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PREFACE

Why do I need to learn about animal behaviour? 

In this module, you will learn to identify and describe the basic, normal structure 
and functions of the major organ systems in companion animals and horses.  
You will use the knowledge you learned to evaluate the condition of animals 
during your practical primary veterinary welfare work in communities and in 
your career. It is important that you integrate what you learn in this module 
with your other studies and in your career as a Veterinary Welfare Assistant. 

In addition to these specific learning outcomes, these are also other general 
learning outcomes that can assist you in your future career as Veterinary Welfare 
Assistant. These general outcomes include:

 • Listening skills
 • Analysis and  evaluation of pertinent information 
 • Effective decision-making, planning and problem-solving skills
 • Clear, effective spoken and written communication of advice and information 

to both colleagues and clients
 • Multi-cultural awareness
 • Professionalism 
 • Empathy for animal patients

The activities in this study guide and the other course modules, as well as 
your practical experience in the workplace, should help you to achieve these 
outcomes.

 How is this module taught?

In this module we apply the principle of “active learning”.  It has been proven 
that the more active your engagement in your education, the clearer your 
understanding of what you are learning and the more effectively you will 
be able to apply your knowledge.  To assist you to work through this study 
guide actively, instead of simply reading it, you will find a number of activities 
included in each unit.  Completing these activities will help you to apply what 
you have learned and so develop the necessary practical skills required in 
your veterinary career. 

How can I manage my learning for this module?

To study this module, you will need the following materials:

 • Tutorial letter(s) 
 • This study guide
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The tutorial letter(s) will tell you more about the general arrangements relating 
to the module, and give you details about your assignments and the assignment 
questions.

As a general guideline, you should spend a total of 120 hours on this module.  
The module is divided into 10 Study units. Please refer to page 2 to see how 
your study guide is structured.

The units vary in length and some are more difficult than others. Go about 
organising your studies as follows:

 • Have a quick look through the study guide and estimate how long it might 
take you to complete each unit. 

 • Draw up a realistic study schedule encompassing all eight units, remembering 
to include time for assignments and for revision at the end. In this way you 
can ensure that you will be able to achieve the module outcomes in the 
allocated time.

 • Once you have completed your schedule, you can begin working through 
the units in detail. Read through the work carefully, making sure you 
understand all concepts introduced before proceeding to the next section. 
Make summary notes and use study methods such as mind maps to help 
you to understand and remember the most important concepts in each unit.

 • Each unit has a number of activities which you should complete. These 
activities relate to the immediately preceding content and will assist you in 
applying the knowledge you have learnt.

 • You can ask your lecturer to assist with any aspects of your studies that you 
need help with. If you are already working in the field of animal welfare 
while you are studying, your colleagues will also be an invaluable source 
of assistance. They will have a lot of practical knowledge which you can 
relate to the theory that you will learn in this module.

 • Learn to apply your knowledge by assessing the behaviour patterns of animals 
in your environment, as well as the training methods used commonly in 
your community or by your family and acquaintances. 

How is the study guide structured? 

In line with the learning outcomes, we have divided the study guide into ten 
units. 

The diagram below gives an overview of the structure of the study guide
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How are the units of the study guide structured?

 • Introductory article/book extract: This section will introduce the topic of 
the unit and help to acquaint you with the subject matter covered in the unit.

 • Learning outcomes: These will give you a brief overview of the unit and 
explain what you should accomplish in the course of your studies.

 • Activities: As you work through the study units, you should attempt 
to complete each of the activities you are given, as you encounter them. 
Doing them all will help you to derive the most benefit from your studies.

 • Conclusion: This paragraph summarises the unit content, so that you can see 
at a glance what you have studied and ensure that you have accomplished 
the required learning outcomes.
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1S T U D Y  U N I T  1

1Terminology, standard body measurements 
and body condition scoring

Learning objec tives

On completion of this study unit, you should be able to

 • identify all the anatomical features of dogs, cats and horses
 • give the standard body measurements of dogs, cats and horses and describe 

how they are measured
 • explain body condition scoring in companion animals and horses

1. INTRODUCTION 
In this section you will learn some veterinary terminology (“vet-speak”), standard 
body measurements, and how to condition-score companion animals and horses. 
Having this knowledge will help you to understand the veterinary field better 
and give you an effective, clear and universally understood communication 
tool. It will also give you a basis on which to identify what is considered to be 
normal in an animal and what is abnormal or pathological.

2. CONFORMATION
Strictly speaking, the conformation of an animal is its shape or structure. If 
you are already working in the companion-animal field, you will have noticed 
that people in this arena use very specific language and terminology when 
describing parts of the animal body. This is to make sure that everyone is 
speaking about exactly the same part of the animal and helps to avoid confusion. 
For example, an injury to the “withers” of a dog is very different from an injury 
to the “rib cage”. A wound on the “stop” is again different from a wound on 
the “muzzle”, even though they are both on the head. Can you see how these 
simple differences in terminology can give so much more detailed information?

Have a look at figures 1.1 and 1.2 below for the correct terms used to name 
the parts of the dog and horse. Although many of the terms used for these 
two animals are identical, there are some differences.
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FIGURE 1.1
Anatomical names for the parts of the dog

Let us have a look at the horse. See the labelled figure below:

FIGURE 1.2
Conformation of the horse

Over and above the anatomical terms (names of the different body parts) used 
in veterinary medicine, we also make use of positional or directional terms. 
These give details about the position of an injury or body part in a three-
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dimensional plane of the body. The most commonly used directional terms 
are listed below. See figure 1.3 for clarity.

Dorsal: Towards the back, near the upper surface

Ventral: Towards the belly 

Medial: Towards the midline

Lateral: Away from the midline

Cranial: Directed towards the head

Caudal: Directed towards the tail

Rostral: Directed towards the nose (on the head)

Caudal: Directed towards the tail

Proximal: Directed towards the trunk (on the limbs)

Distal: Directed away from the trunk (on the limbs)

Dorsal: Directed towards the upper surface of the lower limbs

Palmar: Directed towards the ground surface of the front lower limb 

Plantar: Directed towards the ground surface of the back lower limb 

FIGURE 1.3
Anatomical planes of the dog

1Ac tiv it y  1.1

Label the diagram below. Use anatomical terms to do so, in other words, 
name each body part.
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3. STANDARD BODY MEASUREMENTS
Standard body measurements are important, because they tell us when things 
are deviating from the normal. Standard body measurements, which includes 
the body temperature, pulse rate and respiratory rate, vary between species. 
Knowing the normal standard body measurements of the different species 
we see in practice daily, helps us to identify abnormalities suggesting illness.

Table 1.1 shows the standard body measurements of the dog, cat and horse. 
Take note of the differences in body temperature, pulse and respiratory rate 
between the species.

Species Body 
temperature in 
degrees Celsius

Pulse in beats 
per minute (at 

rest)

Rate of 
respiration in 

breaths per 
minute

Dog 38–39.5 70–120 15–30

Cat 38–39 120–140 20–30

Horse 37.2–38.2 28–40 10–14

The section that follows details how the body temperature, pulse and respiratory 
rate are measured.
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3.1 Body temperature
In our domestic animals we take the body temperature by inserting a 
thermometer gently into the anus and keeping it there for 1 minute. (Make 
sure you lubricate the thermometer with KY jelly first!)

There are various factors that may influence the normal body temperature. 
These have to be taken into consideration, because we need to be certain that 
our temperature reading really reflects what is happening in the body.

The following factors can contribute to an abnormal body temperature:

 • Exercise and excitement can increase the body temperature. 
 • Pregnant animals and young animals can have a slightly higher temperature.
 • If the surrounding air temperature is high, this can increase body temperature.

If the animal’s temperature is above the normal range this is referred to a 
hyperthermia (“hyper” meaning “over” or “more”/in medicine: “an abnormal 
excess”. “Therme” is from the Greek language and means “temperature”). 
Hyperthermia can be mild, moderate or severe. A high body temperature 
could be as a result of a fever (due to infection).

If the body temperature is below normal, this is referred to as hypothermia 
(“hypo” meaning “less” or “under”/in medicine: “an abnormally low level”). A 
low body temperature indicates a slowing down of the animal’s metabolism. 
This can happen in cases of anaemia (low levels of red blood cells) or shock (a 
medical condition caused by loss of blood/heart arrest etc). Just before death, 
an animal’s body temperature is generally very low. 

3.2 Pulse
The pulse of a dog and cat can be measured by placing a finger into the inside 
of the back leg, onto the femoral artery, to assess the rate (beats per minute), 
the rhythm and the strength of the pulse. In the horse we place our finger onto 
the maxillary artery under the mandible. 

There are various factors that can influence the normal pulse rate, for example:

 • Exercise can increase the pulse rate.
 • Warm air temperature can increase the pulse rate.
 • Small and young animals have faster pulses.
 • Pregnancy increases the pulse rate.

A faster than normal pulse rate is called tachycardia (“tachy-“ means “fast” 
and “cardia” refers to the heart). In simple terms tachycardia therefore means 
“fast heart”. Tachycardia can be caused by fever, pain or anxiety.

A slower than normal pulse rate is called bradycardia (“bradus” is from the 
Greek language and means “slow”). Bradycardia can occur as a result of 
metabolic conditions, brain conditions or poisoning.
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The rhythm of the pulse should be regular. If it is irregular (in that it speeds up 
or slows down quickly, or it appears to add or miss beats), then this generally 
points to a heart condition or abnormality.

The quality or strength of the pulse is a fairly subjective decision. If the pulse 
feels weak or you really have to search to find it, this can indicate a weaker 
heart beat or a thinning of the blood which can be caused by anaemia.

3.3 Respiration (breathing) 
Animal respiration is assessed by the rate, rhythm, type and depth of the 
animal’s breathing pattern.

The respiratory rate is assessed by simply looking at the animal’s chest and 
counting the rise and fall of the ribcage for one minute. 

Various factors can affect normal respiratory rate:

 • Exercise will increase the rate.
 • Warm air temperature will increase the rate, often to panting.

An increased respiratory rate is called hyperpnoea (“hyper” suggesting more, 
and “pnoe” from the Greek language meaning “breathing”). Hyperpnoea can 
be due to fever, pain or diseases in the cardiovascular or respiratory systems.

With regard to the respiratory rhythm, it is important to know that breathing 
consists of 3 phases: inspiration (breathing in), expiration (breathing out) and 
a rest period. These should be constant and regular and are used to assess 
the rhythm of respiration. 

There are also different types of breathing. This varies from species to species. 
Animals use the expansion of their chest and their abdominal muscles to 
breathe. Dogs and cats mostly use their chest to breathe, which is termed 
costal breathing (“costal” referring to the ribs). Horses use a combination of the 
chest and the abdominal muscles, which is termed costo-abdominal breathing.

Respiratory depth is a subjective assessment, where one looks at the amount 
of muscle movement in the chest and abdomen. For example, broken ribs 
would decrease the depth of respiration, as it would be too painful for the 
animal to fully expand the ribcage.

2Ac tiv it y  1. 2

If you are currently employed in the veterinary field, take a patient and assess 
the pulse, respiration and temperature. Consider which environmental or 
other factors could be influencing your results. Try to determine all the 
aspects of the measurements mentioned above (rate, rhythm, depth) 
and compare your results with the standard body measurements in table 
1.1.
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4. BODY CONDITION SCORING
It is easier to compare body condition (the amount of fat versus lean body 
mass) in humans than in animals. An average human male weighs 70 kilograms 
and although we know that this can vary from 50 kilograms to 150 kilograms, 
humans are generally of a similar size and shape. With our domestic animals, 
however, the dramatic size and weight differences between the breeds (like 
the Chihuahua and the Great Dane) make comparative size and weight 
measurements very difficult.

Body condition scoring (BCS) was first used by farmers to compare the condition 
of their cows in a standardised way. This was then modified for use in horses, 
dogs and cats and now provides us with a useful, more standardised way 
to compare the body condition of our domestic animals. Anyone can do a BCS.

Body condition is assessed both by seeing and by feeling the animal’s physical 
condition. The animal is examined from the side and from above (in small 
animals) and a score is given.

The BCS system used in South Africa is a 5-point system, where 1 = emaciated 
(extremely thin) and 5 = obese. 

See the chart below for the detailed scoring of the body condition of a dog:
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FIGURE 1.4
Body condition scoring of the dog
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The BCS system used in horses is very similar:

FIGURE 1.5
Condition-scoring a horse
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Assess the BCS of the horse below. What advice would you give his owner?

(Source: http://www.mitavite.com/_images/53e847fc88c165f73c94be30)

5. CONCLUSION
Using standardised terminology ensures that we, in the veterinary 
field, communicate in an effective and globally accepted way. Comparing 
the results of our physical examination to specific normal parameters gives us 
a very reliable way of measuring the health of our patients. This includes the 
use of the BCS system to assess the nutritional status of the animal in our care.

RESOURCES

http://www.merckmanuals.com/vet/appendixes/reference_guides/normal_
rectal_temperature_ranges.html www.developmentvet.aun.edu.eg/Temp%20
Pulse%20Resp%20.pdf 

vanat.cvm.umn.edu/anatDirections/

http://www.mitavite.com/_images/53e847fc88c165f73c94be30
http://www.merckmanuals.com/vet/appendixes/reference_guides/normal_rectal_temperature_ranges.html
http://www.merckmanuals.com/vet/appendixes/reference_guides/normal_rectal_temperature_ranges.html
http://www.developmentvet.aun.edu.eg/Temp%20Pulse%20Resp%20.pdf
http://www.developmentvet.aun.edu.eg/Temp%20Pulse%20Resp%20.pdf
file:///C:\\Users\\Vetshop\\AppData\\Local\\Microsoft\\Windows\\INetCache\\Content.Outlook\\OY5OZDBB\\APH1501%20B0%20LS02%20001.docx
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2The cell

Learning objec tives

On completion of this study unit, you should be able to 

 • name and identify all the components and organelles within the animal cell
 • distinguish between different types of blood cells and describe the structure 

and function of each type 
 • identify and describe all the main tissue types, including muscle, bone and 

neural (nervous) tissues

1. INTRODUCTION
All animal tissues are made up of the same basic unit, the animal cell. The 
animal cell may vary slightly from one tissue to another, but the basic structure 
is the same. These cells then specialise and group (aggregate) together to form 
tissues, which in turn aggregate into organs within the body. In this section, 
we will identify the internal and external structures of the basic cell, look at 
blood cells and learn to identify the main tissues in the body. 

It’s amazing to think that all animal bodies (including our own) are made up 
of millions of these tiny cells – that they form the very basis of all life! We 
could say that “health” is when everything in these tiny systems is going right 
and “disease” is when something is going horribly wrong. Therefore, knowing 
what cells look like and how they work will form the basis of your diagnosis 
and treatment.

2. THE CELL

4Ac tiv it y  2 .1 

You have probably done some biology at school, or read or heard about 
cells at some point. Note down all the points you can remember about 
the different components found inside our cells and what they do.
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Animal cells are eukaryote cells. This just means that the genetic material (DNA) 
is enclosed in a well-defined membrane within the cell, within the nucleus. 

Each cell consists of a well-defined outer plasma membrane which surrounds 
the jelly-like cytoplasm (see figure 2.1).

FIGURE 2.1
The structure of an animal cell

(Source: http://commons.wikimedia.org/wiki/File:0312_Animal_Cell_and_
Components.jpg)

Let us look at the individual parts of the animal cell in more detail.

2.1 The plasma membrane 
The plasma membrane consists of both proteins and lipids (fats) which are 
arranged in two layers of phospholipids, called a phospholipid bilayer (see 
figure 2.2).

http://commons.wikimedia.org/wiki/File:0312_Animal_Cell_and_Components.jpg
http://commons.wikimedia.org/wiki/File:0312_Animal_Cell_and_Components.jpg
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FIGURE 2.2
The plasma membrane

(Source: http://upload.wikimedia.org/wikipedia/commons/1/1a/Anatomy_
and_physiology_of_animals_structure_plasma_membrane.jpg)

The proteins that are embedded in this phospholipid layer will have specific 
functions such as transporting substances across the membrane and cell-to-
cell communication.

A thin layer of carbohydrates and proteins (glycoproteins) covers the plasma 
membrane, which helps with flexibility and communication between the cells. 

2.2 The cytoplasm 
The cytoplasm contains the nucleus and all the organelles which determine 
cell function (see figure 2.1).

(Note that the word part “cyto-” means “cell”. You will see this in other words 
as well.)

The nucleus: This can be considered the “brain” of the cell. It consists of a 
porous double membrane which surrounds the DNA of the cell. The DNA is 
grouped into chromosomes and contains all the cell’s genetic information. In 
the nucleus you will also find a round nucleolus, which plays a role in protein 
synthesis (protein “synthesis” simply means the building of proteins out of 
simpler substances).

Organelles: We call structures like the ribosomes, endoplasmic reticulum, 
Golgi complexes, mitochondria (singular: mitochondrion), lysosomes and lipid 
droplets, which occur in the cells, organelles. 

 • Ribosomes: These organelles are responsible for the synthesis of proteins 
from amino acids in the body. They consist of ribosomal ribonucleic acid 
(RNA) and make use of messenger RNA and transfer RNA to produce 
proteins from DNA codes. They are complex molecular machines.

 • Endoplasmic reticulum: These are flat, membrane-enclosed sacs that are 
continuous with the outer membrane of the nucleus. The rough endoplasmic 
reticulum is coated with ribosomes (see above) and takes part in the 
production of proteins. The smooth endoplasmic reticulum has no ribosomes 
and participates in fat and carbohydrate metabolism and detoxification.

http://upload.wikimedia.org/wikipedia/commons/1/1a/Anatomy_and_physiology_of_animals_structure_plasma_membrane.jpg
http://upload.wikimedia.org/wikipedia/commons/1/1a/Anatomy_and_physiology_of_animals_structure_plasma_membrane.jpg
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 • Golgi complexes: These are stacks of membranous sacks in the cell 
cytoplasm. Each membrane-bound, flattened sack is called a cisterna. Their 
main function is to modify, sort and package proteins. Basic proteins are 
sent via small membrane-bound packages (vesicles) from the endoplasmic 
reticulum to the Golgi. These proteins are then modified by the addition 
of carbohydrate molecules, sulphurs or phosphates. Subsequently, they are 
packaged and then sent to the cell surface or to the lysosomes via transport 
vesicles. This is illustrated in figure 2.3 below.

FIGURE 2.3
Golgi complex

(Source: http://upload.wikimedia.org/wikipedia/commons/c/cb/Golgi_body.
JPG)

 • Mitochondria: These organelles are the so-called “power plants” of the 
cell. They convert energy into a usable form within the cell by producing 
ATP (adenosine tri-phosphate). This is the chemical form in which energy 
is used throughout the body. They also play a role in the control of the cell 
metabolism and cell growth.

A mitochondrion (the singular form of the term) consists of an outer 
membrane, an inner membrane (which is folded into cristae to increase their 
surface area) and an inner matrix (a gel-like substance in which chemical 
processes occur). Energy conversions occur predominantly on the inner 
membrane and in the matrix. The structure of mitochondria is shown in 
figure 2.4 below.

http://upload.wikimedia.org/wikipedia/commons/c/cb/Golgi_body.JPG
http://upload.wikimedia.org/wikipedia/commons/c/cb/Golgi_body.JPG
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FIGURE 2.4
The mitochondrion

(Source: http://upload.wikimedia.org/wikipedia/commons/8/86/
Mitochondrion.JPG)

 • Lysosomes: These are small, round membrane-bound organelles in the 
cytoplasm. They are filled with enzymes and function as the waste disposal 
units of the cell. Proteins, fats, carbohydrates and cellular debris are broken 
down in the lysosomes. The lysosome either engulfs the undesired molecule, 
by a process called phagocytosis, or it fuses with unwanted organelles to 
destroy them.

 • Lipid droplets: These are simply storage units for fat within the cell.

Below are the website addresses for three Khan Academy programmes which 
will help to clarify the structure and function of the basic cell:

ht tps: //www.khanacademy.org /science/biology/cell - division/v/
endoplasmic-reticulum-and-golgi-bodies

ht tps: //www.khanacademy.org /science/biology/cell - division/v/
nuclei--membranes--ribosomes--eukaryotes-and-prokaryotes

ht tps: //www.khanacademy.org /science/biology/cell - division/v/
organelle-overview

Five other structures generally also found in animal cells are microtubules, 
microfilaments, intermediate filaments, micro-bodies and centrioles.

 • Microtubules, microfilaments and intermediate filaments are made of a 
variety of proteins and are responsible for the rigidity of the cell. They are 
the so called the cell “skeleton” (cytoskeleton). In specialised tissues each 
of these has a specific function, as we will see when we look at nerve, 
muscle and skin tissue in more detail.

 • Micro-bodies are small vesicles (packages) in the cytoplasm which produce 
hydrogen peroxide and are responsible for the oxidation of protein, 
carbohydrates and fats.

http://upload.wikimedia.org/wikipedia/commons/8/86/Mitochondrion.JPG
http://upload.wikimedia.org/wikipedia/commons/8/86/Mitochondrion.JPG
https://www.khanacademy.org/science/biology/cell-division/v/endoplasmic-reticulum-and-golgi-bodies
https://www.khanacademy.org/science/biology/cell-division/v/endoplasmic-reticulum-and-golgi-bodies
https://www.khanacademy.org/science/biology/cell-division/v/nuclei--membranes--ribosomes--eukaryotes-and-prokaryotes
https://www.khanacademy.org/science/biology/cell-division/v/nuclei--membranes--ribosomes--eukaryotes-and-prokaryotes
https://www.khanacademy.org/science/biology/cell-division/v/organelle-overview
https://www.khanacademy.org/science/biology/cell-division/v/organelle-overview
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 • Centrioles are cylindrical structures in the cytoplasm consisting of special 
microtubules. They occur in pairs and are believed to play a role in cell 
division.

5Ac tiv it y  2 . 2

(1) Draw a labelled diagram of the eukaryote cell.
(2) Draw the structures of the organelles within the eukaryote cell, and 

give a detailed description of their functions.

3. BLOOD CELLS
Your knowledge of the structure and function of blood cells is something that 
you will use on a daily basis as an Animal Welfare Assistant. Looking through 
the microscope to evaluate a blood smear is a vital skill that you should learn 
early and with real dedication, as it is a valuable tool in your chosen career. 

Blood cells can be divided into three broad groups: red blood cells, white 
blood cells and platelets. Together these make up 45% of the blood volume. 
The other 55% is the plasma component of the blood.

3.1 Red blood cells
Red blood cells (RBCs, or erythrocytes) are the carriers of life, their primary 
function being to carry oxygen to the tissues. (The term “erythrocyte” is derived 
from ancient Greek, with “erythro” meaning “red” and “cyte” meaning “cell”.) 
The red blood cells receive the oxygen in the lungs and then carry it via the 
vascular system (arteries/capillaries) to the tissues. They also transport some 
of the waste product, carbon dioxide, back to the lungs for excretion. Most 
carbon dioxide however, dissolves in the blood plasma as bicarbonate and is 
transported to the lungs in this form.

Red blood cells are bi-concave discs. This means that they are flattened on 
both sides and look like a dumbbell when viewed from the side. From the 
top they are spherical, with a pale centre, where the cells are thinner. They 
are very flexible, to enable them to change shape easily when they squeeze 
through capillaries at tissue level.

FIGURE 2.5
The red blood cell

(Source: http://upload.wikimedia.org/wikipedia/commons/f/f6/Anatomy_
and_physiology_of_animals_Red_blood_cells_or_erythrocytes.jpg)

http://upload.wikimedia.org/wikipedia/commons/f/f6/Anatomy_and_physiology_of_animals_Red_blood_cells_or_erythrocytes.jpg
http://upload.wikimedia.org/wikipedia/commons/f/f6/Anatomy_and_physiology_of_animals_Red_blood_cells_or_erythrocytes.jpg
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RBCs do not have a nucleus and they lack most organelles. This is to make 
space for the large metallo-protein haemoglobin. Haemoglobin is an iron-
containing biomolecule, which binds to oxygen and carries it, within the RBCs, 
to the tissues. The iron-containing heme (haeme) group in the haemoglobin, 
is what gives blood its red colour.

RBCs are primarily produced from committed stem cells in the bone marrow, by 
a process called erythropoiesis. (As we have seen, “erythro” refers to red blood 
cells and “poesis” means “to make”.) This process is stimulated by a hormone 
from the kidneys called erythropoietin and takes about 7 days. Just before the 
RBCs are released into the blood stream they are called reticulocytes. (This 
will be important to know when you examine the blood smears of patients.) 
In a healthy animal about 1% of circulating RBCs are reticulocytes. 

RBCs survive between 100 and 120 days in the blood stream before they 
become dysfunctional and are removed from the system, primarily by white 
blood cells called macrophages.

In dogs and horses, the spleen has a large store of RBCs, and can release them 
in times of crisis.

6Ac tiv it y  2 . 3

(1) From the discussion above, identify all the steps in the life cycle of the 
red blood cell. List them in the order in which they take place.

(2) Using the list which you have complied, draw your own flow diagram 
depicting the life-cycle of the RBC.

(3) I have included my diagram of the red blood cell’s life cycle as an 
example here.

3.2 White blood cells
The white blood cells (WBCs) are the defenders of the body. They are part of 
the immune system that protects the body from infection and foreign invaders.

WBCs have many things in common, but also very distinct structural and 
functional differences. They are divided into granulocytes and agranulocytes 
depending on the presence or absence of granules in their cytoplasm (see 
below). There are 5 main types of WBCs.
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FIGURE 2.6
White blood cells

(Source: Eva Middleton)

To help you understand the different WBCs, I have summarised them in the 
table below:

Appearance Lifespan % of 
WBCs

WBCs

Granulocytes Neutrophils 5 days 
in blood 
stream; 
1–4 days 
in tissues

40–70%

Basophils Similar to neutrophil, with blueish granules in 
the cytoplasm

Hours to 
days

0.5–1%

Eosinophils Similar to neutrophil, with red granules in the 
cytoplasm

8–12 days 2–8%

Agranulocytes Lymphocytes Weeks to 
years (for 
memory 
cells)

20–40%

Monocytes

Macrophages

Hours to 
days

3–9%
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The functions of white blood cells vary, each of them playing a vital role in 
the defence of the body:

3.2.1 Granulocytes

Neutrophils:

 • They combat bacteria and fungi by phagocytosis (engulfing them) and by 
destroying them with lysosomal enzymes.

 • They are the most common cells in the early stages of acute inflammation.
 • They form pus.

Eosinophils:

 • They respond to parasitic infestations and are the dominant WBCs in allergic 
reactions.

Basophils:

 • They are responsible for allergic reactions and antigen responses (see 
lymphocytes), mainly by releasing histamine.

3.2.2  Agranulocytes

Lymphocytes:

 • The lymphocytes are divided into B-cells and T-cells.
 • They are responsible for the “memory” of the immune system, making 

an early and vigorous response to a second invasion by a foreign agent 
(antigen) possible.

 • They do this through the production of antibodies to the antigen and through 
the production of memory cells.

 • They are present mostly in the lymphatic system and often localised to 
specific lymphoid tissue such as the spleen and lymph nodes.

Monocytes:

 • They engulf (phagocytose) bacteria, and foreign or dead material in the 
body. They then either destroy these with lysosomal enzymes, or present 
parts thereof on their surface to T-cell lymphocytes, so that the immune 
system would recognise them in future.

 • Once a monocyte leaves the blood stream and can perform phagocytosis, 
it is known as a macrophage.

7Ac tiv it y  2 .4

Draw a flow diagram similar to the one in activity 2.3, dividing WBCs into 
their various sub-groups (granulocytes and agranulocytes). Include a 
description of the structure and function of each WBC in your diagram.
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3.3 Thrombocytes 
Thrombocytes (or platelets) are small particles that play a central role in the 
clotting of blood and the healing of any injury. They circulate freely in the 
blood and are visible on a blood smear. Although platelets are often classified 
as blood cells, they are actually fragments of large cells in the bone marrow 
called megakaryocytes.

3.4 Identifying red and white blood cells on a peripheral blood smear
Knowing how to make a good blood smear is vital. This simple laboratory test 
can give you enormous amounts of information about the disease processes that 
are active in the animal’s body, such as anaemia, inflammation and parasitic 
infestation. Making a blood smear will be discussed in detail in another module. 
Here we will look at identifying the different cells under the microscope.

Have a look at the blood smear below. Especially note the different sizes of 
the cells relative to one another.

FIGURE 2.7
Blood cells under the microscope

(Source: http://upload.wikimedia.org/wikipedia/commons/9/93/Blood_smear.
jpg)

a = red blood cells
b = a neutrophil
c = an eosinophil
d = a macrophage

8Ac tiv it y  2 . 5

If you have access to a microscope in your current work situation, ask 
your veterinarian to assist you in making a blood smear and have a look 
at these cells under the microscope. You will need to look under the 100x 

http://upload.wikimedia.org/wikipedia/commons/9/93/Blood_smear.jpg
http://upload.wikimedia.org/wikipedia/commons/9/93/Blood_smear.jpg
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oil lens. Take your time to do this properly – it will stand you in good stead 
in the future.

4. TISSUE TYPES
Within the animal body, basic cells have been modified and aggregated (joined) 
into the various tissues. In this section we will discuss how modified cells form 
bone, muscle and nervous tissue.

4.1 Bone (osseous tissue)
Bone consists mainly of minerals and collagen which are released by small, 
specialised cells called osteocytes (“osteo” means bone and “cyte” refers to 
a cell). Collagen is in fact the most common structural protein (a protein that 
gives structure/support) in the animal body. 

Bone is the main supportive connective tissue of the body and forms the 
skeleton. Bone can be divided into compact bone and spongy/cancellous 
bone. Compact bone makes up the outside of bones, whereas spongy bone 
is found towards the centre and the ends of bones.

These two bone types are made up of the same components. Compact bone 
is just much denser than spongy bone and has a slightly different architecture. 

Compact bone consists of cylindrical sheets of collagen, minerals and osteocytes 
which are arranged around a central canal. This central canal (the Harversian 
canal) contains the blood vessels that supply this cylinder of bone (the osteon). 
Many osteons group together to form a bone. (Imagine a handful of drinking 
straws wrapped together with cling-film and this will give you an idea of how 
the osteons group together to form bone). 

FIGURE 2.8
Compact bone

(Source: http://upload.wikimedia.org/wikipedia/commons/c/c1/Anatomy_
and_physiology_of_animals_Haversian_system_compact_bone.jpg )
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Spongy bone has a much looser arrangement and consists of small needles or 
spikes of bone called trabeculae, which are separated by large open spaces. 
These open spaces are filled with bone marrow in the centre of bones, and 
at the ends of bones.

9Ac tiv it y  2 .6

If you have access to the internet, take a look at the following Khan Academy 
video which goes into more detail about the microscopic structure of bone:

https://www.khanacademy.org/test-prep/NCLEX-RN/rn-skeletal-system/
rn-the-skeletal-system/v/microscopic-structure-of-bone-haversian-system

4.2 Muscle
When you think of muscles in the body, think about movement – whether this 
is the physical movement of the body during walking or running, the pumping 
of the heart, or the movement of food down the digestive tract. All of these 
movements are performed by muscles. The three main types of muscle in the 
body are smooth, cardiac and striated (skeletal) muscle.

4.2.1 Smooth muscle

Smooth muscle is found in the walls of blood vessels and hollow organs such 
as the gastro-intestinal tract, urogenital tract and respiratory tract. It is also 
the muscle in the hairs of the skin and the iris of the eye. It is called “smooth” 
because it does not have striations or stripes like cardiac and striated muscle, 
when viewed under a microscope. It is considered an involuntary muscle 
group, which means that the animal has no voluntary control over the function 
of this muscle.

Individual smooth muscle cells are almond-shaped, with one nucleus. Their 
cytoplasm is largely filled with random filaments made of the proteins actin 
and myosin. These contractile proteins are responsible for the contraction of 
the individual cell and the communication to adjacent cells to contract.

The smooth muscle fibres (made up of a group of smooth muscle cells 
surrounded by a matrix of collagen, elastin and glycoproteins) are essentially 
fusiform in shape, which means that they taper towards the ends.

FIGURE 2.8
Smooth muscle fibres

(Source: http://upload.wikimedia.org/wikipedia/commons/b/bc/Anatomy_
and_physiology_of_animals_smooth_muscle_fibres.jpg)

https://www.khanacademy.org/test-prep/NCLEX-RN/rn-skeletal-system/rn-the-skeletal-system/v/microscopic-structure-of-bone-haversian-system
https://www.khanacademy.org/test-prep/NCLEX-RN/rn-skeletal-system/rn-the-skeletal-system/v/microscopic-structure-of-bone-haversian-system
http://upload.wikimedia.org/wikipedia/commons/b/bc/Anatomy_and_physiology_of_animals_smooth_muscle_fibres.jpg
http://upload.wikimedia.org/wikipedia/commons/b/bc/Anatomy_and_physiology_of_animals_smooth_muscle_fibres.jpg
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4.2.2 Cardiac muscle

Cardiac muscle (“cardiac” refers to the heart) is highly specialised and is limited 
to the heart. It is also an involuntary muscle.

Cardiac muscle cells are branched cells, usually with a single nucleus. The 
cytoplasm of the cells contains actin and myosin filaments which are arranged 
in striations/stripes. The actin filaments are thinner and account for the pale 
stripes that are visible under a microscope. Myosin filaments are thicker and 
form the darker stripes. The branched cell structure allows each cardiac muscle 
cell to join end-to-end to several other cells. At the end of each cell there is 
an area of finger-like projections from the cell membrane, which join to the 
next cell, forming the intercalated discs (see figure 2.9). These allow for very 
tight junctions between the cells and for the effective transmission of electrical 
messages through the heart muscle. This is what makes cardiac muscle so 
effective at pumping blood throughout the body.

FIGURE 2.9
The branched cell structure of cardiac muscle

(Source: http://cnx.org/resources/84d45cd6d655b702d112b15b3c1f3a3a/
graphics1.jpg)

4.2.3 Skeletal muscle

This is the muscle type which is responsible for the physical movement of the 
body. As the name suggests, these muscles are, in most cases, attached to the 
skeleton by means of dense collagen fibres called tendons. These muscles are 
under voluntary control.

Myocytes (skeletal muscle cells; “myo” refers to muscle) are long, multi-nucleated 
cells. They contain actin and myosin myofibrils in their cytoplasm which are 
arranged into contractile units called sarcomeres. These sarcomeres give the 
skeletal muscle cells their typical striated appearance and are responsible for 
the contraction of the muscle cell.

http://cnx.org/resources/84d45cd6d655b702d112b15b3c1f3a3a/graphics1.jpg
http://cnx.org/resources/84d45cd6d655b702d112b15b3c1f3a3a/graphics1.jpg
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FIGURE 2.10
Striated muscle fibres

(Source: http://upload.wikimedia.org/wikipedia/commons/c/cd/Anatomy_
and_physiology_of_animals_skeletal_muscle_fibres.jpg)

10Ac tiv it y  2 .7

Create a table demonstrating the differences between striated (skeletal), 
smooth and cardiac muscles. Include differences in their structures and 
locations, and indicate whether they are under voluntary or involuntary 
control.

4.3 Nervous tissue
The cells that are responsible for sending signals throughout our bodies are 
highly specialised cells called nerve cells or neurons. These are chemically 
and electrically excitable cells that group together to form the entire nervous 
system of the body.

http://upload.wikimedia.org/wikipedia/commons/c/cd/Anatomy_and_physiology_of_animals_skeletal_muscle_fibres.jpg
http://upload.wikimedia.org/wikipedia/commons/c/cd/Anatomy_and_physiology_of_animals_skeletal_muscle_fibres.jpg
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FIGURE 2.11
A typical neuron

(Source: http://ehumanbiofield.wikispaces.com/file/view/NEURON2.
gif/41855105/NEURON2.gif)

The basic cell structure of the neuron is similar to all other body cells with a 
cell membrane, a nucleus, cytoplasm and organelles. It differs however, in a 
number of significant ways. A typical neuron consists of a cell body (“soma”), 
dendrites and an axon:

 • Dendrites receive electrical information into the cell body.
 • Axons carry electrical information away from the cell body. 
 • Each axon is surrounded by an electrically insulating myelin sheath.
 • Neurons communicate with one another by electrochemical means.
 • Neurons contain vesicles (small bubbles) of neurotransmitters (special 

chemical compounds) that are released into the space between two neurons 
(called a synapse) to enable communication between the two cells.

http://ehumanbiofield.wikispaces.com/file/view/NEURON2.gif/41855105/NEURON2.gif
http://ehumanbiofield.wikispaces.com/file/view/NEURON2.gif/41855105/NEURON2.gif
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FIGURE 2.12
A synapse

Neurons can be divided into three different types:

(1) Sensory neurons which carry information about stimuli such as sight, 
sound or touch to the central nervous system

(2) Motor neurons which pass instructions from the central nervous system 
to the effector organs like muscles and glands

(3) Interneurons which connect sensory and motor neurons to one another

It is very important to remember that neurons cannot divide! This means 
that no new nerve cells can be formed, which explains why brain damage 
is permanent and why a severed spinal cord results in permanent disability.

11Ac tiv it y  2 . 8

(1) Draw and label the parts of a neuron.
(2) Give a short description of how two neurons communicate with one 

another. 

5. CONCLUSION
This detailed look at the internal anatomy and workings of cells and some of the 
tissues they aggregate into (form), gives us some insight into the complexity of 
the animal body. To think that millions of these units exist and work in unison 
in the bodies of our patients is quite breathtaking. The knowledge you have 
gained from this unit will serve as the foundation for many of the study units 
to follow.



. . . . . . . . . . .
APH1501/127

3S T U D Y  U N I T  3

3Identifying organ systems and their normal 
position in the body

Learning objec tives

On completion of this study unit, you should be able to

 • discuss the thoracic and abdominal cavities and their lining membranes
 • identify individual organs and organ systems
 • describe the normal position of specific organs and organ systems within 

the body

1. INTRODUCTION
Although we will discuss each organ system in more detail in later study units, 
it is important for us to understand where in the body each organ lies. This 
would be important to know in situations where injury to a certain part of 
the body could lead to injury of the specific organs lying in that area. If, for 
example you patient has a penetrating wound in the cranial abdomen, it would 
be important to know which organs lie in that area and could be affected by 
this injury.

2. BODY CAVITIES
The body is divided into two main body cavities: the thoracic and the abdominal 
cavities. (The third, smaller pelvic cavity is often considered to be part of the 
abdominal cavity.) These two main cavities are separated from one another by 
the diaphragm, a dome-shaped muscle at the centre of the body. See figure 
3.1 below.
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FIGURE 3.1
The body cavities

(Source: vanat.cvm.umn.edu/vanatpdf/GrossAnatLectNotes.pdf)

The thoracic and abdominal cavities are each lined by serous membranes. (A 
serous membrane consists of a single layer of cells attached to a connective 
tissue base. The serous membrane in the abdominal cavity is called the 
peritoneum, and those in the thoracic cavity are called the pleura and the 
pericardium.)  These serous membranes are closed to form serous cavities. 
Serous cavities are empty and allow for organs to move freely past one another 
without adhesions (sticking together). The organs do not lie inside the serous 
cavities, but on the outside. The organs push up against the lining and so are 
covered by it, but not inside it. The best way to visualise this is by taking an 
air-filled balloon and pushing your finger as far into the balloon as possible. 
Your finger is not in the balloon, but the balloon rubber covers your finger. 
The balloon is still just filled with air. The images below will give you some 
more clarity.

FIGURE 3.2
The peritoneal cavity

(Source: vanat.cvm.umn.edu/vanatpdf/GrossAnatLectNotes.pdf)
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In the abdominal cavity there is a single peritoneal cavity. 

Most abdominal organs push “into” the peritoneal cavity and are covered 
by peritoneum. The peritoneum covering the organs is called the visceral 
peritoneum and that lining the inner abdominal wall is called the parietal 
peritoneum. The fold of peritoneum formed by the invagination (or folding/
pushing in) of the organs is called the mesentery and carries the blood vessels 
and nerves that supply the abdominal organs. Those organs that do not push 
against the peritoneum but simply lie beneath it, are said to be retroperitoneal 
(see the kidney in figure 3.2).

FIGURE 3.3
The pleural cavities and pericardium

(Source: vanat.cvm.umn.edu/vanatpdf/GrossAnatLectNotes.pdf)

In the thoracic cavity there are two pleural cavities that are separated by the 
mediastinum (the central compartment of the thoracic cavity).  See how the 
lungs push the pleural cavities up against the body wall. The pleurae covering 
the lungs are called the visceral pleura and the pleura lining the inner thoracic 
wall is called the parietal or costal pleura (“costal” is a term used when 
referring to the ribs).

In the mediastinum of the thoracic cavity, the pericardial cavity surrounds the 
heart. Identify the heart in figure 3.3 and note how the pericardium is also 
divided into a visceral and a parietal pericardium.
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3. ORGANS AND THEIR POSITION IN THE BODY
Although we will look at each organ system in more detail later, in this section 
you will get a basic overview of where they lie in the body, and in relation 
to one another.

3.1  The thoracic cavity
In the thoracic cavity we have:

 • the heart with its associated blood vessels 
 • the trachea and lungs  
 • the oesophagus
 • lymph nodes, smaller blood vessels and nerves

The heart has a fairly central position in the chest, with the trachea and 
oesophagus running over the top of the heart. Have a look at figure 3.4 below.

FIGURE 3.4
Organs in the body

(Source: http://www.exploringnature.org/graphics/animal_anatomy/Dog_
organs_b&w72.jpg

http://www.exploringnature.org/graphics/animal_anatomy/Dog_organs_b&w72.jpg
http://www.exploringnature.org/graphics/animal_anatomy/Dog_organs_b&w72.jpg
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3.2  Abdominal cavity
In the abdominal cavity we have:

 • the liver
 • the bulk of the gastro-intestinal tract comprising the stomach, small and 

large intestines
 • the spleen
 • the pancreas
 • the kidneys and associated ducts
 • the female genital organs
 • blood vessels, nerves and lymph nodes

The abdomen is often divided into four quarters or quadrants to describe 
where the organs lie in this cavity:

Left cranial quadrant (the front part of the abdomen on the left):

The diaphragm, the left liver lobe, the fundus and body of the stomach, the 
left part of pancreas, the spleen and left kidney

Left caudal quadrant (the back part of the abdomen on the left):

The descending colon, the left uterine horn and ovary (or left ductus deferens 
in the male) and the left ureter

Right cranial quadrant (the front part of the abdomen on the right):

The diaphragm, the back of the right liver lobe, the pylorus of the stomach, 
the duodenum, right part and body of pancreas, front of the right kidney and 
the right adrenal gland

Right caudal quadrant (the back part of the abdomen on the right):

The duodenum, caecum, right ovary and uterine horn (or right ductus deferens 
in the male), the back of the right kidney and the right ureter

3.3  Pelvic cavity
And in the pelvic cavity we have:

 • the bladder (and, in the male, the prostate gland)
 • the rectum
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Complete the table below:

Cavity Serous lining Organs

Thoracic

Abdominal

Pelvic

4. CONCLUSION
As we progress through this Anatomy module, the positions of the organs within 
the body will become clearer to you. For now, this section has provided an 
overview for you to begin creating a three-dimensional picture of the internal 
anatomy of the dog, cat and horse, with their various body cavities. 

RESOURCES

http://www.google.co.za/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&v
ed=0CBwQFjAA&url=http%3A%2F%2Fvanat.cvm.umn.edu%2Fvanatpdf%2
FGrossAnatLectNotes.pdf&ei=s1avVKPCCsrvUKHrgPgO&usg=AFQjCNFB_2
9dItCrNgrXFsNlh1xGI3MG5w&bvm=bv.83339334,d.d24

http://www.cram.com/flashcards/abdomen-iv-canine-anatomy-508000

http://www.google.co.za/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBwQFjAA&url=http%3A%2F%2Fvanat.cvm.umn.edu%2Fvanatpdf%2FGrossAnatLectNotes.pdf&ei=s1avVKPCCsrvUKHrgPgO&usg=AFQjCNFB_29dItCrNgrXFsNlh1xGI3MG5w&bvm=bv.83339334,d.d24
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4S T U D Y  U N I T  4

4The musculoskeletal system

Learning objec tives

On completion of this study unit, you should be able to

 • name and identify the parts of a long bone and a synovial joint
 • name and identify the major parts of the skull, vertebral column and 

appendicular skeleton of a dog
 • accurately draw and label the parts of the lower limb of a horse, including 

the hoof
 • name and identify the major muscles of the trunk and limbs

1. INTRODUCTION
I am certain that all of you have, at some point, been exposed to a broken bone 
or dislocated joint (hopefully not too many of you through personal experience). 
In veterinary care, we are confronted with injuries to the musculoskeletal system 
on a daily basis. Whether we are dealing with a crushing blow to the skull, a 
broken limb after a motor vehicle accident, or lameness in a cart-horse, it is 
the musculoskeletal system which has been affected.

The musculoskeletal system can be divided into two parts: (i) the skeleton, 
which acts as the framework for the body, and (ii) the muscles which surround it.

2. THE BASIC ANATOMY OF BONES AND JOINTS
Before we examine the different components of the skeleton in more detail, I 
feel that it is important for us to look at the basic structure of a bone and a joint.

2.1 The parts of a long bone
Every long bone is divided into 3 distinct anatomical zones: the epiphysis (the 
end of the bone), the metaphysis (the growth plate between the epiphysis 
and the narrow diaphysis) and the diaphysis (the main body of the bone). See 
figure 4.1 below.
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FIGURE 4.1
The parts of a long bone

These anatomical terms help us to describe where injuries to a particular bone 
has occurred and also what effect the injury is likely to have on the patient. 
For example, an injury to the epiphysis would usually involve a joint and have 
more serious, long-term consequences than say, an injury to the body of the 
bone, the diaphysis. Similarly, a minor injury to the metaphysis of a young dog 
can affect the growth of that bone as the dog grows up, whereas an identical 
injury to the diaphysis is likely to heal without complications. 

It is also important to identify the parts of the bone from the outside inwards. 
The very outer layer of bone is called the periosteum. This layer is very 
important in the healing process of injured bones and contains many blood 
vessels and nerves. It is important to note that most of the epiphysis is not lined 
by periosteum, but by cartilage. (Cartilage is a firm, flexible, elastic connective 
tissue, usually white in colour, that lines and cushions joint surfaces.)

Next we have the cortex, a layer of dense, compact bone, which is responsible 
for the strength of the bone. (The cortex is really the part that makes the 
functions of bone possible, which are to protect organs, to act as levers for 
movement, and to provide structure and support for the body.) 
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The inside of the cortex is lined by a thin layer of cells called the endosteum. 

The centre of the bone is called the medullary cavity and this is where the 
red bone marrow (for blood formation) and yellow marrow (fatty tissue) are 
housed. The medullary cavity of the epiphysis is filled with spongy bone, 
a honeycomb network of loosely arranged bone, which is filled with bone 
marrow.

2.2 Joints 
A joint, by definition, is the place where two or more bones come together 
to allow movement of the body. I have summarised the 3 different types of 
joints, their function and mobility in the table below:

TABLE 4.1

Type of 
joint

Method of joining Movement 
allowed

Examples

Fibrous joints Bones joined by fibrous 
tissue. No space between 
the bones.

No move ment 
allowed

The different parts of the skull 
are joined by fibrous joints

Cartilaginous 
joints

Bones joined by cartilage. 
No space between the 
bones.

Very limited 
move ment 
allowed

The two halves of the lower jaw 
of a cat are joined this way, as is 
the symphysis of the pubis of 
the pelvis

Synovial 
joints

This is the most common 
and most complex joint. 
There is a space between 
the bones and an enclosing 
joint capsule.

Movement 
in different 
directions 
allowed

Elbow joint and stifle (knee) 
joint

Figure 4.2 below shows the structure of a synovial joint.
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FIGURE 4.2
The structure of a synovial joint

A synovial joint typically consists of the following:

 • a synovial cavity, which is the space between the articulating bones 
(“articulating” simply means that the bones are united by means of a joint) 
which is filled with shock-absorbing, lubricating and joint-nourishing synovial 
fluid

 • the joint capsule, which consists of a fibrous, outer supportive layer and an 
inner synovial membrane which secretes the synovial fluid

 • hyaline articular cartilage, which covers the epiphyses of the articulating 
bones and provides a smooth, slippery, shock-absorbing surface for 
articulation

Some (but not all) synovial joints may contain additional structures to help 
with shock-absorption or to reduce friction. They are

 • menisci, which are small cartilage discs between the articulating bones
 • fat pads, which occur within the joint
 • accessory ligaments in or close to the joint capsule to help limit extreme 

movements (a “ligament” is a short band of fibrous connective tissue that 
joins two bones together)

 • fluid-filled bursae or sacs

13Ac tiv it y  4.1

(a) Draw a simple line diagram of a femur (long bone), with the knee 
joint joining it to the tibia/fibula. Label all the anatomical parts of all 
the long bones and the synovial joint which is joining them together.
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(b) Is the hip joint a fibrous, cartilaginous or synovial joint? Give reasons 
for your answer.

3. THE SKELETAL SYSTEM

FIGURE 4.3
The skeleton of a dog

(If you have access to a computer and the internet you can also go to 
http://www.real3danatomy.com/ to view a 3-D model of the canine skeleton. 
Select the “View the 3-D bone set” option on the home page.)

Don’t let the amount of information in the diagram above intimidate you. We 
are going to look at each part in more detail. I simply included this diagram here 
to give you a good overview of how all the parts of the skeleton fit together.

At this point we can divide the skeletal system into the axial skeleton and the 
appendicular skeleton. The axial skeleton consists of the skull, the spine, the 
rib cage and the sternum and the appendicular skeleton consists of the bones 
of the limbs. I will discuss each of these in more detail below.

3.1 The axial skeleton

3.1.1 The skull

The skull serves as the protective housing for the brain, brain stem and various 
delicate structures like the eyes and inner ears. It also provides a firm point for 
the insertion (attachment) of the muscles of the head and neck. 

The skull consists of various bony plates, which at birth are joined together 
by soft cartilaginous joints. These close with maturity to form the firm fibrous 
joints in the adult skull. The only truly mobile part of the skull is the mandible, 
the bone of the lower jaw.

http://www.real3danatomy.com/
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As you can imagine, the appearance of the skull of a bulldog will differ 
tremendously from that of a German shepherd dog. Nevertheless, the basic 
anatomy remains the same (see figure 4.4 below).

FIGURE 4.4
The canine skull

The brain is housed in the cranium at the back of the skull, behind the orbit.

The orbit and zygomatic arch provide a protective enclosure for the delicate 
structures of the eye. 

The nasal bone gives structure to the face and covers the sensitive tissues of 
the nasal passages.

The maxilla (upper jaw) and mandible (lower jaw) contain the teeth. The mandible 
articulates with the temporal bone of the skull at the temporomandibular joint 
(a synovial joint).

The round bulla at the base of the skull protects the tiny bones of the middle ear. 
In the figure above, a round hole has been drilled into the bulla to demonstrate 
the position of the middle ear. 

14Ac tiv it y  4. 2

Take two dogs of different breeds and palpate (this means feel, with gentle 
pressure) the different structures of the skull noted above. Pay special 
attention to where the differences lie in the brachycephalic breeds (flat-
nosed breeds like pugs and bulldogs). Now take a cat, and again palpate 
and identify the same structures. If you have access to a horse, do the 
same with this species.
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3.1.2 The vertebral column and ribs

The vertebral column of the dog can be divided into 5 distinct areas: the 
cervical vertebrae (neck), the thoracic vertebrae (chest), the lumbar vertebrae 
(lower back), the sacral vertebrae (pelvic area) and the coccygeal or caudal 
vertebrae (tail). See figure 4.5 below.

FIGURE 4.5
Parts of the vertebral column

Although the shapes of the individual vertebrae do vary slightly from area to 
area, their basic anatomy is the same.

FIGURE4.6
A vertebra
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Each vertebra consists of a body, a vertebral arch, a spinous process, a 
transverse process and articulation processes (to articulate with adjacent 
vertebrae). “Process” here means a projection or outcrop of bone from the 
vertebra.

In the thoracic spine, each vertebra also has a small costal fovea (or hollow) 
for the head of the rib to articulate with the vertebra. If you have a look at 
the ribcage in figure 4.7 below, you will see how it clearly demonstrates the 
articulation between the thoracic vertebrae and the ribs, and the ribs and the 
sternum, the bony base of the thoracic cavity. From this diagram you can 
clearly see how all the parts of this bony cage fit together.

FIGURE 4.7
The bones of the thorax of a dog

To highlight the differences in the ribs and spine of dogs, cats and horses, I have 
summarised the different numbers of vertebrae and ribs in the table below:

TABLE 4.2

Cervical Thoracic Lumbar Sacral Caudal Ribs

Dogs 7 13 7 3 20–25 13 pairs

Cats 7 13 7 3 22–23 13 pairs

Horses 7 19 5 5 15–20 18 pairs

Between the bodies of adjacent vertebrae in the cervical, thoracic and lumbar 
spine, we find the intervertebral discs. These discs act as shock absorbers 
during movement of the vertebral column. They are absent in the sacrum 
(where the vertebrae are fused) and in the tail. 

Each intervertebral disc consists of a firm outer annulus fibrosus and an inner 
softer nucleus pulposus (see figure 4.8). The annulus fibrosus consists of dense 
layers of fibrous connective tissue, while the nucleus pulposus is the shock-
absorbing centre, consisting of loose fibres floating in a mucoprotein gel. See 
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the lateral (from the side) and superior (from the top) views of an intervertebral 
disc in the figure below. 

FIGURE 4.8
Intervertebral discs

(It is no coincidence that I chose a picture of a dachshund to demonstrate the 
parts of the vertebral column. This breed is often presented to us in practice 
for back-pain, mostly relating to problems with the intervertebral discs seen 
above.)

15Ac tiv it y  4. 3

(1) List the different regions of the spine and the number of vertebrae 
dogs, cats and horses have in each region.

(2) Draw a labelled line diagram of an intervertebral disc and give a brief 
description of its function.

(3) From your knowledge so far, what do you think can go wrong with 
these intervertebral discs? Why do you think sausage dogs (dachs-
hunds) are more prone to this kind of problem than other breeds?

3.2 The appendicular skeleton

3.2.1 The forelimb

The topmost bone of the forelimb is the scapula (shoulder blade), which is 
firmly attached to the trunk/thorax of the dog by various muscle groups. It is 
a roughly triangular bone, with a distinct central ridge called the spine of the 
scapula. See figure 4.8 below.
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FIGURE 4.9
The scapula

The scapula atriculates with the humerus at the level of the shoulder joint. 
The humerus in turn articulates with two bones, the ulna and the radius, at 
the elbow joint. The ulna/radius atriculate with the carpal bones at the carpal 
joint (which we would call the wrist in our own bodies). Below the carpal 
joints the metacarpal bones atriculate with the phalanges of the digits (toes). 
(Each toe consists of 2 to 3 small bones called phalanges.)

FIGURE 4.10
The forelimb of a dog

FIGURE 4.11
The digits of the dog (MC = metacarpal, MT = metatarsal, P = phalanx)
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I have included this picture of the foot of a dog to demonstrate how the 
metacarpal bones (MC) articulate with the phalanges (P). Also note that digit 
I (toe number 1) only has two phalanges and not three like all the other digits 
(toes). (On the dog itself you will see that this toe is much shorter than the 
others and does not actually touch the ground when the dog walks.  It is also 
called a dewclaw in the dog.) 

When looking at the lower limb of the horse, it is useful to compare it to the 
lower limb of the dog, using metacarpal III as a point of reference.

Up to the level of the carpal joint, the anatomy of the two species is very 
similar. Below the carpal joint however, things are very different. In the horse 
metacarpal III (or in the hind limb – metatarsal III) takes on the central, weight-
bearing role, with a small, underdeveloped metacarpal II and metacarpal IV 
attached to either side, serving no real purpose. You will notice that the last 
phalanx is also modified to form the hoof of the horse (see figure 4.12 below). 
(‘Phalanx” is the singular of “phalanges”.)

FIGURE 4.12
The forelimb of the horse

The hoof

Considering that the four hooves carry the entire weight of the horse, it is easy 
to see why the anatomy and health of the hoof is of vital importance.

The hoof essentially consists of the last phalanx of digit 3 (also known as 
the coffin bone), which is surrounded by protective soft tissue and keratin 
structures. The outer layer of the hoof consists of hard keratin which protects 
the sensitive nail bed (also called the lamina), tendons, ligaments and the coffin 
bone inside. (The word “tendon” used here refers to the flexible, but inelastic 
fibrous bands which attach muscle to bone.)
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This is very similar to your finger nail which protects the nail bed and the 
sensitive structures under it.

FIGURE 4.13
The hoof of the horse

When you look at the hoof from underneath, various structures are visible:

The hoof wall: This is the hard, weight-bearing surface of the hoof.

The white line: This pale line, which is visible around the rim of the hoof, is 
where the sensitive lamina (or nail bed) connects with the hard outer layer of 
keratin of the hoof.

The sole: The sole is the waxy surface at the centre of the hoof.

The frog: This firm, rubbery, triangular structure acts as a shock absorber and 
helps to provide grip. There is a small groove down the centre of the frog and 
two larger grooves on either side of the frog.

The heel: This is essentially the back of the hoof which acts as a cushion during 
walking and helps with the circulation of blood through the hoof.

FIGURE 4.14
The hoof from below



 S T UDY UN I T 4 :  T h e mus cul oske l e t a l  s ys tem

. . . . . . . . . . .
APH1501/145

16Ac tiv it y  4.4

(1) List the bones of the forelimb of a horse from the scapula down to 
the coffin bone (phalanx 3).

(2) Briefly describe the anatomy of the lower limb of the horse using 
metacarpal III as your point of reference.

(3) In your opinion, what is the function of the horse-shoe? Why are some 
horses shod?

(4) Label the diagram below:

3.2.2 The hindlimb

The topmost bone of the hindlimb is the pelvis. Note the box-shape created 
by the fused bones of the pelvis: the ilium, the ischium and the pubis.

FIGURE 4.15
The pelvis

In figure 4.15 you can clearly see where the pelvis attaches to the sacrum of 
the spine, at the level of the ilium.
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FIGURE 4.16
The hindlimb of the dog 

The femur of the hind leg articulates with acetabulum of the pelvis in the hip 
joint.

In the limb, the femur articulates with the tibia and fibula at the knee (or stifle) 
joint. The stifle is a complex joint with various ligaments and tendons running 
through and around it. The knee-cap or patella (see figure 4.16) is a large, 
triangular sesamoid bone found in the insertion of the quadriceps muscle. It 
glides freely in a groove on the front of the distal femur. (A sesamoid bone is 
a small bone found in tendons where they pass over especially pronounced 
or angular structures.)

FIGURE 4.17
The stifle 
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At the level of the tarsal joint, the tibia articulates with the tarsal bones. (This 
is essentially the ankle joint of the back leg.) 

The tarsal bones articulate with the metatarsals and they in turn articulate 
with the phalanges of the digits (toes). See figure 4.16.

17Ac tiv it y  4. 5

(1) Draw and label a simple diagram of the hindlimb, including the pelvis 
and its attachment to the spine.

(2) Looking at figure 4.16, what do you think would happen if the patella 
moved from its normal position in the groove on the lower femur to lie 
on one side of the stifle joint (a dislocation or luxation of the patella)? 
How would that affect the movement of the joint?

4. THE MUSCULAR SYSTEM
Remember that the muscles attached to the skeleton are striated muscles (see 
study unit 2). They are under voluntary/conscious control of the animal and 
make movements like walking, eating, tail-wagging and eye movement possible.

Muscles are attached to bones by means of tendons. Tendons start on (stretch 
from) the muscle and attach to the bone (e.g. the Achilles tendon at the back 
of the heel).

Bones can also be directly attached to other bones by connective tissue strips 
called ligaments. These generally span joints (e.g. the cruciate ligament in 
the knee).

There are more than 630 muscles in the body of a dog and thus it is beyond 
the scope if this course to go into great detail here. I will, however, discuss 
various muscles in functional groups, to give you an overview of this part of 
canine anatomy.

I have included figure 4.18 below for your interest. You do not have to know 
the names of the muscles. Refer back to this picture as you read though the 
rest of the discussion.
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FIGURE 4.18
Muscles of the dog

(Source: http://www.worldwideboxer.com/graphics/muscles.jpg)

4.1 Muscles of the trunk and abdomen
Between the ribs, we find the intercostal muscles (the word “costal” refers to 
the rib and “inter” to “between” – unlike “intra” which means “inside”). There 
are 3 layers of intercostal muscles. They are, from the outside inward:

 • the external intercostal muscles (used mainly for breathing in)
 • the internal intercostal muscles (used mainly for breathing out) 
 • the transverse thoracic muscle, on the very inside

These three layers act as the respiratory muscles of the chest during breathing.

Behind the last rib, we encounter the abdominal muscles. These form a 
hammock of sorts, in which the abdominal organs rest. They are, from the 
outside inward:

 • the external oblique abdominal muscle
 • the internal oblique abdominal muscles
 • the transverse abdominal muscle
 • the rectus (straight) abdominal muscle

4.2 Muscles of the neck, shoulders and rump
There are various muscles originating from the neck, the top of the scapula and 
the trunk, which attach to the forelimb, thereby anchoring the limb to the body. 

Similarly, the hindlimb is anchored to the pelvis by large, strong groups of 
muscles of which the gluteal group is the one you are likely to be familiar with.

http://www.worldwideboxer.com/graphics/muscles.jpg
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4.3 Muscles of the forelimb
Movement of the limbs is really an interplay of the contraction and relaxation 
of various muscles extending (straightening) and flexing (bending) the joints 
of the limbs. 

In the elbow joint:

 • The main extensor of the elbow joint is the triceps muscle which originates 
from the scapula and the humerus and attaches to the point of the elbow.

 • The main flexor of the elbow is the biceps brachii muscle which originates 
from the scapula and attaches to the dorsal surface (the front) of the radius 
and ulna.

In the carpus and digits:

 • The extensors originate from the bottom lateral part of the humerus and 
attach to the dorsal (top) surface of the metacarpals and phalanges.

 • The flexors originate from the bottom medial part of the humerus and attach 
to the palmar surface (bottom surface) of the metacarpals and phalanges.

4.4 Muscles of the hindlimb
In the stifle joint:

 • The main extensor of this joint is the quadriceps muscle which originates 
on various points on the pelvis and femur, but inserts via a single tendon 
(crossing over the patella) onto the front of the tibia.

 • The main flexor of this joint is the biceps femoris muscle which originates 
on the pelvis and attaches to the back of the tarsal joint.

In the tarsus and digits:

 • The extensors originate from the bottom lateral part of the femur and attach 
to the dorsal (top) surface of the metatarsals and phalanges.

 • The flexors originate from the bottom medial part of the femur and attach 
to the plantar surface (bottom surface) of the metatarsals and phalanges.

18Ac tiv it y  4.6

Using the line diagram below, draw in the main extensors and flexors of 
the forelimb:
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5. CONCLUSION
In this large study unit we have covered the basic anatomy of bones and joints, 
had a look at the bones of the skeleton, and briefly looked at some of the 
important muscles of the body. Considering that there are 319 bones and more 
than 600 muscles in the body of a dog, this is just a glimpse into the complex 
musculoskeletal system of the dog, but it should give you a solid base from 
which to expand your knowledge.
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5S T U D Y  U N I T  5

5The nervous system and sensory organs

Learning objec tives

On completion of this study unit, you should be able to

 • name and identify the parts of the central and peripheral nervous systems
 • explain the voluntary and involuntary functional division of the nervous 

system
 • explain the functioning of the reflex arc 
 • name the parts of the eye and indicate how they function 
 • name the parts of the outer, middle and inner ear and indicate how they 

function 
 • describe the sensations of taste, touch and smell

1. INTRODUCTION
The nervous system is really the control centre of the body that regulates all 
thoughts and body functions. It is a remarkably complex and well-integrated 
system that constantly receives and interprets information and provides an 
appropriate response, often without conscious thought. It is made up of the 
brain, the spinal cord and all the nerves of the body. It is closely integrated 
with the 5 senses of sight, hearing, touch, smell and taste.

2. THE NERVOUS SYSTEM
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2.1 The central nervous system (CNS)
The central nervous system controls the functions of the body. It is divided 
into the brain and the spinal cord.

The brain essentially acts like a central computer that takes in information, 
interprets it and formulates a response.

The brain consists of 3 main parts:

 • the cerebrum, where conscious decision-making takes place
 • the cerebellum, which is involved in balance and motor (“motor” refers to 

movement) function 
 • the brain stem, which controls the basic functions of life (like breathing)

FIGURE 5.1
Cross-section of the brain

The spinal cord is a long, thin bundle of nerves which acts as a “highway” 
for communication between the brain and the body. (A nerve is, roughly 
speaking, the equivalent of an electrical wire in the animal’s body.) It is 
functionally divided into regions which correspond to the vertebrae found in 
the spine, namely the cervical, thoracic, lumbar, sacral and caudal regions.
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FIGURE 5.2
The central nervous system

The CNS is protected in several ways:

(1) Specialised membranes called the meninges cover both the brain and 
spinal cord.

(2) Cerebrospinal fluid lies between the meninges and the CNS. This is 
a clear fluid produced by the brain which serves to cushion, feed and 
protect these delicate tissues.

(3) The bony skull provides physical protection for the brain and the vertebrae 
of the spinal column protect the spinal cord.

(4) The blood-brain barrier is a network of specialised blood vessels that 
allows only essential nutrients into the CNS – a security system of sorts. This 
protects the CNS from toxins and hormones and keeps the environment 
in the CNS constant.

19Ac tiv it y  5.1

Consider how the central nervous system lies protected within the skull 
and the vertebral column. From the discussion above, reflect on how 
injury or damage to the skull and vertebral column could affect the central 
nervous system. Show how such injuries could adversely affect the normal 
functioning of the animal. 
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2.2 The peripheral nervous system (PNS)
The peripheral nervous system consists of the nerves outside the brain and 
spinal cord which carry information between the CNS and the limbs and 
organs. It consists of the 12 cranial nerves from the brain (“cranial” refers to 
the head of the animal), and the various spinal nerves from the spinal cord. 

The 12 cranial nerves carry nervous impulses (messages/information) in the 
head and neck area. 

The spinal nerves originate from the spinal cord and carry impulses (information) 
to and from the body. On average dogs and cats have 36 pairs of spinal nerves 
and horses have 42 pairs.

The PNS allows the body to perform voluntary and involuntary functions.

When a dog moves around the garden sniffing and marking a tree, this is a 
voluntary action. The dog is conscious of what he is doing. The brain receives 
information, the dog decides what to do and action is taken.

By contrast, things like the digestion of food and the beating of the heart all 
happen without the dog being aware of it (there is no conscious awareness). 
These unconscious (involuntary) actions are regulated by the autonomic nervous 
system (it could almost be called the automatic nervous system!)

The autonomic nervous system has 2 parts: the sympathetic and the 
parasympathetic nervous systems.

The sympathetic system is often referred to as the “fight or flight” system. It 
prepares the body for emergencies. For example, this system would encourage 
more blood to flow into the muscles (where it is needed to fight or flee) and 
away from the digestive system (where it is not needed) during an emergency.

The parasympathetic system dominates during times of rest. It slows the heart 
rate and breathing, promotes blood flow to the digestive system and maintains 
blood pressure.

I have summarised the PNS in the flow diagram below:

2.3 The reflex arc
To understand how nervous information travels through the body from the initial 
stimulus to a response, we have to understand the concept of the reflex arc.

A stimulus (such as touch, pain, sound) is picked up by sensory neurons. The 
information then travels along these neurons to the spinal cord, where through 
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connecting interneurons (relay neurons), the information is passed on to motor 
neurons. As the name suggests, these motor neurons carry information back 
to those tissues or organs which will respond to the initial stimulation. See 
figure 5.3 below where the stimulus is pain (a pin in the paw) and the target 
(tissues) are the muscles of the limb that will react by moving the paw away 
from the pain.

FIGURE 5.3
The reflex arc

However, information about the stimulus also travels along the spinal cord 
to the brain and can cause additional responses to the stimulus. In the case 
mentioned above, the dog might look around at the paw, or try to bite the 
person with the pin! 

2 0Ac tiv it y  5. 2

If you have access to a friendly cat or dog, gently pinch him between the 
toes. Monitor the response. Look at the reflex response to the pain and 
the conscious response once the impulse has travelled to the brain and 
discuss your findings. As you write down your findings, take note of the 
function of the reflex arch.



  

. . . . . . . . . . .
56

3. THE SENSORY ORGANS

3.1 The eye
The eyes are constantly sending information about colour, shape and the 
animal’s surroundings to the brain. This information is then interpreted, and 
signals for an appropriate response are sent to the body.

Diseases of the eye are commonly seen in animal welfare clinics. Sadly, we 
often see these cases quite late, when the eye is beyond saving. Although 
most animals can cope reasonably well with one functional eye, we would 
obviously prefer our patients to keep both!

How is the eye protected in the animal’s body?

 • The eye is seated in the orbit of the skull – if you look at the anatomy of 
the skull in study unit 4, you will see the socket into which the eye fits.

 • Anteriorly (in front of the eye), the eyelids protect the eye from drying out, 
and from dust and trauma.

 • The surface of the eye is kept moist by a film of liquid (tears) which protects 
and lubricates the surface of the eye. Without this layer, the front of the 
eye would dry out.

What do we see when we simply look at the animal’s eye?

FIGURE 5.4
Sketch of the eye

We can see:

 • an upper and a lower eyelid 
 • a shiny/glassy dome on the front of the eye, which is the cornea
 • a white sclera with small blood vessels running on the surface
 • a coloured iris 
 • a black pupil (which is essentially an opening in the iris)
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Take a dog or cat and examine her eye from the front. Identify all the 
visible parts. (You could also simply look in the mirror for this exercise.)

If we now take a cross-section of the eye, we can see in more detail what the 
eye looks like, especially on the inside (see figure 5.5). 

The eye is essentially an oblong ball made up of three layers:

(1) the outer layer consisting of the sclera and the cornea
(2) the middle layer, which consists of the iris and ciliary body in the front 

of the eye and the choroid in the back of the eye
(3) the inner layer, which is the retina

FIGURE 5.5
A cross-section of the eye

Let us look at each part in more detail:

(1) Cornea: This is the clear dome on the front of the eye that acts as a 
window to allow light to enter.

(2) Iris: The iris is the coloured membrane which regulates the amount of 
light entering the eye, by increasing or decreasing the size of the pupil 
(the opening of the eye).

(3) Lens: The lens is a clear, flexible disc that focuses light onto the retina.
(4) Ciliary body: This is a muscular ring that surrounds the lens. The lens and 

ciliary body together control the fine focus of the eye.
(5) Retina: The retina is the sensory portion of the eye. From here information 

is sent to the brain along the optic nerve.
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If you are currently working in an animal welfare situation, ask your 
veterinarian to show you the structures of the eye which are visible by simply 
looking at the eye, and those that are visible through the ophthalmoscope 
(this is a small instrument, with a strong light source, which is used to 
examine the eye). Ask him/her to explain some of the most common 
diseases affecting the different structures. 

If you are not working in the veterinary field as yet, please go to: 

https://www.youtube.com/watch?v=MJxxFwVu1OM and
https://www.youtube.com/watch?v=17GOMMPXa3Q

These two videos give you an excellent overview of the anatomy and 
physiology of the eye.

3.2 The ear
Ears come in all sorts of shapes and sizes on the outside, but on the inside 
they all look and function essentially the same.

The ear is divided into the external/outer ear canal, the middle ear and the 
inner ear. Let us look at each section in more detail.

FIGURE 5.6
The parts of the ear

The outer ear 

This is basically a cartilage tube or canal, which leads from the ear flap (the 
pinna) to the tympanic membrane (the eardrum). The canal is lined with 
specialised, thickened skin and is rich in sebaceous (oil) glands and cerumen 
(wax)-producing glands. The cerumen consists of dying cells and oil. It repels 
water, thereby keeping the external ear dry.

https://www.youtube.com/watch?v=MJxxFwVu1OM
https://www.youtube.com/watch?v=17GOMMPXa3Q
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The middle ear

This part of the ear lies between the eardrum and the inner ear, and lies 
protected inside the bulla of the skull. It contains 3 tiny bones called the ossicles, 
which amplify and transmit sound vibrations from the eardrum to the inner ear. 

A small tube called the Eustachian tube, connects the middle ear with the 
pharynx (the throat). (This is why a throat infection can lead to an ear infection 
– the bacteria simply travel up the Eustachian tube!)

The inner ear

The inner ear has 2 main structures: the cochlea (for hearing) and the vestibular 
organ (for balance).

 • The cochlea is a rolled-up, fluid-filled canal which is lined by very sensitive 
hairs. When the sound reaches the cochlea from the middle ear, the 
vibrations travel through the fluid, moving the tiny hairs and so sending a 
nerve impulse along the vestibulocochlear (or auditory) nerve to the brain. 
This then registers in the brain as sound.

 • The vestibular organ consists of 3 semi-circular canals. Little hairs in these 
canals send electrical impulses relating to the position of the head along 
the vestibulocochlear nerve to the brain. This helps the body to maintain 
its balance.

2 3Ac tiv it y  5. 5

Draw a table outlining the different structures and functions of the outer, 
middle and inner ear. Use the template below to help you:

External/outer ear Cartilage tunnel Channels the sound 
to the eardrum

3.3 Touch 
Imagine how boring life would be without the sense of touch! It allows 
our patients to experience different temperatures, textures, pressures and 
(unfortunately) pain.

In the skin and the underlying muscles, we find a variety of receptors, which 
act as “sensors” to  receive information and then send it along the sensory 
nerves to the brain.
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 • Mechanoreceptors: These receptors respond to pressure, textures and 
vibrations. 

 • Thermoreceptors: “Thermo-” is a Greek word meaning “heat”, which is often 
joined to other words to imply a relationship to temperature. For example, 
a thermometer is used to measure body temperature. Clearly then, these 
receptors respond to changes in temperature on the skin.

 • Pain receptors: As the name suggests, these receptors respond to painful 
stimuli.

 • Proprioceptors: In Latin, the word “proprio-“refers to “one’s own”. These 
receptors create awareness in the animal of the positions of the parts of his 
body relative to one another and to the surrounding environment.

3.4 Smell
In animals the sense of smell is very important for communication, for safety 
and to find food.

When discussing the sense of smell in biology, we use the term olfactory.

 • Olfactory receptors are found in the nasal cavity of vertebrate animals. 
(Humans have about 10 cm2 of olfactory epithelium, while dogs have 
170 cm2. No wonder they have such an amazing sense of smell!)

 • Small molecules bind to these receptors and a message is then sent via the 
olfactory nerve to the brain, where it is interpreted as a particular smell.

3.5 Taste
Taste and smell are closely related. I think we’ve all noticed how bland food 
tastes when our noses are blocked by a cold.

The sensation of taste originates from the taste buds on the tongue. If you have 
a close look at a dog’s tongue (or your own tongue for that matter), you will 
see tiny raised areas called papillae, on which the taste buds are located. The 
taste buds are chemoreceptors, which means that small molecules bind with 
the receptors, after which the sensory information is sent to the taste centre 
in the brain stem.

The main taste sensations are sweet, sour, salty and bitter.

24Ac tiv it y  5.6

(1) For a bit of fun, take some food colouring and put it onto your tongue. 
You will see many tiny, light-coloured, raised areas on the tongue. 
These are the papillae. The rest of the tongue will be green or blue, 
depending on your choice of colour.

(2) Give brief descriptions of the sensations of touch, smell and taste.
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4. CONCLUSION
Now that we have had a brief look at the central nervous system, we can see 
how complex all the parts and the communication between all of these parts, 
really are. As the “master-computer” responsible for the normal and effective 
functioning of the body, the central nervous system plays a vital role in the 
health and life of every animal.
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peripheralnervoussystem/peripheral_nervous_system.shtml

http://www.cram.com/flashcards/neuroal-anatomy-pns-458623

www.newmanveterinary.com/Ears.html

http://www.whole-dog-journal.com/issues/7_10/features/Canine-Ear_15661-1.
html

http://www.hometrainingtools.com/a/skin-and-sense-of-touch

http://www.bbc.co.uk/science/humanbody/body/factfiles/peripheralnervoussystem/peripheral_nervous_system.shtml
http://www.bbc.co.uk/science/humanbody/body/factfiles/peripheralnervoussystem/peripheral_nervous_system.shtml
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6S T U D Y  U N I T  6

6The cardiovascular and respiratory systems

Learning objec tives

On completion of this study unit, you should be able to

 • name and identify all the parts of the heart, and the major arteries and veins 
leading to and from it

 • describe the physiological control of the beating heart
 • name, identify and describe the parts of the respiratory tract
 • explain the concept of negative pressure and breathing
 • describe gaseous exchange at the level of the lung and at tissue level

1. INTRODUCTION
Without the beating heart there is no life! Instinctively, when we think an 
animal might be dead, the first thing we do is feel for a pulse, in other words, 
a heart-beat. In this section, we will look at the anatomy and physiology of 
the heart and the associated blood vessels (i.e. the cardiovascular system). The 
purpose of the cardiovascular system is to transport life-giving oxygen to all 
the parts of the body. You will also learn about the respiratory system, which 
is both anatomically and physiologically closely associated with the heart.

A quick glossary here:

 • Cardiac is a term used when referring to the heart, for example, “cardiac 
disease” is a disease of the heart.

 • Pulmonary is a term used when referring to the lungs, for example, a 
“pulmonary abscess” is an abscess in one of the lungs.

2. ANATOMY (STRUCTURE) OF THE CARDIOVASCULAR SYSTEM 

2.1 The heart
The heart is the strongest muscle in the body. It is made up of uniquely 
specialised cardiac muscle fibres (see study unit 2).
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Study figure 6.1 below to see the structure of the heart:

FIGURE 6.1
The heart 

The heart is divided into 4 chambers: The right atrium and ventricle and the 
left atrium and ventricle. The two chambers on the right side are separated by 
the tricuspid valve and the two chambers on the left by the mitral valve. (The 
purpose of these valves is to regulate the flow of blood during the contraction 
and relaxation of the heart.)

Have a look at the diagram above and identify the following structures:

 • the inferior/caudal vena cava and the superior vena cava – the veins that 
bring oxygen-poor blood from the body into the right atrium

 • the pulmonary artery that carries oxygen-poor blood to the lungs 
 • the pulmonary valve that regulates flow into the pulmonary artery
 • the pulmonary veins that carry oxygen-rich blood from the lungs back to 

the heart 
 • the aorta – the large artery which carries oxygen-rich blood from the heart 

to the body 
 • (the aortic valve which regulates flow into the aorta is not visible in this 

diagram)

In my opinion, to better understand the anatomy of the heart, it helps to look 
at the flow of blood through the organ. Don’t be intimidated by the diagram 
or the names! We will take it step-by-step. 
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FIGURE 6.2
Blood flow through the heart

Blood flow through the heart

Try to identify each step in figure 6.2 as we go along:

 • Oxygen-poor blood arrives in the heart via the inferior and superior venae 
cavae and spills into the right atrium.

 • From here it moves though the tricuspid valve into the right ventricle.
 • When the heart contracts, the blood moves through the pulmonary valve 

into the pulmonary artery and goes off to the lung to be oxygenated. 
 • The oxygen-rich blood then returns from the lung via the pulmonary veins, 

to the left atrium. 
 • From the left atrium it travels through the mitral valve to the left ventricle. 
 • From the left ventricle the blood then travels through the aortic valve 

onwards to the body via the aorta (this is the biggest artery in the body).

As you can see from this, the heart is essentially like two pumps that pump 
continuously: one side receives blood from the body and pumps it to the lungs, 
while the other side receives blood from the lungs and pumps it to the body.

2 5Ac tiv it y  6 .1

For the purpose of revision, draw yourself a line diagram of the 4 chambers 
of the heart. Add in the major blood vessels and use arrows to depict the 
flow of blood through the organ. Use the diagram below as the basis of 
your model: 
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2.2 The blood vessels of the body
From the heart, the blood travels via arteries to the tissues of the body. The 
arteries divide (similar to the branches of a tree) into smaller arterioles and, 
finally, tiny capillaries. It is from these capillaries that the oxygen then diffuses 
into the body tissues, where it is used. (This just means that the oxygen travels 
from the haemoglobin in the red blood cells, across the capillary walls, into 
the tissues, where it the cells use it.)

From the tissues, the now oxygen-poor blood travels via the capillaries, to 
venules, to bigger veins which then join into the inferior and superior venae 
cavae which, as we already know, take this blood to the heart.

FIGURE 6.3
The blood vessel network

I have included the diagram below as a helpful summary of the flow of blood 
through the circulatory system.
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FIGURE 6.4
The circulatory system

3. PHYSIOLOGY (FUNCTION) OF THE CARDIOVASCULAR SYSTEM 

3.1 The beating heart
We all know that the hearts of our patients beat many times per minute without 
a single conscious thought. But how does that happen?

In the heart itself, there are 2 nodes (small areas) of nervous tissue, called the 
sinoatrial (SA) node and the atrioventricular (AV) node. (The SA node is also 
known as the pacemaker of the heart, as it governs the rate and rhythm of 
the heart-beat.)

Let us look at each step of the process:

 • The SA node sends out an electrical impulse to the atria (“atria” is the plural 
of “atrium”) of the heart.

 • The atria contract in a smooth and orderly manner, pushing the blood into 
the right and left ventricles.

 • The electrical signal then moves on to the AV node.
 • From the AV node the message passes along the left and right bundle 

branches to the ventricles, causing them to contract (see figure 6.5 below), 
pushing blood into the pulmonary artery and the aorta.

 • After each contraction, the electrical system resets itself and the process 
begins again.



 S T UDY UN I T 6 :  T h e c ardiov as cular  an d resp ir ato r y  s ys tems

. . . . . . . . . . .
APH1501/167

FIGURE 6.5
The SA and AV nodes of the heart

When the heart rate needs to speed up or slow down, nervous impulses from 
the parasympathetic and sympathetic nervous systems and various hormones 
including adrenalin, signal the SA node to make a rate adjustment.

26Ac tiv it y  6 . 2

(1) Draw a labelled diagram to show how blood is circulated through the 
body. Below the diagram, write a paragraph to explain the process 
in words.

(2) Distinguish between the SA and AV nodes of the heart. What is the 
function of each?

4. ANATOMY OF THE RESPIRATORY SYSTEM
The respiratory tract can be divided into the upper and the lower respiratory 
tract. 
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4.1 The upper respiratory tract

FIGURE 6.6
The upper respiratory tract

The upper respiratory tract consists of

 • the nares or nostrils, where air first enters the body (the only part of the 
respiratory tract which is visible from outside the body) 

 • the nasal cavity, where the air is moistened and cleaned by mucus-producing 
cells and tiny hairs

 • the nasopharynx and pharynx (where the respiratory and digestive tracts 
cross over)

 • the larynx (which contains the vocal cords) and the epiglottis, which plays 
a vital role in protecting the lower respiratory tract during swallowing  

 

FIGURE 6.7
A cross-section of the larynx

The vocal cords are two small folds of mucous membrane that lie in the 
entrance of the larynx. This is where the “voice” of the dog (and any mammal, 
for that matter) originates.
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The epiglottis is a roughly triangular flap of elastic cartilage which is covered 
by mucous membrane. It lies at the entrance to the larynx and closes during 
swallowing to ensure that no food travels into the trachea.

4.2 The lower respiratory tract
The lower respiratory tract is often compared to a tree (an upside-down tree, 
but a tree nevertheless). In the figure below, you will see the main airway, the 
trachea, branching into the various subunits, very similar to the branches of 
a tree.

FIGURE 6.8
The lower respiratory tract

The lower respiratory tract consists of the following parts:

 • The trachea (the windpipe in layman’s terms) is the main airway leading 
from the larynx. It has a semi-rigid structure and is reinforced by cartilage 
rings along its length.

 • When the trachea branches, it forms 2 main bronchi (“bronchi” is the plural; 
the singular is “bronchus”). 

 • The bronchi again divide into smaller branches called bronchioles.
 • The bronchioles end in the alveoli (tiny air sacs) of the lung, where the 

actual exchange of gases occurs.
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(1) In a table, list the parts of the upper respiratory tract and briefly explain 
the function of each.

(2) Label the diagram below.

FIGURE 6.9
The respiratory system

5. PHYSIOLOGY OF THE RESPIRATORY SYSTEM
As oxygen cannot be stored in the body and mammals need a constant supply 
to survive, the respiratory system works non-stop to keep up with this demand. 

Air, which is rich in oxygen, moves into the respiratory tract through the process 
of breathing. This sounds really simple, but is actually a fairly complex process.

5.1 Breathing
 • Breathing is regulated by the respiratory centre in the brain stem. This 

centre constantly monitors the amount of oxygen and carbon dioxide in 
the blood stream and adjusts breathing accordingly.

 • Receptors in the brain, lungs and the blood stream send information to 
the respiratory centre about the oxygen and carbon dioxide levels in the 
blood. These receptors are chemical receptors known as chemoreceptors.

 • The respiratory centre then sends messages via the nervous system to the 
respiratory muscles, to adjust breathing.

 • Figure 6.10 below shows how breathing is controlled.
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FIGURE 6.10
Control of breathing

Now that we know how breathing is controlled, we need to look at how 
breathing actually occurs.

Inhalation (breathing in): For air to be able to move into the lungs, it essentially 
needs to “flow” into the respiratory system. This happens through the creation 
of negative pressure in the thoracic cavity. With negative pressure within the 
thoracic cavity and normal air pressure on the outside of the body, air moves 
from the higher to the lower pressure, into the lungs.

The respiratory muscles create this negative pressure by lowering the diaphragm 
and lifting the intercostal muscles between ribs (see figure 6.11 below).

Exhalation (breathing out): For air to move out of the lungs the diaphragm 
and intercostal muscles essentially relax, making the space in the chest cavity 
smaller and “forcing” the air back out of the lungs. The abdominal muscles 
also contract, making the chest cavity even smaller by forcing the abdominal 
organs up against the diaphragm.

FIGURE 6.11
Breathing
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From the discussion above, give a detailed description of the processes 
of inhalation and exhalation. Draw a sketch to aid in your explanation.

5.2 Gaseous exchange
Once the oxygen-rich air has reached the alveoli of the lung, the oxygen 
needs to move into the blood stream and be spread to the tissues of the body. 

FIGURE 6.12
Gaseous exchange in the alveoli of the lung

Have a good look at figure 6.12. See how the oxygen-rich air (represented by 
the black arrows) enters the alveolus. The oxygen then moves through the thin 
alveolar wall, through the capillary wall and into the blood stream. It moves 
from a higher concentration of oxygen in the alveolus, to a lower concentration 
of oxygen in the blood stream through the process of diffusion. In the blood 
it enters the red blood cells, where it attaches itself to the haeme group of the 
haemoglobin (see study unit 2).

The oxygen then travels via the blood stream to the rest of the body. The tissues 
use the oxygen and release carbon dioxide as waste.

Blood laden with carbon dioxide arrives in the capillaries surrounding the 
alveoli. The carbon dioxide is either (1) directly dissolved in the plasma of 
the blood, or (2) attached to the haemoglobin of the red blood cells, or (3) 
most commonly, in the form of bicarbonate in the plasma. The carbon dioxide 
moves out of the capillaries, through the alveolar wall and into the alveolus 
(again by diffusion), from where it is breathed out (follow the white arrows). 

2 9Ac tiv it y  6 . 5

Answer the following questions:

(1) How is oxygen transported in the blood?
(2) Name the 3 ways in which carbon dioxide is transported in the blood.
(3) What is diffusion? (If you are not sure, use a dictionary or the internet 

to help you answer this question.)
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6. CONCLUSION
In this study unit we have covered the basic anatomy (structure) and functions 
(physiology) of the heart and the associated blood vessels. We have had a close 
look at the structure of the respiratory tract and the mechanisms of breathing 
and gaseous exchange. Although there is far more to the cardiovascular and 
pulmonary systems than is covered within the scope of this text, you should 
now have a solid foundational knowledge of what these systems look like and 
how they work.
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7The digestive system

Learning objec tives

On completion of this study unit, you should be able to

 • identify the different parts of the digestive system 
 • identify the parts of a tooth 
 • give and explain the dental formulae of dogs, cats and horses
 • describe the structure and function of

 – the different parts of the gastro-intestinal system
 – the liver and associated gall bladder
 – the pancreas

1. INTRODUCTION
Strictly speaking, the digestive tract starts at the mouth and ends at the anus. 
We often tend to focus our attention on the stomach and intestines and lose 
track of the fact that digestion actually starts in the mouth! We can loosely 
divide the digestive system into the gastro-intestinal tract and the associated 
organs, the liver and pancreas.

(Figure 7.1 below does not include the mouth and pharynx, but gives an 
excellent overview of the different parts of the digestive tract. We will look at 
each part in more detail.)
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FIGURE 7.1
The digestive system

2. THE GASTRO-INTESTINAL TRACT
The gastro-intestinal tract consists of the following:

 • mouth (with teeth and tongue)
 • oropharynx
 • oesophagus
 • stomach
 • small intestine
 • large intestine
 • rectum
 • anus

2.1 The mouth and oropharynx
In our domestic animals the mouth (or oral cavity) is delineated by the lips 
in front, the hard and soft palates at the top, the floor of the mouth at the 
bottom, and the oropharynx at the back. The sides of the mouth are defined 
by the cheeks. The muscular tongue sits on the floor of the mouth and fills 
the mouth when it is closed.
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FIGURE 7.2
The head of the dog in cross-section

The lips: These are lined by fur on the outside and mucous membrane on 
the inside. (A mucous membrane is a thin membrane which lines many body 
cavities and consists of connective tissue and thin layers of cells which secrete 
mucus.) 

Hard palate: This is the “roof of the mouth” and consists of a bony plate 
covered by mucous membrane. Together with the soft palate it separates the 
oral cavity from the nasal cavity. See figure 7.2 above.

Soft palate: This lies just behind the hard palate and is soft and muscular. It 
differs from the hard palate in that it does not contain bone. 

Tongue: The tongue is a strong, muscular organ used for licking, tasting and 
swallowing. It is covered by mucous membrane and tiny bumps called papillae. 
These bumps give the tongue its rough texture and they are covered with 
thousands of taste buds that enable the animal to taste.

Oropharynx: This is the cavity right at the back of the mouth which the leads 
into the pharynx. 

Pharynx: This is essentially a cross-roads between the respiratory system and 
the gastro-intestinal system. The epiglottis lies on the floor of the pharynx and 
closes the larynx during swallowing to avoid food entering the respiratory tract. 
During breathing, the epiglottis remains open for air to move freely from the 
nasal cavity, through the pharynx and the larynx, and into the trachea. 

Cheeks: The cheeks consist of thin muscles, lined by fur on the outside and 
mucous membrane on the inside.
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(1) Have a look at figure 7.2 above and identify all the structures we have 
discussed. Find the epiglottis. Imagine the free flow of air from the 
nose through the pharynx, into the trachea. 

(2) Consider how the epiglottis would close to protect the respiratory 
tract while a piece of food is moving from the oropharynx into the 
oesophagus. Write a brief paragraph discussing the position of the 
epiglottis during breathing and swallowing.

Teeth

Both the top jaw (maxilla) and lower jaw (mandible) have teeth embedded in 
the bone, and these protrude through the gums into the mouth. 

FIGURE 7.3
A tooth

Each tooth is divided into a crown and a root. See figure 7.3 above, which 
clearly demonstrates the two parts:

The crown is visible above the gum.

The root is not visible above the gum and is embedded in the bone.

If we look at a tooth in cross-section (see figure 7.3 above), we can see the 
different layers of the tooth:

Enamel: This is the white part of the tooth which covers only the crown. It 
consists mostly of the mineral calcium phosphate and is very hard. 

Dentine: This is the layer below the enamel and consists of living cells.
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Pulp: This is the soft, central part of every tooth and has the nerves and blood 
vessels in it.

Cementum: As the name suggests, this connective tissue layer firmly “cements” 
the tooth ligament (see below) that holds the tooth in the jaw.

Periodontal ligament: Although not depicted in the figure above, this ligament 
lies between the cementum and the bone and is firmly embedded in each of 
them. It acts as a shock absorber and keeps the teeth secure in their sockets.

Types of teeth

Various teeth have been modified to perform different functions. See figure 
7.4 below, which shows the four different types of teeth.

FIGURE 7.4
The teeth of a dog

Incisors: These teeth lie at the front of the mouth. They have a cutting edge and 
are responsible for slicing food, grooming and greeting (display of friendliness 
or aggression). They are used to nibble meat off a bone.

Canines: These are designed to grasp and hold food (prey) and lie just behind 
the incisors. They are the longest and pointiest of the teeth. The bottom canine 
fits between the upper canine and third incisor, giving a firm inter-lock. Dogs 
and cats look fierce look when their canines are bared.

Premolars (P): These teeth are between the canines and the molars. The 
premolars closer to the front of the mouth often look similar to canines and 
have a single root. Those further back resemble molars and have two roots 
each. In carnivores like dogs and cats a specialised upper-jaw premolar called 
the carnassial tooth is designed to tear food into smaller pieces. (In the lower 
jaw the carnassial tooth is molar 1 and not a pre-molar.)

Molars (M): These teeth do not first appear as deciduous teeth (temporary 
milk teeth), only as permanent teeth. They are well developed in herbivores 
(plant-eaters) like horses and ruminants. In these species they have a relatively 
flat surface and are used for grinding food. In carnivores (meat-eaters) like 
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cats and dogs they are, however, still fairly pointed in shape, as the grinding 
of food is not necessary.

Deciduous and permanent teeth

In their lifetimes most of our domestic animals have two sets of teeth. Both 
sets of teeth are already present at birth, deep within the bones of the jaw. 
Within weeks of birth, the first set of teeth (deciduous teeth) erupts through 
the gums. These teeth are only temporary and are shed (fall out) within the 
first year (in dogs and cats), to make space for the permanent teeth.

In the table below, I have summarised the eruption of the different teeth of 
the relevant species.

TABLE 7.1
Tooth eruption

Dog Cat Horse Ruminants

Deciduous 
teeth erupt

4 – 6 weeks

(no deciduous 
P1 or molars)

3 – 6 weeks Birth – 9 months

(no deciduous 
canines or molars)

Start erupting 
before birth – 
12 months

Permanent 
teeth erupt

3 – 6 months 3 – 6 months 6 months – 4 years 15 – 30 months

Dental formulae

In veterinary medicine it is important that the normal number of teeth should 
be present in the mouth of an animal. If there is one missing or an extra one 
present, it can have a significant impact on the wellbeing of the animal. For 
example, a missing tooth could mean that the tooth has broken off, and that 
the roots are still imbedded in the bone, causing the animal discomfort and 
possibly a tooth root abscess.

The number of teeth that should be present in an animal’s mouth is indicated 
by the dental formula of the animal. This is essentially a summary of the normal 
number of permanent teeth that should be present in the mouth of a specific 
species. Let us use the dog as an example.

The dog has the following dental formula:

2 I3C1P4M2
 I3C1P4M3 = 42

(Source:   Cedric Tutt BSc (Agric), BVSc, BVSc(Hons), MMedVet(Med), Diplomate 
EVDC, MRCVS)

 • The 2 simply means that we must multiply everything by 2, as the formula 
only describes either the left or the right side of the jaw.
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 • I = Incisor; C = Canine; P = Premolar; M = Molar
 • The teeth in the top jaw are indicated above the line, and those in the 

bottom jaw are indicated below the line.
 • Therefore the dog should have 3 Incisors, 1 Canine, 4 Premolars and 2 

Molars in one half of his top jaw and 3 Incisors, 1 Canine, 4 Premolars and 
3 Molars in one half of his lower jaw.

 • The total number of permanent teeth in a dog is 42.

Let us have a look at the dental formula of the horse:

2 I3C1P4M3
 I3C1P4M3 = 44

(Source:   Cedric Tutt BSc(Agric), BVSc, BVSc(Hons), MMedVet(Med), Diplomate 
EVDC, MRCVS)

Some horses don’t have Premolar 1, which would then give a total of 40 teeth. 
Some also don’t have canines, which means that the number of teeth would 
then total 36. This is, however, the exception, not the rule.

31Ac tiv it y  7. 2

(1) Have a look at the dental formula of the cat, which is given below. 
See if you can determine the number of each type of tooth present 
in this species, and the total number of teeth.

2      I3C1P3M1
      I3C1P2M1 

(Source:   Cedric Tutt BSc(Agric), BVSc, BVSc(Hons), MMedVet(Med), 
Diplomate EVDC, MRCVS)

(2) If you are currently employed in the veterinary field, take the oppor-
tunity when next you are monitoring the anaesthetic of a dog or cat, 
to examine and count the teeth in both the upper and lower jaws. 
Compare these to the dental formula of the species.

Digestion starts in the mouth

Now that we’ve had a look at the anatomy of the mouth and the teeth, we 
need to consider their function.

Once food has been taken into the mouth, it is torn, crushed or ground into 
smaller pieces by the teeth. This process is referred to as mastication (chewing). 
During mastication, the tongue moves the food around the mouth so that it 
makes contact with the teeth, and to mix the food particles with saliva. 

Saliva has several functions in the mouth:

 • lubrication (providing moisture for easier movement of the food around 
the mouth)
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 • digestion by means of salivary amylase (amylase is an enzyme that breaks 
down carbohydrates)

 • protection and cleansing through anti-microbial agents present in the saliva

Saliva is produced by various salivary glands found in and around the mouth. 
See figure 7.5 below.

FIGURE 7.5
Salivary glands of a dog

2.2 The oesophagus
The oesophagus (or food pipe) is a muscular tube that connects the pharynx 
to the stomach. It passes through the thoracic cavity, over the trachea and the 
heart, through the diaphragm and into the stomach. Take another look at figure 
7.1 to remind yourself where the oesophagus fits into the system.

From the inside outwards the oesophagus consists of 4 main layers: 

(1) a mucous membrane or mucosa
(2) a sub-mucosa of connective tissue
(3) a layer of muscle (mainly smooth muscle, although the top third of the 

oesophagus does have striated muscle)
(4) an outer layer of connective tissue called the serosa

The oesophagus has two muscular rings or sphincters, which act like opening 
and closing valves – one at the top and one at the bottom. The bottom 
sphincter, at the entrance into the stomach, contracts to prevent stomach acid 
from moving up into the oesophagus. Interestingly, this sphincter is called 
the cardiac sphincter, even though it has nothing to do with the heart. The 
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name relates to the fact that this sphincter lies next to the cardia region of the 
stomach (see figure 7.7).

The oesophagus has a rich blood-vessel and nerve supply. This nerve supply 
is largely involuntary.

As we already know, the epiglottis closes over the larynx during the swallowing 
process. A bolus (portion) of food then moves from the pharynx into the 
oesophagus. In the oesophagus the bolus of food is pushed towards the stomach 
by cyclic muscular contractions called peristalsis.

FIGURE 7.6
Peristalsis

2.3 The stomach

FIGURE 7.7
The stomach
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The stomach is a muscular, hollow, sac-like organ that lies between the 
oesophagus and the duodenum (small intestine) of the gastro-intestinal tract. 

It has 4 main anatomical regions (see figure 7.7 above): the cardia, the fundus, 
the main body and the pylorus. 

Two sphincters contain the stomach content: the cardiac sphincter at the 
junction between the oesophagus and the stomach and the pyloric sphincter 
between the stomach and the duodenum.

Like the other parts of the gastro-intestinal tract, the stomach consists of a 
mucosa, a submucosa, a muscular layer and an outer serosa. (The stomach 
has a thin additional muscle layer just under the mucosa called the muscularis 
mucosa.)

Digestion in the stomach

Glands (groups of secretory cells) in the stomach wall produce digestive 
enzymes and acid for the digestion of food. These are:

 • Proteases: These enzymes break down proteins.
 • Hydrochloric acid (HCl): This strong acid breaks down food, kills bacteria 

and activates inactive enzymes.
 • Pepsin: This is a protein-digesting enzyme which is activated by HCl.
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The ruminant stomach

The stomach discussed above is typically known as the monogastric or simple 
stomach (“mono-” meaning “one”, and “gastric” referring to the stomach) and 
is found in dogs, cats and horses. In ruminants (cows, sheep and goats) it gets 
a little more complicated. 

The ruminant stomach consists of 4 parts. The food first arrives in the rumen, 
and then moves to the reticulum, then the omasum, and finally the abomasum, 
from where it passes into the duodenum (see figure 7.8 below). The first three 
parts of the ruminant stomach are modified (adapted) to digest complex starches, 
which are the main component of the ruminant diet. This is done with the help 
of micro-organisms that are permanently present in these three compartments. 
The abomasum is similar to the monogastric stomach.

FIGURE 7.8

2.4 The small intestine
The small intestine lies between the stomach and the large intestine and is 
made up of 3 anatomical parts: the duodenum, jejunum and ilium.

 • Duodenum: This is a short part of the small intestine (about 25 cm long) 
and it leads out of the stomach. This is the part of the small intestine where 
chemical digestion takes place. The duodenum receives the chyme from 
the stomach, digestive enzymes from the pancreas, and bile from the gall 
bladder. The digestive enzymes break down simple carbohydrates and 
proteins, and the bile helps break down fats. Bicarbonate from the pancreas 
and from glands in the wall of the duodenum neutralise the acid from the 
stomach.

 • Jejunum: This is the longest part of the small intestine (around 350 cm long). 
The internal mucosa is modified to form finger-like projections called villi, 
which increase the surface area so that nutrients can be absorbed more 
easily. Each villus has a rich blood supply and lymph drainage system 
(see figure 7.9 below). Here the amino acids (the components from which 
proteins are made up), simple sugars and fatty acids are absorbed through 
the intestinal epithelium into the blood stream.
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FIGURE 7.9
 The wall of the small intestine, demonstrating villi

 • Ilium: This is the last section of the small intestine (about 10 cm long) and 
it enters into the large intestine at the caecum. It also has villi on its internal 
surface and this is where vitamin B12 and bile acids are absorbed.

The wall of the small intestine is similar to that of the stomach. From the inside 
outwards it has a mucosa, a muscularis mucosa, a sub-mucosa, a muscular 
layer and an outer serosa.

2.5 The large intestine
The large intestine is connected to the ilium and ends at the anus. It consists 
of a small, sac-like caecum, the colon and the rectum. Take another look at 
figure 7.1 to remind yourself of the shape of the large intestine.

The mucosa of the large intestine is smooth, with no villi. There are more 
mucous-producing cells in its wall to help with lubrication. 

The large intestine is largely responsible for the absorption of water, vitamins 
and electrolytes. Left-over food and water are stored here as faeces (stools). 
No enzymes are secreted in the large intestine and any digestion that takes 
place is due to the presence of microbes.

Horses are hindgut fermenters. This means that they can digest cellulose 
(complex carbohydrates) in their large intestine with the help of bacteria that are 
found there. Horses have a “simple” stomach like dogs and cats and therefore 
use their large intestine to digest complex carbohydrates. 

(In contrast, ruminants are foregut fermenters who use their 4-chambered 
stomach to digest these starches.)

Food that entered the large intestine as chyme, passes into the anus as firm 
faeces after water has been absorbed from it.
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2.6 The anus
The anus is the last part of the gastro-intestinal tract. It allows faeces and gas 
to escape. The anus has two sphincters. The internal sphincter is a muscular 
ring in the end of the rectum and is under involuntary nerve control. The 
external sphincter consists of striated muscle and is under voluntary control.

Dogs and cats have two anal glands below the anus. These glands lie between 
the internal and external anal sphincters. Their opening is close the junction 
between the anus and the skin. They release pungent-smelling, oily fluid during 
defaecation, which is used as a territory marker.

In dogs a peri-anal gland lies on the perimeter of the anus, under the skin. This 
is an oil secreting gland, which is unfortunately prone to cancer in unneutered 
male dogs.

32Ac tiv it y  7. 3 

Imagine an obstruction caused by a foreign object (often a mealie cob) in 
the small intestine and answer the following questions. 

(1) Draw a diagram detailing the anatomical parts of the gastro-intestinal 
tract and indicate the site of the obstruction. 

(2) Discuss five possible symptoms and consequences of such an 
obstruction.

3. THE ASSOCIATED ORGANS
Now that you have a good understanding of the structure of the gastro-intestinal 
tract, let us have a look at the two main organs associated with it.
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3.1 The pancreas
The pancreas is a V-shaped organ that lies right next to the duodenum (see 
figure 7.1).

Macroscopically (“macroscopically” means visible with the naked eye, without 
a microscope) it consists of a left and a right lobe which are joined together 
by a small, central area. It is pale pink in colour and surrounded by loose 
connective tissue which contains the blood vessels, nerves and ducts of the 
pancreas. Two ducts carry enzymes from the pancreas to the duodenum – the 
pancreatic duct and the accessory duct.

Microscopically (“microscopically” means that you need a microscope to 
see this detail) the pancreas is arranged into small groups of cells or lobules. 
These cells produce various digestive enzymes and bicarbonate ions which 
take part in the digestion of food in the small intestine. Other unique cells 
in the pancreas produce the hormones insulin and glucagon which regulate 
blood-sugar levels.

I have summarised the functions of the pancreas in the diagram below:

3.2 The liver
The liver is the second-biggest organ of the body, second only to the skin 
(the skin is also considered to be an organ). It lies in the abdominal cavity 
just behind the diaphragm. I always imagine the liver to look like a baseball 
glove, with the knuckles lying against the diaphragm and the palm cupping 
the stomach, spleen and pancreas.

Macroscopically the liver is dark reddish-brown in colour, and has a glistening 
surface and a firm texture. It is divided into various segments called lobes. 
The number of lobes vary between species. A small, greenish-brown sac 
called the gall bladder lies between the lobes of the liver and works in close 
association with it.
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Microscopically the liver is arranged into lobules (small lobes/collections of 
tissue). These consist of sheets of cells and blood-filled passages called sinusoids.

The liver receives blood straight from the gastro-intestinal tract, via the portal 
vein. This blood contains all the nutrients that have been absorbed through the 
gut, as well as potential toxins, bacteria and by-products of digestion. As you can 
imagine, this means that the liver has a vital role to play in energy metabolism 
(the creation of energy from nutrients), immunity and detoxification. The liver 
performs more than 500 different functions in the body. I have summarised 
the most important ones for you below:

 • Converting and storing excess glucose (simple sugars) as more complex 
sugars until they are needed

 • Producing certain proteins and (blood-)clotting factors and releasing them 
into the blood

 • Storing minerals such as iron until they are needed by the body
 • Producing bile, which is stored in the gall bladder and released into the 

small intestine to aid fat digestion
 • Removing and breaking down toxins and foreign materials like anaesthetic 

agents and drugs
 • Removing bacteria from the blood stream and neutralising them, thereby 

not allowing them to spread any further through the body 
 • Converting ammonia from the blood stream into urea. Bacteria in the 

intestines produce the chemical ammonia, which is absorbed into the 
blood stream. This can be potentially toxic to the body and is not easily 
excreted in its original form. The liver converts it into urea, which is more 
easily excreted, mostly by the kidneys.

Considering that it is such an important organ, it is fortunate that the liver has 
an astonishing capacity to regenerate (re-grow). As little as 25% of the liver can 
grow into a whole liver! It is the only organ in the body with such amazing 
regenerating abilities.

33Ac tiv it y  7.4

(1) Using the information above and draw a flow diagram demonstrating 
the digestion of food from the mouth to the rectum. Use the diagram 
below as your starting point:

(2)  List the main functions performed by the liver and, based on 
these, discuss how an injury to the liver would affect the body.
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4. CONCLUSION
The gastro-intestinal tract, liver and pancreas work together to convert the food 
which enters the mouth into smaller, simpler units, which can then be used 
by the rest of the body for to create energy and sustain life.

RESOURCES

http://dogs.lovetoknow.com/wiki/A_Dog%27s_Teeth

http://www.webmd.com/oral-health/picture-of-the-teeth

http://veterinarynews.dvm360.com/tooth-eruption-and-exfoliation-dogs-and-
cats

http://www.healthline.com/human-body-maps/stomach

http://www.petplace.com/dogs/structure-and-function-of-the-liver-in-dogs/
page1.aspx

http://dogs.lovetoknow.com/wiki/A_Dog%27s_Teeth
http://www.webmd.com/oral-health/picture-of-the-teeth
http://veterinarynews.dvm360.com/tooth-eruption-and-exfoliation-dogs-and-cats
http://veterinarynews.dvm360.com/tooth-eruption-and-exfoliation-dogs-and-cats
http://www.healthline.com/human-body-maps/stomach
http://www.petplace.com/dogs/structure-and-function-of-the-liver-in-dogs/page1.aspx
http://www.petplace.com/dogs/structure-and-function-of-the-liver-in-dogs/page1.aspx
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8S T U D Y  U N I T  8

8The urogenital system

Learning objec tives

On completion of this study unit, you should be able to 

 • describe the structures and functions of the different parts of the 
 – urinary system
 – female reproductive system
 – male reproductive system

1. INTRODUCTION
The urogenital system is a well-integrated system that consists of the urinary 
and reproductive systems. The urinary system is responsible for the excretion 
of waste from the body, and the reproductive system is responsible for the 
continued survival of the species through reproduction. Of all the systems in 
the body, these two have the closest anatomical relationship with one another.

2. THE URINARY SYSTEM
The urinary system is largely responsible for the excretion of waste products 
from the body. It essentially filters blood, stores waste and later excretes this 
waste from the body as urine. It consists of the kidneys, the ureter, the bladder 
and the urethra (see figure 8.1 below).
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FIGURE 8.1
The urinary system

2.1 The kidneys
A normal, healthy animal has two kidneys that lie close to the spine in the 
abdominal cavity.

Macroscopically they are bean-shaped, reddish-brown organs with a firm 
texture and a glistening surface. They are enclosed in a thick, fibrous capsule.

The kidney receives blood via the renal artery. As one of the primary functions 
of the kidneys is to filter blood, you can imagine that this is a large blood vessel 
providing a strong flow of blood.
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FIGURE 8.2
The kidney

Microscopically the kidney has two distinct zones: the outer cortex and the 
inner medulla. These are arranged as renal pyramids, consisting of a central 
cone of medulla capped by a section of cortex (see figure 8.2). The filtration 
system of the kidneys, the nephrons, lies in the cortex and medulla. This is 
where the urine is produced. 

The central collection area for urine in the kidney is called the renal pelvis, 
from where the urine flows into the ureter. 

The kidney has 5 main functions:

 • to filter the blood and remove metabolic waste products
 • to maintain blood pressure
 • to maintain the blood pH (that is, the acid/base balance in the blood)
 • to reabsorb vital nutrients that could be lost in the urine
 • to produce the hormone erythropoietin which stimulates red blood cell 

production

The functional units in the kidney which are responsible for these functions 
are the nephrons:
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FIGURE 8.3
A nephron

Let us take a step-by-step look at the nephron. Find each structure in figure 
8.3 as we discuss it:

 • The renal artery branches into tiny capillaries.
 • In the nephron the capillary coils up (like a ball of wool) into a glomerulus.
 • The first part of renal tissue that makes contact with the glomerulus is called 

the Bowman’s capsule. The glomerulus and the Bowman’s capsule form 
the unit in which the filtration of blood takes place.

 • The proximal coiled tube, the loop of Henle and the distal coiled tube 
are where the reabsorption of essential nutrients and the regulation of the 
blood pressure and pH occur.

 • The collecting duct receives the urine from the nephron and takes it to 
the renal pelvis.

2.2 The ureter
The urine from each kidney drains into a ureter. The ureters are straight, tube-
like structures that carry the urine from the kidneys to the bladder. 

The wall of the ureter consists of a mucosa (a mucous membrane), strong 
smooth-muscle layers and connective tissue.

The urine moves along the ureter by means of rhythmic muscular contractions 
called peristalsis.

2.3 The bladder
The bladder is the organ that receives urine from the kidneys and stores it until 
it is excreted (passed out of the body). It is a hollow, sac-like, muscular organ 
that lies on the floor of the pelvis. 
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The wall of the bladder is very elastic, allowing it to expand/distend considerably 
and retain large amounts of urine. A strong muscle (the detrusor muscle) lies 
under the inner lining of the bladder and enables the bladder to contract 
dramatically to excrete urine.

As the bladder wall expands, nerve impulses are transmitted along the 
parasympathetic (involuntary) nerve pathways and the detrusor muscle is 
stimulated to contract, to empty the bladder.

A muscular ring (sphincter) at the opening of the bladder into the urethra 
ensures that the urine remains in the bladder until contraction occurs. In other 
words, it prevents leaking (take another look at figure 8.1).

2.4 The urethra
The urethra is last part of the urinary system.

In both males and females the urethra transports urine from the bladder to the 
urethral opening. In males it also transports sperm. 

The urethra has a rich blood plexus (network of blood vessels) in its submucosa 
and a layer of (initially) smooth and (later) striated muscle, for the peristaltic 
movement of urine.

The urethrae of female dogs and cats are very similar. It runs from the bladder 
to the vagina, where it opens on a small papilla (bump) in the dog and in a 
small groove in the cat. 

The shapes of the urethrae in male cats and dogs differ, however. They both 
have a pelvic and a penile urethra, but these have different anatomical divisions.

See figure 8.4 below to see how the urethra of the cat is divided:

FIGURE 8.4
The urethra of the cat

The urethra of the male dog does not have a pre-prostatic section. It goes 
straight from the bladder into the prostate gland.
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The prostate is a gland that will be covered in more detail under the male 
reproductive system. It is an important gland in the production of semen.

The bulbourethral glands lie at the level of the post-prostatic urethra. 

3 4Ac tiv it y  8 .1

(1) If you have access to the internet, have a look at this interactive 
website which gives a clear overview of the urinary tract: 
http://www.innerbody.com/image_urinov/dige05-new.html

(2) Label the following diagram and then tabulate (create a table of) the 
function of each labelled structure:

3. THE FEMALE REPRODUCTIVE SYSTEM
In the veterinary field, and especially in animal welfare, we are faced with 
the constant problem of population control. Hundreds of unwanted animals 
are born each year, often to a life of hardship, cruelty and starvation. I am 
sure that you can see why understanding the reproductive system and how it 
works is vitally important for us. 

Theoretically, in a six-year period, one unspayed bitch and her offspring can 
produce 67 000 puppies! That is staggering! 

In the following section we will take a close look at the female reproductive 
system to understand the normal anatomy and function.

http://www.innerbody.com/image_urinov/dige05-new.html
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FIGURE 8.5
The female reproductive system

The female reproductive system consists of the following parts: the ovaries, 
fallopian tubes (oviducts), uterus, cervix, vagina and vulva.

3.1 The ovaries
Female dogs and cats have 2 ovaries which are located just behind the kidneys 
in the abdominal cavity. They are pink in colour and vary in size from species 
to species and from breed to breed (a German shepherd ovary is about the 
size of an almond, whereas a cat has pea-sized ovaries).

The ovaries produce the sex hormones oestrogen and progesterone, as well 
as the female reproductive cell called the ovum (or “egg cell”). When a female 
reaches puberty (sexual maturity), she regularly releases these eggs cells from 
her ovaries. They are released into the finger-like Fallopian tubes (or oviducts), 
where they may be fertilised by sperm. From here they travel into the uterus. 
(Try to follow their pathway in figure 8.5.)

3.2 The uterus
The uterus is essentially the organ of pregnancy. It is a y-shaped, muscular, 
hollow organ in the caudal abdomen, which receives the fertilised ovum (the 
embryo) from the Fallopian tube. 

Microscopically, the uterine wall consists of three layers – an inner gland-
rich endometrium, a muscular myometrium and an outer connective-tissue 
perimetrium.

When the embryo arrives in the uterus, it initially receives its nutrition from 
the glandular secretions of the endometrium. Once the embryo attaches to 
the inner wall of the uterus, membranes develop which protect and nourish 
it, as it grows into a foetus. The placenta, an organ which nourishes the foetus 
through the umbilical cord, forms part of these membranes. 
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During birth, the placenta detaches from the uterine wall and both the placenta 
and the foetus are pushed out through the birth canal by strong contractions 
of the myometrium and the abdominal muscles. 

3.3 The cervix
The cervix is a fibrous, muscular sphincter-like tube between the uterus and 
the vagina. It is usually closed to prevent infection of the uterus, and only 
opens during fertilisation and birth.

3.4 The vagina
This part of the reproductive tract lies between the cervix and the external 
vulva. (Remember that the urethra also opens into the vagina.)

Microscopically, the vaginal wall consists of an inner mucosa, a middle smooth-
muscle layer and an outer connective-tissue layer. The inner mucosal layer has 
multiple folds to allow for stretching during mating and birth. 

3.5 The vulva
This is the part of the female reproductive tract that we can see from the 
outside. It consists of two lateral lips that meet dorsally and ventrally to form 
an elliptical opening. The clitoris (a sensory structure) lies in the ventral part 
of the vulva.

35Ac tiv it y  8 . 2

Picture the path an ovum takes from the ovary to the vulva and write a 
description of this journey. Include where it is fertilised and where it is 
housed and nourished, and give a brief description of the birth process. 

3.6 The mammary glands
The mammary glands are modified sweat glands designed to nourish young 
mammals. Although not strictly part of the female reproductive system, they 
should be included here.

In young females (pre-puberty) and in males the mammary glands are 
undeveloped and small. During the first pregnancy of a female, the mammary 
glands develop to their full size. When her litter is weaned, the mammary 
glands shrink again, only to develop/grow again during subsequent pregnancies.

The mammary glands lie in two rows ventrally on the thorax and abdomen of 
dogs and cats. In horses they are more discrete, lying between the hindlimbs. 



  

. . . . . . . . . . .
98

I have summarised the number and location of the mammary glands in each 
species in the table below:

TABLE 8.1
Numbers of memory glands 

Species Thoracic Abdominal Inguinal 
(between the 

hindlimbs)

Total

Dog 4 2 2 or 4 8 or 10

Cat 2 2 4 8

Horse - - 2 2

Each mammary gland consists of a mamma (glandular portion) and a teat 
(nipple). Within the gland, the tissue is arranged in lobules of secretory cells 
which produce and release milk into a duct system. The duct system exits at 
the teat. See figure 8.6 below

FIGURE 8.6
Mammary gland

3.7 The heat cycles of female dogs 
In the course of your education so far, I am certain you will have heard the 
expression “the dog is on heat”. From her puberty, a female dog (bitch) goes 
through heat cycles every 6–9 months.

Female dogs reach puberty (have their first heat cycle) at 5–18 months of age. 
The age of the animal at the onset of puberty varies from breed to breed, with 
smaller breeds reaching puberty earlier (at around 5 months), and large and 
giant breeds often only reaching puberty at 18 months of age.

The heat cycle of dogs can be divided into 4 stages:

(1) Pro-oestrus: During this stage of the cycle, the ova are maturing in the 
ovaries and levels of the hormone oestrogen are rising. Externally we can 
see a swollen vulva and a slightly bloody discharge. 

(2) Oestrus: This is the stage when mature ova are released from the ovary 
into the Fallopian tubes and oestrogen levels are very high. The vulva is 
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still swollen, with a bloody discharge. The female will now allow mating. 
Pro-oestrus and oestrus together last 5–21 days.

(3) Di-oestrus follows oestrus. In a pregnant female this lasts 56–58 days and 
in the non-pregnant female 60–100 days. The hormone progesterone is 
high during di-oestrus, both in pregnant and non-pregnant females. 

(4) Anoestrus: This is the hormonally inactive time between heat cycles and 
lasts 4–5 months.

3.8 The heat cycles of female cats (queens)
Cats reach puberty at 6–12 months of age.

 • Cats are seasonal breeders. This means that they generally cycle in spring 
and summer, less so in winter.

 • Cats only ovulate when mated. This means that the ovum stays in the ovary 
until the female mates and only then is it released into the Fallopian tube. 
This differs from the dog, where the ovum is spontaneously released.

 • If not mated, oestrus will reoccur in 1–3 weeks.

The cat’s heat cycle can be divided into 5 periods:

(1) Pro-oestrus: Very few external signs are seen. This stage is 1–2 days long. 
During this time the hormone oestrogen is rising.

(2) Oestrus: The queen is receptive to the male, and shows clear behavioural 
changes like vocalisation and lifting the hindquarters. During this time the 
hormone oestrogen is high. This periods lasts about 1 week.

(3) Inter-oestrus: This is the time that passes between oestrus periods if the 
queen is not mated. It lasts for about 1–3 weeks. During this time serum 
oestrogen levels are low.

(4) Di-oestrus follows oestrus if mating has taken place. If the queen is 
pregnant, it lasts 60 days. If she is not pregnant, it lasts about 35 days. 
During this time the hormone progesterone is high.

(5) Anoestrus: Similar to the dog, this is a hormonally inactive period. It lasts 
2–3 months in a queen.

3.9 The heat cycles of female horses (mares)
Mares are also seasonal breeders that go into oestrus when the days are 
longer and the nights are shorter, in other words, in summer. They ovulate 
spontaneously like the dog, but have a short dioestrus period if not mated and 
show oestrus again approximately every 21 days. 

In winter they are hormonally inactive.

3 6Ac tiv it y  8 . 3

(1) Write a paragraph giving a detailed description of the heat cycle of 
a female dog.

(2) Highlight the differences between the heat cycles of dogs, cats and 
horses.
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4. THE MALE REPRODUCTIVE SYSTEM
Most of the male reproductive system is visible on the outside of the body. It 
is therefore very exposed and we are often called upon to treat injuries to this 
area in veterinary practice (not the easiest injuries to treat in an animal in pain!).

See figure 8.7 below, for an overview of this system.

FIGURE 8.7
The reproductive system of a male dog

The most important structures of the male reproductive system are the testis, 
the vas deferens, the prostate gland and the penis.

4.1 The testis
Male mammals usually have 2 testes that lie in a scrotal sac just between their 
hindlimbs. The testes actually develop just behind the kidneys while the male 
foetus is developing and only descend/migrate into the scrotum around the 
time of birth. If both testes are not yet present in the scrotum at the age of 
8 weeks, the animal is said to be a cryptorchid. This simply means that the 
testes stopped migrating somewhere along their path from behind the kidney 
to the scrotum.

Similar to the ovaries of the female, the testes are where the male reproductive 
cells (sperm cells) are produced. This is also where the hormone testosterone 
is produced. Testosterone is responsible for the development of the male 
characteristics and sexual drive of the male animal.

Microscopically, the testes consist of a coiled tube system, the seminiferous 
tubules, in which the sperm cells are produced. The sperm cells move through 
these tubes into the collecting tubules (the epididymis), where they mature. 
Mature sperm enters the vas deferens during ejaculation and travels to the 
urethra. See figure 8.7 above.
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Hormone-producing cells that release testosterone and other androgens (male 
hormones) into the blood stream, lie in the tissue between the seminiferous 
tubules.

4.2 Vas deferens
This duct carries the sperm from the epididymis to the prostatic part of the 
urethra during ejaculation. The smooth muscle in the wall of the vas deferens 
contracts rhythmically (peristalsis) and so moves the sperm forward.

4.3 The prostate
This gland surrounds the urethra where it leaves the bladder. It is a bi-lobed 
gland (this means that it has two distinct halves or lobes) that lies just below the 
rectum and can be palpated/felt through the rectal wall. See figure 8.7 above.

The prostate starts to mature close to puberty, in response to the presence 
of the hormone testosterone, and in the dog it reaches its maximum size at 
around 2 years of age. 

The prostate provides prostatic fluid which

 • nourishes the sperm cells
 • provides additional fluid volume for the effective transportation of the sperm
 • protects the sperm from bacteria

4.4 The penis
The penis is the organ for mating in the male. It is a very vascular organ (this 
means that it has a very rich blood supply) with great potential for expansion 
during erection. It consists of a combination of cavernous (hollow) and spongy 
tissues which surround the urethra.

A swelling of spongy tissue called the glans is found at the very tip of the 
penis. This is the point where the urethra opens to the outside environment. 

There is great variation in the appearance of the glans of the penis between 
our domestic species. In a dog and a horse it is a large, bulbous swelling at 
the tip of the penis during erection. The glans of the cat penis is covered with 
relatively large, pointed, horny spines believed to help stimulate the female 
cat to ovulate during mating. 

The canine (dog) penis has two additional, specialised structures that make 
it unique:

 • The os penis is a bone present close to the tip of the penis that enables the 
male to penetrate the female. The canine penis only reaches maximum 
erection after penetration. The os penis helps to maintain direction during 
penetration.

 • A dilation of vascular spongy tissue at the base of the penis, called the bulb 
of the penis, swells after the male has penetrated the female to create a 
“tie” between the male and female dogs during mating. The dogs essentially 
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become “stuck” together for a period of time to allow for more effective 
fertilisation.

37Ac tiv it y  8 .4

Draw a diagram of the male reproductive system showing the testis, 
the vas deferens, the prostate, the urethra and the penis. Use arrows to 
demonstrate the path along which sperm travels from the testis to the 
urethral opening during mating.

5. CONCLUSION
After working through this study unit, you should be able to see how well-
integrated and anatomically close the urinary and reproductive systems are, 
and how important their normal function is for the health of the animal (urinary 
system) and the continued existence of the species (reproductive system).
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http://www.wataugahumanesociety.org/catalog/spayneuter-pd-27.php
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reproductive-tract/page1.aspx

http://en.wikipedia.org/wiki/Mammary_gland

http://vetmedicine.about.com/od/pregnancybirthincats/f/Cat_estrus.htm

http://www.peteducation.com/article.cfm?c=2+2083&aid=920
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9S T U D Y  U N I T  9

9The basic structure and function of the 
skin/integument

Learning objec tives

On completion of this study unit, you should be able to

 • identify and describe the different layers of the skin
 • label a diagram of the skin, including a hair follicle
 • explain the different functions of the skin
 • label a diagram of the hoof of a horse
 • list and describe the stages of wound healing

1. INTRODUCTION
The first thing you see when you approach and examine a patient, is the skin. 
The skin is the largest organ of the body and can make up 12 to 24% of a 
dog’s whole body weight! It acts as the outer protective layer which covers 
all vertebrate animals and, in mammals, always has some form of hair on it. 
(When referring to the skin, the word cutaneous is often used. This comes 
from the Latin, in which “cutis” means skin.)

2. THE LAYERS OF THE SKIN
The skin is divided into three distinct layers: the epidermis, the dermis and the 
subcutaneous layer (see figure 9.1). A thin membrane (the basal membrane) 
separates the epidermis from the dermis.

Let us look at the characteristics of these layers.

2.1 The epidermis (the outer layer)
 • The epidermis consists of 4 layers of skin cells called keratinocytes. These 

cells migrate from the deeper layers of the epidermis towards the surface 
as they age and produce more and more keratin (a protein) as they near 
the surface. This is called keratinisation and results in a layer of dead cells 
on the surface of the skin. These dead cells slough (fall off) regularly and 
are replaced again from the depths of the epithelium.

 • Other cells within the epidermis are:
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 – Langerhans cells, which are immune cells that help with the defence 
of the body

 – melanocytes, which produce the pigment melanin, which gives skin 
its colour

 – Merkel cells, which are sensory cells in the skin which contribute to 
the sensation of touch

2.2 The dermis (the middle layer)
 • The dermis supports and feeds the epidermis.
 • The following structures lie within the dermis:

 – Blood vessels which bring blood to the epidermis.
 – Nerve endings which allow mammals to feel touch, pain, hot and cold.
 – Sweat glands which spill sweat onto the surface of the skin or into 

hair follicles via small tubules. (Dogs and cats only have sweat glands 
around the pads on their paws. This is why they sometimes leave damp 
footprints during hot weather.)

 – Sebaceous or oil glands which release oil onto the skin through the hair 
follicle, to keep the skin waterproof and pliable. 

 – The roots of the hairs that grow out of the skin (note that each hair has 
a tiny erector muscle, which makes the hair stand upright – we’ve all 
seen that in an aggressive dog!).

2.3 The subcutaneous layer (the innermost layer)
“Sub” means under and “cutaneous” refers to the skin.

 • This layer attaches the dermis to the underlying muscles and bones.
 • Blood vessels and nerves from the dermis widen here and join bigger 

vessels and nerves.
 • A large part of the body’s fat reserves are stored here and therefore this layer 

also plays an important role in insulating the animal (keeping them warm).

FIGURE 9.1
The layers of the skin
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 • List the 4 types of cells found in the epidermis.
 • Name and briefly describe the functions of the 5 structures found in 

the dermis.
 • What is the purpose of the subcutaneous layer?

3. THE FUNCTIONS OF THE SKIN
The skin has 5 main functions: protection, temperature regulation, storage, 
sensation and the production of Vitamin D. I briefly discuss each of these below.

3.1 Protection
 • The skin protects the underlying tissues against micro-organisms (e.g. 

disease-causing bacteria), mechanical damage, chemicals and radiation. 
It provides this protection by acting as a physical barrier and through the 
immune response which is mediated (brought about) by the Langerhans cells. 

 • The skin also prevents excessive water loss from the underlying tissues.

3.2 Temperature regulation
During cold weather the skin helps to regulate the body temperature through 

 • reduced sweat production
 • decreased blood supply to the skin, because of constriction (narrowing) of 

the blood vessels to avoid heat loss 
 • increased insulation, because the erector muscles of the hair follicles cause 

the fur to stand more upright and trap air
 • insulation by means of the subcutaneous fat layer

During warm weather the skin helps to regulate the temperature through

 • increased sweat production (only under the paws of dogs and cats) to cool 
the skin

 • increased blood supply to the skin so that heat can be lost by means of 
simple heat exchange between the blood and the surrounding air

 • flattening of the fur against the body to avoid trapping air

3.3 Storage
The skin (especially the subcutaneous tissue) acts as a fat and water store.

3.4 Production of vitamin D
Vitamin D is produced in the skin when it is exposed to sunlight.

3.5 Sensation
The skin contains nerve endings and Merkel cells which allow the animal to 
experience touch, as well as hot, cold, vibration, pressure and pain sensations.
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(1) Compile a table in which you list the 5 functions of the skin and give 
a brief description of each function.

(2) Describe how the skin affects thermo-regulation (the temperature 
regulation) of the body.

4. SPECIAL MODIFICATIONS OF THE SKIN
Certain areas of the skin have been modified to perform specific functions. 
These include the footpads and claws of dogs and cats, and the hooves of horses.

4.1 Footpads
Footpads act as cushions under the paws of dogs and cats, and also increase 
friction to make walking easier. They have a firm, keratinised, hairless surface 
and contain fat and connective tissue (“keratinised” means that the cells contain 
the fibrous protein keratin and have a firm texture). There are six pads on the 
forelimb of dogs and cats and five on the hindlimb.

FIGURE 9.2
Pads of a dog

4.2 Claws
These are curved appendages attached to the digits (toes) of dogs and cats. 
They are made from the hard protein keratin. Claws are used to catch and hold 
prey, and to dig, climb and defend. Each paw has 4 claws – on digits 2 to 5. 
Sometimes there is a claw for digit 1 called the dewclaw. The dewclaw does  
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not make contact with the ground and can often cause problems by getting 
hooked and damaged.

4.3 The hoof
The structure of the hoof was covered in detail in study unit 4. Refresh your 
memory at this point.

5. THE STAGES OF WOUND HEALING IN THE SKIN
Although wound healing does not strictly speaking fall into the category of 
“Anatomy and Physiology”, I felt that it was important to include it here, as it 
is something we see on a daily basis in animal welfare practice. 

Wound healing can be divided into 4 stages: haemostasis (stopping the 
bleeding), inflammation, growth/rebuilding, and strengthening.

5.1 Stopping the bleeding
After an injury, the skin generally bleeds. Within minutes of the injury, blood 
cells (specifically platelets) clump together in the area of injury, to protect the 
tissues and to stop further bleeding. The protein fibrin is included in this clot 
to help keep it in position.

5.2 Inflammation
During this stage nutrients and oxygen are carried to the area to “feed” the 
healing process. Macrophages (one of the types of white blood cells) move 
into the area to protect the tissues and to regulate the repair process. They 
release chemical messengers to promote wound repair. During this stage there 
is typically swelling, redness and pain at the site of the wound.

5.3 Rebuilding
Other blood cells (e.g. neutrophils and red blood cells) move into the area 
to start the repair process. Chemical messages are sent to stimulate cells to 
produce collagen as a framework for the repair. New, small blood vessels 
slowly grow into the injured area. This is the stage when you see granulation 
tissue (a granular, uneven pink/red tissue) in the wound.

5.4 Strengthening
During this phase the tissues regain their original strength. The blood supply 
and the activity of the white blood cells in the area return to normal.

4 0Ac tiv it y  9. 3

Write a paragraph explaining the stages of wound healing, including 
microscopic changes and what the stages would look like clinically 
(macroscopically).
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6. CONCLUSION
The health of the skin, the biggest organ in the body, has an enormous impact 
on the general well-being of an animal. A thorough examination of the skin is 
therefore an integral part of any good examination of a patient.
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10The endocrine and immune systems

This study unit is divided into two sections and each one has specific learning 
objectives.

1. INTRODUCTION
In this study unit we will be looking at the last two systems needed to complete 
your study of the animal body. They are two smaller systems, but both are 
vital to the health and well-being of our patients. The endocrine system is a 
messaging system of sorts, which is required for effective communication and 
regulation in the body, and the immune system is the body’s defence system 
or army.

Learning objec tives

The endocrine system The immune system 

On completion of this section of this 
study unit, you should be able to

 • name the 8 primary endocrine 
glands in the body and pinpoint 
their locations

 • describe the central role played by 
the pituitary gland in endocrinology 

 • name the hormones produced by 
each endocrine gland and discuss 
the function of these hormones

On completion of this section of this 
study unit, you should be able to:

 • name the 4 main organs of the 
immune system and explain their 
role in immunity

 • list the 5 main cells of the immune 
system and describe the unique 
function of each one in the immune 
response

 • explain the first, second and third 
line of defence of the body’s immune 
system

2. THE ENDOCRINE SYSTEM
The endocrine system consists of a series of glands which produce hormones 
that affect the temperature, metabolism, sexual development and growth of 
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mammals. Endocrine glands release their hormones directly into the blood 
stream, where they can be effectively distributed throughout the body. Although 
the hormones come into contact with most tissues of the body, specific 
hormones affect specific tissues only. Which tissues are affected, depends on 
the function of the specific hormone.

The diagram below shows the eight primary endocrine glands found in 
mammals:

FIGURE 10.1
The endocrine system of the dog

2.1 The pituitary gland
The pituitary gland is located at the base of the brain (see figure 10.1). It is often 
called the “master gland”, because it regulates the secretions of other glands 
through hormonal messengers, and because it produces more hormones than 
any of the other glands. The pituitary gland itself is controlled by an adjacent 
part of the brain called the hypothalamus which, through chemical messengers, 
affects pituitary hormone production and release.

The pituitary gland produces the following 7 important hormones:

 • Growth hormone, which stimulates normal growth in young animals by 
acting directly on the body tissues

 • Prolactin, which initiates milk production in the mammary glands of lactating 
mothers

 • Oxytocin, which promotes the contraction of the uterus during the birth 
process

 • ADH (anti-diuretic hormone), which reduces water loss through the kidneys 
and can increase blood pressure

 • ACTH (adrenocorticotrophic hormone), which stimulates the release of 
cortisol (the “stress hormone”) by the adrenal gland

 • TSH (thyroid-stimulating hormone), which stimulates the release of thyroxine 
by the thyroid gland
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 • LH (luteinising hormone) and FSH (follicle-stimulating hormone), which 
affect the development of the follicle in the ovary of the female (a follicle 
is a round collection of cells in the ovary which contains an egg cell)

As you can imagine, any disease of the pituitary gland leads to chaos in the 
body because of its very central function. One would think that this is an 
enormous gland, when in fact it is only the size of a pea!

2.2 The pineal gland
This gland lies at the centre of the brain and produces the hormone melatonin.

Melatonin is a mood- and sleep-regulating hormone produced in direct response 
to the amount of sunlight the animal is exposed to. When an animal is exposed 
to plenty of sunlight, very little melatonin is released. A lack of sunlight increases 
the production and release of melatonin.

2.3 The thyroid gland
The thyroid gland lies just below the larynx in the front of the neck. It plays 
a very important role in metabolism (the chemical processes in the body that 
maintain life and produce energy) and in the regulation of calcium levels in 
the blood. 

Three important hormones are released by the thyroid gland:

 • thyroxine (T4) and triiodothyronine (T3), which are responsible for regulating 
the body’s metabolism, essentially influencing how “fast” body processes run

 • calcitonin, which affects the release of calcium from bone

In your workplace you might have heard of dogs that are suffering from 
hypothyroidism. This is where the thyroid is underactive and does not produce 
enough hormones (“hypo-” is often used at the front of word to mean “less than 
normal”). These dogs have a very slow metabolism, and are often overweight 
and sluggish.

Similarly, you may have seen cats with hyperthyroidism, where too much 
thyroid hormone is produced. These cats have an overactive metabolism, are 
very thin and often have an extremely fast pulse (“hyper-” is often used at the 
front of words and means  “more than normal”).

2.4 The parathyroid glands 
These are 4 tiny glands that lie right next to the thyroid glands (see figure 
10.1). They produce parathyroid hormone (PTH). PTH works with calcitonin 
to regulate blood-calcium levels.

2.5 The adrenal glands
These two glands lie right in front of the kidneys and produce a variety of 
hormones. These hormones are responsible for regulating the metabolism, for 
stress management, and for regulating mineral levels in the blood.
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The most well-known of these is cortisol, which affects carbohydrate metabolism, 
stress and inflammation. (It is the balance of this natural hormone that we disturb 
with excessive use of cortisone in veterinary practice!)

Adrenalin is the main “stress-management” hormone which prepares the body 
for battle by increasing the heart and breathing rates, and by dilating the blood 
vessels and airways.

Noradrenalin helps with this by increasing the blood supply to the muscles 
and brain. This is often referred to as the “fight-or-flight” response to a threat.

Aldosterone regulates sodium and potassium levels in the body and, as a direct 
consequence, also affects the fluid levels in the body.

A tiny amount of the sex hormones oestrogen, progesterone and testosterone 
is also produced in the adrenal glands.

2.6 The pancreas
We briefly touched on the endocrine function of the pancreas in study unit 7, 
when we discussed the gastrointestinal system.

A group of specialised cells in the pancreas, the islets of Langerhans, produce 
insulin and glucagon, which are responsible for the regulation of blood-sugar 
(glucose) levels.

Insulin is responsible for lowering blood-glucose levels by allowing the cells 
of the body to take up glucose from the blood. 

Glucagon does the opposite by promoting the release of glucose from body 
stores to increase blood sugar.

I am certain that at some point in your education so far, you have heard of the 
sugar disease diabetes. This is essentially a lack of insulin in the body, or an 
inadequate response of the body to insulin, both of which lead to very high 
blood-glucose levels.

2.7 The ovary
As you have learned under the Reproductive System, the ovaries are the 
organs where the female reproductive cells, the ova (plural of “ovum”), are 
produced. During the female reproductive cycle various regulating hormones 
are released. The most important of these are oestrogen and progesterone.

Oestrogen is the hormone that regulates the oestrus cycle. It also readies the 
mammary tissue for milk production, and the uterus to receive the tiny embryo.

Progesterone is often referred to as the “hormone of pregnancy”. It prepares 
the uterine wall to feed the developing embryo, and it maintains pregnancy.
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2.8 The testes
The Leydig cells in the testes of the male produce the hormone testosterone. 
This is the hormone that promotes the growth and development of the male 
reproductive organs, enhances sexual drive, and is essential for the development 
of sperm.

41Ac tiv it y 

(1) Identify each one of the 8 important endocrine glands on figure 10.1. As 
a revision exercise, draw a table indicating each gland, the hormones 
which they produce, and their functions. I have started the table for 
you below. Use it as your template.

Gland Hormone Function of hormone

Pituitary Growth hormone Promotes growth

Prolactin Starts milk production

Oxytocin Causes uterine contractions

....... continue from here

Pineal gland Melatonin Affects moods and sleep

(2) Discuss the function of the pancreas in maintaining glucose levels in 
the blood. Use this knowledge to explain why diabetic dogs require 
insulin injections to regulate their blood sugar (glucose). 

3. THE IMMUNE SYSTEM
The immune system consists of a group of organs, cells and proteins which 
work together to protect the body from invaders like bacteria, viruses, fungi 
and parasites. This system is very much like the military, which launches an 
attack in response to the presence of an enemy. The immune system will also 
respond to the presence of tumour or cancer cells, as these are also “foreign” 
to the body. Any foreign or harmful substance or organism that enters the 
body, is described as an antigen.
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3.1 Organs of the immune system

3.1.1 The bone marrow

Found at the centre of flat bones and the proximal ends of many long bones, 
the (red) bone marrow is where the cells of the immune system, the white blood 
cells, are formed. These cells are then either released into the blood stream in 
their immature form to mature in other immune organs, or they mature right 
there in the bone marrow.

3.1.2 The thymus

This unusual and, interestingly, temporary organ, is found in front of the heart 
in the thoracic cavity. The reason you have never seen one on a radiograph, is 
because this organ shrinks and disappears once it has performed its function. 
Immature T-lymphocytes (T-cells) leave the bone marrow and travel to the 
thymus where they develop into mature T-cells and are released into the 
blood stream.

3.1.3 The spleen

We often underestimate the importance of the spleen. It consists of 
B-lymphocytes, T-lymphocytes, macrophages, dendritic cells, natural killer 
cells and red blood cells and acts as an immune filter of the blood. Any foreign 
substance (antigen) that passes through the spleen is identified and destroyed 
by the immune cells present.

3.1.4 The lymph nodes

These small nodes (clusters) of immune tissue are found throughout the body. 
They consist of B-cells, T-cells, macrophages and dendritic cells. Similar to the 
spleen, they act as an immunological filter, but of lymph – not of blood. Any 
antigen circulating in the lymphatic system will be removed by the immune 
cells of the lymph nodes.

3.2  The cells of the immune system
We have discussed most of these cells in the study unit on blood cells.

3.2.1 Granulocytes

Neutrophils, eosinophils and basophils are part of the body’s initial response 
to an antigen, especially bacteria and parasites. They phagocytise (engulf) the 
foreign molecule and destroy it with the enzymes in their cytoplasm. 

3.2.2 Macrophages

Both immature monocytes and mature macrophages circulate in the blood. 
Mature macrophages are found in many tissues throughout the body and in 
many of the immune organs. 
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Macrophages play a vital role in directly destroying antigens through 
phagocytosis, and also by presenting antigens to lymphocytes for an additional 
immune response. 

3.2.3 Dendritic cells

These cells have only been described fairly recently. Similar to macrophages, 
dendritic cells engulf antigens and present them to lymphocytes for an immune 
response. For this reason, dendritic cells and macrophages are often called 
antigen-presenting cells.

All the cells mentioned above are part of the innate immunity of the animal. 
This is the immunity which every animal is born with.

The lymphocytes described below are part of the acquired immunity of the 
animal. This is the immunity that develops after birth, through exposure to 
foreign materials and organisms, and through cell memory.

3.2.4 Lymphocytes

Two types of lymphocytes occur in the body: B-cells and T-cells. Each has a 
unique function in the immune response.

T-cells

T-cells are produced in the bone marrow and mature in the thymus. From 
here they are then distributed to the various lymphoid organs to perform their 
functions. 

3 different types of T-cells have been identified:

 • Killer T-cells which attach to antigens on foreign or cancerous cells and 
destroy them directly

 • Helper T-cells which help other cells in the immune response through 
chemical messaging

 • Suppressor T-cells which end the immune response when the threat has 
been neutralised

When T-cells encounter an antigen (foreign substance/organism), they launch 
their respective responses to the threat. Some of them develop into memory 
cells, which remember the specific antigen and launch a faster, more effective 
response when the antigen is encountered again.
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B-cells

B-cells are also produced in the bone marrow. 

B-cells have small receptors on their surfaces, which can recognise and attach 
to specific antigens:

FIGURE 10.2
B-cell receptors

In figure 10.2 you will see three B-cells with receptors expressed on their outer 
surface. Antigens are binding to two of the B-cells. Once the receptors have 
identified and bound to an antigen, two things happen:

 • The B-cells change into plasma cells that produce small proteins called 
antibodies. These antibodies bind to the antigen in the blood and in the 
lymph (like two pieces of a puzzle) and help to destroy it.

 • Other B-cells form memory cells which remember the specific antigen and 
launch a faster, more effective response when the antigen is encountered 
again (similar to the T-cell memory cell).
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Antibodies help to destroy antigens in various ways:

 • They can directly neutralise a toxin.
 • They can directly destroy a bacterium.
 • The can help other immune cells to recognise and destroy the antigen or 

antigen-infected cell.
 • They can activate the complement system, which is the chemical side of 

the immune response.

3.3 Vaccinations and why they work
Vaccinated animals don’t develop a disease after receiving a vaccination, 
because exposure to the disease-causing organism gives them acquired 
immunity and leads to cell memory. 

An inactivated, dead or synthetic form of a bacterium or virus is injected 
into the animal’s body, which then launches an immune response against the 
antigen. The vaccine will not actually make the animal sick, but the cell memory 
that remains after the vaccine antigen has been destroyed will ensure a swift, 
effective immune response when the animal encounters the natural antigen.

4.  CONCLUSION
Although the endocrine and immune systems may seem small relative to 
many of the other organ systems in the body, their role in the health of our 
patients is vital. 

Without the hormonal communication provided by the endocrine system, 
the body would fail to regulate itself, and without the protection the immune 
system provides against foreign invaders, the body would be defenceless.
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RESOURCES

http://www.netplaces.com/dog-health/canine-organs-and-systems/endocrine-
system.htm

http://www.thelancet.com/pdfs/journals/lancet/PIIS0140673600049047.pdf

http://www.thebody.com/content/art1788.html

http://www.merckmanuals.com/home/immune_disorders/biology_of_the_
immune_system/acquired_immunity.html

http://www.netplaces.com/dog-health/canine-organs-and-systems/endocrine-system.htm
http://www.netplaces.com/dog-health/canine-organs-and-systems/endocrine-system.htm
http://www.thelancet.com/pdfs/journals/lancet/PIIS0140673600049047.pdf
http://www.thebody.com/content/art1788.html
http://www.merckmanuals.com/home/immune_disorders/biology_of_the_immune_system/acquired_immunity.html
http://www.merckmanuals.com/home/immune_disorders/biology_of_the_immune_system/acquired_immunity.html
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