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I 









t is universally accepted that smoking cigarettes is bad for 









your health. As a consequence, many smokers have switched 









to using e-cigarettes to get their nicotine fix. But should 









we now be worried about other chemicals being inhaled as 









people vape? 









The first smokers 









The first Europeans to arrive in America at the end of the 









fifteenth century soon became acquainted with the Native 









American custom of smoking tobacco. They introduced the 









practice to Europe, and tobacco came to China and Japan at 









much the same time. In China, tobacco was taken up as a 









protection against malaria — its smoke was thought to repel 









mosquitoes. Many rulers were opposed to it — King James I 









wrote a book entitled 



A Counterblaste to Tobacco. 



But instead of 









banning it, governments settled for taxing it. 









The compound responsible for the pleasurable aspects of 









smoking tobacco (and for its addictive properties) is nicotine, a 









secondary metabolite 



produced by the tobacco plant 



Nicotiana 









Is vaping 









really safer 









than smoking? 









Simon Cotton 









This article links to the following topics in the 



AQA, 



Edexcel, 



OCR, 









WJEC, 



CCEA 



and 



SQA 



exam specifications: 









• 



carbonyl compounds, aldehydes and ketones 









• 



chiral molecules 









• 



DNA 









Exam links 









Many smokers are turning to 









e-cigarettes, but these products 









still produce chemicals that 









are hazardous to health 
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The majority of the nicotine taken in by the body is oxidised 









in the liver to cotinine. Like nicotine, cotinine exists as (R)- and 









(S)-isomers. Cotinine is longer-lived than nicotine in the body, 









with a half-life of around 24 hours, so measures of cotinine 









levels in the blood or urine can be used to see whether someone 









has been smoking in the last day or two. 









tabacum 



as a defence against herbivores. Other molecules used 









by plants as a defence include: 









■ 



codeine and morphine in 



Papaver somniferum, 



the opium 









poppy (see 



CHEMISTRY REVIEW, 

Vol. 24, No. 2, pp. 31–33 and 









Vol. 27, No. 1, pp. 28–31) 









■ 



caffeine in 



Camellia sinensis 



(tea) and 



Coffea spp. 



(coffee) (see 









CHEMISTRY REVIEW, 



Vol. 21, No. 1, pp. 10–15 and Vol. 24, No. 3, 









p. 34) 









■ 



cocaine in 



Erythroxylum coca, 



the coca plant (see 



CHEMISTRY 









REVIEW, 



Vol. 27, No. 2, pp. 2–5) 











A few insects are resistant to nicotine, particularly 



Manduca 









sexta 



(the tobacco hornworm) and 

Lasioderma serricorne 



(the 









cigarette beetle). 









An accidental overdose 









At one time nicotine was widely used as an insecticide. But 









nicotine is not just a fast-acting poison that is toxic to insects, it 









is toxic to humans too. 









In 1932, some nicotine-containing insecticide was spilt on 









a chair in a Florida florist’s shop. The florist sat on the chair, 









the insecticide soaked though his trousers and nicotine was 









absorbed through his skin. The florist became unwell and was 









admitted to hospital for observation. The hospital did not know 









what was wrong with him, but as the body metabolised the 









nicotine (it has a 



half-life 



in the body of around an hour) his 









condition soon improved. 









After a few days, the hospital discharged the florist, handing 









back his clothes, which had been kept in a paper bag while he 









was confined to bed. He put on his clothes again, and within an 









hour suffered a second dose of nicotine poisoning. 









Small rewards 









Smoking destroys most of the molecules present in tobacco, 









including nicotine. The nicotine that survives (around 10%) 









is carried from the lungs, via the blood, to the brain, where it 









stimulates release of 



neurotransmitters, 

including the ‘pleasure 









molecule’ dopamine (see 



CHEMISTRY REVIEW, 

Vol. 23, No. 4, 









pp. 12–13). The short time lag of less than 10 seconds between 









taking the ‘drag’ on the cigarette and the brain’s ‘pleasure’ 









response is the reason why smoking can be so addictive, as the 









brain links smoking with pleasure. 









Nicotine contains a 



chiral carbon 

atom, so exists as two 









optical isomers 



(enantiomers, see 



CHEMISTRY REVIEW, 



Vol. 10, 









No. 3, pp. 6–9). As is usually the case with naturally produced 









chiral molecules, the tobacco plant makes just the one form, 









(S)-nicotine. The (R)-isomer is not made naturally, but can be 









synthesised in the laboratory (Figure 1). 
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Figure 1 



Nicotine and cotinine both contain a chiral carbon 









atom, so each compound can exist as two optical isomers 









(enantiomers) 









Tobacco plant 









Tobacco hornworm 









Cigarette beetle 











[image: background image]





4 









Chemistry Review September 2019 









Big risks 









Most of the danger in smoking does not come directly from 









nicotine. Cigarette smoke contains around 4000 different 









compounds. The most dangerous molecules are 



carcinogens 



such 









as benzo[a]pyrene and nitrosamines (e.g. N′-nitrosonornicotine, 









NNN, which is derived from nicotine). Tobacco ‘tar’, which gets 









carried in the smoke to the mouth and lungs, is rich in these 









toxic substances (Figure 2). 









If you smoke tobacco, the smoke damages the DNA in the 









cells of organs exposed to it, as well as others that are indirectly 









exposed, speeding up genetic mutations and increasing the risk 









of cancer. It is not just the lungs. Other areas of the body, such as 









the mouth, larynx, liver, cervix, oesophagus, pancreas, bladder 









and kidneys are all at risk from smoking-induced mutations. 









Not all these mutations lead to cancer, but the more of them 









there are, the more likely it is that cancer-causing mutations 









will occur. The ways in which many of these cancers arise at the 









molecular level is not yet understood. 









The 



polycyclic aromatic hydrocarbon 



(PAH, see 



CHEMISTRY 









REVIEW, 



Vol. 7, No. 2, p. 34) benzo[a]pyrene is present in tobacco 









smoke. Benzo[a]pyrene and other PAHs are well-known 









carcinogens. Once inhaled, PAHs get oxidised by cytochrome 









P450 enzymes to 



epoxides, 



which are rapidly hydrolysed to 









diols. 



The diols are next converted to diol epoxides, shown in 









Figure 3. 









Benzopyrene diol epoxide (BPDE) reacts readily with DNA, 









principally at 



guanine, 



to form adducts (Figure 4) that lead to 









mutations (see 



CHEMISTRY REVIEW, 



Vol. 28, No. 4, pp. 2–6). These 









adducts deactivate tumour suppressor genes, leading to aberrant 









cells and starting the carcinogenic process. 









According to the World Health Organization, smoking-related 









disease kills around 6 million people a year (about 600 000 of 









these from ‘passive smoking’, see 



www.tinyurl.com/7pafwnz). 









Around 100 000 of these deaths occur in the UK, and half 









a million in the USA. Nicotine does not cause these deaths 









directly, but addiction to nicotine does. 









The rise of vaping 









Within the last decade or so, e-cigarettes have been marketed 









as a means of taking nicotine with fewer health risks than 









traditional cigarettes. Since tobacco is not burned, e-cigarettes 









eliminate the risks associated with tar. 









Aldehyde 



A carbonyl compound with the C=O (carbonyl) group at 









the end of the carbon chain, also recognisable as a –CH=O group. 









Aromatic 



Compounds where the 



π 



electrons are delocalised over a 









complete ring system, benzene being the simplest example. 









Carbonyl group 



Functional group made up of a carbon atom and 
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