THE FIRST APPEARANCE OF THALIDOMIDE 
Thalidomide first appeared in Germany on 1st October 1957. It was marketed as a sedative with apparently remarkably few side effects. The Drug Company who developed it believed it was so safe it was suitable for prescribing to pregnant women to help combat morning sickness. 
It was quickly being prescribed to thousands of women and spread to most corners of the globe. Nobody had any idea of what was to follow. Drug testing procedures were far more relaxed at this time, and although tests had taken place on thalidomide, they didn't reveal any of its teratogenic (roughly meaning causing malformations) properties. In most countries, drug companies were not required to submit testing results to the appropriate government agencies.
The tests on thalidomide were conducted on rodents which metabolise the drug in a different way to humans. Later tests on rabbits and monkeys produced the same horrific side effects as in humans. 
[image: Some thalidomide babies]Towards the end of the fifties, children began to be born with shocking disabilities. It was not immediately obvious what the cause of this was. Probably the most renowned is Pharcomelia, the name given to the flipper-like limbs which appeared on the children of women who took thalidomide. Babies affected by this tragedy were given the name 'Thalidomide Babies'. 
Pictured right are some of babies born with the flipper-like limbs. Remarkably, many of the children involved have gone on to lead successful and fulfilling lives. 
Some Effects Of Thalidomide 
Around 12,000 children were born with some kind of disability due to damage caused by thalidomide. Countless more miscarriages, which weren't recorded as caused by thalidomide, mean we can't assess correctly the true scale of the disaster. Estimates put the number of children affected at around 20,000. Even this doesn't take account of the families of the children affected. 


One effect of thalidomide is targeting blood vessels. It is able to block angiogenesis, the growth of new blood vessels and so tends to target parts of the body undergoing growth. Pregnant women taking the drug could therefore feel the benefit of the drug in combating morning sickness, but damage was being done to the rapidly growing foetus. It is possible that so many of the thalidomide babies experienced pharmcomelia because morning sickness can appear around the time of foetal limb growth. [image: Image used without permission from 'The Horror And 

Hope of Thalidomide' http://copper.chem.umass.edu/genchem/chem102/thalid.html]
Many other forms of damage were caused to the children, including brain damage. Fortunately many children's disabilities were purely physical and they could learn to cope with disabilities and show normal intelligence. Not all the effects of this drug were unpleasant, and a positive change has resulted from the disaster. As was mentioned before, at this time it was not usually necessary to submit research to government agencies before approval for sale was given. This was not the case in America. 

[image: Frances Kathleen Oldham Kelsey, Ph.D., M.D. (1914 - ) 

Image take from 'www.greatwomen.org/induct.htm']The case for Thalidomide was dealt with by reviewing medical officer Frances Kelsey, pictured left. This was her first case and was expected to be a simple approval, with the drug already widely available around the world. Kelsey was not convinced and withheld her approval while more research was conducted. After a while, reports of the drug's teratogenic effects began to emerge from Europe, and the drug was quickly withdrawn the world over. Thanks to her conviction, only 17 thalidomide babies were born in America, mostly due to thalidomide bought in other countries. 
Now all countries require this information, and Drug tests have become infinitely more thorough. A lot of research has been put into optically active molecules. In most cases where only one enantiomer of a molecule is an effective drug, a stereo specific manufacturing method will be created. 
It was never thought that thalidomide affected the DNA of patients. Nobody expected any effect to be observed in the children of the victims, but unfortunately new research is suggesting effects can be passed through generations.
Of 380 children born to thalidomide victims, 11 have suffered congenital limb defects, a rate 5 times higher than in the general population. Research has suggested it can also alter the DNA of eggs and sperm in rats. 
Thalidomide has just one chiral atom and so exists as two enantiomers. The diagram to the right shows the molecule without hydrogens. Notice that two of the groups attached to the chiral centre are part of the same ring structure. They are classified as two different groups since moving around from the chiral centre the order of atoms is different each way. It is said the chiral atom has two different views around the ring.

Two Images To Show the Enantiomers Of Thalidomide
	[image: S isomer of Thalidomide]
	[image: R isomer of thalidomide]
	The only difference is the positioning of the functional groups, yet it was believed this affected much more than the optical activity of the compound.
(Click on images for 3D molfiles). 

	'S' Optical isomer 
	'R' Optical Isomer 
	Reminder of Naming


The Reality of Optical Isomerism In Thalidomide
Laboratory tests after the thalidomide disaster showed that in some animals the 'S' enantiomer was teratogentic but the 'R' isomer was an effective sedative. It is now known that even when a stereo selective sample of thalidomide (only one of the optical isomers) is created, administering it at the pH in the body, can cause racemizing. In other words some of the molecules will isomerize,  creating an mixture in which both enantiomers are present in a roughly equal mix in the blood. So, even if a drug of only the 'R' isomer had been created, the disaster would not have been averted.
The Re-Emergence Of Thalidomide 
After the 1960's tragedy and thalidomide being taken out of use, not all the drug was destroyed. A few years later, the story took a surprising turn by means of an Israeli doctor. In 1965 the doctor was treating leprosy patients. One in particular had developed a bacterial infection coupled with inflammation. After stumbling across some thalidomide, remembering it was a sedative, the doctor administered it in the hope it would help the patient sleep and ease his pain.
Remarkably, in the morning the swelling had being brought under control. This extremely fortunate discovery lead to research on the effects of thalidomide on inflammatory diseases. 
This is not the only situation in which Thalidomide has proved effective. Since it reduces growth of blood vessels, it has been tested on cancer patients, as tumours require new blood vessels. It has been used to treat weight loss associated with AIDS/HIV and on Chron's disease patients. It has also been studied for its potential property of stopping HIV progression. 


1.  Summarize the initial purpose of thalidomide and subsequent problems. 







2. Explain why the majority of “thalidomide babies” suffer from malformed limbs as opposed to other potential defects.  







3.  Chemically, what is happening to the drug to cause such problems?  Would this have been discovered doing in vitro research as opposed to in vivo research?  Why or why not? 








4.  For what two new applications is thalidomide being researched?  




5.  Explain how thalidomide’s anti-angiogenic properties would be beneficial for a cancer patient.  Include a basic description of what a tumor is and what its needs are.  
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