell's structure

by directing, bundling, and aligning filaments. The prokaryotic cytoskeleton is

less well-studied but is involved in the maintenance of cell shape, polarity and

cytokinesis.

3.3 Genetic material

Two different kinds of genetic material exist: deoxyribonucleic acid (DNA) and

ribonucleic acid (RNA). Most organisms use DNA for their long-term information

storage, but some viruses (e.g., retroviruses) have RNA as their genetic material.

The biological information contained in an organism is encoded in its DNA or

RNA sequence. RNA is also used for information transport (e.g., mRNA) and

enzymatic functions (e.g., ribosomal RNA) in organisms that use DNA for the

genetic code itself. Transfer RNA (tRNA) molecules are used to add specific

amino acids during the process of protein translation.

Prokaryotic genetic material is organized in a simple circular DNA molecule (the

bacterial chromosome) in the nucleoid region of the cytoplasm. Eukaryotic

genetic material is divided into different, linear molecules called chromosomes

inside a discrete nucleus, usually with additional genetic material in some

organelles like mitochondria and chloroplasts (see endosymbiotic theory).

A human cell has genetic material in the nucleus (the nuclear genome) and in the

mitochondria (the mitochondrial genome). In humans the nuclear genome is

divided into 23 pairs of linear DNA molecules called chromosomes. The
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mitochondrial genome is a circular DNA molecule distinct from the nuclear DNA.

Although the mitochondrial DNA is very small compared to nuclear

chromosomes, it codes for 13 proteins involved in mitochondrial energy

production as well as specific tRNAs.

Foreign genetic material (most commonly DNA) can also be artificially

introduced into the cell by a process called transfection. This can be transient, if

the DNA is not inserted into the cell's genome, or stable, if it is. Certain viruses

also insert their genetic material into the genome.

3.4 Organelles

The human body contains many different organs, such as the heart, lung, and

kidney, with each organ performing a different function. Cells also have a set of

"little organs," called organelles, that are adapted and/or specialized for carrying

out one or more vital functions.

There are several types of organelles within an animal cell. Some (such as the

nucleus and golgi apparatus) are typically solitary, while others (such as

mitochondria, peroxisomes and lysosomes) can be numerous (hundreds to

thousands). The cytosol is the gelatinous fluid that fills the cell and surrounds the

organelles.

3.5 Mitochondria and Chloroplasts (the power generators)

Mitochondria are self-replicating organelles that occur in various numbers,

shapes, and sizes in the cytoplasm of all eukaryotic cells. Mitochondria play a

critical role in generating energy in the eukaryotic cell. Mitochondria generate the

cell's energy by the process of oxidative phosphorylation, utilizing oxygen to

release energy stored in cellular nutrients (typically pertaining to glucose) to

generate ATP. Mitochondria multiply by splitting in two. Organelles that are

modified chloroplasts are broadly called plastids, and are involved in energy

storage through the process of photosynthesis, which utilizes solar energy to

generate carbohydrates and oxygen from carbon dioxide and water.
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Mitochondria and chloroplasts each contain their own genome, which is separate

and distinct from the nuclear genome of a cell. Both of these organelles contain

this DNA in circular plasmids, much like prokaryotic cells, strongly supporting

the evolutionary theory of endosymbiosis; since these organelles contain their own

genomes and have other similarities to prokaryotes, they are thought to have

developed through a symbiotic relationship after being engulfed by a primitive

cell.

3.6 Ribosome

The ribosome is a large complex of RNA and protein molecules. This is where

proteins are produced. Ribosomes can be found either floating freely or bound to a

membrane (the rough endoplasmatic reticulum in eukaryotes, or the cell

membrane in prokaryotes).

3.7 Cell nucleus (a cell's information center)

The cell nucleus is the most conspicuous organelle found in a eukaryotic cell. It

houses the cell's chromosomes, and is the place where almost all DNA replication

and RNA synthesis (transcription) occur. The nucleus is spherical in shape and

separated from the cytoplasm by a double membrane called the nuclear envelope.

The nuclear envelope isolates and protects a cell's DNA from various molecules

that could accidentally damage its structure or interfere with its processing.

During processing, DNA is transcribed, or copied into a special RNA, called

mRNA. This mRNA is then transported out of the nucleus, where it is translated

into a specific protein molecule. The nucleolus is a specialized region within the

nucleus where ribosome subunits are assembled. In prokaryotes, DNA processing

takes place in the cytoplasm.

3.8 Endoplasmic reticulum (eukaryotes only)

The endoplasmic reticulum (ER) is the transport network for molecules targeted

for certain modifications and specific destinations, as compared to molecules that

will float freely in the cytoplasm. The ER has two forms: the rough ER, which has

ribosomes on its surface and secretes proteins into the cytoplasm, and the smooth
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ER, which lacks them. Smooth ER plays a role in calcium sequestration and

release.

3.10 Golgi apparatus (eukaryotes only)

The primary function of the Golgi apparatus is to process and package the

macromolecules such as proteins and lipids that are synthesized by the cell. It is

particularly important in the processing of proteins for secretion. The Golgi

apparatus forms a part of the endomembrane system of eukaryotic cells. Vesicles

that enter the Golgi apparatus are processed in a cis to trans direction, meaning

they coalesce on the cis side of the apparatus and after processing pinch off on the

opposite (trans) side to form a new vesicle in the animal cell.

3.11 Lysosomes and Peroxisomes (eukaryotes only)

Lysosomes contain digestive enzymes (acid hydrolases). They digest excess or

worn-out organelles, food particles, and engulfed viruses or bacteria. Peroxisomes

have enzymes that rid the cell of toxic peroxides. The cell could not house these

destructive enzymes if they were not contained in a membrane-bound system.

These organelles are often called a "suicide bag" because of their ability to

detonate and destroy the cell.

3.12 Centrosome (the cytoskeleton organiser)

The centrosome produces the microtubules of a cell - a key component of the

cytoskeleton. It directs the transport through the ER and the Golgi apparatus.

Centrosomes are composed of two centrioles, which separate during cell division

and help in the formation of the mitotic spindle. A single centrosome is present in

the animal cells. They are also found in some fungi and algae cells.

3.13 Vacuoles

Vacuoles store food and waste. Some vacuoles store extra water. They are often

described as liquid filled space and are surrounded by a membrane. Some cells,

most notably Amoeba, have contractile vacuoles, which are able to pump water

out of the cell if there is too much water
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Topic Objective:

At the end of this topic student would be able to:

 To Define Tissue

 To Highlight Animal tissues

Definition/Overview:

Tissue: Tissue is a cellular organizational level intermediate between cells and a complete

organism. Hence, a tissue is an ensemble of cells, not necessarily identical, but from the same

origin, that together carry out a specific function. Organs are then formed by the functional

grouping together of multiple tissues

Key Points:

1. Tissue

Tissue is a cellular organizational level intermediate between cells and a complete organism.

Hence, a tissue is an ensemble of cells, not necessarily identical, but from the same origin,

that together carry out a specific function. Organs are then formed by the functional grouping

together of multiple tissues.

The study of tissue is known as histology or, in connection with disease, histopathology.

The classical tools for studying tissues are the paraffin block in which tissue is embedded and

then sectioned, the histological stain, and the optical microscope. In the last couple of

decades, developments in electron microscopy, immunofluorescence, and the use of frozen

tissue sections have enhanced the detail that can be observed in tissues. With these tools, the

classical appearances of tissues can be examined in health and disease, enabling considerable

refinement of clinical diagnosis and prognosis.
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2. Animal tissues

Based on morphology, animal tissues can be grouped into four basic types. Multiple tissue

types comprise organs and body structures. While all animals can generally be considered to

contain the four tissue types, the manifestation of these tissues can differ depending on the

type of organism. For example, the origin of the cells comprising a particular tissue type may

differ developmentally for different classifications of animals. The epithelium in all animals

is derived from the ectoderm and endoderm with a small contribution from the mesoderm

which forms the endothelium. By contrast, a true connective tissue is present only in a single

layer of cells held together via occluding junctions called tight junctions, to create a

selectively permeable barrier. This tissue covers all organismal surfaces that come in contact

with the external environment such as the skin, the airways, and the digestive tract. It serves

functions of protection, secretion, and absorption, and is separated from other tissues below

by a basal lamina. Endothelium, which comprises the vasculature, is a specialized type of

epithelium.

2.1 Connective tissue

Connective tissue is comprised of cells separated by non-living material, which is

called extracellular matrix. Connective tissue holds other tissues together such as

in the formation of organs, and has the ability to stretch and contract passively.

Bone, often referred to as osseous tissue, and blood are examples of specialized

connective tissues.

2.2 Muscle tissue

Muscle cells form the active contractile tissue of the body known as muscle tissue.

Muscle tissue functions to produce force and cause motion, either locomotion or

movement within internal organs. Muscle tissue is separated into three distinct

categories: visceral or smooth muscle, which is found in the inner linings of

organs; skeletal muscle, in which is found attached to bone providing for gross

movement; and cardiac muscle which is found in the heart, allowing it to contract

and pump blood throughout an organism.
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2.3 Nervous tissue

Cells comprising the central nervous system and peripheral nervous system are

classified as neural tissue. In the central nervous system, neural tissue forms the

brain, cranial nerves and spinal cord and, in the peripheral nervous system,

peripheral nerves inclusive of the motor neurons.

2.4 Epithelial tissue

Epithelial tissues are formed by layers of cells that cover organ surfaces such as

the surface of the skin, the airways, and the inner lining of the digestive tract. The

cells comprising an epithelial layer are linked via semi-permeable, tight junctions;

hence, this tissue provides a barrier between the organ it covers and the external

environment. In addition to this protective function, epithelial tissue may also

function in secretion and absorption. Endothelium is simple squamous epithelium.

In Section 2 of this course you will cover these topics:
The Integumentary System

The Skeletal System

The Muscular System

The Nervous System

Topic Objective:

At the end of this topic student would be able to:

 To Define Integumentary system

 To Highlight Layers

 To Learn bout Functions
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Definition/Overview:

Integumentary system: The "integumentary system" is the organ system that protects the

body from damage, comprising the skin and its appendages(including hair, scales, and nails).

The integumentary system has a variety of functions; it may serve to waterproof, cushion and

protect the deeper tissues, excrete wastes, regulate temperature and is the location of

receptors for pain, sensation, pressure and temperature. In humans the integumentary system

additionally provides vitamin D synthesis.

Key Points:

1. Integumentary system

The "integumentary system" is the organ system that protects the body from damage,

comprising the skin and its appendages(including hair, scales, and nails). The integumentary

system has a variety of functions; it may serve to waterproof, cushion and protect the deeper

tissues, excrete wastes, regulate temperature and is the location of receptors for pain,

sensation, pressure and temperature. In humans the integumentary system additionally

provides vitamin D synthesis.

The integumentary system is the largest organ system. It distinguishes, separates, protects and

informs the animal with regard to its surroundings. Small-bodied invertebrates of aquatic or

continually moist habitats respire using the outer layer (integument). This gas exchange

system, where gases simply diffuse into and out of the interstitial fluid, is called

integumentary exchange.

2. Layers

2.1 Epidermis

This is the top layer of the skin made up of epithelial cells. Its main job is

protection. Structurally it consists of a keratinized stratified squamous epithelium

comprising four types of cells: keratinocytes, melanocytes, Merkel cells, and

Langerhans' cells. The majority of the epidermis is the keratinocyte which

produces keratin. Keratin is a fibrous protein that aid in protection. Millions of

dead keratinocytes rub off everyday. A totally new epidermis is present every 25
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to 45 days. Melanocytes create melanin, the substance that gives our skin color.

These cells are found deep in the epidermis layer. Accumulations of melanin are

packaged in melanosomes (membrane-bound granules). These granules form a

pigment shield against UV radiation for the keratinocyte nuclei.

The Epidermis itself is made up of four to five layers. The stratum basale is the

only layer capable of cell division 'pushing up' cells to replenish the outer layer

which is constantly shedding dead cells. The Epidermis does not contain blood

vessels (non vascular). It contains the pigment melanin which gives skin colour

and allows the skin to tan, uneven distribution of melanin causes freckles. From

the dermis to the epidermis the layers are named, stratum basale, stratum

spinosum, stratum granulosum, stratum lucidum (the extra layer that occurs in

places such as palms and soles of the feet), and the stratum corneum (the most

superficial layer, made up of all dead cells, proteins, and glycolipids which keep

the body waterproof)

The protein keratin stiffens epidermal tissue to form fingernails. Nails grows from

thin area called the nail matrix, growth of nails is 1 mm per week on average. The

lunula is the crescent shaped area at the base of the nail, this is a lighter colour as

it mixes with the matrix cells.

The epidermis contains different types of cells, the most common are: squamous

cells which are flat, scaly cells on the surface of the skin, basal cells which are

round cells, and melanocytes which give the skin its colour. The epidermis also

contains Langerhan's cells, which are formed in the bone marrow and then migrate

to the epidermis. They work in conjunction with other cells to fight foreign bodies

as part of the body's immune defence system. Granstein cells play a similar role.

2.2 Dermis (Cutis)

The dermis is the mid layer of skin, thick inner layer of skin, which comprises

blood vessels, connective tissue, nerves, lymph vessels, sweat glands and hair

shafts. It has two main layers:

o Composed of two layers- papillary and reticular
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o The upper layer for touch, pain and heat, which communicate with the central nervous system

and is responsible for the folds (called dermal papillae) of the fingerprints. The light touch

sensors which are in the papillary section of the dermis are called Meissner's corpuscles.

o The lower layer made of dense elastic fibers that house the hair follicles, nerves, gland, and

gives the skin most of its stretchiness and strength. In this layer there are also touch receptors,

these however are for sensing pressure, these sensors are called Pacinian Corpuscles

2.3 Subdermis (Hypodermis/Superficial Fascia)

The subdermis is the layer of tissue directly underneath the dermis. It is mainly

composed of areolar connective tissue and adipose tissue. Its physiological

functions include insulation, the storage of energy and aiding in the anchoring of

the skin. It also cushions the underlying body for extra protection against trauma.

3. Functions

The integumentary system has multiple roles in homeostasis. All body systems work in an

interconnected manner to maintain the internal conditions essential to the function of the

body. The skin has an important job of protecting the body and acts somewhat as the bodys

first line of defense against infection, temperature change or other challenges to homeostasis.

Functions include:

Protects the bodys internal living tissues and organs

Protects against invasion by infectious organisms

Protects the body from dehydration

Protects the body against abrupt changes in temperature

Helps excrete waste materials through perspiration

Acts as a receptor for touch, pressure, pain, heat, and cold (see Somatosensory system)

Protects the body against sunburns

Generates vitamin D through exposure to ultraviolet light
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Stores water, fat, and vitamin D

Topic Objective:

At the end of this topic student would be able to:

 To Define Bones

 To Elaborate sternum

 To Explain Types of Bone

 To Highlight Human skull

Definition/Overview:

Skeletal System: Its 206 bones form a rigid framework to which the softer tissues and organs

of the body are attached. Vital organs are protected by the skeletal system. The brain is

protected by the surrounding skull as the heart and lungs are encased by the sternum and rib

cage.

Bodily movement is carried out by the interaction of the muscular and skeletal systems. For

this reason, they are often grouped together as the musculo-skeletal system. Muscles are

connected to bones by tendons. Bones are connected to each other by ligaments. Where bones

meet one another is typically called a joint. Muscles which cause movement of a joint are

connected to two different bones and contract to pull them together. An example would be

the contraction of the biceps and a relaxation of the triceps. This produces a bend at the

elbow. The contraction of the triceps and relaxation of the biceps produces the effect of

straightening the arm. Blood cells are produced by the marrow located in some bones. An

average of 2.6 million red blood cells are produced each second by the bone marrow to

replace those worn out and destroyed by the liver.

Bones serve as a storage area for minerals such as calcium and phosphorus. When an excess

is present in the blood, buildup will occur within the bones. When the supply of these

minerals within the blood is low, it will be withdrawn from the bones to replenish the supply.
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Key Points:

1. Bones

Bones are rigid organs that form part of the endoskeleton of vertebrates. They function to

move, support, and protect the various organs of the body, produce red and white blood cells

and store minerals. Bone tissue is a type of dense connective tissue. Because bones come in a

variety of shapes and have a complex internal and external structure they are lightweight, yet

strong and hard, in addition to fulfilling their many other functions. One of the types of tissue

that makes up bone is the mineralized osseous tissue, also called bone tissue, that gives it

rigidity and a honeycomb-like three-dimensional internal structure. Other types of tissue

found in bones include marrow, endosteum and periosteum, nerves, blood vessels and

cartilage. There are 206 bones in the adult human body and about 300 in an infant.

1.1 Functions

Bones have nine main functions:

Mechanical

1. Protection Bones can serve to protect internal organs, such as the skull protecting the

brain or the ribs protecting the heart and lungs.

2. Shape Bones provide a frame to keep the body supported.

3. Movement Bones, skeletal muscles, tendons, ligaments and joints function together to

generate and transfer forces so that individual body parts or the whole body can be

manipulated in three-dimensional space. The interaction between bone and muscle is

studied in biomechanics.

4. Sound transduction Bones are important in the mechanical aspect of hearing.

 Synthetic

 Blood production The marrow, located within the medullary cavity of long bones and

interstices of cancellous bone, produces blood cells in a process called haematopoiesis.

 Metabolic
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1. Mineral storage Bones act as reserves of minerals important for the body, most

notably calcium and phosphorus.

2. Growth factor storage Mineralized bone matrix stores important growth factors such

as insulin-like growth factors, transforming growth factor, bone morphogenic proteins

and others.

3. Fat Storage The yellow bone marrow acts as a storage reserve of fatty acids

4. Acid-base balance Bone buffers the blood against excessive pH changes by absorbing

or releasing alkaline salts.

5. Detoxification Bone tissues can also store heavy metals and other foreign elements,

removing them from the blood and reducing their effects on other tissues. These can

later be gradually released for excretion. Also they contain yellow bone marrow.

1.2 Characteristics

The primary tissue of bone, osseous tissue, is a relatively hard and lightweight

composite material, formed mostly of calcium phosphate in the chemical

arrangement termed calcium hydroxylapatite (this is the osseous tissue that gives

bones their rigidity). It has relatively high compressive strength but poor tensile

strength of 104-121 MPa, meaning it resists pushing forces well, but not pulling

forces. While bone is essentially brittle, it does have a significant degree of

elasticity, contributed chiefly by collagen. All bones consist of living cells

embedded in the mineralized organic matrix that makes up the osseous tissue.

2. Sternum

The sternum (from Greek στέρνον, sternon, "chest" or breastbone) is a long flat bone located

in the center of the thorax (chest). It connects to the rib bones via cartilage, forming the rib

cage with them, and thus helps to protect the lungs, heart and major blood vessels from

physical trauma. The sternum is sometimes cut open (a median sternotomy) to gain access to

the thoracic contents when performing cardiothoracic surgery

The sternum is an elongated, flattened bone, forming the middle portion of the anterior wall

of the thorax. Its upper end supports the clavicles (Collar bones), and its margins articulate

with the cartilages of the first seven pairs of ribs. Its top is also connected to the

Sternocleidomastoid muscle. It consists of three parts, from above downward:
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 Manubrium

 Body of sternum (gladiolus)

 Xiphoid process

In its natural position, the inclination of the bone is oblique from above, downward and

forward. It is slightly convex in front and concave behind; broad above, becoming narrowed

at the point where the manubrium joins the body, after which it again widens a little to below

the middle of the body, and then narrows to its lower extremity. Its average length in the

adult is about 17 cm, and is rather longer in the male than in the female. In early life its body

is divided in three segments, called sternebr (singular: sternebra). The sternum is composed

of highly vascular cancellous tissue, covered by a thin layer of compact bone which is

thickest in the manubrium between the articular facets for the clavicles.

3. Types of Bone

The bones of the body fall into four general categories: long bones, short bones, flat bones,

and irregular bones. Long bones are longer than they are wide and work as levers. The bones

of the upper and lower extremities (ex. humerus, tibia, femur, ulna, metacarpals, etc.) are of

this type. Short bones are short, cube-shaped, and found in the wrists and ankles. Flat bones

have broad surfaces for protection of organs and attachment of muscles (ex. ribs, cranial

bones, bones of shoulder girdle). Irregular bones are all others that do not fall into the

previous categories. They have varied shapes, sizes, and surfaces features and include the

bones of the vertebrae and a few in the skull.

3.1 Divisions of the Skeleton

The human skeleton is divided into two distinct parts:

The axial skeleton consists of bones that form the axis of the body and support

and protect the organs of the head, neck, and trunk.

o The Skull

o The Sternum

o The Ribs

o The Vertebral Column
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The appendicular skeleton is composed of bones that anchor the appendages to the

axial skeleton.

o The Upper Extremities

o The Lower Extremities

o The Shoulder Girdle

o The Pelvic Girdle--(the sacrum and coccyx are considered part of the vertebral column)

3.1 Bone Composition

Bones are composed of tissue that may take one of two forms. Compact, or dense

bone, and spongy, or cancellous, bone. Most bones contain both types. Compact

bone is dense, hard, and forms the protective exterior portion of all bones. Spongy

bone is inside the compact bone and is very porous (full of tiny holes). Spongy

bone occurs in most bones. The bone tissue is composed of several types of bone

cells embedded in a web of inorganic salts (mostly calcium and phosphorus) to

give the bone strength, and collagenous fibers and ground substance to give the

bone flexibility

4. Human skull

In humans, the adult skull is normally made up of 22 bones. Except for the mandible, all of

the bones of the skull are joined together by sutures, synarthrodial (immovable) joints formed

by bony ossification, with Sharpey's fibres permitting some flexibility.

Eight bones form the neurocranium (brain case), a protective vault of bone surrounding the

brain and brain stem. Fourteen bones form the splanchnocranium, which comprises the bones

supporting the face. Encased within the temporal bones are the six auditory ossicles of the

middle ear. The hyoid bone, supporting the larynx, is usually not considered as part of the

skull, as it is the only bone that does not articulate with other bones of the skull.

The skull also contains the sinus cavities, which are air-filled cavities lined with respiratory

epithelium, which also lines the large airways. The exact functions of the sinuses are

debatable; they contribute to lessening the weight of the skull with a minimal reduction in

strength, they contribute to resonance of the voice, and assist in the warming and moistening

of air drawn in through the nasal cavities.
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4.1 Development of the skull

The skull is a complex structure; its bones are formed both by intramembranous

and endochondral ossification. The bones of the splanchnocranium (face) and the

sides and roof of the neurocranium are formed by intramembranous (or dermal)

ossification, while the bones supporting the brain (the occipital, sphenoid,

temporal, and ethmoid) are largely formed by endochondral ossification.

At birth, the human skull is made up of 404 separate bony elements. As growth

occurs, many of these bony elements gradually fuse together into solid bone (for

example, the frontal bone). The bones of the roof of the skull are initially

separated by regions of dense connective tissue called "cranial sutures". There are

five sutures: the frontal suture, sagittal suture, lambdoid suture, coronal suture,

and squamosal suture. At birth these regions are fibrous and moveable, necessary

for birth and later growth. This growth can put a large amount of tension on the

"obstetrical hinge," which is where the squamous and lateral parts of the occipital

bone meet. A possible complication of this tension is rupture of the great cerebral

vein of Galen. Larger regions of connective tissue where multiple sutures meet are

called fontanelles. The six fontanelles are: the anterior fontanelle, the posterior

fontanelle, the two sphenoid fontanelles, and the two mastoid fontanelles. As

growth and ossification progress, the connective tissue of the fontanelles is

invaded and replaced by bone. The posterior fontanelle usually closes by eight

weeks, but the anterior fontanelle can remain open up to eighteen months. The

anterior fontanelle is located at the junction of the frontal and parietal bones; it is a

"soft spot" on a baby's forehead. Careful observation will show that you can count

a baby's heart rate by observing his or her pulse pulsing softly through the anterior

fontanelle

Topic Objective:

At the end of this topic student would be able to:

 To Define Muscle

 To Explain Anatomy

 To Elaborate Physiology
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 To Define Nervous control

Definition/Overview:

Muscular system: The muscular system is the anatomical system of a species that allows it

to move. The muscular system in vertebrates is controlled through the nervous system,

although some muscles (such as the cardiac muscle) can be completely autonomous.

Key Points:

1. Muscle

Muscle (from Latin musculus, diminutive of mus "mouse") is the contractile tissue of the

body and is derived from the mesodermal layer of embryonic germ cells. Muscle cells

contain contractile filaments that move past each other and change the size of the cell. They

are classified as skeletal, cardiac, or smooth muscles. Their function is to produce force and

cause motion. Muscles can cause either locomotion of the organism itself or movement of

internal organs. Cardiac and smooth muscle contraction occurs without conscious thought

and is necessary for survival. Examples are the contraction of the heart and peristalsis which

pushes food through the digestive system. Voluntary contraction of the skeletal muscles is

used to move the body and can be finely controlled. Examples are movements of the eye, or

gross movements like the quadriceps muscle of the thigh. There are two broad types of

voluntary muscle fibers: slow twitch and fast twitch. Slow twitch fibers contract for long

periods of time but with little force while fast twitch fibers contract quickly and powerfully

but fatigue very rapidly.

There are three types of muscle:

1. Skeletal muscle or "voluntary muscle" is anchored by tendons to bone and is used to

effect skeletal movement such as locomotion and in maintaining posture. Though this

postural control is generally maintained as a subconscious reflex, the muscles

responsible react to conscious control like non-postural muscles. An average adult

male is made up of 4050% of skeletal muscle and an average adult female is made up

of 3040% (as a percentage of body mass).

2. Smooth muscle or "involuntary muscle" is found within the walls of organs and

structures such as the esophagus, stomach, intestines, bronchi, uterus, urethra,
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bladder, blood vessels, and even the skin (in which it controls erection of body hair).

Unlike skeletal muscle, smooth muscle is not under conscious control.

3. Cardiac muscle is also an "involuntary muscle" but is more akin in structure to

skeletal muscle, and is found only in the heart.

Cardiac and skeletal muscles are "striated" in that they contain sarcomeres and are packed

into highly-regular arrangements of bundles; smooth muscle has neither. While skeletal

muscles are arranged in regular, parallel bundles, cardiac muscle connects at branching,

irregular angles (called intercalated discs). Striated muscle contracts and relaxes in short,

intense bursts, whereas smooth muscle sustains longer or even near-permanent contractions.

Skeletal muscle is further divided into several subtypes:

 Type I, slow oxidative, slow twitch, or "red" muscle is dense with capillaries and is rich in

mitochondria and myoglobin, giving the muscle tissue its characteristic red color. It can carry

more oxygen and sustain aerobic activity.

 Type II, fast twitch muscle, has three major kinds that are, in order of increasing contractile

speed:

1. Type IIa, which, like slow muscle, is aerobic, rich in mitochondria and capillaries and

appears red.

2. Type IIx (also known as type IId), which is less dense in mitochondria and

myoglobin. This is the fastest muscle type in humans. It can contract more quickly

and with a greater amount of force than oxidative muscle, but can sustain only short,

anaerobic bursts of activity before muscle contraction becomes painful (often

incorrectly attributed to a build-up of lactic acid). N.B. in some books and articles this

muscle in humans was, confusingly, called type IIB.

3. Type IIb, which is anaerobic, glycolytic, "white" muscle that is even less dense in

mitochondria and myoglobin. In small animals like rodents this is the major fast

muscle type, explaining the pale color of their flesh.

2. Anatomy

The anatomy of muscles includes both gross anatomy, comprising all the muscles of an

organism, and, on the other hand, microanatomy, which comprises the structures of a single
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muscle. The gross anatomy of a muscle is the most important indicator of its role in the body.

The action a muscle generates is determined by the origin and insertion locations. The cross-

sectional area of a muscle (rather than volume or length) determines the amount of force it

can generate by defining the number of sarcomeres which can operate in parallel. The amount

of force applied to the external environment is determined by lever mechanics, specifically

the ratio of in-lever to out-lever. For example, moving the insertion point of the biceps more

distally on the radius (farther from the joint of rotation) would increase the force generated

during flexion (and, as a result, the maximum weight lifted in this movement), but decrease

the maximum speed of flexion. Moving the insertion point proximally (closer to the joint of

rotation) would result in decreased force but increased velocity. This can be most easily seen

by comparing the limb of a mole to a horse - in the former, the insertion point is positioned to

maximize force (for digging), while in the latter, the insertion point is positioned to maximize

speed (for running).

One particularly important aspect of gross anatomy of muscles is pennation or lack thereof.

In most muscles, all the fibers are oriented in the same direction, running in a line from the

origin to the insertion. In pennate muscles, the individual fibers are oriented at an angle

relative to the line of action, attaching to the origin and insertion tendons at each end.

Because the contracting fibers are pulling at an angle to the overall action of the muscle, the

change in length is smaller, but this same orientation allows for more fibers (thus more force)

in a muscle of a given size. Pennate muscles are usually found where their length change is

less important than maximum force, such as the rectus femoris. There are approximately 639

skeletal muscles in the human body. However, the exact number is difficult to define because

different sources group muscles differently.

2.1 Microanatomy

Muscle is mainly composed of muscle cells. Within the cells are myofibrils;

myofibrils contain sarcomeres, which are composed of actin and myosin.

Individual muscle fibres are surrounded by endomysium. Muscle fibers are bound

together by perimysium into bundles called fascicles; the bundles are then

grouped together to form muscle, which is enclosed in a sheath of epimysium.

Muscle spindles are distributed throughout the muscles and provide sensory

feedback information to the central nervous system.
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Skeletal muscle is arranged in discrete muscles, an example of which is the biceps

brachii. It is connected by tendons to processes of the skeleton. Cardiac muscle is

similar to skeletal muscle in both composition and action, being comprised of

myofibrils of sarcomeres, but anatomically different in that the muscle fibers are

typically branched like a tree and connect to other cardiac muscle fibers through

intercalcated discs, and form the appearance of a syncytium.

3. Physiology

The three (skeletal, cardiac and smooth) types of muscle have significant differences.

However, all three use the movement of actin against myosin to create contraction. In skeletal

muscle, contraction is stimulated by electrical impulses transmitted by the nerves, the motor

nerves and motoneurons in particular. Cardiac and smooth muscle contractions are stimulated

by internal pacemaker cells which regularly contract, and propagate contractions to other

muscle cells they are in contact with. All skeletal muscle and many smooth muscle

contractions are facilitated by the neurotransmitter acetylcholine.

Muscular activity accounts for much of the body's energy consumption. All muscle cells

produce adenosine triphosphate (ATP) molecules which are used to power the movement of

the myosin heads. Muscles conserve energy in the form of creatine phosphate which is

generated from ATP and can regenerate ATP when needed with creatine kinase. Muscles also

keep a storage form of glucose in the form of glycogen. Glycogen can be rapidly converted to

glucose when energy is required for sustained, powerful contractions. Within the voluntary

skeletal muscles, the glucose molecule can be metabolized anaerobically in a process called

glycolysis which produces two ATP and two lactic acid molecules in the process (note that in

aerobic conditions, lactate is not formed; instead pyruvate is formed and transmitted through

the citric acid cycle). Muscle cells also contain globules of fat, which are used for energy

during aerobic exercise. The aerobic energy systems take longer to produce the ATP and

reach peak efficiency, and requires many more biochemical steps, but produces significantly

more ATP than anaerobic glycolysis. Cardiac muscle on the other hand, can readily consume

any of the three macronutrients (protein, glucose and fat) aerobically without a 'warm up'

period and always extracts the maximum ATP yield from any molecule involved. The heart,

liver and red blood cells will also consume lactic acid produced and excreted by skeletal

muscles during exercise.
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4. Nervous control

4.1 Efferent leg

The efferent leg of the peripheral nervous system is responsible for conveying

commands to the muscles and glands, and is ultimately responsible for voluntary

movement. Nerves move muscles in response to voluntary and autonomic

(involuntary) signals from the brain. Deep muscles, superficial muscles, muscles

of the face and internal muscles all correspond with dedicated regions in the

primary motor cortex of the brain, directly anterior to the central sulcus that

divides the frontal and parietal lobes.

In addition, muscles react to reflexive nerve stimuli that do not always send

signals all the way to the brain. In this case, the signal from the afferent fiber does

not reach the brain, but produces the reflexive movement by direct connections

with the efferent nerves in the spine. However, the majority of muscle activity is

volitional, and the result of complex interactions between various areas of the

brain.

Nerves that control skeletal muscles in mammals correspond with neuron groups

along the primary motor cortex of the brain's cerebral cortex. Commands are

routed though the basal ganglia and are modified by input from the cerebellum

before being relayed through the pyramidal tract to the spinal cord and from there

to the motor end plate at the muscles. Along the way, feedback, such as that of the

extrapyramidal system contribute signals to influence muscle tone and response.

Deeper muscles such as those involved in posture often are controlled from nuclei

in the brain stem and basal ganglia.

4.2 Afferent leg

The afferent leg of the peripheral nervous system is responsible for conveying

sensory information to the brain, primarily from the sense organs like the skin. In

the muscles, the muscle spindles convey information about the degree of muscle

length and stretch to the central nervous system to assist in maintaining posture

and joint position. The sense of where our bodies are in space is called
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proprioception, the perception of body awareness. More easily demonstrated than

explained, proprioception is the "unconscious" awareness of where the various

regions of the body are located at any one time. This can be demonstrated by

anyone closing their eyes and waving their hand around. Assuming proper

proprioceptive function, at no time will the person lose awareness of where the

hand actually is, even though it is not being detected by any of the other senses.

Several areas in the brain coordinate movement and position with the feedback

information gained from proprioception. The cerebellum and red nucleus in

particular continuously sample position against movement and make minor

corrections to assure smooth motion

Topic Objective:

At the end of this topic student would be able to:

 To Learn about Nervous system

 To Define Nervous system in humans

 To Learn about Microanatomy

 To Elaborate Non-humans

 To Learn about Brain

 To Define Macroscopic structure

 To Explain Microscopic structure

Definition/Overview:

Nervous system: The nervous system is a network of specialized cells that communicate

information about an animal's surroundings and itself. It processes this information and

causes reactions in other parts of the body. It is composed of neurons and other specialized

cells called glia, that aid in the function of the neurons. The nervous system is divided

broadly into two categories: the peripheral nervous system and the central nervous system.

Neurons generate and conduct impulses between and within the two systems.
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Key Points:

1. Nervous system

The nervous system is a network of specialized cells that communicate information about an

animal's surroundings and itself. It processes this information and causes reactions in other

parts of the body. It is composed of neurons and other specialized cells called glia, that aid in

the function of the neurons. The nervous system is divided broadly into two categories: the

peripheral nervous system and the central nervous system. Neurons generate and conduct

impulses between and within the two systems. The peripheral nervous system is composed of

sensory neurons and the neurons that connect them to the nerve cord, spinal cord and brain,

which make up the central nervous system. In response to stimuli, sensory neurons generate

and propagate signals to the central nervous system which then processes and conducts

signals back to the muscles and glands. The neurons of the nervous systems of animals are

interconnected in complex arrangements and use electrochemical signals and

neurotransmitters to transmit impulses from one neuron to the next. The interaction of the

different neurons form neural circuits that regulate an organism's perception of the world and

what is going on with its body, thus regulating its behavior. Nervous systems are found in

many multicellular animals but differ greatly in complexity between species.

2. Nervous system in humans

The human nervous system can be described both by gross anatomy, (which describes the

parts that are large enough to be seen with the naked eye,) and by microanatomy, (which

describes the system at a cellular level.) In gross anatomy, the nervous system can be divided

into two systems: the central nervous system (CNS) and the peripheral nervous system

(PNS).

2.1 Central Nervous System

The central nervous system (CNS) is the part of the nervous system that functions

to coordinate the activity of all parts of the bodies of multicellular organisms. In

vertebrates, the central nervous system is enclosed in the meninges. It contains the

majority of the nervous system and consists of the brain (in vertebrates which

have them), and the spinal cord. Together with the peripheral nervous system it
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has a fundamental role in the control of behavior. The CNS is contained within the

dorsal cavity, with the brain in the cranial cavity and the spinal cord in the spinal

cavity. The brain is protected by the skull, while the spinal cord is protected by the

vertebrae.

Since the strong theoretical influence of cybernetics in the fifties, the central

nervous system is conceived as a system devoted to information processing, where

an appropriate motor output is computed as a response to a sensory input. Yet,

many threads of research suggest that motor activity exists well before the

maturation of the sensory systems, and that then the senses only influence

behavior without dictating it.

2.2 Peripheral nervous system

The PNS is a regional term for the collective nervous structures that do not lie in

the CNS. The bodies of the nerve cells lie in the CNS, either in the brain or the

spinal cord, and the longer of the cellular processes of these cells, known as

axons, extend through the limbs and the flesh of the torso. The large majority of

the axons which are commonly called nerves, are considered to be PNS. The cell

bodies of afferent PNS nerves lie in the dorsal root ganglia.

3. Microanatomy

The nervous system is, on a small scale, primarily made up of neurons. However, glial cells

also play a major role.

 Neurons: Neurons are electrically excitable cells in the nervous system that process and

transmit information. Neurons are the core components of the brain, the vertebrate spinal

cord, the invertebrate ventral nerve cord, and the peripheral nerves. A number of different

types of neurons exist: sensory neurons respond to touch, sound, light and numerous other

stimuli effecting sensory organs and send signals to the spinal cord and brain, motor neurons

receive signals from the brain and spinal cord and cause muscle contractions and affect

glands, Interneurons connect neurons to other neurons within the brain and spinal cord.

 Glial cells: Glial cells are non-neuronal cells that provide support and nutrition, maintain

homeostasis, form myelin, and participate in signal transmission in the nervous system. In the
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human brain, glia are estimated to outnumber neurons by about 10 to 1. Glial cells provide

support and protection for neurons. They are thus known as the "glue" of the nervous system.

The four main functions of glial cells are to surround neurons and hold them in place, to

supply nutrients and oxygen to neurons, to insulate one neuron from another, and to destroy

pathogens and remove dead neurons.

3.1 Physiological division

A less anatomical but much more functional way of dividing the human nervous

system is classification according to the role that the different neural pathways

play, regardless of whether or not they cross through the CNS/PNS:

The somatic nervous system is responsible for coordinating voluntary body

movements (i.e. activities that are under conscious control).

The autonomic nervous system is responsible for coordinating involuntary

functions, such as breathing and digestion.

In turn, these divisions of the nervous system can be further divided according to

the direction in which they conduct nerve impulses:

Afferent system by sensory neurons, which carries impulses from a somatic

receptor to the CNS

Efferent system by motor neurons, which carries impulses from the CNS to an

effector

Relay system by interneurons (also called "relay neurons"), which transmit

impulses between the sensory and motor neurons (both in the CNS and PNS).

The junction between two neurons is called a synapse. There is a very narrow gap

(about 20nm in width) between the neurons called the synaptic cleft. This is where

an action potential (the "message" being carried by the neurons, also known as the

nerve impulse) is transmitted from one neuron to the next. This is achieved by

relaying the message across the synaptic cleft using neurotransmitters, which

diffuse across the gap. The neurotransmitters then bind to receptor sites on the

neighboring (postsynaptic) neuron, which in turn produces its own electrical/nerve

impulse. This impulse is sent to the next synapse, and the cycle repeats itself.
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Nerve impulses are a change in ion balance between the inside and outside of a

neuron. Because the nervous system uses a combination of electrical and chemical

signals, it is incredibly fast. Although the chemical aspect of signaling is much

slower than the electrical aspect, a nerve impulse is still fast enough for the

reaction time to be negligible in day to day situations. Speed is a necessary

characteristic in order for an organism to quickly identify the presence of danger,

and thus avoid injury/death. For example, a hand touching a hot stove. If the

nervous system was only comprised of chemical signals, the nervous system

would not be able to signal the arm to move fast enough to escape dangerous

burns. Thus, the speed of the nervous system is evolutionarily valuable, and is in

fact a necessity for life.

Development: Some landmarks of embryonic neural development include the

birth and differentiation of neurons from stem cell precursors, the migration of

immature neurons from their birthplaces in the embryo to their final positions,

outgrowth of axons from neurons and guidance of the motile growth cone

through the embryo towards postsynaptic partners, the generation of synapses

between these axons and their postsynaptic partners, and finally the lifelong

changes in synapses which are thought to underlie learning and memory.

Importance: The evolution of a complex nervous system makes it possible for

various animal species to have advanced perception abilities like sight,

complex social interactions, rapid coordination of other organ systems, and

integrated processing of many concurrent signals. In humans, the advanced

development of the nervous system makes it possible to have language,

abstract representation of concepts, transmission of culture, and many other

outcomes of human society that would not be possible without our brains.

Many people have lost basic motor skills and other skills because of spinal

cord injuries. If this portion is damaged, the biggest nerve and the most

important one gets damaged. This leads to paralysis or other permanent

damage. Physical lesions or genetic abnormalities of the brain can also lead to

major harm.

Abilities: The nervous system enables basic motor skills and sensing. The five

classical senses (touch, taste, sight, smell, and hearing) are powered by the

nervous system as are others such as equilibrioception (the sensing of gravity),
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nociception (the sensing of pain), and proprioception (the sensing of relative

limb location and motion, as when touching the nose with closed eyes).

Inhibition of these senses would retard basic motor skills.

4. Non-humans

Vertebrates: The nervous system of all vertebrate animals is often divided into the central

nervous system (CNS) and the peripheral nervous system (PNS). The CNS consists of the

brain and spinal cord.

Worms: Planaria, a type of flatworm, have dual nerve cords running along the length of the body

and merging at the tail and the mouth. These nerve cords are connected by transverse nerves

like the rungs of a ladder. These transverse nerves help coordinate the two sides of the

animal. Two large ganglia at the head end function similar to a simple brain. Photoreceptors

on the animal's eyespots provide sensory information on light and dark. The nervous system

of the roundworm Caenorhabditis elegans has been mapped out to the cellular level. Every

neuron and its cellular lineage has been recorded and most, if not all, of the neural

connections are known. In this species, the nervous system is sexually dimorphic; the nervous

systems of the two sexes, males and hermaphrodites, have different numbers of neurons and

groups of neurons that perform sex-specific functions. In C. elegans, males have exactly 383

neurons, while hermaphrodites have exactly 302 neurons

Arthropoda: Arthropods, such as insects and crustaceans, have a nervous system made up of a

series of ganglia, connected by a ventral nerve cord made up of two parallel connectives

running along the length of the belly . Typically, each body segment has one ganglion on

each side, though some ganglia are fused to form the brain and other large ganglia . The head

segment contains the brain, also known as the supraesophageal ganglion. In the insect

nervous system, the brain is anatomically divided into the protocerebrum, deutocerebrum,

and tritocerebrum. Immediately behind the brain is the subesophageal ganglion, which is

composed of three pairs of fused ganglia. It controls the mouthparts, the salivary glands and

certain muscles. Many arthropods have well-developed sensory organs, including compound

eyes for vision and antennae for olfaction and pheromone sensation. The sensory information

from these organs is processed by the brain.

Development: Neural development in most species have many similarities with neural

development in humans. As shown in a 2008 study, one factor common to all bilateral
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organisms (including humans) is a familiy of secreted signaling molecules called

neurotrophins which regulate the growth and survival of neurons. Zhu et al. identified DNT1,

the first neurotrophin found in flies. DNT1 shares structural similarity with all known

neurotrophins and is a key factor in the fate of neurons in Drosophila. Because neurotrophins

have now been identified in both vertebrate and invertebrates, this evidence suggests that

neurotrophins were present in an ancestor common to bilateral organisms and may represent

a common mechanism for nervous system formation.

5. Brain

The brain is the center of the nervous system in all vertebrate, and most invertebrate, animals.

Some primitive animals such as jellyfish and starfish have a decentralized nervous system

without a brain, while sponges lack any nervous system at all. In vertebrates, the brain is

located in the head, protected by the skull and close to the primary sensory apparatus of

vision, hearing, balance, taste, and smell.

Brains can be extremely complex. The human brain contains roughly 100 billion neurons,

linked with up to 10,000 synaptic connections each. These neurons communicate with one

another by means of long protoplasmic fibers called axons, which carry trains of signal pulses

called action potentials to distant parts of the brain or body and target them to specific

recipient cells.

From a philosophical point of view, it might be said that the most important function of the

brain is to serve as the physical structure underlying the mind. From a biological point of

view, though, the most important function is to generate behaviors that promote the welfare

of an animal. Brains control behavior either by activating muscles, or by causing secretion of

chemicals such as hormones. Even single-celled organisms may be capable of extracting

information from the environment and acting in response to it. Sponges, which lack a central

nervous system, are capable of coordinated body contractions and even locomotion. In

vertebrates, the spinal cord by itself contains neural circuitry capable of generating reflex

responses as well as simple motor patterns such as swimming or walking. However,

sophisticated control of behavior on the basis of complex sensory input requires the

information-integrating capabilities of a centralized brain.
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Despite rapid scientific progress, much about how brains work remains a mystery. The

operations of individual neurons and synapses are now understood in considerable detail, but

the way they cooperate in ensembles of thousands or millions has been very difficult to

decipher. Methods of observation such as EEG recording and functional brain imaging tell us

that brain operations are highly organized, but these methods do not have the resolution to

reveal the activity of individual neurons. Thus, even the most fundamental principles of

neural network computation may to a large extent remain for future investigators to discover.

6. Macroscopic structure

The brain is the most complex biological structure known, and comparing the brains of

different species on the basis of appearance is often difficult. Nevertheless, there are common

principles of brain architecture that apply across a wide range of species. These are revealed

mainly by three approaches. The evolutionary approach means comparing brain structures of

different species, and using the principle that features found in all branches that descend from

a given ancient form were probably present in the ancestor as well. The developmental

approach means examining how the form of the brain changes during the progression from

embyronic to adult stages. The genetic approach means analyzing gene expression in various

parts of the brain across a range of species. Each approach complements and informs the

other two.

The cerebral cortex is a part of the brain that most strongly distinguishes mammals from

other vertebrates, primates from other mammals, and humans from other primates. In non-

mammalian vertebrates, the surface of the cerebrum is lined with a comparatively simple

layered structure called the pallium. In mammals, the pallium evolves into a complex 6-

layered structure called neocortex. In primates, the neocortex is greatly enlarged in

comparison to its size in non-primates, especially the part called the frontal lobes. In humans,

this enlargement of the frontal lobes is taken to an extreme, and other parts of the cortex also

become quite large and complex.

The relationship between brain size, body size and other variables has been studied across a

wide range of species. Brain size increases with body size but not proportionally. Averaging

across all orders of mammals, it follows a power law, with an exponent of about 0.75 This

formula applies to the average brain of mammals but each family departs from it, reflecting

their sophistication of behavior. For example, primates have brains 5 to 10 times as large as
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the formula predicts. Predators tend to have larger brains. When the mammalian brain

increases in size, not all parts increase at the same rate. The larger the brain of a species, the

greater the fraction taken up by the cortex.

6.1 Bilaterians

With the exception of a few primitive forms such as sponges and jellyfish, all

living animals are bilaterians, meaning animals with a bilaterally symmetric body

shape (that is, left and right sides that are approximate mirror images of each

other).

All bilaterians are thought to have descended from a common ancestor that

appeared early in the Cambrian period, 550-600 million years ago. This ancestor

had the shape of a simple tube worm with a segmented body, and at an abstract

level, that worm-shape continues to be reflected in the body and nervous system

plans of all modern bilaterians, including humans. The fundamental bilaterian

body form is a tube with a hollow gut cavity running from mouth to anus, and a

nerve cord with an enlargement (a "ganglion") for each body segment, with an

especially large ganglion at the front, called the "brain".

6.2 Invertebrates

For invertebratesinsects, molluscs, worms, etc.the components of the brain differ

so greatly from the vertebrate pattern that it is hard to make meaningful

comparisons except on the basis of genetics. Two groups of invertebrates have

notably complex brains: arthropods (insects, crustaceans, arachnids, and others),

and cephalopods (octopuses, squids, and similar molluscs). The brains of

arthropods and cephalopods arise from twin parallel nerve cords that extend

through the body of the animal. Arthropods have a central brain with three

divisions and large optical lobes behind each eye for visual processing.

Cephalopods have the largest brains of any invertebrates. The brain of the octopus

in particular is highly developed, comparable in complexity to the brains of some

vertebrates.
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There are a few invertebrates whose brains have been studied intensively. The

large sea slug Aplysia was chosen by Nobel Prize-winning neurophysiologist Eric

Kandel, because of the simplicity and accessibility of its nervous system, as a

model for studying the cellular basis of learning and memory, and subjected to

hundreds of experiments. The most thoroughly studied invertebrate brains,

however, belong to the fruit fly Drosophila and the tiny roundworm

Caenorhabditis elegans.

Because of the large array of techniques available for studying their genetics, fruit

flies have been a natural subject for studying the role of genes in brain

development. Remarkably, many aspects of Drosophila neurogenetics have turned

out to be relevant to humans. The first biological clock genes, for example, were

identified by examining Drosophila mutants that showed disrupted daily activity

cycles. A search in the genomes of vertebrates turned up a set of analogous genes,

which were found to play similar roles in the mouse biological clockand therefore

almost certainly in the human biological clock as well.

Like Drosophila, C. elegans has been studied largely because of its importance in

genetics. In the early 1970s, Sydney Brenner chose it as a model system for

studying the way that genes control development. One of the advantages of

working with this worm is that the body plan is very stereotyped: the nervous

system of the hermaphrodite morph contains exactly 302 neurons, always in the

same places, making identical synaptic connections in every worm. In a heroic

project, Brenner's team sliced worms into thousands of ultrathin sections and

photographed every section under an electron microscope, then visually matched

fibers from section to section, in order to map out every neuron and synapse in the

entire body. Nothing approaching this level of detail is available for any other

organism, and the information has been used to enable a multitude of studies that

would not have been possible without it.

6.3 Vertebrates

The brains of vertebrates are made of very soft tissue, with a texture that has been

compared to Jello. Living brain tissue is pinkish on the outside and mostly white

on the inside, with subtle variations in color. Vertebrate brains are surrounded by
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a system of connective tissue membranes called meninges that separate the skull

from the brain. This three-layered covering is composed of (from the outside in)

the dura mater ("hard mother"), arachnoid mater ("spidery mother"), and pia mater

("soft mother"). The arachnoid and pia are physically connected and thus often

considered as a single layer, the pia-arachnoid. Below the arachnoid is the

subarachnoid space which contains cerebrospinal fluid (CSF), which circulates in

the narrow spaces between cells and through cavities called ventricles, and serves

to nourish, support, and protect the brain tissue. Blood vessels enter the central

nervous system through the perivascular space above the pia mater. The cells in

the blood vessel walls are joined tightly, forming the blood-brain barrier which

protects the brain from toxins that might enter through the blood.

The first vertebrates appeared over 500 million years ago (Mya), during the

Cambrian period, and may have somewhat resembled the modern hagfish in form.

Sharks appeared about 450 Mya, amphibians about 400 Mya, reptiles about 350

Mya, and mammals about 200 Mya. No modern species should be described as

more "primitive" than others, since all have an equally long evolutionary history,

but the brains of modern hagfishes, lampreys, sharks, amphibians, reptiles, and

mammals show a gradient of size and complexity that roughly follows the

evolutionary sequence. All of these brains contain the same set of basic

anatomical components, but many are rudimentary in hagfishes, whereas in

mammals the foremost parts are greatly elaborated and expanded.

All vertebrate brains share a common underlying form, which can most easily be

appreciated by examining how they develop. The first appearance of the nervous

system is as a thin strip of tissue running along the back of the embryo. This strip

thickens and then folds up to form a hollow tube. The front end of the tube

develops into the brain. In its earliest form, the brain appears as three swellings,

which eventually become the forebrain, midbrain, and hindbrain. In many classes

of vertebrates these three parts remain similar in size in the adult, but in mammals

the forebrain becomes much larger than the other parts, and the midbrain quite

small.

Neuroanatomists usually consider the brain to consist of six main regions: the

telencephalon (cerebral hemispheres), diencephalon (thalamus and hypothalamus),
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mesencephalon (midbrain), cerebellum, pons, and medulla. Each of these areas in

turn has a complex internal structure. Some areas, such as the cortex and

cerebellum, consist of layers, folded or convoluted to fit within the available

space. Other areas consist of clusters of many small nuclei. If fine distinctions are

made on the basis of neural structure, chemistry, and connectivity, thousands of

distinguishable areas can be identified within the vertebrate brain.

Some branches of vertebrate evolution have led to substantial changes in brain

shape, especially in the forebrain. The brain of a shark shows the basic

components in a straighforward way, but in teleost fishes (the great majority of

modern species), the forebrain has become "everted", like a sock turned inside

out. In birds, also, there are major changes in shape. One of the main structures in

the avian forebrain, the dorsal ventricular ridge, was long thought to correspond to

the basal ganglia of mammals, but is now thought to be more closely related to the

neocortex.

everal brain areas have maintained their identities across the whole range of

vertebrates, from hagfishes to humans. Here is a list of some of the most important

areas, along with a very brief description of their functions as currently

understood (but note that the functions of most of them are still disputed to some

degree):

o The medulla, along with the spinal cord, contains many small nuclei involved in a wide

variety of sensory and motor functions.

o The hypothalamus is a small region at the base of the forebrain, whose complexity and

importance belies its size. It is composed of numerous small nuclei, each with distinct

connections and distinct neurochemistry. The hypothalamus is the central control station for

sleep/wake cycles, control of eating and drinking, control of hormone release, and many other

critical biological functions.

o Like the hypothalamus, the thalamus is a collection of nuclei with diverse functions. Some of

them are involved in relaying information to and from the cerebral hemispheres. Others are

involved in motivation. The subthalamic area (zona incerta) seems to contain action-

generating systems for several types of "consummatory" behaviors, including eating,

drinking, defecation, and copulation.
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o The cerebellum modulates the outputs of other brain systems to make them more precise.

Removal of the cerebellum does not prevent an animal from doing anything in particular, but

it makes actions hesitant and clumsy. This precision is not built-in, but learned by trial and

error. Learning how to ride a bicycle is an example of a type of neural plasticity that may take

place largely within the cerebellum.

o The tectum, often called "optic tectum", allows actions to be directed toward points in space.

In mammals it is called the "superior colliculus", and its best studied function is to direct eye

movements. It also directs reaching movements, though. It gets strong visual inputs, but also

inputs from other senses that are useful in directing actions, such as auditory input in owls,

input from the thermosensitive pit organs in snakes, etc. In some[which?] fishes, it is the

largest part of the brain.

o The pallium is a layer of gray matter that lies on the surface of the forebrain. In reptiles and

mammals it is called cortex instead. The pallium is involved in multiple functions, including

olfaction and spatial memory. In mammals, where it comes to dominate the brain, it

subsumes functions from many subcortical areas.

o The hippocampus, strictly speaking, is found only in mammals. However, the area it derives

from, the medial pallium, has counterparts in all vertebrates. There is evidence that this part

of the brain is involved in spatial memory and navigation in fishes, birds, reptiles, and

mammals.

o The basal ganglia are a group of interconnected structures in the forebrain, of which our

understanding has increased enormously over the last few years. The primary function of the

basal ganglia seems to be action selection. They send inhibitory signals to all parts of the

brain that can generate actions, and in the right circumstances can release the inhbition, so

that the action-generating systems are able to execute their actions. Rewards and punishments

exert their most important neural effects within the basal ganglia.

o The olfactory bulb is a special structure that processes olfactory sensory signals, and sends its

output to the olfactory part of the pallium. It is a major brain component in many vertebrates,

but much reduced in primates.

6.4 Mammals

The hindbrain and midbrain of mammals are generally similar to those of other

vertebrates, but dramatic differences appear in the forebrain, which is not only

greatly enlarged, but also altered in structure. In mammals, the surface of the
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cerebral hemispheres is mostly covered with 6-layered isocortex, more complex

than the 3-layered pallium seen in most vertebrates. Also the hippocampus of

mammals has a distinctive structure.

Unfortunately, the evolutionary history of these mammalian features, especially

the 6-layered cortex, is difficult to work out. This is largely because of a "missing

link" problem. The ancestors of mammals, called synapsids, split off from the

ancestors of modern reptiles and birds about 350 million years ago. However, the

most recent branching that has left living results within the mammals was the split

between monotremes (the platypus and echidna), marsupials (opossum, kangaroo,

etc.) and placentals (most living mammals), which took place about 120 million

years ago. The brains of monotremes and marsupials are distinctive from those of

placentals in some ways, but they have fully mammalian cortical and hippocampal

structures. Thus, these structures must have evolved between 350 and 120 million

years ago, a period that has left no evidence except fossils, which do not preserve

tissue as soft as brain.

6.5 Primates, including humans

The primate brain contains the same structures as the brains of other mammals,

but is considerably larger in proportion to body size. Most of the enlargement

comes from a massive expansion of the cortex, focusing especially on the parts

subserving vision and forethought. The visual processing network of primates is

very complex, including at least 30 distinguishable areas, with a bewildering web

of interconnections. Taking all of these together, visual processing makes use of

about half of the brain. The other part of the brain that is greatly enlarged is the

prefrontal cortex, whose functions are difficult to summarize succinctly, but relate

to planning, working memory, motivation, attention, and executive control.

7. Microscopic structure

The brain is composed of two broad classes of cells, neurons and glia. Neurons receive more

attention, but glial cells actually outnumber them by at least 10 to 1. Glia come in several

types, which perform a number of critical functions, including structural support, metabolic

support, insulation, and guidance of development.
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The property that makes neurons so important is that, unlike glia, they are capable of sending

signals to each other over long distances. They send these signals by means of an axon, a thin

protoplasmic fiber that extends from the cell body and projects, usually with numerous

branches, to other areas, sometimes nearby, sometimes in distant parts of the brain or body.

The extent of an axon can be extraordinary: to take an example, if a pyramidal cell of the

neocortex were magnified so that its cell body became the size of a human, its axon, equally

magnified, would become a cable a few centimeters in diameter, extending farther than a

kilometer. These axons transmit signals in the form of electrochemical pulses called action

potentials, lasting less than a thousandth of a second and traveling along the axon at speeds of

1100 meters per second. Some neurons emit action potentials constantly, at rates of 10100 per

second, usually in irregular temporal patterns; other neurons are quiet most of the time, but

occasionally emit a burst of action potentials.

Axons transmit signals to other neurons, or to non-neuronal cells, by means of specialized

junctions called synapses. A single axon may make as many as several thousand synaptic

connections. When an action potential, traveling along an axon, arrives at a synapse, it causes

a chemical called a neurotransmitter to be released. The neurotransmitter binds to receptor

molecules in the membrane of the target cell. Some types of neuronal receptors are

excitatory, meaning that they increase the rate of action potentials in the target cell; other

receptors are inhibitory, meaning that they decrease the rate of action potentials; others have

complex modulatory effects on the target cell.

Axons actually fill most of the space in the brain. Often large groups of them travel together

in bundles called nerve fiber tracts. In many cases, each axon is wrapped in a thick sheath of

a fatty substance called myelin, which serves to greatly increase the speed of action potential

propagation. Myelin is white in color, so parts of the brain filled exclusively with nerve fibers

appear as white matter, in contrast to the gray matter that marks areas where high densities of

neuron cell bodies are located. The illustration on the right shows a thin section of one

hemisphere of the brain of a Chlorocebus monkey, stained using a Nissl stain, which colors

the cell bodies of neurons. This makes the gray matter show up as a dark blue, and the white

matter show up as a paler blue. Several important forebrain structures, including the cortex,

can easily be identified in brain sections that are stained in this way. Neuroanatomists have

invented hundreds of stains that color different types of neurons, or different types of brain

tissue, in distinct ways; the Nissl stain shown here is probably the most widely used.
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In Section 3 of this course you will cover these topics:
The General And Special Senses

The Endocrine System

The Cardiovascular System: Blood

The Cardiovascular System: The Heart

Topic Objective:

At the end of this topic student would be able to:

 To Define Senses

 To Highlight Senses Type

Definition/Overview:

Senses:Senses are the physiological methods of perception. The senses and their operation,

classification, and theory are overlapping topics studied by a variety of fields, most notably

neuroscience, cognitive psychology (or cognitive science), and philosophy of perception. The

nervous system has a specific sensory system, or organ, dedicated to each sense.

Key Points:

1. Senses

Senses are the physiological methods of perception. The senses and their operation,

classification, and theory are overlapping topics studied by a variety of fields, most notably

neuroscience, cognitive psychology (or cognitive science), and philosophy of perception. The

nervous system has a specific sensory system, or organ, dedicated to each sense.

This is no firm agreement among neurologists as to the number of senses because of differing

definitions of what constitutes a sense. One definition states that an exteroceptive sense is a

faculty by which outside stimuli are perceived. The traditional five senses are sight, hearing,

touch, smell, taste: a classification attributed to Aristotle. Humans also have at least six

additional senses (a total of eleven including interoceptive senses) that include: nociception

(pain), equilibrioception (balance), proprioception & kinesthesia (joint motion and

acceleration), sense of time, thermoception (temperature differences), and in some a weak

magnetoception (direction).
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One commonly recognized categorisation for human senses is as follows: chemoreception;

photoreception; mechanoreception; and thermoception. Indeed, all human senses fit into one

of these four categories.

Different senses also exist in other animals, for example electroreception.

A broadly acceptable definition of a sense would be "a system that consists of a group of

sensory cell types that responds to a specific physical phenomenon, and that corresponds to a

particular group of regions within the brain where the signals are received and interpreted."

Disputes about the number of senses typically arise around the classification of the various

cell types and their mapping to regions of the brain.

2. Senses Type

 Sight: Sight or vision is the ability of the brain and eye to detect electromagnetic waves

within the visible range (light) interpreting the image as "sight." There is disagreement as to

whether this constitutes one, two or three senses. Neuroanatomists generally regard it as two

senses, given that different receptors are responsible for the perception of colour (the

frequency of photons of light) and brightness (amplitude/intensity - number of photons of

light). Some argue that stereopsis, the perception of depth, also constitutes a sense, but it is

generally regarded as a cognitive (that is, post-sensory) function of brain to interpret sensory

input and to derive new information. The inability to see is called blindness.

 Hearing: Hearing or audition is the sense of sound perception. Since sound is vibrations

propagating through a medium such as air, the detection of these vibrations, that is the sense

of the hearing, is a mechanical sense akin to a sense of touch, albeit a very specialized one. In

humans, this perception is executed by tiny hair fibres in the inner ear which detect the

motion of a membrane which vibrates in response to changes in the pressure exerted by

atmospheric particles within a range of 20 to 22000 Hertz, with substantial variation between

individuals. Sound can also be detected as vibrations conducted through the body by tactition.

Lower and higher frequencies than that can be heard are detected this way only. The inability

to hear is called deafness.

 Taste: Taste or gustation is one of the two main "chemical" senses. There are at least four

types of tastes that "buds" (receptors) on the tongue detect, and hence there are anatomists

who argue that these constitute five or more different senses, given that each receptor conveys

information to a slightly different region of the brain. The inability to taste is called ageusia.
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The four well-known receptors detect sweet, salt, sour, and bitter, although the receptors for

sweet and bitter have not been conclusively identified. A fifth receptor, for a sensation called

umami, was first theorised in 1908 and its existence confirmed in 2000. The umami receptor

detects the amino acid glutamate, a flavour commonly found in meat and in artificial

flavourings such as monosodium glutamate. Note that taste is not the same as flavour; flavour

includes the smell of a food as well as its taste.

 Smell: Smell or olfaction is the other "chemical" sense. Unlike taste, there are hundreds of

olfactory receptors, each binding to a particular molecular feature. Odour molecules possess a

variety of features and thus excite specific receptors more or less strongly. This combination

of excitatory signals from different receptors makes up what we perceive as the molecule's

smell. In the brain, olfaction is processed by the olfactory system. Olfactory receptor neurons

in the nose differ from most other neurons in that they die and regenerate on a regular basis.

The inability to smell is called anosmia. Some neurons in the nose are specialized to detect

pheromones.

 Touch: Touch, also called mechanoreception or somatic sensation, is the sense of pressure

perception, generally in the skin. There are a variety of nerve endings that respond to

variations in pressure (e.g., firm, brushing, and sustained). The inability to feel anything or

almost anything is called anesthesia. Paresthesia is a sensation of tingling, pricking, or

numbness of a person's skin with no apparent long term physical effect.

 Balance and acceleration:Balance, Equilibrioception, or vestibular sense, is the sense which

allows an organism to sense body movement, direction, and acceleration, and to attain and

maintain postural equilibrium and balance. The organ of equilibrioception is the vestibular

labyrinthine system found in both of the inner ears. Technically this organ is responsible for

two senses, angular momentum and linear acceleration (which also senses gravity), but they

are known together as equilibrioception. The vestibular nerve conducts information from the

three semicircular canals, corresponding to the three spatial planes, the utricle, and the

saccule. The ampulla, or base, portion of the three semicircular canals each contain a

structure called a crista. These bend in response to angular momentum or spinning. The

saccule and utricle, also called the "otolith organs", sense linear acceleration and thus gravity.

Otoliths are small crystals of calcium carbonate that provide the inertia needed to detect

changes in acceleration or gravity.

 Temperature: Thermoception is the sense of heat and the absence of heat (cold) by the skin

and including internal skin passages. The thermoceptors in the skin are quite different from
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the homeostatic thermoceptors in the brain (hypothalamus) which provide feedback on

internal body temperature.

 Kinesthetic sense: Proprioception, the kinesthetic sense, provides the parietal cortex of the

brain with information on the relative positions of the parts of the body. Neurologists test this

sense by telling patients to close their eyes and touch the tip of a finger to their nose.

Assuming proper proprioceptive function, at no time will the person lose awareness of where

the hand actually is, even though it is not being detected by any of the other senses.

Proprioception and touch are related in subtle ways, and their impairment results in surprising

and deep deficits in perception and action.

 Pain: Nociception (physiological pain) signals near-damage or damage to tissue. The three

types of pain receptors are cutaneous (skin), somatic (joints and bones) and visceral (body

organs). It was believed that pain was simply the overloading of pressure receptors, but

research in the first half of the 20th century indicated that pain is a distinct phenomenon that

intertwines with all of the other senses, including touch. Pain was once considered an entirely

subjective experience, but recent studies show that pain is registered in the anterior cingulate

gyrus of the brain

Topic Objective:

At the end of this topic student would be able to:

 To Define Function

 To Elaborate Adrenal insufficiency

 To Learn about Addison's disease

 To Learn about Congenital adrenal hyperplasia

 To Define Overview of the multiple types of CAH

Definition/Overview:

Endocrine system: The endocrine system is a system of small organs that involve the release

of extracellular signaling molecules known as hormones. The endocrine system is

instrumental in regulating metabolism, growth, development and puberty, and tissue function
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and also plays a part in determining mood. The field of studies that deals with disorders of

endocrine glands is endocrinology, a branch of the wider field of internal medicine.

Key Points:

1. Function

The endocrine system is an information signal system much like the nervous system.

However, the nervous system uses nerves to conduct information, whereas the endocrine

system mainly uses blood vessels as information channels. Glands located in many regions of

the body release into the bloodstream specific chemical messengers called hormones.

Hormones regulate the many and varied functions of an organism, e.g., mood, growth and

development, tissue function, and metabolism, as well as sending messages and acting on

them.

 Types of signaling: The typical mode of cell signaling in the endocrine system is endocrine

signaling. However, there are also other modes, i.e., paracrine, autocrine, and neuroendocrine

signaling. Purely neurocrine signaling between neurons, on the other hand, belongs

completely to the nervous system.

 Endocrine: the endocrine system is made up of a series of ductless glands that produce

chemical messages called hormones A number of glands that signal each other in sequence is

usually referred to as an axis, for example, the hypothalamic-pituitary-adrenal axis.

o Typical endocrine glands are the pituitary, thyroid, and adrenal glands. Features of endocrine

glands are, in general, their ductless nature, their vascularity, and usually the presence of

intracellular vacuoles or granules storing their hormones. In contrast, exocrine glands, such as

salivary glands, sweat glands, and glands within the gastrointestinal tract, tend to be much

less vascular and have ducts or a hollow lumen.

o Autocrine: Other signaling can target the same cell.

o Paracrine: Paracrine signaling is where the target cell is nearby.

o Juxtacrine: Juxtacrine signals are transmitted along cell membranes via protein or lipid

components integral to the membrane and are capable of affecting either the emitting cell or

cells immediately adjacent.
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1.1 Role in disease

Diseases of the endocrine system are common, including conditions such as

diabetes mellitus, thyroid disease, and obesity. Endocrine disease is characterized

by dysregulated hormone release (a productive pituitary adenoma), inappropriate

response to signaling (hypothyroidism), lack or destruction of a gland (diabetes

mellitus type 1, diminished erythropoiesis in chronic renal failure), or structural

enlargement in a critical site such as the neck (toxic multinodular goitre).

Hypofunction of endocrine glands can occur as a result of loss of reserve,

hyposecretion, agenesis, atrophy, or active destruction. Hyperfunction can occur

as a result of hypersecretion, loss of suppression, hyperplastic or neoplastic

change, or hyperstimulation.

Endocrinopathies are classified as primary, secondary, or tertiary. Primary

endocrine disease inhibits the action of downstream glands. Tertiary endocrine

disease is associated with dysfunction of the hypothalamus and its releasing

hormones.

Cancer can occur in endocrine glands, such as the thyroid, and hormones have

been implicated in signaling distant tissues to proliferate, for example, the

estrogen receptor has been shown to be involved in certain breast cancers.

Endocrine, paracrine, and autocrine signaling have all been implicated in

proliferation, one of the required steps of oncogenesis.

2. Adrenal insufficiency

Adrenal insufficiency is a condition in which the adrenal glands, located above the kidneys,

do not produce adequate amounts of steroid hormones (chemicals produced by the body that

regulate organ function), primarily cortisol, but may also include impaired aldosterone

production (a mineralcorticoid) which regulates sodium, potassium and water retention.

Craving for salt or salty foods due to the urinary losses of sodium is common.

Addison's disease is the worst degree of adrenal insufficiency, which if not treated, severe

abdominal pains, diarrhea, vomiting, profound muscle weakness and fatigue, extremely low

blood pressure, weight loss, kidney failure, changes in mood and personality and shock may
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occur (adrenal crisis). An adrenal crisis often occurs if the body is subjected to stress, such as

an accident, injury, surgery, or severe infection. Death may quickly follow..

Adrenal insufficiency can also occur when the hypothalamus or the pituitary gland, both

located at the base of the skull, doesn't make adequate amounts of the hormones that assist in

regulating adrenal function. This is called secondary adrenal insufficiency and is caused by

lack of production of ACTH in the pituitary or lack of CRH in the hypothalamus.

There are two major types of adrenal insufficiency. Primary adrenal insufficiency is due to

impairment of the adrenal glands. The most common subtype is called idiopathic or unknown

cause of adrenal insufficiency. Some are due to an autoimmune disease called Addison's

disease or autoimmune adrenalitis. Other cases are due to congenital adrenal hyperplasia or

an adenoma (tumor) of the adrenal gland.

Secondary adrenal insufficiency is caused by impairment of the pituitary gland or

hypothalamus. These can be due to a form of cancer: a pituitary microadenoma, a pituitary

macroadenoma, or a hypothalamic tumor; Sheehan's syndrome, which is associated with

impairment of only the pituitary gland; or a past head injury.

2.1 Causes

o Autoimmune (may be part of a polyglandular autoimmune disorder which can include type I

Diabetes Mellitus, autoimmune thyroid disease (also known as autoimmune thyroiditis,

Hashimoto's thyroiditis and Hashimoto's disease)

o Adrenoleukodystrophy

o Discontinuing corticosteroid therapy without tapering the dosage (severe adrenal suppression

with ACTH suppression)

o Illness or any other forms of stress (this is termed critical illnessrelated corticosteroid

insufficiency)

o kidney injury

o environmental

o genetics

o Head injury

o Radiation

o Surgery
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o infections (eg, miliary tuberculosis affecting the adrenal glands, meningitis)

o congenital hypopituitarism

o congential hypoadrenalism

2.2 Symptoms

The person may show symptoms of hypoglycemia, dehydration, weight loss and

disorientation. They may experience weakness, tiredness, dizziness, low blood

pressure that falls further when standing (orthostatic hypotension), muscle aches,

nausea, vomiting, and diarrhea. These problems may develop gradually and

insidiously. Addison's can present with tanning of the skin which may be patchy

or even all over the body. In some cases a person with normally light skin may be

mistaken for another race with darker pigmentation. Characteristic sites of tanning

are skin creases (e.g. of the hands) and the inside of the cheek (buccal mucosa).

Goitre and vitiligo may also be present.

2.3 Diagnosis

If the person is in adrenal crisis, the ACTH stimulation test may be given. If not in

crisis, cortisol, ACTH, aldosterone, renin, potassium and sodium are tested from a

blood sample before the decision is made if the ACTH stimulation test needs to be

performed. X-rays or CT of the adrenals may also be done. The best test for

adrenal insufficiency of autoimmune origin, representing more than 90% of all

cases in a Western population, is measurement of 21-hydroxylase autoantibodies

2.4 Treatment

o Adrenal crisis

 Intravenous fluids

 Intravenous steroid (Solu-Cortef or Solumedrol), later hydrocortisone, prednisone or

methylpredisolone tablets

 Rest

o Cortisol deficiency (primary and secondary)
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 Adrenal cortical extract (usually in the form of a supplement, non prescription in the United

States)

 Hydrocortisone (Cortef) (between 20 and 35 mg)

 Prednisone (Deltasone) (7 1/2 mg)

 Prednisolone (Delta-Cortef) (7 1/2 mg)

 Methylprednisolone (Medrol) (6 mg)

 Dexamethasone (Decadron) (1/4 mg, some doctors prescribe 1/2 to 1 mg, but those doses

tend to cause side effects resembling Cushing's disease)

o Mineralcorticoid deficiency (low aldosterone)

 Fludrocortisone (Florinef) (To balance sodium, potassium and increase water retention)

 Alphabetics (phonemic awareness and phonics instruction)

 Fluency

 Comprehension

 Teacher education and reading instruction

 Computer technology and reading instruction

3. Addison's disease

Addison's disease (also known as chronic adrenal insufficiency, hypocortisolism or

hypocorticism) is a rare endocrine disorder in which the adrenal gland doesn't produce

enough steroid hormones (glucocorticoids and often mineralocorticoids). It may develop in

children and adults, and may occur as the result many underlying causes.

The condition is named after Dr Thomas Addison, the British physician who first described

the condition in his 1855 publication On the Constitutional and Local Effects of Disease of

the Suprarenal Capsules. The adjective "Addisonian" is used for features of the condition, as

well as patients with Addison's disease.

The condition is generally diagnosed with blood tests, medical imaging and additional

investigations. Treatment involves replacement of the hormones (oral hydrocortisone and

fludrocortisone). If the disease is caused by an underlying problem, it may be possible to

address that. Regular follow-up and monitoring for other health problems is necessary.
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3.1 Signs and symptoms

The symptoms of Addison's disease develop insidiously, and it may take some

time to be recognized. The most common symptoms are fatigue, muscle

weakness, weight loss, vomiting, diarrhea, headache, sweating, changes in mood

and personality and joint and muscle pains. Some have marked cravings for salt or

salty foods due to the urinary losses of sodium. Adrenal insufficiency is

manifested in the skin primarily by hyperpigmentation.:501

3.2 Clinical signs

On examination, the following may be noticed:

o Low blood pressure that falls further when standing (orthostatic hypotension)

o Most people with primary Addison's have darkening (hyperpigmentation) of the skin,

including areas not exposed to the sun; characteristic sites are skin creases (e.g. of the hands),

nipples, and the inside of the cheek (buccal mucosa), also old scars may darken. This occurs

because melanocyte-stimulating hormone (MSH) shares the same precursor molecule as

adrenocorticotropic hormone (ACTH); an increase in ACTH production also increases MSH.

In secondary and tertiary forms of Addison's, skin darkening does not occur.

o Signs of conditions that often occur together with Addison's: goiter and vitiligo

3.2 Addison an crisis

An "Addisonian crisis" or "adrenal crisis" is a constellation of symptoms that

indicate severe adrenal insufficiency. This may be the result of either previously

undiagnosed Addison's disease, a disease process suddenly affecting adrenal

function (such as adrenal hemorrhage), or an intercurrent problem (e.g. infection,

trauma) in the setting of known Addison's disease. Additionally, this situation may

develop in those on long-term oral glucocorticoids who have suddenly ceased

taking their medication. In these people, long term use of synthetic

glucocorticoids will have caused further atrophy of the adrenal glands by negative

feedback. It is also a concern in the setting of myxedema coma; thyroxine given in

that setting without glucocorticoids may precipitate a crisis.
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Untreated, an Addisonian crisis can be fatal. It is a medical emergency, usually

requiring hospitalization. Characteristic symptoms are:

Sudden penetrating pain in the legs, lower back or abdomen

Severe vomiting and diarrhea, resulting in dehydration

Low blood pressure

Loss of consciousness/Syncope

Hypoglycemia

Confusion, psychosis

Severe lethargy

Convulsions

Fever

3.3 Testing

In suspected cases of Addison's disease, one needs to demonstrate that adrenal

hormone levels are low even after appropriate stimulation (called the ACTH

stimulation test) with synthetic pituitary ACTH hormone tetracosactide . Two

tests are performed, the short and the long test.

The short test compares blood cortisol levels before and after 250 micrograms of

tetracosactide (IM/IV) is given. If, one hour later, plasma cortisol exceeds 170

nmol/L and has risen by at least 330 nmol/L to at least 690 nmol/L, adrenal failure

is excluded. If the short test is abnormal, the long test is used to differentiate

between primary adrenal failure and secondary adrenocortical failure.

The long test uses 1 mg tetracosactide (IM). Blood is taken 1, 4, 8, and 24 hours

later. Normal plasma cortisol level should reach 1000 nmol/L by 4 hours. In

primary Addison's disease, the cortisol level is reduced at all stages whereas in

secondary corticoadrenal insufficiency, a delayed but normal response is seen.

Other tests that may be performed to distinguish between various causes of

hypoadrenalism are renin and adrenocorticotropic hormone levels, as well as

medical imaging - usually in the form of ultrasound, computed tomography or

magnetic resonance imaging (MRI).
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4. Congenital adrenal hyperplasia

Congenital adrenal hyperplasia (CAH) refers to any of several autosomal recessive diseases

resulting from mutations of genes for enzymes mediating the biochemical steps of production

of cortisol from cholesterol by the adrenal glands (steroidogenesis). Most of these conditions

involve excessive or deficient production of sex steroids and can alter development of

primary or secondary sex characteristics in some affected infants, children, or adults. Only a

small minority of people with CAH can be said to have an intersex condition, but this

attracted American public attention in the late 1990s and many accounts of varying accuracy

have appeared in the popular media. Approximately 95% of cases of CAH are due to 21-

hydroxylase deficiency.

Examples of conditions caused by various forms of CAH:

ambiguous genitalia, in some females, such that it can be initially difficult to

determine sex

vomiting due to salt-wasting leading to dehydration and death

early pubic hair and rapid growth in childhood

precocious puberty or failure of puberty to occur (sexual infantilism: absent or

delayed puberty)

excessive facial hair, virilization, and/or menstrual irregularity in adolescence

infertility due to anovulation

hypertension

5. Overview of the multiple types of CAH

Cortisol is an adrenal steroid hormone that is required for normal endocrine function.

Production begins in the second month of fetal life. Poor cortisol production is a hallmark of

most forms of CAH. Inefficient cortisol production results in rising levels of ACTH, which in

turn induces overgrowth (hyperplasia) and overactivity of the steroid-producing cells of the

adrenal cortex. The defects causing adrenal hyperplasia are congenital (i.e., present at birth).

Cortisol deficiency in CAH is usually partial, and not the most serious problem for an

affected person. Synthesis of cortisol shares steps with synthesis of mineralocorticoids such

as aldosterone, androgens such as testosterone, and estrogens such as estradiol. The resulting

excessive or deficient production of these three classes of hormones produce the most
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important problems for people with CAH. Specific enzyme inefficiencies are associated with

characteristic patterns of over- or underproduction of mineralocorticoids or sex steroids.

In all its forms, congenital adrenal hyperplasia due to 21-hydroxylase deficiency accounts for

about 95% of diagnosed cases of CAH. Unless another specific enzyme is mentioned, "CAH"

in nearly all contexts refers to 21-hydroxylase deficiency.

 Severe 21-hydroxylase deficiency causes salt-wasting CAH, with life-threatening vomiting

and dehydration occurring within the first weeks of life.

 Moderate 21-hydroxylase deficiency is referred to as simple virilizing CAH; and typically is

recognized by causing virilization of prepubertal children.

 Still milder forms of 21-hydroxylase deficiency are referred to as non-classical CAH and can

cause androgen effects and infertility in adolescent and adult women.

CAH due to deficiencies of enzymes other than 21-hydroxylase present many of the same

management challenges as 21-hydroxylase deficiency, but some involve mineralocorticoid

excess or sex steroid deficiency.

 Lipoid congenital adrenal hyperplasia

 Congenital adrenal hyperplasia due to 17α-hydroxylase deficiency

 Congenital adrenal hyperplasia due to 3β-hydroxysteroid dehydrogenase deficiency

 Congenital adrenal hyperplasia due to 11β-hydroxylase deficiency

Further variability is introduced by the degree of enzyme inefficiency produced by the

specific alleles each patient has. Some alleles result in more severe degrees of enzyme

inefficiency. In general, severe degrees of inefficiency produce changes in the fetus and

problems in prenatal or perinatal life. Milder degrees of inefficiency are usually associated

with excessive or deficient sex hormone effects in childhood or adolescence, while the

mildest form of CAH interferes with ovulation and fertility in adults.

Finally, specific problems may also differ with the genetic sex of the affected person.

Treatment of all forms of CAH may include any of:

 supplying enough glucocorticoid to reduce hyperplasia and overproduction of androgens or

mineralocorticoids
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 providing replacement mineralocorticoid and extra salt if the person is deficient

 providing replacement testosterone or estrogen at puberty if the person is deficient

 additional treatments to optimize growth by delaying puberty or delaying bone maturation

 genital reconstructive surgery to correct problems produced by abnormal genital structure

All of these management issues are discussed in more detail in congenital adrenal hyperplasia

due to 21-hydroxylase deficiency.

5.1 Genetics

All involved genes are autosomal. See the table under 'Biochemistry' subheading

for chromosomal locations.

Because they code for enzymes with amplifiable activity, noticeable effects only

occur in people with two defective alleles of these genes. Hundreds of different

allelic mutations of these genes have been reported. Nearly always, each parent of

an affected person is an unaffected heterozygote (i.e., carrier of one defective gene

and one normal gene and has no ill effects). Each child of that pair of parents has a

25% chance of being affected, "having CAH". Prenatal diagnosis and

heterozygote detection are now possible.

Although mutations leading to the various forms of CAH have been found all over

the world, there are substantial differences in the carrier rates of specific abnormal

alleles in different regions and ethnic groups.

5.2 History

An Italian anatomist, Luigi De Crecchio provided the earliest known description

of a case of probable CAH.

I propose in this narrative that it is sometimes extremely difficult and even

impossible to determine sex during life. In one of the anatomical theaters of the

hospital..., there arrived toward the end of January a cadaver which in life was the

body of a certain Joseph Marzo... The general physiognomy was decidedly male

in all respects. There were no feminine curves to the body. There was a heavy

beard. There was some delicacy of structure with muscles that were not very well
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developed... The distribution of pubic hair was typical of the male. Perhaps the

lower extremities were somewhat delicate, resembling the female, and were

covered with hair... The penis was curved posteriorly and measured 6 cm, or with

stretching, 10 cm. The corona was 3 cm long and 8 cm in circumference. There

was an ample prepuce. There was a first grade hypospadias... There were two

folds of skin coming from the top of the penis and encircling it on either side.

These were somewhat loose and resembled labia majora.

De Crecchio then described the internal organs, which included a normal vagina,

uterus, tubes, and ovaries.

It was of the greatest importance to determine the habits, tendencies, passions, and

general character of this individual... I was determined to get as complete a story

as possible, determined to get at the base of the facts and to avoid undue

exaggeration which was rampant in the conversation of many of the people

present at the time of the dissection.

He interviewed many people and satisfied himself that Joseph Marzo "conducted

himself within the sexual area exclusively as a male, "even to the point of

contracting the "French disease" on two occasions. The cause of death was

another in a series of episodes of vomiting and diarrhea.

This account, translated by Alfred Bongiovanni from De Crecchio (Sopra un caso

di apparenzi virili in una donna. Morgagni 7:154-188, 1865), contains nearly all

the important themes and issues. Were this man's male gender identity, role, and

orientation determined by his anatomy, by his testosterone, or by his sex of

rearing? His presumed female chromosomes and gonads obviously did not make

him female. Yet despite his careful documentation of Marzo's unambiguous social

role, De Crecchio rejects his male identity and describes him as "una donna"

(Italian for "a woman"), revealing the 19th century assumption that a person's

"true sex" can be determined by inspection of internal organs. Then as now, such a

case prompted "undue exaggeration" and much "conversation." And then as now,

we see the conflict between the desire of the scientist to learn and understand, and

the sense of violation of poor Joseph Marzo's privacy. Finally, were the episodes

of vomiting and diarrhea the salt-wasting of CAH?
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The association of excessive sex steroid effects with diseases of the adrenal cortex

have been recognized for over a century. The term adrenogenital syndrome was

applied to both sex-steroid producing tumors and severe forms of CAH for much

of the 20th century, before some of the forms of CAH were understood.

Congenital adrenal hyperplasia, which also dates to the first half of the century,

has become the preferred term to reduce ambiguity and to emphasize the

underlying pathophysiology of the disorders.

Much of our modern understanding and treatment of CAH comes from research

conducted at JohnsHopkinsMedicalSchoolin Baltimorein the middle of the 20th

century. Lawson Wilkins, "founder" of pediatric endocrinology, worked out the

apparently paradoxical pathophysiology: that hyperplasia and overproduction of

adrenal androgens resulted from impaired capacity for making cortisol. He

reported use of adrenal cortical extracts to treat children with CAH in 1950.

Genital reconstructive surgery was also pioneered at Hopkins. After application of

karyotyping to CAH and other intersex disorders in the 1950s, John Money, JL

Hampson, and JG Hampson persuaded both the scientific community and the

public that sex assignment should not be based on any single biological criterion,

and gender identity was largely learned and has no simple relationship with

chromosomes or hormones. See Intersex for a fuller history, including recent

controversies over reconstructive surgery.

Hydrocortisone, fludrocortisone, and prednisone were available by the late 1950s.

By 1980 all of the relevant steroids could be measured in blood by reference

laboratories for patient care. By 1990 nearly all specific genes and enzymes had

been identified.

However, the last decade has seen a number of new developments, discussed more

extensively in congenital adrenal hyperplasia due to 21-hydroxylase deficiency:

debate over the value of genital reconstructive surgery and changing standards

debate over sex assignment of severely virilized XX infants

new treatments to improve height outcomes

newborn screening programs to detect CAH at birth

increasing attempts to treat CAH before birth
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Topic Objective:

At the end of this topic student would be able to:

 To Define Blood

 To Highlight Function

 To Define Constituents of human blood

Definition/Overview:

Blood: Blood is a specialized bodily fluid that delivers necessary substances to the body's

cells such as nutrients and oxygen and transports waste products away from those same cells.

Key Points:

1. Blood

Blood is a specialized bodily fluid that delivers necessary substances to the body's cells such

as nutrients and oxygen and transports waste products away from those same cells.

In vertebrates, it is composed of blood cells suspended in a liquid called blood plasma.

Plasma, which comprises 55% of blood fluid, is mostly water (90% by volume, and contains

dissolved proteins, glucose, mineral ions, hormones, carbon dioxide (plasma being the main

medium for excretory product transportation), platelets and blood cells themselves. The blood

cells present in blood are mainly red blood cells (also called RBCs or erythrocytes) and white

blood cells, including leukocytes and platelets (also called thrombocytes).

The most abundant cells in vertebrate blood are red blood cells. These contain hemoglobin,

an iron-containing protein, which facilitates transportation of oxygen by reversibly binding to

this respiratory gas and greatly increasing its solubility in blood. In contrast, carbon dioxide is

almost entirely transported extracellularly dissolved in plasma as bicarbonate ion.
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Vertebrate blood is bright-red when its hemoglobin is oxygenated. Some animals, such as

crustaceans and mollusks, use hemocyanin to carry oxygen, instead of hemoglobin. Insects

and some molluscs use a fluid called hemolymph instead of blood, the difference being that

hemolymph is not contained in a closed circulatory system. In most insects, this "blood" does

not contain oxygen-carrying molecules such as hemoglobin because their bodies are small

enough for their tracheal system to suffice for supplying oxygen.

Jawed vertebrates have an adaptive immune system, based largely on white blood cells.

White blood cells help to resist infections and parasites. Platelets are important in the clotting

of blood. Arthropods, using hemolymph, have hemocytes as part of their immune system.

Blood is circulated around the body through blood vessels by the pumping action of the heart.

In animals having lungs, arterial blood carries oxygen from inhaled air to the tissues of the

body, and venous blood carries carbon dioxide, a waste product of metabolism produced by

cells, from the tissues to the lungs to be exhaled.

Medical terms related to blood often begin with hemo- or hemato- (also spelled haemo- and

haemato-) from the Greek word "αἷμα"for "blood". In terms of anatomy and histology, blood

is considered a specialized form of connective tissue, given its origin in the bones and the

presence of potential molecular fibers in the form of fibrinogen.

2. Function

Blood performs many important functions within the body including:

 Supply of oxygen to tissues (bound to hemoglobin, which is carried in red cells)

 Supply of nutrients such as glucose, amino acids, and fatty acids (dissolved in the blood or

bound to plasma proteins (e.g., blood lipids)

 Removal of waste such as carbon dioxide, urea, and lactic acid

 Immunological functions, including circulation of white blood cells, and detection of foreign

material by antibodies

 Coagulation, which is one part of the body's self-repair mechanism

 Messenger functions, including the transport of hormones and the signaling of tissue damage

 Regulation of body pH (the normal pH of blood is in the range of 7.35 - 7.45) (covering only

0.1 pH unit)
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 Regulation of core body temperature

 Hydraulic functions

3. Constituents of human blood

Blood accounts for 7% of the human body weight, with an average density of approximately

1060 kg/m3, very close to pure water's density of 1000 kg/m3. The average adult has a blood

volume of roughly 5 liters, composed of plasma and several kinds of cells (occasionally

called corpuscles); these formed elements of the blood are erythrocytes (red blood cells),

leukocytes (white blood cells), and thrombocytes (platelets). By volume, the red blood cells

constitute about 45% of whole blood, the plasma constitutes about 55%, and white cells

constitute a minute amount.

Whole blood (plasma and cells) exhibits non-Newtonian fluid dynamics; its flow properties

are adapted to flow effectively through tiny capillary blood vessels with less resistance than

plasma by itself. In addition, if all human hemoglobin were free in the plasma rather than

being contained in RBCs, the circulatory fluid would be too viscous for the cardiovascular

system to function effectively.

3.1 Cells

One microliter of blood contains:

 4.7 to 6.1 million (male), 4.2 to 5.4 million (female) erythrocytes: In mammals, mature red

blood cells lack a nucleus and organelles. They contain the blood's hemoglobin and distribute

oxygen. The red blood cells (together with endothelial vessel cells and other cells) are also

marked by glycoproteins that define the different blood types. The proportion of blood

occupied by red blood cells is referred to as the hematocrit, and is normally about 45%. The

combined surface area of all red blood cells of the human body would be roughly 2,000 times

as great as the body's exterior surface.

 4,000-11,000 leukocytes: White blood cells are part of the immune system; they destroy and

remove old or aberrant cells and cellular debris, as well as attack infectious agents

(pathogens) and foreign substances. The cancer of leukocytes is called leukemia.

 200,000-500,000 thrombocytes: thrombocytes, also called platelets, are responsible for blood

clotting (coagulation). They change fibrinogen into fibrin. This fibrin creates a mesh onto
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which red blood cells collect and clot, which then stops more blood from leaving the body

and also helps to prevent bacteria from entering the body.

3.2 Plasma

About 55% of whole blood is blood plasma, a fluid that is the blood's liquid

medium, which by itself is straw-yellow in color. The blood plasma volume totals

of 2.7 3.0 litres in an average human. It is essentially an aqueous solution

containing 92% water, 8% blood plasma proteins, and trace amounts of other

materials. Plasma circulates dissolved nutrients, such as glucose, amino acids, and

fatty acids (dissolved in the blood or bound to plasma proteins), and removes

waste products, such as, carbon dioxide, urea, and lactic acid.

Other important components include:

 Serum albumin

 Blood-clotting factors (to facilitate coagulation)

 Immunoglobulins (antibodies)

 lipoprotein particles

 Various other proteins

 Various electrolytes (mainly sodium and chloride)

The term serum refers to plasma from which the clotting proteins have been

removed. Most of the proteins remaining are albumin and immunoglobulins.

The normal pH of human arterial blood is approximately 7.40 (normal range is

7.35 7.45), a weakly alkaline solution. Blood that has a pH below 7.35 is too

acidic, whereas blood pH above 7.45 is too alkaline. Blood pH, partial pressure of

oxygen (pO2), partial pressure of carbon dioxide (pCO2), and HCO3 are carefully

regulated by a number of homeostatic mechanisms, which exert their influence

principally through the respiratory system and the urinary system in order to

control the acid-base balance and respiration. Plasma also circulates hormones

transmitting their messages to various tissues. The list of normal reference ranges

for various blood electrolytes is extensive
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Topic Objective:

At the end of this topic student would be able to:

 To Define Heart

 To Elaborate Early development

 To highlight structure

 To Learn about Functioning

Definition/Overview:

Cardiovascular physiology: Cardiovascular physiology is the study of the circulatory

system. More specifically, it addresses the physiology of the heart ("cardio") and blood

vessels ("vascular"). These subjects are sometimes addressed separately, under the names

cardiac physiology and circulatory physiology. Although the different aspects of

cardiovascular physiology are closely interrelated, the subject is still usually divided into

several subtopics.

Key Points:

1. Heart

The heart is a muscular organ in all vertebrates responsible for pumping blood through the

blood vessels by repeated, rhythmic contractions, or a similar structure in annelids, mollusks,

and arthropods. The term cardiac (as in cardiology) means "related to the heart" and comes

from the Greekκαρδιά, kardia, for "heart

The heart of a vertebrate is composed of cardiac muscle, an involuntary muscle tissue which

is found only within this organ. The average human heart, beating at 72 beats per minute, will

beat approximately 2.5 billion times during a lifetime (about 66 years). It weighs on average

250 g to 300 g in females and 300 g to 350 g in males.

2. Early development

The mammalian heart is derived from embryonic mesoderm germ-layer cells that

differentiate after gastrulation into mesothelium, endothelium, and myocardium. Mesothelial
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pericardium forms the inner lining of the heart. The outer lining of the heart, lymphatic and

blood vessels develop from endothelium. Myocardium develops into heart muscle.

From splachnopleuric mesoderm tissue, the cardiogenic plate develops cranially and laterally

to the neural plate. In the cardiogenic plate, two separate angiogenic cell clusters form on

either side of the embryo. Each cell cluster coalesces to form an endocardial tube continuous

with a dorsal aorta and a vitteloumbilical vein. As embryonic tissue continues to fold, the two

endocardial tubes are pushed into the thoracic cavity and begin to fuse together and are

completely fused at approximately 21 days.

The human embryonic heart begins beating around 23 days after conception, or five weeks

after the last normal menstrual period (LMP), which is the date normally used to date

pregnancy. It is unknown how blood in the human embryo circulates for the first 21 days in

the absence of a functioning heart. The human heart begins beating at a rate near the mothers,

about 75-80 beats per minute (BPM).

The embryonic heart rate (EHR) then accelerates linearly for the first month of beating,

peaking at 165-185 BPM during the early 7th week, (early 9th week after the LMP). This

acceleration is approximately 3.3 BPM per day, or about 10 BPM every three days, an

increase of 100 BPM in the first month. At about 9.1 weeks after the LMP, it decelerates to

about 152 BPM (+/-25 BPM) during the 15th week after the LMP. After the 15th week the

deceleration slows reaching an average rate of about 145 (+/-25 BPM) BPM at term. The

regression formula which describes this acceleration before the embryo reaches 25 mm in

crown-rump length or 9.2 LMP weeks is Age in days = EHR(0.3)+6.

There is no difference in male and female heart rates before birth, as found by Dr. Dylan

Angiolillo in 1995.

3. Structure

The structure of the heart varies among the different branches of the animal kingdom. (See

Circulatory system.) Cephalopods have two "gill hearts" and one "systemic heart". Fish have

a two-chambered heart that pumps the blood to the gills and from there it goes on to the rest

of the body. In amphibians and most reptiles, a double circulatory system is used, but the
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heart is not always completely separated into two pumps. Amphibians have a three-

chambered heart.

Birds and mammals show complete separation of the heart into two pumps, for a total of four

heart chambers; it is thought that the four-chambered heart of birds evolved independently

from that of mammals.

In the human body, the heart is usually situated in the middle of the thorax with the largest

part of the heart slightly offset to the left (although sometimes it is on the right, see

dextrocardia), underneath the breastbone. The heart is usually felt to be on the left side

because the left heart (left ventricle) is stronger (it pumps to all body parts). The left lung is

smaller than the right lung because the heart occupies more of the left hemithorax. The heart

is fed by the coronary circulation and enclosed by a sac known as the pericardium and is

surrounded by the lungs. The pericardium comprises two parts: the fibrous pericardium, made

of dense fibrous connective tissue; and a double membrane structure (parietal and visceral

pericardium) containing a serous fluid to reduce friction during heart contractions. The heart

is located in the mediastinum, the central subdivision of the thoracic cavity. The mediastinum

also contains other structures, such as the oesophagus and trachea, and is flanked on either

side by the right and left pulmonary cavities, which house the lungs.

The apex is the blunt point situated in an inferior (pointing down and left) direction. A

stethoscope can be placed directly over the apex so that the beats can be counted. It is located

posterior to the 5th intercostal space just medial of the left mid-clavicular line. In normal

adults, the mass of the heart is 250-350 g (9-12 oz), or about twice the size of a clenched fist

(it is about the size of a clenched fist in children), but extremely diseased hearts can be up to

1000 g (2 lb) in mass due to hypertrophy. It consists of four chambers, the two upper atria

(singular: atrium ) and the two lower ventricles.

4. Functioning

n mammals, the function of the right side of the heart (see right heart) is to collect de-

oxygenated blood, in the right atrium, from the body (via superior and inferior vena cavae)

and pump it, via the right ventricle, into the lungs (pulmonary circulation) so that carbon

dioxide can be dropped off and oxygen picked up (gas exchange). This happens through the

passive process of diffusion. The left side (see left heart) collects oxygenated blood from the
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lungs into the left atrium. From the left atrium the blood moves to the left ventricle which

pumps it out to the body (via the aorta). On both sides, the lower ventricles are thicker and

stronger than the upper atria. The muscle wall surrounding the left ventricle is thicker than

the wall surrounding the right ventricle due to the higher force needed to pump the blood

through the systemic circulation.

Starting in the right atrium, the blood flows through the tricuspid valve to the right ventricle.

Here it is pumped out the pulmonary semilunar valve and travels through the pulmonary

artery to the lungs. From there, blood flows back through the pulmonary vein to the left

atrium. It then travels through the mitral valve to the left ventricle, from where it is pumped

through the aortic semilunar valve to the aorta. The aorta forks, and the blood is divided

between major arteries which supply the upper and lower body. The blood travels in the

arteries to the smaller arterioles, then finally to the tiny capillaries which feed each cell. The

(relatively) deoxygenated blood then travels to the venules, which coalesce into veins, then to

the inferior and superior venae cavae and finally back to the right atrium where the process

began.

The heart is effectively a syncytium, a meshwork of cardiac muscle cells interconnected by

contiguous cytoplasmic bridges. This relates to electrical stimulation of one cell spreading to

neighboring cells.

Some cardiac cells are self-exitable, contracting without any signal from the nervous system,

even if removed from the heart and placed in culture. Each of these cells has its own intrinsic

contraction rhythm. A region of the human heart called the sinoartrial node SA node, or

pacemaker, sets the rate and timing at which all cardiac muscle cells contract. The SA node

generates electrical impulses,, much like those produced by nerve cells. Because cardiac

muscle cells are electrically coupled by intercalated disks between adjacent cells, impulses

from the SA node spread rapidly through the walls of the artria, causing both artria to

contract in unison. The impulses also pass to another region of specialized cardiac muscle

tissue, a relay point called the artrioventricular (AV) node, located in the wall between the

right artrium and the right ventricle. Here, the impulses are delayed for about 0.1s before

spreading to the walls of the ventricle. The delay ensures that the artria empty completely

before the ventricles contract. Specialized muscle fibers called buldle branches and Purkinje

fibers then conduct the signals to the apex of the heart and throughout the ventricular walls.

The impulses generated during the heart cycle produce electrical currents, which are
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conducted through body fluids to the skin, where thery can be detected by electrodes and

recorded as an electrocardiogram (ECG or EKG)

In Section 4 of this course you will cover these topics:
The Cardiovascular System: Blood Vessels And Circulation

The Lymphatic System And Immunity

The Respiratory System

The Digestive System

Topic Objective:

At the end of this topic student would be able to:

 To Learn about Anatomy

 To Define Types

 To Elaborate Physiology

 To Highlight Role in disease

Definition/Overview:

Blood vessels: The blood vessels are the part of the circulatory system that transport blood

throughout the body. There are three major types of blood vessels: the arteries, which carry

the blood away from the heart, the capillaries, which enable the actual exchange of water and

chemicals between the blood and the tissues; and the veins, which carry blood from the

capillaries back towards the heart.

Key Points:

1. Anatomy

The arteries and veins have the same basic structure. There are three layers, from inside to

outside while the capillaries have only one thick cell:

 Tunica intima (the thinnest layer): a single layer of simple squamous endothelial cells glued

by a polysaccharide intercellular matrix, surrounded by a thin layer of subendothelial

connective tissue interlaced with a number of circularly arranged elastic bands called the

internal elastic lamina.
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 Tunica media (the thickest layer): circularly arranged elastic fiber, connective tissue,

polysaccharide substances, the second and third layer are separated by another thick elastic

band called external elastic lamina. The tunica media may (especially in arteries) be rich in

vascular smooth muscle, which controls the caliber of the vessel.

 Tunica adventitia: entirely made of connective tissue. It also contains nerves that supply the

muscular layer, as well as nutrient capillaries (vasa vasorum) in the larger blood vessels.

Capillaries consist of little more than a layer of endothelium and occasional connective tissue.

When blood vessels connect to form a region of diffuse vascular supply it is called an

anastomosis (pl. anastomoses). Anastomoses provide critical alternative routes for blood to

flow in case of blockages.

Laid end to end, all the blood vessels in an average human body would encircle the earth

twice, a distance of approximately 100,000 kilometers.

2. Types

There are various kinds of blood vessels:

 Arteries

1. Aorta (the largest artery, carries blood out of the heart)

2. Branches of the aorta, such as the carotid artery, the subclavian artery, the celiac

trunk, the mesenteric arteries, the renal artery and the iliac artery.

 Arterioles

 Capillaries (the smallest blood vessels)

 Venules

 Veins

1. Large collecting vessels, such as the subclavian vein, the jugular vein, the renal vein

and the iliac vein.

2. Venae cavae (the 2 largest veins, carry blood into the heart)

They are roughly grouped as arterial and venous, determined by whether the blood in it is

flowing away from (arterial) or toward (venous) the heart. The term "arterial blood" is

nevertheless used to indicate blood high in oxygen, although the pulmonary artery carries
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"venous blood" and blood flowing in the pulmonary vein is rich in oxygen. This is because

they are carrying the blood to and from the lungs, respectively, to be oxygenated.

3. Physiology

Blood vessels do not actively engage in the transport of blood (they have no appreciable

peristalsis), but arteries - and veins to a degree - can regulate their inner diameter by

contraction of the muscular layer. This changes the blood flow to downstream organs, and is

determined by the autonomic nervous system. Vasodilation and vasoconstriction are also

used antagonistically as methods of thermoregulation.

Oxygen (bound to hemoglobin in red blood cells) is the most critical nutrient carried by the

blood. In all arteries apart from the pulmonary artery, hemoglobin is highly saturated (95-

100%) with oxygen. In all veins apart from the pulmonary vein, the hemoglobin is

desaturated at about 75%. (The values are reversed in the pulmonary circulation.)

The blood pressure in blood vessels is traditionally expressed in millimetres of mercury (1

mmHg = 133 Pa). In the arterial system, this is usually around 120 mmHg systolic (high

pressure wave due to contraction of the heart) and 80 mmHg diastolic (low pressure wave). In

contrast, pressures in the venous system are constant and rarely exceed 10 mmHg.

Vasoconstriction is the constriction of blood vessels (narrowing, becoming smaller in cross-

sectional area) by contracting the vascular smooth muscle in the vessel walls. It is regulated

by vasoconstrictors (agents that cause vasoconstriction). These include paracrine factors (e.g.

prostaglandins), a number of hormones (e.g. vasopressin and angiotensin) and

neurotransmitters (e.g. epinephrine) from the nervous system.

Vasodilation is a similar process mediated by antagonistically acting mediators. The most

prominent vasodilator is nitric oxide (termed endothelium-derived relaxing factor for this

reason).

Permeability of the endothelium is pivotal in the release of nutrients to the tissue. It is also

increased in inflammation in response to histamine, prostaglandins and interleukins, which

leads to most of the symptoms of inflammation (swelling, redness and warmth).
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4. Role in disease

Blood vessels play a role in virtually every medical condition. Cancer, for example, cannot

progress unless the tumor causes angiogenesis (formation of new blood vessels) to supply the

malignant cells' metabolic demand. Atherosclerosis, the formation of lipid lumps (atheromas)

in the blood vessel wall, is the prime cause of cardiovascular disease, the main cause of death

in the Western world.

Blood vessel permeability is increased in inflammation. Damage, due to trauma or

spontaneously, may lead to haemorrhage due to mechanical damage to the vessel

endothelium. In contrast, occlusion of the blood vessel by atherosclerotic plaque, by an

embolised blood clot or a foreign body leads to downstream ischemia (insufficient blood

supply) and possibly necrosis. Vessel occlusion tends to be a positive feedback system; an

occluded vessel creates eddies in the normally laminar flow or plug flow blood currents.

These eddies create abnormal fluid velocity gradients which push blood elements such as

cholesterol or chylomicron bodies to the endothelium. These deposit onto the arterial walls

which are already partially occluded and build upon the blockage.

Vasculitis is inflammation of the vessel wall, due to autoimmune disease or infection

Topic Objective:

At the end of this topic student would be able to:

 To Define Lymphatic system

 To Learn bout Organization

 To Define Formation of lymph

Definition/Overview:

Lymphatic system: The lymphatic system in vertebrates is a network of conduits that carry a

clear fluid called lymph. It also includes the lymphoid tissue through which the lymph

travels. Lymphoid tissue is found in many organs, particularly the lymph nodes, and in the

lymphoid follicles associated with the digestive system such as the tonsils. The system also

includes all the structures dedicated to the circulation and production of lymphocytes, which

includes the spleen, thymus, bone marrow and the lymphoid tissue associated with the
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digestive system. The lymphatic system as we know it today was first described

independently by Olaus Rudbeck and Thomas Bartholin.

Key Points:

1. Lymphatic system

The lymphatic system in vertebrates is a network of conduits that carry a clear fluid called

lymph. It also includes the lymphoid tissue through which the lymph travels. Lymphoid

tissue is found in many organs, particularly the lymph nodes, and in the lymphoid follicles

associated with the digestive system such as the tonsils. The system also includes all the

structures dedicated to the circulation and production of lymphocytes, which includes the

spleen, thymus, bone marrow and the lymphoid tissue associated with the digestive system.

The lymphatic system as we know it today was first described independently by Olaus

Rudbeck and Thomas Bartholin.

The dissolved constituents of the blood do not directly come in contact with the cells and

tissues in the body, but first enter the interstitial fluid, and then the cells of the body. Lymph

is the fluid that is formed when interstitial fluid enters the conduits of the lymphatic system.

The lymph is not pumped through the body like blood, but is moved mostly by the

contractions of skeletal muscles.

The lymphatic system has three interrelated functions. It is responsible for the removal of

interstitial fluid from tissues. It absorbs and transports fatty acids and fats as chyle to the

circulatory system. The last function of the lymphatic system is the transport of antigen

presenting cells (APCs), such as dendritic cells, to the lymph nodes where an immune

response is stimulated.

The study of lymphatic drainage of various organs is important in diagnosis and treatment of

cancer. The lymphatic system, because of its physical proximity to many tissues of the body,

is responsible for carrying cancerous cells between the various parts of the body in a process

called metastasis. The intervening lymph nodes can trap the cancer cells. If they are not

successful in destroying the cancer cells the nodes may become sites of secondary tumors.

Diseases and other problems of the lymphatic system can cause swelling and other

symptoms. Problems with the system can impair the body's ability to fight infections.
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2. Organization

The lymphatic system can be broadly divided into the conducting system and the lymphoid

tissue.

The conducting system carries the lymph and consists of tubular vessels that include the

lymph capillaries, the lymph vessels and the right and the thoracic ducts.

The lymphoid tissue is primarily involved in immune responses and consists of lymphocytes

and other white blood cells enmeshed in connective tissue through which the lymph passes.

Regions of the lymphoid tissue that are densely packed with lymphocytes are known as

lymphoid follicles. Lymphoid tissue can either be structurally well organized as lymph nodes

or may consist of loosely organized lymphoid follicles known as the mucosa-associated

lymphoid tissue.

3. Formation of lymph

Blood supplies nutrients and important metabolites to the tissues, and collects back the waste

products that they produce, which requires exchange of respective constituents between the

blood and tissues. This exchange is not direct, however, and is effected through an

intermediary called interstitial fluid or tissue fluid that the blood forms. Interstitial fluid (ISF)

is the fluid that occupies the spaces between the cells and acts as their immediate

environment. As the blood and the surrounding cells continually add and remove substances

from the ISF, its composition keeps on changing. Water and solutes can freely pass (diffuse)

between the ISF and blood, and thus both are in dynamic equilibrium with each other;

exchange between the two fluids occurs across the walls of small blood vessels called

capillaries.

ISF forms at the arterial (coming from the heart) end of the capillaries because of higher

pressure of blood, and most of it returns to its venous ends and venules; the rest (1020%)

enters the lymph capillaries as lymph. Thus, lymph when formed is a watery clear liquid with

the same composition as the ISF. As it flows through the lymph nodes, however, it comes in

contact with blood and tends to accumulate more cells (particularly lymphocytes) and

proteins.
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The two primary lymph systems are the thymus gland and the bone marrow, where the

immune cells form or mature. The secondary lymph system is made up of encapsulated and

unencapsulated diffuse lymphoid tissue. The encapsulated tissue includes the spleen and the

lymph nodes. The unencapsulated tissue includes the gut-associated lymphoid tissues and the

tonsils

Topic Objective:

At the end of this topic student would be able to:

 To Define Respiratory system

 To Learn about Physiology of respiratory system in mammals

 To Learn about Development of respiratory system in animals

 To Learn about Gas exchange in humans and mammals

Definition/Overview:

Respiratory system: A respiratory systems function is to allow gas exchange. The space

between the alveoli and the capillaries, the anatomy or structure of the exchange system, and

the precise physiological uses of the exchanged gases vary depending on the organism. In

humans and other mammals, for example, the anatomical features of the respiratory system

include airways, lungs, and the respiratory muscles. Molecules of oxygen and carbon dioxide

are passively exchanged, by diffusion, between the gaseous external environment and the

blood. This exchange process occurs in the alveolar region of the lungs.

Key Points:

1. Respiratory system

A respiratory systems function is to allow gas exchange. The space between the alveoli and

the capillaries, the anatomy or structure of the exchange system, and the precise physiological

uses of the exchanged gases vary depending on the organism. In humans and other mammals,

for example, the anatomical features of the respiratory system include airways, lungs, and the

respiratory muscles. Molecules of oxygen and carbon dioxide are passively exchanged, by

diffusion, between the gaseous external environment and the blood. This exchange process

occurs in the alveolar region of the lungs.
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Other animals, such as insects, have respiratory systems with very simple anatomical

features, and in amphibians even the skin plays a vital role in gas exchange. Plants also have

respiratory systems but the directionality of gas exchange can be opposite to that in animals.

The respiratory system in plants also includes anatomical features such as holes on the

undersides of leaves known as stomata.

2. Physiology of respiratory system in mammals

2.1 Ventilation

Ventilation of the lungs is carried out by the muscles of respiration.

o Control: Ventilation occurs under the control of the autonomic nervous system from parts of

the brain stem, the medulla oblongata and the pons. This area of the brain forms the

respiration regulatory center, a series of interconnected brain cells within the lower and

middle brain stem which coordinate respiratory movements. The sections are the

pneumotaxic center, the apneustic center, and the dorsal and ventral respiratory groups. This

section is especially sensitive during infancy, and the neurons can be destroyed if the infant is

dropped and/or shaken violently. The result can be death due to "shaken baby syndrome."

o Inhalation: Inhalation is initiated by the diaphragm and supported by the external intercostal

muscles. Normal resting respirations are 10 to 18 breaths per minute, with a time period of 2

seconds. During vigorous inhalation (at rates exceeding 35 breaths per minute), or in

approaching respiratory failure, accessory muscles of respiration are recruited for support.

These consist of sternocleidomastoid, platysma, and the scalene muscles of the neck. Under

normal conditions, the diaphragm is the primary driver of inhalation. When the diaphragm

contracts, the ribcage expands and the contents of the abdomen are moved downward. This

results in a larger thoracic volume and negative (suction) pressure (with respect to

atmospheric pressure) inside the thorax. As the pressure in the chest falls, air moves into the

conducting zone. Here, the air is filtered, warmed, and humidified as it flows to the lungs.

During forced inhalation, as when taking a deep breath, the external intercostal muscles and

accessory muscles aid in further expanding the thoracic cavity.

o Exhalation: Exhalation is generally a passive process; however, active or forced exhalation is

achieved by the abdominal and the internal intercostal muscles. During this process air is

forced or exhaled out The lungs have a natural elasticity: as they recoil from the stretch of

inhalation, air flows back out until the pressures in the chest and the atmosphere reach
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equilibrium. During forced exhalation, as when blowing out a candle, expiratory muscles

including the abdominal muscles and internal intercostal muscles, generate abdominal and

thoracic pressure, which forces air out of the lungs.

2.2 Circulation

The right side of the heart pumps blood from the right ventricle through the

pulmonary semilunar valve into the pulmonary trunk. The trunk branches into

right and left pulmonary arteries to the pulmonary blood vessels. The vessels

generally accompany the airways and also undergo numerous branchings. Once

the gas exchange process is complete in the pulmonary capillaries, blood is

returned to the left side of the heart through four pulmonary veins, two from each

side. The pulmonary circulation has a very low resistance, due to the short

distance within the lungs, compared to the systemic circulation, and for this

reason, all the pressures: within the pulmonary blood vessels are normally low as

compared to the pressure of the systemic circulation loop.

2.2 Gas exchange

The major function of the respiratory system is gas exchange between the external

environment and an organism's circulatory system. In humans and mammals, this

exchange facilitates oxygenation of the blood with a concomitant removal of

carbon dioxide and other gaseous metabolic wastes from the circulation. As gas

exchange occurs, the acid-base balance of the body is maintained as part of

homeostasis. If proper ventilation is not maintained, two opposing conditions

could occur: 1) respiratory acidosis, a life threatening condition, and 2) respiratory

alkalosis.

Upon inhalation, gas exchange occurs at the alveoli, the tiny sacs which are the

basic functional component of the lungs. The alveolar walls are extremely thin

(approx. 0.2 micrometres). These walls are composed of a single layer of

epithelial cells (type I and type II epithelial cells) in close proximity to the

pulmonary capillaries which are composed of a single layer of endothelial cells.

The close proximity of these two cell types allows permeability to gases and,

hence, gas exchange.
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2.4 Non-respiratory functions

o Vocalization:The movement of gas through the larynx, pharynx and mouth allows humans to

speak, or phonate. Vocalization, or singing, in birds occurs via the syrinx, an organ located at

the base of the trachea. The vibration of air flowing across the larynx (vocal chords), in

humans, and the syrinx, in birds, results in sound. Because of this, gas movement is

extremely vital for communication purposes.

o Temperature control: Panting in dogs and some other animals provides a means of controlling

body temperature. This physiological response is used as a cooling mechanism.

o Coughing and sneezing: The phlegm is removed from the body by coughing, and sneezing

and irritated nerves within nasal passages.

3. Development of respiratory system in animals

3.1 Humans and mammals

The respiratory system lies dormant in the human fetus during pregnancy. At

birth, the respiratory system becomes fully functional upon exposure to air,

although some lung development and growth continues throughout childhood.

Pre-term birth can lead to infants with under-developed lungs. These lungs show

incomplete development of the alveolar type II cells, cells that produce surfactant.

The lungs of pre-term infants may not function well because the lack of surfactant

leads to increased surface tension within the alveoli. Thus, many alveoli collapse

such that no gas exchange can occur within some or most regions of an infant's

lungs, a condition termed respiratory distress syndrome. Basic scientific

experiments, carried out using cells from chicken lungs, support the potential for

using steroids as a means of furthering development of type II alveolar cells.In

fact, once a pre-mature birth is threatened, every effort is made to delay the birth,

and a series of steroid shots is frequently administered to the mother during this

delay in an effort to promote lung growth.

3.2 Disease and the respiratory system

o Disorders of the respiratory system can be classified into four general areas:

o Obstructive conditions (e.g., emphysema, bronchitis, asthma attacks)
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o Restrictive conditions (e.g., fibrosis, sarcoidosis, alveolar damage, pleural effusion)

o Vascular diseases (e.g., pulmonary edema, pulmonary embolism, pulmonary hypertension)

Infectious, environmental and other "diseases" (e.g., pneumonia, tuberculosis,

asbestosis, particulate pollutants): Coughing is of major importance, as it is the

body's main method to remove dust, mucus, saliva, and other debris from the

lungs. Inability to cough can lead to infection. Deep breathing exercises may help

keep finer structures of the lungs clear from particulate matter, etc.

The respiratory tract is constantly exposed to microbes due to the extensive

surface area, which is why the respiratory system includes many mechanisms to

defend itself and prevent pathogens from entering the body. Disorders of the

respiratory system are usually treated internally by a pulmonologist or respiratory

physician1.

4. Gas exchange in humans and mammals

In humans and mammals, respiratory gas exchange or ventilation is carried out by

mechanisms of the heart and lungs. The blood is subjected to a transient electric field (QRS

waves of the EKG) in the heart, which dissociates molecules of different charge. The blood,

being a polar fluid, aligns dipoles with the electric field, is released, and then oscillates in a

damped driven oscillation to form J or Osborn Waves, T, U, and V waves. The electric field

exposure and subsequent damped driven oscillation dissociate gas from hemoglobin,

primarily CO2, but more important, BPG, which has a higher affinity for hemoglobin than

does oxygen, due in part to its opposite charge. Completely-dissociated hemoglobin (which

will even effervesce if the electric field is too strong the reason defibrillation joules are

limited, to avoid bubble emboli that may clog vessels in the lung) enters the lung in red blood

cells ready to be oxygenated.

Convection occurs over the majority of the transport pathway. Diffusion occurs only over

very short distances. The primary force applied in the respiratory tract is supplied by

atmospheric pressure. Total atmospheric pressure at sea level is 760 mmHg (101 kPa), with

oxygen (O2) providing a partial pressure (pO2) of 160 mmHg, 21% by volume, at the

entrance of the nares, a partial pressure of 150 mmHg in the trachea due to the effect of

partial pressure of water vapor, and an estimated pO2 of 100 mmHg in the alveoli sac,
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pressure drop due to conduction loss as oxygen travels along the transport passageway.

Atmospheric pressure decreases as altitude increases, making effective breathing more

difficult at higher altitudes. Higher BPG levels in the blood are also seen at higher elevations,

as well.

In similar manner, CO2, which is a result of tissue cellular respiration, is also exchanged. The

pCO2 changes from 45 mmHg to 40 mmHg in the alveoli. The concentration of this gas in

the breath can be measured using a capnograph. As a secondary measurement, respiration

rate can be derived from a CO2 breath waveform.

Gas exchange occurs only at pulmonary and systemic capillary beds, but anyone can perform

simple experiments with electrodes in blood on the bench-top to observe electric field-

stimulated effervescence. Trace gases present in breath at levels lower than a part per million

are ammonia, acetone, isoprene. These can be measured using selected ion flow tube mass

spectrometry

Topic Objective:

At the end of this topic student would be able to:

 To Learn about Digestive systems

 To define Overview of vertebrate digestion

 To Elaborate Human digestion process

Definition/Overview:

Digestive systems: Digestive systems take many forms from simply secreting biotoxins and

digestives into the extracellular environment prior to ingestion. Once potential nutrients or

food is inside the organism, digestion can be conducted in the cytoplasm, in a vesicle or a

sac-like structure, through a tube, or through several specialized organs aimed at making the

absorption of nutrients more efficient.
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Key Points:

1. Digestive systems

Digestive systems take many forms from simply secreting biotoxins and digestives into the

extracellular environment prior to ingestion. Once potential nutrients or food is inside the

organism, digestion can be conducted in the cytoplasm, in a vesicle or a sac-like structure,

through a tube, or through several specialized organs aimed at making the absorption of

nutrients more efficient.

Invasive digestion: A virus floating around an enclosed space with possible host cells faces a

large hurdle, the thermodynamics of diffusion. Because neutrally charged objects do not

naturally clump around each other, the virus must find a way to move even near a host cell. It

does this by attachment or adsorption. Viruses use attachments (a specific binding between

viral capsid proteins and receptors on host cell surface) to induce the viral-envelope protein to

produce the fusion of viral and cellular membranes. The cell membrane is then (1) punctured

and an opening is established, (2) the host cell is induced to endocytose the virus, and the

resulting vacuole is either punctured or digested, or (3) some portion of the host plasma

membrane, cell wall or capsule is digested. The viral capsid or genome is injected into the

host cell's cytoplasm. Once inside it activates the formation of proteins to take control of the

host cell so that its genome directed.

Secretion systems: Bacteria use several systems to obtain nutrients from other organisms in the

environment.

Channel transport system: In a channel transport system several proteins form a contiguous

channel traversing the inner and outer membranes of the bacteria. It is a simple system, which

consists of only three protein subunits: the ABC protein, membrane fusion protein (MFP),

and outer membrane protein (OMP). This secretion system transports various molecules,

from ions, drugs, to proteins of various sizes (20 - 900 kDa). The molecules secreted vary in

size from the small Escherichia coli peptide colicin V, (10 kDa) to the Pseudomonas

fluorescens cell adhesion protein LapA of 900 kDa.

Molecular syringe: A molecular syringe is used through which a bacterium (e.g. certain types of

Salmonella, Shigella, Yersinia) can inject proteins into eukaryotic cells. One such mechanism
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was first discovered in Y. pestis and showed that toxins could be injected directly from the

bacterial cytoplasm into the cytoplasm of its host's cells rather than simply be secreted into

the extracellular medium.

Conjugation machinery: The conjugation machinery of some bacteria (and archaeal flagella) is

capable of transporting both DNA and proteins. It was discovered in Agrobacterium

tumefaciens, which uses this system to introduce the Ti plasmid and proteins into the host

which develops the crown gall (tumor). . The VirB complex of Agrobacterium tumefaciens is

the prototypic system. The nitrogen fixing Rhizobia are an interesting case, wherein

conjugative elements naturally engage in inter-kingdom conjugation. Such elements as the

Agrobacterium Ti or Ri plasmids contain elements that can transfer to plant cells. Transferred

genes enter the plant cell nucleus and effectively transform the plant cells into factories for

the production of opines, which the bacteria use as carbon and energy sources. Infected plant

cells form crown gall or root tumors. The Ti and Ri plasmids are thus endosymbionts of the

bacteria, which are in turn endosymbionts (or parasites) of the infected plant. The Ti and Ri

plasmids are themselves conjugative. Ti and Ri transfer between bacteria uses an independent

system (the tra, or transfer, operon) from that for inter-kingdom transfer (the vir, or virulence,

operon). Such transfer creates virulent strains from previously avirulent Agrobacteria.

Release of outer membrane vesicles: In addition to the use of the multiprotein complexes listed

above, Gram-negative bacteria possess another method for release of material: the formation

of outer membrane vesicles. Portions of the outer membrane pinch off, forming spherical

structures made of a lipid bilayer enclosing periplasmic materials. Vesicles from a number of

bacterial species have been found to contain virulence factors, some have immunomodulatory

effects, and some can directly adhere to and intoxicate host cells. While release of vesicles

has been demonstrated as a general response to stress conditions, the process of loading cargo

proteins seems to be selective.

Phagosome: A phagosome is a vacuole formed around a particle absorbed by phagocytosis. The

vacuole is formed by the fusion of the cell membrane around the particle. A phagosome is a

cellular compartment in which pathogenic microorganisms can be killed and digested.

Phagosomes fuse with lysosomes in their maturation process, forming phagolysosomes. In

humans, Entamoeba histolytica can phagocytose red blood cells.
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Gastrovascular cavity: The gastrovascular cavity functions as a stomach in both digestion and the

distribution of nutrients to all parts of the body. Extracellular digestion takes place within this

central cavity which is lined with the gastrodermis, the internal layer of epithelium. This

cavity has only one opening to the outside that functions as both a mouth and an anus: waste

and undigested matter is excreted through the mouth/anus, which can be described as an

incomplete gut. n a plant such as the Venus Flytrap that can make its own food through

photosynthesis, it does not eat and digest its prey for the traditional objectives of harvesting

energy and carbon, but mines prey primarily for essential nutrients (nitrogen and phosphorus

in particular) that are in short supply in its boggy, acidic habitat.

2. Overview of vertebrate digestion

In most vertebrates, digestion is a multi-stage process in the digestive system, starting from

ingestion of raw materials, most often other organisms. Ingestion usually involves some type

of mechanical and chemical processing. Digestion is separated into four steps:

Ingestion: placing food into the mouth (entry of food in the digestive system),

Mechanical and chemical breakdown: mastication and the mixing of the resulting bolus with

water, acids, bile and enzymes in the stomach and intestine to break down complex molecules

into simple structures,

Absorption: of nutrients from the digestive system to the circulatory and lymphatic capillaries

through osmosis, active transport, and diffusion, and

Egestion: Removal of undigested materials from the digestive tract through defecation.

Underlying the process is muscle movement throughout the system through swallowing and

peristalsis. The major part of digestion takes place in the small intestine. In mammals,

preparation for digestion begins with the cephalic phase in which saliva is produced in the

mouth and digestive enzymes are produced in the stomach. Mechanical and chemical

digestion begin in the mouth where food is chewed, and mixed with saliva to break down

starches. The stomach continues to break food down mechanically and chemically through

the churning of the stomach and mixing with enzymes. Absorption occurs in the stomach and

gastrointestinal tract, and the process finishes with defecation.
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3. Human digestion process

The whole digestive system is around 9 metres long. In a healthy human adult this process

can take between 24 and 72 hours.

 Phases of gastric secretion

1. Cephalic phase - This phase occurs before food enters the stomach and involves

preparation of the body for eating and digestion. Sight and thought stimulate

the cerebral cortex. Taste and smell stimulus is sent to the hypothalamus and

medulla oblongata. After this it is routed through the vagus nerve and release

of acetylcholine. Gastric secretion at this phase rises to 40% of maximum rate.

Acidity in the stomach is not buffered by food at this point and thus acts to

inhibit parietal (secretes acid) and G cell (secretes gastrin) activity via D cell

secretion of somatostatin.

2. Gastric phase - This phase takes 3 to 4 hours. It is stimulated by distention of

the stomach, presence of food in stomach and decrease in pH. Distention

activates long and myentric reflexes. This activates the release of

acetylcholine which stimulates the release of more gastric juices. As protein

enters the stomach, it binds to hydrogen ions, which lowers the pH of the

stomach to around pH 1-3. Inhibition of gastrin and HCl secretion is lifted.

This triggers G cells to release gastrin, which in turn stimulates parietal cells

to secrete HCl. HCl release is also triggered by acetylcholine and histamine.

3. Intestinal phase - This phase has 2 parts, the excitatory and the inhibitory.

Partially-digested food fills the duodenum. This triggers intestinal gastrin to be

released. Enterogastric reflex inhibits vagal nuclei, activating sympathetic

fibers causing the pyloric sphincter to tighten to prevent more food from

entering, and inhibits local reflexes.

Oral cavity: In humans, digestion begins in the oral cavity where food is chewed. Saliva is

secreted in large amounts (1-1.5 litres/day) by three pairs of exocrine salivary glands (parotid,

submandibular, and sublingual) in the oral cavity, and is mixed with the chewed food by the

tongue. There are two types of saliva. One is a thin, watery secretion, and its purpose is to

wet the food. The other is a thick, mucous secretion, and it acts as a lubricant and causes food

particles to stick together and form a bolus. The saliva serves to clean the oral cavity and

moisten the food, and contains digestive enzymes such as salivary amylase, which aids in the
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chemical breakdown of polysaccharides such as starch into disaccharides such as maltose. It

also contains mucin, a glycoprotein which helps soften the food into a bolus. Swallowing

transports the chewed food into the esophagus, passing through the oropharynx and

hypopharynx. The mechanism for swallowing is coordinated by the swallowing center in the

medulla oblongata and pons. The reflex is initiated by touch receptors in the pharynx as the

bolus of food is pushed to the back of the mouth.

Pharynx: The pharynx is the part of the neck and throat situated immediately posterior to

(behind) the mouth and nasal cavity, and cranial, or superior, to the esophagus. It is part of

the digestive system and respiratory system. Because both food and air pass through the

pharynx, a flap of connective tissue, the epiglottis closes over the trachea when food is

swallowed to prevent choking or aspiration. The oropharynx is that part of the pharynx which

lies behind the oral cavity and is lined by stratified squamous epithelium. The nasopharynx

lies behind the nasal cavity and like the nasal passages is lined with ciliated columnar

pseudostratified epithelium. Like the oropharynx above it the hypopharynx (laryngopharynx)

serves as a passageway for food and air and is lined with a stratified squamous epithelium. It

lies inferior to the upright epiglottis and extends to the larynx, where the respiratory and

digestive pathways diverge. At that point, the laryngopharynx is continuous with the

esophagus. During swallowing, food has the "right of way", and air passage temporarily

stops.

Esophagus: The esophagus is a narrow muscular tube about 25 centimeters long which starts at

pharynx at the back of the mouth, passes through the thoracic diaphragm, and ends at the

cardiac orifice of the stomach. The wall of the esophagus is made up of two layers of smooth

muscles, which form a continuous layer from the esophagus to the open and contract slowly,

over long periods of time. The inner layer of muscles is arranged circularly in a series of

descending rings, while the outer layer is arranged longitudinally. At the top of the

esophagus, is a flap of tissue called the epiglottis that closes during swallowing to prevent

food from entering the trachea (windpipe). The chewed food is pushed down the esophagus

to the stomach through peristaltic contraction of these muscles. It takes only about seven

seconds for food to pass through the esophagus and no digestion takes place.

Stomach: The stomach is a small,'C'-shaped pouch with walls made of thick, elastic muscles,

which stores and helps break down food. Food enters the stomach through the cardiac orifice

where it is further broken apart and thoroughly mixed with gastric acid, pepsin and other
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digestive enzymes to break down proteins. The enzymes in the stomach also have an

optimum, meaning that they work at a specific pH and temperature better than any others.

The acid itself does not break down food molecules, rather it provides an optimum pH for the

reaction of the enzyme pepsin and kills many microorganisms that are ingested with the food.

It can also denature proteins. This is the process of reducing polypeptide bonds and

disrupting salt bridges which in turn causes a loss of secondary, tertiary or quaternary protein

structure. The parietal cells of the stomach also secrete a glycoprotein called intrinsic factor

which enables the absorption of vitamin B-12. Other small molecules such as alcohol are

absorbed in the stomach, passing through the membrane of the stomach and entering the

circulatory system directly. Food in the stomach is in semi-liquid form, which upon

completion is known as chyme. The transverse section of the alimentary canal reveals four

distinct and well developed layers within the stomach:

1. Serous membrane, a thin layer of mesothelial cells that is the outermost wall of the

stomach.

2. Muscular coat, a well-developed layer of muscles used to mix ingested food,

composed of three sets running in three different alignments. The outermost layer

runs parallel to the vertical axis of the stomach (from top to bottom), the middle is

concentric to the axis (horizontally circling the stomach cavity) and the innermost

oblique layer, which is responsible for mixing and breaking down ingested food, runs

diagonal to the longitudinal axis. The inner layer is unique to the stomach, all other

parts of the digestive tract have only the first two layers.

3. Submucosa, composed of connective tissue that links the inner muscular layer to the

mucosa and contains the nerves, blood and lymph vessels.

4. Mucosa is the extensively folded innermost layer filled with connective tissue and

covered in gastric glands that may be simple or branched tubular, and secret mucus,

hydrochloric acid, pepsinogen and renin. The mucus lubricates the food and also

prevents hydrochloric acid from acting on the walls of the stomach.

 Small intestine: After being processed in the stomach, food is passed to the small intestine via

the pyloric sphincter. The majority of digestion and absorption occurs here after the milky

chyme enters the duodenum. Here it is further mixed with three different liquids:

1. Bile, which emulsifies fats to allow absorption, neutralizes the chyme and is used to

excrete waste products such as bilin and bile acids.
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2. Pancreatic juice made by the pancreas.

3. Intestinal enzymes of the alkaline mucosal membranes. The enzymes include maltase,

lactase and sucrase (all three of which process only sugars), trypsin and chymotrypsin.

As the pH level changes in the small intestines and gradually becomes basic, more

enzymes are activated further that chemically break down various nutrients into

smaller molecules to allow absorption into the circulatory or lymphatic systems.

Small, finger-like structures called villi, each of which is covered with even smaller

hair-like structures called microvilli improve the absorption of nutrients by increasing

the surface area of the intestine and enhancing speed at which nutrients are absorbed.

Blood containing the absorbed nutrients is carried away from the small intestine via

the hepatic portal vein and goes to the liver for filtering, removal of toxins, and

nutrient processing.

The small intestine and remainder of the digestive tract undergoes peristalsis to

transport food from the stomach to the rectum and allow food to be mixed with the

digestive juices and absorbed. The circular muscles and longitudinal muscles are

antagonistic muscles, with one contracting as the other relaxes. When the circular

muscles contract, the lumen becomes narrower and longer and the food is squeezed

and pushed forward. When the longitudinal muscles contract, the circular muscles

relax and the gut dilates to become wider and shorter to allow food to enter.

 Large intestine: After the food has been passed through the small intestine, the food enters the

large intestine. The large intestine is roughly 1.5 meters long, with three parts: the cecum at

the junction with the small intestine, the colon, and the rectum. The colon itself has four

parts: the ascending colon, the transverse colon, the descending colon, and the sigmoid colon.

The large intestine absorbs water from the bolus and stores feces until it can be egested. Food

products that cannot go through the villi, such as cellulose (dietary fiber), are mixed with

other waste products from the body and become hard and concentrated feces. The feces is

stored in the rectum for a certain period and then the stored feces is eliminated from the body

due to the contraction and relaxation through the anus. The exit of this waste material is

regulated by the anal sphincter.
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3. Fat digestion

The presence of fat in the small intestine produces hormones which stimulate the release of

lipase from the pancreas and bile from the gallbladder. The lipase (activated by acid) breaks

down the fat into monoglycerides and fatty acids. The bile emulsifies the fatty acids so they

may be easily absorbed.

Short- and some medium chain fatty acids are absorbed directly into the blood via intestine

capillaries and travel through the portal vein just as other absorbed nutrients do. However,

long chain fatty acids and some medium chain fatty acids are too large to be directly released

into the tiny intestinal capillaries. Instead they are absorbed into the fatty walls of the

intestine villi and reassembled again into triglycerides. The triglycerides are coated with

cholesterol and protein (protein coat) into a compound called a chylomicron.

Within the villi, the chylomicron enters a lymphatic capillary called a lacteal, which merges

into larger lymphatic vessels. It is transported via the lymphatic system and the thoracic duct

up to a location near the heart (where the arteries and veins are larger). The thoracic duct

empties the chylomicrons into the bloodstream via the left subclavian vein. At this point the

chylomicrons can transport the triglycerides to where they are needed.

3.1 Digestive hormones

There are at least four hormones that aid and regulate the digestive system:

1. Gastrin - is in the stomach and stimulates the gastric glands to secrete pepsinogen(an

inactive form of the enzyme pepsin) and hydrochloric acid. Secretion of gastrin is

stimulated by food arriving in stomach. The secretion is inhibited by low pH .

2. Secretin - is in the duodenum and signals the secretion of sodium bicarbonate in the

pancreas and it stimulates the bile secretion in the liver. This hormone responds to the

acidity of the chyme.

3. Cholecystokinin (CCK) - is in the duodenum and stimulates the release of digestive

enzymes in the pancreas and stimulates the emptying of bile in the gall bladder. This

hormone is secreted in response to fat in chyme.
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4. Gastric inhibitory peptide (GIP) - is in the duodenum and decreases the stomach

churning in turn slowing the emptying in the stomach. Another function is to induce

insulin secretion

In Section 5 of this course you will cover these topics:
Nutrition And Metabolism

The Urinary System

The Reproductive System

Development And Inheritance

Topic Objective:

At the end of this topic student would be able to:

 To Define eMetabolism

 To Learn about Key biochemicals

 To Learn about Catabolism

Definition/Overview:

Metabolism:Metabolism is the set of chemical reactions that occur in living organisms in

order to maintain life. These processes allow organisms to grow and reproduce, maintain

their structures, and respond to their environments. Metabolism is usually divided into two

categories. Catabolism breaks down organic matter, for example to harvest energy in cellular

respiration. Anabolism, on the other hand, uses energy to construct components of cells such

as proteins and nucleic acids.

Key Points:

1. Metabolism

Metabolism is the set of chemical reactions that occur in living organisms in order to

maintain life. These processes allow organisms to grow and reproduce, maintain their

structures, and respond to their environments. Metabolism is usually divided into two
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categories. Catabolism breaks down organic matter, for example to harvest energy in cellular

respiration. Anabolism, on the other hand, uses energy to construct components of cells such

as proteins and nucleic acids.

The chemical reactions of metabolism are organized into metabolic pathways, in which one

chemical is transformed into another by a sequence of enzymes. Enzymes are crucial to

metabolism because they allow organisms to drive desirable but thermodynamically

unfavorable reactions by coupling them to favorable ones, and because they act as catalysts to

allow these reactions to proceed quickly and efficiently. Enzymes also allow the regulation of

metabolic pathways in response to changes in the cell's environment or signals from other

cells.

The metabolism of an organism determines which substances it will find nutritious and which

it will find poisonous. For example, some prokaryotes use hydrogen sulfide as a nutrient, yet

this gas is poisonous to animals. The speed of metabolism, the metabolic rate, also influences

how much food an organism will require.

A striking feature of metabolism is the similarity of the basic metabolic pathways between

even vastly different species. For example, the set of carboxylic acids that are best known as

the intermediates in the citric acid cycle are present in all organisms, being found in species

as diverse as the unicellular bacteria Escherichia coli and huge multicellular organisms like

elephants. These striking similarities in metabolism are most likely the result of the high

efficiency of these pathways, and of their early appearance in evolutionary history.

2. Key biochemicals

[Fig 1: Structure of a triacylglycerol lipid]

Most of the structures that make up animals, plants and microbes are made from three basic

classes of molecule: amino acids, carbohydrates and lipids (often called fats). As these

molecules are vital for life, metabolism focuses on making these molecules, in the

construction of cells and tissues, or breaking them down and using them as a source of

energy, in the digestion and use of food. Many important biochemicals can be joined together

to make polymers such as DNA and proteins. These macromolecules are essential parts of all
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living organisms. Some of the most common biological polymers are listed in the table

below.

Type of

molecule

Name of monomer

forms
Name of polymer forms

Examples of polymer

forms

Amino acids Amino acids
Proteins (also called

polypeptides)

Fibrous proteins and

globular proteins

Carbohydrates Monosaccharides Polysaccharides
Starch, glycogen and

cellulose

Nucleic acids Nucleotides Polynucleotides DNA and RNA

[Table 1]

2.1 Amino acids and proteins

Proteins are made of amino acids arranged in a linear chain and joined together by

peptide bonds. Many proteins are the enzymes that catalyze the chemical reactions

in metabolism. Other proteins have structural or mechanical functions, such as the

proteins that form the cytoskeleton, a system of scaffolding that maintains the cell

shape. Proteins are also important in cell signaling, immune responses, cell

adhesion, active transport across membranes and the cell cycle.

2.2 Lipids

Lipids are the most diverse group of biochemicals. Their main structural uses are

as part of biological membranes such as the cell membrane, or as a source of

energy. Lipids are usually defined as hydrophobic or amphipathic biological

molecules that will dissolve in organic solvents such as benzene or chloroform.

The fats are a large group of compounds that contain fatty acids and glycerol; a

glycerol molecule attached to three fatty acid esters is a triacylglyceride. Several

variations on this basic structure exist, including alternate backbones such as

sphingosine in the sphingolipids, and hydrophilic groups such as phosphate in

phospholipids. Steroids such as cholesterol are another major class of lipids that

are made in cells.
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2.3 Carbohydrates

Carbohydrates are straight-chain aldehydes or ketones with many hydroxyl groups

that can exist as straight chains or rings. Carbohydrates are the most abundant

biological molecules, and fill numerous roles, such as the storage and transport of

energy (starch, glycogen) and structural components (cellulose in plants, chitin in

animals). The basic carbohydrate units are called monosaccharides and include

galactose, fructose, and most importantly glucose. Monosaccharides can be linked

together to form polysaccharides in almost limitless ways.

2.4 Nucleotides

The polymers DNA and RNA are long chains of nucleotides. These molecules are

critical for the storage and use of genetic information, through the processes of

transcription and protein biosynthesis. This information is protected by DNA

repair mechanisms and propagated through DNA replication. A few viruses have

an RNA genome, for example HIV, which uses reverse transcription to create a

DNA template from its viral RNA genome. RNA in ribozymes such as

spliceosomes and ribosomes is similar to enzymes as it can catalyze chemical

reactions. Individual nucleosides are made by attaching a nucleobase to a ribose

sugar. These bases are heterocyclic rings containing nitrogen, classified as purines

or pyrimidines. Nucleotides also act as coenzymes in metabolic group transfer

reactions.

2.5 Coenzymes

Metabolism involves a vast array of chemical reactions, but most fall under a few

basic types of reactions that involve the transfer of functional groups. This

common chemistry allows cells to use a small set of metabolic intermediates to

carry chemical groups between different reactions. These group-transfer

intermediates are called coenzymes. Each class of group-transfer reaction is

carried out by a particular coenzyme, which is the substrate for a set of enzymes
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that produce it, and a set of enzymes that consume it. These coenzymes are

therefore continuously being made, consumed and then recycled.

One central coenzyme is adenosine triphosphate (ATP), the universal energy

currency of cells. This nucleotide is used to transfer chemical energy between

different chemical reactions. There is only a small amount of ATP in cells, but as

it is continuously regenerated, the human body can use about its own weight in

ATP per day. ATP acts as a bridge between catabolism and anabolism, with

catabolic reactions generating ATP and anabolic reactions consuming it. It also

serves as a carrier of phosphate groups in phosphorylation reactions.

A vitamin is an organic compound needed in small quantities that cannot be made

in the cells. In human nutrition, most vitamins function as coenzymes after

modification; for example, all water-soluble vitamins are phosphorylated or are

coupled to nucleotides when they are used in cells. Nicotinamide adenine

dinucleotide (NADH), a derivative of vitamin B3 (niacin), is an important

coenzyme that acts as a hydrogen acceptor. Hundreds of separate types of

dehydrogenases remove electrons from their substrates and reduce NAD+ into

NADH. This reduced form of the coenzyme is then a substrate for any of the

reductases in the cell that need to reduce their substrates. Nicotinamide adenine

dinucleotide exists in two related forms in the cell, NADH and NADPH. The

NAD+/NADH form is more important in catabolic reactions, while

NADP+/NADPH is used in anabolic reactions.

2.6 Minerals and cofactors

Inorganic elements play critical roles in metabolism; some are abundant (e.g.

sodium and potassium) while others function at minute concentrations. About

99% of mammals' mass are the elements carbon, nitrogen, calcium, sodium,

chlorine, potassium, hydrogen, phosphorus, oxygen and sulfur. The organic

compounds (proteins, lipids and carbohydrates) contain the majority of the carbon

and nitrogen and most of the oxygen and hydrogen is present as water.

The abundant inorganic elements act as ionic electrolytes. The most important

ions are sodium, potassium, calcium, magnesium, chloride, phosphate, and the
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organic ion bicarbonate. The maintenance of precise gradients across cell

membranes maintains osmotic pressure and pH. Ions are also critical for nerves

and muscles, as action potentials in these tissues are produced by the exchange of

electrolytes between the extracellular fluid and the cytosol. Electrolytes enter and

leave cells through proteins in the cell membrane called ion channels. For

example, muscle contraction depends upon the movement of calcium, sodium and

potassium through ion channels in the cell membrane and T-tubules.

The transition metals are usually present as trace elements in organisms, with zinc

and iron being most abundant. These metals are used in some proteins as cofactors

and are essential for the activity of enzymes such as catalase and oxygen-carrier

proteins such as hemoglobin. These cofactors are bound tightly to a specific

protein; although enzyme cofactors can be modified during catalysis, cofactors

always return to their original state after catalysis has taken place. The metal

micronutrients are taken up into organisms by specific transporters and bound to

storage proteins such as ferritin or metallothionein when not being used.

3. Catabolism

Catabolism is the set of metabolic processes that break down large molecules. These include

breaking down and oxidising food molecules. The purpose of the catabolic reactions is to

provide the energy and components needed by anabolic reactions. The exact nature of these

catabolic reactions differ from organism to organism, with organic molecules being used as a

source of energy in organotrophs, while lithotrophs use inorganic substrates and phototrophs

capture sunlight as chemical energy. However, all these different forms of metabolism

depend on redox reactions that involve the transfer of electrons from reduced donor

molecules such as organic molecules, water, ammonia, hydrogen sulfide or ferrous ions to

acceptor molecules such as oxygen, nitrate or sulfate. In animals these reactions involve

complex organic molecules being broken down to simpler molecules, such as carbon dioxide

and water. In photosynthetic organisms such as plants and cyanobacteria, these electron-

transfer reactions do not release energy, but are used as a way of storing energy absorbed

from sunlight.

The most common set of catabolic reactions in animals can be separated into three main

stages. In the first, large organic molecules such as proteins, polysaccharides or lipids are
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digested into their smaller components outside cells. Next, these smaller molecules are taken

up by cells and converted to yet smaller molecules, usually acetyl coenzyme A (CoA), which

releases some energy. Finally, the acetyl group on the CoA is oxidised to water and carbon

dioxide in the citric acid cycle and electron transport chain, releasing the energy that is stored

by reducing the coenzyme nicotinamide adenine dinucleotide (NAD+) into NADH.

3.1 Digestion

Macromolecules such as starch, cellulose or proteins cannot be rapidly taken up

by cells and need to be broken into their smaller units before they can be used in

cell metabolism. Several common classes of enzymes digest these polymers.

These digestive enzymes include proteases that digest proteins into amino acids,

as well as glycoside hydrolases that digest polysaccharides into monosaccharides.

Microbes simply secrete digestive enzymes into their surroundings, while animals

only secrete these enzymes from specialized cells in their guts. The amino acids or

sugars released by these extracellular enzymes are then pumped into cells by

specific active transport proteins.

[Fig 1: A simplified outline of the catabolism of proteins, carbohydrates and fats]

3.2 Energy from organic compounds

Carbohydrate catabolism is the breakdown of carbohydrates into smaller units.

Carbohydrates are usually taken into cells once they have been digested into

monosaccharides. Once inside, the major route of breakdown is glycolysis, where

sugars such as glucose and fructose are converted into pyruvate and some ATP is

generated. Pyruvate is an intermediate in several metabolic pathways, but the

majority is converted to acetyl-CoA and fed into the citric acid cycle. Although

some more ATP is generated in the citric acid cycle, the most important product is

NADH, which is made from NAD+ as the acetyl-CoA is oxidized. This oxidation

releases carbon dioxide as a waste product. In anaerobic conditions, glycolysis

produces lactate, through the enzyme lactate dehydrogenase re-oxidizing NADH

to NAD+ for re-use in glycolysis. An alternative route for glucose breakdown is
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the pentose phosphate pathway, which reduces the coenzyme NADPH and

produces pentose sugars such as ribose, the sugar component of nucleic acids.

Fats are catabolised by hydrolysis to free fatty acids and glycerol. The glycerol

enters glycolysis and the fatty acids are broken down by beta oxidation to release

acetyl-CoA, which then is fed into the citric acid cycle. Fatty acids release more

energy upon oxidation than carbohydrates because carbohydrates contain more

oxygen in their structures.

Amino acids are either used to synthesize proteins and other biomolecules, or

oxidized to urea and carbon dioxide as a source of energy. The oxidation pathway

starts with the removal of the amino group by a transaminase. The amino group is

fed into the urea cycle, leaving a deaminated carbon skeleton in the form of a keto

acid. Several of these keto acids are intermediates in the citric acid cycle, for

example the deamination of glutamate formsα-ketoglutarate. The glucogenic

amino acids can also be converted into glucose, through gluconeogenesis

Topic Objective:

At the end of this topic student would be able to:

 To Learn about Physiology

 To Define Excretory system

 To Elaborate Kidney

 To Learn about Function

Definition/Overview:

Urinary system: The urinary system (also called excretory system or the genitourinary

system) is the organ system that produces, stores, and eliminates urine. In humans it includes

two kidneys, two ureters, the bladder, and the urethra. The analogous organ in invertebrates is

the nephridium.
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Key Points:

1. Physiology

1.1 Kidney

The kidneys are bean shaped organs, which lie in the abdomen, rump or

retroperitoneal to the organs of digestion, around or just below the ribcage and

close to the lumbar spine. The organ is about the size of a human fist and is

surrounded by what is called peri-nephric fat, and situated on the superior pole of

each kidney is an adrenal gland. The kidneys receive their blood supply of 1.25

L/min (25% of the cardiac output) from the renal arteries which are fed by the

Abdominal aorta. This is important because the kidneys' main role is to filter

water soluble waste products from the blood. The other attachment of the kidneys

are at their functional endpoints the ureters, which lies more medial and runs

down to the trigone of the bladder.

Functionally the kidney performs a number of tasks. In its role in the urinary

system it concentrates urine, plays a crucial role in regulating electrolytes, and

maintains acid-base homeostasis. The kidney excretes and re-absorbs electrolytes

(e.g. sodium, potassium and calcium) under the influence of local and systemic

hormones. pH balance is regulated by the excretion of bound acids and

ammonium ions. In addition, they remove urea, a nitrogenous waste product from

the metabolism of proteins from amino acids. The end point is a hyperosmolar

solution carrying waste for storage in the bladder prior to urination.

Humans produce about 2.9 liters of urine over 24 hours, although this amount may

vary according to circumstances. Because the rate of filtration at the kidney is

proportional to the glomerular filtration rate, which is in turn related to the blood

flow through the kidney, changes in body fluid status can affect kidney function.

Hormones exogenous and endogenous to the kidney alter the amount of blood

flowing through the glomerulus. Some medications interfere directly or indirectly

with urine production. Diuretics achieve this by altering the amount of absorbed

or excreted electrolytes or osmalites, which causes a diuresis.
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1.2 Bladder

In humans and other related organisms, the urinary bladder is a hollow muscular

organ shaped like a balloon, located in the retroperitoneally pelvis. The bladder

stores urine. The maximum that it can hold is one liter. It swells into a round

shape when it is full and gets smaller when empty. In the absence of bladder

disease, it can hold up to 300 ml of urine comfortably for two to five hours. The

epithelial tissue associated with the bladder is called transitional epithelium.

Normally the bladder is sterile.

Sphincters (circular muscles) regulate the flow of urine from the bladder. The

bladder itself has a muscular layer (detrusor muscle) that, when contracted,

increases pressure on the bladder and creates urinary flow.

Urination is a conscious process, generally initiated by stretch receptors in the

bladder wall which signal to the brain that the bladder is full. This is felt as an

urge to urinate. When urination is initiated, the sphincter relaxes and the detrusor

muscle contracts, producing urinary flow.

1.3 Urethra

The endpoint of the urinary system is the urethra. Typically the urethra in humans

is colonised by commensal bacteria below the external urethral sphincter. The

urethra emerges from the end of the penis in males and between the clitoris and

the vagina in females.

2. Excretory system

This system involves the kidneys and the liver which is not part of the system but creates

most of the excreted waist

The excretory system excretes wastes. It is responsible for the elimination of the nitrogeneous

waste products of metabolism as well as other non-useful nitrogeneous materials. Lungs are

two organs localized on each side of the thorax. They are constituted by pulmonary alveoli.

They are responsible for converting oxygen into carbon dioxide, but to maintain the

organism's cells can take the oxygen through passive diffusion from the bloodstream and use
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it in its own metabolism, thus every organism, from the smallest protist to the largest

mammal, must rid itself of the potentially harmful by-products of its own vital activities. This

process in living things is called elimination, which may be considered to encompass all of

the various mechanisms and processes by which life forms dispose of or throw off waste

products, toxic substances, and dead portions of the organism. The nature of the process and

of the specialized structures developed for waste complexity of the organism.

Four terms are commonly associated with waste-disposal processes and are often used

interchangeably, though not always correctly: excretion, secretion, egestion, and elimination.

The separation, elaboration, and elimination of certain products arising from cellular

functions in multi-cellular organisms is called secretion. Though these substances may be a

waste product of the cell producing them, they are frequently useful to other cells of the

organism. Examples of secretions are the digestive enzymes produced by intestinal and

pancreatic tissue cells of vertebrate animals, the hormones synthesized by specialized

glandular cells of plants and animals, and sweat secreted by glandular cells in the skins of

some mammals. Secretion implies that the chemical compounds being secreted were

synthesized by specialized cells and that they are of functional value to the organism. The

disposal of common waste products should not, therefore, be considered to be of a secretory

nature.

Egestion is the act of excreting unusable or undigested material from a cell, as in the case of

single-celled organisms, or from the digestive tract of multi-cellular organisms. As defined

above, elimination broadly defines the mechanisms of waste disposal by living systems at all

levels of complexity. The term may be used interchangeably with excretion. The waste then

travels to the anus and is released.

 Skin: The skin is another part of the excretory system, containing sweat that help regulate the

concentration in ones body while also keeping him or her cool. The salt helps evaporate the

water, cooling off the skin. Sweat is excreted through sweat glands. There are two types of

sweat glands: eccrine sweat glands and apocrine sweat glands. The basic purpose of skin is to

provide a waterproof, protective, covering for the body's complex internal environment. The

skin also plays a key role in helping to maintain the circulatory and nervous system.
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 Liver: The liver is an accessory of the digestive system. It usually weighs more than 1.5 kg

when fully matured. It also helps in excreting wastes from the body in a variety of processes.

Laboratory analysis reveals a high concentration of a small organelle called a peroxisome,

responsible for breakdown of several toxic substances. The liver absorbs drugs and other

poisonous substances in the blood. It changes the chemical structure of these substances and

are then excreted in the bile. The bile is secretion of the liver. It makes digestion of fats easier

and also carries away waste production.

 Kidney:The key organs in the excretory system of vertebrates are the kidneys. Please see

protonephridia system for Platyhelminthes, metanephridia for Annelida, or the Malpighian

tubes for Insects and terrestrial arthropods. The kidneys are placed on either side of the spinal

column near the lower back. They are responsible for removing nitrogenous wastes from the

blood and they also regulate blood pressure in a process called osmoregulation and also assist

with the production of red blood cells. The kidneys filter the blood and remove any wastes.

The kidney filters via its three layers of transport epithelia called the cortex, the medulla and

the pelvis. In the cortex and medulla there are nephrons. These nephrons comprise of a

glomerulus, a Bowman's Capsule, a proximal convoluted tubule, the descending and

ascending Loop of Henle, the distal convoluted tubule and collecting ducts. The collecting

ducts come together in the pelvis. When your body gets ready to pass waste products, it goes

through the kidneys and mixes with water and urine. Then, the aqueous waste travels into the

bladder. The tubes responsible for transport are known as ureters. The urea is stored in the

bladder until excretion is either imperative or convenient. This occurs in a well-known

process known as urination. When this happens, a tube called the urethra deposits the urine

somewhere outside of the body. It also produces bile.

3. Kidney

The kidneys are organs that have numerous biological roles. Their primary role is to maintain

the homeostatic balance of bodily fluids by filtering and secreting metabolites (such as urea)

and minerals from the blood and excreting them, along with water, as urine. Because the

kidneys are poised to sense plasma concentrations of ions such as sodium, potassium,

hydrogen, oxygen, and compounds such as amino acids, creatinine, bicarbonate, and glucose,

they are important regulators of blood pressure, glucose metabolism, and erythropoiesis (the

process by which red blood cells (erythrocytes) are produced). The medical field that studies

the kidneys and diseases of the kidney is called nephrology. The prefix nephro- meaning
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kidney is from the Ancient Greek word nephros (νεφρός); the adjective renal meaning related

to the kidney is from Latin rēnēs, meaning kidneys.

In humans, the kidneys are located in the posterior part of the abdominal cavity. There are

two, one on each side of the spine; the right kidney sits just below the diaphragm and

posterior to the liver, the left below the diaphragm and posterior to the spleen. Above each

kidney is an adrenal gland (also called the suprarenal gland). The asymmetry within the

abdominal cavity caused by the liver results in the right kidney being slightly lower than the

left one while the left kidney is located slightly more medial. The bulk of water re-absorption

in the vertebrate kidney takes place in the loop of Henle.

The kidneys are retroperitoneal and range from 9 to 13 cm in diameter; the left slightly larger

than the right. They are approximately at the vertebral level T12 to L3. The upper parts of the

kidneys are partially protected by the eleventh and twelfth ribs, and each whole kidney and

adrenal gland are surrounded by two layers of fat (the perirenal and pararenal fat) and the

renal fascia which help to cushion it. Congenital absence of one or both kidneys, known as

unilateral (on one side) or bilateral (on both the sides) renal agenesis, can occur. Renal

agenesis is also the base for the renal anal gland which helps the large intestine absorb water.

The kidneys receive unfiltered blood directly from the heart through the abdominal aorta

which then branches to the left and right renal arteries. Filtered blood then returns by the left

and right renal veins to the inferior vena cava and then the heart. Renal blood flow accounts

for 20-25% of the cardiac output.

4. Function

Blood Filtering: The blood enters the kidney through the renal artery in the renal sinus. It

branches into segmental arteries, which further divide into interlobar arteries penetrating the

renal capsule and extending through the renal columns between the renal pyramids. The

interlobar arteries then supply blood to the arcuate arteries that run through the boundary of

the cortex and the medulla. Each arcuate artery supply a variety of additional interlobar

arteries that feed into the afferent arterioles to be filtered through the nephrons. After

filtration occurs the blood moves through a small network of venules that converge into

interlobar veins. As with the arteriole distribution the veins follow the same pattern, the

interlobar provide blood to the arcuate veins then back to the interlobar veins which come to
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form the renal vein exiting the kidney for transfusion for blood. Blood filtering takes place in

the (nephron), which is found in the kidney.

Excretion of waste products:The kidneys excrete a variety of waste products produced by

metabolism, including the nitrogenous wastes: urea (from protein catabolism) and uric acid

(from nucleic acid metabolism) and water.

Homeostasis: The kidney is one of the major organs involved in whole-body homeostasis.

Among its homeostatic functions are acid-base balance, regulation of electrolyte

concentrations, control of blood volume, and regulation of blood pressure. The kidneys

accomplish these homeostatic functions independently and through coordination with other

organs, particularly those of the endocrine system. The kidney communicates with these

organs through hormones secreted into the bloodstream. .

Acid-base balance: The kidneys regulate the pH of blood by adjusting H+ ion levels, referred as

augmentation of mineral ion concentration, as well as water composition of the blood.

Blood pressure: Sodium ions are controlled in a homeostatic process involving aldosterone which

increases sodium ion reabsorption in the distal convoluted tubules.

Plasma volume: Any significant rise or drop in plasma osmolality is detected by the

hypothalamus, which communicates directly with the posterior pituitary gland. A rise in

osmolality causes the gland to secrete antidiuretic hormone, resulting in water reabsorption

by the kidney and an increase in urine concentration. The two factors work together to return

the plasma osmolality to its normal levels. ADH binds to principal cells in the collecting duct

that translocate aquaporins to the membrane allowing water to leave the normally

impermeable membrane and be reabsorbed into the body by the vasa recta, thus increasing

the plasma volume of the body. There are two systems that create a hyperosmotic medulla

and thus increase the body plasma volume: Urea recycling and the 'single effect.' Urea is

usually excreted as a waste product from the kidneys. However, when plasma blood volume

is low and ADH is released the aquaporins that are opened are also permeable to urea. This

allows urea to leave the collecting duct into the medulla creating a hyperosmotic solution that

'attracts' water. Urea can then re-enter the nephron and be excreted or recycled again
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depending on whether ADH is still present or not. The 'Single effect' describes the fact that

the ascending thick limb of the loop of Henle is not permeable to water but is permeable to

NaCl. This means that a countercurrent system is created whereby the medulla becomes

increasingly concentrated setting up a osmotic gradient for water to follow should the

aquaporins of the collecting duct be opened by ADH.

Hormone secretion: The kidneys secrete a variety of hormones. Erythropoietin is released in

response to low levels of O2 in the renal circulation. It stimulates erythrocyte production in

red bone marrow. Renin is involved in the regulation of aldosterone secretion by the renin-

angiotensin-aldosterone system. Calcitriol, the activated form of vitamin D, promotes the

absorption of Ca2+ from the blood and the excretion of PO32-. They both help to increase

Ca2+ levels[clarification needed

Topic Objective:

At the end of this topic student would be able to:

 To Define Reproduction

 To Learn about Asexual reproduction

 To Highlight Sexual reproduction

Definition/Overview:

Reproduction: Reproduction is the biological process by which new individual organisms

are produced. Reproduction is a fundamental feature of all known life; each individual

organism exists as the result of reproduction. The known methods of reproduction are broadly

grouped into two main types: sexual and asexual.

Key Points:

1. Reproduction

Reproduction is the biological process by which new individual organisms are produced.

Reproduction is a fundamental feature of all known life; each individual organism exists as

the result of reproduction. The known methods of reproduction are broadly grouped into two

main types: sexual and asexual.
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In asexual reproduction, an individual can reproduce without involvement with another

individual of that species. The division of a bacterial cell into two daughter cells is an

example of asexual reproduction. Asexual reproduction is not, however, limited to single-

celled organisms. Most plants have the ability to reproduce asexually.

Sexual reproduction requires the involvement of two individuals, typically one of each sex.

Normal human reproduction is a common example of sexual reproduction.

2. Asexual reproduction

Asexual reproduction is the process by which an organism creates a genetically-similar or

identical copy of itself without a contribution of genetic material from another individual.

Bacteria divide asexually via binary fission; viruses take control of host cells to produce more

viruses; Hydras (invertebrates of the order Hydroidea) and yeasts are able to reproduce by

budding. These organisms do not have different sexes, and they are capable of "splitting"

themselves into two or more individuals. Some 'asexual' species, like hydra and jellyfish, may

also reproduce sexually. For instance, most plants are capable of vegetative

reproductionreproduction without seeds or sporesbut can also reproduce sexually. Likewise,

bacteria may exchange genetic information by conjugation. Other ways of asexual

reproduction include parthogenesis, fragmentation and spore formation that involves only

mitosis. Parthenogenesis (from the Greek παρθένος parthenos, "virgin", + γένεσις genesis,

"creation") is the growth and development of embryo or seed without fertilization by a male.

Parthenogenesis occurs naturally in some species, including lower plants (where it is called

apomixis), invertebrates (e.g. water fleas, aphids, some bees and parasitic wasps), and

vertebrates (e.g. some reptiles, fish, and, very rarely, birds and sharks). It is sometimes also

used to describe reproduction modes in hermaphroditic species which can self-fertilize.

3. Sexual reproduction

Sexual reproduction is a biological process by which organisms create descendants that have

a combination of genetic material contributed from two (usually) different members of the

species. Each of two parent organisms contributes half of the offspring's genetic makeup by

creating haploid gametes. Most organisms form two different types of gametes. In these

anisogamous species, the two sexes are referred to as male (producing sperm or microspores)

and female (producing ova or megaspores). In isogamous species the gametes are similar or
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identical in form, but may have separable properties and then may be given other different

names. For example, in the green alga, Chlamydomonas reinhardtii, there are so-called "plus"

and "minus" gametes. A few types of organisms, such as ciliates, have more than two kinds

of gametes.

Most animals (including humans) and plants reproduce sexually. Sexually reproducing

organisms have two sets of genes for every trait (called alleles). Offspring inherit one allele

for each trait from each parent, thereby ensuring that offspring have a combination of the

parents' genes. Having two copies of every gene, only one of which is expressed, allows

deleterious alleles to be masked, an advantage believed to have led to the evolutionary

development of diploidy (Otto and Goldstein).

Allogamy: Allogamy is a term used in the field of biological reproduction describing the

fertilization of an ovum from one individual with the spermatozoa of another.

Autogamy: Self-fertilization (also known as autogamy) occurs in hermaphroditic organisms

where the two gametes fused in fertilization come from the same individual. They are bound

and all the cells merge to form one new gamete.

Mitosis and meiosis: Mitosis and meiosis are an integral part of cell division. Mitosis occurs in

somatic cells, while meiosis occurs in gametes.

Mitosis The resultant number of cells in mitosis is twice the number of original cells. The

number of chromosomes in the daughter cells is the same as that of the parent cell

Meiosis The resultant number of cells is four times the number of original cells. This results in

cells with half the number of chromosomes present in the parent cell. A diploid cell

duplicates itself, then undergoes two divisions (tetraploid to diploid to haploid), in the

process forming four haploid cells. This process occurs in two phases, meiosis I and meiosis

II

Topic Objective:

At the end of this topic student would be able to:

 To Define Features of inheritance
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 To Learn bout Molecular basis for inheritance

Definition/Overview:

The molecular basis for genes is deoxyribonucleic acid (DNA). DNA is composed of a chain

of nucleotides, of which there are four types: adenine (A), cytosine (C), guanine (G), and

thymine (T). Genetic information exists in the sequence of these nucleotides, and genes exist

as stretches of sequence along the DNA chain. Viruses are the only exception to this

rulesometimes viruses use the very similar molecule RNA instead of DNA as their genetic

material.

Key Points:

1. Features of inheritance

1.1 Discrete inheritance and Mendel's laws

At its most fundamental level, inheritance in organisms occurs by means of

discrete traits, called genes. This property was first observed by Gregor Mendel,

who studied the segregation of heritable traits in pea plants. In his experiments

studying the trait for flower color, Mendel observed that the flowers of each pea

plant were either purple or white - and never an intermediate between the two

colors. These different, discrete versions of the same gene are called alleles.

In the case of pea plants, each organism has two alleles of each gene, and the

plants inherit one allele from each parent. Many organisms, including humans,

have this pattern of inheritance. Organisms with two copies of the same allele of a

given gene are called homozygous at that gene, while organisms with two

different alleles of a given gene are called heterozygous at that gene.

The set of alleles for a given organism is called its genotype, while the observable

traits of the organism are called its phenotype. When organisms are heterozygous

at a gene, often one allele is called dominant as its qualities dominate the

phenotype of the organism, while the other allele is called recessive as its qualities

recede and are not observed. Some alleles do not have complete dominance and
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instead have incomplete dominance by expressing an intermediate phenotype, or

codominance by expressing both alleles at once.

When a pair of organisms reproduce sexually, their offspring randomly inherit one

of the two alleles from each parent. These observations of discrete inheritance and

the segregation of alleles are collectively known as Mendel's first law or the Law

of Segregation.

1.2 Notation and diagrams

Geneticists use diagrams and symbols to describe inheritance. A gene is

represented by a letter (or letters)the capitalized letter represents the dominant

allele and the recessive is represented by lowercase. Often a "+" symbol is used to

mark the usual, non-mutant allele for a gene.

In fertilization and breeding experiments (and especially when discussing

Mendel's laws) the parents are referred to as the "P" generation and the offspring

as the "F1" (first filial) generation. When the F1 offspring mate with each other,

the offspring are called the "F2" (second filial) generation. One of the common

diagrams used to predict the result of cross-breeding is the Punnett square.

When studying human genetic diseases, geneticists often use pedigree charts to

represent the inheritance of traits. These charts map the inheritance of a trait in a

family tree.

1.3 Interactions of multiple genes

Organisms have thousands of genes, and in sexually reproducing organisms

assortment of these genes are generally independent of each other. This means

that the inheritance of an allele for yellow or green pea color is unrelated to the

inheritance of alleles for white or purple flowers. This phenomenon, known as

"Mendel's second law" or the "Law of independent assortment", means that the

alleles of different genes get shuffled between parents to form offspring with

many different combinations.(Some genes do not assort independently,

demonstrating genetic linkage, a topic discussed later in this article.)
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Often different genes can interact in a way that influences the same trait. In the

Blue-eyed Mary (Omphalodes verna), for example, there exists a gene with alleles

that determine the color of flowers: blue or magenta. Another gene, however,

controls whether the flowers have color at all: color or white. When a plant has

two copies of this white allele, its flowers are white - regardless of whether the

first gene has blue or magenta alleles. This interaction between genes is called

epistasis, with the second gene epistatic to the first.

Many traits are not discrete features (eg. purple or white flowers) but are instead

continuous features (eg. human height and skin color). These complex traits are

the product of many genes. The influence of these genes is mediated, to varying

degrees, by the environment an organism has experienced. The degree to which an

organism's genes contribute to a complex trait is called heritability. Measurement

of the heritability of a trait is relative - in a more variable environment, the

environment has a bigger influence on the total variation of the trait. For example,

human height is a complex trait with a heritability of 89% in the United States. In

Nigeria, however, where people experience a more variable access to good

nutrition and health care, height has a heritability of only 62%.

2. Molecular basis for inheritance

2.1 DNA and chromosomes

The molecular basis for genes is deoxyribonucleic acid (DNA). DNA is composed

of a chain of nucleotides, of which there are four types: adenine (A), cytosine (C),

guanine (G), and thymine (T). Genetic information exists in the sequence of these

nucleotides, and genes exist as stretches of sequence along the DNA chain.

Viruses are the only exception to this rulesometimes viruses use the very similar

molecule RNA instead of DNA as their genetic material.

DNA normally exists as a double-stranded molecule, coiled into the shape of a

double-helix. Each nucleotide in DNA preferentially pairs with its partner

nucleotide on the opposite strand: A pairs with T, and C pairs with G. Thus, in its

two-stranded form, each strand effectively contains all necessary information,

redundant with its partner strand. This structure of DNA is the physical basis for
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inheritance: DNA replication duplicates the genetic information by splitting the

strands and using each strand as a template for synthesis of a new partner strand.

Genes are arranged linearly along long chains of DNA sequence, called

chromosomes. In bacteria, each cell has a single circular chromosome, while a

eukaryotic organism (which includes plants and animals) have their DNA

arranged in multiple linear chromosomes. These DNA strands are often extremely

long; the largest human chromosome, for example, is about 247 million base pairs

in length. The DNA of a chromosome is associated with structural proteins that

organize, compact, and control access to the DNA, forming a material called

chromatin; in eukaryotes, chromatin is usually composed of nucleosomes,

repeating units of DNA wound around a core of histone proteins. The full set of

hereditary material in an organism (usually the combined DNA sequences of all

chromosomes) is called the genome.

While haploid organisms have only one copy of each chromosome, most animals

and many plants are diploid, containing two of each chromosome and thus two

copies of every gene. The two alleles for a gene are located on identical loci of

sister chromatids, each allele inherited from a different parent.

An exception exists in the sex chromosomes, specialized chromosomes many

animals have evolved that play a role in determining the sex of an organism. In

humans and other mammals, the Y chromosome has very few genes and triggers

the development of male sexual characteristics, while the X chromosome is

similar to the other chromosomes and contains many genes unrelated to sex

determination. Females have two copies of the X chromosome, but males have

one Y and only one X chromosome - this difference in X chromosome copy

numbers leads to the unusual inheritance patterns of sex-linked disorders.

2.2 Reproduction

When cells divide, their full genome is copied and each daughter cell inherits one

copy. This process, called mitosis, is the simplest form of reproduction and is the

basis for asexual reproduction. Asexual reproduction can also occur in multi-
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cellular organisms, producing offspring that inherit their genome from a single

parent. Offspring that are genetically identical to their parents are called clones.

Eukaryotic organisms often use sexual reproduction to generate offspring that

contain a mixture of genetic material inherited from two different parents. The

process of sexual reproduction alternates between forms that contain single copies

of the genome (haploid) and double copies (diploid). Haploid cells fuse and

combine genetic material to create a diploid cell with paired chromosomes.

Diploid organisms form haploids by dividing, without replicating their DNA, to

create daughter cells that randomly inherit one of each pair of chromosomes. Most

animals and many plants are diploid for most of their lifespan, with the haploid

form reduced to single cell gametes.

2.3 Recombination and linkage

Although they do not use the haploid/diploid method of sexual reproduction,

bacteria have many methods of acquiring new genetic information. Some bacteria

can undergo conjugation, transferring a small circular piece of DNA to another

bacterium. Bacteria can also take up raw DNA fragments found in the

environment and integrate them into their genome, a phenomenon known as

transformation. These processes result in horizontal gene transfer, transmitting

fragments of genetic information between organisms that would be otherwise

unrelated.

The diploid nature of chromosomes allows for genes on different chromosomes to

assort independently during sexual reproduction, recombining to form new

combinations of genes. Genes on the same chromosome would theoretically never

recombine, however, were it not for the process of chromosomal crossover.

During crossover, chromosomes exchange stretches of DNA, effectively shuffling

the gene alleles between the chromosomes. This process of chromosomal

crossover generally occurs during meiosis, a series of cell divisions that creates

haploid cells.

The probability of chromosomal crossover occurring between two given points on the

chromosome is related to the distance between the points. For an arbitrarily long distance, the
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probability of crossover is high enough that the inheritance of the genes is effectively

uncorrelated. For genes that are closer together, however, the lower probability of crossover

means that the genes demonstrate genetic linkage - alleles for the two genes tend to be

inherited together. The amounts of linkage between a series of genes can be combined to

form a linear linkage map that roughly describes the arrangement of the genes
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