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Introduction to Anatomy & Physiology  

 

Anatomy is the study of the structures of the body and the relationship of its parts e.g. 

bones and organs.   

Physiology is the study of the functions of the body. It looks at how the body works e.g. 

how blood is pumped around the body.   

Pathology is the study of the diseases of the body; it looks at what can go wrong in the 

body.    

 

        

Chapter 1 

The Organisation of the Body  

 

 

Anatomical position and directional terms 

In order to describe body parts and positions correctly, the medical community has 
developed a set of anatomical positions and directional terms widely used in the 
healthcare industry. 

The anatomical reference point is a standard body position called the anatomical 
position. In the anatomical position, the body is erect, the palms of the hand face 
forward, the thumbs point away from the body, and the feet are slightly apart. It’s 
important to understand the anatomical position because most directional terms are 
based off it. 
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Orientation and directional terms 

Directional terms allow us to explain where one body part is when compared to 
another. 

• Superior (cranial)– toward the head or upper part of the body; above 
• Inferior (caudal)– away from the head or toward the lower part of the 

body; below 
• Anterior – to the front of the body 
• Posterior – to the back of the body 
• Ventral (anterior)– toward or at the front of the body; in front of 
• Dorsal (posterior)– toward or at the back of the body; behind 
• Medial– toward or at the midline of the body 
• Lateral– away from the midline of the body 
• Intermediate– between a medial and lateral position 
• Proximal– closer to the origin of the body part or point of attachment of a 

limb to the body trunk 
• Distal– away from the origin of a body part or point of attachment of a limb 

to the body trunk 
• Superficial (external)– toward or at the body surface 
• Deep (internal)– away from the body surface 
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Regional Terms 

The two main divisions of the body are its axial and appendicular parts. The axial 

part makes up the main axis of the body and includes the head, neck, and trunk. 

The appendicular part consists of the limbs (appendages) attached to the body’s 

axis 
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Dividing the body   

For anatomical purposes, the body is often sectioned by body planes. These are: 

 

 

➢ The sagittal plane divides the body into left and right.  

➢ The coronal plane or frontal plane (vertical) divides the body into dorsal and 

ventral (back and front, or posterior and anterior) portions.  

➢ The transverse plane or axial plane (lateral, horizontal) divides the body into 

cranial and caudal (head and tail) portions. 

 

The image below shows how the body is cut into planes:  
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Quadrants  

These are imaginary lines that specifically divide the abdominopelvic cavity into  

four. This makes it easier to locate the organs found in this large cavity.    

We define the quadrants by drawing an imaginary line vertically (top to bottom) 

and horizontally (sideways) though the umbilicus (belly button).  

The diagram below clearly marks out each quadrant and its contents. 
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Body Cavities 

Humans have four body cavities:  

(1) the dorsal body cavity that encloses the brain and spinal cord 

(2) the thoracic cavity that encloses the heart and lungs 

(3) the abdominal cavity that encloses most of the digestive organs and kidneys 

(4) the pelvic cavity that encloses the bladder and reproductive organs. 
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Chemical Organisation of the Body 

Homeostasis (balance)  

Homeostasis is the state where a body’s internal environment remains relatively 

constant within certain limits. Each system in the body should function to maintain 

a constant internal environment for each cell to survive. Some factors have to be 

kept within certain limits to keep this consistency:  

 

• Temperature  

• Water concentration (PH acidity/ alkalinity) 

• Glucose levels  

• Oxygen and carbon dioxide levels  

• Blood pressure  

 

This is done through communication systems within the body that detect changes in 

the environment, and through feedback mechanisms.   

 

 

Survival Needs of the Body      Systems involved  

Internal transportation  Circulatory & Lymphatic System  

Communication to outside the body  Nervous System; Special senses;  

Respiratory; skeletal; muscular; joints  

Communication within the body  Nervous system; Endocrine system  

Intake of food  Digestive system  

Intake of Oxygen  Respiratory system  

Elimination of Waste  Respiratory; Urinary; Digestive; Skin  

Protection against external  Skin; membranes lining open passages  

Movement in external environment  Skeletal; muscular; joints; nervous; 

special senses  

Reproduction  Male and female reproductive organs; 

Hormones  
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Levels of Structural Organisation of the body 

 
 

 

 

Chemical level:    

The body is made up of tiny building blocks called atoms. They are the smallest unit 

of matter. Atoms such as carbon, hydrogen and oxygen are responsible for 

maintaining life and combine to form molecules such as fats, proteins and 

carbohydrates. These molecules then combine to form cells.   
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Cellular Level 

Cells are the basic structural and functional unit of the body.  There are many 

different types of cells and they all have very specific functions e.g. there are nerve 

cells and blood cells. Cells then combine to form tissues.  

Tissue level:   

Tissues are groups of cells and the materials surrounding them.  There are four 

tissue types which perform particular functions. These types are epithelial, muscular, 

connective and nervous tissue.  Two or more different types of tissue combine to 

form organs.   

Organ level  

Organs have very specific functions and recognisable shapes e.g. the heart, liver, 

stomach and lungs.  Organs that share a common function combine to form 

systems. 

Organ System level:   

Systems are composed of related organs and they perform a particular function e.g. 

the digestive system is composed of organs such as the stomach, liver, pancreas,  

small and large intestines. Its function is to break down and digest food; finally, 

systems combine to form the organism.   

Organismal level:   

An organism is a living person  

  

 

Chemical organisation of the body  

Atoms and elements:   

All living and non-living things consist of matter and the smallest units of matter is 

the atom.  Atoms combine to form either elements or compounds.  Elements such as 

oxygen, hydrogen and carbon are composed of only one type of atom.  They cannot 

be broken down into smaller substances by ordinary chemical methods.   

 

Compounds on the other hand, are made of different elements combined in specific 

proportions e.g.  water, which is made up of the elements hydrogen and oxygen.  
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There are several ways to consider the composition of the human body, including 
the elements, type of molecule, or type of cells. Most of the human body is made up 
of water, H2O, with bone cells being comprised of 31% water and the lungs 83%. 

Therefore, it isn't surprising that most of a human body's mass is oxygen.  

Carbon, the basic unit for organic molecules, comes in second.  

There are 92 naturally occurring elements.  

96.2% of the mass of the human body is made up of just four elements:  

➢ Oxygen - (O) - 65% - Oxygen together with hydrogen form water, which is 

the primary solvent found in the body and is used to regulate temperature 

and osmotic pressure. Oxygen is found in many key organic compounds. 

 

➢ Carbon - (C) - 18.5% - Carbon has four bonding sites for other atoms, which   
makes it the key atom for organic chemistry. Carbon chains are used to build 
carbohydrates, fats, nucleic acids, and proteins. Breaking bonds with carbon is an 
energy source. 

 

https://www.thoughtco.com/what-is-a-chemical-element-604297
https://www.thoughtco.com/chemical-composition-of-the-human-body-603995
https://www.thoughtco.com/types-of-cells-in-the-body-373388
https://www.thoughtco.com/elements-in-the-human-body-4050823
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➢ Hydrogen (H) - 9.5% - Hydrogen is found in water and in all organic 
molecules. 

 

➢ Nitrogen - (N) - 3.2% - Nitrogen is found in proteins and in the nucleic acids  
   

  

 

 

There are 9 lesser elements in  the  body  which  make  up  3.9%  of  the  

body’s  mass.  They are:  

 

Calcium Found in bones and teeth. It is also necessary for muscle 

contraction, nerve transmission, release of hormones and blood 

clotting.    

 

 

Phosophorous 

 

Found in bones and teeth as well as in nucleic acids and many 

proteins.  It also forms part of the ATP.    

 

 

Potassium Necessary for many chemical reactions within the cell.  It is 

also important for nerve impulses and muscle contraction.  

 

 

Sulphur 

 

A component of some vitamins and many proteins  

 

Sodium 

 

Necessary for many chemical reactions in the extracellular fluid 

(fluid outside of the cell). 

It also plays a role in water balance, nerve impulses and 

muscle contraction 

 

Chlorine 

 

Necessary for many chemical reactions in the extracellular fluid  

 

Magnesium 

 

A cofactor in more than 300 enzyme systems that regulate 

diverse biochemical reactions in the body, including protein 

synthesis, muscle and nerve function, blood glucose control, 

and blood pressure regulation  

 

Iodine Necessary for thyroid hormones. 
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Iron A component of the haemoglobin molecule which transports 

oxygen with the red blood cells.     

 

 

 

 

 

 

Nutrients  

Food provides a range of different nutrients. Some nutrients provide energy, while 

others are essential for growth and maintenance of the body.   

  

Carbohydrate, protein and fat are macronutrients that we need to eat in relatively 

large amounts in the diet as they provide our bodies with energy and are also the 

building blocks for growth and maintenance of a healthy body.  

 

Vitamins and minerals are micronutrients which are only needed in small amounts, 

but are essential to keep us healthy.  

 

Vitamins  
A vitamin is an organic molecule that is an essential micronutrient which an 
organism needs in small quantities for the proper functioning of its metabolism. 
Essential nutrients cannot be synthesized in the organism, either at all or not in 
sufficient quantities, and therefore must be obtained through the diet. 
 
There are two types of vitamins: fat soluble and water soluble. ... Vitamins A, D, 
E, and K are all fat-soluble vitamins. Water-soluble vitamins are different. When you 
eat foods that have water-soluble vitamins, the vitamins don't get stored as much in 
your body. 
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Minerals  

Minerals are needed for the proper composition of body fluids, including blood, and 

for the proper composition of tissues, bone, teeth, muscles and nerves. Minerals 

also play a significant role in maintaining healthy nerve function, the regulation of 

muscle tone, and supporting a healthy cardiovascular system 

 

There are two kinds of minerals: macrominerals and trace minerals. 

 

You need larger amounts of macrominerals - essential minerals needed daily. They 

include calcium, phosphorus, magnesium, sodium, potassium, chloride and sulfur.  
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You only need small amounts of trace minerals - iron, zinc, copper, fluoride, iodine, 

selenium, cobalt, molybdenum, manganese.   

 

 

Essential fatty acids (EFAs):   

Essential fatty acids, or EFAs, are fatty acids that humans and other animals must 

ingest because the body requires them for good health but cannot synthesize them. 

The term "essential fatty acid" refers to fatty acids required for biological processes 

but does not include the fats that only act as fuel.  

 

Free radicals: 

Free radicals are molecules with unpaired electrons. They rob other cells of 

electrons, causing damage and contributing to many diseases. 

The body is under constant attack from oxidative stress. Oxygen in the body splits 
into single atoms with unpaired electrons. Electrons like to be in pairs, so these 
atoms, called free radicals, scavenge the body to seek out other electrons so they 
can become a pair. This causes damage to cells, proteins and DNA.  

Free radicals are associated with human disease, including cancer, atherosclerosis, 
Alzheimer's disease, Parkinson's disease and also ageing. Substances that generate 
free radicals can be found in the food we eat, the medicines we take, the air we 
breathe and the water we drink.  

Antioxidants:  

Antioxidants are substances that can prevent or slow damage to cells caused by free 

radicals, unstable molecules that the body produces as a reaction to environmental 

and other pressures. They are sometimes called “free-radical scavengers.” The 

sources of antioxidants can be natural or artificial. They include vitamin E, C and 

beta-carotene; and the minerals selenium, zinc, manganese and copper.    
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The Cell  

The cell is the basic unit of life. They are the building blocks of the human body. 

They exist in many different shapes and sizes and depending on where they are in 

the body, have many different functions. As previously discussed all cells are 

made up of water, carbon, oxygen, hydrogen and nitrogen.   

 

The Cell diagram 

 

 
 

 

 

 

When learning about cells we learn from the ‘Basic Structure’ model. In this model 

we see that cells are made up of many different components called organelles. 

These are:  

 

- Cell membrane      - Cytoplasm  

- Nucleus        - Nucleolus  

- Ribosomes                  - Mitochondria         

- Centrioles                  - Lysosomes  

- Vacuole        - Endoplasmic Reticulum  

- Golgi Body                 - Cilia  

- Microvilli  
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Each of these organelles has their own structure and function 

 

CELL MEMBRANE  
This acts as a protective skin and contains all the contents 
of the cell. Importantly, the membrane controls the flow of 
nutrients and substances in and out of the cell. 

CYTOPLASM 
All the cellular contents between the cell membrane and 
nucleus. It is a jelly-like fluid made up of two components; 
organelles and cytosol. 

ORGANELLES 
Numerous specialised structures, each having a specialised 
shape and function within the cell. 

NUCLEUS 

This is a specialised organelle which controls the cell. The 
nucleus has two main functions: it contains the DNA of the 
cell, and it also controls the cell’s activities including growth 
and reproduction. 

GOLGI COMPLEX 
An organelle that receives protein from the rough 
endoplasmic reticulum and repackages it for release at the 
cell membrane. 

MITOCHONDRIA 
The cells powerhouse; this organelle converts fats and 
sugars into energy in the form of Adenosine TriPhosphate 
(ATP). 

NUCLEOLUS 
This is a structure in the nucleus that plays an important 
part in ribosome production. 

LYSOSOME 

These contain digestive enzymes, this is where the 
digestion of the cell nutrients takes place. They also 
dispose of other unwanted substances and any other worn 
out organelles. 

RIBOSOMES 
These are responsible for assembling the proteins of the 
cell. 

ROUGH ENDOPLASMIC 
RECTICULUM 

An organelle that assists in transportation of materials 
through the cell and plays an important role in protein 
manufacture alongside ribosomes. 

SMOOTH 
ENDOPLASMIC 
RECTICULUM 

An organelle that assists in transportation of materials 
through the cell and breaks down toxins and fats. 

VESICLE 
An organelle that secretes cellular substances sited at the 
cell membrane. 
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Some different types of cells 

 
 

 

Other cell structures to note: 

Protoplasm  

The protoplasm is the gel-like fluid found within the cell. It is made up of water 

and dissolved substances like gases, glucose, waste, salts & hormones. The 

protoplasm that suspends the organelles in the cell is called cytoplasm. The 

protoplasm found within the nucleus is called the nucleoplasm.   

  

DNA-Deoxyribonucleic acid  

Complex structure  

Molecule structure- double helix  

Knot is chromosome (46= 23 pairs)  

Chromosome= gene  

Gene = genetic code for one protein  

Protein (nitrogen + various fats)= building block for cells   

  
  



 

21 

 

 

Centrioles  

There are always 2 centrioles found together in a dense area of the cytoplasm 

close to the nucleus. They are rod-like structures that lie at right angles to each 

other. They are essential for cell division (see mitosis).  

 

 

Vacuole:   

Empty bodies within the cytoplasm that collect debris and unwanted particles 

within the cell. They can fuse with lysosomes to eliminate waste from cells.   

 

 

Cilia  

Some cells possess cilia, or hair-like projections on their surface. The cells lining 

the nose and lung passageways are a good example of this. These cilia beat like 

tiny fins to trap dust, bacteria and viruses and push them out of the body. 

Smokers have a greater chance of infections. This is because the toxins in 

tobacco smoke stop the cilia beating, allowing infections and bacteria an easier 

route in to the body.  

 

Microvilli  

Some cells have finger-like projections called microvilli all over the cell surface. 

These are designed to increase the available surface area for absorption. Cells in 

the intestinal surface layers typically have lots of microvilli.  
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Movement across the Cell Membrane  

  

When substances need to enter or exit the cell, it does so via the semi-permeable 

membrane. This can happen in 5 ways:  

  

• Diffusion – this is the movement of gases such as carbon dioxide and 

oxygen across the semipermeable membrane from a region of high 

concentration to an area of low concentration. For example, then work is 

being done inside the cell, lots of waste carbon dioxide is building up inside. 

So, it passes by diffusion from inside the cell where its concentration is 

high, to outside the cells where its concentration is low.   

• Osmosis – this is the movement of water across a semi-permeable 

membrane from a region of high concentration to a region of low 

concentration until both sides are equal.   

• Dissolution – this method is used by substances that are able to 

dissolve in through the cell membrane. This is possible due to the 

understanding that ‘Like dissolves Like’. Fats molecules can merge with 

the lipids in the cell membrane and pass from one side to the other.  

• Active Transport – this method is used for large substances that are not 

water, a gas or dissolvable fats. Active means that energy is required for 

this to occur. Glucose molecules for example, will attach itself onto a 

carrier protein in the cell membrane and this will ‘transport’ the glucose 

across the membrane.   

• Filtration – this process occurs in the presence of high pressure. In the 

kidneys, the liquid blood is filtered under high pressure, to extract waste 

from it and to eliminate this waste in the form of urine.   

 

Functions / Characteristics of the Cell  

Cells have many functions that help them to survive.  

• Respiration – we take in oxygen into our lungs during breathing and expel 

carbon dioxide as waste. This is essential for us to survive. Cells too must 

take in oxygen and use it to create energy and to carry out work 

(metabolism). Products of respiration are carbon dioxide, water, heat and 

energy (ATP).  

• Metabolism – this is the term to describe all the chemical reactions and 

physiological processes that occur in a cell which are necessary for life and 

include the activities of nutrition, respiration, excretion, movement, growth, 

repair and reproduction.     

• Excretion – cells must get rid of any waste produced from metabolism. 

The waste such as carbon dioxide, urea, is passed to outside the cell via 

the cell membrane.  

• Movement – whole cells can move (white blood cells) or parts of cells can 

move (cilia)  

• Sensitivity – cells can respond to stimuli (physical, chemical or thermal)  

• Reproduction – when human body cells have grown to their full capacity, 

they divide and reproduce by the process of mitosis.   
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Cell Reproduction  

From conception through to maturity normal human body cells reproduce many 

times to allow repair and growth of the body. The process by which this is done is 

called mitosis.   

 

 

Mitosis is the process of cell division or reproduction which after a series of 

changes within the cell, it produces 2 new ‘daughter cells’. Each new ‘daughter 

cell’ contains 46 chromosomes.  

 

It occurs over 4 stages – Prophase, Metaphase, Anaphase, Telophase. Mitosis 

occurs in human tissue like hair and skin.  
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1. Interphase:   

➢ Rest Stage where the cell is living but not dividing. 

➢ DNA and all organelles are duplicating during this stage.  

 

2. Prophase  

➢ The first stage of cell division in both mitosis and meiosis 

➢ Chromatin condenses into visible chromosomes. Each chromosome is made 

up of 2 threads of chromatin joined together by a centromere.  

➢ The centrosome divides into 2 centrioles.  

➢ The 2 centrioles begin to move away from each other  

➢ The nudeolus disappears  

➢ The nuclear membrane begins to break down.  
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3. Metaphase  

➢ The nuclear membrane has completely disappeared.  

➢ Both centrioles have reached either 'pole' of the cell (north & south).  

➢ The chromosomes have aligned themselves along the equator of the cell.  

➢ Spindle fibres from the centrioles are attached onto the centromere of the 

chromosomes.  

➢ At the end of this stage, the spindle fibres begin to contract and start to pull 

the sister chromatids (chromosomes) apart.  

 

4. Anaphase  

➢ The spindle fibres contract completely and pull the sister chromatids apart.  

➢ Each half is pulled to either pole of the cell.  

➢ At the end the cell membrane begins to constrict in the middle along the 

equator and the spindle fibres arrange themselves to form new 

centrosomes.  

 

5. Telophase  

➢ A new nuclear membrane forms around the group of chromosomes.  

➢ Centrioles replicate.  

➢ Nucleoli reappears.  

➢ Cell membrane constricts completely to form 2 new daughter cells, each 

identical to the original parent cell (with 46 chromosomes).  

  

  

Meiosis is a special form of cell division that occurs only in the testes and ovaries 

and results in the formation of sperm and ova. It is a process of cell division 

whereby 4 daughter cells are produced, each with half the number of 

chromosomes of the original cells (23 chromosomes).  When cells in some areas 

of the body reproduce without control, a tumour may develop, which is the area 

of excess tissue growth. These can be benign or malignant.  

 

 

 

Introduction to Tissues of the Body  

Different cells of the body group together according to their size, shape and 

function to perform specialised functions. These groups of cells are now called 

tissues and there are 4 main groups of tissues found in the human body:  

 

• Epithelial  

• Connective  

• Muscle  

• Nervous  

 

Let’s discuss these: 
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Epithelial tissue 

The main function of epithelial tissue is to protect underlying structures and 

secrete & absorb substances. This type of tissue is found lining hollow structures 

and also found covering internal and external surfaces of the body. This tissue 

reproduces very rapidly. 

Continuous sheets of cells are held together tightly and is attached to underlying 

connective tissue by a basement membrane.   

  

There are 2 categories of epithelial tissue:  

  

➢ Simple tissue - only one layer of cells, meaning it is quite delicate and is found 
in areas that are not at high risk.   

➢ Compound - many layers of cells  

  

SIMPLE 

There are 4 sub-groups found within simple epithelial tissue:  

 

IMAGE SHAPE LOCATION FUNCTION 

 

Squamous. 
Single layer of 
flat cells with 
a centrally 
located 
nucleus. 

They form the 
lining of cavities 
such as the 
mouth, blood 
vessels, heart 
and lungs and 
make up the 
outer layers of 
the skin. 

They protect 
underlying tissue 
from mechanical 
injury and from 
excessive loss of 
water. 

 

Cuboidal. 
Single layer of 
cube –shaped 
cells with a 
centrally 
located 
nucleus. 

Cuboidal 
epithelium is 
found in glands 
and in the lining 
of the kidney 
tubules as well 
as in the ducts 
of the glands. 

In glands, 
epithelial tissue is 
specialised to 
secrete specific 
chemical 
substances such 
as enzymes, 
hormones and 
lubricating fluids. 

 

Columnar. 
Single layer of 
rectangular 
cells with the 
nucleus 
situated at the 
base of the 
cell. 

Columnar 
epithelium forms 
the lining of the 
stomach and 
intestines. 

In glands, 
epithelial tissue is 
specialised to 
secrete specific 
chemical 
substances such 
as enzymes, 
hormones and 
lubricating fluids. 
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Ciliated. 
Single layer of 
ciliated 
rectangular 
cells with the 
nucleus 
situated at the 
base of the 
cell. 

Ciliated 
epithelium is 
usually found in 
the air passages 
like the nose. It 
is also found in 
the uterus and 
Fallopian tubes 
of females. 

Ciliated 
epithelium assists 
in removing dust 
particles and 
foreign bodies 
which have 
entered the air 
passages. Also 
the movement of 
the cilia propel 
the ovum to the 
uterus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Types of Epithelial Tissue 

Epithelial cells are classified according to the number of cell layers and the shape of 
the cells. 

IMAGE  NAME    DESCRIPTION 

 

Simple Squamous 
Epithelium. 

Single Layer of 
cells. 

Single layer of flat 
cells with a 
centrally located 
nucleus. 

 

Simple Cuboidal 
Epithelium. 

Single layer of 
cells. 

Single layer of cube 
shaped cells with a 
centrally located 
nucleus. 
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Simple Columnar 

Epithelium. 

Single layer of 
cells. 

Single layer of 
rectangular shaped 
cells with the 
nucleus located at 
the base of the cell. 

 

Ciliated Simple 
Columnar 
Epithelium. 

Single layer of 
cells. 

Single layer of 
ciliated rectangular 
shaped cells with 
the nucleus located 
at the base of the 
cell. 

 

Stratified 
Epithelium. 

Multiple layers 
of cells. 

Consists of several 
layers of cells, with 
squamous cells in 
the surface or 
superficial layers 
and cuboidal and 
columnar in the 
deep layers  

 

Transitional 
Epithelium. 

Multiple layers 
of cells. 

Consists of a 
multiple layers of 
cells whose 
appearance is 
variable or 
transitional.  

 

 

Connective Tissue  

Connective tissue is the most abundant tissue found in the body. Its main functions 

are:  

• Binding – other organs and tissues together  

• Supporting – structures and nutritional support  

• Protects & insulates  

• Defence   
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All connective tissues are made up of cells and matrix. The cells are more spaced 

apart from each other compared to epithelial tissue, which is tightly packed 

together. 

   

Collagen – (glue) is a fibrous connective tissue. It is strong and resistant but not 

stiff. It is non-elastic but flexible. Found within many organs and structures. 

Collagen fibres lie parallel to each other in bundles. Found importantly in the skin 

for support. When it breaks down, it can result in wrinkles.  

 

Elastin – Strong but can be stretched up to 150% of its relaxed length without 

breaking. The fibres return to their original shape = ‘elasticity’. This is important in 

the skin for a youthful appearance. Age and exposure to environment factors makes 

these fibres less effective.   

 

Reticular fibres – made by fibroblasts, these fibres consist of the protein collagen 

and glycoproteins arranged in fine bundles. They are much thinner than collagen 

fibres but also provide support and strength.   

  

Some cells found in Connective Tissues:  

Fibroblasts 

 

Large, flat cells producing collagen and elastin fibres to help 

repair tissue. 

Macrophages Irregular shaped cells that ‘eat’ or ‘mop’ up bacteria and other 

unwanted substances in tissue. Protects the body.  

 

Plasma Cells Small cells that produce anti-bodies against foreign particles or 

bacteria that may damage the tissues of the body. They 

protect the body.  

 

Mast Cells Found a lot near blood vessels. They produce heparin 

(blood thinner) and histamine (released in allergic 

responses).  

 

Adipocytes Fat cells found below the skin and around organs. Store fats 

for body use. 

 

We will discuss the above cells and connective tissues in more detail in 

Chapter 2. 

 

 

The 8 different types of Connective Tissues:  

 

1. Areolar –Contains white & reticular fibres & elastic fibres. Areolar is found under 

the skin, supporting blood vessels & found between muscles.   

2. Adipose – Fatty tissue made up of cells called adipocytes. Few fibres are present. 

Its main function is to protect and insulate. It is found under the skin 

(hypodermis); supporting organs such as the kidneys and eyes.  
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3. Yellow Elastic – This tissue is very elastic made up of yellow elastic fibres + 

fibrocytes. It is found in stomach & arteries where stretching is required.   

4. White Fibrous Tissue – This tissue is tough & inelastic. It is made up of white 

collagen fibres. It is found in ligaments (connecting bone to bone); the fascia 

covering muscle; tendons (connecting muscle to bone).  

5. Cartilage – This is a firm, tough & solid tissue. There are 3 different types:  

  

CARTILAGE DESCRIPTION AND FUNCTION  WHERE FOUND 

Hyaline cartilage 

Hyaline cartilage is semi-transparent 

and appears bluish-white in colour. 

It is extremely strong, but very 

flexible and elastic. At joint surfaces 

it provides a cushioning function 

and a smooth gliding surface. In the 

trachea it prevents the trachea wall 

from caving in. 

It is found in the trachea, 

the larynx, the tip of the 

nose, in the connection 

between the ribs and the 

breastbone and also the 

ends of bone where it form 

joints. 

Elastic cartilage  

This cartilage contains more elastic 

fibres. It helps maintain shape and 

flexibility, it also provides support. 

It is found in the internal 

and external ear and parts 

of the larynx. 

Fibrocartilage  

This is the toughest of cartilage 

types. It acts as a shock absorber 

between bones and provides a high 

level of support. 

It is found in the 

invertebral discs of the 

vertebral column and 

between the ball-and-

socket joints in the hip and 

shoulder regions. 

 

6. Bone – this is the hardest tissue in body. It is made up of compact and cancellous 

tissue, collagenous fibres for strength and mineral salts for hardness.   

7. Blood - This is a fluid tissue made up of 45% cells & 55% plasma. It protects the 

body by transporting substances around the body and fighting infection.   

8. Lymphoid – this is a semi-solid tissue with cells called lymphocytes that are 

involved in disease control. It is found in lymph nodes, spleen & the tonsils.   

  

 

Muscle Tissue  

 

Muscle tissue is unique because it can change in length and develop tension through 

contraction. It is composed of muscle fibres and is classified according to its 

structure and location within the body: Smooth, Cardiac, Skeletal: 
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The Types and Functions of Muscle Tissue 

TYPE  IMAGE 
DESCRIPTION 

LOCATION 
FUNCTION 

Smooth 

muscle 

 

Smooth: 

consists of 

elongated 

muscle fibres 

that can 

contract for a 

long time. 

Found in the 

walls of the 

bladder, the 

uterus, 

various ducts 

of glands and 

the walls of 

blood vessels. 

Smooth 

muscle 

controls 

slow, 

involuntary 

movements 

i.e. it 

contracts 

and relaxes 

to regulate 

the blood 

pressure and 

the flow of 

blood. 

Cardiac 

Muscle 

 

Composed of 

short, 

branching 

muscle fibres 

forming a net 

within the 

wall of the 

heart. 

It is involved 

in the 

contraction 

of the atria 

and 

ventricles of 

the heart. It 

enables the 

rhythmical 

beating of 

the heart. 
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Skeletal 

Muscle 

 

Composed of 

bundles of 

fibres and 

enclosed in a 

sheath. This 

structure 

allows for 

quick and 

powerful 

contraction 

but only for a 

short period. 

Skeletal 

muscle 

moves the 

body and 

joints by 

contraction. 

It also 

provides the 

body with 

support it 

requires to 

maintain 

posture. 

 

 

 

Nervous Tissue  

This tissue is made up of: 

➢ Nerves (neurones)  

Neurones transmit electrical signals by converting them into nerve impulses. 

➢ Neuroglia 

Neuroglia are the supporting cells that provide nutrition and support to the 

neurons.   

   

Membranes  

Membranes are layers of tissue made up of a combination of epithelial tissue and 

connective tissues. Membranes can either cover internal organs, line internal organs 

and also line body cavities.   

 

There are 4 types of membranes found in the body:  

➢ Mucous  

➢ Serous  

➢ Synovial  

➢ Cutaneous 
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The types and Functions of Membrane  

TYPE DESCRIPTION LOCATION 

Mucous 

This membrane is 

constantly producing 

a thin layer of 

mucous. Its function 

is to lubricate 

movement of food etc 

in the digestive 

system and to trap 

foreign particles in 

the respiratory 

system. 

This membrane lines 

a body cavity that 

opens directly to the 

exterior. 

Serous 

Produces serous fluid 

which lubricates the 

membranes and 

reduces friction when 

organs move against 

each other or the 

cavity wall. 

They line the body 

cavities that do not 

open to the outside 

and that cover the 

organs which are 

found in these 

cavities. Eg heart 

lungs. 

Synovial 

Synovial membranes 

secrete synovial fluid 

into the joint cavity, 

and this lubricates the 

cartilage on the ends 

They line the cavities 

of certain joints like 

the shoulder, elbow 

and knee. 
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of the bones so that 

they can move freely 

and without friction.  

Cutaneous 

It functions in a 

protective role, 

homeostasis of body 

temperature, and 

provides sensory 

information about the 

external environment. 

This membrane which 

covers the whole 

body, the skin, is the 

largest organ of the 

body in surface and in 

weight. 
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Chapter 2 

The Skin, Hair and Nails 

Although you may not typically think of the skin as an organ, it is in fact made of 
tissues that work together as a single structure to perform unique and critical 
functions.  

The skin and its accessory structures make up the integumentary system, which 
provides the body with overall protection.  

The skin is made of multiple layers of cells and tissues, which are held to underlying 
structures by connective tissue. The deeper layer of skin is well vascularised (has 
numerous blood vessels). It also has numerous sensory and autonomic and 
sympathetic nerve fibers ensuring communication to and from the brain. 

The skin is composed of three main layers:  

➢ epidermis, made of closely packed epithelial cells 

➢ dermis, made of dense, irregular connective tissue that houses blood vessels, 

hair follicles, sweat glands, and other structures.  

➢ hypodermis, lying beneath the dermis and composed mainly of loose 

connective and fatty tissues. 
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Diagram of the Skin

 

The epidermis is composed of keratinized, stratified squamous epithelium. It is 
made of four or five layers of epithelial cells, depending on its location in the body. 
It does not have any blood vessels within it (i.e., it is avascular).  

The cells in all of the layers except the stratum basale are called keratinocytes. A 
keratinocyte is a cell that manufactures and stores the protein keratin. Keratin is 
a protein that gives hair, nails and skin their toughness hardness and water-resistant 
properties. The keratinocytes in the stratum corneum (now corneocytes) are dead 
and regularly slough away, being replaced by cells from the deeper layers. 

The basal layer consists of cuboidal cells, whereas the outer layers are squamous, 

keratinized cells, so the whole epithelium is often described as being keratinized 

stratified squamous epithelium.  
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Layers of the epidermis  

 

Stratum Germinativum (basale layer) 

The stratum germinativum is the deepest epidermal layer and attaches the 
epidermis to the basal lamina, below which lies the dermis. The cells in this layer 
adhere to the dermis via interweaving collagen fibers, referred to as the basement 
membrane. A finger-like projection known as the dermal papilla is found in the 
superficial portion of the dermis. These dermal papillae act to increase the strength 
of the connection. However as we age these structures become irregular and are 
retracted and lost leading to a flattening of the dermal-epidermal junction  

This layer is comprised of a single layer of cells primarily made of basal cells. A 
basal cell is a cuboidal-shaped stem cell that will produce the keratinocyte cell. The 
basal cells are constantly going through mitosis to produce new cells which then 
force the existing cells towards the next layer of the epidermis and beyond.  

Two other cell types are found dispersed among the basal cells in the stratum 
basale. The first is a Merkel cell, which functions as a receptor and is responsible 
for stimulating sensory nerves that the brain perceives as touch. These cells are 
especially abundant on the surfaces of the hands and feet. The second is a 
melanocyte, a cell that produces the pigment melanin. Melanin gives hair and 
skin its colour and also helps protect the living cells of the epidermis from ultraviolet 
(UV) radiation damage. 
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Stratum Spinosum (also called prickle cell layer)  

This layer is composed of eight to 10 layers of keratinocytes, formed as a result of 
mitosis in the stratum germinativum. In this layer cells interlock with each other by 
spiney like structures called desmosomes (bridges). Found amongst the 
keratinocytes is a type of dendritic cell called the Langerhans cell, which functions 
as a ‘macrophage’ by engulfing bacteria, foreign particles and damaged cells.  

The keratinisation process i.e. the hardening of the cell, begins in this layer and as 
the cell starts to die it releases a water-repelling glycolipid that helps prevent water 
loss from the body. As mitosis continues in the layer below, the keratinocytes of the 
stratum spinosum are pushed up into the stratum granulosum. 

Stratum Granulosum 

As the keratinocytes start to differentiate and are pushed from the stratum spinosum 
they take on a ‘grainy’ appearance due to the accumulation of large amounts of the 
protein keratin and keratohyalin. The cells (three to five layers deep) become flatter 
and their cell membranes thicken. The nuclei and other cell organelles disintegrate 
as the cells die, the contents of which is then broken down by lamellar bodies to 
form lipids. Lipids pass through the membrane along with the lamellar bodies to 
form part of the ‘Natural Moisturising Factor’. 

Stratum Lucidum 

The stratum lucidum is a smooth, seemingly translucent layer of the epidermis 
located just above the stratum granulosum. This thin layer of cells is found only in 
the thick skin of the palms of the hands, soles of the feet and fingers and toes. The 
keratinocytes are now dead and flattened and are densely packed with eleiden, a 
clear protein rich in lipids, derived from keratohyalin formed in the layer below. This 
gives these cells their lucid appearance and provides a barrier to water. At this stage 
all the cells are filled with keratin and therefore look clear as opposed to ‘grainy’. No 
nucleus is found here in any of the flattened cells. 

 

Stratum Corneum 

The stratum corneum is the most superficial layer of the epidermis and is the 
layer exposed to the outside environment. The increased keratinization (also called 
cornification) of the cells in this layer gives it its name. There are usually 15 to 30 
layers of cells in the stratum corneum. This dry, dead layer helps prevent the 
penetration of microbes and the dehydration of underlying tissues, and provides a 
mechanical protection against abrasion for the more delicate, underlying layers. Cells 
in this layer are shed periodically and are replaced by cells pushed up from the 
stratum granulosum. 
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The entire layer is replaced during a period of about 4 weeks. Exfoliation procedures 
encourage the removal some of the dry, upper layer and aim to keep the skin 
looking “fresh” and healthy. 

Several layers of keratinised epithelial cells packed tightly together and scale like.  
Keratin has made them tough, dry, no nucleus and horny. The superficial layers are 
constantly being shed by a process known as desquamation.  This layer acts as 
one of the principle defences of the body against injury, invasion of bacteria, and 
acts as a waterproof covering for the skin. Water gets pushed outside the cell which 
makes up the barrier function.  
Corneocytes are simply keratinocytes without nuclei. They are found in the lower 
part of the stratum corneum and are bridged together by bridges called 
corneodesmosomes. Those bridges disintegrate as the corneocytes migrate toward 
the surface of the skin and result in desquamation. At the same time, as those 
loosened junctions encounter more hydration, they will expand and connect 
together, forming potential entry pores for microorganisms across the stratum 
corneum. This may indirectly reduce enzyme action in the most superficial layers 
leading to the formation of visible flakes on the skin surface (excess keratinisation), 
or block the pilosebaceous duct.  
 
The stratum corneum is the end result in the change that takes place when new, live 
cells are produced in the basal layer and are pushed upward by the newer cells until 
they’ve reached the surface, dry out and sloughed off.  
 
The acid mantle, which rests on this outer layer, contributes to skin protection and is 
the first line of the skin barrier defence, sometimes referred to as the hydrolipidic 
layer (which means a layer of oil and water) that covers the skin surface.  

The acid mantle is a complex fluid entirely formed by substances excreted from the 
sudoriferous and sebaceous glands, epidermic lipids and NMF, and is an end result 
of the skin’s own metabolism.   

The acid mantle has a pH of 5.5, an acidic environment in which micro flora/bacteria 
resides. This contributes to the inhibition of harmful bacteria. It is a water-oil 
emulsion that can slow trans-epidermal flow/loss (TEWL) as oil being denser will sit 
on top of the water preventing its loss. 

These bilayers of oil and water are the ‘mortar’ that goes between the corneocytes. 
They play an integral role in the skin barrier defence by slowing down transdermal 
water flow, and thus maintaining hydration of the epidermis.  
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The Dermis 

Structure of the Dermis 

The dermis is composed of three major types of cells: 

➢ fibroblasts 
➢ macrophages 
➢ mast cells 

As discussed in Chapter 1, apart from these cells, the dermis is also composed of 
matrix components such as collagen and elastin and the extrafibrillar matrix, an 
extracellular gel-like substance primarily composed of glycosaminoglycans (most 
notably hyaluronan), proteoglycans, and glycoproteins. 

  

Collagen – a protein fibre forming the main part of the connective tissue. It is strong 
and resistant and found in abundance, much more so than elastin. It is non-elastic 
but flexible. Found within many organs and structures. Collagen fibres lie parallel to 
each other in bundles. Found importantly in the skin for support and strength. When 
it breaks down, it can result in wrinkles. Responsible for maintaining the growth and 
repair of the skin. 
 
 
Elastin – protein elastin makes up these yellow fibres. These are thinner than 
collagen fibers and are very elastic. They give the skin its elasticity. Strong but can 
be stretched up to 150% of their relaxed length without breaking. They return to 
their original shape = ‘elasticity’. Important in the skin for youthful appearance. Age 
and exposure to environmental factors make these fibres less effective. Degradation 
of elastic fibres is associated with UV exposure. 
 
 

https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Fibroblasts
https://en.wikipedia.org/wiki/Macrophages
https://en.wikipedia.org/wiki/Mast_cells
https://en.wikipedia.org/wiki/Matrix_(biology)
https://en.wikipedia.org/wiki/Collagen
https://en.wikipedia.org/wiki/Elastin
https://en.wikipedia.org/wiki/Ground_substance
https://en.wikipedia.org/wiki/Glycosaminoglycans
https://en.wikipedia.org/wiki/Hyaluronan
https://en.wikipedia.org/wiki/Proteoglycans
https://en.wikipedia.org/wiki/Glycoproteins


 

41 

 

 
 
Fibroblasts – large, flat cells producing collagen and elastin fibres to help repair 
tissue. Also produces gycosaminosglycans (GAGS) - Hyaluronic acid, Heparan 
sulfate, Heparin and Dermatan sulfate.  Cells use them for support, water storage, 
binding, and a medium for intercellular exchange (especially between blood cells and 
other types of cells). The GAG’s attract and retain water and form a sort of gel 
substance through which ions, hormones and nutrients can freely move.  
 

 
 
Macrophages – Irregular shaped cells that ‘eat’ or ‘mop’ up bacteria and other 
unwanted substances in the tissue. Protects the body.  
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The Macrophage 

 
 
 
Mast cells – these produce heparin to thin the blood and histamine that is released 
during an allergic response. These cells are found very close to blood vessels.  
 

 
 
Plasma cells – these are small white blood cells which produce anti-bodies to foreign 
particles or bacteria that may damage tissues of the body, so help to fight infection 
in the skin and protect the body.  
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Papillary dermis 
Lying directly beneath the basal layer of the epidermis and the dermal/epidermal 

junction, the papillary region is composed of loose areolar connective tissue. It is 

named for its finger like projections called papillae which form ridges which greatly 

increase the surface area between the dermis and epidermis. Because the main 

function of the dermis is to support the epidermis, this greatly increases the 

exchange of oxygen, nutrients, and waste products between these two layers. 

Additionally, the increase in surface area prevents the dermal and epidermal layers 

from separating from each other by strengthening the junction between them. With 

age, the papillae tend to flatten. 

Reticular dermis 

The reticular dermis is the lower layer of the dermis, found under the papillary 
dermis, composed of dense irregular connective tissue featuring densely packed 
collagen fibers. The reticular region is usually much thicker than the overlying 
papillary dermis. It receives its name from the dense concentration of collagenous, 
elastic, and reticular fibers that weave throughout it. These protein fibers give the 
dermis its properties of strength, extensibility, and elasticity. Within the reticular 
region are the roots of the hair, sebaceous glands, sweat glands, receptors, nails, 
and blood vessels.  

The extracellular matrix (ECM) is the environment found around the cells of the 
dermis like the fibroblast, mast cells, etc. It is also sometimes referred to as “ground 
substance”.  
In both the papillary and the reticular layers of dermis, fibroblasts and fibrocytes 
(immature fibroblasts) are the cells responsible for laying down and maintaining the 
extracellular matrix, and hence the structure of the dermis.  
 
 
 
Appendages  of the dermis 

➢ Sebaceous glands  
The sebaceous glands are connected to the hair follicle and secrete an oily 

substance known as sebum into the neck of the hair follicle.  It coats the 

surface of the hair and prevents it from drying or becoming brittle.  Sebum 

lubricates the skin and hair and exits onto skin via a pore  

 

➢ Arrector Pilli Muscle is connected to the epidermis and hair follicles.  When 

these muscles  contract  they  pull  the  skin  to  form  ‘goose  bumps’.   As 

they contract individual hairs are pulled upwards helping to trap warm air 

between the skin and hair.  

 

 
➢ Sweat glands    

Technically classified as sudoriferous glands of which there are two types.   
Eccrine glands are found all over the body especially on the palms of the 
hands and the soles of the feet.  

https://en.wikipedia.org/wiki/Areolar_connective_tissue
https://en.wikipedia.org/wiki/Dense_irregular_connective_tissue
https://en.wikipedia.org/wiki/Collagenous
https://en.wikipedia.org/wiki/Elasticity_(physics)
https://en.wikipedia.org/wiki/Reticular
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Strength_of_materials
https://en.wikipedia.org/wiki/Extensibility
https://en.wikipedia.org/wiki/Roots_of_the_hair
https://en.wikipedia.org/wiki/Sebaceous_glands
https://en.wikipedia.org/wiki/Sweat_glands
https://en.wikipedia.org/wiki/Cutaneous_receptor
https://en.wikipedia.org/wiki/Nail_(anatomy)
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Eccrine sweat glands are active from birth; they produce sweat with a high 
salt and water content that helps to regulate body temperature.  Apocrine 
glands are found on the hairy parts of the body e.g. Underarms, groin and are 
larger than eccrine glands.   Apocrine glands become active during puberty 
and they produce sweat that has a higher fat content than that produced by 
eccrine glands. Due to their location (warm moist areas) bacteria will feed on 
the fat content of the sweat, break down and so produce body odour.  

➢ Hair follicle – discussed below 
 

 
 
The subcutaneous layer (The Hypodermis ) 

Is the borderline between the deepest layer and the reticular above and is often 
indistinct. The subcutaneous is made up of adipose tissue (fat cells) loose connective 
tissue (areolar) because it is so rich in blood vessels, lymphatic vessels and nerve 
fibres. This is an area where fats are made and stored. It is made of adipose tissue 
(energy reserve, support and protection) and areolar tissue (loose with collagen, 
elastin & reticular fibres). The hypodermis helps to insulate the body by preventing 
loss of heat through the skin  
 
Functions of the Skin  
 

➢ Secretion – of sebum from the sebaceous glands. A sebaceous gland is a 
microscopic exocrine gland in the skin that opens into a hair follicle to secrete 
an oily substance called sebum, which lubricates the hair and skin. The 
mixture of sebum + sweat on the skin surface = acid mantle - a protective 
layer against bacteria.  
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➢ Heat regulation – the skin allows the body to either lose heat or retain it. It 
does this through the blood that is flowing in the blood vessels. 
Vasoconstriction is when the blood capillaries tighten up to stop blood from 
reaching the skin surface. It happens if the body is cold. If no blood is getting 
to the skin surface, then no heat will be lost by radiation, conduction or 
convection. Vasodilation is when the blood capillaries relax and allow a lot 
of blood to reach the skin surface. This causes the skin to flush and heat is 
lost by radiation, conduction or convection. The body is also able to promote 
shivering to increase body temperature. The eccrine sweat gland, which is 
controlled by the sympathetic nervous system, regulates body temperature. 
When internal temperature rises, the eccrine glands secrete water to the skin 
surface, where heat is removed by evaporation. 

 
➢ Absorption – the skin cannot absorb a lot of substances as it is a waterproof 

layer. Essential oils, drugs and some conditioning creams can be absorbed via 
pores in the epidermis depending on molecular size. 

 
➢ Protection – the skin is a natural layered barrier against entry of bacteria etc. 

It also has the protective acid mantle to stop microbes growing on the skin 
surface. UV rays from sunlight causes an increase in natural skin pigment 
melanin to be released. This pigment absorbs the damaging rays of sunlight 
and protects us from burning and damage.  

 
➢ Langerhans cells protect us from infection and boost the immune system. 

Nerve endings give us warning signs of extremes or danger. Waterproof layer 
prevents the loss of essential body fluids.  

 
➢ Excretion (elimination) – toxins such as salts, urea and waste are lost 

through sweat glands of the skin.  
 

➢ Sensation – the nerve endings and other receptors of the skin can detect 
pain, cold, heat, pressure and touch. Different receptors lie at different levels 
in the skin.  

 
➢ Vitamin D production – sunlight converts a substance called ergosterol found 

in sebum into vitamin D. Vitamin D is essential for calcium and phosphorus 
absorption for healthy teeth and bones. A lack of vitamin D leads to rickets in 
children.  
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The Nail and the Hair  
  

The nail is an appendage of the skin. It forms a protective covering for the ends 

of fingers and toes. A healthy nail is pink in colour with smooth slightly curved 

surface and clear of any marks or defects. If the nail matrix is damaged, a 

deformed nail may grow. The technical term for the nail is onyx.   

  

Nail Structure   

• Nail root / matrix – the living part of the nail situated below the cuticle. 

Mitosis occurs here to produce new nail cells. New cells are pushed forward 

to form the nail plate. They receive nourishment from blood supply when 

undergoing mitosis. As they dry out and become keratinised, they push 

towards the nail plate.   

• Nail plate – Stratum lucidium and corneum. These cells are fully keratinised 

and dead. There is no blood supply or nerves. It protects the nail bed. It is 

the visible portion of the nail and terminates at the free edge.   

• Nail bed – Stratum germinativum / spinosum / granulosum. It is a 

continuation of the root. It is to nourish and protect the nail structure. It 

has a blood supply and nerve supply. The nail bed has parallel ridges 

which ‘slot in’ with corresponding ridges on the under surface of the nail 

plate.   

• Lanula – point where the matrix and the nail bed meet. It’s the ‘half moon’ 

at the base of the nail. Here cells are so closely packed together that the 

blood supply below cannot be seen. That is why it is white in colour.   

• Free edge – extension of the nail plate which overlaps the hyponichium.  

• Hyponichium – a portion of skin at the end of the finger underneath the 

free edge.  

• Cuticle – overlapping epidermis surrounding the nail. It protects the 

matrix from invasion of bacteria and other damage.  

• Eponychium is the cuticle at the base of the nail.  

• Peronychium is the cuticle at the sides of the nail.  

• Nail walls – folds of skin that overlap the side of the nails  
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Nail Growth  

• Cells divide in the matrix  

• Nail grows forward over the nail bed  

• Translucent and soft cells are present at first  

• As they grow towards the free edge they 

become harder and flatten. 

• The top 2 layers of the epidermis form the nail 

plate  

• The bottom 3 layers form the nail bed.  

• Interlocking grooves found on surface of nail bed and under surface of nail 

plate allow the nail to grow in correct direction.  

• It takes approximately 6 months for a finger nail to grow and 12 months for 

a toe nail to grow from matrix to free edge. On average, finger nails grow at 

a rate of approximately 3mm per month and toenails approximately half that 

time.signs and symptoms- small torn piece of skin near a finger nail or toe 

nail.  

 

  

Hair Structure  
 

Hairs are dead structures composed of keratinised cells that are cemented together.  

They grow out of hair follicles.   

The primary function of human hair is to insulate the human body. Hair does this in 

two ways: it serves as a physical barrier between external cold air and the skin, and 

it also traps warm air in between the skin and the hair, keeping the body warmer. 

Hair in the nose, ears, and around the eyes protects these sensitive areas from dust 

and other small particles. Eyebrows and eyelashes protect eyes by decreasing the 

amount of light and particles that go into them. The fine hair that covers the body 

provides warmth and protects the skin. 
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It has 2 main portions – the Hair Root and the Hair Shaft.  

  

The Root  

Found below the surface of the skin.   

It includes the hair bulb / matrix, which is an enlarged area of cell division.   

It includes the dermal papilla, which is an elevation at the hair root providing blood 

supply through capillaries. It provides nourishment to the dividing hair matrix.  

Inner root sheath – single layer of keratinised cells that grows up with the hair 

from the papilla up to the level of the sebaceous gland. It connects with the 

cuticle cells.  

Outer root sheath – this forms the follicle wall and does not grow up with the 

hair. It is a continuation of the basal layer of the epidermis. It’s a permanent 

layer of growth and renewal.  

Connective sheath – surrounds the follicle and sebaceous gland. It provides the 

blood and nerve supply to hair.  

 

 

The Shaft  

Extends beyond the surface of the skin.  

It is made of 3 parts:  

Cuticle – Layer of scales pointing towards the hair tip. Scales are translucent and 

free of colour. Cuticle cells interlock with the inner root sheath in the follicle. This 

anchors the hair. It protects the underlying cortex of the hair.  

Cortex – Bulk of the hair. Many layer of cells with keratin. The pigment melanin is 

here giving hair it’s colour.   

Medulla – inner core of the hair made of soft keratin and pigment. No medulla is 

present in very fine hair.  
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Hair Types  

  

• Lanugo  - Fine soft hair with no medulla. It has no colour. Present in 

foetus from 3rd – 8th month. Replaced later by vellus hair. Eyelashes and 

eyebrows and scalp hair is replaced by terminal hair.   

• Vellus – Fine soft hair with no colour. Found on the face and body. It can 

become terminal hair with hormonal changes.  

• Terminal  - Long coarse hair. Coloured and has varying thickness. It has 

deep follicles and strong bulb.  

  

 

Hair Growth  

  

Hair grows in 3 stages of a cycle:  

• Anagen – This is the active stage of hair growth. The follicle forms afresh and 

the hair bulb develops around the dermal papilla. Hair grows up from the 

matrix. This stage ends when the dermal papilla stops nourishing the hair.   

• Catagen – The hair separates from the dermal papilla and is carried 

upwards by the inner root sheath to the level of the sebaceous gland. Hair 

stays here until it falls out or is pushed out by a new hair.   

• Telogen -This is resting stage of hair growth. At this stage all that is left at   

the      end of the follicle is a thread of germ hair cells that will reconnect to the 

dermal papilla and start a new hair growth cycle. 
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Chapter 3 

 

The Skeletal System  

 

 
 

There are 206 bones in the human body.  
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The skeletal system includes all of the bones, cartilages, joints, tendons and 

ligaments of the body that support and give shape to the body and body structures.  

 

Joint 

When two bones meet, a joint occurs. There are three main types of joints:  

 

➢ fibrous joints: the bones are held together by fibrous tissue 

➢ cartilaginous joint: bones are held together by cartilage  

➢ synovial joints: the bones forming the joint have a synovial cavity.  

 

 

 
  

 

Name  Fixed Joint  Cartilaginous 

Joint  

Synovial Joint  

Type  Fibrous  Slightly Moveable  Freely moveable  

Movement 

allowed  

No movement 

between bones  

A little movement 

between bones – 

by compression  

A lot of movement allowed – 

depends on where you find 

them  
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Structure  Fibrous tissue found 

between the bones  

Fibrocartilage is 

found between the 

bones  

Hyaline cartilage +  

Capsule + Synovial 

membranes + synovial 

fluid is found between 

bones  

Examples  Sutures of the skull;  

innominate bone 

joints  

Pubis symphysis; 

Joints between the 

vertebrae  

There are 5 types:  

Ball & Socket  

Hinge   

Gliding   

Pivot   

Saddle  

 

 

 

Synovial Joints 

A synovial joint is a connection between two bones consisting of a cartilage lined 

cavity filled with fluid, which is known as a diarthrosis joint. Diarthrosis joints are 

the most flexible type of joint between bones, because the bones are not 

physically connected and can move more freely in relation to each other. 

 

The six types of synovial joints are the pivot, hinge, saddle, plane, ellipsoid, and 

ball-and-socket joints 

 

Detail on Synovial Joints:  

Type  Location  Movement allowed  

Ball & Socket  Shoulder 

Hip  

Flexion, extension, abduction, adduction, 

rotation, circumduction  

Hinge  Elbow 

Knee  

Flexion &   

Extension only  

Gliding  Joints between the 

bones of the 

carpals and tarsals  

Movement allowed is gliding between 

each other  

Pivot  Between the atlas 

and the axis  

Movement in one axis (rotation). Allows 

us to gesture ‘no’  

Saddle  The Thumb joint  Movement in 2 axes – allows for Flexion, 

extension, abduction, adduction and 

circumduction  

 

 Plane 

 

 Wrist and ankle 

 

gliding, back and forth, side to side 

 

Ellipsoid               Wrist Allows for circular motion, flexion and 

extension 
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Movement allowed in synovial joints:  

    

Flexion  Decrease in the angle of a joint – normally bending  

Extension  Increase in the angle of a joint – normally straightening  

Abduction  Movement away from the midline of the body  

Adduction  Movement towards the midline of the body  

Circumduction  Movement including all of flexion, extension, abduction & 

adduction  

Rotation  Movement around a long axis of a bone  

Pronation  Movement to turn the palm down  

Supination  Movement to turn the palm up  

Inversion  Movement to turn the soles of the feet facing each other 

(inwards)  

Eversion  Movement to turn the soles of the feet away from each other 

(outwards)  

Dorsi-flexion  Movement so that the top of the foot is brought upwards  

(toes up, heel down)  

Plantar-flexion  Movement so that the sole of the foot is brought downwards  

(toes down, heel up)  
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Cartilaginous Joints 

A type of connective tissue. Hyaline cartilage is found at the end of the bones that 

meet at a synovial joint. Cartilaginous joints are connected entirely by cartilage 

(fibrocartilage or hyaline). Cartilaginous joints allow more movement between 

bones than a fibrous joint but less than the highly mobile synovial joint. 

 

This cartilage provides a degree of shock absorption and offers a smooth surface for 

the movement of the bones at a synovial joint. This prevents bones rubbing against 

each other during movement.  
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Fixed Joints 

 

Fixed joints permit stability to certain areas of the body, although they do not 

move. Examples of fixed joints include the joints between the bones in the skull 

and the joint where the radius and ulna bones meet in the lower arm. 

 

 
 

Ligaments: 

Another type of connective tissue. Ligaments offer stability and allow some 

movement. They are made from closely bundled collagen fibres. This gives them 

strength, but restricts their flexibility.  
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Tendons 

A tendon or sinew is a tough band of fibrous connective tissue that connects muscle 

to bone and is capable of withstanding tension. Tendons are similar to ligaments; 

both are made of collagen. Ligaments connect one bone to another, while tendons 

connect muscle to bone. 

 
 

 

The skeleton consists of the bones of the body. For adults, there are 206 bones in 

the skeleton. Younger individuals have higher numbers of bones because some 

bones fuse together during childhood and adolescence to form an adult bone.  

 

The primary functions of the skeleton are to provide a rigid, internal structure that 

can support the weight of the body against the force of gravity, and to provide a 

structure upon which muscles can act to produce movements of the body. The lower 

portion of the skeleton is specialized for stability during walking or running. In 

contrast, the upper skeleton has greater mobility and ranges of motion, features 

that allow you to lift and carry objects or turn your head and trunk.  

 

The main functions of the skeletal system are:  

➢ Support – all parts of the skeletal system support the body and all systems.   

➢ Movement – it allows movement to occur. This is allowed by the presence 

of joints where 2 bones meet.  

➢ Protection – it protects vital organs such as the brain, lungs, heart & spinal 

cord  

➢ Attachment – it provides a point of attachment for muscles. Without muscles 

attached to bones, movement would not occur.  

➢ Mineral source – it is a reservoir for minerals such as calcium and 

phosphorus. These minerals can be sent to other parts of the body when 

needed e.g. they are vital for normal nerve and muscle function.  

➢ Makes blood cells – red blood cells and platelets are made in the red bone 

marrow found inside bone.  All blood cells originate from stem cells 

(hemoblasts) and go through developmental stages before entering the 

blood. The process of blood cell formation (hemopoiesis) takes place in the 

red bone marrow.  Red bone marrow consists of developing blood cells, 

adipocytes, fibroblasts and macrophages within reticular fibres.   
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In life, for the first few years red bone marrow is found in all bones. However, as 

we grow older, the red bone marrow is replaced with fatty yellow marrow that 

has nothing to do with blood cell formation.   

 

Yellow bone marrow contains adipose cells and stores triglycerides for energy 

source. It is found in the medullary / cavity of long bones.  

 

In adults, haemopoiesis takes place only in the red bone marrow of spongy bone 

found in the ends of long bones, in flat bones (pelvis, ribs, sternum, cranium) 

and irregular shaped bones (vertebrae).   
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The Skeleton  

The skeleton is subdivided into two major divisions—the axial and appendicular. 

 

• Axial skeleton – Skull (cranium & face), Ribcage & Sternum, Vertebral column  

• Appendicular skeleton – shoulder girdle & upper limbs; pelvic girdle & lower 

limbs   

  

 
 

 

1.  The Axial Skeleton  

The axial skeleton forms the vertical, central axis of the body and includes all 

bones of the head, neck, chest, and back. It serves to protect the brain, spinal cord, 

heart, and lungs. It also serves as the attachment site for muscles that move the 

head, neck, and back, and for muscles that act across the shoulder and hip joints to 

move their corresponding limbs. 

The axial skeleton of the adult consists of 80 bones, including the skull, the 

vertebral column, and the thoracic cage.  

The skull is formed by 22 bones 8 in the skull and 14 in the face.  

The vertebral column consists of 24 bones, each called a vertebra, plus the 
sacrum and coccyx. The thoracic cage includes the 12 pairs of ribs, and the 
sternum, the flattened bone of the anterior chest. 

 

The Skull  

The Cranium is made up of the following 8 flat bones:  

➢ Frontal – 1 bone of the forehead.  
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➢ Parietal – 2 bones of the sides and roof of the skull  

➢ Occipital – 1 bone of the back and base of the skull  

➢ Temporal – 2 bones on either side of the head. Contains the mastoid process.  

➢ Sphenoid – 1 bone that articulates with frontal, parietal and temporal 

bones. It forms the base of the skull.  

➢ Ethmoid – 1 bone below the frontal and in front of the sphenoid bones. 

Forms part of orbital cavity and nasal cavities  

 

 

Bones of the Skull Sideview

 
 

 

 

The Face is made up of the following 14 irregular bones:  

 

➢ Zygomatic – 2 cheek bones.   

➢ Maxilla – 2 bones fused that form the upper jaw.   

➢ Nasal bones – 2 bones that form the bridge of the nose  

➢ Lacrimal bones – 2 small bones forming part of medial eye socket. It 

contains a hole through which a duct passes to carry tears to the nasal 

cavity.  
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➢ Vomer – 1 thin and flat bone that points upwards from the roof of the mouth 

to separate the 2 nasal cavities. It is the beginning of the nasal septum.  

➢ Palatine – 2 L-shaped bones forming the posterior hard palate; lateral nasal 

cavities; part of eye sockets.  

➢ Turbinated – 2 scroll shaped bones forms part of lateral wall of nasal cavity. 

(Inferior nasal concha below)  

➢ Mandible – 1 bone forming the lower jaw. It is the only moveable bone of the 

skull.  
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The Ribcage & Sternum  

(80 bones in total) 

 
The bones of the thorax or thoracic cage include:  

 

Sternum – this is a flat bone also known as the breastbone. It has a 

manubrium (top) and xiphoid process (bottom ‘dagger’ part). Provides 

attachment for ribs via hyaline ‘costal’ cartilage  

 

       12 pairs of ribs – (24 bones) all the ribs are flat bones. 

The first 7 pairs are known as ‘true ribs’ because they each have hyaline cartilage 

joining them to the sternum. The next 3 pairs are known as ‘false ribs’ as they 

share the same piece of hyaline cartilage to join them to the sternum. The last 2 

pairs are known as ‘floating ribs’ as they are not joined to the sternum at all.   

  

 

 

 
 

 



 

63 

 

 

The Vertebral Column  

This is the spine or backbone. In total there are 33 irregular bones found here.   

 

There are 5 different regions to the vertebral column:  

➢ Cervical (neck) – 7 bones (C1-C7). The first cervical bone is called the 

ATLAS. The second bone is called the AXIS.  

➢ Thoracic (chest) – 12 bones (T1-T12). These bones articulate with the 

12 pairs of ribs Lumbar (lower) – 5 bones (L1-L5). These bones form the 

lower back.  

➢ Sacrum (pelvis) – 5 bones fused together to form 1. It connects the 2 hip 

bones at the back to form part of the pelvis. Sacro-iliac joint.   

➢ Coccyx (tail) – 4 tiny bones fused together as 1.   

 

Intervertebral discs are found between all individual vertebrae from C3 – L5. There 

are no discs found between C1 and C2.  

  

  
  

 

 

 2.  The Appendicular Skeleton  

The appendicular skeleton includes all bones of the upper and lower limbs, plus 

the bones that attach each limb to the axial skeleton. There are 126 bones in the 

appendicular skeleton of an adult. 
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The Shoulder Girdle  

(2 bones) 

 

 
 

The shoulder girdle or pectoral girdle is the set of bones in the appendicular 

skeleton which connects to the arm on each side. There are 2 shoulder girdles (right 

and left). Each one consists of:  

Clavicle – 1 long bone also known as the collarbone.   

Scapula – 1 flat triangular bone also known as the shoulder blade.  

 

The Upper Limb  

 

(60 bones) 

 

There are 2 upper limbs each one consisting of:  

• Humerus – 1 long bone of the upper arm. The head of this bone forms 

the shoulder joint. At the other end (elbow) it meets with the 2 bones of 

the lower arm.  

• Radius – 1 long bone that runs from the elbow joint to the wrist – on the 

side of the thumb.  

• Ulna – 1 long thin bone that runs from the elbow joint to the wrist – on 

the side of the little finger.  

• The Carpals (wrist bones) – 8 short bones arranged in 2 rows of 4. They are: 

Scaphoid, Lunate, Triquertral, Pisiform, Trapezium, Trapezoid, Capitate, 

Hamate  

• Metacarpals – 5 long bones forming the palm of the hand.   

• Phalanges – 14 long bones of the fingers. There are 3 in each finger, only 2 

in each thumb.  
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The Pelvic Girdle  

(3 bones) 

There are 2 pelvic girdles (right and left). Each pelvic girdle consists of hip bones 

(innominate bones). The innominate bones consist of 3 fused bones:  

• Ilium – upper flat part of the hip  

• Ischium – bone that has a looped appearance  

• Pubis- front part of the bone joined at the pubis symphysis.  

Both innominate bones are joined at the back by the sacrum of the vertebral 

column.  
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The Lower Limb  

(60 bones) 

There are 2 lower limbs each one consisting of:  

• Femur – 1 long bone of the thigh. The strongest bone of the body. The head 

of this bone forms the hip joint. At the knee joint it meets with 2 bones of 

the lower leg.   

• Patella – the knee cap – 1 sesamoid bone.  

• Tibia – 1 bone also known as the shin bone. It runs from the knee to the 

ankle on the side of the big toe (medial)  

• Fibula – 1 bone that runs from the knee to the ankle on the side of the little 

toe (lateral).  
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• The tarsals (ankle bones) – 7 short bones consisting of: Calcaneus, Talus, 

Navicular, Cuboid and 3 x Cuniforms  

• Metatarsals – 5 long bones forming the sole and arches of the foot  

• Phalanges – 14 long bones of the toes. There are 3 in each toe, only 2 in the 

big toe.  
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https://en.wikiversity.org/wiki/File:Human_skeleton_front_en.svg
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Arches of the Feet  

The bones of the feet are arranged in a way to support the body weight and to 

distribute the body weight evenly. The bones have a bridge-like arrangement 

supported with muscles and ligaments. There are 3 different arches which provide 

support to the foot and absorb shock.  

• Medial longitudinal arch – the highest of the arches. Runs from the calcaneus 

to the medial metatarsal bones.   

• Lateral longitudinal arch – less obvious and low. Runs from the calcaneus 

to the lateral metatarsal bones.   

• Transverse arch – arch that runs across the base of the foot. Most obvious 

from the cuboid across to the cuniforms.  

 

 

 

 

 
 

 

 

 

 

 

 

Types of bone: There are 5 groups of bones as follows:  

• Long – Levers of the body to allow movement. Found in limbs (arm, leg).  

Examples: humerus and femur.   

• Short – Strong and compact bones. Provide strength and little movement.  

Examples: bones of the wrist and ankles   

• Flat – Broad and flat, these provide protection to underlying structures and a 

site of attachment for muscles.  

Examples: Bones of the Skull; Scapula; Ribs  

• Irregular – Different shaped bones. Do not fit in other categories.  

Examples: Vertebrae in the spinal column; Bones of the face  

• Sesamoid – these are little bones found within tendons. 

Examples: patella of the knee and hyoid attached to the tongue  
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What is bone? 

  

Bone is the hardest connective tissue found in the body that forms the skeleton of 

the body. It is composed chiefly of calcium phosphate and calcium carbonate. It also 

serves as a storage area for calcium, playing a large role in calcium balance in the 

blood. 

 

Bone Made of 20% WATER, 40% ORGANIC MATERIAL AND 40% INORGANIC 

MATERIAL. It gets its strength from the large amounts of calcium and phosphorus 

deposits in its matrix. It is living tissue.  

 

It is made up to 2 tissue types:  

Compact tissue:    

• Honeycomb in appearance (full of holes)  

• Holes are called ‘Haversian canals’  

• Haversian canals contain blood vessels, lymph vessels, nerves which 

run through the tissue  

• Found on the outside of most bones and the shaft of long bones 

  

Cancellous tissue:  
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• Spongy in appearance  

• Does NOT have haversian canals but still has blood & lymph vessels and 

nerves  

• Found in the ends of long bones  

• Inside all other bone types  

• Contains red bone marrow – where blood cells are produced  

 

 

Structure of Bone  

The structure of a long bone allows for the best visualization of all of the parts of a 

bone. A long bone has two parts: the diaphysis and the epiphysis. The diaphysis 

is the tubular shaft that runs between the proximal and distal ends of the bone. The 

hollow region in the diaphysis is called the medullary cavity, which is filled with 

yellow marrow. The walls of the diaphysis are composed of dense and hard 

compact bone. 

 

 

 

The wider section at each end of the bone is called the epiphysis which is filled with 
spongy bone. Red marrow fills the spaces in the spongy bone. Each epiphysis meets 
the diaphysis at the metaphysis, the narrow area that contains the epiphyseal 
plate (growth plate), a layer of hyaline (transparent) cartilage in a growing bone 

The medullary cavity has a delicate membranous lining called the endosteum 

where bone growth, repair, and remodelling occur. The outer surface of the 

bone is covered with a fibrous membrane called the periosteum. This is a layer 

of white fibrous connective tissue that covers most bones and parts of bones. It 

provides the site of attachment for muscles and tendons. It also provides 

protection to the bone. Its inner surface has living cells that thicken compact 

tissue and maintain the shape of bone.  The periosteum is not found at the ends 

of long bones (i.e. in a joint). Here you find hyaline cartilage instead.  
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Development of Bone  

Ossification is the term used to describe the development of bone. This is where 

cells produce collagen fibres as the matrix for bone.   

 

Calcification is the deposition of calcium salts into the matrix for strength.  

 

 

 

The cells of bone are:  

Cells  Location  Function  

Osteoblasts  Deep in the periosteum  

At sites of ossification  

At sites of fractures  

Bone forming cells. These 

cells produce bone matrix 

and will become trapped 

within  

Osteocytes  Trapped within formed 

bones  

To maintain bone – helps 

to move calcium between 

bones and blood  

Osteoclasts  Under the periosteum 

Within bones  

To reabsorb bone 
Maintains bones 
optimum shape  
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Chapter 4  

 

The Muscular System  

 

 

 
 

 

 

Bones provide leverage in the body and they provide support for the body. However 

they do not move on their own.  
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Muscles, through relaxing and contracting allow movement to occur in the body.  

Muscles provide strength, balance, posture, movement and heat for the body to 

keep warm. 

  

Women: approx 23% body weight is 

muscle 

Men: approx 40% body weight is muscle.  

  

Muscle is made up of 20% Protein; 75% Water; 5% salts, glycogen, fats.  

  

 

There are 3 different types of muscle:   

 

 

 

Skeletal muscle:    

• Moves the bones of the body  

• Attached to bones etc. via tendons / fascia.  

• Voluntary control –we have conscious control over their movements through 

the somatic  

• (voluntary) division of our nervous system  

• Most can also be controlled subconsciously – e.g. when maintaining posture  

• Striated in appearance (alternating light and dark stripped appearance) under 

a microscope.  

  

Smooth muscle:  

• Found in the walls of hollow structures like blood vessels, airways, & of 

most organs in abdominal and pelvic region.  

• Involuntary control – we have no conscious control over the contraction and 

relaxation of these muscles.  

• Movement is regulated through autonomic (involuntary) division of our 

nervous system and also by hormones.  

• Smooth in appearance – i.e. does not have light/dark variations, under a 

microscope.  

  

Cardiac muscle:  

• Only found in our heart.  

• Forms the wall of the heart.  

• Appearance is striated.   

• Action is involuntary – i.e. we do not consciously control the relaxation and 

contraction of our heart.  

• The heart has a ‘pacemaker’ that causes each contraction.  

• Chemicals and hormones can alter the rate of the heartbeat.  
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Structure of Skeletal (Voluntary / Striated) muscle:  

 

Each skeletal muscle is composed of thousands of muscle fibres. These are 

cylindrical cells with many nuclei and are surrounded by a sheath called a 

sarcolemma (cell membrane of each fibre). These fibres form bundles and 

run parallel to each other.   

 

Myofibrils are smaller contractile or elastic fibres within a muscle fibre. Here, 

proteins called actin (thin) and myosin (thick) form the light and dark bands 

that give this muscle the striated appearance. These contractile filaments are vital 

for contraction of the muscle.  

 

Fascia is a connective tissue that surrounds an entire muscle. Tendons are 

layers of connective tissue from within the muscle that extend beyond the muscle 

to attach it to the periosteum of bone.   
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*An increase in muscle fibre diameter is called muscle 

hypertrophy 

 

Structure of Smooth (involuntary) muscle:  

These are spindle shaped with only one nucleus per cell. Each cell is thickest in 

the middle. Bundles of fibres form sheets of muscle found in the walls of hollow 

organs such as blood and lymph vessels, ducts of glands, alimentary tract, 

respiratory tract, urinary bladder, uterus. There is no appearance of striations in 

smooth muscle.  

  

Structure of Cardiac muscle:  

Found only in the heart wall. Fires are short and less cylindrical than skeletal 

muscle. Usually each cell has one nucleus. The ends of each cardiac muscle fibre 

/ cells connect to each other via an intercalated disc. Cardiac cells can have 

many branches.  

There are much more mitochondria in cardiac cells than in skeletal cells.  

Cardiac muscle looks like skeletal (voluntary) muscle but acts like smooth 

(involuntary) muscle.   
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Functions of muscles:  

• Produce movement in the body – walking & running  

• Stabilises body positions – stabilizes joints and maintains posture   

• Aid movement & storage of substances within the body. Examples are: 

containing / releasing food of the stomach via sphincter muscles (ringlike 

muscle structures); bladder control; cardiac muscle pumps blood into 

blood vessels; blood vessels contract and relax to allow movement of 

blood.   

• Heat generation – contraction of muscle generates heat. Shivering can 

generate heat.  

  

Muscle Characteristics:  

  

• Contractibility – can shorten and thicken  

• Extensibility – can stretch when muscle fibres relax  

• Elasticity – can return to original shape after contraction  

• Irritability – can respond to stimuli provided by nerve impulses  

  

HOW DO MUSCLES WORK?  

  

Skeletal muscles work in pairs by contracting and relaxing.  They must pass over 

a joint to create movement. They transform chemical energy into mechanical 

energy so to exert a force.   

All or none Law: a muscle will contract completely or not at all. A muscle will 

never ‘half’ contract. Once a strong enough stimulus has been received by a muscle 

from a nerve it will contract.   

  

A muscle will contract if:  

• a strong stimulus from a nerve has been received  

• a good blood supply is available to bring oxygen and 

nutrients it needs  

• enough energy is available to the muscle and if it is not 

already overworked.  

• the temperature is favourable (warm is 

better than cold)  

• there is little or no waste building up in the 

muscle.  

 

Contraction:  

• The shortening and thickening of a muscle due to the movement of 

the protein actin sliding between myosin filaments in the fibre.  

Calcium and ATP is needed for this to occur.  

• During contraction a sliding movement occurs within the contractile fibers. 

Actin filaments move IN towards the Myosin and both merge.  

• Muscle shortens and thickens.  

• Muscle pulls on the limb it’s attached to  
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 Relaxation:  

Muscle fibres elongate and return to original shape.  

 

 

Energy and ATP  

• ATP, Adenosine Triphosphate, (chemical energy) is available from the 

catabolism of carbohydrates i.e. glucose. Glucose is stored in the body in 

the liver and muscle as glycogen. It is mainly Glycogen that fuels muscle 

contraction.   

• Glycogen in muscle cells breaks down and forms Pyruvic Acid by a process of 

oxidation.   

• During this oxidation ATP is formed that stores energy from food.  

• When the muscle is stimulated, ATP is converted to ADP (adenosine 

diphosphate), which releases a lot of energy needed for muscle 

contraction.  

If plenty of oxygen is available, pyruvic acid breaks down to Carbon Dioxide, Water, 

ATP and  

heat. This is Aerobic Respiration that occurs when we are at rest or doing light 

work/exercise.  

 

  
 

If there is a lack of oxygen in the body, pyruvic acid is converted to Lactic Acid. 

This is Anaerobic Respiration that occurs during strenuous exercise.  
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Skeletal muscles can work as antagonist pairs. This means one muscle contracts 

to move a bone while another opposing muscle relaxes to facilitate this movement. 

The Agonist is the contracting muscle. The Antagonist is opposing or relaxing 

muscle.  

  

Muscles groups that contract together to cause a movement are called synergistic 

pairs.   

  

Contraction 

 

Isotonic contraction: Used for body movement and moving objects. Tension in 

the muscle remains the same. It occurs when a constant load is moved through 

the range of motions possible at a joint. For example picking a book up (biceps 

contract) and putting the book back down (biceps lengthen).  

  

Isometric contraction: Used for maintaining posture and for supporting objects 

(e.g. holding a book away from the body). Tension in the muscle increases but 

there is only little shortening so no movement is produced.   

  

A concentric contraction causes muscles to shorten, thereby generating force.  

 

Eccentric contractions cause muscles to elongate in response to a greater 

opposing force. 
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Muscle Fibre types  

Can be broken down into two main types: slow twitch (Type I) muscle fibres 

and fast twitch (Type II) muscle fibres.   

 

Fast twitch fibers can be further categorized into Type IIa and Type IIb fibres. 

We have about 50 percent slow twitch and 50 percent fast twitch fibres in most 

of the muscles used for movement.   

 

Slow Twitch (Type I): The slow muscles are more efficient at using oxygen to 

generate more fuel (ATP) for continuous, extended muscle contractions over a 

long time. They fire more slowly than fast twitch fibres and can go for a long time 

before they fatigue. Therefore, slow twitch fibres are great at helping athletes run 

marathons and bicycle for hours.   

Fast Twitch (Type II): Because fast twitch fibres use anaerobic metabolism to 

create fuel, they are much better at generating short bursts of strength or speed 

than slow muscles. However, they fatigue more quickly. Having more ‘fast twitch’ 

fibres can be an asset to a sprinter since she needs to quickly generate a lot of 

force.   

Muscle Tone: a sustained partial contraction of portions of a skeletal or smooth 

muscle in response to nervous stimulation. Even at rest muscle maintains a small 

amount of tension – posture when sitting upright. Some muscles contract while 

others are at rest.   

Muscle Fatigue: the inability of a muscle to maintain its strength of contraction or 

tension. This may be caused by lack of oxygen, depletion of glycogen and / or a 

build-up of lactic acid.   

 

Glycogen is combined with oxygen from the blood to produce energy for muscle 

contraction. If a lot of work is being done then more oxygen is needed. Also, all 

the waste must be successfully brought away from the muscle to prevent build 

up.   

If there is a lack of oxygen and rest during work then the waste by-product lactic 

acid will build up and cause a burning sensation with stiffness and pain in that 

muscle. Rest and a fresh supply of oxygen is required to alleviate this.   

  

Muscle Origin: fixed end of a muscle. This does not move during contraction.   

  

Muscle Insertion: the moving end of a muscle. Muscles always work from its 

insertion towards its origin.   
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Belly: thickest part of the muscle, normally in the middle.  

  

Attachment: muscles attach to bones, other muscles, skin, etc. They are attached 

by tendons, fascia etc.   

 

Muscle Movements 

 

 

Muscle Terms 

• Tone: slight degree of contraction by some fibres as others are relaxing. 

• Action: movement of the muscle 

• Tension: over-stimulation of muscle fibres, i.e. where more fibres contract 

then is necessary to maintain posture 

• Fatigue: an over worked muscle. Here the muscle will not have enough 

oxygen feeding it and cannot get rid of the waste (lactic acid) quick enough; 

this will cause the muscle to quiver and stop contracting.  

 

Flexion When a limb is bent towards another limb 

Extension When a limb is pulled away from another limb 

Abduction When a limb is pulled away from the midline of the bod  

 

Adduction When a limb is pulled towards the midline of the body 

Circumduction When a limb inscribes a circle Rotation Movement around the axis 

of a bone 

Rotation Movement around the axis of a bone 

Pronation When a limb is turned to face downwards 

Supination When a limb is turned to face upwards Inversion When a limb is 

turned to face inwards 

 

Eversion When a limb is turned to face outwards 
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Motor Unit 

A motor unit is made up of a motor neuron and the skeletal muscle fibers innervated 

(stimulated) by that motor neuron's axonal terminals. Groups of motor units often 

work together to coordinate the contractions of a single muscle; all of the motor 

units within a muscle are considered a motor pool. 

 

Muscles of the body 

The muscles of the human body can be categorized into a number of groups which 

include muscles relating to the head and neck, the torso or trunk, the upper limbs 

and lower limbs. 

 

 

Muscles of the face, head and neck 

 
 

Actions of muscles  
• Temporalis: Extends from the temple region at the side of the head 

to the mandible, Raises the jaw and draws it backwards; as in 
chewing  

• Masseter: chewing  
• Buccinator: Blowing/Sucking, Inside the cheeks, Compresses the 

cheeks  
• Risorius: Smiling, Extends diagonally, from the corners of the 

mouth, Draws mouth corners outwards  
• Procerus : Distaste, Covers the bridge of the nose, Wrinkling of the 

skin over the bridge of the nose  
• Nasalis: Anger, Covers the front of the nose, Opens and closes the 

nasal openings (flaring)  
• Sterno-cleido mastoid: rotate the head to the opposite side It also 

flexes the neck  
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• Occipitalis: Covers back of head, Draws scalp backwards Frontalis : 
Surprise, The forehead, Raises the eyebrows  

• Corrugator: Frown, Between the eyebrows, Draws the eyebrows 
together  

• Orbicularis Oculi: Winking, Surrounds the eyes. Closes the eyelid  
• Levator Labii: Distaste, Surrounds the upper lip, Raises and draws 

back the upper lips and nostrils  
• Depressor labii: Sulking, Surrounds the lower lip, Depresses the 

lower lip and draws it slightly to one side  
• Zygomaticus: Smiling, laughing, Extends diagonally from the corners 

of the mouth, Lifts the mouth corners upwards and outwards  
• Orbicularis Oris: Pout, kiss, doubt, Surrounds the mouth, Purses the 

lip, closes the mouth  
• Mentalis: Doubt, Chin, Raises the lower lip, causing it to protrude & 

wrinkle the chin  
• Triangularis: Sadness, The corner of the lower lip extends over the 

chin, Draws down the mouth’s corners  
• Platysma: Fear, horror, The sides of the neck and chin, Draws the 

mouth’s corners downwards and backwards  
 

 
 
 

 
 

Muscle actions 

 

➢ Trapezius: moving, rotating, and stabilizing the scapula (shoulder 

blade) and extending the head at the neck  

➢ Deltoid: A thick triangular muscle; covering the shoulder, Takes arm 

away from the sides of the body 
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➢ Biceps: The biceps is a large muscle that lies on the front of the 

upper arm between the shoulder and the elbow,  flexes the elbow, 

supinates the forearm and hand 

➢ Triceps : extends the elbow 

➢ Pectoralis: The front of the chest, Moves the arm towards the upper 

body 

➢ Rhomboids: Upper back muscles that connect between your spine 

and each of your two shoulder blades. When they contract, they pull 

your shoulder blades together. 

➢ Latissimus dorsi: a thin, broad, triangular-shaped muscle located at 

each side of the back, under the arms. that helps you do things like 

pull-ups, swimming and even breathing. It functions to stabilize 

your back while extending your shoulders. 

 

 
 

 

Obliques 

The abdominal obliques are made up of two different muscles: the internal 

obliques and external obliques. Together, the obliques perform a variety 

of different functions including flexing/bending the torso forward and 

sideways, rotating the torso to both the right and left, and helping to 

provide stability to the hips and lower back 
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Muscle actions 

 

➢ Sartorius: the sartorius muscle is the longest muscle in the human 

body. It is a long, thin, superficial muscle that runs down the length 

of the thigh in the anterior compartment. The sartorius functions as 

an important flexor and rotator of the thigh at the hip joint 

➢ Rectus Femoris:  the Rectus femoris muscle is one of the four 

quadriceps muscles. It is located in the middle of the front of the 

thigh. It is responsible for knee extension and hip and thigh flexion. 

It is the main muscle that can flex the hip. 

➢ Tibalis : the Tibialis Anterior Muscle is located on the anterior 

compartment of the leg. Anterior compartment consists of 4 muscles 

and Tibialis anterior muscle is the largest in size among these four 

muscles. The tibialis anterior muscle is the strongest dorsiflexor and 

helps to lift the foot from the ground. The Tibialis Anterior Muscle 

also facilitates flexion of the foot upwards and extension of the toes.  
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➢ Gluteus Medius: The gluteus medius muscle is partially covered, on 

its lower-third part, by the gluteus maximus muscle. This makes up 

what is commonly referred to as the buttocks. The gluteus medius 

works to provide rotation of the thigh outward from the centre of 

the body, which enables a steady walking gait. 

➢ Gluteus Maximus: the gluteus maximus assists both the hip joint 

and thigh with extension and also assists the thigh with lateral 

rotation. In simpler terms, the gluteus maximus is in charge of 

moving your leg backward and out to the side 

➢ Gastrocnemius: the gastrocnemius muscle is a superficial two-

headed muscle that is in the back part of the lower leg of humans. It 

runs from its two heads just above the knee to the heel, a three joint 

muscle. 

➢ Soleus: the soleus is a powerful muscle in the back part of the lower 

leg. It runs from just below the knee to the heel, and is involved in 

standing and walking. It is closely connected to the gastrocnemius 

muscle. It is capable of exerting powerful forces onto the ankle joint 
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Chapter 5 

The Nervous System  

  

 

 

 
 

 

 

 

 

The Nervous System is the body’s control centre.  
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The nervous system is a complex collection of nerves and specialized cells known as 

neurons that transmit signals between different parts of the body. It is the 

communication network of the body. It works very closely with the endocrine system 

to keep a constant internal environment within the body i.e. homeostasis. Whereas 

the endocrine system is slow acting, the nervous system responds rapidly to stimuli 

using nerve impulses (action potentials). It is also responsible for our perceptions, 

behaviours and memories.   

   

 

 

Functions  

 

The nervous system is involved in some way in every body function. Some of the 

major functions are: 

 

➢ Sensory input 

Sensory receptors monitor numerous external and internal stimuli, such as 

touch, temperature, taste, smell, sound, blood pressure, and body position. 

Action potentials from the sensory receptors travel along nerves to the spinal 

cord and brain, where they are interpreted.  

 

➢ Integration 

The brain and spinal cord are the major organs for processing sensory input 

and initiating responses. The input may produce an immediate response, may 

be stored as memory or may be ignored.  

 

➢ Homeostasis 

The nervous system plays an important role in the maintenance of 

homeostasis. This function depends on the ability of the nervous system to 

detect, interpret and respond to changes in internal and external conditions. 

The nervous system can stimulate or inhibit the activities of other systems to 

help maintain homeostasis.  

 

➢ Mental activity 

The brain is the centre of mental activity, including consciousness, memory 

and thinking. 

 

➢ Control of skeletal muscles 

Skeletal muscles normally contract only when stimulated by the nervous 

system. Thus through the control of skeletal muscle the nervous system 

controls the major movements of the body.   
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Nervous Tissue  

Nervous tissue is made up of nerve cells called Neurones and special connective 

tissue called Neuroglia.   

 

Neuroglia: these small cells do not transmit impulses. They make up the 

connective tissue that is there to support, insulate and protect the neurones. They 

are 5 times more abundant than neurones as they can divide by mitosis. They help 

in the transfer of nutrients and waste to and from neurones. Oligodendrocytes 

(produce myelin sheath in the Central Nervous System, schwann cells (produce 

myelin sheath in the Peripheral Nervous System) and microglia (phagocytes) are 

examples of neuroglia cells.   

  

Neurones: these are the basic functional units of the nervous system. Also known 

as a nerve cell. These cells do not divide by mitosis. Therefore, if damaged, the cell 

will degenerate. Neurones are designed to receive stimuli and conduct messages 

around the body. There are billions of interconnecting neurones in the nervous 

system.   

 

All neurones have 2 properties:  

➢ Excitability – the ability to respond to a stimulus and change that stimulus 

into a nerve impulse  

➢ Conductability – the ability to convey or transmit impulses to other neurones, 

muscles and glands.   

  

There are many different types, shapes and sizes of neurones, but they all have a 

basic structure as follows:  

• Cell body – this is the centre of the neuron that contains all organelles of the 

basic cell structure  

• Dendrites – these are filaments branching from the cell body that carry 

impulses towards the cell body from other neurones.  

• Axon – these are long filaments that extend from the cell body and carry 

impulses away from the cell body to other neurons / muscles/ glands.  

• Synaptic knobs – these are nodules found at the ends of axons that release 

neurotransmitters (NT) into a synaptic cleft. This NT is then picked up by the 

next neurone.  
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An important Neurotransmitter in the nervous system is Acetylcholine.   

 

Some axons have a myelin sheath, composed of fat-containing cells which acts as 

an insulator, protects the nerve cell and increases the speed of impulse 

transmission. This myelin sheath is secreted by oligodendrocytes in the Central 

Nervous System and Schwann cells in the Peripheral Nervous System.  

 

There are regular gaps along the myelin sheath called Nodes of Ranvier which 

actually help to boost the nerve impulses as they pass along the axon. 

 

There are 3 main types of neurones. All three have different functions, but the brain 

needs all of them to communicate effectively with the rest of the body (and vice 

versa). They are: 

 

➢ Sensory (afferent) Nerve: these nerves receive stimuli from sensory 

organs and receptors and send this impulse / message to the spinal cord 

& brain. Temperature, pain, taste, smell, sight & hearing are included.  

➢ Motor (efferent) Nerve: these nerves send impulses away from the brain 

and spinal cord towards muscles and glands of the body. This stimulates 

them to carry out the functions.  

➢ Associated Nerve: these link the sensory and motor neurones, helping the 

brain to interpret incoming sensory impulses, decide what is to be done 

and send out instructions along the motor neurones.   
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Nerve Transmission  
Nerve impulses are the signals of the nervous system that travel along the neurone 
from dendrite to axon.  The voltage across a membrane is called the membrane 
potential. The membrane potential is the basis for the conduction of nerve impulses 
along the cell membranes of neurons. Ions that are important in the formation of a 
nerve impulse include sodium (Na+) and potassium (K+). 
 
Each neuron is an individual unit, and is not connected or joined to another neuron. 

Instead, there is a junction between them called a synapse, (synaptic knobs as 

described above) where nerve impulses are transmitted from one neuron to another 

by the release of a neurotransmitter. This synapse is also found at the junction 

between a neuron and a muscle or a gland. A synapse between a neuron and a 

muscle is given a special name – motor point. In a synapse, impulses flow in one 

direction only.  

 

Structurally, the nervous system has two components:  

 
 

• The Central Nervous System :  The Brain and the Spinal Cord  

 

• The Peripheral Nervous System : All of the nervous system outside of the 

Central nervous system (The Spinal Nerves, The Cranial Nerves and the 

nerve plexus).  

https://www.google.ie/url?sa=i&url=https://open.oregonstate.education/aandp/chapter/12-1-structure-and-function-of-the-nervous-system/&psig=AOvVaw2EgeFJ-2L8pNWhLOVFZYK2&ust=1591883971209000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCPjlgYq09-kCFQAAAAAdAAAAABAD
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 THE CENTRAL NERVOUS SYSTEM  

 

 
The Central nervous system controls most functions of the body and mind and is 

composed of the brain and the spinal cord. It is composed of grey & white Matter.  

 

Grey matter is made up of cell bodies, dendrites, axon terminals and neuroglia.  

Grey matter, named for its pinkish-gray colour, is home to neural cell bodies, axon 

terminals, and dendrites, as well as all nerve synapses. This brain tissue is abundant 

in the cerebellum, cerebrum, and brain stem. It also forms a butterfly-shaped 

portion of the central spinal cord. 

 

The grey matter includes regions of the brain involved in muscle control, and 

sensory perception such as seeing and hearing, memory, emotions, speech, decision 

making, and self-control. 

 

White matter is made up of axons. The white matter is white because of the fatty 

substance (myelin) that surrounds the nerve fibers (axons). This myelin is found in 

almost all long nerve fibers, and acts as an electrical insulation. This is important 

because it allows the messages to pass quickly from place to place. 

 

In short: the axons (white matter) send the information; the dendrites and grey 

matter process the information. Processing of the information is the conduction of 

neural activity. 

 

In the brain, grey matter surrounds the white. 

In the spinal cord, white matter surrounds the grey.  
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There are twelve pairs of cranial nerves that are sourced directly from the brain in 
the central nervous system (CNS) to form part of the peripheral nervous system 
(PNS).  

They control the motor and sensory functions mainly related to the head and neck. 
The cranial nerves are formed from the nose, eyes, inner ear, brain stem and spinal 
cord. 

 

 

 
 

 

 

 

 

 

The Cranial Nerves  

These nerves connect the brain to different structures of the head, neck and trunk.  

There are 12 pairs – some are mixed, while others are either sensory or motor only.    

  Cranial Nerve  Type  Functions / Areas concerned  

I  Olfactory             

(nose)  

Sensory  Smell   

II  Optic                    

(eye)  

Sensory  Sight  

III  Oculomotor           

(eye)  

Mixed motor  Movement of eyeball / eyelid; pupil 

size; focusing  
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IV  Trochlear (smallest) 

(eye)  

Mixed motor  Movement of the eyeball upward.  

V  Trigeminal(Largest)   

(face)       

  

It has 3 branches:  

Mixed  Controls muscles of mastication. 

Sensations from facial organs (eye, 

skin, tongue, teeth)  

  Opthalamic branch    Eye, nose, forehead, upper eyelid, 

eyebrow  

  Maxillary    Lower eyelid, upper lip, gums, 

teeth, check, nose, palate, pharynx  

  Mandibular    Lower gums, teeth, lip, palate  

VI  Abducens              

(eye)  

Mixed motor  Proprioception. Movement of 

eyeball to the side.  

VII  Facial                  

(face)  

Mixed  Facial expression; saliva and tear 

secretion; taste; muscle sense  

VIII  Vestibulomotor      

(ear)  

Sensory  Hearing, balance & posture.  

IX  Glossopharyngeal    

(mouth & throat)  

Mixed  Swallowing; saliva secretion; taste  

X  Vagus                 

(neck,  

thorax, abdomen)  

Mixed  Visceral muscle movement & 

sensation  

XI  Accessory          (throat, 

neck, upper back)  

Mixed motor  Swallowing; Movement of head & 

shoulders  

XII  Hypoglossal     

(tongue)  

Motor  Speech & swallowing.  

  

  

Note: Only I & II are truly sensory nerves. All the rest of cranial nerves are 

mixed, but have a predominate functional side as stated above in chart.  

  

 

Both the brain & the spinal cord are protected by bony enclosures – the cranium and 

the vertebral column respectively, and also by a series of membranes called the 

Meninges.   
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The Meninges have 3 layers:  

• Outer Dura Mater – this protective fibrous tissue covers the brain & spinal 

cord  

• Middle Arachanoid Mater – contains blood vessels and cerebrospinal fluid. 

Between the arachanoid and pia mater, is the subarachnoid space, which 

contains circulating cerebrospinal fluid.   

• Inner Pia Mater – this closely covers the brain and spinal cord. Blood vessels 

supply oxygen & nutrients to the brain and spinal cord from here.  

 
  

Cerebrospinal fluid is clear lymph-like liquid that gives protective cushioning to 

the Central nervous system. This fluid is derived from blood in the ventricles 

(cavities) of the brain. From the ventricles, this fluid circulates around the brain and 

spinal cord, delivering nutrients and removing waste.  

 

 

The main functions of cerebrospinal fluid are:  

 

• Protects the brain & spinal cord  

• Acts as a shock absorber  

• Controls pressure  

• Supplies nutrients  

• Removes waste  

• Bouys the brain.  

  

 

 

 

 

 

 

 

 

 

 

 

https://www.google.ie/url?sa=i&url=https://teachmeanatomy.info/neuroanatomy/structures/meninges/&psig=AOvVaw3Avgj5L5yFjPy-aSDZ0DIa&ust=1591882516768000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIjpv-Ou9-kCFQAAAAAdAAAAABAD


 

98 

 

The Brain  

The brain is found in the skull. It has many different parts with many different 

functions. Overall, its general function is to coordinate the nerve stimuli received 

and effect the correct responses.   
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STRUCTURE  DETAIL  FUNCTION  

Cerebrum  80% brain mass  

2 cerebral hemispheres – 
connected by corpus callosum  
Outer convoluted cortex of grey 
matter  
Inner medulla of white matter 

Communication occurs between all 

areas of the brain. Each lobe is 

concerned with particular sense  

Perception of sensory impulses 
– vision, touch, hearing, smell  
Control voluntary movements  

Memory  

Thought  

Reasoning  

  

Frontal lobe  Front of the brain  Voluntary motor control  

Personality, intelligence, verbal  

communication  

Parietal lobe  Upper side of the brain  Speech understanding & 

utterance  

Temporal lobe  Lower side of the brain  Auditory interpretation; Audio 

& visual memory  

Occipital lobe  Posterior brain  Visual  

Thalamus  Large mass of grey & white 

matter.  

Relay centre of sensory 

impulses – except smell – to 

the cerebral cortex  

Hypothalamus  Small mass of grey & white matter  Regulates ANS and endocrine 

systems. Controls thirst, 

hunger, BT, Sleep, Sexual 

response, emotions,   

Pituitary  Pea-shaped gland attached to the 

hypothalamus  

Master gland of the endocrine 

system  

Pineal  Attached to the thalamus  Regulation of circadian 

rhythms – patterns of repeated 

activity – day/night & 

sleep/wake  

Cerebellum  Small brain found at the back of 

the cranium, below the cerebrum. 

2 hemispheres of outer grey & 

inner white matter  

Balance & coordination  

Muscle tone & posture  

Sub-conscious level  

Brain Stem  3 parts:    
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1. Midbrain  Short section between cerebrum & 
pons varoli.   
Made up of main nerve pathways 

connecting cerebrum to lower 

nervous system  

Relays messages to and from 
the spinal cord, cerebrum & 
cerebellum.   
Visual, auditory & coordinating 

centre  

2. Pons 

varoli  

Below the midbrain  Relays messages from cerebral  

cortex to spinal   

Cord  

Stops inspiration & provokes 

expiration  

3. Medulla     

Oblongata  

Lowest & largest part of brain 

stem.  

Mainly white matter, connect brain 

to 

Spinal cord.   

Rate & force of heart beat 

Rate & depth of breathing 

(inspiration). 

Constriction & dilation of blood 
vessels  
Vomiting, sneezing, 

coughing & other reflexes. 

   

  

  

 

Blood-Brain Barrier  

Blood goes to the brain via internal carotid and vertebral arteries. Internal jugular 

veins return blood to the heart. Brain is 2% of adult body weight but uses 20% 

oxygen & glucose used at rest. The brain must be supplied with a constant supply of 

glucose as it cannot store it like the liver or muscles can.   

 

The Blood Brain Barrier protects the brain from harmful substances and pathogens. 

The brain does not have a lymphatic system to help protect it against infection or 

disease. This very important BBB is made up of capillaries with tight junctions that 

allow only certain things through to brain matter, for example, glucose, oxygen, 

carbon dioxide and some anaesthetic agents. Trauma, some toxins and 

inflammation can cause a breakdown of the BBB.     

 

 

 

 

 

 

 

 

 

 

 

 



 

101 

 

The Spinal Cord  

 
This is an extension of the brain stem. It extends from the base of the skull to the 

2nd lumbar vertebrae. Its main function is to relay impulses to and from the brain. 

Sensory tracts convey messages to the brain; motor tracts convey messages from 

the brain. The spinal cord has white matter on the outer part and grey matter 

inside. 31 pairs of spinal nerves arise from the spinal cord. These are part of the 

Peripheral Nervous System.   

 

The spinal cord is the centre for reflex actions that provide fast and efficient 

responses to external and internal stimuli.  

 

A reflex is a fast, involuntary & unplanned sequence of events that occurs in 

response to a stimulus. Some are innate (hand away from hot iron; knee jerk); 

others are acquired (breaking in a car).  

 

Integration that occurs in the spinal grey matter is called a spinal reflex. The 

pathway of a nerve impulse that produces a reflex is called a Reflex Arc.  

 

There are 5 functional components of a Reflex Arc:  

• Sensory Receptor – a stimulus is picked up by dendrites of a neurone in 

PNS Sensory Neurone – impulse travels from dendrite, to cell body and 

along the axon to synapse in the spinal cord (CNS)  

• Integrating centre – sensory and motor neurons meet within the CNS and 

communicate the impulse along it’s way  

• Motor Neuron – impulse is picked up, leaves the CNS and travels along axon 

to specific part of the body  

• Effector – a reaction occurs in muscle or glands. 
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THE PERIHPERAL NERVOUS SYSTEM  

The Peripheral nervous system contains cable like nerves that link the Central 

Nervous System to the rest of the body. As described above it is made up of 31 

pairs of Spinal Nerves; and also nerve plexuses & 12 Pairs of Cranial Nerves.  

  

The Spinal Nerves  

Spinal nerves are mixed nerves (sensory & motor functions). This means they can 

receive and send messages to and from the Central Nervous System and the body. 

Spinal nerves pass out from the spinal cord. There are 31 pairs of spinal nerves, 

one on each side of the vertebral column. They are numbered and named according 

to the level of the spinal column from which they emerge, as follows:  

 

Spinal Nerve  Spinal Nerve Numbers Total = 31 pairs  

Cervical Nerves C1-C8 8 pairs 

Thoracic Nerves T1-T12 12 pairs 

Lumbar Nerves L1-L5 5 pairs 

Sacral Nerves S1-S5 5 pairs 

Coccygeal Nerves    1 pair 

 

 

  

These nerves do not go directly to the body structures that they supply. Instead 

they branch off and form networks of nerves known as plexuses, on either side of 

the spinal column. These plexus then go on to supply different parts of the body. 

The thoracic nerves are the only ones that do not form plexuses – they supply 

directly into the ribcage and are called Intercostals Nerves.   
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The Spinal Nerves 

 
 

 

 

There are 5 plexus:  

 

(C1-C5) Cervical Plexuses of the neck supplies the skin and muscles of the head, 

neck & upper shoulder region. Includes phrenic nerve to the diaphragm.  

(C5-T1) Brachial Plexuses at the top of the shoulder supplies the skin & muscle of 

the arm, shoulder and upper chest. Includes axillary, radial & ulnar of the arm.  

(L1-L4) Lumbar Plexuses between the waist and the hip supply the front & sides of 

the abdominal wall and part of the thigh. Includes femoral nerve of the leg.  
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(L4-S4) Sacral Plexuses at the base of the abdomen supply the skin, muscle and 

organs of the pelvis. Includes the sciatic nerve – the largest in the body.  

(C1) Coccygeal Plexuses supplies the skin of coccyx area and the muscles of the 

pelvic floor.   

    

 

The Peripheral Nervous System can then be broken down into the:  

 

➢ Afferent System which carries information from sense organs and receptors 

to the Central Nervous System (Arrives at CNS)  

 

➢ Efferent System, which carries information away from the Central Nervous 

System to effector muscles and glands (Exits CNS).   

 

The Efferent PNS can then be further broken down into 2 functionally different 

systems:  

 

➢ The Somatic Nervous System which conveys messages from the Central 

Nervous System to the skeletal muscle  

➢ The Autonomic Nervous System which conveys messages from the Central 

Nervous System to the smooth muscle in the body, controlling internal organs 

and secretions.   
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The Autonomic Nervous System has 2 divisions:  

➢ The Sympathetic Nervous System – promotes activity ‘Fight or Flight’  

➢ The Parasympathetic Nervous System – inhibits activity ‘Rest & Digest’  
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THE AUTONOMIC NERVOUS SYSTEM  

 

 
 

This is part of the Peripheral Nervous System and is concerned with the automatic 

functions of the internal organs and vessels of the body – those that do not occur at 

conscious level. This action occurs mainly in smooth and cardiac muscle as well as 

glands of the body.   

 

 

 

Structurally, the Autonomic Nervous System has sensory and motor neurons. 

Functionally, these operate on a subconscious level.  

 

Autonomic Nervous Systems sensory neurones are connected to special receptors 

found in internal viscera, organs and vessels. These receptors monitor things like 

blood waste products, degree of stretch on the walls of an organ or blood vessel. 

These sensory neurons convey impulses to the Central Nervous System. A response 

is then initiated through either of the 2 motor divisions of the Autonomic Nervous 

System: The Sympathetic or the Parasympathetic Division.   
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The sympathetic nerves are composed of a network of nerves or plexuses. 

The parasympathetic division consists of a double chain of ganglia called 
sympathetic nerve trunks. They lie from the base of the skull to the pelvis. 

 

  

Every organ in the body has a sympathetic and a parasympathetic nerve supply – 

they complement and oppose each other’s actions in order to maintain homeostasis.   

  

➢ Sympathetic motor neurones originate from Spinal Nerves T1-L2.   

➢ Parasympathetic motor neurones originate from the Cranial Nerves (III, VII, 

IX, X) and Spinal Nerves S2-S4. The parasympathetic division is often 

referred to as the craniosacral division / outflow.   

  

Sympathetic Responses:  

• Dominates in physical and emotional responses  

• Supports vigorous physical activity  

• Works in the E situations: Emergency, Exercise, Excitement and 

Embarrassment.  

• Promotes physiological responses of the Fight or Flight Response to a 

perceived threat. Results are as follows:  

• Pupils dilate  

• Increased heart rate  

• Increased blood pressure  

• Increased respiration rate  

• Airways dilate  

• Decrease in blood to the kidneys and digestive tract  

• Increased blood supply to organs in need muscles, heart & liver  

• Increase in blood glucose levels  

• Decrease in saliva secretion  

 

The actions of the sympathetic Autonomic Nervous System is increased by the 

release of adrenaline from the adrenal medulla.  
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Parasympathetic Responses:  

The parasympathetic nervous system is responsible for the body's rest and digestion 

response when the body is relaxed, resting, or feeding. It basically undoes the work 

of sympathetic division after a stressful situation. The parasympathetic nervous 

system decreases respiration and heart rate and increases digestion. 

 

A useful acronym to summarize the functions of the parasympathetic nervous 

system is SLUDD (salivation, lacrimation, urination, digestion, and defecation) 

 

 

3 Decreases:  

➢ Heart rate decreased  

➢ Diameter of airways 

decreased  

➢ Diameter of pupils 

decreased 
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Chapter 6      

 

The Endocrine System   

 

 

 

 

 
 

  

 

The endocrine system is composed of the following endocrine glands; thyroid, 

parathyroid, pituitary, pineal and adrenal. The primary function of the endocrine 

glands in the body is to secrete hormones directly into the bloodstream to maintain 

and control important activities throughout the body.  
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The endocrine glands secrete hormones, which are messenger molecules, into the 
interstitial fluid in the bloodstream. These released hormones affect nearly every 
cell, organ, and function of the human body. The endocrine system influences 
emotional behaviour, growth, development, tissue and sexual function, metabolic 
rate and reproductive system. Other organs and tissues containing cells that secrete 
hormones are the stomach, placenta, small intestine, heart, skin, thymus, adipose 
tissue, kidneys, pancreas, liver, hypothalamus, testes and ovaries. 

The nervous and endocrine systems are different systems, yet are complementary 
systems and work together to help the body function properly. In general, the 
endocrine system responses are slower and therefore control processes that happen 
more slowly than the nervous system. For example, the endocrine system influences 
things like cell growth, whilst faster processes, like breathing are controlled by the 
nervous system.  
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The Pituitary Gland and Hypothalamus 

 

The hypothalamus links the nervous and endocrine systems by way of the pituitary 

gland. Its function is to secrete releasing hormones and inhibiting hormones that 

stimulate or inhibit production of hormones in the anterior pituitary. 

 

The pituitary gland is a small pea-sized gland located in the brain, and sits just 

behind the bridge of the nose. It plays a major role in regulating vital body functions 

and general wellbeing. It is referred to as the body's 'master gland' because it 

controls the activity of most other hormone-secreting glands. 

 

➢ The Pituitary has 2 lobes – anterior lobe and posterior lobe.  

➢ The Pituitary is attached to the Hypothalamus of the brain by a stalk - this 

stalk brings blood from the hypothalamus rich in O2, nutrients, releasing and 

inhibiting  

hormones to the anterior lobe to influence its secretions: ‘Pituitary Portal 

System’  

➢ The stalk brings nerves from the hypothalamus to the posterior lobe  
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Anterior  

Pituitary  

  

Function  

  

Target  

Growth  

Hormone (GH)  

Stimulate growth of skeletal muscle, 

organs + connective tissue e.g. bone  

Many tissues  

Thyroid  

Stimulating  

Hormone  

(TSH)  

Stimulates growth & activity of the 

thyroid gland  

Thyroid  

Adrenocorticotr 

ophin (ACTH)   

Stimulates & controls the growth and 

hormonal output of the adrenal cortex  

Adrenal Cortex  

Prolactin  Stimulates lactation   

Release is stimulated by suckling  

Breast  

Follicle  

Stimulating  

Hormone   

 or   
  

FSH: stimulates the development and 
ripening of ovarian / graffian follicle 
that secretes oestrogen (female)  
Stimulates testes to produce sperm 

(male)  

  

  

  

Ovaries / testes  

Lutenising  

Hormone  

LH: stimulates final maturation of 
ovarian follicle and ovulation  
Promotes formation of Corpus luteum 
that secretes progesterone (female)  
Stimulates testes to produce 

testosterone (male)  

 

Melanocyte 

Stimulating 

hormone 

(MSH)  

Stimulates the production of melanin in 

the basal cell layer of the epidermis.   

Skin  

Posterior 

Pituitary  

The following 2 hormones are made in 

the Hypothalamus but released from 

the posterior pituitary  

  

Oxytocin  Promotes uterine contraction and 

expression of milk  

Uterus & Breast  

Vasopressin / 
antiduiretic  
Hormone  

(ADH)  

Contraction of smooth muscle (blood  

vessels) = increase BP  

Increase permeability of kidneys to 

water = more water reabsorbed.  

Blood vessels  

  

Kidney tubules  
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The Pineal Gland  

 

The pineal gland is a small, pea-shaped gland in the brain. Its function isn't fully 

understood. Researchers do know that it produces and regulates some hormones, 

including melatonin. The body releases more melatonin is released in the darkness 

and can promote sleepiness.  It function is to co-ordinate circadian rhythms/ day & 

night rhythms / biological clock. Overproduction of melatonin during winter months 

can cause Seasonal Affected Disorder (SAD) as daylight hours are shortened.  It is 

also thought to be associated with Jet Lag  

 
  

 

 

 

The Thyroid Gland  

 

 
 

The thyroid gland is a small butterfly-shaped gland in the neck in front of the larynx 

and trachea. It releases hormones that control metabolism—the way your body uses 

energy. It is controlled by the pituitary gland.  
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The thyroid has two sides called lobes that lie on either side of your windpipe, and is 

usually connected by a strip of thyroid tissue known as an isthmus. Some people do 

not have an isthmus, and instead have two separate thyroid lobes. 

 

The gland contains hormones and colloid (thick sticky semifluid protein)  

 

It has 3 major secretions:  

 

➢ T3 (tri-iodothyronine) 

➢ T4 (Thyroxine  

 

Together, these hormones regulate your body's temperature, metabolism, 

and heart rate 

➢ Calcitonin - the hormone calcitonin hormone is the hormone that regulates 

the amount of calcium in our blood. Calcium is needed for healthy bones but 

also helps with blood clotting and aids the work of the muscles and nerves. If 

calcium levels in the blood drop, it is removed from the bones to top up the 

blood levels. Calcitonin ensures no calcium is removed from the bones when 

levels in the blood are high enough. 

 

The mineral Iodine is essential for formation of T3 and T4 and has to be ingested  

 

 

The Parathyroid Gland  

There are 4 parathyroid glands - 2 on either side of thyroid 

posterior to the thyroid. They secrete Parathormone (PTH). A drop 

in blood calcium levels = increase in PTH secretion. 

PTH promotes calcium reabsorption from bones and in the small intestine and renal 

tubules  

PTH and calcitonin from the thyroid help maintain blood calcium levels which is very 

important for muscle contraction, blood clotting and nerve impulse transmission  
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The Pancreas (Islets of Langerhans) 

 

The pancreatic islets or islets of Langerhans are the regions of the pancreas that 

secrete the 2 hormones, glucagon and insulin. Both of these are vital for the control 

of blood glucose levels. 

Glucagon secretion = increase blood glucose levels  

Insulin secretion = decrease blood glucose levels  

Degeneration of the insulin-producing beta cells is the main cause of type I 

(insulin-dependent) diabetes mellitus. 

 
 

The Adrenal Glands  

There are 2 adrenal glands – each lie on top of a kidney.  

They have a structure of an outer cortex and an inner medulla  

The outer cortex produces Glucocorticoids, Mineralocorticoids and Androgens from 

cholesterol.  

➢ Glucocorticoids:   Cortisone / Hydrocortisone. Stimulated by ACTH or by 

Stress. They regulate carbohydrate, protein and fat metabolism / promote 

sodium and water reabsorption in kidneys / have anti-inflammatory 

properties.   

➢ Mineralocorticoids: Aldosterone is the major one. It is very important for 

electrolyte balance within the body and stimulates reabsorption of sodium 

and water in the kidneys tubules. Decrease in blood sodium = increase 

release of aldosterone = increase blood sodium  

➢ Androgens: Sex hormones produced in very small amounts here.  

  

The Inner Medulla is made of nervous tissue closely related to the nervous system  

It is stimulated by Sympathetic Nervous supply in a big way to release 

catecholamines – Adrenaline and Noradrenaline  

 

Adrenaline is very important in stress- “fight or flight” response.   

➢ Constricts skin and intestinal blood vessels  

➢ Dilates bronchioles (more O2)  

➢ Dilates muscle blood vessels (O2 and nutrient delivery / waste removal)  

➢ Increases metabolic rate (energy)  
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➢ Dilates pupils (alert! Vision)  

➢ Converts glycogen to glucose (energy)  

 

Noradrenaline also works when stress occurs to increase blood pressure. But, it 

is mainly involved in what we call ‘Rest & Digest’ to promote recovery.   

 

➢ Vasoconstriction of small blood vessels = increased BP - Increased rate and 

depth of breathing  

➢ Relaxation of smooth muscle in intestinal wall.  

 
 

The Thymus Gland  

 

The thymus is located in the upper anterior (front) part of your chest directly behind 

your sternum and between your lungs. The pinkish-gray organ has two thymic lobes 

made of epithelial cells and lymphocytes. The thymus reaches its maximum weight 

(about 1 ounce) during puberty. The thymus serves a vital role in the training and 

development of T-lymphocytes or T cells, an extremely important type of white 

blood cell. T cells defend the body from potentially deadly pathogens such as 

bacteria, viruses, and fungi.  
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The Ovaries  

 

The ovaries are found in the lower abdomen of females, below the kidneys. There 

are 2 ovaries each attached to the upper part of the uterus by ligaments. They have 

two main reproductive functions in the body - they produce oocytes (eggs) for 

fertilisation and they produce the reproductive hormones, oestrogen and 

progesterone.  

 
 

 

 

The Menstrual Cycle:   

 

Regular sequence of events in females. Lasts approx. 28 days.  

 

➢ Proliferative Stage: Days 7-14. Ovum develops within ovarian follicle due to 

release of FSH from anterior pituitary. Oestrogen is released by the ovaries to 

promote growth of new blood vessels and mucous cells in the endometrium. 

The ovum bursts from the follicle when mature and travels along the fallopian 

tubes. This is ovulation and is said to occur normally at day 14.  

 

➢ Secretory Stage: Days 14-28. LH (luteinising hormone) is released from the 

anterior pituitary. A temporary endocrine gland called the Corpus Luteum 

develops from the ruptured ovarian follicle. Corpus Luteum secretes 

progesterone. This along with oestrogen causes the endometrium to thicken 

in preparation for pregnancy. If fertilisation does occur, the egg is attached to 

the endometrium and the CL continues to secrete progesterone. It continues 

to do so until the 4th month. After this the placenta secretes progesterone to 

maintain pregnancy.  

 

➢ Menstrual Stage: Days 1-7. If pregnancy does not occur after 8-24 hours, the 

Corpus Luteum shrinks and the endometrium is shed. This is menstruation. 
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Over a period of 5 days, the uterus walls contract to allow the shedding of 

the endometrium.   

  

 

The Testes   

Found in the groin of males. There are 2, each held in a sac called the scrotum 

below the penis.  

 

Main functions:  

• Secretion of the hormone testosterone which controls the development of 

secondary sex characteristics in the male at puberty 

• The production of sperm   

  

 

 
  

 

ENDOCRINE SECRETIONS AND THEIR HORMONES  

The primary function of the endocrine glands in the body is to secrete hormones 

directly into the bloodstream. This ensures that the endocrine system can maintain 

and control important activities throughout the body.  

 

 

HORMONES OF PITUITARY GLAND  SECRETION FUNCTIONS 

ANTIDIURETIC HORMONE OR 

VASOPRESSIN 

Can help to keep blood pressure under 

control along with aldosterone and 

enables the kidneys to retain water. 

Vasopressin helps to control vascular 

contractions. 

CORTICOTROPIN OR 

ADRENOCORTICOTROPIC 

Stimulates the adrenal gland into 

controlling hormone production and 

secretion. 
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HUMAN GROWTH HORMONE OR 

SOMATROPIN 

Controls overall growth and development 

of human body cells and stimulates the 

production of protein. 

LUTEINISING HORMONE AND FOLLICLE-

STIMULATING HORMONE 

In females, stimulates secretion of 

oestrogen and progesterone, ovulation, 

corpus luteum development. In males, 

stimulates production of testosterone in 

testes. It controls specific male and 

female characteristics like muscles, skin, 

hair, voice and even personality.  

OXYTOCIN 

Stimulates milk production by the 

mammary glands and muscles of the 

uterus to contract. 

PROLACTIN 
Stimulates milk production of the 

mammary glands. 

THYROID-STIMULATING HORMONE OR 

THYROTROPIN 

Stimulates production and secretion of 

hormones by the thyroid gland. 

HORMONES OF PARATHYROID 

GLANDS 
SECRETION FUNCTIONS 

PARATHYROID HORMONE 
Controls bone formation and the 

excretion of calcium and phosphorus. 

HORMONES OF THYROID GLAND SECRETION FUNCTIONS 

THYROID HORMONE Regulates the metabolic rate of the body. 

CALCITONIN Helps to regulate calcium. 

HORMONES OF ADRENAL GLANDS SECRETION FUNCTIONS 

ALDOSTERONE (MINERAL CORTICOIDS) 

Helps to maintain salt and water balance. 

Creates the balance by retaining salt and 

water and excreting potassium. 

CORTISOL (GLOCOCORTICOIDS) 

Enables anti-inflammatory activity and 

helps to maintain blood pressure, blood 

sugar level and muscle strength. Also 

helps to maintain salt and water balance. 

ANDROGENS 

(DEHYDROEPIANDROSTERONE) 
Influences puberty in both sexes. 

EPINEPHRINE AND NOREPINEPHRINE 
Stimulates the lungs, blood vessels, heart 

and the nervous system. 

HORMONES OF PANCREAS SECRETION FUNCTIONS 

GLUCAGON Helps to raise blood sugar levels. 

INSULIN 

Helps to lower blood sugar levels and 

influences the metabolism of fat, sugar 

and protein in the body. 
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HORMONES OF KIDNEYS SECRETION FUNCTIONS 

ERYTHROPOIETIN Stimulates red blood cell production. 

CALCITRIOL 
Helps absorption of dietary calcium and 

phosphorus. 

HORMONES OF OVARIES SECRETION FUNCTIONS 

OESTROGEN 

Controls the development of female sex 

characteristics and the reproductive 

system. 

PROGESTERONE 

The line of the all of the uterus is made 

ready for a fertilised egg to implant itself 

and the mammary glands get ready to 

for milk production 

RELAXIN 
Enables greater flexibility of pelvic region 

during pregnancy and dilates the cervix. 

INHIBIN 
Inhibits secretion of follicle-stimulating 

hormone. 

HORMONES OF TESTES SECRETION FUNCTIONS 

TESTOSTERONE 
Stimulates the sexual characteristics and 

the reproductive system of the male. 

INHIBIN 
Inhibits secretion of follicle-stimulating 

hormone. 

HORMONES OF ADIPOSE (FAT) 

TISSUE 
SECRETION FUNCTIONS 

LEPTIN Enables appetite control. 

HORMONES OF PLACENTA SECRETION FUNCTIONS 

CHORIONIC GONADOTROPIN 

Ovaries are stimulated to release 

progesterone during early pregnancy and 

to continue the process. 

OESTROGEN AND PROGESTERONE 
Maintains the uterus for readiness for the 

foetus and placenta during pregnancy. 
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Life Changes  

  

Puberty: Internal organs of reproduction of boys and girls reach maturity and start 

to function. There is a surge of hormones released into the blood stream.   

 

In girls:  

The ovaries are stimulated by FSH and LH. This results in the production of 

Oestrogen and Progesterone.   

The adrenals are stimulated to produce androgens.  

Overall results are development and maturation of breasts, vulva and vagina. There 

is increased subcutaneous fat giving the curved female shape. Ovulation and the 

menstrual cycle begins. There is growth of pubic and axillary hair. It is the 

androgens that are responsible for hair growth in target areas. 
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 If there is an imbalance at this stage and too much androgens are produced, then 

excess hair may develop. Once the correct balance of oestrogens and androgens is 

restored after puberty, excess hair should balance and disappear.  

  

 

In boys: the testes are stimulated by FSH and LH. This results in the production of 

Testosterone. Results are growth of muscle and bone; voice breaks and larynx 

enlarges; growth of pubic, facial, axillary, abdominal and chest hair; sexual organs 

develop; semen and sperm is produced.  

  

Pregnancy: Progesterone is the pregnancy hormone. It maintains the uterus lining 

and develops the placenta. It also prepares the breasts for lactation. Oestrogen is 

also secreted in large amounts. This is accompanied by increase in secretions of 

androgens to try maintain a balance. This can also result in excess hair growth in 

target areas, particularly on the upper lip, chin and side of the face. It is normally 

vellus hair, which should disappear after birth of the child.  

  

Menopause: This marks the end of a woman’s reproductive life when oestrogen 

levels decline. Ovulation and the menstrual cycle become irregular until they cease 

altogether.  

There is a fall in oestrogen production that can result in the following symptoms:   

• Hot flushes  

• Palpitations  

• Anxiety   

• Irritability  

• Fatigue  

• Lack of concentration  

• Osteoporosis  

 

Normally, the hormones from the ovaries will have a feedback relationship with the 

anterior pituitary to control hormones levels in the body. However, in menopause, 

the ovaries stop working, which means the master gland will be confused about 

what stimulating hormones to release. This can result in over-stimulation of the 

adrenal cortex which can lead to excess androgens produced. Sometimes, women of 

menopausal age find they develop excess facial and body hair.   
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Chapter 7  

The Respiratory System  
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The respiratory system does two very important things: it brings oxygen into our 

bodies, which we need for our cells to live and function properly; and it helps us 

get rid of carbon dioxide, which is a waste product of cellular function. 

 

It does this via breathing. Breathing is the process of moving air into and out of 

the lungs to facilitate gas exchange with the internal environment, mostly by 

bringing in oxygen and flushing out carbon dioxide. 

 

Structure:  

The Nose: Left and right cavities. Lined with cilia and mucous membrane. Nose 

moistens, warms and filters air on the way into lungs and it is an organ of smell.  

  

The Naso-pharynx: Upper part of nasal cavity behind the nose, lined with mucous 

membrane. Filters, moistens and warms incoming air.  

  

The Pharynx: Throat area behind the mouth that serves as a food and air 

passageway. It moistens and warms the air coming in.  

  

The Larynx: Connects the pharynx to the trachea. It contains the vocal cords. It’s 

made of muscle and cartilage. This keeps the passageway open and prevents 

obstruction of the passageway.   

  

The Trachea: The windpipe. The tubular passageway composed of 16-20 C-shaped 

rings of hyaline cartilage. Made up mainly of cartilage to keep the trachea 

permanently open. It passes into the thorax and connects the larynx to the bronchi, 

which pass into the lungs.   

 

The bronchi: 2 short tubes. Lead into the lungs and carry air. Lined with ciliated 

mucous membrane and also has cartilage to keep it open. Mucous traps dirt and the 

cilia move dirt upwards to prevent entry into the lungs.  Bronchi divide into 

bronchioles in the lungs. Bronchioles further divide into alveoli which are air-filled 

sacs.   

  

 

Lungs: Spongy organs made of elastic and connective tissue, in the thoracic cavity 

on either side of the heart. The pleura, a serous membrane surrounds the lungs. 

Internally they are made up of alveoli arranged in lobules (like a bunch of grapes). 

The main function of lungs is to facilitate the exchange of carbon dioxide for 

oxygen. The lungs have the following features:  

• Large surface area  

• Thin permeable membrane surrounding the alveoli  

• Thin film of water lining the alveoli. This dissolves the oxygen from the 

air.  

• Thin walled blood capillaries form a network around the alveoli. These 

absorb the oxygen from the air and release carbon dioxide from the 

body.   
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Exchange of Gases:  

This involves the absorption of oxygen from the air in exchange of carbon dioxide 

which is released form the body as a result of normal metabolism.   

Oxygen is inhaled in air through the mouth and nose. It passes through the trachea 

and bronchial tubes to the alveoli. Oxygen diffuses through the thin film of moisture 

lining the alveoli.  

This oxygen then comes into contact with the capillaries surrounding the alveoli. 

Oxygen diffuses into the blood capillaries and is picked up by the red blood cells. 

This oxygen rich blood is carried away back to the heart to be pumped around the 

body.  Carbon dioxide diffuses from the blood capillaries into the alveoli. It is passed 

from here into the bronchi and trachea and exhaled through the nose and mouth.   

  

External & Internal Respiration:  

 

External respiration is the exchange of gases between the blood in the capillaries 

and the alveoli. 

 

Internal respiration is the exchange of gases between the blood capillaries and the 

tissue fluid.  

  

Mechanism of Respiration:  

This is the means by which air is drawn in and out of the lungs. It is an active 

process where muscles of respiration contract to increase the volume in the thoracic 

cavity.  

The main muscles involved in respiration are the diaphragm and the intercostal 

muscles.   
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During inspiration, the diaphragm contracts and flattens. This increases the volume 

of the thoracic cavity.  

External intercostals muscles contract during inspiration and increase the depth of 

the thoracic cavity by pulling ribs up and out.   

The combined contraction of the diaphragm and the external intercostals cause an 

increase in thoracic volume, a decrease of internal pressure which results in air from 

outside the body being drawn into the lungs.  

  

Expiration is normally a passive process whereby the muscles relax. This decreases 

internal thoracic volume, and causes an increase in internal pressure. The internal 

intercostals muscles facilitate this movement by depressing the rib cage. An increase 

in internal pressure = movement of air out of the lungs.  

 

 

 
 

Abdominal muscles also help on deep expiration such as during labour: the 

abdominal muscles such as external and internal obliques, rectus abdominus and 

transversalis abdominus all help to compress the abdomen and force the diaphragm 

upwards.   

  

Other muscles that help our breathing processes are:  

Sternomastoid , serratus anterior and the pectoralis major & minor.   

  

 

 

 

Importance of correct breathing:  

Correct breathing is vital to ensure all cells in the body receive an adequate supply 

of oxygen and are able to get rid of enough carbon dioxide to allow them to function 

properly. Breathing affects our physiological and psychological state. Deep breathing 

exercises can help increase our functioning and capacity of the lungs.   
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Overall Functions of the Respiratory System:  

• Ventilation: the mechanism of flow of air into and out of the lungs  

• Diffusion: the diffusion of oxygen from the capillaries into the alveoli for 

delivery around the body and the diffusion of carbon dioxide from the blood 

into the lungs for expiration.   

• Transport: The lungs facilitate the transport of oxygen around the body in the 

blood and they also facilitate the transport of carbon dioxide from the 

blood/lungs out of the body.  

• Tissue metabolism: When the lungs are working efficiently they help the 

body’s metabolism by providing levels and oxygen sufficient for metabolism 

and also remove levels of carbon dioxide that could inhibit tissue metabolism.   
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Chapter 8  

 

The Cardiovascular (Circulatory) System   

 

 
 

 

 

 

 

 

 

The cardiovascular system is made up of blood, the heart, blood vessels. We will 

also be looking at the Coronary Circulation, Pulmonary Circulation, Portal 

Circulation & the Systemic Circulation. 
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BLOOD  

Blood is the fluid connective tissue pumped by the heart through the blood 

vessels of the cardiovascular system.  

55% of blood is composed of a fluid called plasma, a clear straw coloured fluid 

that consists of 90% water and 10% of plasma proteins.   

 

The major protein in plasma is albumin which prevents fluid from leaking out of 

the blood vessels into tissues. Plasma also supplies water when additional liquids 

are needed in the tissues of the body, as well as play a crucial role in regulating 

the body temperature by carrying heat around the body. The Plasma contains 

dissolved substances, most of these are useful and are carried to places where 

they are to be stored or used. The products of digestion including glucose, amino 

acids, mineral salts and vitamins are carried from the small intestines (ileum) to 

other organs. Without plasma, the life-giving blood cells would be left without 

transportation.   

 

The remaining 45% of blood is composed of what we collectively call formed 

elements. These are the blood cells. There are 3 different types:  

 

➢ Red blood cells – erythrocytes  

➢ White blood cells – leucocytes  

➢ Platelets – thrombocytes.  

 

 

 
  

THE BLOOD CELLS  
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Erythrocytes  

Red blood cells are biconcave shaped disc and they lack a nucleus.  They are 

formed in red bone marrow of bones. They make up 90% of the blood cells. 

They contain an iron containing protein called Haemoglobin. This gives blood 

its red colour. Red blood cells function to carry oxygen in the blood as 

oxyhaemoglobin, and to remove carbon dioxide from tissues. They have a life 

span of 120 days.  

Leucocytes  

White blood cells are very large cells with nucleus. They lack haemoglobin 

therefore do not have a colour. There are 2 different types:  

 

➢ Granulocytes: Neutrophils, Eosinophils and Basophils. These originate 

in the red bone marrow and all have nuclei. They make up 75% of white 

blood cells. Neutrophils and eosinophils use phagocytosis to fight 

infection. Basophils release heparin (anti-coagulant) and histamine 

(increases permeability of blood vessel walls).   

 

➢ Agranulocytes: Originate in lymphoid tissue. They have nuclei. 

Lymphocytes produce antibodies to fight infection. Monocytes use 

phagocytosis to engulf bacteria, etc.   

 

Thrombocytes  

Platelets. These are tiny fragments of cells with no nucleus. Originate in the red 

bone marrow and are very important in blood clotting.  

 

THE BLOOD VESSELS  
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There are two types of artery Pulmonary arteries carry blood from the 

heart to the lungs and systemic arteries carry blood to the rest of the body 

 

 

Arteries:  

• Carry blood away from heart under high pressure.   

• They have a fibrous outer layer, a thick muscular & elastic middle wall and an 

inner layer of epithelium. This results in a thick elastic wall and a small lumen.   

• Arteries do not have valves.   

• They carry oxygenated blood (except pulmonary artery to the lungs) from 

the heart to all around the body.   

• They are generally deep seated except those at a pulse site.   

• Arteries give rise to small blood vessels called arterioles which deliver 

blood to the capillaries.   

 

Veins:  

• Carry blood towards the heart under low pressure.   

• They have a thin inelastic muscular wall and a thick lumen.   

• They have valves in the lumen to prevent backflow of blood.   

• They carry deoxygenated blood (except pulmonary vein from the lungs) 

from the body back to the heart.   

• They are generally superficial and they form small vessels called venules 

which join to capillaries.  

 

Capillaries:  

• These are the smallest of vessels.   

• Their walls are 1 cell thick – highly permeable – which allows diffusion and 

movement of substances between tissue fluid and the blood.   

• They have no valves & low pressure.   

• They unite arterioles and venules to form networks in tissues.   

• Their key function is to allow exchange of nutrients and waste between the 

blood and tissue cells. The process is known as Capillary Exchange. Oxygen, 

nutrients, vitamins, amino acids, minerals etc, can pass through to the 

tissue fluid to nourish the cells. Waste products like carbon dioxide, urea are 

passed out from the cells to the tissue fluid and picked up by the capillaries.    
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BLOOD FUNCTIONS  

The functions of the blood are: 

 

 

Transport:   

➢ Delivers oxygen from the lungs to the organs and cells of the body.   

➢ Nutrients (glucose, amino acids, vitamins) are collected from the small 

intestine and delivered to the cells of the body.   

➢ Carbon dioxide is removed by the blood from tissue and returned to the lungs 

for excretion.   

➢ Waste material (e.g. lactic acid) is carried by the blood for excretion.  

➢ Hormones are transported by the blood from glands to target organs.  

 

 

 

Defence:  

White blood cells combat disease by gathering at an infected site/tissue and 

ingesting the micro-organism or foreign body by a process called phagocytosis. 

This means the white blood cells ingest microbes, dead cells and tissue to 

eliminate the chance of infection. Also, some white blood cells produce 

antibodies which fight against disease.  
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Regulation:  

Blood helps to regulate body temperature by carrying heat away from organs 

and distributing it around the body to maintain body temperature.  

Blood regulates the pH levels of the body to help maintain homeostasis.  

 

Clotting:  

Platelets are specialised cells that gather at site of damaged skin and they clot 

to prevent the loss of blood and also the entry of bacteria.  

 

 

 

Blood supply to head and neck   

 

Veins of the face, head and neck 

 

 
 

 

 

 

 

 

 

 



 

134 

 

Arteries of the face, head and neck 
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Veins and Arteries of the Circulatory System 
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Difference beyween a vein and an artery 

 
 

 

THE HEART  

 

The heart is a hollow organ positioned above the diaphragm and between 

the 2 lungs in the thoracic cavity. It is composed of 3 layers:  

 

1.Pericardium – serous membrane surrounding the heart  

2.Myocardium – cardiac muscle in the wall of the heart pumping blood 

3.Endocardium – epithelial tissue lining the heart  
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*The cells of the heart are called cardiomyocytes 

 

It is divided into a right and a left side by a partition called the Septum. There are 

4 Chambers in its structure:  

 

• 2 upper chambers called atrium (Right Atrium & Left Atrium) receive blood 

from large veins and pump it into the ventricles  

• 2 lower chambers called ventricles (Right Ventricle & Left Ventricle) 

pump blood to the body organs/tissues via large arteries.  

  

The heart has some major vessels closely associated with it:  

• Superior and Inferior Vena cava: The body’s blue blood returns from the 

body tissues to the right atrium of the heart via these large vessels.   

 

• Pulmonary Artery: The blue blood is then delivered from the right 

ventricle to the lungs via the pulmonary artery. This is the only artery in 

the body that carried deoxygenated blood.  

 

• Pulmonary vein:  Once the blue blood has picked up oxygen in the lungs it 

is delivered back to the left atrium of the heart via the pulmonary vein. 

This is the only vein in the body that carries oxygenated blood.  

 

• Aorta: The now oxygenated blood from the left ventricle is pumped 

around the body by the aorta.   

 

• Valves: There are 4 valves (2 groups) found in the heart to help maintain 

blood flow direction and to prevent back flow between the different 

chambers.  

 

 

 

GENERAL / SYSTEMIC CIRCULATION  

This is the largest circuit of the circulatory system comprised of many arteries 

and veins around the entire body. This system carries oxygenated blood from 

the Left Ventricle, via the Aorta and arteries to the rest of the body. 

Deoxygenated blood is then returned from the body, via the veins and vena 

cava to the Right Atrium. This blue blood then passes into the Pulmonary 

Circulation.  
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PULMONARY CIRCULATION  

Pulmonary circulation moves blood between the heart and the lungs. It transports 

deoxygenated blood to the lungs to absorb oxygen and release carbon dioxide. The 

oxygenated blood then flows back to the heart. Systemic circulation moves blood 

between the heart and the rest of the body. 
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Step by step 

The pulmonary system carries blood between the heart and the lungs. 

Deoxygenated blood travels into the heart through the superior and inferior vena 

cava into the right atrium to the right ventricle. The right ventricle then contracts to 

force the blood into the lungs via the pulmonary arteries. The tricuspid and 

pulmonary valves prevent the backflow of blood. In the lungs an exchange of gases 

takes place, carbon dioxide is breathed out and the oxygen is breathed in. This 

oxygenated blood returns to the heart via pulmonary veins. 
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CORONARY CIRCULATION  

The heart itself is a tissue carrying out work and the muscle needs a good 

blood supply for delivery and removal of substances. Coronary circulation is 

the supply of blood to the Myocardium. A right and left coronary artery feeds 

into heart wall from the aorta. The used up blood returns into the RA via 

coronary sinus and from here enters the pulmonary circuit.  

  

THE PORTAL CIRCULATION  

This is part of the systemic circuit but involves only the organs of digestion and 

the liver. The portal circuit collects blood from the stomach, intestines, gall 

bladder, pancreas and spleen. This blood, which is very rich in nutrients and 

low in oxygen, is delivered to the liver via the hepatic portal vein. The liver 

then processes the substances in the blood before continuing on in the 

systemic system. The liver plays a vital role in maintaining proper 

concentrations of glucose (carbohydrate), fats and proteins in the blood. The 

hepatic vein carries the processed blood away from the liver to the inferior 

vena cava for return to the right side of the heart.   

  

THE CARDIAC CYCLE – a sequence of events between one heartbeat and 

the next. Duration of 0.8 sec. Your heart rate is the number of cardiac cycles 

in one minute.   
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BLOOD PRESSURE (BP)  

This is the amount of pressure exerted by the blood on an arterial wall due to the 

contraction of the left ventricle. This pressure can vary from heartbeat to heartbeat. 

Each time the heart beats (about 60–70 times a minute at rest); it pumps out blood 

into the arteries. Our blood pressure is at its highest when the heart beats, pumping 

the blood. This is called systolic pressure. When the heart is at rest, between beats, 

your blood pressure falls. This is the diastolic pressure. 

  

Normal BP is between 100-140mmHg / 60-90mmHg. 120mmHg/80mmHg is 

optimal.  

  

Many factors affect blood pressure. Anything that makes the heart beat faster will 

cause an increase in blood pressure such as: exercise, anger, stress, smoking, 

drugs, pain, fright & excitement. Blood Pressure is regulated by the sympathetic 

nerves in the wall of the arterioles. An increase in the stimulation of the sympathetic 

nervous system will result in temporary increase in BP. 

 

PULSE  

This is the wave of pressure originating in the left ventricle of the heart that 

can be felt in the arteries of the body. Pulse corresponds to the beating of the 

heart. Radial pulse in found over the radial artery in the wrist/at the base of 

the thumb. The brachial pulse is found at the elbow. The carotid pulse is found 

in the side of the neck.  
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All blood cells originate from stem cells (hemoblasts) and go through 

developmental stages before entering the blood. The 3 different groups of 

blood cells take different paths. The process of blood cell formation is called 

hemopoiesis. This takes place in the red bone marrow. Red bone marrow 

consists of developing blood cells, adipocytes, fibroblasts and macrophages 

within reticular fibers.   

 

In life, for the first few years red bone marrow is found in all bones. However, as 

we grow older, the red bone marrow is replaced with fatty yellow marrow that has 

nothing to do with blood cell formation. Yellow bone marrow contains adipose 

cells and stores triglycerides for energy source. It is found in the medullary / 

marrow cavity of long bones. In adults hemopoiesis takes place in the red bone 

marrow of spongy bone found in the ends of long bones, in flat bones (pelvis, 

ribs, sternum, cranium) and irregular shaped bones (vertebrae).   

  

Blood Shunting  

Along certain circulatory pathways, there are certain points where small arteries 

have direct contact with veins. This is present for example in the intestines. When 

these connections are open and working, it allows for the arterial blood to enter 

veins. This is in place to allow for sudden and major diversions of blood volume 

depending on that the body needs.   

As a therapist, it is important not to treat someone after a heavy meal because 

of this scenario. There is increased blood flow to the intestines and this means 

there is less blood being supplied to other areas of the body.   

  

 

 

Blood Types  

There are different human blood types, depending on what types of antigen is found 

on the surface of red blood cells in a particular individual.   

An antigen is any substance that in certain situations, can stimulate the production 

of antibodies.  

  

The different types of antigens found on red blood cells are A or B antigens. A 

person can be:  

• Blood type A – red blood cells have antigen A on the surface. Blood 

serum will have antibodies to antigen B. Can only receive blood from 

Type A or Type O. Can give blood to Type A and Type AB.  

• Blood type B – red blood cells have antigen B on the surface. Blood 

serum will have antibodies to antigen A. Can only receive blood from 

Type B or Type O. Can give blood to Type B or Type AB.  

• Blood type AB – Universal recipient. These red blood cells have antigens 

A & B on the surface. Blood serum will not have antibodies to antigen A or 

antigen B. Therefore it can receive blood from any group. Can only give to 

AB.  
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• Blood Type O – Universal donor. These red blood cells have no antigens 

on the surface. Blood serum has antibodies to antigen A and antigen B. 

Type O can be given to any blood type. It can only receive blood from 

Type O.  

  

Type  Can give to  Can receive from  

A  A and AB  A and O  

B  B and AB  B and O  

AB  AB  Any type  

O  Any type  O  
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BLOOD CLOTTING  

HOW DOES BLOOD CLOT?  

If a blood vessel (a capillary, vein or artery) is damaged (internally or 

externally) bleeding occurs until a clot forms. This clot stops excessive loss of 

blood from the system. If no blood clot forms it is called a haemorrhage. The 

following diagram shows the four stages of clot formation.   

 

  

  

   

  

  

Thrombocytes 
(platelets) are 
easily 
damaged and 
if a blood  
vessel wall is 

broken they 

disintegrate and 

release an 

enzyme called 

thromboplastin.  

Thromboplastin 
then converts a 
plasma protein 
called 
prothrombin into 
an active enzyme 
called thrombin. 
Calcium is needed 
for this process to 
work. (Thus 
thromboplastin  
+ calcium + 

prothrombin 

= thrombin).  

Thrombin then 
changes  
another plasma 
protein, 
fibrinogen into  
fibrin. Fibrin is 

insoluble and 

forms a net-like 

covering across 

the damaged 

vessel. (Thus 

thrombin + 

fibrinogen = 

fibrin).  

As blood tries to 

flow through the 

net, the red and 

white cells and 

platelets are 

trapped and form 

a clot. The 

additional fluid 

that remains is 

known as serum. 

(Thus fibrin + 

blood cells = clot).   
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Chapter 9 

The Lymphatic System  

 

 
  

 

 

 

 

 

 

 

 

 

 



 

146 

 

We are continuously exposed to pathogens (disease causing micro- organisms), like 

bacteria, viruses, etc. Despite this exposure, most of us remain healthy. It is a case 

of human resistance v’s human susceptibility. Our bodies are continuously striving to 

maintain homeostasis by combating these threats.  Acquired immunity is the body’s 

ability to remember and recognise antigens that have triggered an immune 

response. 

 

The Lymphatic System plays a major role in this task, and works very closely with 

Blood and the Immune System.   

  

The lymphatic system has 4 main functions:  

• Subsidiary circulation – It delivers fluid & nutrients around the body as it 

drains excess fluid from tissues.  

• Returns lost plasma protein molecules to the blood that were too big to pass 

back into the blood capillaries from the tissue fluid.  

• Transports dietary lipids and lipid soluble vitamins from the small intestine 

into the blood. Products of carbohydrate and protein digestion pass directly 

into the blood stream. Fats pass directly into specialised intestinal lymph 

vessels called lacteals. The presence of these fats in lymph gives it a milky 

colour and this lymph is called chyle. 

• Immunity – lymph nodes help to fight infection by filtering lymph and 

destroying invading micro-organisms. Lymphocytes are produced in the 

lymph nodes and produce antibodies to fight infection.   

 

The system is made up of:  

• Lymph – a colourless watery fluid. It is tissue fluid that has passed into a 

lymph vessel. It resembles blood plasma except it has less plasma proteins 

and contains leucocytes and lymphocytes. No red blood cells.  

• Lymph Capillaries – are like blood capillaries. 1 endothelial cell thick so very 

permeable. They are more permeable that blood capillaries. They have a 

blind ended origin in the interstitial space as lymph flows in one direction. 

These join together to form vessels.  Lymph vessels (lymphatics) – resemble 

veins. They have outer layer of elastic and muscle and an inner layer of 

endothelium. They have valves to prevent backflow. They carry lymph 

towards the heart. 4 litres of lymph passes into venous blood every day. Once 

lymph passes into vessels, it must pass through at least 1 lymph node before 

returning to the blood.  
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• Lymph Nodes – more than 100 are found scattered around the body. They 

are bean-shaped structures made of a fibrous capsule surrounding an inner 

network of reticular and lymphatic tissue. They can be found deep or 

superficial. Contains lymphocytes and macrophages (monocytes). It filters 

lymph delivered by the lymph vessels to remove cell debris, toxins, disease & 

infection. Clean lymph leaves the nodes in efferent vessels.   
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• Lymph Ducts – efferent lymph vessels join together to form trunks and these 

drain into 2 main lymphatic ducts: the thoracic duct and the right lymphatic 

duct.   

 

 

 
 

 

 

 

The thoracic duct is the main collecting duct in the system. 40 cm long and 

runs from the 2nd lumbar vertebrae to the neck. Its starting point is called the 

cisterna chyli, an expanded area of the duct. It collects lymph from the left 

head, neck, arm, lower limbs and thorax. It drains into the left subclavian 

vein to return to the blood stream. The right lymphatic duct is very short 

at 1.5 cm long found at the root of the neck. It collects lymph from the right 

head, neck, arm and chest. It drains into the right subclavian vein.   
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How is Lymph formed?  

Blood is distributed to tissues in capillaries. Some plasma leaves these capillaries to 

bathe the tissue in order to deliver oxygen, nutrients and water to the cells of the 

tissue. This plasma also picks up waste from the tissue like carbon dioxide & urea. 

Once this plasma is outside the capillaries, it is now called tissue fluid. Some of this 

tissue fluid does go back into the blood stream by entering veins. The remaining 

fluid is collected by the lymph capillaries and vessels. The fluid is now called lymph 

and will eventually be returned to the heart. This helps to maintain blood volume, 

blood pressure and to prevent oedema.  

  

Lymphatic Drainage  

 

Movement of lymph throughout the lymphatic system is called lymphatic drainage. It 

begins in the lymph capillaries. There is no ‘pump’ as in the circulatory system to 

stimulate movement. Movement of lymph out of tissue spaces is helped by:  

• Pressure and movement of skeletal muscle against the vessels  

• Changes in internal pressure during inspiration  

• Compression of lymph vessels from the pull of the skin and fascia during 

movement.   



 

150 

 

  

Muscle tension can inhibit or block lymph vessels as they may put too much 

pressure on them. This results in less drainage and a build-up of tissue fluid. During 

massage muscles relax, lymphatic vessels open and assist drainage. A client can 

help the drainage process by taking slow deep breaths that help to stimulate lymph 

flow.  

  

Summary of Lymph Flow  

 

Blood in blood capillary feeding tissue  

↓  

Plasma escapes capillary and bathes tissue cells  

↓  

Excess tissue fluid enters lymph capillaries  

↓  

Fluid enters lymph vessels (lymphatics) and is now called lymph  

↓ 

Lymph flows into larger lymph vessels that lead to nodes  

↓  

Lymph is filtered through at least 1 node  

↓ 

Filtered lymph is collected into lymph ducts  

↓ 

Lymph drains from ducts into venous blood via subclavian veins.  

  

 

 

  

Difference between blood vessels and lymphatic vessels:  

  

Blood vessels  Lymph vessels  

Carry blood  Carry lymph  

Circuit formed – bring blood to and 

from  

One direction flow only – towards the  

the heart  heart, away from tissue spaces  

Capillaries link veins and arteries  Blind ended capillaries  

Higher capillary pressure  Lower capillary pressure  

Smaller capillary pores  Larger capillary pores  

No nodes to pass through  Lymphatics pass through lymph nodes  
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Other Lymphoid Tissue  

  

 
 

The Spleen  

Largest lymphatic mass of lymphoid tissue found on the left hand side of the body 

between the stomach and the diaphragm. It is very vulnerable to trauma and it is 

not a vital organ in adults. It produces lymphocytes to produce antibodies and 

monocytes that engulf debris; filters blood and destroys infection, disease and old 

red blood cells; can release blood in times of emergency or blood loss; it is a 

reservoir for new red blood cells in children (acts like bone marrow).   

  

The Tonsils  

Made of lymphatic tissue and located in the oral cavity and pharynx. There are 3 

sets of tonsils. All provide defence against micro-organisms then enter the mouth 

and nose.  Palatine – ‘the tonsils’ found at the back of the throat, one either side. 

Pharyngeal – ‘adenoids’ lie in the wall of the nasal part of the pharynx Lingual - 

found below the tongue.  

  

The Thymus  

Located in the upper chest, above the superior vena cava and below the thyroid. It 

lies against the trachea. It is larger in children than in adults. It shrinks with age. In 

children, it is a reservoir of lymphocytes – it makes special T-lymphocytes to attack 

disease / microorganism. In adults before it atrophies, T-cells are carried by the 

blood from the thymus to other lymphoid tissue like lymph nodes & the spleen 

which they colonize. Some T-cells however, can continue to reproduce in the 

thymus throughout adult life.  

The thymus is affected in adults by prolonged stress and can contribute to the onset 

of low immunity and disease associated with stress.   
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Peyers Patches  

Found in the walls (villi) of the small intestine – grouped nodules found in the ileum 

of the small intestine.  

  

 

 

 

Appendix    

Lymphatic nodules are found in the appendix.   
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Chapter 10 

 

The Digestive System  
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The food we eat contains many nutrients used for building new body tissue and 

repairing damaged tissues. We all need food as energy in order to survive. However, 

the foods we eat must be broken down into tiny molecules to enable them to enter 

the cells in our body. This process of digestion occurs in the Alimentary Tract, a 

long continuous muscular tube that starts at the mouth and ends at the anus.   

 

 
  

 

Some Important Terms and Definitions:  

Ingestion is the process of taking foods and liquids into the mouth, i.e. eating.  

Digestion is the mechanical and chemical breakdown of food into smaller foodstuff. 

Absorption is the passage of smaller molecules into the cells that line the stomach 

and intestines and then taken into the blood and lymph systems.   

Assimilation is using these digested foods to build and nourish the tissues of the 

body. Elimination is the excretion of indigestible and unwanted foodstuff (faeces) 

through the anus.   

Digestive enzymes are chemical substances that act as catalysts for food 

breakdown which enables food to be absorbed. They make chemical changes in 

food but they themselves remain unchanged.  
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The Alimentary Tract (9 metres) consists of the organs that food and liquids 

travel through when they are swallowed, digested, absorbed, and leave the body as 

faeces. It consists of:  

 

Mouth  

Pharynx  

Oesophagus  

Stomach  

Small Intestine (SI)  

Large Intestine (LI)  

Rectum & Anus  

  

 

 
 

Accessory Organs to digestion:  

These are organs that helps with digestion but are not part of the digestive tract. 

The accessory digestive organs are: 

tongue, 

salivary glands 

Liver  

Gall Bladder  

Pancreas  

  

Basic Structure of Digestive Organs:  

 

• Inner Mucosa layer with mucous membrane (protection, secretion and 

absorption); smooth muscle; connective tissue to support blood and lymph 

vessels; various cells that secrete digestive substances into the lumen of the 

tract.  This layer is arranged to increase surface area for absorption.   

https://www.medicinenet.com/the_digestion_process_organs_and_functions/article.htm


 

156 

 

• Sub-mucosa layer containing connective and elastic tissue, blood, lymph and 

nerves. 

• Outer muscle layer made of longitudinal and circular muscle. This layer allows 

the movement of food along the tract by contraction and relaxation.   

• Serous membrane: The Peritoneum is the largest serous membrane of the 

body. The parietal layer lines the wall of the abdominal cavity. The visceral 

layer covers some organs in the cavity.   

 

The Mouth  

 

Mechanical breakdown of food by chewing with teeth starts here. The tongue 

helps by forming a ball of food called a bolus. Chemical breakdown occurs by 

saliva secreted from 3 pairs of salivary glands:  

 

• Parotid glands: above the masseter muscle, anterior to ear.  

• Submandibular glands: inside the arch of the mandible, below tongue  

• Sublingual glands: below the tongue.  

 

 

 
 

 

➢ Saliva is a clear thick liquid containing water, salts, mucin and salivary 

amylase.  

➢ Salivary amylase is the enzyme that breaks down Carbohydrates (starch) to 

maltose.  

➢ Saliva also lubricates the food, cleanses the teeth and mouth and protects 

against bacteria. Saliva is secreted once food enters the mouth.  

➢ The smell, sight, sound or thought of food can also stimulate secretion of 

food.   
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The Pharynx and Oesophagus  

 

 
The pharynx is the throat that leads the bolus into the oesophagus. The initial 

swallowing of food is voluntary but once in the pharynx, food moves along by 

involuntary muscular contraction called peristalsis. No digestion occurs in the 

oesophagus. Only mucous is secreted to help the movement of the bolus along the 

oesophagus to the stomach.   

  

 

 

The Stomach  
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Structure: J-shaped organ on the left hand side of the body & below the 

diaphragm.  

 

The stomach is divided into 5 regions: 

• The cardia is the first part of the stomach below the esophagus. It contains 
the cardiac sphincter, which is a thin ring of muscle that helps to prevent 
stomach contents from going back up into the esophagus. 

• The fundus is the rounded area that lies to the left of the cardia and below 
the diaphragm. 

• The body is the largest and main part of the stomach. This is where food is 
mixed and starts to break down. 

• The antrum is the lower part of the stomach. The antrum holds the broken-
down food until it is ready to be released into the small intestine. It is 
sometimes called the pyloric antrum. 

• The pylorus is the part of the stomach that connects to the small intestine. 
This region includes the pyloric sphincter, which is a thick ring of muscle that 
acts as a valve to control the emptying of stomach contents (chyme) into the 
duodenum (first part of the small intestine). The pyloric sphincter also 
prevents the contents of the duodenum from going back into the stomach. 

 

 

 

 

 

https://www.cancer.ca/en/cancer-information/cancer-type/stomach/stomach-cancer/the-stomach/?region=on
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The stomach is made up of several layers of tissue: 

• The mucosa (mucous membrane) is the inner lining of the stomach. When 
the stomach is empty the mucosa has a ridged appearance. These ridges 
(rugae) flatten out as the stomach fills with food. 

• The next layer that covers the mucosa is the submucosa. It is made up of 
connective tissue that contains larger blood and lymph vessels, nerve cells 
and fibres. 

• The muscularis propria (or muscularis externa) is the next layer that covers 
the submucosa. It is the main muscle of the stomach and is made up of 3 
layers of muscle. 

• The serosa is the fibrous membrane that covers the outside of the stomach. 
The serosa of the stomach is also called the visceral peritoneum.  

 

Functions of the Stomach 

• Temporary storage for food, which passes from the esophagus to the 
stomach where it is held for 2 hours or longer 

• Chemical digestion of proteins to polypeptides  

• Mechanical digestion via muscular contraction turns solid food to liquid chyme  

• Absorption of water, alcohol, drugs  

 

The mucosa contains specialized cells and glands that produce hydrochloric acid and 
digestive enzymes to help digest food. The mucosa in the cardiac and pyloric regions 
of the stomach release mucus that helps protect the lining of the stomach from the 
acid produced for digestion. Other specialized cells in the mucosa of the pylorus 
release the hormone gastrin into the blood. Gastrin helps to stimulate the release of 
acid and enzymes from the mucosa. Gastrin also helps the muscles of the stomach 
to start contracting.  

Food is broken down into a thick, acidic, soupy mixture called chyme. The pyloric 
sphincter relaxes once chyme formation is complete. Chyme then passes into the 
duodenum. The duodenum plays a big role in absorption of the food we eat. The 
stomach does not play a big role in absorption of food. It only absorbs water, 
alcohol and some drugs. 

 

https://www.cancer.ca/en/cancer-information/cancer-type/stomach/stomach-cancer/the-stomach/?region=on
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Secretions: Gastric Juice is secreted by special glands called gastric glands. Gastric 

Juice contains:  

1 Pepsin: secreted as pepsinogen by chief cells. It’s an enzyme that breaks down 

proteins to polypeptides (peptones).  

2 Hydorchloric Acid (HCL): made by oxyntic cells. The acidic environment of the 

stomach converts pepsinogen to pepsin and kills bacteria.  

3 Rennin turns milk to curds in infants.  

4 Mucous secreted by neck cells, lines the stomach to protect against acid erosion. 

Lubricates food.  

  

 

The Small Intestine (SI)  

 

Structure 

 

➢ This area continues from the pyloric sphincter of the stomach and is approx.  

7 metres long. The SI has the same basic structure as the stomach.   

➢ It also has special features called villi, which are tiny projections that contain 

blood capillaries and lacteals that absorb nutrients into the bloodstream.   

➢ Goblet cells are also present in the SI to secrete mucous into the lumen.   

➢ Peyers Patches of the lymphatic system are found in the wall of the SI.  

➢ Intestinal Glands are found in the SI walls. These secrete digestive 

Intestinal Juices.  
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The SI is divided in 3 parts:  

 

• Duodenum –The duodenum is the first part of the small intestine. It is 

located between the stomach and the middle part of the small intestine, or 

jejunum. After foods mix with stomach acid, they move into the duodenum, 

where they mix with bile from the gallbladder and digestive juices from the 

pancreas. 

 

• Jejunum – middle segment  of the small intestine found between the 

duodenum and the ileum. Most of the nutrients present in food are absorbed 

by the jejunum before being passed on to the ileum for further absorption. 

 

 

• Ileum – 3 metres where the main absorption of food takes place. It leads into 

the ileocaecal valve of the Large Intestine.   

 

 

Secretions 

 

There are 3 different groups of liquids secreted into the SI:  

 

1.Bile is made in the liver but stored & secreted from the gall bladder into the 

duodenum. It is an alkaline liquid of water, mucous, bile pigments, bile salts and 

cholesterol. It’s function is to neutralise the acid chyme from the stomach and to 

emulsify fat (break bid fat molecules into tiny fat droplets).  

 

2.Pancreatic Juice is produced and secreted from the pancreas into the 

duodenum. This juice digests carbohydrates, proteins and fats. Pancreatic juice 

contains the enzymes:  
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➢ Pancreatic Amylase  - breaks down Complex Carbohydrates (Polysaccharides) 

to Simpler Carbohydrates (Disaccharides)  

➢ Trypsin  - further breaks down proteins and polypeptides  

➢ Pancreatic Lipase – breaks down Lipids to Fatty Acids & Glycerol.  

 

3.Intestinal Juice is produced and secreted by the Intestinal Glands in the wall of 

the SI. These juices complete the final breakdown of nutrients. Intestinal Juice 

contains:  

 

➢ Amylase  - splits Polysaccharides into Disaccharides (Maltose, Sucrose, 

Lactose)  

➢ Maltase  - splits Maltose into Glucose  

➢ Sucrase – splits Sucrose into Glucose & Fructose  

➢ Lactase  - splits Lactose into Glucose & Galactose  

➢ Peptidases  - splits Polypeptides into Amino Acids  

➢ Lipase  - splits fats into fatty acids & glycerol  

  

Functions of SI:  

➢ Moves digested foodstuff along by peristalsis towards the LI  

➢ Completes digestion of Carbohydrates, Proteins & 

Fats  

➢ Protects against disease (lymphatic components)  

➢ Absorbs Nutrients into blood and lymph systems.  

  

Absorption of Digested Food  

➢ Absorption is the diffusion of nutrients through the epithelial cells lining the 

digestive tract and into the underlying blood capillaries and lacteals.  

➢ 90% occurs in the SI. The other 10% occurs in the stomach and LI.  

➢ Any undigested or unabsorbed material is left in the SI and passes into the 

LI.   

➢ Simple sugars Glucose, fructose and galactose, from carbohydrate digestion 

are absorbed into the blood capillaries.  

➢ Amino Acids from protein digestion are absorbed into the blood capillaries.   

➢ Fatty Acids & Glycerol from lipid digestion are absorbed into the lacteals. 

These are carried into the lymph system before being delivered into the 

blood system.  

➢ Vitamins & minerals are absorbed into the blood capillaries of the villi. 

These assist in normal body functioning and cell metabolism.   
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The Large Intestine (LI)  

 

 

 
 

The large intestine is the portion of the digestive system most responsible for 

absorption of water from the indigestible residue of food. 

Structure:  

➢ The LI is 1.5 metres long and borders the SI. The LI does not have any villi 

like the SI. It does have goblet cells that secrete mucous. It has many 

different regions: Caecum – pouch at the junction of the SI and LI on the 

right hand side of the body. The ileo-caeal valve connects them. The 

appendix is attached onto the caecum.  

➢ Ascending colon – passes up from the caecum to the lower edge of the liver. 

It turns at a point called the hepatic flexure.  

➢ Transverse colon – extends across the abdomen at waist level from hepatic 

flexure to a downward turn at the left side of the body called the splenic 

flexure  

➢ Descending colon – passes down from splenic flexure to the brim of the 

pelvis.  

➢ Sigmoid colon – s-shaped segment from the descending colon towards the 

rectum. Rectum – 12 cm long connecting the sigmoid colon to the anus. 

Faeces is stored here before defecation.   

➢ Anus – opening at the end of alimentary tract. Faeces is discharged here. It 

has an internal sphincter of smooth muscle that is under involuntary control 

and, an external sphincter of skeletal muscle that is under voluntary control. 

The anus is closed except during defecation.   

  

Functions of LI:   

➢ Absorption of water, ions and vitamins  

➢ Formation and storage of faeces (undigested foodstuff, dead cells, 

bacteria) Secretes mucous to aid movement of faeces by peristalsis.  

➢ Production of Vitamin B and Vitamin K – some bacteria in the LI produce 

these vitamins.  Defecation  
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Accessory digestive organs 

Accessory organs of digestion are organs that secrete substances needed for 

the chemical digestion of food but through which food does not actually pass as it 

is digested. The accessory organs are the tongue, salivary glands, pancreas, 

liver, and gallbladder.  

 

The Liver – Accessory Organ  

 

 
 

➢ The liver is the largest gland in the body. It has 4 lobes and is found in the 

upper right hand side of the abdominal cavity, below the diaphragm. 

Internally its cells are called hepatocytes. 

➢ The liver is supplied with oxygenated blood via the Hepatic Artery, a branch 

of the aorta. It also receives blood, rich in nutrients and low in oxygen from 

the digestive system via the Hepatic Portal Vein.  

➢ The liver is a vital organ that processes and metabolises the products of 

digestion to make them suitable for the body’s cells to use. These are carried 

away by the Hepatic Vein that links up with the vena cava.  
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Functions of the liver:  

• Production of bile – the liver produces bile and sends it to be stored in the 

gall bladder via the hepatic duct.  

• Carbohydrate Metabolism – the liver regulates blood sugar levels. When blood 

sugar is high the liver stores excess glucose as glycogen. When blood sugar is 

low, it coverts stored glycogen to glucose. The muscles can also store excess 

glucose as glycogen. If both stores are full, the glucose is converted into fate 

by the liver.  

• Protein Metabolism – we cannot store excess proteins or amino acids. The 

liver breaks them down. It can deaminate amino acids (spilt amino acids into 

and amino group + ammonia). The ammonia is converted to urea in the liver 

and transported to the kidneys for excretion. The amino group can be used to 

make plasma proteins, ATP, or carbohydrates and fats.   

• Lipid Metabolism – some fats are stored in the liver. The liver can break down 

fats to make ATP. It can use fats to make cholesterol and use cholesterol to 

make bile salts.  

• Detoxification – the liver detoxifies alcohol, drugs, harmful waste and 

excretes them in bile or through the kidneys.  

• Storage – stores glycogen, vitamins A, D, E, K, B12 and minerals iron, 

potassium and copper. These are released when needed by the body.   

• Phagocytosis – the liver cells can phagocytize aged rbc, wbc and bacteria.  
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The Gall Bladder – Accessory  Organ  

 

 
 

A pear shaped sac attached to the liver. The gall bladder stores bile produced by 

the liver. The Hepatic duct brings bile to the gall bladder from the liver. The 

Cystic duct carries bile to/from the gall bladder.  

 

The Common hepatic duct is formed when the cystic, hepatic and pancreatic 

ducts meet and lead into the duodenum.   

 

Functions:  

• Bile reservoir  

• Secretes mucous into bile  

• Absorbs water from bile to make it more concentrate  

• Releases bile into duodenum to emulsify fats  

 

The Pancreas  
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The pancreas is a long, flat gland that sits tucked behind the stomach in the upper 

abdomen. The pancreas produces enzymes that help digestion and hormones that 

help regulate the way your body processes sugar (glucose). 

  

Its endocrine function is the production of insulin from the Islets of Langerhans. 

 

Its exocrine functions is that of the production and secretion of the pancreatic 

Juices. This juice is produced by the secretory cells in the alveoli lobules of the 

pancreas. They contain digestive enzymes (as outlined above) to aid the digestion of 

carbohydrates, proteins and fats.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

168 

 

Summary of digestion of carbohydrates, proteins and fats   

  

 

ORGAN  DIGESTIVE 

JUICE  

ENZYME  SUBSTRATE  REACTION  

Mouth  Saliva  Salivary 

Amylase  

Carbohydrates 

(Starch) 

(Polysaccharides)  

Splits Complex 

Carbohydrates to Simpler  

Carbohydrates  

  

Polysaccharide (cooked 

starch)   

Disaccharide (Maltose)  

Stomach  Gastric Juice  HCL (acid – not 

an enzyme)  

Pepsinogen  Converts inactive 

Pepsinogen to active 

Pepsin  

  

    Pepsin  Proteins  Splits Proteins  

Polypeptides (peptones)  

  

Small  

 Intestine  

Bile  Bile (not an 

enzyme)  

Fats  Emulsifies Lipid. Splits 

large Fats to small Fat  

Droplets  

  

  Pancreatic Juice  Pancreatic 

Amylase  

Carbohydrates  

(Polysaccharides)  

  

Polysaccharide 

Disaccharide  

(Maltose, Sucrose, 

Lactose)  

    Trypsin  Proteins  Proteins  

Polypeptides (peptones)  

  

    Pancreatic 

Lipase  

Fats  Fats  

Fatty Aids & Glycerol  

  

  Intestinal Juice  Intestinal 

Amylase  

Carbohydrates   

(Polysaccharides)  

  

Polysaccharide 

Disaccharide  

(Maltose, Sucrose, 

Lactose)  

    Maltase  Carbohydrates 

(Disaccharides)  

Maltose 

Glucose  

    Sucrase  Carbohydrates 

(Disaccharides)  

Sucrose  

Glucose & Fructose  
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    Lactase  Carbohydrates 

(Disaccharides)  

Lactose 

Glucose & Galactose  

    Peptidases  Proteins  Polypeptides  Amino 

Acids  

  

    Lipases  Fats  Fats  

Fatty Aids & Glycerol  
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Chapter 11 

 

    

The Urinary System  

 

 

  
 

 

 

 

 

 

 

 

 

Excretion of waste products from the body is vital in order to maintain good health. 

The urinary system is made up of excretory organs that are involved in processing and 

eliminating normal metabolic waste from the body. Its primary function is to regulate 

the composition and volume of body fluids in order to provide a constant internal 

environment for the body i.e. homeostasis.   
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Urinary Structure:  

 

  

1. 2 Kidneys. These lie on either side of the vertebral column between the 

12th thoracic and 3rd lumbar vertebrae. They are bean shaped! ‘kidney 

bean’. They are approximately 4inch x 3 inch x 2.5 inch. They have an 

outer fibrous capsule supported by adipose tissue. Each kidney has an 

inner medulla and an outer cortex.   

 
 

The outer cortex is deep red in colour and is where the fluid is filtered from the blood.   

 

The inner medulla is where some materials are selectively re-absorbed back to the 

bloodstream. The medulla is pale red and made up of conical shaped sections called 

renal pyramids. The base of the pyramids face the outer cortex, with the apex’ facing 

the concave portion called the hilus.  

 

The hilus is a where the renal artery, veins, lymphatics, nerves and ureter enters / exits 

the kidneys.    
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2. 2 Ureters. 2 very fine muscular tubes that transport urine from the pelvis 

of the kidney to the urinary bladder. They have an outer fibrous layer, 

middle smooth muscle layer and an inner mucous membrane. They 

function to propel urine from the kidneys to the bladder by peristaltic 

contraction of their muscular walls.   

 

 
 

3. 1 Bladder. The reservoir for urine. Found behind the pubic symphysis. 

When empty the mucosa of the bladder is folded into layers called rugae. 

When full, the bladder expands and the rugae disappear. The bladder has 

an internal sphincter that relaxes when the walls contract and allows the 

bladder to empty.   
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4. 1 Urethra. This canal from the bladder to outside the body varies in length 

from men (18-20cm) to women (4 cm). The urethra has an external 

sphincter to allow urination. Its function is to pass urine from the bladder 

to the exterior. In men it also is carries semen.   
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Formation of Urine:  

The blood that needs to be processed enters the kidneys under very high pressure, via 

the renal artery.   

This blood is filtered and urine is formed in tiny structures called nephrons – the 

functional unit of the kidneys.   

There are over 1 million nephrons per kidney. A nephron can be divided into different 

successive parts as follows:  

  

• Glomerulus (capillary network)  

• Bowman’s Capsule (sac) 

• Proximal Convoluted  

• Tubule  

• Loop of Henle  

• Distal Convoluted Tubule 

• Collecting Duct  
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The arteriole feeding into the glomerulus is larger than the one leaving it. This helps to 
maintain the high pressure needed for filtration to occur in the glomerulus. The filtered 
liquid continues through the convoluted tubules and Loop of Henle, which are surrounded 
by capillaries. Here reabsorption and secretion occurs.   
 
The ‘good stuff’ that the body cannot afford to lose, such as water, salts (Na), glucose, 

minerals, amino acids and vitamins are re-absorbed by these capillaries and brought 

back into the blood stream. 99% of filtrate is reabsorbed back into the body. 1% is 

excreted as urine.   

  

The waste products of this filtration such as excess water, salts, urea, are collected as 

urine in the collecting ducts, drained into the renal pelvis and passed into the ureters to 

drain into the bladder.   

  

  

Urine is made up of water (approx 96%), salts, protein wastes (uric acid, ammonia, 

urea) and it varies in colour depending on its composition and volume. Tests carried out 

on samples can indicate the state of health of the body and can determine the presence 

of illness and disease.   

  

Functions of Kidneys:  

• Regulates Blood Salt concentration: it regulates blood levels of sodium (Na+) 

and potassium (K+).  

• Regulates Blood pH: it excretes hydrogen ions (H+) in urine and keeps 

bicarbonate (HCO3-) which is a vital buffer for the blood.  

• Regulates Blood Volume: it adjusts blood volume by keeping or eliminating water 

in the urine. This will affect Blood Pressure.  
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• Regulates Blood Pressure: It secretes an enzyme Renin. Renin activates renin-

angiotensin system.  Renin regulates blood pressure.  

• Produces hormones: Calcitriol is active vitamin D that regulates blood calcium 

levels, erythropoietin stimulates the production of red blood cells.  

• Regulates Blood Glucose: it can use amino acids like the liver to make new 

glucose to add to the blood.  

• Excretes Waste by forming urine through the nephrons. Nephrons are the 

functional unit of the kidney, the structure that actually produces urine in the 

process of removing waste and excess substances from the blood. Wastes are 

ammonia, urea, uric acid, bilirubin, creatinine, drugs, toxins and foreign entities.   

 

Fluid Balance:  

A balance between water retention and water output is controlled by the kidneys. 

There must be a balance between the two to try maintain homeostasis.   

We take water in through diet, digestion and metabolic activities. We lose water 

through the kidneys, the skin, digestion and the lungs.   

 

Fluid balance is affected in 3 ways:  

 

➢ Renin-angiotensin System: Low blood volume or low BP stimulates the release of 

the enzyme Renin. This induces the secretion of Angiotensin. Angiotensin is a 

peptide hormone that causes vasoconstriction and an increase in blood pressure. 

This tells the kidneys to reabsorb Na+, H+ and water. This = increase in blood 

volume & BP.  

 

➢ Aldosterone: High levels of Angiotensin causes the release of Aldosterone from 

the adrenal cortex. This results in secretion of K+ and the reabsorption of Na+ 

and water.  

This too = increase in blood volume & BP.  

 

➢ ADH (vasopressin): If there is a drop in blood volume, nerve receptors in the 

hypothalamus will tell the pituitary (posterior) to release ADH. ADH tells the 

kidneys to reabsorb water into the body which = increase blood volume and BP.  

Once the desired blood volume is reached, these processes will be inactivated. 

The process is on-going in an effort to maintain homeostasis and fluid balance 

within the body.   
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Factors Affecting Fluid Balance:  

 

➢ Body Temperature:  increased temp = increased sweating = loss of water  

➢ Diet: High salt intake can = high water reabsorption. This reduces volume 

of urine produced.  

➢ Diuretics e.g. alcohol, tea, coffee can increase the volume of urine.   

➢ Emotions: nervousness can increase urine production  

➢ Blood Pressure: High BP means more urine will be produced as blood volume is 

at sufficient levels already.   

 

 

   

  

Some Definitions  

  

Nephrology:  the study of anatomy and physiology of the kidneys  

 

Urology: the study of the male & female Urinary systems and the male 

reproductive system.   

 

Urination: the voiding of urine from the bladder  

 

Micturition: physiological process of urination, including nerve impulses and muscular 

responses.  

  

Diuretics:  

Substances that slow renal reabsorption of water and therefore increase urine 

flow rate. This reduces blood volume. Diuretics can be prescribed for 

hypertension as lowering blood volume lowers blood pressure. Naturally occurring 

diuretics such as caffeine are found in coffee, tea, sodas, and alcohol. 

  

Dialysis:     

The removal of waste products from blood by diffusion through a selectively 

permeable membrane. An artificial kidney machine can do this – it directly filters a 

patient’s blood of waste and the filtered blood returns to the body.   
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Chapter 12        

    

The Reproductive System  
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The Female Reproductive System   

 

 
 

The female reproductive system is made up of the internal and external sex organs that 

function in reproduction of new offspring. In humans, the female reproductive system is 

immature at birth and develops to maturity at puberty to be able to produce gametes, 

and to carry a foetus to full term 

 

 

The female reproductive system is designed to carry out several functions. It produces 

the female egg cells necessary for reproduction, called the ova or oocytes. The system 

is designed to transport the ova to the site of fertilization. Conception, the fertilization 

of an egg by a sperm, normally occurs in the fallopian tubes. The next step for the 

fertilized egg is to implant into the walls of the uterus, beginning the initial stages of 

pregnancy. If fertilization and/or implantation does not take place, the system is 

designed to menstruate (the monthly shedding of the uterine lining). In addition, the 

female reproductive system produces female sex hormones that maintain the 

reproductive cycle 

 

The overall functions of the female reproductive system:  

• Ovulation  

• Menstruation  

• Pregnancy  

• Birth  

 

https://www.webmd.com/sex-relationships/guide/your-guide-female-reproductive-system
https://www.webmd.com/baby/understanding-conception
https://www.webmd.com/infertility-and-reproduction/guide/sperm-and-semen-faq
https://www.webmd.com/medical_information/health_tools/interactive/preg_calendar.htm
https://www.webmd.com/medical_information/health_tools/interactive/preg_calendar.htm
https://www.webmd.com/sex-relationships/default.htm
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Ovaries 

Sex glands found on the lateral walls of the pelvis. They are held in place on either side 

of the uterus by supporting ligaments. Ovarian follicles are found in the ovaries that 

contain the ova. Females are born with a predetermined number of ova - 2m but over 

time, some degenerate and 400,000 are left by puberty. These lie immature until they 

are stimulated into maturity by the release of FSH (follicle stimulating hormone). One 

egg ripens each month.  

 

2 main functions:  

• Production of ova  

• Release of oestrogen and progesterone: oestrogen stimulates primary female 

characteristics. It is released in the 1st half of the cycle. Progesterone, released 

in the 2nd half of the cycle, thickens the uterus lining ready for implantation of a 

fertilised egg.  

 

Fallopian tubes 

2 tubes, each 5cm long, extending from each side of the uterus towards the ovary. 

Fimbriae are finger like projections that encircle the ovary.  

 

Functions:  

• convey the mature ovum from ovary towards the uterus. Peristaltic contraction 

and cilia on the lining help this.   

• Fertilisation occurs in the fallopian tubes and this is passed to the uterus.  

  

 

Uterus 

Hollow organ behind the bladder, in front of the rectum. It has a thick muscular wall & 

inner mucous membrane called the endometrium.  

Functions:  

• Receives the ovum and is the area where the embryo grows and develops into a 

foetus. After puberty, it has a regular cycle that prepares it to receive, nourish 

and protect a fertilised ovum.  

• Its walls relax during pregnancy to allow growth of the foetus.  

• Without fertilisation the surface endometrium degenerates and sheds during the 

menstrual cycle.  

  

The Vagina 

10-15cm tube of muscle & elastic tissue and moist epithelium lining. It connects the 

internal organs to the external organs. It has an acidic environment to prevent 

infection. Functions:  

• Reception of sperm  

• Passageway for birth   
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External Genitalia  

Collectively called the vulva.  

It is made up of:  

➢ Labia major and minor – folds at the entrance to the vagina  

➢ Clitoris – attached to symphysis pubis by ligaments and has erectile tissue  

➢ Hymen – thin mucous membrane  

➢ Glands – at either side of the labia majora that secrete mucous.  

  

 

 

 
 

 

 

 

 

Perineum 

This is a diamond shaped area found in both males and females, medial to the 

thighs. It is an area that contains the external genitalia and the anus.  It is bound to 

the pubic symphysis and coccyx.   
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Puberty  

Internal organs of reproduction of boys and girls reach maturity and start to function.   

In girls, hormones released cause development and maturation of breasts, vulva and 

vagina. There is increased subcutaneous fat giving the curved female shape. Ovulation 

and the menstrual cycle begins. There is growth of pubic and axillary hair.   

   

 

In boys, hormones released cause the growth of muscle and bone; voice breaks and 

larynx enlarges; growth of pubic, facial, axillary, abdominal and chest hair; sexual 

organs develop; semen and sperm is produced.  

 

The Breast  

The mammary gland is a gland located in the breasts of females that is responsible for 

lactation, or the production of milk. Both males and females have glandular tissue 

within the breasts; however, in females the glandular tissue begins to develop after 

puberty in response to estrogen release. They are accessory organs to female 

reproductive system.  
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Position 

Located on the pectoral region in front of the chest, between the sternum and the 

axilla, from approximately the 2nd to the 6th rib. They lie over the Pectoralis Major and 

Serratus anterior muscles and are attached to them by connective tissue.   

  

Structure 

Glandular tissue arranged in lobules which lead into milk ducts that open to the surface 

of the breast at the nipple. Around each nipple is a pigmented areas called the areola. 

Areola contain sebaceous glands. Between lobules is connective tissue. Adipose tissue 

is found around the surface of the gland. The skin here is more translucent than other 

body skin.   

  

Support 

Coopers Ligaments are strands of connective tissue that suspend the breasts from the 

chest wall. These are supported by the pectoralis and serratus anterior muscles. These 

ligaments become looser with age. Enlargement, pregnancy, weight gain and lack of 

support, for example during exercise, can cause this.   

  

 

Blood supply & venous drainage 

The blood vessels supplying the breast include the subclavian and axillary arteries. 

Subclavian and axillary veins will remove waste.   
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Lymph Drainage 

Breasts contain many lymphatic vessels which drain lymph away towards the axillary 

nodes under the arm.   

During the monthly cycle, progesterone increases blood flow to the breast which causes 

fluid retention. This can cause swelling and tenderness. For this reason, lymph drainage 

is important for maintaining the health and condition of the breasts.  

  

Hormones 

Oestrogen is responsible for initial development of the breasts. Progesterone is 

responsible for the development of the lobules.   

  

Puberty 

2-3 years before menstruation fat cells enlarge in response to oestrogen and 

progesterone released during adolescence.   

  

Post-menopause 

The reduction in female hormones during menopause causes glandular tissue to shrink. 

The supporting tissue & skin become thinner and lose their elasticity. The degree of 

loss depends on the lifelong health of the breast.   

  

 

 

The Menstrual Cycle 

The menstrual cycle is a regular sequence of events in females. It lasts approx. 28 days 

and has the following stages:  

 

 

• Proliferative Stage: Days 7-14. Ovum develops within ovarian follicle due to 

release of FSH from anterior pituitary. Oestrogen is released by the ovaries to 

promote growth of new blood vessels and mucous cells in the endometrium. The 

ovum bursts from the follicle when mature and travels along the fallopian tubes. 

This is ovulation and is said to occur normally at day 14.  

• Secretory Stage: Days 14-28. LH (luteinising hormone) is released from the 

anterior pituitary. A temporary endocrine gland called the Corpus Luteum 

develops from the ruptured ovarian follicle. Corpus Luteum secretes 

progesterone. This along with oestrogen causes the endometrium to thicken in 

preparation for pregnancy. If fertilisation does occur, the egg is attached to the 

endometrium and the CL continues to secrete progesterone. It continues to do 

so until the 4th month. After this the placenta secretes progesterone to maintain 

pregnancy.  
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• Menstrual Stage: Days 1-7. If pregnancy does not occur after 8-24 hours, the 

CL shrinks and the endometrium is shed. This is menstruation. Over a period 

of 5 days, the uterus walls contract to allow the shedding of the endometrium.   

 

 
 

 

 

Pregnancy 

This is a result of sex cells called gametes fusing to form a zygote. The gametes (sperm 

& ova) each contain only 23 chromosomes. When they fuse they form a zygote that 

contains 46 chromosomes and this is able to reproduce by meiosis to grow and develop 

into an embryo and foetus. A typical pregnancy lasts 40 weeks from the first day of 

your last menstrual period to the birth of the baby. It is divided into three stages, called 

trimesters. The foetus undergoes many changes throughout maturation. 

 

 

 

 

During pregnancy it is important that the levels of oestrogen and progesterone 

are maintained as they:  

➢ Maintain the uterine wall  

➢ Inhibit the release of FSH and LH  

➢ Stimulate the development of mammary glands I 

➢ Inhibit uterine contractions until birth.  
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Menopause 

Menopause occurs when a woman hasn't menstruated in 12 consecutive months and 

can no longer become pregnant naturally.  This occurs in women of the ages 40-55. 

The average age is 51. The menstrual cycle becomes very irregular and finally ceases 

altogether. The ovaries stop responding to FSH which results in low levels of oestrogen 

and progesterone.  

 

Female Secondary sexual characteristics undergo changes: decreased size of vagina, 

uterus and breasts.  

 

Also, there is loss of bone mass and osteoporosis is a risk.  

Hot flushes in the face and neck areas can occur.  

Headaches, fatigue and emotional disturbances are also factors.  

 

Often, hormone replacement therapy (HRT) of oestrogen and progesterone is 

prescribed by doctors.   

 

 

 

The Male Reproductive System  

 

Unlike a woman, most of a man’s reproductive system is located outside of his body. 
These external structures include the penis, the scrotum, and the testicles. The organs 
of the male reproductive system are specialized for the following functions: 

• To produce, maintain and transport sperm (the male reproductive cells) and 
protective fluid (semen) 

• To discharge sperm within the female reproductive tract 
• To produce and secrete male sex hormones 

 

The entire male reproductive system is dependent on hormones, which are chemicals 
that stimulate or regulate the activity of cells or organs. The primary hormones involved 
in the functioning of the male reproductive system are follicle-stimulating hormone 
(FSH), luteinizing hormone (LH) and testosterone. 

FSH and LH are produced by the pituitary gland located at the base of the brain. FSH is 
necessary for sperm production (spermatogenesis), and LH stimulates the production of 
testosterone, which is necessary to continue the process of spermatogenesis. 



 

187 

 

Testosterone also is important in the development of male characteristics, including 
muscle mass and strength, fat distribution, bone mass and sex drive. 

 

 

 

 

Penis  

The penis is the male organ for sexual intercourse. It has three parts: the root, which 
attaches to the wall of the abdomen; the body, or shaft; and the glans, which is the 
cone-shaped end of the penis. The glans, which also is called the head of the penis, is 
covered with a loose layer of skin called foreskin. The opening of the urethra, the tube 
that transports semen and urine, is at the tip of the glans penis. The penis also contains 
a number of sensitive nerve endings. 

The body of the penis is cylindrical in shape and consists of three internal chambers. 
These chambers are made up of special, sponge-like erectile tissue. This tissue contains 
thousands of large spaces that fill with blood when the man is sexually aroused. As the 
penis fills with blood, it becomes rigid and erect, which allows for penetration during 
sexual intercourse. The skin of the penis is loose and elastic to allow for changes in 
penis size during an erection. 

Semen, which contains sperm, is expelled (ejaculated) through the end of the penis 
when the man reaches sexual climax (orgasm). When the penis is erect, the flow of 
urine is blocked from the urethra, allowing only semen to be ejaculated at orgasm.  
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Scrotum  

The scrotum is the loose pouch-like sac of skin that hangs behind the penis. It contains 
the testicles (also called testes), as well as many nerves and blood vessels. The scrotum 
has a protective function and acts as a climate control system for the testes. For normal 
sperm development, the testes must be at a temperature slightly cooler than the body 
temperature. Special muscles in the wall of the scrotum allow it to contract (tighten) 
and relax, moving the testicles closer to the body for warmth and protection or farther 
away from the body to cool the temperature. 

Testicles  

The testes are oval organs about the size of very large olives that lie in the scrotum, 
secured at either end by a structure called the spermatic cord. Most men have two 
testes. The testes are responsible for making testosterone, the primary male sex 
hormone, and for producing sperm. Within the testes are coiled masses of tubes called 
seminiferous tubules. These tubules are responsible for producing the sperm cells 
through a process called spermatogenesis. 

Epididymis  

The epididymis is a long, coiled tube that rests on the backside of each testicle. It 
functions in the carrying and storage of the sperm cells that are produced in the testes. 
It also is the job of the epididymis to bring the sperm to maturity, since the sperm that 
emerge from the testes are immature and incapable of fertilisation. During sexual 
arousal, contractions force the sperm into the vas deferens. 

What are the internal male reproductive organs? 

The internal organs of the male reproductive system, also called accessory organs, 
include the following: 

• Vas deferens — The vas deferens is a long, muscular tube that travels from the 
epididymis into the pelvic cavity, to just behind the bladder. The vas deferens 
transports mature sperm to the urethra in preparation for ejaculation. 

• Ejaculatory ducts — These are formed by the fusion of the vas deferens and 
the seminal vesicles. The ejaculatory ducts empty into the urethra. 

• Urethra — The urethra is the tube that carries urine from the bladder to outside 
of the body. In males, it has the additional function of expelling (ejaculating) 
semen when the man reaches orgasm. When the penis is erect during sex, the 
flow of urine is blocked from the urethra, allowing only semen to be ejaculated 
at orgasm. 
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• Seminal vesicles — The seminal vesicles are sac-like pouches that attach to 
the vas deferens near the base of the bladder. The seminal vesicles produce a 
sugar-rich fluid (fructose) that provides sperm with a source of energy and helps 
with the sperms’ motility (ability to move). The fluid of the seminal vesicles 
makes up most of the volume of a man’s ejaculatory fluid, or ejaculate. 

• Prostate gland — The prostate gland is a walnut-sized structure that is located 
below the urinary bladder in front of the rectum. The prostate gland contributes 
additional fluid to the ejaculate. Prostate fluids also help to nourish the sperm. 
The urethra, which carries the ejaculate to be expelled during orgasm, runs 
through the center of the prostate gland. 

• Bulbourethral glands — The bulbourethral glands, or Cowper’s glands, are 
pea-sized structures located on the sides of the urethra just below the prostate 
gland. These glands produce a clear, slippery fluid that empties directly into the 
urethra. This fluid serves to lubricate the urethra and to neutralize any acidity 
that may be present due to residual drops of urine in the urethra. 

 

 

 
 

            


