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SUPPORTING HOW SCIENCE WORKS



The search for the magic bullet
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Guidance for teachers

The search for the magic bullet timeline



Downloads 



(
Presentation slides 1–13


(
slide 1 – Is it possible to discover a magic bullet?


(
slides 2 and 3 – Medicines from plants


(
slide 4 – Drugs inspired by nature – quinine


(
slide 5 – Drugs inspired by nature – salicin


(
slide 6 – The discovery of aspirin


(
slide 7 – The chance discovery of a new dye


(
slide 8 – Using the new dyes to study disease


(
slides 9 and 10 –  Ehrlich’s bright idea


(
slide 11 – A life-saving red dye


(
slide 12 – A chance discovery of a natural magic bullet


(
slide 13 – Chemotherapy for cancer

(
Activity sheet A – Search for the magic bullet questions

(
Activity sheet B – Search for the magic bullet questions (simplified version)

(
Activity sheet C – Timeline cards (cut the sheet into cards before giving to students)

(
Activity sheet D – Timeline (blank)

Background information



Paul Ehrlich was the first to suggest the idea of a ‘magic bullet’ – a chemical that targets and kills disease-causing organisms while leaving normal body cells unharmed. He first used the term to describe an antibody, and later a chemical that binds to and specifically kills microbes or tumour (cancer) cells. In that sense, the first modern chemotherapeutic agent was Paul Ehrlich's arsphenamine, an arsenic compound discovered in 1909 and used to treat syphilis. This was later followed by sulfonamides discovered by Gerhard Domagk, and penicillin discovered by Alexander Fleming. Today monoclonal antibodies – many antibodies of the same type – are used to treat a wide array of human diseases, including cancer.

This unit highlights some of the characteristics of scientific research, because the quest for the first ‘magic bullet’ was a long and arduous team effort.

Drugs are substances that exert some kind of physiological or biochemical effect on our bodies. They may be single compounds or mixtures, and their effects may be beneficial or harmful. All drugs interact with specific targets, which are usually proteins but in some cases are DNA or RNA. Drugs work either by stimulating or blocking the activity of their targets. The development of a new therapeutic drug is a complex, lengthy and expensive process. It can take from 10 to 15 years and over £500 000 000 to bring a drug from concept to market. This includes toxicity testing on cells, then animals and finally clinical trials (including double-blind randomised trials) on people. 

This animation on the Wellcome website explain the process nicely: www.wellcome.ac.uk/bigpicture/drug/runflash2.html
Running the activity



Start the activity by showing the presentation describing ‘the search for the magic bullet’ and giving a commentary based on the notes provided for each slide (below).

Now put the students into small groups of three or four and give each group a set of timeline cards to sort. They can use these to complete the blank Search for the Magic Bullet timeline or produce their own timeline.

To complete the activity, give students a Search for the Magic Bullet question sheet A or simplified version B. Some of the questions require recall of information on cells, cancer, drugs and micro-organisms. This sheet could alternatively be given as homework.

Notes for ‘The search for the magic bullet’ presentation

Slide 1 Is it possible to discover a ‘magic bullet’?

A ‘magic bullet’ is the perfect drug to cure a disease with no danger of side effects.

Slide 2 Medicines from plants

Until the nineteenth century all drugs and medicines came from natural sources. Preparations of the bark from the willow tree are still used in herbal medicine to relieve rheumatism, reduce temperatures and as a sedative. 
Slide 3 Medicines from plants

Edward Stone, a clergyman from Chipping Norton in Oxfordshire, held the common belief of the time that a disease and its cure could be found together. Outbreaks of malaria were then common in marshy areas where willow trees grow. He used willow bark in the treatment of malaria and other fevers because it tasted bitter like the bark of the cinchona tree. In 1763, he read a paper called ‘An account of the success of the bark of willow in the cures of agues’ (meaning fevers) to the Royal Society in London. However, although Stone’s extract of willow gave relief from fevers, it did not cure malaria because it did not contain quinine, which is the active drug in cinchona bark. The cinchona tree is native to South America. Cinchona bark was imported from Peru to provide the only effective treatment for malaria.

Slide 4 Drugs inspired by nature – quinine

In 1820, quinine was isolated from cinchona bark and used to treat malaria.

Slide 5 Drugs inspired by nature – salicin

In 1852, salicin, the chemical in willow bark, is shown by chemists in Germany to be a compound of salicylic acid and glucose. Salicylic acid is named after the willow tree, Salix alba, in which it was discovered. Salicylic acid is irritating to the linings of the mouth, oesophagus and stomach. Compounds of salicylic acid were used to treat rheumatism from 1876.

Slide 6 The discovery of aspirin

In 1897, Felix Hoffmann, a chemist working for the German company Bayer, was interested in salicylic acid because he wanted to help his father who suffered from arthritis but could not take salicylic acid or its sodium salt. The sodium salt is less irritating but has an unpleasant taste. He converted salicylic acid to acetylsalicylic acid and gave the drug to his father. It helped with the symptoms but did not cure the disease. The name aspirin, comes from the 'a’ in acetyl chloride, the ‘spir’ in the German name for salicylic acid (spirsaüre) and the 'in' from a common ending for medicines. It took a few years (1898–1900) to demonstrate the effects of aspirin on rheumatism, arthritis and fevers. Hoffmann eventually persuaded Bayer to patent and market the drug. For more information see:

inventors.about.com/library/inventors/blaspirin.htm
Slide 7 The chance discovery of a new dye

In 1856, at the age of 18, William Perkin made his famous mauve dye at home when trying to find a way to make quinine. Before Perkin’s discovery, all dyes came from natural sources. The development of synthetic dyes led in time to the discovery of pharmaceuticals. This website celebrates Perkin’s discovery:

www.rsc.org/Chemsoc/Activities/Perkin/index.asp
Slide 8 Using the new dyes to study disease

Robert Koch used the new synthetic dyes as stains to discriminate among bacteria, connecting micro-organisms with particular effects. He identified the bacteria responsible for several diseases, including anthrax, tuberculosis and cholera.

Koch was a key figure in the development of the science of infectious diseases. He is known for his ‘postulates’ (1882) which are set out on this website:

web.ukonline.co.uk/b.gardner/Koch.htm
An interesting example of ‘how science works’, Koch’s postulates establish the criteria to be used when deciding whether or not a particular micro-organism causes a particular disease. They state that to prove an organism is the cause of any disease it is necessary to demonstrate that:

(
the organism is discoverable in every instance of the disease

(
when extracted from the body, the germ can be produced in a pure culture, maintainable over several microbial generations

(
the disease can be reproduced in experimental animals using a pure culture derived from the organisms initially isolated

(
the organism can be retrieved from the inoculated animal and cultured anew.

Although some pathogenic entities, notably viruses, had to be accepted without meeting all the conditions, most conditions were able to be fulfilled.

Slides 9 and 10 Ehrlich’s bright idea

Paul Ehrlich (1854–1915) was one of Koch’s assistants. He noted that dyes can be used selectively – that is, they will stain some cells and not others. His idea was to search for a ‘magic bullet’ – a drug that could highlight and then target specific disease-causing micro-organisms. This idea forms the basis of modern chemotherapy – the use of chemicals to treat disease Ehrlich and his assistants tested over 600 arsenic compounds to find a drug that would be effective against the spirochaete that causes syphilis, with no positive results. Ehrlich decided to try every one again. In 1909 working with a Japanese colleague, Sahachiro Hata, they found that the six hundred and sixth compound hit the target. Its effectiveness had been missed by a technician during the first series of trials. By 1911 Ehrlich was able to announce the discovery of the first synthetic chemical to control a parasitic disease. He called the new drug ‘Ehrlich 606’ as a reminder of the long struggle for success. It was patented in Germany and sold as Salvarsan.

This part of the Nobel website describes Ehrlich’s work:

nobelprize.org/nobel_prizes/medicine/laureates/1908/ehrlich-bio.html
Slide 11 A life-saving red dye
Before 1932, no synthetic chemicals existed for the treatment of bacterial infections. In 1932, Gerhard Domagk discovered that a red dye, ‘prontosil rubrum’, protected mice and rabbits against lethal doses of staphylococci. In an emergency, he used it to save his daughter’s life. The red dye was the first sulphonamide drug, marketed as Prontosil.
Domagk’s work is described on the Nobel website:

nobelprize.org/nobel_prizes/medicine/laureates/1939/domagk-bio.html
This website describes the impact of Prontosil and other new drugs during the Second World War:

home.att.net/~steinert/wwii.htm
Slide 12 A chance discovery of a natural magic bullet

In 1928, while working on influenza virus, Alexander Fleming observed that mould had developed accidently on a staphylococcus culture plate and that the mould had created a bacteria-free circle around itself. After experiments, he found that a mould culture prevented growth of staphylococci, even when diluted 800 times. He named the active substance penicillin. The discovery of penicillin revolutionised twentieth-century medicine. For the first time, there was an effective drug available against many common infections that once were life threatening or had long-term consequences. Now they could be quickly cleared up with a simple antibiotic.
The work of Fleming is described on the Nobel website:

nobelprize.org/nobel_prizes/medicine/laureates/1945/fleming-bio.html
This website tells the story of the development of penicillin as a miracle drug:

herbarium.usu.edu/fungi/FunFacts/penicillin.htm
Slide 13 Chemotherapy for cancer

Today, chemotherapy is important in the treatment of cancer. The underlying principle of chemotherapy is to kill the cancer by treating it with chemicals that interfere with the process of cell division. They do this either by damaging the proteins involved, or by damaging the DNA itself. This causes the damaged cells to commit suicide (by apoptosis). Chemotherapy drugs are effective against cancer cells because these cells divide rapidly, whereas most normal cells do not. However, some cells, such as bone marrow cells and hair follicle cells also divide rapidly and are often damaged during chemotherapy. As a result, chemotherapy drugs often have unpleasant side effects such as nausea, hair loss and vomiting.

New drugs for cancer treatment are being released all the time. In 1998, Herceptin (trastuzumab) was approved for the treatment of breast cancer. Herceptin is an example of a monoclonal antibody. It binds to a mutated receptor on breast cancer cells.

The Cancer Research UK website has information about cancer and cancer treatments including chemotherapy:

www.cancerhelp.org.uk/
info.cancerresearchuk.org/cancerandresearch/learnaboutcancer/treatment/chemotherapy/
The BBC website has information about chemotherapy:

news.bbc.co.uk/1/hi/health/medical_notes/3243613.stm
This article about Herceptin in student BMJ discusses whether the drug is a new ‘magic bullet’:
student.bmj.com/issues/00/10/reviews/391.php
This website has more about Herceptin:

www.cancerbackup.org.uk/Treatments/Biologicaltherapies/Monoclonalantibodies/Trastuzumab
Answers for Activity sheet A – The search for the magic bullet questions



1. A magic bullet is the perfect drug to cure a disease with no danger of side effects.  


2. a) cinchona bark
b) Mosquitoes breed there
c) a disease and its cure could be found together 
d) No because it did not contain quinine


3. a) Extensive trials in vitro, then on animals before trials on humans
b) prevention – stops person getting the disease
   cure – treatment once person has the disease

4. a) any sensible answer
b) may have unwanted side effects

5. a) In nature they are colourless and almost invisible under the microscope?
b) The nucleus of the white blood cell is stained a dark purple colour, cytoplasm only 
   lightly stained.
6. a) Any sensible answer – eg to prevent unnecessary trials / to enable scientists to build on the 
   work of others etc.
b) Because none of the compounds tested were effective.


7. a) Antibiotics have been found / made
b) Antibiotics are only effective against bacterial diseases, common cold is caused by a virus.
c) Antibiotic resistance has developed in some strains of bacteria.


8. a) nucleus 
b) Abnormally fast /rapidly dividing cells
c) Damage to DNA by chemicals or radiation (UV, X-rays or gamma rays).
d)  Chemotherapy drugs are effective against cancer cells because they divide rapidly. Normal 
     cells, such as bone marrow cells and hair follicle cells also divide rapidly and are therefore 
     also likely to be damaged during chemotherapy.  

Answers for Activity sheet B – Search for the magic bullet questions



1
A ‘magic bullet’ is a drug that cures a disease without any side effects.

2
a)
cinchona


b)
mosquitoes


3
a)
tested / put through clinical trials / any other sensible alternative


b)

4
a)
Fabrics would be paler colours / limited to greens, browns, yellows / same colours as found in plants / other sensible alternative.


b)
There are concerns that such dyes can cause hyperactivity / allergies / other sensible alternative.


5
a)
So that it is easier to see the cells (most are colourless).


b)
Nucleus of white blood cell is stained dark blue/purple, while cytoplasm is only slightly stained.

6
a)
So work can be replicated / to prevent duplication / to enable ideas to be taken forwards.


b)
Because none of the compounds tested were effective.


7
a)
Because of the availability of antibiotics.


b)
bacteria 

c)
become resistant to


8
a)
nucleus


b)
Cancer occurs when cells divide uncontrollably to form a tumour.


c)
 UV / ionising radiation / chemicals in cigarette smoke


d)
nausea / sickness / hair loss

Differentiation


Suggestions for students who would benefit from additional support

A blank timeline is provided for those who might appreciate help in planning their work, as well as Activity sheet B – Search for the Magic Bullet questions, which provides simplified and more structured questions about this activity.

Suggestions for students who may appreciate additional challenge

Students could research details about the various scientists mentioned in the unit and their work, using the web references provided. You could bookmark the websites to avoid students wasting time on internet searches. The students could produce their own timeline using the time cards and be asked to add additional information about other relevant discoveries and scientists.

A story of drug discovery



Downloads 



(
Presentation


(
slide 14 – Sub-headings

(
Activity sheet A – A story of drug development questions

(
Activity sheet B – A story of drug development questions (simplified version)

(
Activity sheet C – Putting the story together (cut the sheet into paragraphs before giving to students)

(
Activity sheet D – Putting the story together 

Running the activity



Group students into pairs and give each pair a set of the article paragraphs from ‘Activity sheet C – Putting the story together’. Ask students to arrange the paragraphs in the right order, to make a newspaper report. Each paragraph then needs to be given an appropriate sub-heading. There are no right answers for the missing sub-headings. Some suggestions are provided on Slide 14.

Once students have completed their newspaper article, give them a question sheet to complete – Activity sheet A or B (simplified version). These could alternatively be set for homework.

Answers for Activity sheet A – Drug development



1
All living cells are very similar and so a chemical that damages the cells of micro-organisms is also likely to damage healthy cells in a human or animal.

2
The new dyes were used to stain bacteria. Different bacteria take up the stains differently – so they could be identified.

3
Ehrlich used dyes to stain parts of cells. Some dyes are selective and will only dye particular cells or particular parts of a cell. Ehrlich thought it might be possible to find chemicals that would attach themselves selectively to bacteria and other organisms that cause disease, but not to normal cells.

4
Arsenic is in the same group of the periodic table as nitrogen. Elements in the same periodic group have similar but not identical properties.

5
It was the 606th chemical tested in a long series of trials.

6
a)
Wool is a protein.


b)
Domagk’s approach was very similar to Ehrlich’s and based on similar ideas.

7
After the 1940s, antibiotics such as penicillin had been discovered and these were generally much more effective than sulphonamide drugs.

8
Although measles and chicken pox are both caused by viruses, antibodies to neutralise chicken pox antigens will have a different shape to those against measles antigens. The antibodies will not match the shape of the antigens for measles.

9
If specific monoclonal antibodies can be made for the leukaemia cancer cells, these cells can be targeted and destroyed.

10
Chemotherapy uses chemicals that are toxic to cells. Ideally a chemical used for therapy would only attack the cells that are causing the disease. In practice, the chemicals have some effect on healthy cells too.

Answers for Activity sheet B – Drug development



1
similar 

2
synthetic 

3
magic bullets

4
same 

5
It was the 606th compound that Ehrlich tested 

6
protein

7
antibiotics

8
antigens

9
antibodies

10 a)
Treating cancer with chemicals that interfere with the process of cell division. 

     b)
nausea / hair loss / vomiting

Differentiation


Suggestions for students who would benefit from additional support

These students should use Activity sheet D – Putting the story together, which provides a complete version of the article provided on Activity sheet C, rather than separate paragraphs to arrange. You could read through each section of the article as a class and then ask for suggested headings, or use those provided on Slide 14. A simplified version of the questions about the story is provided in Activity sheet B.

Suggestions for students who may appreciate additional challenge

If students have access to computers, they could sort the paragraphs on screen using Word or some other editing package. They could alter the fonts, edit the article, add additional information and add images before printing the article.
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