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Placebos
It has been known for a long time that if people think that a particular 
medicine is going to make them better they will get better, even if all they 
are given is a sugar tablet with no active ingredient. This type of tablet is 
called a placebo and its effect is therefore called the placebo effect. 

Research also shows that when doctors expect patients to get better 
they tend to report improvements even when there is little supportive 
evidence. How can we be sure that the medicines we take are actually 
responsible for our improvement?

Double Blind Tests
How do we know that the medicine works and is not subject to inflated 
claims of its effectiveness by the manufacturer, the doctor or the patient? 
To provide a truly objective evaluation a double blind test is used. Half 
the patients are given the actual drug, and half are given a placebo, but 
they do not know which they are being given and neither do the doctors. 
In this way any personal bias is removed from the experiment. The only 
person who knows who is getting which treatment is the outside 
researcher. After the results are collated and analysed then the truth is 
revealed and the effectiveness of the medicine can be evaluated. 

Safety
Safety is a major concern for all of 
us and it is particularly important 
in the area of medicine. 
Nonetheless mistakes happen, 
such as the thalidomide disaster 
in the 1960s.  Thalidomide was 
chiefly sold and prescribed during 
the late 1950s and early 1960s to 
pregnant women, in order to 
combat morning sickness and as 
an aid to help them sleep. Before 
its release, inadequate tests were performed to assess the drug’s safety, 
with catastrophic results for the children of women who had taken 
thalidomide during their pregnancies.  More than 10,000 babies were 
born with thalidomide related problems such as severe limb deformities 
or abnormalities in many of the vital organs like the heart, kidneys, eyes 
and even the nervous system. Nowadays medicines are first of all tested 
on cultures of individual cells, and if this is successful they are then 
tested on tissues. The next step is testing on animals, which, although 
they are similar to humans, do not react to medicines in exactly the 
same way. If no problems occur the next step in the sequence is testing 
on human volunteers and finally on patients. Only when these steps 
have been successfully completed is the medicine licensed for use. 

Side effects, including interactions with other drugs, should also be 
considered. For example, products containing St John’s Wort 
[Hypericum], which used to be available “over the counter”, have been 
taken off the shelves and are now available only on prescription because 
of their potentially serious interactions with other drugs such as digoxin 
and alprazolam (Xanax).

Poor quality medicines give poor results and may indeed do more harm 
than good. The build up of antibiotic resistance will be exacerbated if 
an antibiotic is not as strong as it is claimed to be, or is not as effective 
as is claimed. To prevent this, governments set up regulatory bodies to 
monitor drug effectiveness and safety. 

out mainly by trial and error. This is the problem that besets all natural 
remedies: how do you regulate the dosage? In the case of Digitalis 
possible side effects included stomach irritation and vomiting; one 
simply had to endure these as part of the treatment.

Drug usage requires the delivery of exact quantities of the active 
ingredient to the target site for a sufficient period to obtain the maximum 
benefit. The direct use of plant materials is problematic. The active 
ingredient may be just one of the thousands of substances present in the 
plant, some of which might have lesser or different effects on the body. 

Penicillin
Penicillin was extracted from the blue-green Penicillium mould which is 

found on mouldy bread and fruit. Its 
biological effect on bacteria was 
discovered by Sir Alexander Fleming. 
Initially, it was grown in bed pans and 
purified. Researchers discovered that 
mice suffering from septicaemia (blood 
poisoning) could be cured within a few 
hours of treatment. As a result two patients 
suffering from advanced septicaemia (a 
policeman with an infected face and a 
child with an infection behind his eye) 
were treated. They both made rapid 
recoveries but unfortunately died a short 
time later – the policeman because the 
doctors did not have enough penicillin to 

finish his treatment, and the child because a blood vessel behind his 
eye, weakened by the infection, ruptured. The penicillin used to treat 
these people was yellow in colour because it was impure. This was an 
experimental case and standards were not as stringent then as they are 
today. However, the medical potential of the drug had been demonstrated 
and it was put into production. The bed pan method was not suitable for 
large scale production so a more modern method of production, 
fermentation, was developed. Two chemists named Howard Florey and 
Ernst Chain perfected the technique of culturing the mould and extracting 
the active ingredient to make a pure white powder. Countless millions 
owe their lives to this endeavour, and in the opinion of many, Florey and 
Chain deserve greater credit than Alexander Fleming. 

Aspirin
Around the year 400 BC Hippocrates reported the use of powder made 
from the bark of willow trees [Salix] to cure headaches, pains and fevers. 
In the early 1800s the understanding of chemistry changed radically and 
many scientists began to study the fundamental composition of 
substances. In 1828 Johann Buchner, Professor of Pharmacy at the 
University of Munich, isolated many of the ingredients of willow bark and 
tested them one by one; he identified ‘salicin’ as the active ingredient. 
Others produced much purer extracts and in 1838 Raffaele Piria 
produced pure salicylic acid from salicin. Salicylic acid caused some 
stomach problems. In 1853 Charles Frederic Gerhardt modified salicylic 
acid to form acetylsalicylic acid, which was easier on the stomach, but 
he did not promote it.

In 1897 Felix Hoffmann was to first to synthesise pure salicylic acid in his 
laboratory. In 1899, having rediscovered Gerhardt’s work, he synthesised 
acetylsalicylic acid and used it to relieve his father’s arthritis. In 1900 it 
was patented by Bayer and marketed under the name Aspirin. A typical 
Aspirin tablet contains 300 mg of acetylsalicylic acid.

Many people believe that 
natural substances are 
better and safer than man-
made medicines. This idea 
has to be treated with 
caution, because there are 
some very toxic natural 
substances contained in 
plants, e.g. hemlock, ricin and ergot. It has been estimated that 
25% of modern prescription drugs contain at least one 
compound derived directly or indirectly from higher plants1. 
Many others are derived directly or indirectly from fungi or 
micro-organisms. There is a continuing search for other 
substances to add to these and folk medicine can often provide 
a lead. One of the frequently quoted reasons for preserving the 
tropical rainforests is that they contain many plants of potential 
medicinal value. Numerous books have been written on the 
medicinal uses of plants, and Culpepper’s Complete Herbal 
(written in the 16th century) is perhaps one of the most famous. 
Such books were written with self-medication in mind; however, 
this should be done with caution, except for the most minor of 
ailments, and only for short periods of time.

Plants have been used medicinally for thousands of years. China and 
India have a particularly long tradition in herbal medicine and large 
quantities of herbal medicines are imported from there. How do we know 
that these will work and will not do us any harm? Before we answer these 
questions we will take a closer look at a few medicines derived from 
plants and how they were discovered and developed. 

Digitalis (foxglove)
In folklore it is reported that American 
Indians discovered hundreds of years 
ago that foxglove [Digitalis], from 
which the drug digoxin is derived, 
could be used to control rapid 
heartbeat. How might this discovery 
have been made? It would seem 
reasonable to suppose that they 
observed that when people ingested 
foxglove seeds they often died 
because their heart slowed down and 
eventually stopped beating. The 
medicine men, who were acutely 
aware of the value of many plants, 
considered that if one gave a tiny 
amount of the plant to someone with 
rapid heartbeat, then perhaps it would 
slow down the heartbeat without 
killing them. 

This proved to be the case. However, there was a major problem; the 
substance that produces the effect is a poison and it is found in different 
concentrations in different parts of the plant, and indeed in the same 
part of different individual plants and at different times in the year. So 
how much do you need to take to achieve the desired effect? They found 

In Ireland that body is the Irish Medicines Board 
(IMB), which issues licences for veterinary and 
human medicines, including herbal medicines. It also oversees the 
safety of blood products and medical devices. Its mission is ‘to protect 
and enhance public and animal health through the regulation of 
medicines, medical devices and healthcare products’. 
Pharmacovigilance, i.e. monitoring problems with medicines and 
investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
664-669. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New York.

Fig. 1 Prescription Drugs

Fig. 4 Drug testing

Fig. 3  Staphylococcus 
aureus inhibited 
by Penicillium

The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie

Fig. 2  Foxglove (Digitalis 
purpurea)
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investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
664-669. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New York.
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The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie
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Placebos
It has been known for a long time that if people think that a particular 
medicine is going to make them better they will get better, even if all they 
are given is a sugar tablet with no active ingredient. This type of tablet is 
called a placebo and its effect is therefore called the placebo effect. 

Research also shows that when doctors expect patients to get better 
they tend to report improvements even when there is little supportive 
evidence. How can we be sure that the medicines we take are actually 
responsible for our improvement?

Double Blind Tests
How do we know that the medicine works and is not subject to inflated 
claims of its effectiveness by the manufacturer, the doctor or the patient? 
To provide a truly objective evaluation a double blind test is used. Half 
the patients are given the actual drug, and half are given a placebo, but 
they do not know which they are being given and neither do the doctors. 
In this way any personal bias is removed from the experiment. The only 
person who knows who is getting which treatment is the outside 
researcher. After the results are collated and analysed then the truth is 
revealed and the effectiveness of the medicine can be evaluated. 

Safety
Safety is a major concern for all of 
us and it is particularly important 
in the area of medicine. 
Nonetheless mistakes happen, 
such as the thalidomide disaster 
in the 1960s.  Thalidomide was 
chiefly sold and prescribed during 
the late 1950s and early 1960s to 
pregnant women, in order to 
combat morning sickness and as 
an aid to help them sleep. Before 
its release, inadequate tests were performed to assess the drug’s safety, 
with catastrophic results for the children of women who had taken 
thalidomide during their pregnancies.  More than 10,000 babies were 
born with thalidomide related problems such as severe limb deformities 
or abnormalities in many of the vital organs like the heart, kidneys, eyes 
and even the nervous system. Nowadays medicines are first of all tested 
on cultures of individual cells, and if this is successful they are then 
tested on tissues. The next step is testing on animals, which, although 
they are similar to humans, do not react to medicines in exactly the 
same way. If no problems occur the next step in the sequence is testing 
on human volunteers and finally on patients. Only when these steps 
have been successfully completed is the medicine licensed for use. 

Side effects, including interactions with other drugs, should also be 
considered. For example, products containing St John’s Wort 
[Hypericum], which used to be available “over the counter”, have been 
taken off the shelves and are now available only on prescription because 
of their potentially serious interactions with other drugs such as digoxin 
and alprazolam (Xanax).

Poor quality medicines give poor results and may indeed do more harm 
than good. The build up of antibiotic resistance will be exacerbated if 
an antibiotic is not as strong as it is claimed to be, or is not as effective 
as is claimed. To prevent this, governments set up regulatory bodies to 
monitor drug effectiveness and safety. 

out mainly by trial and error. This is the problem that besets all natural 
remedies: how do you regulate the dosage? In the case of Digitalis 
possible side effects included stomach irritation and vomiting; one 
simply had to endure these as part of the treatment.

Drug usage requires the delivery of exact quantities of the active 
ingredient to the target site for a sufficient period to obtain the maximum 
benefit. The direct use of plant materials is problematic. The active 
ingredient may be just one of the thousands of substances present in the 
plant, some of which might have lesser or different effects on the body. 

Penicillin
Penicillin was extracted from the blue-green Penicillium mould which is 

found on mouldy bread and fruit. Its 
biological effect on bacteria was 
discovered by Sir Alexander Fleming. 
Initially, it was grown in bed pans and 
purified. Researchers discovered that 
mice suffering from septicaemia (blood 
poisoning) could be cured within a few 
hours of treatment. As a result two patients 
suffering from advanced septicaemia (a 
policeman with an infected face and a 
child with an infection behind his eye) 
were treated. They both made rapid 
recoveries but unfortunately died a short 
time later – the policeman because the 
doctors did not have enough penicillin to 

finish his treatment, and the child because a blood vessel behind his 
eye, weakened by the infection, ruptured. The penicillin used to treat 
these people was yellow in colour because it was impure. This was an 
experimental case and standards were not as stringent then as they are 
today. However, the medical potential of the drug had been demonstrated 
and it was put into production. The bed pan method was not suitable for 
large scale production so a more modern method of production, 
fermentation, was developed. Two chemists named Howard Florey and 
Ernst Chain perfected the technique of culturing the mould and extracting 
the active ingredient to make a pure white powder. Countless millions 
owe their lives to this endeavour, and in the opinion of many, Florey and 
Chain deserve greater credit than Alexander Fleming. 

Aspirin
Around the year 400 BC Hippocrates reported the use of powder made 
from the bark of willow trees [Salix] to cure headaches, pains and fevers. 
In the early 1800s the understanding of chemistry changed radically and 
many scientists began to study the fundamental composition of 
substances. In 1828 Johann Buchner, Professor of Pharmacy at the 
University of Munich, isolated many of the ingredients of willow bark and 
tested them one by one; he identified ‘salicin’ as the active ingredient. 
Others produced much purer extracts and in 1838 Raffaele Piria 
produced pure salicylic acid from salicin. Salicylic acid caused some 
stomach problems. In 1853 Charles Frederic Gerhardt modified salicylic 
acid to form acetylsalicylic acid, which was easier on the stomach, but 
he did not promote it.

In 1897 Felix Hoffmann was to first to synthesise pure salicylic acid in his 
laboratory. In 1899, having rediscovered Gerhardt’s work, he synthesised 
acetylsalicylic acid and used it to relieve his father’s arthritis. In 1900 it 
was patented by Bayer and marketed under the name Aspirin. A typical 
Aspirin tablet contains 300 mg of acetylsalicylic acid.

Many people believe that 
natural substances are 
better and safer than man-
made medicines. This idea 
has to be treated with 
caution, because there are 
some very toxic natural 
substances contained in 
plants, e.g. hemlock, ricin and ergot. It has been estimated that 
25% of modern prescription drugs contain at least one 
compound derived directly or indirectly from higher plants1. 
Many others are derived directly or indirectly from fungi or 
micro-organisms. There is a continuing search for other 
substances to add to these and folk medicine can often provide 
a lead. One of the frequently quoted reasons for preserving the 
tropical rainforests is that they contain many plants of potential 
medicinal value. Numerous books have been written on the 
medicinal uses of plants, and Culpepper’s Complete Herbal 
(written in the 16th century) is perhaps one of the most famous. 
Such books were written with self-medication in mind; however, 
this should be done with caution, except for the most minor of 
ailments, and only for short periods of time.

Plants have been used medicinally for thousands of years. China and 
India have a particularly long tradition in herbal medicine and large 
quantities of herbal medicines are imported from there. How do we know 
that these will work and will not do us any harm? Before we answer these 
questions we will take a closer look at a few medicines derived from 
plants and how they were discovered and developed. 

Digitalis (foxglove)
In folklore it is reported that American 
Indians discovered hundreds of years 
ago that foxglove [Digitalis], from 
which the drug digoxin is derived, 
could be used to control rapid 
heartbeat. How might this discovery 
have been made? It would seem 
reasonable to suppose that they 
observed that when people ingested 
foxglove seeds they often died 
because their heart slowed down and 
eventually stopped beating. The 
medicine men, who were acutely 
aware of the value of many plants, 
considered that if one gave a tiny 
amount of the plant to someone with 
rapid heartbeat, then perhaps it would 
slow down the heartbeat without 
killing them. 

This proved to be the case. However, there was a major problem; the 
substance that produces the effect is a poison and it is found in different 
concentrations in different parts of the plant, and indeed in the same 
part of different individual plants and at different times in the year. So 
how much do you need to take to achieve the desired effect? They found 

In Ireland that body is the Irish Medicines Board 
(IMB), which issues licences for veterinary and 
human medicines, including herbal medicines. It also oversees the 
safety of blood products and medical devices. Its mission is ‘to protect 
and enhance public and animal health through the regulation of 
medicines, medical devices and healthcare products’. 
Pharmacovigilance, i.e. monitoring problems with medicines and 
investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
664-669. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New York.
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The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie
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Placebos
It has been known for a long time that if people think that a particular 
medicine is going to make them better they will get better, even if all they 
are given is a sugar tablet with no active ingredient. This type of tablet is 
called a placebo and its effect is therefore called the placebo effect. 

Research also shows that when doctors expect patients to get better 
they tend to report improvements even when there is little supportive 
evidence. How can we be sure that the medicines we take are actually 
responsible for our improvement?

Double Blind Tests
How do we know that the medicine works and is not subject to inflated 
claims of its effectiveness by the manufacturer, the doctor or the patient? 
To provide a truly objective evaluation a double blind test is used. Half 
the patients are given the actual drug, and half are given a placebo, but 
they do not know which they are being given and neither do the doctors. 
In this way any personal bias is removed from the experiment. The only 
person who knows who is getting which treatment is the outside 
researcher. After the results are collated and analysed then the truth is 
revealed and the effectiveness of the medicine can be evaluated. 

Safety
Safety is a major concern for all of 
us and it is particularly important 
in the area of medicine. 
Nonetheless mistakes happen, 
such as the thalidomide disaster 
in the 1960s.  Thalidomide was 
chiefly sold and prescribed during 
the late 1950s and early 1960s to 
pregnant women, in order to 
combat morning sickness and as 
an aid to help them sleep. Before 
its release, inadequate tests were performed to assess the drug’s safety, 
with catastrophic results for the children of women who had taken 
thalidomide during their pregnancies.  More than 10,000 babies were 
born with thalidomide related problems such as severe limb deformities 
or abnormalities in many of the vital organs like the heart, kidneys, eyes 
and even the nervous system. Nowadays medicines are first of all tested 
on cultures of individual cells, and if this is successful they are then 
tested on tissues. The next step is testing on animals, which, although 
they are similar to humans, do not react to medicines in exactly the 
same way. If no problems occur the next step in the sequence is testing 
on human volunteers and finally on patients. Only when these steps 
have been successfully completed is the medicine licensed for use. 

Side effects, including interactions with other drugs, should also be 
considered. For example, products containing St John’s Wort 
[Hypericum], which used to be available “over the counter”, have been 
taken off the shelves and are now available only on prescription because 
of their potentially serious interactions with other drugs such as digoxin 
and alprazolam (Xanax).

Poor quality medicines give poor results and may indeed do more harm 
than good. The build up of antibiotic resistance will be exacerbated if 
an antibiotic is not as strong as it is claimed to be, or is not as effective 
as is claimed. To prevent this, governments set up regulatory bodies to 
monitor drug effectiveness and safety. 

out mainly by trial and error. This is the problem that besets all natural 
remedies: how do you regulate the dosage? In the case of Digitalis 
possible side effects included stomach irritation and vomiting; one 
simply had to endure these as part of the treatment.

Drug usage requires the delivery of exact quantities of the active 
ingredient to the target site for a sufficient period to obtain the maximum 
benefit. The direct use of plant materials is problematic. The active 
ingredient may be just one of the thousands of substances present in the 
plant, some of which might have lesser or different effects on the body. 

Penicillin
Penicillin was extracted from the blue-green Penicillium mould which is 

found on mouldy bread and fruit. Its 
biological effect on bacteria was 
discovered by Sir Alexander Fleming. 
Initially, it was grown in bed pans and 
purified. Researchers discovered that 
mice suffering from septicaemia (blood 
poisoning) could be cured within a few 
hours of treatment. As a result two patients 
suffering from advanced septicaemia (a 
policeman with an infected face and a 
child with an infection behind his eye) 
were treated. They both made rapid 
recoveries but unfortunately died a short 
time later – the policeman because the 
doctors did not have enough penicillin to 

finish his treatment, and the child because a blood vessel behind his 
eye, weakened by the infection, ruptured. The penicillin used to treat 
these people was yellow in colour because it was impure. This was an 
experimental case and standards were not as stringent then as they are 
today. However, the medical potential of the drug had been demonstrated 
and it was put into production. The bed pan method was not suitable for 
large scale production so a more modern method of production, 
fermentation, was developed. Two chemists named Howard Florey and 
Ernst Chain perfected the technique of culturing the mould and extracting 
the active ingredient to make a pure white powder. Countless millions 
owe their lives to this endeavour, and in the opinion of many, Florey and 
Chain deserve greater credit than Alexander Fleming. 

Aspirin
Around the year 400 BC Hippocrates reported the use of powder made 
from the bark of willow trees [Salix] to cure headaches, pains and fevers. 
In the early 1800s the understanding of chemistry changed radically and 
many scientists began to study the fundamental composition of 
substances. In 1828 Johann Buchner, Professor of Pharmacy at the 
University of Munich, isolated many of the ingredients of willow bark and 
tested them one by one; he identified ‘salicin’ as the active ingredient. 
Others produced much purer extracts and in 1838 Raffaele Piria 
produced pure salicylic acid from salicin. Salicylic acid caused some 
stomach problems. In 1853 Charles Frederic Gerhardt modified salicylic 
acid to form acetylsalicylic acid, which was easier on the stomach, but 
he did not promote it.

In 1897 Felix Hoffmann was to first to synthesise pure salicylic acid in his 
laboratory. In 1899, having rediscovered Gerhardt’s work, he synthesised 
acetylsalicylic acid and used it to relieve his father’s arthritis. In 1900 it 
was patented by Bayer and marketed under the name Aspirin. A typical 
Aspirin tablet contains 300 mg of acetylsalicylic acid.

Many people believe that 
natural substances are 
better and safer than man-
made medicines. This idea 
has to be treated with 
caution, because there are 
some very toxic natural 
substances contained in 
plants, e.g. hemlock, ricin and ergot. It has been estimated that 
25% of modern prescription drugs contain at least one 
compound derived directly or indirectly from higher plants1. 
Many others are derived directly or indirectly from fungi or 
micro-organisms. There is a continuing search for other 
substances to add to these and folk medicine can often provide 
a lead. One of the frequently quoted reasons for preserving the 
tropical rainforests is that they contain many plants of potential 
medicinal value. Numerous books have been written on the 
medicinal uses of plants, and Culpepper’s Complete Herbal 
(written in the 16th century) is perhaps one of the most famous. 
Such books were written with self-medication in mind; however, 
this should be done with caution, except for the most minor of 
ailments, and only for short periods of time.

Plants have been used medicinally for thousands of years. China and 
India have a particularly long tradition in herbal medicine and large 
quantities of herbal medicines are imported from there. How do we know 
that these will work and will not do us any harm? Before we answer these 
questions we will take a closer look at a few medicines derived from 
plants and how they were discovered and developed. 

Digitalis (foxglove)
In folklore it is reported that American 
Indians discovered hundreds of years 
ago that foxglove [Digitalis], from 
which the drug digoxin is derived, 
could be used to control rapid 
heartbeat. How might this discovery 
have been made? It would seem 
reasonable to suppose that they 
observed that when people ingested 
foxglove seeds they often died 
because their heart slowed down and 
eventually stopped beating. The 
medicine men, who were acutely 
aware of the value of many plants, 
considered that if one gave a tiny 
amount of the plant to someone with 
rapid heartbeat, then perhaps it would 
slow down the heartbeat without 
killing them. 

This proved to be the case. However, there was a major problem; the 
substance that produces the effect is a poison and it is found in different 
concentrations in different parts of the plant, and indeed in the same 
part of different individual plants and at different times in the year. So 
how much do you need to take to achieve the desired effect? They found 

In Ireland that body is the Irish Medicines Board 
(IMB), which issues licences for veterinary and 
human medicines, including herbal medicines. It also oversees the 
safety of blood products and medical devices. Its mission is ‘to protect 
and enhance public and animal health through the regulation of 
medicines, medical devices and healthcare products’. 
Pharmacovigilance, i.e. monitoring problems with medicines and 
investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
664-669. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New York.
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The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie
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Placebos
It has been known for a long time that if people think that a particular 
medicine is going to make them better they will get better, even if all they 
are given is a sugar tablet with no active ingredient. This type of tablet is 
called a placebo and its effect is therefore called the placebo effect. 

Research also shows that when doctors expect patients to get better 
they tend to report improvements even when there is little supportive 
evidence. How can we be sure that the medicines we take are actually 
responsible for our improvement?

Double Blind Tests
How do we know that the medicine works and is not subject to inflated 
claims of its effectiveness by the manufacturer, the doctor or the patient? 
To provide a truly objective evaluation a double blind test is used. Half 
the patients are given the actual drug, and half are given a placebo, but 
they do not know which they are being given and neither do the doctors. 
In this way any personal bias is removed from the experiment. The only 
person who knows who is getting which treatment is the outside 
researcher. After the results are collated and analysed then the truth is 
revealed and the effectiveness of the medicine can be evaluated. 

Safety
Safety is a major concern for all of 
us and it is particularly important 
in the area of medicine. 
Nonetheless mistakes happen, 
such as the thalidomide disaster 
in the 1960s.  Thalidomide was 
chiefly sold and prescribed during 
the late 1950s and early 1960s to 
pregnant women, in order to 
combat morning sickness and as 
an aid to help them sleep. Before 
its release, inadequate tests were performed to assess the drug’s safety, 
with catastrophic results for the children of women who had taken 
thalidomide during their pregnancies.  More than 10,000 babies were 
born with thalidomide related problems such as severe limb deformities 
or abnormalities in many of the vital organs like the heart, kidneys, eyes 
and even the nervous system. Nowadays medicines are first of all tested 
on cultures of individual cells, and if this is successful they are then 
tested on tissues. The next step is testing on animals, which, although 
they are similar to humans, do not react to medicines in exactly the 
same way. If no problems occur the next step in the sequence is testing 
on human volunteers and finally on patients. Only when these steps 
have been successfully completed is the medicine licensed for use. 

Side effects, including interactions with other drugs, should also be 
considered. For example, products containing St John’s Wort 
[Hypericum], which used to be available “over the counter”, have been 
taken off the shelves and are now available only on prescription because 
of their potentially serious interactions with other drugs such as digoxin 
and alprazolam (Xanax).

Poor quality medicines give poor results and may indeed do more harm 
than good. The build up of antibiotic resistance will be exacerbated if 
an antibiotic is not as strong as it is claimed to be, or is not as effective 
as is claimed. To prevent this, governments set up regulatory bodies to 
monitor drug effectiveness and safety. 

out mainly by trial and error. This is the problem that besets all natural 
remedies: how do you regulate the dosage? In the case of Digitalis 
possible side effects included stomach irritation and vomiting; one 
simply had to endure these as part of the treatment.

Drug usage requires the delivery of exact quantities of the active 
ingredient to the target site for a sufficient period to obtain the maximum 
benefit. The direct use of plant materials is problematic. The active 
ingredient may be just one of the thousands of substances present in the 
plant, some of which might have lesser or different effects on the body. 

Penicillin
Penicillin was extracted from the blue-green Penicillium mould which is 

found on mouldy bread and fruit. Its 
biological effect on bacteria was 
discovered by Sir Alexander Fleming. 
Initially, it was grown in bed pans and 
purified. Researchers discovered that 
mice suffering from septicaemia (blood 
poisoning) could be cured within a few 
hours of treatment. As a result two patients 
suffering from advanced septicaemia (a 
policeman with an infected face and a 
child with an infection behind his eye) 
were treated. They both made rapid 
recoveries but unfortunately died a short 
time later – the policeman because the 
doctors did not have enough penicillin to 

finish his treatment, and the child because a blood vessel behind his 
eye, weakened by the infection, ruptured. The penicillin used to treat 
these people was yellow in colour because it was impure. This was an 
experimental case and standards were not as stringent then as they are 
today. However, the medical potential of the drug had been demonstrated 
and it was put into production. The bed pan method was not suitable for 
large scale production so a more modern method of production, 
fermentation, was developed. Two chemists named Howard Florey and 
Ernst Chain perfected the technique of culturing the mould and extracting 
the active ingredient to make a pure white powder. Countless millions 
owe their lives to this endeavour, and in the opinion of many, Florey and 
Chain deserve greater credit than Alexander Fleming. 

Aspirin
Around the year 400 BC Hippocrates reported the use of powder made 
from the bark of willow trees [Salix] to cure headaches, pains and fevers. 
In the early 1800s the understanding of chemistry changed radically and 
many scientists began to study the fundamental composition of 
substances. In 1828 Johann Buchner, Professor of Pharmacy at the 
University of Munich, isolated many of the ingredients of willow bark and 
tested them one by one; he identified ‘salicin’ as the active ingredient. 
Others produced much purer extracts and in 1838 Raffaele Piria 
produced pure salicylic acid from salicin. Salicylic acid caused some 
stomach problems. In 1853 Charles Frederic Gerhardt modified salicylic 
acid to form acetylsalicylic acid, which was easier on the stomach, but 
he did not promote it.

In 1897 Felix Hoffmann was to first to synthesise pure salicylic acid in his 
laboratory. In 1899, having rediscovered Gerhardt’s work, he synthesised 
acetylsalicylic acid and used it to relieve his father’s arthritis. In 1900 it 
was patented by Bayer and marketed under the name Aspirin. A typical 
Aspirin tablet contains 300 mg of acetylsalicylic acid.

Many people believe that 
natural substances are 
better and safer than man-
made medicines. This idea 
has to be treated with 
caution, because there are 
some very toxic natural 
substances contained in 
plants, e.g. hemlock, ricin and ergot. It has been estimated that 
25% of modern prescription drugs contain at least one 
compound derived directly or indirectly from higher plants1. 
Many others are derived directly or indirectly from fungi or 
micro-organisms. There is a continuing search for other 
substances to add to these and folk medicine can often provide 
a lead. One of the frequently quoted reasons for preserving the 
tropical rainforests is that they contain many plants of potential 
medicinal value. Numerous books have been written on the 
medicinal uses of plants, and Culpepper’s Complete Herbal 
(written in the 16th century) is perhaps one of the most famous. 
Such books were written with self-medication in mind; however, 
this should be done with caution, except for the most minor of 
ailments, and only for short periods of time.

Plants have been used medicinally for thousands of years. China and 
India have a particularly long tradition in herbal medicine and large 
quantities of herbal medicines are imported from there. How do we know 
that these will work and will not do us any harm? Before we answer these 
questions we will take a closer look at a few medicines derived from 
plants and how they were discovered and developed. 

Digitalis (foxglove)
In folklore it is reported that American 
Indians discovered hundreds of years 
ago that foxglove [Digitalis], from 
which the drug digoxin is derived, 
could be used to control rapid 
heartbeat. How might this discovery 
have been made? It would seem 
reasonable to suppose that they 
observed that when people ingested 
foxglove seeds they often died 
because their heart slowed down and 
eventually stopped beating. The 
medicine men, who were acutely 
aware of the value of many plants, 
considered that if one gave a tiny 
amount of the plant to someone with 
rapid heartbeat, then perhaps it would 
slow down the heartbeat without 
killing them. 

This proved to be the case. However, there was a major problem; the 
substance that produces the effect is a poison and it is found in different 
concentrations in different parts of the plant, and indeed in the same 
part of different individual plants and at different times in the year. So 
how much do you need to take to achieve the desired effect? They found 

In Ireland that body is the Irish Medicines Board 
(IMB), which issues licences for veterinary and 
human medicines, including herbal medicines. It also oversees the 
safety of blood products and medical devices. Its mission is ‘to protect 
and enhance public and animal health through the regulation of 
medicines, medical devices and healthcare products’. 
Pharmacovigilance, i.e. monitoring problems with medicines and 
investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
664-669. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New York.

Fig. 1 Prescription Drugs

Fig. 4 Drug testing

Fig. 3  Staphylococcus 
aureus inhibited 
by Penicillium

The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie

Fig. 2  Foxglove (Digitalis 
purpurea)
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Placebos
It has been known for a long time that if people think that a particular 
medicine is going to make them better they will get better, even if all they 
are given is a sugar tablet with no active ingredient. This type of tablet is 
called a placebo and its effect is therefore called the placebo effect. 

Research also shows that when doctors expect patients to get better 
they tend to report improvements even when there is little supportive 
evidence. How can we be sure that the medicines we take are actually 
responsible for our improvement?

Double Blind Tests
How do we know that the medicine works and is not subject to inflated 
claims of its effectiveness by the manufacturer, the doctor or the patient? 
To provide a truly objective evaluation a double blind test is used. Half 
the patients are given the actual drug, and half are given a placebo, but 
they do not know which they are being given and neither do the doctors. 
In this way any personal bias is removed from the experiment. The only 
person who knows who is getting which treatment is the outside 
researcher. After the results are collated and analysed then the truth is 
revealed and the effectiveness of the medicine can be evaluated. 

Safety
Safety is a major concern for all of 
us and it is particularly important 
in the area of medicine. 
Nonetheless mistakes happen, 
such as the thalidomide disaster 
in the 1960s.  Thalidomide was 
chiefly sold and prescribed during 
the late 1950s and early 1960s to 
pregnant women, in order to 
combat morning sickness and as 
an aid to help them sleep. Before 
its release, inadequate tests were performed to assess the drug’s safety, 
with catastrophic results for the children of women who had taken 
thalidomide during their pregnancies.  More than 10,000 babies were 
born with thalidomide related problems such as severe limb deformities 
or abnormalities in many of the vital organs like the heart, kidneys, eyes 
and even the nervous system. Nowadays medicines are first of all tested 
on cultures of individual cells, and if this is successful they are then 
tested on tissues. The next step is testing on animals, which, although 
they are similar to humans, do not react to medicines in exactly the 
same way. If no problems occur the next step in the sequence is testing 
on human volunteers and finally on patients. Only when these steps 
have been successfully completed is the medicine licensed for use. 

Side effects, including interactions with other drugs, should also be 
considered. For example, products containing St John’s Wort 
[Hypericum], which used to be available “over the counter”, have been 
taken off the shelves and are now available only on prescription because 
of their potentially serious interactions with other drugs such as digoxin 
and alprazolam (Xanax).

Poor quality medicines give poor results and may indeed do more harm 
than good. The build up of antibiotic resistance will be exacerbated if 
an antibiotic is not as strong as it is claimed to be, or is not as effective 
as is claimed. To prevent this, governments set up regulatory bodies to 
monitor drug effectiveness and safety. 

out mainly by trial and error. This is the problem that besets all natural 
remedies: how do you regulate the dosage? In the case of Digitalis 
possible side effects included stomach irritation and vomiting; one 
simply had to endure these as part of the treatment.

Drug usage requires the delivery of exact quantities of the active 
ingredient to the target site for a sufficient period to obtain the maximum 
benefit. The direct use of plant materials is problematic. The active 
ingredient may be just one of the thousands of substances present in the 
plant, some of which might have lesser or different effects on the body. 

Penicillin
Penicillin was extracted from the blue-green Penicillium mould which is 

found on mouldy bread and fruit. Its 
biological effect on bacteria was 
discovered by Sir Alexander Fleming. 
Initially, it was grown in bed pans and 
purified. Researchers discovered that 
mice suffering from septicaemia (blood 
poisoning) could be cured within a few 
hours of treatment. As a result two patients 
suffering from advanced septicaemia (a 
policeman with an infected face and a 
child with an infection behind his eye) 
were treated. They both made rapid 
recoveries but unfortunately died a short 
time later – the policeman because the 
doctors did not have enough penicillin to 

finish his treatment, and the child because a blood vessel behind his 
eye, weakened by the infection, ruptured. The penicillin used to treat 
these people was yellow in colour because it was impure. This was an 
experimental case and standards were not as stringent then as they are 
today. However, the medical potential of the drug had been demonstrated 
and it was put into production. The bed pan method was not suitable for 
large scale production so a more modern method of production, 
fermentation, was developed. Two chemists named Howard Florey and 
Ernst Chain perfected the technique of culturing the mould and extracting 
the active ingredient to make a pure white powder. Countless millions 
owe their lives to this endeavour, and in the opinion of many, Florey and 
Chain deserve greater credit than Alexander Fleming. 

Aspirin
Around the year 400 BC Hippocrates reported the use of powder made 
from the bark of willow trees [Salix] to cure headaches, pains and fevers. 
In the early 1800s the understanding of chemistry changed radically and 
many scientists began to study the fundamental composition of 
substances. In 1828 Johann Buchner, Professor of Pharmacy at the 
University of Munich, isolated many of the ingredients of willow bark and 
tested them one by one; he identified ‘salicin’ as the active ingredient. 
Others produced much purer extracts and in 1838 Raffaele Piria 
produced pure salicylic acid from salicin. Salicylic acid caused some 
stomach problems. In 1853 Charles Frederic Gerhardt modified salicylic 
acid to form acetylsalicylic acid, which was easier on the stomach, but 
he did not promote it.

In 1897 Felix Hoffmann was to first to synthesise pure salicylic acid in his 
laboratory. In 1899, having rediscovered Gerhardt’s work, he synthesised 
acetylsalicylic acid and used it to relieve his father’s arthritis. In 1900 it 
was patented by Bayer and marketed under the name Aspirin. A typical 
Aspirin tablet contains 300 mg of acetylsalicylic acid.

Many people believe that 
natural substances are 
better and safer than man-
made medicines. This idea 
has to be treated with 
caution, because there are 
some very toxic natural 
substances contained in 
plants, e.g. hemlock, ricin and ergot. It has been estimated that 
25% of modern prescription drugs contain at least one 
compound derived directly or indirectly from higher plants1. 
Many others are derived directly or indirectly from fungi or 
micro-organisms. There is a continuing search for other 
substances to add to these and folk medicine can often provide 
a lead. One of the frequently quoted reasons for preserving the 
tropical rainforests is that they contain many plants of potential 
medicinal value. Numerous books have been written on the 
medicinal uses of plants, and Culpepper’s Complete Herbal 
(written in the 16th century) is perhaps one of the most famous. 
Such books were written with self-medication in mind; however, 
this should be done with caution, except for the most minor of 
ailments, and only for short periods of time.

Plants have been used medicinally for thousands of years. China and 
India have a particularly long tradition in herbal medicine and large 
quantities of herbal medicines are imported from there. How do we know 
that these will work and will not do us any harm? Before we answer these 
questions we will take a closer look at a few medicines derived from 
plants and how they were discovered and developed. 

Digitalis (foxglove)
In folklore it is reported that American 
Indians discovered hundreds of years 
ago that foxglove [Digitalis], from 
which the drug digoxin is derived, 
could be used to control rapid 
heartbeat. How might this discovery 
have been made? It would seem 
reasonable to suppose that they 
observed that when people ingested 
foxglove seeds they often died 
because their heart slowed down and 
eventually stopped beating. The 
medicine men, who were acutely 
aware of the value of many plants, 
considered that if one gave a tiny 
amount of the plant to someone with 
rapid heartbeat, then perhaps it would 
slow down the heartbeat without 
killing them. 

This proved to be the case. However, there was a major problem; the 
substance that produces the effect is a poison and it is found in different 
concentrations in different parts of the plant, and indeed in the same 
part of different individual plants and at different times in the year. So 
how much do you need to take to achieve the desired effect? They found 

In Ireland that body is the Irish Medicines Board 
(IMB), which issues licences for veterinary and 
human medicines, including herbal medicines. It also oversees the 
safety of blood products and medical devices. Its mission is ‘to protect 
and enhance public and animal health through the regulation of 
medicines, medical devices and healthcare products’. 
Pharmacovigilance, i.e. monitoring problems with medicines and 
investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
664-669. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New York.
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The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie

Fig. 2  Foxglove (Digitalis 
purpurea)

N
 

I 

D
 

N
 

A
 SCIENCE     TECHNOLOGY 

  ACTION SECOND EDITION N
 

I 

D
 

N
 

A
 SCIENCE     TECHNOLOGY 

 ACTION FOURTH EDITION
The Science       Medicineo

f

Placebos
It has been known for a long time that if people think that a particular 
medicine is going to make them better they will get better, even if all they 
are given is a sugar tablet with no active ingredient. This type of tablet is 
called a placebo and its effect is therefore called the placebo effect. 

Research also shows that when doctors expect patients to get better 
they tend to report improvements even when there is little supportive 
evidence. How can we be sure that the medicines we take are actually 
responsible for our improvement?

Double Blind Tests
How do we know that the medicine works and is not subject to inflated 
claims of its effectiveness by the manufacturer, the doctor or the patient? 
To provide a truly objective evaluation a double blind test is used. Half 
the patients are given the actual drug, and half are given a placebo, but 
they do not know which they are being given and neither do the doctors. 
In this way any personal bias is removed from the experiment. The only 
person who knows who is getting which treatment is the outside 
researcher. After the results are collated and analysed then the truth is 
revealed and the effectiveness of the medicine can be evaluated. 

Safety
Safety is a major concern for all of 
us and it is particularly important 
in the area of medicine. 
Nonetheless mistakes happen, 
such as the thalidomide disaster 
in the 1960s.  Thalidomide was 
chiefly sold and prescribed during 
the late 1950s and early 1960s to 
pregnant women, in order to 
combat morning sickness and as 
an aid to help them sleep. Before 
its release, inadequate tests were performed to assess the drug’s safety, 
with catastrophic results for the children of women who had taken 
thalidomide during their pregnancies.  More than 10,000 babies were 
born with thalidomide related problems such as severe limb deformities 
or abnormalities in many of the vital organs like the heart, kidneys, eyes 
and even the nervous system. Nowadays medicines are first of all tested 
on cultures of individual cells, and if this is successful they are then 
tested on tissues. The next step is testing on animals, which, although 
they are similar to humans, do not react to medicines in exactly the 
same way. If no problems occur the next step in the sequence is testing 
on human volunteers and finally on patients. Only when these steps 
have been successfully completed is the medicine licensed for use. 

Side effects, including interactions with other drugs, should also be 
considered. For example, products containing St John’s Wort 
[Hypericum], which used to be available “over the counter”, have been 
taken off the shelves and are now available only on prescription because 
of their potentially serious interactions with other drugs such as digoxin 
and alprazolam (Xanax).

Poor quality medicines give poor results and may indeed do more harm 
than good. The build up of antibiotic resistance will be exacerbated if 
an antibiotic is not as strong as it is claimed to be, or is not as effective 
as is claimed. To prevent this, governments set up regulatory bodies to 
monitor drug effectiveness and safety. 

out mainly by trial and error. This is the problem that besets all natural 
remedies: how do you regulate the dosage? In the case of Digitalis 
possible side effects included stomach irritation and vomiting; one 
simply had to endure these as part of the treatment.

Drug usage requires the delivery of exact quantities of the active 
ingredient to the target site for a sufficient period to obtain the maximum 
benefit. The direct use of plant materials is problematic. The active 
ingredient may be just one of the thousands of substances present in the 
plant, some of which might have lesser or different effects on the body. 

Penicillin
Penicillin was extracted from the blue-green Penicillium mould which is 

found on mouldy bread and fruit. Its 
biological effect on bacteria was 
discovered by Sir Alexander Fleming. 
Initially, it was grown in bed pans and 
purified. Researchers discovered that 
mice suffering from septicaemia (blood 
poisoning) could be cured within a few 
hours of treatment. As a result two patients 
suffering from advanced septicaemia (a 
policeman with an infected face and a 
child with an infection behind his eye) 
were treated. They both made rapid 
recoveries but unfortunately died a short 
time later – the policeman because the 
doctors did not have enough penicillin to 

finish his treatment, and the child because a blood vessel behind his 
eye, weakened by the infection, ruptured. The penicillin used to treat 
these people was yellow in colour because it was impure. This was an 
experimental case and standards were not as stringent then as they are 
today. However, the medical potential of the drug had been demonstrated 
and it was put into production. The bed pan method was not suitable for 
large scale production so a more modern method of production, 
fermentation, was developed. Two chemists named Howard Florey and 
Ernst Chain perfected the technique of culturing the mould and extracting 
the active ingredient to make a pure white powder. Countless millions 
owe their lives to this endeavour, and in the opinion of many, Florey and 
Chain deserve greater credit than Alexander Fleming. 

Aspirin
Around the year 400 BC Hippocrates reported the use of powder made 
from the bark of willow trees [Salix] to cure headaches, pains and fevers. 
In the early 1800s the understanding of chemistry changed radically and 
many scientists began to study the fundamental composition of 
substances. In 1828 Johann Buchner, Professor of Pharmacy at the 
University of Munich, isolated many of the ingredients of willow bark and 
tested them one by one; he identified ‘salicin’ as the active ingredient. 
Others produced much purer extracts and in 1838 Raffaele Piria 
produced pure salicylic acid from salicin. Salicylic acid caused some 
stomach problems. In 1853 Charles Frederic Gerhardt modified salicylic 
acid to form acetylsalicylic acid, which was easier on the stomach, but 
he did not promote it.

In 1897 Felix Hoffmann was to first to synthesise pure salicylic acid in his 
laboratory. In 1899, having rediscovered Gerhardt’s work, he synthesised 
acetylsalicylic acid and used it to relieve his father’s arthritis. In 1900 it 
was patented by Bayer and marketed under the name Aspirin. A typical 
Aspirin tablet contains 300 mg of acetylsalicylic acid.

Many people believe that 
natural substances are 
better and safer than man-
made medicines. This idea 
has to be treated with 
caution, because there are 
some very toxic natural 
substances contained in 
plants, e.g. hemlock, ricin and ergot. It has been estimated that 
25% of modern prescription drugs contain at least one 
compound derived directly or indirectly from higher plants1. 
Many others are derived directly or indirectly from fungi or 
micro-organisms. There is a continuing search for other 
substances to add to these and folk medicine can often provide 
a lead. One of the frequently quoted reasons for preserving the 
tropical rainforests is that they contain many plants of potential 
medicinal value. Numerous books have been written on the 
medicinal uses of plants, and Culpepper’s Complete Herbal 
(written in the 16th century) is perhaps one of the most famous. 
Such books were written with self-medication in mind; however, 
this should be done with caution, except for the most minor of 
ailments, and only for short periods of time.

Plants have been used medicinally for thousands of years. China and 
India have a particularly long tradition in herbal medicine and large 
quantities of herbal medicines are imported from there. How do we know 
that these will work and will not do us any harm? Before we answer these 
questions we will take a closer look at a few medicines derived from 
plants and how they were discovered and developed. 

Digitalis (foxglove)
In folklore it is reported that American 
Indians discovered hundreds of years 
ago that foxglove [Digitalis], from 
which the drug digoxin is derived, 
could be used to control rapid 
heartbeat. How might this discovery 
have been made? It would seem 
reasonable to suppose that they 
observed that when people ingested 
foxglove seeds they often died 
because their heart slowed down and 
eventually stopped beating. The 
medicine men, who were acutely 
aware of the value of many plants, 
considered that if one gave a tiny 
amount of the plant to someone with 
rapid heartbeat, then perhaps it would 
slow down the heartbeat without 
killing them. 

This proved to be the case. However, there was a major problem; the 
substance that produces the effect is a poison and it is found in different 
concentrations in different parts of the plant, and indeed in the same 
part of different individual plants and at different times in the year. So 
how much do you need to take to achieve the desired effect? They found 

In Ireland that body is the Irish Medicines Board 
(IMB), which issues licences for veterinary and 
human medicines, including herbal medicines. It also oversees the 
safety of blood products and medical devices. Its mission is ‘to protect 
and enhance public and animal health through the regulation of 
medicines, medical devices and healthcare products’. 
Pharmacovigilance, i.e. monitoring problems with medicines and 
investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
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The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie
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Biographical Notes

Howard Florey and Ernst Chain 
Howard Florey and Ernst Chain were two 
scientists who in 1938 stumbled across 
Alexander Fleming’s 1929 research papers and 
were intrigued by his findings. They were certain 
that his discovery could be used to save lives by 
fighting infectious diseases.

They developed a large scale production 
process in the United States after America 
joined the Second World War in 1941. The drug 
was used to cure servicemen. Surprisingly it 
was not wounded servicemen, but those 
infected with STIs, who were the first to receive 
this new wonder drug because they could then 
return to active duty. The wounded had to take 
second place, at least initially.

Florey, Chain and Fleming each received the 
Nobel Prize in 1945 for their work on penicillin.

Paracetamol
When the Cinchona tree became scarce in the 1880s people began to 
look for an alternative so two alternative antipyretic agents were 
developed. Acetanilide was developed in 1886 and phenacetin in 1887. 
Harmon Northrop Morse first synthesized paracetamol via the reduction 
of p-nitrophenol with tin in glacial acetic acid in 1878. Paracetamol was 
not used in medical treatment for another 15 years. 

In 1893, paracetamol was discovered in the urine of individuals who had 
taken phenacetin. It was concentrated into a white, crystalline compound 
with a bitter taste. In 1899, paracetamol was found to be a metabolite of 
acetanilide. This discovery was largely ignored at the time. In 1948, 
Brodie and Axelrod determined that the analgesic effect of acetanilide 
was due to its active metabolite paracetamol. They advocated the direct 
use of paracetamol, since it did not have the toxic effects of acetanilide. 

Paracetamol was first sold in 1955 by McNeil Laboratories as a pain and 
fever reliever for children, under the brand name Tylenol Children’s Elixir. 
In 1956 500 mg tablets of paracetamol went on sale in Ireland and the UK 
under the trade name Panadol.

Since 1963 paracetamol has gained popularity as an analgesic 
medicine as it has few side-effects and little interaction with other 
pharmaceutical agents.

Syllabus Reference

Leaving Certificate Chemistry, Higher Level
7.3  Organic chemical reaction types

7.4  Organic natural products- extraction techniques

Leaving Certificate Biology, Higher Level 
3.1.1  Diversity of organisms

3.1.2  Micro-organisms

3.1.3  Monera -antibiotics

3.1.4  Fungi- edible and poisonous fungi

3.5.3  Human defence system

Learning Outcomes

On completing this section, the student will be able to:
• List the dangers associated with using natural medicine produced 

from an unlicensed source

• Appreciate how some natural remedies have provided a foundation 
on which our current medical knowledge is built

• Understand the term ‘placebo effect’

• Explain the advantages of performing a ‘double blind’ test

• List the safety procedures that a new drug or treatment must pass 
before being available for public distribution

• Explain how the IMB regulates the standard of medical  
care in Ireland.

Examination Questions 

Leaving Certificate Biology, 2006 Higher Level
i) Draw and label a diagram to show the basic structure of a typical 

bacterial cell.

ii) Other than being prokaryotic, state two ways in which a typical 
bacterial cell differs from a typical human cell (e.g. cell from cheek 
lining).

iii) Describe how some bacteria respond in order to survive when 
environmental conditions become unfavourable.

iv) What is meant when a bacterium is described as being 
pathogenic?

v) What are antibiotics? Use your knowledge of the Theory of Natural 
Selection to explain the possible danger involved in the misuse of 
antibiotics.

Leaving Certificate Biology, 2006 Higher Level
i) Answer the following in relation to bacteria.

ii) Distinguish between photosynthetic and chemosynthetic bacteria. 
Give an example of each type.

iii) Name two forms of heterotrophic nutrition found in bacteria.

iv) What are antibiotics? For what purpose are they used?

v) Explain what is meant by antibiotic resistance and suggest how it 
may develop.

For further examples of past questions check www.sta.ie

Student Activities

Research the following plants and fungi. Find out their common 1. 
names and what they are used for: Nepeta cataria, Agaricus 
bisporus, Volvariella vovlacea, Penicillium roqueforti, Amanita 
virosa, Amanita phalloides, Gyromitra esculenta, Nigella sativa, 
Rauvolfia serpentine, Hypericum perforatum, Symphytum 
offincinal. 

With the help of the IMB website find out what clinical trials are  2. 
being conducted in your locality. If the trial is conducted over a 
short period, follow its progress and record your conclusions.

Get a packet of tablets and read through the ingredients listed on 3. 
the back of the box. Find out the different actions of each of the 
separate ingredients and what standards had to be met in order 
for the product to be licensed. 

How would you compare the ‘effectiveness’ of antacid tablets?4. 

 Antacid tablets generally contain a base that is not very soluble in 
water, such as calcium carbonate, magnesium carbonate or 
magnesium hydroxide; this ensures that it does not produce a 
strongly alkaline solution but can still neutralise a acid.

 The following should be borne in mind:
Decide whether you want to compare the tablets by number or • 
by mass.
The tablets can be reacted with a strong such as dilute HCl.• 
Since the end point should be near pH 7 neutral red or • 
bromothymol blue might be used as an indicator. 
If the tables are crushed they will have greater surface area and • 
will react more quickly; this will make it easier to detect the end 
point of the titration. 

True/False Questions

a) People can die from eating foxglove seeds because  
they contain the toxin digoxin.  T F

b) Digoxin is evenly distributed throughout the foxglove plant. T F

c) Penicillin can treat gram positive bacterial infections. T F

d) A placebo is a substance/procedure that has a specific 
therapeutic effect. T F

e) Salicylic acid is the active ingredient in Aspirin. T F

f) Antibiotic resistance is the ability of a microorganism  
to withstand the effects of antibiotics. T F

g) Penicillin is extracted from foxgloves. T F 

h) A double blind test eliminates personal bias on the  
part of the doctor and the patient. T F

i) Substances that are natural are always safe. T F

j) Herbal medicines must meet strict standards of quality,  
safety and effectiveness. T F

k) Licensed medicines must meet strict standards of quality,  
safety and effectiveness. T F

l) Aspirin is widely used to reduce fever and inflammation. T F

m) A typical Asprin tablet contains 600mg of acetylsalicylic acid. T F

n) Antibiotic resistance means that people are resistant to  
bacterial infection. T F

Check your answers to these questions on www.sta.ie

General Learning Points

• There is a misconception of the safety of natural products.

• Self-medication should not be carried out without the supervision 
of a licensed physician.

• Digitalis, a substance taken from the foxglove plant, can be used to 
control rapid heartbeat, but only when taken in the correct 
dosage.

• Fleming discovered penicillin, which is used for the treatment of 
bacterial infections caused by susceptible gram positive 
organisms.

• Florey and Chain developed the techniques to culture and purify 
penicillin, making it available to the masses.

• A placebo produces a psychotherapeutic effect; when people 
believe the placebo is effective it often is.

• A double blind test is performed to eliminate bias on the part of 
both the subjects and the experimenters.

• Pharmacovigilance refers to the detection, assessment, 
understanding and prevention of adverse effects of medicines.

• The IMB uses pharmacovigilance to protect the public from sub-
standard medicines by regulating all medical devices and 
products. 

Did You Know? 

• In Africa up to 80% of the population uses traditional medicine as 
their primary healthcare. The World Health Organisation states that 
‘inappropriate use of traditional medicines or practices can have 
negative or dangerous effects’ as further research needs to be 
carried out to confirm their safety. 

• In ancient Greece, hemlock (a herbaceous biennial plant) was used 
to poison condemned prisoners. The famous philosopher Socrates 
was poisoned using hemlock in 339 BC. He opposed the idea that 
‘might is right’ and attempted to improve the system of justice in 
Athens. For this he was found guilty of corrupting the minds of 
youth. 

• In 1994, a surgeon named J. Bruce Moseley engaged in an 
experiment to test the placebo effect. He had ten patients scheduled 
for an operation to relieve arthritic pain in the knee. All ten were 
prepped for surgery, anesthetised and sent to the recovery room 
after the procedure. However, only two men underwent the standard 
arthroscopic surgery, while the others had no recognisable surgery 
at all – a placebo surgery. The placebo worked. Six months after the 
surgery, all ten patients reported reduced knee pain and none were 
unhappy with the outcome of the surgery. 

• Some traditional or folk medicines include: Chinese medicine, 
herbal medicine, Ayurvedic medicine, Unani medicine, acupuncture, 
spinal manipulation, Siddha Medicine, South African Muti and 
Yoruba Ifá.

Revise the Terms

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

Acid, active ingredient, ailments, antibiotic resistance, culturing, 
crystalline, digoxin, dosage, double blind test, drug, efficacy, 
fermentation, heartbeat, ingested, interactions, Irish Medicines Board, 
litigation, penicillin, pharmacovigilance, placebo, placebo effect, 
poison, purify, salicylic acid, self-medication, septicaemia, side effects, 
synthesised, thalidomide, toxic. 

Check the Glossary of Terms for this lesson at www.sta.ie

Howard Florey

Ernst Chain
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Placebos
It has been known for a long time that if people think that a particular 
medicine is going to make them better they will get better, even if all they 
are given is a sugar tablet with no active ingredient. This type of tablet is 
called a placebo and its effect is therefore called the placebo effect. 

Research also shows that when doctors expect patients to get better 
they tend to report improvements even when there is little supportive 
evidence. How can we be sure that the medicines we take are actually 
responsible for our improvement?

Double Blind Tests
How do we know that the medicine works and is not subject to inflated 
claims of its effectiveness by the manufacturer, the doctor or the patient? 
To provide a truly objective evaluation a double blind test is used. Half 
the patients are given the actual drug, and half are given a placebo, but 
they do not know which they are being given and neither do the doctors. 
In this way any personal bias is removed from the experiment. The only 
person who knows who is getting which treatment is the outside 
researcher. After the results are collated and analysed then the truth is 
revealed and the effectiveness of the medicine can be evaluated. 

Safety
Safety is a major concern for all of 
us and it is particularly important 
in the area of medicine. 
Nonetheless mistakes happen, 
such as the thalidomide disaster 
in the 1960s.  Thalidomide was 
chiefly sold and prescribed during 
the late 1950s and early 1960s to 
pregnant women, in order to 
combat morning sickness and as 
an aid to help them sleep. Before 
its release, inadequate tests were performed to assess the drug’s safety, 
with catastrophic results for the children of women who had taken 
thalidomide during their pregnancies.  More than 10,000 babies were 
born with thalidomide related problems such as severe limb deformities 
or abnormalities in many of the vital organs like the heart, kidneys, eyes 
and even the nervous system. Nowadays medicines are first of all tested 
on cultures of individual cells, and if this is successful they are then 
tested on tissues. The next step is testing on animals, which, although 
they are similar to humans, do not react to medicines in exactly the 
same way. If no problems occur the next step in the sequence is testing 
on human volunteers and finally on patients. Only when these steps 
have been successfully completed is the medicine licensed for use. 

Side effects, including interactions with other drugs, should also be 
considered. For example, products containing St John’s Wort 
[Hypericum], which used to be available “over the counter”, have been 
taken off the shelves and are now available only on prescription because 
of their potentially serious interactions with other drugs such as digoxin 
and alprazolam (Xanax).

Poor quality medicines give poor results and may indeed do more harm 
than good. The build up of antibiotic resistance will be exacerbated if 
an antibiotic is not as strong as it is claimed to be, or is not as effective 
as is claimed. To prevent this, governments set up regulatory bodies to 
monitor drug effectiveness and safety. 

out mainly by trial and error. This is the problem that besets all natural 
remedies: how do you regulate the dosage? In the case of Digitalis 
possible side effects included stomach irritation and vomiting; one 
simply had to endure these as part of the treatment.

Drug usage requires the delivery of exact quantities of the active 
ingredient to the target site for a sufficient period to obtain the maximum 
benefit. The direct use of plant materials is problematic. The active 
ingredient may be just one of the thousands of substances present in the 
plant, some of which might have lesser or different effects on the body. 

Penicillin
Penicillin was extracted from the blue-green Penicillium mould which is 

found on mouldy bread and fruit. Its 
biological effect on bacteria was 
discovered by Sir Alexander Fleming. 
Initially, it was grown in bed pans and 
purified. Researchers discovered that 
mice suffering from septicaemia (blood 
poisoning) could be cured within a few 
hours of treatment. As a result two patients 
suffering from advanced septicaemia (a 
policeman with an infected face and a 
child with an infection behind his eye) 
were treated. They both made rapid 
recoveries but unfortunately died a short 
time later – the policeman because the 
doctors did not have enough penicillin to 

finish his treatment, and the child because a blood vessel behind his 
eye, weakened by the infection, ruptured. The penicillin used to treat 
these people was yellow in colour because it was impure. This was an 
experimental case and standards were not as stringent then as they are 
today. However, the medical potential of the drug had been demonstrated 
and it was put into production. The bed pan method was not suitable for 
large scale production so a more modern method of production, 
fermentation, was developed. Two chemists named Howard Florey and 
Ernst Chain perfected the technique of culturing the mould and extracting 
the active ingredient to make a pure white powder. Countless millions 
owe their lives to this endeavour, and in the opinion of many, Florey and 
Chain deserve greater credit than Alexander Fleming. 

Aspirin
Around the year 400 BC Hippocrates reported the use of powder made 
from the bark of willow trees [Salix] to cure headaches, pains and fevers. 
In the early 1800s the understanding of chemistry changed radically and 
many scientists began to study the fundamental composition of 
substances. In 1828 Johann Buchner, Professor of Pharmacy at the 
University of Munich, isolated many of the ingredients of willow bark and 
tested them one by one; he identified ‘salicin’ as the active ingredient. 
Others produced much purer extracts and in 1838 Raffaele Piria 
produced pure salicylic acid from salicin. Salicylic acid caused some 
stomach problems. In 1853 Charles Frederic Gerhardt modified salicylic 
acid to form acetylsalicylic acid, which was easier on the stomach, but 
he did not promote it.

In 1897 Felix Hoffmann was to first to synthesise pure salicylic acid in his 
laboratory. In 1899, having rediscovered Gerhardt’s work, he synthesised 
acetylsalicylic acid and used it to relieve his father’s arthritis. In 1900 it 
was patented by Bayer and marketed under the name Aspirin. A typical 
Aspirin tablet contains 300 mg of acetylsalicylic acid.

Many people believe that 
natural substances are 
better and safer than man-
made medicines. This idea 
has to be treated with 
caution, because there are 
some very toxic natural 
substances contained in 
plants, e.g. hemlock, ricin and ergot. It has been estimated that 
25% of modern prescription drugs contain at least one 
compound derived directly or indirectly from higher plants1. 
Many others are derived directly or indirectly from fungi or 
micro-organisms. There is a continuing search for other 
substances to add to these and folk medicine can often provide 
a lead. One of the frequently quoted reasons for preserving the 
tropical rainforests is that they contain many plants of potential 
medicinal value. Numerous books have been written on the 
medicinal uses of plants, and Culpepper’s Complete Herbal 
(written in the 16th century) is perhaps one of the most famous. 
Such books were written with self-medication in mind; however, 
this should be done with caution, except for the most minor of 
ailments, and only for short periods of time.

Plants have been used medicinally for thousands of years. China and 
India have a particularly long tradition in herbal medicine and large 
quantities of herbal medicines are imported from there. How do we know 
that these will work and will not do us any harm? Before we answer these 
questions we will take a closer look at a few medicines derived from 
plants and how they were discovered and developed. 

Digitalis (foxglove)
In folklore it is reported that American 
Indians discovered hundreds of years 
ago that foxglove [Digitalis], from 
which the drug digoxin is derived, 
could be used to control rapid 
heartbeat. How might this discovery 
have been made? It would seem 
reasonable to suppose that they 
observed that when people ingested 
foxglove seeds they often died 
because their heart slowed down and 
eventually stopped beating. The 
medicine men, who were acutely 
aware of the value of many plants, 
considered that if one gave a tiny 
amount of the plant to someone with 
rapid heartbeat, then perhaps it would 
slow down the heartbeat without 
killing them. 

This proved to be the case. However, there was a major problem; the 
substance that produces the effect is a poison and it is found in different 
concentrations in different parts of the plant, and indeed in the same 
part of different individual plants and at different times in the year. So 
how much do you need to take to achieve the desired effect? They found 

In Ireland that body is the Irish Medicines Board 
(IMB), which issues licences for veterinary and 
human medicines, including herbal medicines. It also oversees the 
safety of blood products and medical devices. Its mission is ‘to protect 
and enhance public and animal health through the regulation of 
medicines, medical devices and healthcare products’. 
Pharmacovigilance, i.e. monitoring problems with medicines and 
investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
664-669. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New York.

Fig. 1 Prescription Drugs

Fig. 4 Drug testing

Fig. 3  Staphylococcus 
aureus inhibited 
by Penicillium

The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie

Fig. 2  Foxglove (Digitalis 
purpurea)

N
 

I 

D
 

N
 

A
 SCIENCE     TECHNOLOGY 

  ACTION SECOND EDITION N
 

I 

D
 

N
 

A
 SCIENCE     TECHNOLOGY 

 ACTION FOURTH EDITION
The Science       Medicineo

f

Placebos
It has been known for a long time that if people think that a particular 
medicine is going to make them better they will get better, even if all they 
are given is a sugar tablet with no active ingredient. This type of tablet is 
called a placebo and its effect is therefore called the placebo effect. 

Research also shows that when doctors expect patients to get better 
they tend to report improvements even when there is little supportive 
evidence. How can we be sure that the medicines we take are actually 
responsible for our improvement?

Double Blind Tests
How do we know that the medicine works and is not subject to inflated 
claims of its effectiveness by the manufacturer, the doctor or the patient? 
To provide a truly objective evaluation a double blind test is used. Half 
the patients are given the actual drug, and half are given a placebo, but 
they do not know which they are being given and neither do the doctors. 
In this way any personal bias is removed from the experiment. The only 
person who knows who is getting which treatment is the outside 
researcher. After the results are collated and analysed then the truth is 
revealed and the effectiveness of the medicine can be evaluated. 

Safety
Safety is a major concern for all of 
us and it is particularly important 
in the area of medicine. 
Nonetheless mistakes happen, 
such as the thalidomide disaster 
in the 1960s.  Thalidomide was 
chiefly sold and prescribed during 
the late 1950s and early 1960s to 
pregnant women, in order to 
combat morning sickness and as 
an aid to help them sleep. Before 
its release, inadequate tests were performed to assess the drug’s safety, 
with catastrophic results for the children of women who had taken 
thalidomide during their pregnancies.  More than 10,000 babies were 
born with thalidomide related problems such as severe limb deformities 
or abnormalities in many of the vital organs like the heart, kidneys, eyes 
and even the nervous system. Nowadays medicines are first of all tested 
on cultures of individual cells, and if this is successful they are then 
tested on tissues. The next step is testing on animals, which, although 
they are similar to humans, do not react to medicines in exactly the 
same way. If no problems occur the next step in the sequence is testing 
on human volunteers and finally on patients. Only when these steps 
have been successfully completed is the medicine licensed for use. 

Side effects, including interactions with other drugs, should also be 
considered. For example, products containing St John’s Wort 
[Hypericum], which used to be available “over the counter”, have been 
taken off the shelves and are now available only on prescription because 
of their potentially serious interactions with other drugs such as digoxin 
and alprazolam (Xanax).

Poor quality medicines give poor results and may indeed do more harm 
than good. The build up of antibiotic resistance will be exacerbated if 
an antibiotic is not as strong as it is claimed to be, or is not as effective 
as is claimed. To prevent this, governments set up regulatory bodies to 
monitor drug effectiveness and safety. 

out mainly by trial and error. This is the problem that besets all natural 
remedies: how do you regulate the dosage? In the case of Digitalis 
possible side effects included stomach irritation and vomiting; one 
simply had to endure these as part of the treatment.

Drug usage requires the delivery of exact quantities of the active 
ingredient to the target site for a sufficient period to obtain the maximum 
benefit. The direct use of plant materials is problematic. The active 
ingredient may be just one of the thousands of substances present in the 
plant, some of which might have lesser or different effects on the body. 

Penicillin
Penicillin was extracted from the blue-green Penicillium mould which is 

found on mouldy bread and fruit. Its 
biological effect on bacteria was 
discovered by Sir Alexander Fleming. 
Initially, it was grown in bed pans and 
purified. Researchers discovered that 
mice suffering from septicaemia (blood 
poisoning) could be cured within a few 
hours of treatment. As a result two patients 
suffering from advanced septicaemia (a 
policeman with an infected face and a 
child with an infection behind his eye) 
were treated. They both made rapid 
recoveries but unfortunately died a short 
time later – the policeman because the 
doctors did not have enough penicillin to 

finish his treatment, and the child because a blood vessel behind his 
eye, weakened by the infection, ruptured. The penicillin used to treat 
these people was yellow in colour because it was impure. This was an 
experimental case and standards were not as stringent then as they are 
today. However, the medical potential of the drug had been demonstrated 
and it was put into production. The bed pan method was not suitable for 
large scale production so a more modern method of production, 
fermentation, was developed. Two chemists named Howard Florey and 
Ernst Chain perfected the technique of culturing the mould and extracting 
the active ingredient to make a pure white powder. Countless millions 
owe their lives to this endeavour, and in the opinion of many, Florey and 
Chain deserve greater credit than Alexander Fleming. 

Aspirin
Around the year 400 BC Hippocrates reported the use of powder made 
from the bark of willow trees [Salix] to cure headaches, pains and fevers. 
In the early 1800s the understanding of chemistry changed radically and 
many scientists began to study the fundamental composition of 
substances. In 1828 Johann Buchner, Professor of Pharmacy at the 
University of Munich, isolated many of the ingredients of willow bark and 
tested them one by one; he identified ‘salicin’ as the active ingredient. 
Others produced much purer extracts and in 1838 Raffaele Piria 
produced pure salicylic acid from salicin. Salicylic acid caused some 
stomach problems. In 1853 Charles Frederic Gerhardt modified salicylic 
acid to form acetylsalicylic acid, which was easier on the stomach, but 
he did not promote it.

In 1897 Felix Hoffmann was to first to synthesise pure salicylic acid in his 
laboratory. In 1899, having rediscovered Gerhardt’s work, he synthesised 
acetylsalicylic acid and used it to relieve his father’s arthritis. In 1900 it 
was patented by Bayer and marketed under the name Aspirin. A typical 
Aspirin tablet contains 300 mg of acetylsalicylic acid.

Many people believe that 
natural substances are 
better and safer than man-
made medicines. This idea 
has to be treated with 
caution, because there are 
some very toxic natural 
substances contained in 
plants, e.g. hemlock, ricin and ergot. It has been estimated that 
25% of modern prescription drugs contain at least one 
compound derived directly or indirectly from higher plants1. 
Many others are derived directly or indirectly from fungi or 
micro-organisms. There is a continuing search for other 
substances to add to these and folk medicine can often provide 
a lead. One of the frequently quoted reasons for preserving the 
tropical rainforests is that they contain many plants of potential 
medicinal value. Numerous books have been written on the 
medicinal uses of plants, and Culpepper’s Complete Herbal 
(written in the 16th century) is perhaps one of the most famous. 
Such books were written with self-medication in mind; however, 
this should be done with caution, except for the most minor of 
ailments, and only for short periods of time.

Plants have been used medicinally for thousands of years. China and 
India have a particularly long tradition in herbal medicine and large 
quantities of herbal medicines are imported from there. How do we know 
that these will work and will not do us any harm? Before we answer these 
questions we will take a closer look at a few medicines derived from 
plants and how they were discovered and developed. 

Digitalis (foxglove)
In folklore it is reported that American 
Indians discovered hundreds of years 
ago that foxglove [Digitalis], from 
which the drug digoxin is derived, 
could be used to control rapid 
heartbeat. How might this discovery 
have been made? It would seem 
reasonable to suppose that they 
observed that when people ingested 
foxglove seeds they often died 
because their heart slowed down and 
eventually stopped beating. The 
medicine men, who were acutely 
aware of the value of many plants, 
considered that if one gave a tiny 
amount of the plant to someone with 
rapid heartbeat, then perhaps it would 
slow down the heartbeat without 
killing them. 

This proved to be the case. However, there was a major problem; the 
substance that produces the effect is a poison and it is found in different 
concentrations in different parts of the plant, and indeed in the same 
part of different individual plants and at different times in the year. So 
how much do you need to take to achieve the desired effect? They found 

In Ireland that body is the Irish Medicines Board 
(IMB), which issues licences for veterinary and 
human medicines, including herbal medicines. It also oversees the 
safety of blood products and medical devices. Its mission is ‘to protect 
and enhance public and animal health through the regulation of 
medicines, medical devices and healthcare products’. 
Pharmacovigilance, i.e. monitoring problems with medicines and 
investigating and evaluating these, is one of its main tools. 

Licensed medicinal products are sold in pharmacies. If, however, 
you choose to buy medicines over the internet, then no such guarantee 
of quality, safety or purity is available. There are European laws and 
guidelines on safety testing (Directive 2001/83/EC) to further protect the 
consumer. The three pillars of the legislation of medicines are quality, 
safety and efficacy (effectiveness).

Thanks to the IMB we can be confident that our medicines are safe and 
effective, once they have been licensed for use here and have been 
purchased from a reputable pharmacy.
1 James A. Duke 1993. Medicinal plants and the pharmaceutical industry. p. 
664-669. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New York.

Fig. 1 Prescription Drugs

Fig. 4 Drug testing

Fig. 3  Staphylococcus 
aureus inhibited 
by Penicillium

The fundamental role of the Irish Medicines Board (IMB) is to 
enhance and protect public and animal health through the 
regulation of medicines, healthcare products and medical 
devices available on the Irish market. 

Before a medicinal product can be authorised for use, an 
application must be made to the Irish Medicines Board along 
with all of the necessary data supporting its quality, safety and 
efficacy. The IMB monitors the quality of medicines, including 
the operation of the national adverse reaction reporting system, 
by investigating the distribution and manufacturing sites of 
medicines and by randomly sampling the products before and 
after authorisation.

The IMB operates a Medicinal Product Defect Reporting and 
Investigation programme. IMB staff manage systems to monitor 
and identify product defects (also known as quality defects) or 
undesired side effects of a product that would affect its safety or 
quality and which are not in line with the approved registered file 
on that product.

The IMB is obliged to put in place and coordinate a reporting 
system for adverse incidents associated with the use of medical 
devices in Ireland.  The system is intended to improve the 
protection of health and safety of patients and users by reducing 
the chances of the adverse incidents recurring.

You can find out more about the Irish Medicines Board 
at www.imb.ie or at www.sta.ie
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purpurea)

N
 

I 

D
 

N
 

A
 SCIENCE     TECHNOLOGY 

  ACTION SECOND EDITION N
 

I 

D
 

N
 

A
 SCIENCE     TECHNOLOGY 

 ACTION FOURTH EDITION
The Science       Medicineo

f

Biographical Notes

Howard Florey and Ernst Chain 
Howard Florey and Ernst Chain were two 
scientists who in 1938 stumbled across 
Alexander Fleming’s 1929 research papers and 
were intrigued by his findings. They were certain 
that his discovery could be used to save lives by 
fighting infectious diseases.

They developed a large scale production 
process in the United States after America 
joined the Second World War in 1941. The drug 
was used to cure servicemen. Surprisingly it 
was not wounded servicemen, but those 
infected with STIs, who were the first to receive 
this new wonder drug because they could then 
return to active duty. The wounded had to take 
second place, at least initially.

Florey, Chain and Fleming each received the 
Nobel Prize in 1945 for their work on penicillin.

Paracetamol
When the Cinchona tree became scarce in the 1880s people began to 
look for an alternative so two alternative antipyretic agents were 
developed. Acetanilide was developed in 1886 and phenacetin in 1887. 
Harmon Northrop Morse first synthesized paracetamol via the reduction 
of p-nitrophenol with tin in glacial acetic acid in 1878. Paracetamol was 
not used in medical treatment for another 15 years. 

In 1893, paracetamol was discovered in the urine of individuals who had 
taken phenacetin. It was concentrated into a white, crystalline compound 
with a bitter taste. In 1899, paracetamol was found to be a metabolite of 
acetanilide. This discovery was largely ignored at the time. In 1948, 
Brodie and Axelrod determined that the analgesic effect of acetanilide 
was due to its active metabolite paracetamol. They advocated the direct 
use of paracetamol, since it did not have the toxic effects of acetanilide. 

Paracetamol was first sold in 1955 by McNeil Laboratories as a pain and 
fever reliever for children, under the brand name Tylenol Children’s Elixir. 
In 1956 500 mg tablets of paracetamol went on sale in Ireland and the UK 
under the trade name Panadol.

Since 1963 paracetamol has gained popularity as an analgesic 
medicine as it has few side-effects and little interaction with other 
pharmaceutical agents.

Syllabus Reference

Leaving Certificate Chemistry, Higher Level
7.3  Organic chemical reaction types

7.4  Organic natural products- extraction techniques

Leaving Certificate Biology, Higher Level 
3.1.1  Diversity of organisms

3.1.2  Micro-organisms

3.1.3  Monera -antibiotics

3.1.4  Fungi- edible and poisonous fungi

3.5.3  Human defence system

Learning Outcomes

On completing this section, the student will be able to:
• List the dangers associated with using natural medicine produced 

from an unlicensed source

• Appreciate how some natural remedies have provided a foundation 
on which our current medical knowledge is built

• Understand the term ‘placebo effect’

• Explain the advantages of performing a ‘double blind’ test

• List the safety procedures that a new drug or treatment must pass 
before being available for public distribution

• Explain how the IMB regulates the standard of medical  
care in Ireland.

Examination Questions 

Leaving Certificate Biology, 2006 Higher Level
i) Draw and label a diagram to show the basic structure of a typical 

bacterial cell.

ii) Other than being prokaryotic, state two ways in which a typical 
bacterial cell differs from a typical human cell (e.g. cell from cheek 
lining).

iii) Describe how some bacteria respond in order to survive when 
environmental conditions become unfavourable.

iv) What is meant when a bacterium is described as being 
pathogenic?

v) What are antibiotics? Use your knowledge of the Theory of Natural 
Selection to explain the possible danger involved in the misuse of 
antibiotics.

Leaving Certificate Biology, 2006 Higher Level
i) Answer the following in relation to bacteria.

ii) Distinguish between photosynthetic and chemosynthetic bacteria. 
Give an example of each type.

iii) Name two forms of heterotrophic nutrition found in bacteria.

iv) What are antibiotics? For what purpose are they used?

v) Explain what is meant by antibiotic resistance and suggest how it 
may develop.

For further examples of past questions check www.sta.ie

Student Activities

Research the following plants and fungi. Find out their common 1. 
names and what they are used for: Nepeta cataria, Agaricus 
bisporus, Volvariella vovlacea, Penicillium roqueforti, Amanita 
virosa, Amanita phalloides, Gyromitra esculenta, Nigella sativa, 
Rauvolfia serpentine, Hypericum perforatum, Symphytum 
offincinal. 

With the help of the IMB website find out what clinical trials are  2. 
being conducted in your locality. If the trial is conducted over a 
short period, follow its progress and record your conclusions.

Get a packet of tablets and read through the ingredients listed on 3. 
the back of the box. Find out the different actions of each of the 
separate ingredients and what standards had to be met in order 
for the product to be licensed. 

How would you compare the ‘effectiveness’ of antacid tablets?4. 

 Antacid tablets generally contain a base that is not very soluble in 
water, such as calcium carbonate, magnesium carbonate or 
magnesium hydroxide; this ensures that it does not produce a 
strongly alkaline solution but can still neutralise a acid.

 The following should be borne in mind:
Decide whether you want to compare the tablets by number or • 
by mass.
The tablets can be reacted with a strong such as dilute HCl.• 
Since the end point should be near pH 7 neutral red or • 
bromothymol blue might be used as an indicator. 
If the tables are crushed they will have greater surface area and • 
will react more quickly; this will make it easier to detect the end 
point of the titration. 

True/False Questions

a) People can die from eating foxglove seeds because  
they contain the toxin digoxin.  T F

b) Digoxin is evenly distributed throughout the foxglove plant. T F

c) Penicillin can treat gram positive bacterial infections. T F

d) A placebo is a substance/procedure that has a specific 
therapeutic effect. T F

e) Salicylic acid is the active ingredient in Aspirin. T F

f) Antibiotic resistance is the ability of a microorganism  
to withstand the effects of antibiotics. T F

g) Penicillin is extracted from foxgloves. T F 

h) A double blind test eliminates personal bias on the  
part of the doctor and the patient. T F

i) Substances that are natural are always safe. T F

j) Herbal medicines must meet strict standards of quality,  
safety and effectiveness. T F

k) Licensed medicines must meet strict standards of quality,  
safety and effectiveness. T F

l) Aspirin is widely used to reduce fever and inflammation. T F

m) A typical Asprin tablet contains 600mg of acetylsalicylic acid. T F

n) Antibiotic resistance means that people are resistant to  
bacterial infection. T F

Check your answers to these questions on www.sta.ie

General Learning Points

• There is a misconception of the safety of natural products.

• Self-medication should not be carried out without the supervision 
of a licensed physician.

• Digitalis, a substance taken from the foxglove plant, can be used to 
control rapid heartbeat, but only when taken in the correct 
dosage.

• Fleming discovered penicillin, which is used for the treatment of 
bacterial infections caused by susceptible gram positive 
organisms.

• Florey and Chain developed the techniques to culture and purify 
penicillin, making it available to the masses.

• A placebo produces a psychotherapeutic effect; when people 
believe the placebo is effective it often is.

• A double blind test is performed to eliminate bias on the part of 
both the subjects and the experimenters.

• Pharmacovigilance refers to the detection, assessment, 
understanding and prevention of adverse effects of medicines.

• The IMB uses pharmacovigilance to protect the public from sub-
standard medicines by regulating all medical devices and 
products. 

Did You Know? 

• In Africa up to 80% of the population uses traditional medicine as 
their primary healthcare. The World Health Organisation states that 
‘inappropriate use of traditional medicines or practices can have 
negative or dangerous effects’ as further research needs to be 
carried out to confirm their safety. 

• In ancient Greece, hemlock (a herbaceous biennial plant) was used 
to poison condemned prisoners. The famous philosopher Socrates 
was poisoned using hemlock in 339 BC. He opposed the idea that 
‘might is right’ and attempted to improve the system of justice in 
Athens. For this he was found guilty of corrupting the minds of 
youth. 

• In 1994, a surgeon named J. Bruce Moseley engaged in an 
experiment to test the placebo effect. He had ten patients scheduled 
for an operation to relieve arthritic pain in the knee. All ten were 
prepped for surgery, anesthetised and sent to the recovery room 
after the procedure. However, only two men underwent the standard 
arthroscopic surgery, while the others had no recognisable surgery 
at all – a placebo surgery. The placebo worked. Six months after the 
surgery, all ten patients reported reduced knee pain and none were 
unhappy with the outcome of the surgery. 

• Some traditional or folk medicines include: Chinese medicine, 
herbal medicine, Ayurvedic medicine, Unani medicine, acupuncture, 
spinal manipulation, Siddha Medicine, South African Muti and 
Yoruba Ifá.

Revise the Terms

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

Acid, active ingredient, ailments, antibiotic resistance, culturing, 
crystalline, digoxin, dosage, double blind test, drug, efficacy, 
fermentation, heartbeat, ingested, interactions, Irish Medicines Board, 
litigation, penicillin, pharmacovigilance, placebo, placebo effect, 
poison, purify, salicylic acid, self-medication, septicaemia, side effects, 
synthesised, thalidomide, toxic. 

Check the Glossary of Terms for this lesson at www.sta.ie

Howard Florey

Ernst Chain


