
Why the human bloodstream is 
important to pharmaceutical scientists   
This lesson provides an overview of the circulatory system. We 
will learn what the blood is and how it transports nutrients to 
our body cells. Knowledge of the blood transport system is 
very important to scientists in pharmaceutical companies such 
as Elan Corporation plc., because drug treatments are also 
transported around the body in the blood.

The method by which a pharmaceutical substance is administered to a 
person is known as drug delivery. The extent to which the drug is utilised 
effectively in the body is known as bioavailability. Whether treatments 
are taken by mouth, injection or inhalation bioavailability is improved if 
the substance is soluble in water. If it is not soluble, then it can not be 
delivered efficiently to the bloodstream.

Why do we need a transport system?

What is a cell?
A cell is the smallest organised structure that demonstrates the 
characteristics of life. Cells, although very small, are incredibly complex 
chemical factories taking in materials from their surroundings to sustain 
their existence and to make copies of themselves. 

The cell is the fundamental sub-unit of the human body.  Each one of us is 
composed of about a hundred million million, cooperating and living cells 
localised in specialised and different tissues. Each second of our lives we 
make about fifty million new cells mostly to replace ‘worn out’ cells and 
those that have sacrificed their life for other cells e.g. the skin’s epidermal 
cells. We also need to produce vast numbers of new defence cells when 
the body is invaded by pathogens.

Elan Corporation plc. is a neuroscience-based 
biotechnology company that is focused on discovering, 
manufacturing and marketing advanced therapies in 
neurology, autoimmune diseases, and severe pain.  

Located on a 35 acre campus, Elan’s Athlone facility has a 
total area under roof of over 420,000sq ft. with a capacity to 
manufacture up to 3 million tablets/capsules a year. Other 
facilities are located in Gainsville, Georgia and King of 
Prussia, Pennsylvania, both in the USA. The latter is home to 
the proprietary NanoCrystal® Technology. 

In Ireland, Elan employs some 550 people including 
approximately 200 scientists and technicians. 

Elan offers more than 35 years experience and collaborates 
with more than 30 of the world’s leading pharmaceutical 
companies. NanoCrystal® Technology is used by such well 
known companies as Wyeth, Merck, Fournier and Abbott 
Laboratories. 

You can find out more about Elan and NanoCrystal® 
Technology at www.elan.com/EDT and at  
www.sciencetechnologyaction.com

The red blood cells and platelets are retained within the blood because 
they are too big to fit through the pores. White blood cells have a special 
technique to pass out of the blood to ‘hunt down’ pathogens in the 
tissues. 

The higher blood pressure at the arteriole end of the capillary squeezes 
out a clear fluid through the capillary pores – it has a similar composition 
to plasma but only 2% dissolved protein. This non-stop leakage through 
the capillaries ensures that the local environment of the tissue cells is 
continuously replaced, refreshed and maintained in an ideal condition for 
cell metabolism.

What do cells need in order to work 
efficiently?
The local environment of a cell must be favourable. It must be at the 
correct concentration and pH. All the materials needed by the cell must 
be present in sufficient quantities. Our cells’ local environment is called 
tissue or extracellular fluid.

Why are cells small?
Cell volume is a guide to the amount of cellular ‘machinery’ and metabolic 
activity. Materials, which sustain cell activity, can only pass in and out of 
cells through the surface. Therefore, the greater the surface area per unit 
volume,  the greater the cell’s import and export efficiency. 

What is blood made of?
Blood is a mixture of solids suspended in a complex solution called 
plasma. The suspended solids, (red and white blood cells plus platelets), 
make up 45% of the blood and plasma the remaining 55%.

The solvent of plasma is water. If materials are water-soluble they are 
carried in solution. Such materials include proteins, carbohydrates, amino 
acids, fatty acids, mineral nutrients and some vitamins.

Oxygen is not very soluble but it is transported in great quantity by red 
blood corpuscles where it is bound rather loosely to haemoglobin. This 
allows the oxygen to be easily ‘picked up’ and ‘released’. This form of 
transport allows the blood to carry seventy five times more oxygen than it 
could by pure solution.

Although carbon dioxide is more soluble than oxygen, its transport 
is improved by converting 70% of it to a much more soluble form as 
bicarbonate (hydrogen-carbonate) ions. Of the remaining 30%, about 20% 
is carried in combination with haemoglobin in red blood cells, leaving only 
10% carried in direct solution.

Very poorly water soluble or insoluble substances like lipids, cholesterol 
and fat-soluble vitamins are carried in loose combination with soluble 
proteins such as lipoproteins and albumin.

It is amazing that our blood has evolved mechanisms to transport a variety 
of essential materials despite their wide difference in water solubility. 

How does blood reach the cells?
The blood is kept flowing continuously through a closed system of blood 
vessels. Every part of our body has a dense network of microscopic 
blood capillaries. In fact, every tissue cell is within 0.02 mm of a blood 
capillary. It is at the capillaries that exchange between tissue cells and 
blood takes place. 

How are materials exchanged at the  
blood capillaries?

Elan Drug Technologies -    
Experts in Nanotechnology

NanoCrystal® Technology 

 - how volume and surface area relate

Small particles dissolve more quickly   
Put a large cube of sugar into a cup of hot water and see how 
long it takes to dissolve. Then cut a similar cube into four smaller 
cubes and do the same thing. The smaller cubes dissolve more 
quickly because the ratio of surface area to volume is larger.  
As such, the small cubes expose more surface area to the 
solvent. This is why scientists at Elan set out to develop a 
process for grinding pharmaceutical substances down into very 
small particles which is known as nanomilling. The process is 
marketed by Elan Drug Technologies under the registration 
name of NanoCrystal® Technology and licensed to other 
pharmaceutical companies.

This diagram shows a particle with a surface area of 6cm2. After 
nanomilling the total surface area of the smaller particles is 24cm2. 
However, the sum of the volumes of the 64 smaller particles is 
equal to the volume of the large particle. The gastrointestinal tract 
will enable more molecules of drug to dissolve in the biological 
fluids with greater transit across membrane barriers into the 
circulatory system.  

Diagram by courtesy of the Elan Corporation plc  
   

Fig.3  A blood capillary

Muscle A discovery that required   
two different industries
What might the pharmaceutical industry and the photographic 
industry have in common that could generate a new invention, over 
80 patent applications and four new commercial products since 
1999. Well, it was a mutual interest in the manufacture of very small 
particles.

The photographic industry knew how to manufacture small particles 
by using nanomilling techniques. The pharmaceutical industry 
needed a way to reduce the size of certain pharmaceuticals so that 
they would dissolve more rapidly in biological fluids and so circulate 
more effectively in the bloodstream

Cooperation between Kodak (the photographic industry) and 
Sterling Winthrop (the pharmaceutical industry) led to the original 
invention. A small company called NanoSystems was formed. The 
company was subsequently acquired by Elan.
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Fig.1  General outline of a 
closed circulatory system. 
(See graphic right)

Because our tissues and 
cells are located in discrete 
locations throughout the 
body, the essential materials 
must be brought to them. 
Also, waste and other 
‘export’ materials must be 
carried away. The materials 
are carried in a special 
liquid called blood. Some of 
these materials are carried 
in solution and some in 
suspension. Blood is the 
liquid that sustains our life. 

The walls of the blood capillaries are 
only one cell thick. They also contain 
many intercellular and intracellular 
pores. Small soluble molecules move 
by diffusion through these pores but 
large protein molecules cannot pass 
through. Some larger fat-soluble 
molecules can dissolve their way 
through the cell membranes of the 
capillary cells.
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process for grinding pharmaceutical substances down into very 
small particles which is known as nanomilling. The process is 
marketed by Elan Drug Technologies under the registration 
name of NanoCrystal® Technology and licensed to other 
pharmaceutical companies.

This diagram shows a particle with a surface area of 6cm2. After 
nanomilling the total surface area of the smaller particles is 24cm2. 
However, the sum of the volumes of the 64 smaller particles is 
equal to the volume of the large particle. The gastrointestinal tract 
will enable more molecules of drug to dissolve in the biological 
fluids with greater transit across membrane barriers into the 
circulatory system.  

Diagram by courtesy of the Elan Corporation plc  
   

Fig.3  A blood capillary

Muscle A discovery that required   
two different industries
What might the pharmaceutical industry and the photographic 
industry have in common that could generate a new invention, over 
80 patent applications and four new commercial products since 
1999. Well, it was a mutual interest in the manufacture of very small 
particles.

The photographic industry knew how to manufacture small particles 
by using nanomilling techniques. The pharmaceutical industry 
needed a way to reduce the size of certain pharmaceuticals so that 
they would dissolve more rapidly in biological fluids and so circulate 
more effectively in the bloodstream

Cooperation between Kodak (the photographic industry) and 
Sterling Winthrop (the pharmaceutical industry) led to the original 
invention. A small company called NanoSystems was formed. The 
company was subsequently acquired by Elan.
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Fig.1  General outline of a 
closed circulatory system. 
(See graphic right)

Because our tissues and 
cells are located in discrete 
locations throughout the 
body, the essential materials 
must be brought to them. 
Also, waste and other 
‘export’ materials must be 
carried away. The materials 
are carried in a special 
liquid called blood. Some of 
these materials are carried 
in solution and some in 
suspension. Blood is the 
liquid that sustains our life. 

The walls of the blood capillaries are 
only one cell thick. They also contain 
many intercellular and intracellular 
pores. Small soluble molecules move 
by diffusion through these pores but 
large protein molecules cannot pass 
through. Some larger fat-soluble 
molecules can dissolve their way 
through the cell membranes of the 
capillary cells.
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Why the human bloodstream is 
important to pharmaceutical scientists   
This lesson provides an overview of the circulatory system. We 
will learn what the blood is and how it transports nutrients to 
our body cells. Knowledge of the blood transport system is 
very important to scientists in pharmaceutical companies such 
as Elan Corporation plc., because drug treatments are also 
transported around the body in the blood.

The method by which a pharmaceutical substance is administered to a 
person is known as drug delivery. The extent to which the drug is utilised 
effectively in the body is known as bioavailability. Whether treatments 
are taken by mouth, injection or inhalation bioavailability is improved if 
the substance is soluble in water. If it is not soluble, then it can not be 
delivered efficiently to the bloodstream.

Why do we need a transport system?

What is a cell?
A cell is the smallest organised structure that demonstrates the 
characteristics of life. Cells, although very small, are incredibly complex 
chemical factories taking in materials from their surroundings to sustain 
their existence and to make copies of themselves. 

The cell is the fundamental sub-unit of the human body.  Each one of us is 
composed of about a hundred million million, cooperating and living cells 
localised in specialised and different tissues. Each second of our lives we 
make about fifty million new cells mostly to replace ‘worn out’ cells and 
those that have sacrificed their life for other cells e.g. the skin’s epidermal 
cells. We also need to produce vast numbers of new defence cells when 
the body is invaded by pathogens.

Elan Corporation plc. is a neuroscience-based 
biotechnology company that is focused on discovering, 
manufacturing and marketing advanced therapies in 
neurology, autoimmune diseases, and severe pain.  

Located on a 35 acre campus, Elan’s Athlone facility has a 
total area under roof of over 420,000sq ft. with a capacity to 
manufacture up to 3 million tablets/capsules a year. Other 
facilities are located in Gainsville, Georgia and King of 
Prussia, Pennsylvania, both in the USA. The latter is home to 
the proprietary NanoCrystal® Technology. 

In Ireland, Elan employs some 550 people including 
approximately 200 scientists and technicians. 

Elan offers more than 35 years experience and collaborates 
with more than 30 of the world’s leading pharmaceutical 
companies. NanoCrystal® Technology is used by such well 
known companies as Wyeth, Merck, Fournier and Abbott 
Laboratories. 

You can find out more about Elan and NanoCrystal® 
Technology at www.elan.com/EDT and at  
www.sciencetechnologyaction.com

The red blood cells and platelets are retained within the blood because 
they are too big to fit through the pores. White blood cells have a special 
technique to pass out of the blood to ‘hunt down’ pathogens in the 
tissues. 

The higher blood pressure at the arteriole end of the capillary squeezes 
out a clear fluid through the capillary pores – it has a similar composition 
to plasma but only 2% dissolved protein. This non-stop leakage through 
the capillaries ensures that the local environment of the tissue cells is 
continuously replaced, refreshed and maintained in an ideal condition for 
cell metabolism.

What do cells need in order to work 
efficiently?
The local environment of a cell must be favourable. It must be at the 
correct concentration and pH. All the materials needed by the cell must 
be present in sufficient quantities. Our cells’ local environment is called 
tissue or extracellular fluid.

Why are cells small?
Cell volume is a guide to the amount of cellular ‘machinery’ and metabolic 
activity. Materials, which sustain cell activity, can only pass in and out of 
cells through the surface. Therefore, the greater the surface area per unit 
volume,  the greater the cell’s import and export efficiency. 

What is blood made of?
Blood is a mixture of solids suspended in a complex solution called 
plasma. The suspended solids, (red and white blood cells plus platelets), 
make up 45% of the blood and plasma the remaining 55%.

The solvent of plasma is water. If materials are water-soluble they are 
carried in solution. Such materials include proteins, carbohydrates, amino 
acids, fatty acids, mineral nutrients and some vitamins.

Oxygen is not very soluble but it is transported in great quantity by red 
blood corpuscles where it is bound rather loosely to haemoglobin. This 
allows the oxygen to be easily ‘picked up’ and ‘released’. This form of 
transport allows the blood to carry seventy five times more oxygen than it 
could by pure solution.

Although carbon dioxide is more soluble than oxygen, its transport 
is improved by converting 70% of it to a much more soluble form as 
bicarbonate (hydrogen-carbonate) ions. Of the remaining 30%, about 20% 
is carried in combination with haemoglobin in red blood cells, leaving only 
10% carried in direct solution.

Very poorly water soluble or insoluble substances like lipids, cholesterol 
and fat-soluble vitamins are carried in loose combination with soluble 
proteins such as lipoproteins and albumin.

It is amazing that our blood has evolved mechanisms to transport a variety 
of essential materials despite their wide difference in water solubility. 

How does blood reach the cells?
The blood is kept flowing continuously through a closed system of blood 
vessels. Every part of our body has a dense network of microscopic 
blood capillaries. In fact, every tissue cell is within 0.02 mm of a blood 
capillary. It is at the capillaries that exchange between tissue cells and 
blood takes place. 

How are materials exchanged at the  
blood capillaries?
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 - how volume and surface area relate

Small particles dissolve more quickly   
Put a large cube of sugar into a cup of hot water and see how 
long it takes to dissolve. Then cut a similar cube into four smaller 
cubes and do the same thing. The smaller cubes dissolve more 
quickly because the ratio of surface area to volume is larger.  
As such, the small cubes expose more surface area to the 
solvent. This is why scientists at Elan set out to develop a 
process for grinding pharmaceutical substances down into very 
small particles which is known as nanomilling. The process is 
marketed by Elan Drug Technologies under the registration 
name of NanoCrystal® Technology and licensed to other 
pharmaceutical companies.

This diagram shows a particle with a surface area of 6cm2. After 
nanomilling the total surface area of the smaller particles is 24cm2. 
However, the sum of the volumes of the 64 smaller particles is 
equal to the volume of the large particle. The gastrointestinal tract 
will enable more molecules of drug to dissolve in the biological 
fluids with greater transit across membrane barriers into the 
circulatory system.  

Diagram by courtesy of the Elan Corporation plc  
   

Fig.3  A blood capillary

Muscle A discovery that required   
two different industries
What might the pharmaceutical industry and the photographic 
industry have in common that could generate a new invention, over 
80 patent applications and four new commercial products since 
1999. Well, it was a mutual interest in the manufacture of very small 
particles.

The photographic industry knew how to manufacture small particles 
by using nanomilling techniques. The pharmaceutical industry 
needed a way to reduce the size of certain pharmaceuticals so that 
they would dissolve more rapidly in biological fluids and so circulate 
more effectively in the bloodstream

Cooperation between Kodak (the photographic industry) and 
Sterling Winthrop (the pharmaceutical industry) led to the original 
invention. A small company called NanoSystems was formed. The 
company was subsequently acquired by Elan.
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Because our tissues and 
cells are located in discrete 
locations throughout the 
body, the essential materials 
must be brought to them. 
Also, waste and other 
‘export’ materials must be 
carried away. The materials 
are carried in a special 
liquid called blood. Some of 
these materials are carried 
in solution and some in 
suspension. Blood is the 
liquid that sustains our life. 

The walls of the blood capillaries are 
only one cell thick. They also contain 
many intercellular and intracellular 
pores. Small soluble molecules move 
by diffusion through these pores but 
large protein molecules cannot pass 
through. Some larger fat-soluble 
molecules can dissolve their way 
through the cell membranes of the 
capillary cells.
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Syllabus Reference

Leaving Certificate Biology:
2.2 Cell metabolism 2.2.6 Movement through cell membranes 
3.2.2 Organisational Complexity of the Human 
H3.2.3 Organisation and the vascular structures  
3.3 Transport of nutrients

Junior Certificate Science:
Section 1A Human Biology - Food, Digestion and Associated 
Body Systems

Learning Objectives

On completing this lesson the student should be able to:

• Describe the human circulatory system 

• Identify the main constituents of blood

• Describe how cells and blood exchange materials at the capillaries

•  Explain why solubility and bioavailability are important in the context 
of pharmaceutical substances

• Explain why small particles dissolve more quickly than large particles

•  Relate how early scientists contributed to our understanding of the 
circulatory system

General Learning Points

•  Our cells are connected by the blood system; no cell lives in isolation; 
the body is a network (or internet) of cells.

• The function of the blood system is to service cells.

•  The blood system provides everything and frees cells to specialise, 
creating the potential for large and complex animal life. 

• There are about 300 different cell types in the body.

• There are about 1014 cells in the body.

•  Cells need a wide variety of substances (100s) which vary in solubility; 
nature has evolved ways for transportation.

• Exchange between blood and tissue cells occurs at the capillaries. 

• Every living cell is microscopically close to a capillary.

•  45% of blood contains suspended material - e.g. red cells. Suspended 
materials must be transported at speed, otherwise kidney failure  
would occur.

•  The blood completes one circuit around the body every minute, 
covering 120,000 km of blood vessels.

• Small dimensions are very important for solubility.

• A nanometre is 10 - 9 metres (or one millionth of a millimetre).

•  NanoCrystal® Technology are use a process called   to reduce drug 
particle size.

Examination Questions   

Sample exam questions.

1.  (a) List seven components of the blood. 
 (b) Describe the composition of the blood. 
 (c) Compare the composition of blood and tissue fluid.

2.   (a) Blood is a mass transport system. Comment on the validity of this 
statement.

  (b) List four groups of materials transported by the blood. For each 
group listed give a location where it enters the blood and a location 
where it leaves the blood. 

3.   Name the small blood vessels through which materials enter and leave 
the blood. List three major structural features of these blood vessels 
and briefly relate these features to how the vessels function in the 
exchange of materials between the blood and the tissues.

For further examples of past paper exam questions check 
out www.sciencetechnologyaction.com

Biographical Notes

What you know about the blood was not always accepted 
by scientists 

New ideas often take a long time to become accepted. Two scientists 
revolutionised theories of the blood stream. You can read about these 
brilliant men in many books and web sites. Find out when they lived and 
what they did.

Marcello Malpighi 

was a pioneer in using a microscope. When he was examining the anatomy 
of a frog lung he discovered capillaries. He was the first Italian to become 
a fellow of the Royal Society. 

William Harvey 

was the first scientist to realise that the heart pumps blood through the 
body via arteries and veins. Other scientists and doctors did not accept 
this theory and it was not until seventy years after his death that it became 
generally recognised.

You can find out more about these and other great 
scientists at www.sciencetechnologyaction.com

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention.

Bioavailability; soluble; tissue; cells; solvent; solution; ratio of surface 
area to volume; nanomilling; NanoCrystal®Technologies; gastrointestinal 
tract; membrane barriers; suspension; pathogens; pH; extracellular; 
metabolic activity; plasma; platelets; corpuscles; vitamins; haemoglobin; 
bicarbonate ions; lipids; lipoproteins; albumin; blood vessels; capillaries; 
diffusion; membranes; arteriole; neurology, autoimmune diseases. 

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com

•  NanoCrystral® Technology is owned by Elan Corp and is currently 
applied to four marketed products in the USA and Europe.

•  Injection of suspensions of poorly water-soluble particles which are 
large (3 to 10 µm in diameter) could lead to severe safety consequences 
in the patient with potential blockage of the small arteries.

• Note the definition of large in the above statement.

•  Particle size is also important for inhalation. We all have encountered the 
effect of dust particles in the nasal lining, upper bronchial areas or lungs.

Activities   

•  Try this - fill two identical beakers with identical volumes of water at the 
same temperature. Dissolve the same mass of sugar, cubes in one and 
granules in the other. Stir equally – which dissolves first? Why?

•  Lipids won’t dissolve in water, so their transport in blood is a problem 
but they could be carried in loose combination with soluble protein (a 
‘protein boat’). Try this….mix water and oil in a separating funnel and 
measure the time for the mixture to separate into its two components. 
Repeat the same, only this time add some washing up liquid. Compare 
the results. (The washing up liquid has reduced the surface tension, 
emulsifying the lipid into smaller particles giving a finer mixture and 
requiring a longer time to separate). 

•   Measure your pulse rate. Why is it slower when you are sitting 
down than it is when you are exercising? Note: this is a mandatory 
experiment. 

•  If the volume of blood in the body is 5 litres, each side of the heart 
pumps 5 litres a minute. Calculate how much blood is pumped by the 
left ventricle: 

 • each beat
 • each hour
 • each day
 • in a life span of 80 years.

•   There are approx 5 million red cells per mm3 of blood. Calculate the 
number:  per cm3  /  litre3 /  in 5 litres of blood

•   Red blood cells survive for an average of 120 days. Calculate the 
number made per day, per hour, per minute, per second

•  Describe the journey (route) of a molecule of glucose from the small 
intestine until it reaches a cell in the biceps muscle.

• Can you explain these other adaptations for efficient exchange?  

 • The short distance between blood and tissue cells.
 •  The huge surface area of blood capillaries.
 •  The microscopic narrowness of the capillaries.
 •  The slow blood flow along a capillary. 

  Check your answers to these questions on   
www.sciencetechnologyaction.com

True or False

Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

a) The cell is the fundamental subunit of living organisms. 

b)   A transport system is needed because our tissue cells 
are immobile. 

c)  Blood is mostly made up of red blood cells.  

d)   Blood plasma is the immediate environment of our  
tissue cells.

e) Our blood system is an open system.  
 
f)  Exchange between blood and tissue cells occurs  

at the capillaries.

g)  Muscle and connective tissue are present in   
capillary walls.

h)  Red blood cells do not have nuclei.   

i) Tissue fluid has the same composition as blood plasma. 
 
j) White blood cells belong to our defence system. 

k) White blood cells greatly outnumber red blood cells  

l) Platelets are involved in blood clotting.  

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F
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Why the human bloodstream is 
important to pharmaceutical scientists   
This lesson provides an overview of the circulatory system. We 
will learn what the blood is and how it transports nutrients to 
our body cells. Knowledge of the blood transport system is 
very important to scientists in pharmaceutical companies such 
as Elan Corporation plc., because drug treatments are also 
transported around the body in the blood.

The method by which a pharmaceutical substance is administered to a 
person is known as drug delivery. The extent to which the drug is utilised 
effectively in the body is known as bioavailability. Whether treatments 
are taken by mouth, injection or inhalation bioavailability is improved if 
the substance is soluble in water. If it is not soluble, then it can not be 
delivered efficiently to the bloodstream.

Why do we need a transport system?

What is a cell?
A cell is the smallest organised structure that demonstrates the 
characteristics of life. Cells, although very small, are incredibly complex 
chemical factories taking in materials from their surroundings to sustain 
their existence and to make copies of themselves. 

The cell is the fundamental sub-unit of the human body.  Each one of us is 
composed of about a hundred million million, cooperating and living cells 
localised in specialised and different tissues. Each second of our lives we 
make about fifty million new cells mostly to replace ‘worn out’ cells and 
those that have sacrificed their life for other cells e.g. the skin’s epidermal 
cells. We also need to produce vast numbers of new defence cells when 
the body is invaded by pathogens.

Elan Corporation plc. is a neuroscience-based 
biotechnology company that is focused on discovering, 
manufacturing and marketing advanced therapies in 
neurology, autoimmune diseases, and severe pain.  

Located on a 35 acre campus, Elan’s Athlone facility has a 
total area under roof of over 420,000sq ft. with a capacity to 
manufacture up to 3 million tablets/capsules a year. Other 
facilities are located in Gainsville, Georgia and King of 
Prussia, Pennsylvania, both in the USA. The latter is home to 
the proprietary NanoCrystal® Technology. 

In Ireland, Elan employs some 550 people including 
approximately 200 scientists and technicians. 

Elan offers more than 35 years experience and collaborates 
with more than 30 of the world’s leading pharmaceutical 
companies. NanoCrystal® Technology is used by such well 
known companies as Wyeth, Merck, Fournier and Abbott 
Laboratories. 

You can find out more about Elan and NanoCrystal® 
Technology at www.elan.com/EDT and at  
www.sciencetechnologyaction.com

The red blood cells and platelets are retained within the blood because 
they are too big to fit through the pores. White blood cells have a special 
technique to pass out of the blood to ‘hunt down’ pathogens in the 
tissues. 

The higher blood pressure at the arteriole end of the capillary squeezes 
out a clear fluid through the capillary pores – it has a similar composition 
to plasma but only 2% dissolved protein. This non-stop leakage through 
the capillaries ensures that the local environment of the tissue cells is 
continuously replaced, refreshed and maintained in an ideal condition for 
cell metabolism.

What do cells need in order to work 
efficiently?
The local environment of a cell must be favourable. It must be at the 
correct concentration and pH. All the materials needed by the cell must 
be present in sufficient quantities. Our cells’ local environment is called 
tissue or extracellular fluid.

Why are cells small?
Cell volume is a guide to the amount of cellular ‘machinery’ and metabolic 
activity. Materials, which sustain cell activity, can only pass in and out of 
cells through the surface. Therefore, the greater the surface area per unit 
volume,  the greater the cell’s import and export efficiency. 

What is blood made of?
Blood is a mixture of solids suspended in a complex solution called 
plasma. The suspended solids, (red and white blood cells plus platelets), 
make up 45% of the blood and plasma the remaining 55%.

The solvent of plasma is water. If materials are water-soluble they are 
carried in solution. Such materials include proteins, carbohydrates, amino 
acids, fatty acids, mineral nutrients and some vitamins.

Oxygen is not very soluble but it is transported in great quantity by red 
blood corpuscles where it is bound rather loosely to haemoglobin. This 
allows the oxygen to be easily ‘picked up’ and ‘released’. This form of 
transport allows the blood to carry seventy five times more oxygen than it 
could by pure solution.

Although carbon dioxide is more soluble than oxygen, its transport 
is improved by converting 70% of it to a much more soluble form as 
bicarbonate (hydrogen-carbonate) ions. Of the remaining 30%, about 20% 
is carried in combination with haemoglobin in red blood cells, leaving only 
10% carried in direct solution.

Very poorly water soluble or insoluble substances like lipids, cholesterol 
and fat-soluble vitamins are carried in loose combination with soluble 
proteins such as lipoproteins and albumin.

It is amazing that our blood has evolved mechanisms to transport a variety 
of essential materials despite their wide difference in water solubility. 

How does blood reach the cells?
The blood is kept flowing continuously through a closed system of blood 
vessels. Every part of our body has a dense network of microscopic 
blood capillaries. In fact, every tissue cell is within 0.02 mm of a blood 
capillary. It is at the capillaries that exchange between tissue cells and 
blood takes place. 

How are materials exchanged at the  
blood capillaries?

Elan Drug Technologies -    
Experts in Nanotechnology

NanoCrystal® Technology 
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Small particles dissolve more quickly   
Put a large cube of sugar into a cup of hot water and see how 
long it takes to dissolve. Then cut a similar cube into four smaller 
cubes and do the same thing. The smaller cubes dissolve more 
quickly because the ratio of surface area to volume is larger.  
As such, the small cubes expose more surface area to the 
solvent. This is why scientists at Elan set out to develop a 
process for grinding pharmaceutical substances down into very 
small particles which is known as nanomilling. The process is 
marketed by Elan Drug Technologies under the registration 
name of NanoCrystal® Technology and licensed to other 
pharmaceutical companies.

This diagram shows a particle with a surface area of 6cm2. After 
nanomilling the total surface area of the smaller particles is 24cm2. 
However, the sum of the volumes of the 64 smaller particles is 
equal to the volume of the large particle. The gastrointestinal tract 
will enable more molecules of drug to dissolve in the biological 
fluids with greater transit across membrane barriers into the 
circulatory system.  

Diagram by courtesy of the Elan Corporation plc  
   

Fig.3  A blood capillary

Muscle A discovery that required   
two different industries
What might the pharmaceutical industry and the photographic 
industry have in common that could generate a new invention, over 
80 patent applications and four new commercial products since 
1999. Well, it was a mutual interest in the manufacture of very small 
particles.

The photographic industry knew how to manufacture small particles 
by using nanomilling techniques. The pharmaceutical industry 
needed a way to reduce the size of certain pharmaceuticals so that 
they would dissolve more rapidly in biological fluids and so circulate 
more effectively in the bloodstream

Cooperation between Kodak (the photographic industry) and 
Sterling Winthrop (the pharmaceutical industry) led to the original 
invention. A small company called NanoSystems was formed. The 
company was subsequently acquired by Elan.
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closed circulatory system. 
(See graphic right)

Because our tissues and 
cells are located in discrete 
locations throughout the 
body, the essential materials 
must be brought to them. 
Also, waste and other 
‘export’ materials must be 
carried away. The materials 
are carried in a special 
liquid called blood. Some of 
these materials are carried 
in solution and some in 
suspension. Blood is the 
liquid that sustains our life. 

The walls of the blood capillaries are 
only one cell thick. They also contain 
many intercellular and intracellular 
pores. Small soluble molecules move 
by diffusion through these pores but 
large protein molecules cannot pass 
through. Some larger fat-soluble 
molecules can dissolve their way 
through the cell membranes of the 
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Syllabus Reference

Leaving Certificate Biology:
2.2 Cell metabolism 2.2.6 Movement through cell membranes 
3.2.2 Organisational Complexity of the Human 
H3.2.3 Organisation and the vascular structures  
3.3 Transport of nutrients

Junior Certificate Science:
Section 1A Human Biology - Food, Digestion and Associated 
Body Systems

Learning Objectives

On completing this lesson the student should be able to:

• Describe the human circulatory system 

• Identify the main constituents of blood

• Describe how cells and blood exchange materials at the capillaries

•  Explain why solubility and bioavailability are important in the context 
of pharmaceutical substances

• Explain why small particles dissolve more quickly than large particles

•  Relate how early scientists contributed to our understanding of the 
circulatory system

General Learning Points

•  Our cells are connected by the blood system; no cell lives in isolation; 
the body is a network (or internet) of cells.

• The function of the blood system is to service cells.

•  The blood system provides everything and frees cells to specialise, 
creating the potential for large and complex animal life. 

• There are about 300 different cell types in the body.

• There are about 1014 cells in the body.

•  Cells need a wide variety of substances (100s) which vary in solubility; 
nature has evolved ways for transportation.

• Exchange between blood and tissue cells occurs at the capillaries. 

• Every living cell is microscopically close to a capillary.

•  45% of blood contains suspended material - e.g. red cells. Suspended 
materials must be transported at speed, otherwise kidney failure  
would occur.

•  The blood completes one circuit around the body every minute, 
covering 120,000 km of blood vessels.

• Small dimensions are very important for solubility.

• A nanometre is 10 - 9 metres (or one millionth of a millimetre).

•  NanoCrystal® Technology are use a process called   to reduce drug 
particle size.

Examination Questions   

Sample exam questions.

1.  (a) List seven components of the blood. 
 (b) Describe the composition of the blood. 
 (c) Compare the composition of blood and tissue fluid.

2.   (a) Blood is a mass transport system. Comment on the validity of this 
statement.

  (b) List four groups of materials transported by the blood. For each 
group listed give a location where it enters the blood and a location 
where it leaves the blood. 

3.   Name the small blood vessels through which materials enter and leave 
the blood. List three major structural features of these blood vessels 
and briefly relate these features to how the vessels function in the 
exchange of materials between the blood and the tissues.

For further examples of past paper exam questions check 
out www.sciencetechnologyaction.com

Biographical Notes

What you know about the blood was not always accepted 
by scientists 

New ideas often take a long time to become accepted. Two scientists 
revolutionised theories of the blood stream. You can read about these 
brilliant men in many books and web sites. Find out when they lived and 
what they did.

Marcello Malpighi 

was a pioneer in using a microscope. When he was examining the anatomy 
of a frog lung he discovered capillaries. He was the first Italian to become 
a fellow of the Royal Society. 

William Harvey 

was the first scientist to realise that the heart pumps blood through the 
body via arteries and veins. Other scientists and doctors did not accept 
this theory and it was not until seventy years after his death that it became 
generally recognised.

You can find out more about these and other great 
scientists at www.sciencetechnologyaction.com

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention.

Bioavailability; soluble; tissue; cells; solvent; solution; ratio of surface 
area to volume; nanomilling; NanoCrystal®Technologies; gastrointestinal 
tract; membrane barriers; suspension; pathogens; pH; extracellular; 
metabolic activity; plasma; platelets; corpuscles; vitamins; haemoglobin; 
bicarbonate ions; lipids; lipoproteins; albumin; blood vessels; capillaries; 
diffusion; membranes; arteriole; neurology, autoimmune diseases. 

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com

•  NanoCrystral® Technology is owned by Elan Corp and is currently 
applied to four marketed products in the USA and Europe.

•  Injection of suspensions of poorly water-soluble particles which are 
large (3 to 10 µm in diameter) could lead to severe safety consequences 
in the patient with potential blockage of the small arteries.

• Note the definition of large in the above statement.

•  Particle size is also important for inhalation. We all have encountered the 
effect of dust particles in the nasal lining, upper bronchial areas or lungs.

Activities   

•  Try this - fill two identical beakers with identical volumes of water at the 
same temperature. Dissolve the same mass of sugar, cubes in one and 
granules in the other. Stir equally – which dissolves first? Why?

•  Lipids won’t dissolve in water, so their transport in blood is a problem 
but they could be carried in loose combination with soluble protein (a 
‘protein boat’). Try this….mix water and oil in a separating funnel and 
measure the time for the mixture to separate into its two components. 
Repeat the same, only this time add some washing up liquid. Compare 
the results. (The washing up liquid has reduced the surface tension, 
emulsifying the lipid into smaller particles giving a finer mixture and 
requiring a longer time to separate). 

•   Measure your pulse rate. Why is it slower when you are sitting 
down than it is when you are exercising? Note: this is a mandatory 
experiment. 

•  If the volume of blood in the body is 5 litres, each side of the heart 
pumps 5 litres a minute. Calculate how much blood is pumped by the 
left ventricle: 

 • each beat
 • each hour
 • each day
 • in a life span of 80 years.

•   There are approx 5 million red cells per mm3 of blood. Calculate the 
number:  per cm3  /  litre3 /  in 5 litres of blood

•   Red blood cells survive for an average of 120 days. Calculate the 
number made per day, per hour, per minute, per second

•  Describe the journey (route) of a molecule of glucose from the small 
intestine until it reaches a cell in the biceps muscle.

• Can you explain these other adaptations for efficient exchange?  

 • The short distance between blood and tissue cells.
 •  The huge surface area of blood capillaries.
 •  The microscopic narrowness of the capillaries.
 •  The slow blood flow along a capillary. 

  Check your answers to these questions on   
www.sciencetechnologyaction.com

True or False

Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

a) The cell is the fundamental subunit of living organisms. 

b)   A transport system is needed because our tissue cells 
are immobile. 

c)  Blood is mostly made up of red blood cells.  

d)   Blood plasma is the immediate environment of our  
tissue cells.

e) Our blood system is an open system.  
 
f)  Exchange between blood and tissue cells occurs  

at the capillaries.

g)  Muscle and connective tissue are present in   
capillary walls.

h)  Red blood cells do not have nuclei.   

i) Tissue fluid has the same composition as blood plasma. 
 
j) White blood cells belong to our defence system. 

k) White blood cells greatly outnumber red blood cells  

l) Platelets are involved in blood clotting.  

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F
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