
Medicines and 
drugs' Option 0 

Records from Egypt and from Greece written over three thousand years ago 
document medical properties in eA'tracts from animal organs, plant tissue and 
minerals. Chinese medicine too has its roots in ancient times. These insights into 
the healing properties of natural substances, often based on knowledge of the local 
environment, have typically been passed on from generation to generation within 
communities. This continues to be an important aspect of health management for 
many people today. 

The 20th century, however, saw a major new development in health care - that of 
the production of synthetic molecules specifically for the treatment of illnesses. 
Without question this has been one of the most significant achievements of the 
last 100 years. Development of targeted drugs and vaccines has meant that diseases 
such as smallpox have been eradicated, countless millions have survived infections 
such as malaria and tuberculosis, and other diseases like polio are on their way 
to extinction. Untold numbers of people today owe their lives to the action of 
medicines. 

At the same time, and as with other great innovations, the pharmaceutical 
industry has brought its own challenges. Abuses, problems arising from excesses 
and new problems like antibiotic resistance all have to be faced. As global travel 
becomes more commonplace and new diseases such as avian 'flu and ebola 
appear, the potential exists for pandemics (epidemics across a large region of 
human population), as we have already seen with HIV. In addition, there are huge 
discrepancies in the availability of drugs in different parts of the world, which 
means that many diseases for which effective treatments exist are still inflicting 
suffering and death in some places. 

As most medicines and drugs are organic in nature, you will gain a greater 
understanding of this chapter if you have first studied ehapter 10, Organic 
chemis try. It is hoped that this option will help you to apply your ch emiSlry 
knowledge to the many topical issues discussed, as well as to be better prepared to 
make important decisions about the management of your own health. 

Coloured scanniflg electron microgroph .. 
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phar"aceutical industry. 



Assessment statements 

0.1 Pharmaceutical products
 

D 1.1 List the effects of medicines and drugs on the functioning of the body.
 

D.1.2	 Outline the stages involved in the research, development and testing of 

new pharmaceutical products. 

D.1.3	 Describe the different methods of administering drugs. 

0.1.4	 Discuss the terms therapeutic window, tolerance and side-effects. 

0.2 Antacids 

D.2.1	 State and explain how excess acidity in the stomach can be reduced by 

the use of different bases. 

D.3 Analgesics 

0.3.1	 Describe and explain the different ways that analgesics prevent pain. 

0.3.2	 Describe the use of derivatives of salicylic acid as mild analgesics and 

compare the advantages and disadvantages of using aspirin and 

paracetamol (acetaminophen). 

0.3.3	 Compare the structures of morphine, codeine and diamorphine 

(heroin, a semi-synthetic opiate). 

0.3.4	 Discuss the advantages and disadvantages of using morphine and its 

derivatives as str.ong analgesics. 

0.4 Depressants
 

D4.1 Describe the effects of depressants.
 

0.4.2	 Discuss the social and physiological effects of the use and abuse of 

ethanol. 

0.4.3	 Describe and explain the techniques used for the detection of ethanol 

in the breath, the blood and urine. 

0.4.4	 Describe the synergistic effects of ethanol with other drugs. 

0.4.5	 Identity other commonly used depressants and describe their 

structu res. 

0.5 Stimulants 

0.5.1 List the physiological effects of stimulants. 

052 Compare amphetamines and epinephrine (adrenaline). 

D.5.3	 Discuss the short- and long-term effects of nicotine consumption. 

0.5.4	 Describe the effects of caffeine and compare its structure with that of 

nicotine. 

D.6 Antibacterials 

0.6.1	 Outline the historical development of penicillins. 

D6..2	 Explain how penicillins work and discuss the effects of modifying the 

side-chain. 

D.6.3	 Discuss and explain the importance of patient compliance and the 

effect of penicillin overprescription. 

D.7 Antivirals 

0.7.1	 State how viruses differ from bacteria. 

D.7.2	 Describe the different ways in which antiviral drugs work. 

0.7.3	 Discuss the difficulties associated with solving the AIDS problem. 

ail. 
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Pharmaceutical products 

The human body has many natural systems of 
defence 

The functioning of the human 
body involves an incredibly 
intricate balance of thousands 

of different reactions occurring 
simultaneously. All of these must 
respond to the changing demands 
of the individual's activities and 
environment - it is truly complex 
chemistry! The remarkable fact is 

that for most people most of the 
time, the functioning of the body 
works effectively - the situation when 
we describe ourselves as <healthy'. 

However, inevitably the system can 
suffer from many types of defect and 
breakdown, through injury, through 
genetically or environmentally 
caused abnormalities and through 
accumulated changes with age. 

In addition, we are constantly 
under attack from microorganisms 
which can enter the body, alter its 
functioning and so cause disease. r 

-


... 
Coloured scanning electron micrograph 
of bacteria. shown in yellow, in the 
blood alongside red blood cells and a 
white blood cell. The white blood cell 
will destroy the bacteria, protecting the 
body from disease. 

Happily, the human body is well equipped with equally complex systems of 

defence and healing processes to try to minimize the effects of these challenges. 
Rather like in a battle in a war, we describe attacking microorganisms as invaders 
and the body's responses as different lines of defence, activated as the invaders 
penetrate more deeply. Some of the key aspects of the natural defence mechanisms 
are described in the table below. 

Non-speCf'fIC d f	 5peclIC e ence mece ence mee hanlsms	 T d f hamsms.~ 
First line of defence: Second line of defence: Third line of defence-

barriers to prevent entry attack invaders immune system I 
• white blood cells produce specific 

(phagocytosis) 
•	 white blood cells engulf invaders •	 skin 

proteins called antibodies to I 
recognize and destroy the invaders 

• blood clotting to prevent loss of blood•	 mucous membranes I 
and further invasions •	 memory cells enable the body to 

fight a repeat Invasion of the same I 
organism more effectively
 

openings such as lips. eyelids. ear
 
•	 closures and secretions of natural •	 the inflammatory response 

I 
wax etc. I 



Oft~ll the responses of the body to an invading 

ganism manifest themselves as symptoms 

nifiisease. For example, we may experience 
acess mucus from the nasal passages, or 

almr as the body raises its temperature 

IoJight the infection of a common cold. 

Although these symptoms generally need to 

bemonitored, as for example a high body 
temperature can be dangerous, they are not 

llsually themselves cause for concern. 

When considering how best to fight disease, 

jti essential that we keep the focus on 

maximizing the effectiveness of the body's 

natural defence systems, rather than in any 

way defeating it or inhibiting its effect. At best, 

medicines work by supplementing our natural 

heali ng processes. 

There are many different types of medicines 
and drugs 
The terms 'medicines' and 'drugs' are sometimes used interchangeably and 

~ometimes have slightly different meanings in different parts of the world. They 

art most clearly defined as follows. 

Drug: a chemical that affects how the body works. This includes changes for the 

beller and for the worse. The term is sometimes associated with substances which 

are illegal in many countries, such as cocaine, ecstasy and heroin, but its usage is 

not limited to these cases. 

Medicine: a substance that improves health. Medicines, which may be natural 

or synthetic, therefore conta.in beneficial drugs. Synthetic medicines also 

contain other ingredients, which are non-active but help in the presentation and 

administration of the drug. The beneficial effect of a medicine is known as its 

therapeutic effect. 

In general, the effects on the body of drugs include the following: 

• alteration of the physiological state, including consciousness, activity level and 
coordination 

• alteration of incoming sensory sensations 

• alteration of mood or emotions. 

Given the complexity of the chemical reactions in the body, most drugs have more 

lhan one effect and so can be difficult to classify precisely. However, the drugs 

considered in this chapter are those which primarily: 

• target the nervous system and brain, including the perception of stimuli; these 
include analgesics, stimulants and depressants 

• target metabolic processes; these include antacids 

• aim to Sllpplement the body's ability to fight disease-causing organisms; these 
include antibacterials and antivirals. 

.... 
ompu ter artwork of the il1flammatory 

response. Bacteria, shown in gold, are 
seen entering the body tl1rough a 
(Ul in the skin and the blood capilla ry 
beneath the site of entry is releasing 
white blood cells, shown'n purple dnd 
green, into the tissue, These cells will 
destroy the bacteria and activate the 
Immune response. 
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Medicines and drugs 

The word placebo is Latin for 'I will 
please'. The term nocebo, Latin for 
'I will harm: is sometimes used to 
describe acondition worsened by 
a belief that adrug used is harmful 
One example is aper,on dying of 
fright after being bitten by a non­
venomous snake.• 

The placebo effect is when ~ 
~ patients gain therapeutic effect 

from their belief that they have 
been given a useful drug, even 
when they have not. 

Studies on the placebo effect 
are fraught with difficul1ies of 
interpretatioll as there are many 
other factors that could have 
contributed to the daimed 
therapeutic effects. These include 
spon'tanecus irnprovemem, 
fluclUa'tion of sympronlS, 
"nswers of politeness and patient 
misjudgement. Consider what 
other factors might be involved in 
interpreting such research and how 
experimer1ts to produce reliable 
and reproducible da'ta could be 
conducted. 

You can listen to some leading 
researchers on placebos discussing 
their results and some ofthe 
ethical issues raised by the use of 
placebo treatment in the medica! 
profession. 

Now go to 
www.heinemann.couk/hotlinks, 
insert the express code 4259P and 
click on thiS ctivity. 

The placebo effect - the power of suggestion? 
It has been known for years that a significant number of patients receive 
therapeutic and healing effects from medicines that are pharmacologically 
inert, when they believe they are taking an effective drug. This effect, called the 
placebo effect, has been the subject of much research and analysis, but remains 
controversial. To date, no rigorous clinical explanation exists for the placebo effect 
Nonetheless, many medical reports validate the phenomenon, in particular the 

ability of placebos to reduce pain. Recent research using brain scans has shown 
that some patients who believed they were taking pain medication were actually 
releasing opioids or natural pain relief, so providing some biological basis to 
explain the effect. It is generally accepted that about one-third of a control group 
taking a placebo show some improvements, a fact used in all major clinical trials, 

which will be discussed below. 

Drugs can be administered in several different 
ways 
The manner in which a drug is delivered to the patient's body depends on many 

factors. These include the chemical nature of the drug, the condition of the 
patient and the most effective way of getting the drug to the target organ. For 

example, some chemicals (including proteins such as insulin) are decomposed by 
the action of the digestive enzymes in the gut, so they cannot be administered as 
pills, but must instead be injected directly into the blood. Likewise, a patient in a 

coma might be unable to swallow an ingested pill so the drug must be delivered in 
another way. 

The fonowing methods are all used to administer drugs. 

Method of 
administering 

drug 
Description Example 

oral taken by mouth tablets, capsules, pills, liquids 

inhalation vapour breathed in; 
smoking 

medications for respiratory 
conditions such as asthma; 
some drugs of abuse such as 
nicotine and cocaine 

skin patches absorbed directly from 
the skin into the blood 

some hormone treatments e.g. 
estrogen, nicotine patches 

suppositories inserted into the rectum treatment of digestive illnesses, 
haemorrhoids 

eye or ear drops liquids delivered directly 
to the opening 

treatments of Infections of the 
eye or ear 

parenteral intra muscu la r many vaccines 
- by injection (see 
diagram on the 
next page) 

intravenous: fastest 
method of injection 

local anaesthetics 

su bcuta neous dental injections 
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subcutaneous: intravenous: intra muscular: ~ Figure 15.1 Method; of injection. 
drug 'IS injected drug is injected drug is injected (parenteral administration) 

directly under the directly into the into a muscle 
surface of the skin bloodstream 
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Physiological effects of drugs are complex and
 
depend on the dosage
 
Because of the complexity of the chemical reactions in the body, a drug can
 
interact in many different ways. This means that usually a drug 'will produce more
 
than one physiological effed and these can be classified as follows:
 

physiological effects of drug in body 

/ ~ ll therapeutic effect side-effects
 
the intended physiological effect ___u_11l_'n_tended physiological effects I
 

Side-effects are defined as physiological effects which are not intended and vary 
greatly from one drug to another and with the same drug in different people. 
Sometimes side-effects may be beneficial, such as the fact that aspirin, taken for 
pain relief, helps prated against heart disease. Other times, the side-effects may 
be relatively benign, such as causing drowsiness, nausea or constipation. But of 
greater concern are side-effects which are much more adverse, such as causing 
damage to organs. The impact of these side-effects must be evaluated throughout 
the drug treatment. Patients must also be made aware of the possible side-effects 
of a drug to help in the monitoring of the treatment and to make possible 
adjustments in lifestyle, for example in some cases not driving or operating 
machinery. One of the most dramatic - and tragic - examples of adverse side­
effects was the deformities produced in unborn children resulting from the 
thalidomide drug discussed below. 

The dosing regime for a drug refers to the amount of drug used for each dose 
and the frequency of administration. Determining this is usually quite difficult as 
there are so many variables involved - for example the age, sex and weight of the 
patient, as well as factors such as diet and environment. Interaction with other 
drugs must also be considered. Ideally the dosage should result in constant levels 
of the dmg in the blood, but this is almost impossible to achieve other than by a 
continuous, intravenous drip. Drugs administered by the other methods described -
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Medicines and drugs 

The therapeutic window is the ~ 
range of a drug's concentration in 
the blood between its therapeutic 
level and its toxic level. 

Figure 15.2 The therapeutic window. ~ 

Tolerance occurs when 
repeated doses of a drug result 
in smaller physiological effects. 

It is possible to experience oaddiction even to one's own 
hormones and neurotransmitter, 
(chemiCills used for 
mmmunlCiition in the nervous 
sysTem). For example. some 
people are addicted to exercise 
as thiS leads to the release of 
chemicals th,Jt can produce a'high: 
Susceptible people are driven to 
exercise increasingly and they 
suffer withdrawal symptoms such 
as depression if they cannot fulfil 
thiS need. 

Malaria is ~ disease that is both ~ 
~ Cl)rable and prevenTable. But a 

child dies of malo ria every 10 
secotlds; more than orle million 
people die oj r!'laldria every year. 

Why do you think this is? 

Find OUI more about the -,pre,Jd 
of malaria. the problems of drug 
res; ,ance in irs treatment and the 
programmes aimed at e~djng the 
suffering caused by thiS disease. 

ov,," g() to 
W'.Nw.heinemann.co.uklhotlinks. 
insen the express code 4259P and 
click on ',hese activities. 

will inevitably lead to fluctuations in the blood drug level between doses. The 
important thing is that the concentration in the bloodstream must remain within 
a certain range: above this range, unacceptable side-effects may occur, whilst below 
this range there may not be effective therapeutic outcomes. This target range is 
referred to as the therapeutic window. 
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The range of concentrations that defines the therapeutic window varies greatly 
from one drug to the next. 

When a person is given repeated doses of a drug, it sometimes happens that 
tolerance develops, that is a reduced response to the drug. So higher doses are 
needed to produce the same effect and this increases the chances of there being 
toxic side-effects. The mechanism by which tolerance to a drug develops is not 
always understood - it could be that the body has become able to metabolize and 
break down the drug more efficiently, or that the drug receptors in cells become 
less effective. For some drugs, tolerance develops to one effect of the drug and not 
to other effects. 

A related but different condition is dependence or addiction. This occurs when a 
patient becomes dependent on the drug in order to feel normal and suffers from 
withdrawal symptoms if the drug is not taken. Symptoms can be mild, such as 
headaches suffered on withdrawal from dependence on caffeine, or serious if the 
drug is toxic or shows tolerance, such as opiates, alcohol and barbiturates. 

Research, development and testing of new 
pharmaceutical products is a long and costly 
process 
Pharmaceutical companies and research groups are constantly developing new drugs 
in response to demand. The goal is usually to develop drugs that are more effective 
and have fewer toxic side-effects than pre-existing drugs for the same condition, as 
well a.~ drugs for new conditions such as SARS (severe acute respiratory syndrome). 
Every new drug developed represents a major investment of money, which makes the 
industry very selective in its focus. Hence a large amount of research goes into drugs 
to treat conditions such as obesity, depression, cancer, cardiovascular disease and 
ulcers, which are prevalent in the developed world where the market can support the 
cost. Much less attention and resources are given to researching drugs for conditions 
such as tropical diseases which are prevalent in the developing world. 

Most drugs have wide ranging, varied and potentially harmful effects, so it is clear 
that there must be stringent controls over the development and licensing of what 
is developed for the market. The details of this vary greatly from one country to 

therapeutic 
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another, so only general principles that are widely followed will be described here. 

The essential point is that as much information as possible about the full effect 

of the drug in an individual, including long-term effects, must be gathered before 

~ drug can be approved and this is usually monitored at the governmental level. 

For every new drug that reaches the market, thousands of candidate molecules 

fail to meet the criteria and are rejected. This is one of the reasons why drug 

development is so costly. The average time for development of a drug from its first 

identification to its appearance on the market is about 10-12 years. 

Discovery research 

The first stage in drug development involves identifying and extracting 

compounds that have been shown to have biological activity and arc known as 

lead compounds (pronounced to rhyme with 'need', not the element Ph!). Often 

these compounds have only Jow levels of activity, or possibly give negative side­

effects, but they can still provide a start for the drug design and development 

process. Lead compounds are often derived from plants; for example, an 

anti-cancer agent extracted from yew trees led to the development of Taxol, 

and digitalis extracted from the foxglove flower led to heart medications. 

Microorganisms too have provided rich sources oflead compounds, particularly 

in the development of antibiotics, which we will study later. 

Next the effectiveness of the lead compound is optimized by making and testing 

many chemically related compounds known as analogues. This process is often 

now fasl-tracked by two relatively new techniques: combinatorial chemistry 
and high-throughput screening. These processes enable the production and 

testing of vast numbers of candidate medicines in a very short time. Following 

extensive laboratory tests, a potential medicine is then tested on animals, under 

stricllegislative control. These tests help scientists to determine the dose to be 

administered in human trials. 

Development research 

There are usually three phases in the subsequent human trials, as shown in 

Figure 15.3, involving an increasing number of patients. The effectiveness of the 

drug is judged by the relative improvement in the patients who have received the 

real medication compared with those on a placebo in Phase III. 

(Ii) The u,e of oolmal, '~ drug trials 
is highly controve,oia Iand raises 
many que,tior.::; for phar",acel'tlc;)1 
rese2:rchers and lC'g~sla:ors across 
thE' ",orld. Supporters of the 
practice argue that" Imosl every 
medical achievemert ever the iast 

100 years haS Invo'lled the use of 

anlr.-lals ~n sorne "-'vay. For exarrlple, 
the GS and British 90veffl~el"lts 

both support tb~ ~dvancemer,t of 
;"JIedical and S'::J0n~if:c goals using 
a~,:mal testing, provided that the 

t'2sf~9J mirirnlzes ~n!rna! usc ~nd 

sufferl'lg. Oppone~HS argu'2 that 
the practice IS in~:r';'sic,l:ly cruel 

and \lat animals have a right 
to fr·2edom from su~r-li'lflicted 

suffer; ng. I\~c.ny a~::;o consider ~t tc 
tc poor sc:entific practice ,'rtce 
aI'imal responses to c.'rugs may not 
be a rellobie pre,j i(l:or of hu:ran 
reaGions, CQrKems ~re also raised 
that the reg u!.-,tion of the use of 
ani:11als 'I" rnany countries;:, ~ot 

well ~:onlto~ed. 

Find out more about the opposing 

Sides in the debate on drug TeSting 
on animals 
Nowgo to 
w'Nw.heinemann,co,uk/hotlinks, 

Insert the express code 4259P and 
click on thesE' actiVities. 
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Figu re 15.3 Stages in the discovery
 

and development of a fleW medicine.
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Owing largely to the high rates of attrition (the fact that 
many trial drugs have to be rejected), the total cost of 
this process for every new drug that reaches the shelves is 
many hundreds o[ millions of dollars. 

.. 
Close-up of the deformed hand 
and forearm of a'thalidomide baby; 
Thalidomide 15 asedative drug that was 
administered to many pregnant women 
in the 1%05.11 was withdrawn 1T0m the 
market aher it was found to cause serious 
foetal abnormalities. This tragedy led to 
major changes in drug testing protocols. 

You can watch the documentary @ 
'Cancer Warriors'with selective 
short cnapters on developing ane 
testing drugs and on thalidomide. 

Now go lO 

www.heinemann.co.uk/hotlinks, 
insert he express code 4259P and 
click on This activity. 

You can watch ashort 
documentary neV',1s clip about the 
issues su rrounding the lithdrawal 
ofViox.x from the market. 

Now go to 
www.heinemann.co.uk/hodinks, 
Insert the express code 4259P and 
click on this activit)'. .. 
.AII drugs car y risks as well as 
benefits. Who should ultimately 
be responsible for assessing the 
risk-to-benen raTio ofa drug in an 
lndividual- the pharmaceuTiccl 
company, agovernment watch 
body, the doctor, or the patien ] 

Over the last 50 years, many countries have adopted an 
additional regulatory step in this process, triggered by the 
disaster involving use of the drug thalidomide. During 
the1ate 19505 and early 1960s this drug was marketed 
initially in Germany as a sedative and anti-inflammatory 
medication and later prescribed to pregnant women 
in many countries to help reduce 'morning sickness' in 
their early months of pregnancy. Tragically, the drug 
had devastating effects on the development of the foetus 
and up to 12000 children were born with severe birth 
defects, most notably missing or malformed limbs. In 
addition, many babies did not survive infancy. By the 
rime the deformities in the newborns were linked with the 
thalidomide drug, it had been widely marketed in at least 
46 countries. 

Regulators realized then that it was nol sufficient only to establish the safety and 
effectiveness of a drug before it went on the market. An additional system was 
needed to track medications once the population had access to them, when effects 
in different groups of people, including long-term effects, become known. Today, 
many countries maintain post-marketing safety surveillance programmes for 
all approved drugs and databases are available that give details of adverse drug 
reactions. This has sometimes led to the withdrawal of a drug [yom the market 
after years of usage. This happened, for example, in the USA with the VioJCX anti· 
inflammatory drug in 2004, following concerns that its long-term use caused an 
increased risk of heart attack and stroke. In November 2007, the pharmaceutical 
company Merck was forced to pay almost US$5 billion to settle lawsuits from 
people who claimed that the drug Vioxx had caused their heart attacks and 
strokes. 

The Thalidomide drug was never marketed in the USA because of the Intervention of Frances 
Kelsey, a pharmacologist working at the Food and Drug Ad ministration (FOAl. Despite 
pressure from thai idornide's manufacturer and the fact that it was already approved in over 
20 European and African CDuntries. she registered concerns about the drug's ability to cross 
the placenta Into the foetal blood. er insistence that further tests be carried out was 
dramatically vindicated when the effects of thalidomide became known. For her insightfui 
work in averting aSimilar tragedy in the USA she was given a Distinguished Federal Service 
Award by PreSident Kennedy. 

Exercises 

1 List the three different ways in which drugs can be injec ed Into the body. Predict, gi-/iog a 
reason, which of the three methods wlil resu Tin the drug haVing the most rapid effect. 

2 S a e what is meant by tolerance towards a drug and explain why it's potentia Iy dangerous. 
© International Baccalaureate Organization [2m!}) 



Quick reference for functional group identities and some important organic reactions CD 
In the following sections on different classes of drugs, reference will be made to the functional groups of the 
molecules which are generally associated with their activity. It is important that you can recognize and identify 
these groups in different moiecules. Some but not all of them were introduced in Chapter 10, so a brief summary 
of the important ones found in drugs is given here. (Note that Rand R' refer to carbon-containing or alkyl groups.) 

I 

Structure of 
functional group 

'" /
C=C 

/ '" 
I 

-C-OH 
I 

R" 
C=O 

R/ 

~ 

"f0 
-C~ 

"OH 

R-O-R' 

Name of functional group 

alkene; carbon--carbon double 
bond 

alcohol; hydroxyl 

ketone 

benzene or phenyl ring 

carboxylic acid 

ether 

Structure of 
functional group 

/H
R-N 

"'H 
/H 

R-N 
'" R' 

R"
/

R-N 
"R' 

"f0 
_Cf" H 

"N/ 

" H 

~o 
-C 

"O-R 

0N 

I 

Name of functional group 

primary amine 

secondary amine 

tertiary amine 

amide 

ester 

a heterocyclic ring containing 
atoms other than C, usually N 

1 

, 

-(I chiaro -N02 nitro 

In addition, there are two common condensation reactions in organic chemistry that you should be able to recognize: 

(I) Acid + alcohol -----I ester + water 

,10 "f0

R-C~ + R'-O-H ) R-Cf" + ~o
 • Examiner's hint: Ills 

easy to confuse amine andO-H O-R' '" '" omlde Amines are organic 
(Ii) Acid + amine -----I amide + water derivatives of ammonia, NH3. 

In amides, t~c N IS ottached to I-I~o "f0 a carbonyl carbor ~ C=O},
R-C + R'-N/ ) R_Cf" I-I + Hp so these are derivatives of/ carboxylic aCids, There is noO-H H N '" '" '" -C=Ogroup'r amines'"R' 



Acidity in the stomach 
is normal, but excess 
acidity is potentially 
harmful 
The body keeps a tight control over the 
pH in cells and extra-cellular fluids, as 

changes in the H + concentration have 
significant effects on the activity ofmany 
molecules, especially catalysts known as' 

enzymes. The gastro-intcstinallract.or 
gut, generates and maintains different 
pH environments along its length, which 
play an important role in controlling the 
activity of digestive enzymes. 

The stomach is unusual in that it generates a pH as low as 1-2 by the production 
of hydrochloric acid from structures in the lining of the walls. known as gastric 
glands. The acid environment not only kills bacteria that may have been ingested 
with food, but also provides the optimum environment for the action of its 
digestive enzymes. However, some factors, such as excess alcolloI. smoking. stress 
and some anti-inflammatory drugs, can cause excess production of this acidic 
secretion known as gastric juice. This can lead to the following problems: 
• acid indigestion: a feeling of discomfort from too much acid in the stomach 
•	 heartburn: acid from the stomach rising into the oesophagus - often called acid 

reflux 
•	 ulcer: damage to the lining of the stomach wall, resulting in loss of tissue and 

inflam mation. 

Antacids are weak bases which neutralize 
excess acid 
Drugs to help combat such excess acid are known as antacids. They work by 
neutralizing the hydrochloric acid, hence relieving the symptoms. Antacids are 
usually wealdy basic compound~, often metal oxides or hydroxides, carbonates or 

hydrogencarbonates. which react with the acid to produce a salt and water. Note 
that these drugs do not directly coat ulcers or induce healing, but according to 
the dictum 'no acid, no ulcer', they do allow the stomach lining time to mend. For 
example: 
Aluminium hydroxide Al(OH)3 

Al(OHh(s) + 3HCl(aq) ---... AlCVaq) + 3H20(1) 

Magnesium hydroxide Mg(OHh 

Mg(OHMs) + 2HCl(aq) ---... MgCI2(aq) + 2H20(1) 

Several antacid formulations contain both aluminium and magnesium 
compounds as they complement each other well. Magnesium salts tend to be faster 
acting, but because aluminium compounds dissolve more slowly they tend to 
provide longer lasting relief. In addition, magnesium salts tend to act as a laxative, 
whereas aluminium salts cause constipation. Aluminium has been linked with 

... 
Illustration of a raft of foa ming an tacid 
on lOp of the contents of ahuman 
stomach. Heartburn is caused when 
the stomach's acidic contents rise into 
he oesophagus. sho",m in the upper 
centre.. cJusir,g inflammation and a 
sense of pain. Amacids rleutralize the 
acid Lo bring relief. 

Ulcers can occur In di lerel1t 
regions of the gut and there 
are distinct differences. in the 
relative frequency of oCCUrrence 
of the different types of u1cer. For 
example. in the British population 
duodenal ulcers are more 
common, whereas in Japan gastric 
ukers predominate. The reasons 
for the different occu (rences arE' 
probabl)'based Orl diet, butthere 
are many other possible causes. 
Consider what some of these 
might be. 



------------------------.
 

the development of Alzheimer's disease and although this is by no means proven, 
many people carefully limit its intake. 

Other antacids contain metal carbonates and hydrogen carbonates which react 
\\~th the acid to produce a salt, water and carbon dioxide. The latter can cause 

bloating of the stomach and flatulence. To avert this, antifoaming agents such as 

dimethicone are often added to the formulation. 

Sodium hydrogen carbonate NaHCO} 

NaHC03(aq) + HCI(aq) --+ NaCl(aq) + Hz0(l) + CO2(g) 

CaC03(s) + 2HCl(aq) --+ CaCllaq) + H 20(l) + CO2(g) 

omeantacids also contain alginates which float to the top of the stomach, 

forming a 'raft' which acts as a barrier preventing reflux into the oesophagus. 

Note that because antacids change the pH of the stomach, they can alter other 

chemical reactions, including the absorption of other drugs. They should never 

therefore be taken for an extended period without medical supervision. 

3 Magnesium hydroxide and aluminium hydroxide can act as antadds. 
(al Write an equation for the reaction of hydrochlor ic acid with each of rhese antacids. 
(bl ldentii'y which antacid neutralizes the greater amount ofacid if 0.1 mol of each amadd Is 

used. 
(e) Suggest "hy potassium hydroxide is nO( used as an antacid. 

Our body's ability to perceive pain is one 

of our very best defence mechanisms. 

We act immediately to try to eliminate 

the source of pain - and thus to reduce 

iurther damage to ourselves. Removing our 
hand from a hot plate, being aware that a 

sharp object has pierced our skin, or being 

virtually incapable of moving a broken 
limb are all examples of our innate abilities 
to protect ourselves. 

But we all know that the sensation of 

pain is unpleasant - at best. At worst, 

it can dominate the senses and cause a 

debilitating effect, especially as many 

people have medical conditions that result 

in chronic pain. Therefore there is a need 
for painkillers, a class of drugs known 

as analgesics. Note though that pain is a 

symptom of a bigger problem - an injury 

or a disease - and therefore long-term relief 

is dependent on treating the underlying 
cause. 

• Examiner's hint: In stoichio~:'try 

questions concerning antacids, 
remember that the molar raTIo of 
antacid to acid Will vdry With :'''ferent 
antacids. So make sure you ~re b3,lng 
your amwer on {he correct balanced 
equation. 

Conceptual ;Jltwork of a person 
lufferi ng from 3 he3dache showing 
Infia,ed blood vessels and nerves 
;Jround the brain. Analgesics wC'k in 
different wa)'S fa block the pi\ihwily 
between the source of pain and 
perception by the brain. 
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It is estimated that chronic 0 
pain afflicts about 20% of the 
population of developed countries, 
Musculoskeletal and joint disorders 
and ne<:k and back pai naccount 
for most of this, with headaches. 
migraines and cancer accounting 
for most of the remainder, 

• perception of pain 

pain signal 

pain receptors 

site of injury 

source of painl~~:g;~1 

... 
Figure 15.4 Pathways of pain in the 
body. 

It could be argued tha. 'Nhereas
 
miid analgesics seek to eliminate
 
pain at source. Slrong analgesics
 
or.ly alTer our abllity to perceive
 
pain. Consider the relative value
 
of these two approaches to pain
 
management.
 

Figure 15.5 The WI~O three-step 
analgesiL Iddder, 

Pain is detected as a sensation by the brain when nerve messages are sent from 
various pain receptors located around the body. These receptors are themselves 
stimulated by chemicals known as prostaglandins, which are released from 
cells damaged by thermal, mechanical or chemical energy. Once released, 
prostaglandins also mediate the inflammatory response by causing the dilation 
(widening) of blood vessels near the site of injury. In turn this can lead to swelling 
and increased pain. In addition, prostaglandins have an effect on the temperature 
regulation of the body which may result in increased temperature known as fever. 

To be effective, a painkiller must somehow intercept or block this pathway 
somewhere between the source of pain and its perception in the brain. 

Different analgesics work by blocking pain at 
different sites 
Mild analgesics, including aspirin and non-steroidal anti-inflammatory drugs 
(NSAIDs) such as ibuprofen, act by preventing stimulation of the nerve endings at 

the site of pain. They inhibit the release of prostaglandins from the site of injury 
and so give relief to inflammation and fever as weI] as to pain. (Paracetamol is an 
exception as it inhibits prostaglandin release in the brain rather than at the site of 
injury.) Because these analgesics do not interfere with the functioning of the brain, 
they are also known as non-narcotics. 

Strong analgesics include the drugs related to morphine, known as the opioids. 

This refers to their ability to bind to so-called opioid receptors in the brain, which 
then blocks the transmission of pain signals berween brain cells and so alters 
the perception of pain. Because these analgesics act on the brain, they may cause 
drowsiness and possible changes in behaviour and mood, so are also known as 
narcotics. They are the most effective painkillers for severe pain, but owing to 
their side-effects and potentia] problems with dependence, their usage must be 
monitored through medical supervision. 

In response to the fact that too often patients suffering with conditions such as 
advanced cancer were not receiving optimal pain control medication, the World 
Health Organization (WHO) developed a three-step 'analgesic ladder'. This 
simple guideline has had a great impact in achieving better standards of pain 
management. 

I	 use mild analgesics 

2 add a weak opioid such as codeine or tramado] 

3	 in severe intractable pain, use strong opioids such as morphine, fentanyl or 
methadone. 

ree om 
from pain 

use a strong opioid 
e.g. morphine. 

pain persisting or increasing 

use a weak opioid 
e.g. codeine. 

pain persisting or increasing 

use mild analgesic 
e.g. aspirin. 

~------

II 
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DespitE' the fact thu'tcosT-effective methods of pair> col1lrol exist rhey are nOl widely used b\ 
~ B'J€ry'Nhere.lhe re are cultural. societal, poli'tical and economic facmrs thilt jllfiuence the 

il\laiiabilitl of painkillers globally, Recognizing thi5 as u deep problem, (oalitlons of docto, 
Inman)' coDnrries are pushing towards the goal of making access 10 pain management a 

ur.lversal human right in 2004 a'Global Day against Pain'was organized in Geneva, Switzeriand, 
[;\/ several irllernationCli organizaliom including the WHO, I 

Mild analgesics 
Aspirin
 

Prom the time of Hippocrates in about 400 BC, it was known that chewing
 
lvillow bark could give relief to pain and fever. But it was not until the early 1800s
 
that it was demonstrated that the active ingredient in the bark is salicin which
 
1S converted to salicylic acid in the body (salix is the Latin name for willow).
 
Although salicylic acid proved to be effective in treating pain, it tasted awful and
 
{lIused the patient to vomit.
 

In 1890 the Bayer Company in Germany made an ester derivative of salicylic acid,
 
which was more palatable and less irritable to the stomach, while still effective
 
as an analgesic.lt was named aspirin, in recognition of the plant spirea which
 
produces a similar compound. A<;pirin manufacture began that year and it became
 
one of the first drugs to enter into common usage. Today it continues to hold its
 
place as the most widely used drug in the world with an estimated production of
 

over 100 billion standard tablets every year. It is widely used in the treatment of
 
headaches, toothaches and sore throats. Also, because it is effective in reducing
 
fever (known as an antipyretic) and inflammation, it is used to provide relief from
 

rheumatic pain and arthritis.
 

In 1982 the British chemist ]oh n Vane won the Nobel Prize in Medicine fa r his
 
discovery that aspirin works by blodcing the synthesis of prostaglandins. This
 
finding explains the analgesic effects of aspirin, as well as its effectiveness in
 
reducing fever and inflammation and some of its significant side-effects. TIle latter
 
can be both positive and negative as discussed below.
 

Aspirin reduces the ability of the blood to clot and this makes it useful in the
 
treatment of patients at risk from heart attacks and strokes. Many people take a
 
low daily dose of aspirin for this purpose. But this same side-effect means that
 
aspirin is not suitable (and could be potentially dangerous) if taken by a person
 
whose blood does not dot easily, or for use following surgery when blood dotting
 
must be allowed to occur.
 

Recent research has also shown that regular intake of a low dose of aspirin may
 
reduce the risk of colon cancer, although additional data are needed before aspirin
 
is routinely recommended for this use.
 

legative side-effects of aspirin include irritation and even ulceration of the
 
stomach and duodenum, possibly leading to bleeding. This effect can be more
 
acute when it is taken with ethanol in alcoholic drinks. A large number of people,
 
especially those prone to asthma, are also allergic to aspirin, so it must be used
 
with caution. It is not recommended for children under 12 because its use has been
 

linked to Reye's syndrome, a rare and potentially fatal liver and brain disorder.
 

Aspirin is available in many formulations, which include various coatings and
 

buffering components. These can delay the activity of the aspirin until it is in the
 
small intestine to help alleviate some of its side-effects.
 

\',11'1'0\ -lil add 
I Jl 

alcuhol 

•Figu re 15.6 The structure of salicylic 

acid (2-hydroxybenzolc acid). 

,1 rbn .~ lit ,J(. d
 
( (h H 0
 

, II ester 
rgr-0-C-CH\ 

.... 
Figure 15.7 The structure of aspirin
 

(2-ethanoyloxybenzenecarboxylic acid
 
or acetyl salicylic aCid, ASA).
 

" 
Gl) The mme'Aspirin' was originally 

-'" a trademark heio'lging to the 
phar;TIaceutical company Bayer. 

After Germany 105t World War I. 
Bal'er was forced to surrender 
'this ti<ldemark (and also the one 
for 'Heroin!) to Britain, France, 

Ru,sia arld the USA, as part of 

the repara tion5 of the Treaty of 
Versaiiles in 1919. 
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OH Paracetamol (also known as acetaminophen) 

¢ Paracetamol is a much younger drug than aspirin, having been marketed only 

since 1953. 

Paracetamol is different from other mild analgesics as it is thought to act by 

-H 
I 
C=O 

/
eH, 

Figure 15.8 Structure of pa racetamol 
(acetaminophen). 

reducing the production of prostaglandins in the brain., but does not affect 

prostaglandin production in the rest of the body. This means that it is not effective 

in reducing inflammation. It is one of the safest of all analgesics when taken 

correctly. It does not usually irritate the stomach and allergic reactions arc rare. 

These are reasons why its use might make it favoured over aspirin, especially for 

children. However, an overdose or chronic use of paracetamol can cause severe and 

possibly fatal damage to kidneys, liver and brain. Also, when used in combination 

with ethanol by heavy drinkers, its toxic effect may be increased. 

The table below summarizes and compares the relative advantages and 

disadvantages of aspirin and paracetamol. 

.A. 
Flower and see(:l head of Papover 
50mniferum, the opium poppy, 

analgesic properties 
(pa inki Iler) 

antipyretic properties 
(reduces fever) 

reduces inflammation 

side-effects 

severe side-effects 
(over-dosage) 

synergistic effect with 
alcohol 

allergic reactions 

recommended use for 
children 

Aspirin 

yes 

yes 

yes 

stomach wall irritant. blood 
anti-coagulant 

Reye's syndrome in children 

increased risk of stomach 
bleeding 

relatively common 

no; can cause Reye's 
syndrome (although 'baby 
aspirin' is available) 

Paracetamol 

yes 

yes 

no 

does not irritate stomach 
wall 

serious kidney, liver and 
brain damage 

toxic side-effects can be 
increased 

rare 

yes 

Strong analgesics 
These drugs, the opioids, also known as narcotics, are all rdated to opium - an 

extract of poppy seeds. The first record~ of cultivation of the opium poppy go 

back to Mesopotam ia more than 5000 years ago, the start of the long, complex and 

bloody history of this crop. It seems likely that no chemical product ever has been 

responsible for more wars, economic fortunes and legislative changes, and this 

continues to be true today. 

The so-called opium wars invol,,'ing Cnina, Britain, France and I"dia in the lote ! 9th century erupted from Trade oi:;putes involving 0 Jiu!TI. They 
ended in the imposition of several treaties by western countries 0" China, including the yielding of Hong Kong to Britain (which ended in 
i 997), Stilj today, opium production is a major, if illegal crop, particularly in South Wer,r Asia. It is estimated tha'lAfghaniSlan produces 93% of 
the world's opiates and increasingly is processing more e-f the crop into heroin within the country This market, estimated at US$4 billion ayear, 
is approaching record levels. Most of the profits 3re, however, made out5ide the country by criminal gangs and nE'tworks.l1Ho. government's 
eradication efforts have heen !argely ineffective and the USA pians to spray poppy plants with herbicides are highly conlroversial. The Unired 
Nations has called for an internarional effort to help address the problem of the Afghan opium trade. 



The narcotic drugs derived from opium are primarily morphine and its 
Heroin is one of the best painkillers 

derivatives. We will consider three of these here: codeine, morphine and o known, It5 name dates from the 
diamorphine, known as heroin. These are powerful analgesics, acting on the 
-central nervous system to block the perception of pain. 

addition, they have several other effects that can sometimes be used for therapeutic 
purposes, but sometimes are considered adverse side-effects. They include: 

• causing constipation 
• suppressing the cough reflex 

• • causing constriction of the pupil in the eye 

• narcotic effects - to be discussed below. 

The three drugs differ in their effectiveness as follows: 

I" Codeine increasing strength as 

I 
\ analgesics
 

Morphine increasing narcotic effects
 
\ 

Heroin increasing side-effects 

The table below compares the structure and effects of codeine, morphine and heroin. 

end of the 19th century when it 
was believed to be the 'heroic' drug 

that would barrlsh pain forever, 

it weill on the milrket in 1898 

but was Withdrawn flOm generai 

d,istributlon nve yeilrslilter when 

its addictive propertie5 became 

evident. 

f 
I I Codeine Morphine Diamorphine (heroin)
J----·i---- ----1-----­
I strudure
 (]-L 

/ 
OH

--­

I OH /
CT-IJNi 

i 
I 
! 
i 
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morphine 

o\:! ° 
I 

elI, 
heroin 

benzene ring 

i groups ether (2) 
i functional benzene ring benzene ring 

ether ether
 
alkene
 alkene all<eIPeI

Ii alcohol (2) ester - ethanoate (2) 
tertiary amme 
alcohol (1) . 

tertiary amine tertiary amine 

raw opium (0,5%) raw opium (10%)obtained foufld In opium but usually obtained by 
from reaction of morphine, 50 is known as a 

semi-synthetic drug 

Used medically only In a few countries 

I uses 

Sometimes used in a preparation With Used in the management of severeI therapeutic 
a non-narcotic drug such as aspirin or pain, such as in advanced cancer. legally (Britain and Belgium) for the relief of 
parocetamolln the second stage of the severe pain 
pain management ladder. Also used in 

Can be habit forming and can 
The most rapidly acting and the most 

cough medications and In the short­
lead to dependence, so use 

abused narcotic. 
term treatment of diarrhoea. 

must be regulated by a medical 
professional. Illitially produces euphOriC effects, but very 

high potential for causing addiction and 
increasing toleralPce. 

Dependence leads to withdrawal symptoms 
and many aSSOCiated problems. 

codeine 

Notice that these three drugs have a common basic structure that accounts for 
thei.r similar properties, as well as some different functional groups. 



Ivleer people deep in the throes or 

Nowgoto 
wW'vv.heinemann.co.uk/hotlinks, 
insert the express code 4259P and 
click on this activity. 

J-telOin user slumped after injecting 
himself with heroin (diarnorphine), 
The tourniquet around his arm is used 
to make tile veins ,tand OUI to ease 
injection. 
Heroin, a strong analgesic, is a hig hIy 
addictive drug with powerful rJarcotic 
ertects. Heroin ~bu,e is associated with 
serious hea Ith cOrJditions, including 
collapsed veins, spontaneous abortion, 
infeCTious diseases and can lead to fatal 
overdose. 

Visit this site for the research report @ 
'Heroin abuse and addiction' from 
the Amercan National Institute on 
Drug Abuse. 

Nowgoto 
www,heinenl,lnncouk/hotlinks, 
insert the express code 4259P and 
click on this actiVity, 

The conversion of morphine into heroin involves an esterification reaction 
in which both its -DH groups are converted into ethanoate (ester) groups by 
reaction with ethanoic acid CH 3COOH. The loss of the two polar -OB groups 
means that heroin is less polar and so more lipid-soluble than morphine. This 
enables it to cross the blood-brain barrier quickly which is why it is faster acting 
than the other opioid drugs. In the brain it is hydrolysed to morphine by reversing 
the esterification reaction. 

o The blood-br<Jin barrier was first discovered by the German scientist Paul Ehrlich in the late 
19th centurl', when he ooser veo tha l a blue dye introduCE?,i into the blood of an animal 
coloured all Its organs blue excepT The brain. Later experiments Involved injecting the dye 
into the spinal flUid, when It was found that the brain became dyed but the fest of the body 
did not. This tlg ht control over the movernen t of substa nces between flUids In the brain and 
blood vessels, the blood-brain balller, is now known to be a membranic strUClL.!re {hat helps 
to protect the brain, It is crossed more eaSily by small, lipid-solu ble molecules Than by larger 
and more polar molecu les, One of the chall nges in treating brain diseases such as tumOlH\ 
involves outwitting this nalL.! ral defence of Ihe brain so that it will allow therapeutic chemicals 
to enter. 

Narcotic effects 

The word narcotic is derived from a Greek word meaning 
numbness or stupor. It is used to describe (he strong 
analgesics because of their effect~ on brain functioning. All 
three of the drugs described above produce narcotic effects, 
but heroin does so most acutely, so this will be discussed here. 

In the short term, heroin induces a feeling of well-being and 
contentment, as it causes a dulling of pain and a lessening 
of fear and tension. There is often a feeling of euphoria in 
the initial stages after intake_ Long-term regular use leads 
to constipation, reduced libido, loss of appetite and poor 
nutrition, Heroin users start to show dependence relatively 
quickly, so they caonot function properly without the drug 
and suffer from withdrawal symploms such as cold sweats 
and anxiety when it is withheld. This is compounded by an 
increasing tolerance to the drug, so higher doses are needed 
to bring about relief. In most countries, access to the drug 
usually involves deal iog in an illegal market and the cost 
of the supply often is beyond the individual's means. This 
in turn may lead to crime and other social problems. As 
the drug is taken by injection, the user commonly picks up 
infections such as HIV and hepatitis from unclean needles. 
In short, the life of the heroin addict is usually profoundly 
altered by the drug. 

Helping heroin addicts to break their dependence is a slow and difficult process. 
Sometimes an alternati\'e analgesic, methadone, is administered. It is taken 
orally and has a longer duration of action. This can reduce drug craving and 
prevent symptoms of withdrawal. Although its use is controversial in some 
countries, research has shown that methadone maintenance is the most effective 
treatmenl for opioid dependence, reducing the death rates of addicts receiving it 
to aboul one-tenth. 



Exercise~ _	 _ _ _ :: 

4 ,A.spirin and paracetamol (acetaminophen) are described as mild analgesIcs. 
(a)	 Explain the difference in the method of action of mild analgesics and strong analgesics. 
(bl	 Giv one therapeutic effect of aspirin, other than reducing pain, which is common to 

paracetamoL 
(c)	 Give one therapeutic effect of aspirin which is not common to parilcetamol. 

5 CodeirlE, morphine and heroin are described as strong analgesIcs. 
ra) Stale two functional groups common to codeine, morphine and heroin 
(b)	 A patient has been prescribed morphine following surgery St~te the main pHect and a 

major side-effect she will experience, 

Depressants 

Depressants are drugs that act on the brain and spinal cord (known as the central 
nervous ~1'stem or eNS). The action of these drugs changes the communication 
between brain cells by altering the concentration or the activity of chemicals 
called neurotransmitters. As a result they cause a depression, or a decrease in 
brain activity that in turn influences the functioning of other parts of the body, 
such as the heart and the mechanisms determining breathing rate. (The analgesics 
discussed earlier are also examples of depressants.) 

Be warned that the language here can be a tittle confusing. This is because the tenn 
'depression' is also used to describe a clinical condition characterized by mood 
changes and loss of interest in nonnal activities. Individuals who suffer from this 
might have insomnia, fatigue, a feeling of despair and an inability to concentrate. 
Clinical depression is associated with a high proportion of all suicides. The drugs 
used to treat this are hence known as 'antidepressants: 

Depressants include drugs also classified as tranquilizers, sedatives and hypnotics 
and the differences between these is often a question of dosage as shown below. 

Dosage 
effect 

Low to moderate dose 
calmness 
relief from anxiety 
very relaxed muscles 

High dose 
slurred speech 
staggering gait 
altered perception 
sleep induced 

Description: tranquilizer sedative hypnotic 

increasing dosage 

We can see that in high doses these drugs can have very serious effects and so they 
must always be used with caution. In addition, many drugs of this type can elicit 
responses of tolerance and dependence and regular users can therefore suffer from 
withdrawal when a drug is not continued. As a specific example of a widely used 
depressant we will focus here on ethanol. 

Ethanol 
Ethanol, ClH,OH, is the alcohol present in beer, wine and hard liquor. Ingestion 
of fermented beverages containing ethanol was first recorded in the Egyptian Book 
of the Dead, dated approximately 5000 years ago. It was probably firsl discovered 
in the natural fermentation products from plants and microorganisms and then 
more systematically prepared from different natural substrates such as grapes 

Extremely high doses 
respiratory depression 
coma 
death 

lethal dose 

•
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and grains. The concentration of ethanol can be increased through distillation, 
yielding hard liquors such as vodka, whisky and gi n. lbday ethanol is the most 
widely used psychoactive drug and is legal in most countries, although often with 
age restrictions on its purchase. 

Uses of ethanol 

Ethanol has some antiseptic properties, so can be used on the skin before an 
injection or to clean a small wound. For this reason it is often carried in first aid 
kits. It also has the effect of hardening the skin, so it can be rubbed on to feet to 

prevent the formation of blisters, for example. Ethanol in alcoholic drinks is an 
important part of many diets and cultures, adding a sense of occasion to meals, 
rituals and festivities. In low doses it can help to create a mild excitement and users 

become more talkative, confident and relaxed. There is also some evidence that 
low doses of ethanol might have a beneficial effect on the circulation and diminish 

C<lrdio-vascular diseases) perhaps owing to its mild anti-clotting effect. 

Abuses of ethanol 

As a eNS depressant, ethanol brings about changes in behaviour and these 
quickly become adverse as the dose increases. The effects of ethanol abuse 

are obviously multiplied by the duration over which it occurs and these are 
summarized here. 

Short-term effects of ethanol abuse ! Long-term effects of ethanol abuse 

• loss of self-restraint; memory, concentration and insight 
are impaired 

• loss of balance and Judgment 
• violent behaviour associated with domestic abuse and 

family breakdow­
• dangerous risk-taking behaviour lead"~g to many 

accidents involving motor vehicles and machinery 
• dehydration caused by Increased urine output leading to 

'hangover' and loss of productivity 
• at high doses can cause vomiting, loss of consciousness, 

coma and death 

• dependence known as alcoholism, associated with 
withdrawal symptoms 

• liver disease, e g. cirrhosis, liver cancer 
• coronary heart disease 
• high blood pressure 
• fetal alcohol syndrome 
• permanent brain damage 

In summary, chronic consumption oflarge amounts 
of ethanol is a major source of social and physiological 
problems. It has been said that if ethanol were to be 

discovered today it would probably not pass the regime 
of drug testing and would be a restricted drug. 

~ Alcohol is a depressant and long-term use of large quantities 
(an have a radical impact on a person's health and lifestyle. 
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Metabolism of ethanol	 l-J H 
Ethanol C2HsOH has the structure I I 

H-C-C-O-H 
I I 

B H 

The polar -0I-I group enables it to form hydrogen bonds with water, making it 

readily soluble in aqueous solution. As a small organic molecule it is also able 

to dissolve in lipids, which enables it to cross cell membranes with relative ease. 

Following ingestion, ethanol passes quickly from the gu t into the blood, mostly 

through the stomach wall, and then circulates to all tissues of the body. This 

accounts for the short time interval between ingestion and the onset of ethanol­

mediated effects. Approximately 90% of an ethanol load is broken down in the 

liver, with the remainder being eliminated by the kidneys and lungs. Ethanol also 

readily passes across the placenta to the fetus when consumed during pregnancy. In 

addition it passes readily into breast milk and is transmitted to the nursing infant. 

Synergistic effects of ethanol 

Ethanol has the potential to increase the activity of other drugs when taken at the 

same time. This effect is known as synergy. It means that care must be taken when 

oonsuming alcoholic drinks alongside other medications, as the synergistic effects 
can lead to very serious, even fatal, results. One of the problems is that because 

ethanol is such a widely consumed and socially available drug, many people do not 

consider its interaction with other prescription and non-prescription drugs. 

Here are some important examples: 

•	 with a"pirin, ethanol can cause increased bleeding of the stomach lining and 
increased risk of ulcers 

•	 with other depressants such as barbiturates, including sleeping pills, ethanol 

can induce heavy sedation, possibly leading to coma 

•	 with tobacco, ethanol appears to increase the incidence of cancers, particularly 
of the intestines and liver 

•	 with many other drugs, ethanol can interfere with their metabolism by the liver, 
which can cause greater and more prolonged drug effects. 

Techniques used for the detection of ethanol 

Because of the potentially damaging effects that an individual's alcohol intake 

can have on other people, most countries have instituted processes to test for the 

presence of ethanol in the body. This is linked to legislation that sets limits for 

body ethanol concentration for the performance of certain activities. For example, 

an upper limit of 80 mg ethanol per 100 cm3 of blood is commonly set for driving 
a motor vehicle. Analysis of ethanol concentration is usually based on samples 

of the breath, blood or urine - or sometimes a combination of these. Recently, 

techniques have been developed which may make it possible to detect ethanol 
concentration in saliva or eye fluids. 

Ethanol analysis of breath 
Ethanol is a volatile compound and at body temperature in the lungs it establishes 

equilibrium between being dissolved in the blood and released into the air in the 
exhaled breath. 

C)-1s0H(aq) r= CzHsOH(g) 
in hlood in air spaces 

"-pace-filled model of ethanol c.HsOH, 

The atoms are represented a, colollr ­

coded spheres: carbon (blue), hydrogen 

(yellow) and oxygen (red). Ethanol 15 the 

intoxicating component of all alcoholic 

beverages, 

@ Visit the World Health 

OrganizatiOn's ,ite on su~)stan(e 

abuse from wilere you (ilr) access 

the Global/\Icohol Datoba~e 

which hilS comprehensive o"ta, 
inter~(tive maps and so on, You can 
also download the very inter ting 
publication Alcohol. Gender and 
Dnnking Problems - Perspectives 
from Lowand Middle Income 
Countries. 

Nowgo to 

www.heinemannco,uklhotlinks, 

insert the express code 4259P and 

click on this actiVity. 
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... 
Alcohol breath test. The roadside 
breathalyser gives an immed iate 
reading of whet er the level of alcohol 
in the motorist's blood is over thp legal 
limit 

Figure 15,9 Infrared absorption 
spectrum of el 101101 ill the gas phase_ 

The equilibrium constant K, for this reaction has a fixed 
value at a particular temperature so measurement of the 
ethanol in the breath can be used to assess the blood alcohol 
concentration. 

The simplest test involves a roadside breathalyser wllich 
contains crystals of potassium dichromate(VI) which are 
orange, but are changed to green ehromium(lU) CrH as 
they oxidize the ethanol to ethanal and etbanoic acid (see 
oxidation of alcohols in Chapter 10). 

acidified potassium 
dichromate (orange) 

Cr(VI) Cr(III) (green) 

C H OH~ducti~H eOOH 
2 , .1 

ethanol oxidation ethanoic acid 

The extent of the colour change can be measured 
using a photocell and so used to determine the ethanol 
concentration. However, this test is not very accurate and will 
usually lead to further, more accurate tests being carried out 
in a laboratory. 

A more accurate technique for breath analysis uses infrared spectroscopy in 
an apparatus called an intoximeter. The principle here (see Chapter 12) is that 
different molecules cause different absorption bands in the infrared part of the 
spectrum) as a result of vibrations of their particular bonds and functional groups. 
Hence etha.nol has a characteristic absorption band at 2950 cm-1 owing to its 
C-H bonds. (Note that the 0-H bond also gives a characteristic band but this 
bond is also present in water vapour) which will be a component of the breath 
sample.) The size of the peak can be used to measure ethanol concentration, when 
compared with a reference taken from the ambient air. 
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Worked example 

People who suffer from diabetes often exhale propanone vapour in their breath. 
Explain why this can give a posil'ive result in the infrared test for ethanol even 
if they have not consumed alcohol. Refer to the structure of propanone in your 
answer. 



~-------------------------. 

Solution 

Propanone has the structure: 

H 0 I-l 

I 11 I 
H-C-C-C-H 

I I 
H H 

and so contains C-H bonds which will give the same characteristic band at 
29~O cm- I as ethanol. 

Adifferent version of the intoximeter uses a fuel cell. This works on the principle 

that in the presence of a catalyst, ethanol is oxidized in the air first to cthanoic 

acid and then to water and carbon dioxide. A fuel cell converts the energy released 

when oxidation occurs into a detectable electrical voltage that can be used to 

measure ethanol concentration very accurately. 

Ethanol analysis in blood and urine 
The most established method for ethanol analysis is gas-liquid chromatography, 

which must be carried out in a laboratory. In this technique, blood or urine is 

vaporized and injected into a stream of an inert gas (known as the mobile phase) 

over the surface of a non-volatile liquid (known as the stationary phase). The 

components of the vapour, including ethanol gas, move at different rates depending 
on their boiling points and relative solubility in the two phases, As a result, each 

leaves the column holding the liquid phase after a specific interval of time known 

as its retention time. So a peak at the retention time corresponding to ethanol can 
be used to confirm its presence in the vapour. The area under the peak is a measure 

of ethanol concentration relative to a known standard in the mixture such as 
propan-1-01. The method allows for an accurate assessment of ethanol levels. 

The ben:rodiazepines are a major group of depressants. These drugs depress 

activity in the part of the brain that controls emotion and so are used as 

tranquilizers in the treatment of anxiety disorders and related insomnia. As well as 

being the most commonly used class of sleeping pill, they are also used as muscle 

relaxants, Although they are usually well tolerated by most people and cause 

relatively few side-effects, they can cause dependence. For this reason, they are 
used mostly in short-term treatments. Some widely used benzodiazepine drugs are 

H4---column 

1.lUl]! 1--- thermostatically 

controlled oven 

syringe 
containing 
sample 

inert carrier--+­
gas 

Other depressants 

o Starting In 2008. the car 
manufaourerVolvo plans to 

incorporate the option of In 

'alcolock' Into their !lew car" This 

is a fuel cell 'r',:oximeter which will 

automatically (e<~ the alcohol 

content ofthe driver's breath and 

accord" )Iy determine whether 

the car will starr or not. 11le featlJre 

aims to reduce the number of 

alcohol-related traffic accidents, 

which are responsible for millions 

ofdea ths worldWide every yea r. 

propan-l-ol peak 

fI 

Ii 

I I 

2 3 
retention time/min 

I,...... 
Figure 15,to Gas-I'::lJld 

chromatography apparatus and a 

gas-liquid chromatograph of an ~.~ohol 

miXTure. 
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diazepam, marketed as Valium'" and nitrazepam, marketed as Mogadon®. Their 
structures are shown here. 

diazepam (Valium®) nitrazepam (Mogadon®) 

You can see that, as the name benzodiazepine implies. they contain both benzene 
rings and the diazepine structure, wh ich is a seven-membered heterocyclic ring 
containing carbon and two nitrogen atoms. As these molecules are largely non­
polar, they have high lipid solubility and so are able to cross the brain-blood barrier. 

Worked example 

Name three structural features that these molecules of diazepam and nitrazepam 
have in common. Identify and name one different group in the two molecules. 

Solution 
Both molecules have two benzene rings, an amide group and a carbon-nitrogen 
double bond. The one difference is in the substitution in one of the benzene rings: 
chloro- in diazepam and nitro- in nitrazepam. 

A widely used anti-depressant drug is fluoxetine hydrochloride, marketed 
as Prozac". It functions by increasing the levels of serotonin - an important 
neurotransmitter in the brain. It is used in the treatment of depression, as well as 
eating and panic disorders. (Note that Prozac~ does not depress the activity of the 
eNS so it is not a depressant.) Its structure is shown here. 

• Examiner's hint; The structures of 
these drugs are given in the IB Data 
booklet so they do not have to be 
lea rned, liowever. yOIl should be able 
to recognize different funaional grou P$ 
and compare structures, 

fluoxetine hydrochloride (Prozac®) 

:; Exercises ~ _	 _ 
, - -	 - - -- - ­

6 Depressants include tranquilizers and sedatives. 
(a) State two effects on the body of taking: 

(i) a low dose of a tranquilizer
 
(i;) a high dose of a sedative,
 

(b)	 Explain why depressants are ometimes described as anti~depressants, 

© International Baccalaureate Organization [2004] 

7	 Ethanol is the most widely used depreSSiJnt. 
(al Discuss the harmful effects of a regular intake of large amounts ofethanol. 
(bl Ethanol can be detected using a breathalyser containing acidined potassium dichromate(VI) 

Explain what happens to both the ethanol and the dichromate(VI) ion in the reaction and 
the colour chongf that occurs. 

(el Briefiy describe two other methods that can be used for analysis of ethanol in the breath. 
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Stimulants 

Stimulants are a different class of drugs that affect the central nervous system. 
Their function is largely opposite to that of depressants, as they increase the 
activity of the brain and hence the person's state of mental alertness. They are used 
to prevent excessive drowsiness through the day and so allow greater concentration 
and thought processes to be possible. 

As with other nervous system drugs, stimulants have physiological effects on other 
parts of the body including the following: 
•	 They can help to facilitate breathing by causing relaxation of the air passages 

and are used in the treatment of respiratory infections such as severe bronchitis. 
•	 They may reduce appetite and so have been used as parl of a treatment for
 

obesity.
 

• They may cause palpitations or tremors to occur. 
•	 When used in excess they can cause extreme restlessness, sleeplessness, fits,
 

delusions and hallucinations.
 

Different stimulant drugs function in different ways hut most commonly they alter 
the levels of nelUotransmitters, chemicals that act as messengers in the nervous 
system. 1\ few different examples will be discussed here. 

Amphetamines: stimulants that mimic 
adrenaline 
Adrenaline (also called epinephrine) is the hormone that is released in times of 
stress and enables the body to cope with sudden demands imposed by pain, shock, 
fear, cold and so on. If you have ever experienced a cold swea t when watch ing a 
scary movie, or had a racing pulse during a difficult exam, then you know the 
effects of adrenaline. The response, sometimes called the 'fight or flight' reaction, 
stimulates the pathways that: 

• increase the heart rate and blood pressure 
•	 increase the blood flow to the brain and muscles 
• increase the air flow to the lungs 
•	 increase mental awareness. 

Adrenaline is very similar in both its structure and its physiological effects to a 
neurotransmitter called noradrenaline (or norepinephrine) which is responsible 
for communication in the part of the nervous system known as the sympathetic 
nervous system. Here its role is to stimulate the pathways described above. 

One major group of 
stimulant drugs acts to 
mimic and enhance these 
effects of adrenaline 
and noradrenaline. 
They are known as the 
amphetamines and have 
a structure quite similar 
to that of adrenaline and 
noradrenaline. 

~ Computer model of a molecule of the 
drug amphetamine Carbon atoms are 
shown in grey, hydrogen atoms In light 
blue and the nitrogen atoms In dark 
blue. 

..
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OH
 
HO /H secondary

C CH N
- 2- " <lJ111l1eT 

HO~H CH} 

structure of adrenaline 

primary 
amine 

'Ecstasy risir.:;
 

Nowgoto
 
www.heinemarH:.w,uklhc ~.I nks,
 
insert the express code 4259P and
 
click on Ihis iKtiv '\!.
 

structure of amphetamine 

You can see that both molecules are derivatives of the phenyl ethyl amine structure. 

g-CHICH;-NfI, 

phenyl ethyl amine 

~ I ~ 
substituted benzene ring two carbon chain NH2 group attached to carbon 

Because of their role in stimulating the sympathetic nervous system, the 
amphetamines are called sympathomimetic drugs. In small doses, amphetamines 
increase mental alertness and physical energy. Side-effects include dilation of 

W,llch the ABC News Special video @ the pupils of the eyes and decreased appetite, as well as possible blurred vision 

Metha mpheta mi ne IS da ngeroLJs ® These include methamphetamine, lmown as 'speed' and 'crystalmeth', and the 
not only to the user bu t to society 
at large. It IS estimated that every 
kilogram of methamphetamine 
produced leaves behind about 
seven kilograms of toxic waste. 

Drying tobacco leaves in Thailand. 

The tobacco plant can grow in 

a wide variely of warm, rnol;t 
climates and is farmed on mos. 
continents. China has ihe biggest 
production, followed by India, 
Brazil, the USA and Zimbabwe, It 
is '?stimated that tobacco is Llsed 
to make the 5S trillion cigarettes 
lhat are smoked around the world 
every yeaL 

I 
and dizziness. Regular use of these drugs leads to the rapid development of both 
tolerance and dependence, coupled with serious long-term effects such as severe 
depression and reduced resistance to infection. Abuse of amphetamines through 
overuse is a serious problem. 

Modifications to the amphetamine structure have produced some so-called 
designer drugs that are very powerful- and dangerously addictive stimulants. 

drug 'ecstasy', which although illegal in most countries has markedly increased 
in distribution globally since the 1980s. It is believed that long-term use of these 
drugs causes serious brain damage and that in some people even smaller doses can 
be fatal. 

Nicotine: stimulant and highly addictive drug 

~ 



Nicotine is one of the most widespread and abused stimulants. It is obtained 
from tobacco plants but is also found at low concentrations in tomato) potato) 

.eggplant and green pepper plants. Usually it is laken in by inhalation of smoke 
:from cigarettes) cigars and pipe tobacco) but it can also be taken by chewing. Its 

structure is 

'~II)
~ J 'I'
 
N CH) 

nicotine 

As alipid-soluble molecule, nicotine is able to cross the blood-brain barrier 

bringing about rapid effects on brain activity. Its action is to increase the levels of 
adrenaline as well as to alter the concentrations of certain neurotransmitters in 
,he brain. As with other drugs) its effects change with increased consumption over 
lime. These are summarized below. 

Short-term effects of nicotine 
consumption 

• increases concentration 

• relieves tension and boredom 

• helps to counterfatlgue 

•	 increases heart rate and blood 
pressure 

•	 decreases urine output 

Nicotine is a habit-forming 
drug, quickly leading to 

dependence or addiction. 
The addiction means 
that the person suffers 

withdrawal symptoms if 
they cease intake and these 
may include nausea, weight 

gain) drowsiness, inability to 

concentrate, depression and 
craving for cigarettes. One 
of the problems of nicoti ne 
addiction is that it is often 
linked to social factors such 
as peer pressure. 

lLong-term effects of nicotine 
consumption 

•	 high blood pressure 

•	 Increases risk of heart disease including 
angina 

•	 coronary thrombosis 

•	 increases the level of fatty acids In the 
blood which can lead to atherosclerosis 
and stroke 

•	 over-stimulation of stomach acids which 
can lead to increased risk of peptic ulcers G) TDbacco is the second major 

'Ii 

.~ 

cause of dea!!"'1 in the \,",'orld. It is 
currer)ti;; responsible for about 
5 mfllion deaThs each year (that 
is about 1 in 10 adult deaths 
v/orldwide).The World Health 
OrganizaTion states thaT if current 
smoking pattems continue This 
figure will rise ro.about 10 million 
deaThs each year by 2020. Half ,he 
people who smoke today - rhat 
is about 650 ,njllion prople -- wil I 
eVETltua!ly be ki! ied by tobacco_ In 

addition, the long-term inhalation 
of second..hand smoke (sometimes 
called passive smoking) is now 
known 10 h.Jve similarly harmful 
dreCis on health. 

<J Burning cigarettes release poisonous 
chemicals into the 31r, Including 
nicotine, tar, soot and carbon 
monOXide. ThesE' are inhaled Ilito the 
>mgs of smokers and are also taken in 
by non-smokers breathi n9 the 5ame air. 
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Nicotine is consumed in tobacco smoke as part of a cocktail of chemicals that include 
The .Vorld Heaith Organization ~ 

other noxious components such as tar and carbon monoxide. It is IlOW known that
Framework Convention on Tobacco \t:iI1 

long-term smoking is strongly correlated with increased risk of chronic lung diseases,Control INa, the world's Ars 
internarional public healrh treaty adverse effects on pregnancy and cancers of the lung, mouth and throat. This is in 
when j[ came into force ifl February addition to the high cost of obtaining tobacco in most parts of the world and the facl 
2005. It dims t:o help countries that it stains skin and nails, and leaves a lingering smell on clothing.
wengthen their tobacco control 
programmes, such as indoor In short, tobacco smoking and nicotine intake can significantly compromise a 
smoking bans, and encourages person's health and well-bei ng. This is perhaps best reflected in the fact that no 
comprehensive robilCCo 

serious athlete is a smoker and the safe pursuit of many activities such as diving 
adverrising ban'i and restrictiofls on 

and high altitude mountaineering preclude smokers. di,uibution Currently iT has been 
ratified arrd is legally binding ill 151 
countries. ~Iotoblp non·par ies to 
the agreement are Russia, which Caffeine: the world's most widely used stimulant 
has not sigrred it, and the USA. 
which has not ratilied it 

Woman drying coffee beans in the sun ~ 
ifl Lao,. Aher picking, The bean> are 
pulped, fermented, washed in water 
,)nd finally dried in the sun, producing 
'milled beans: 

•in the la51 ten years or so, lawsuit, 
in the USA against the tobacco 
industry have won some successes 
in claiming compensation for 
people affeCled by deaths 
attributable 0 tobacco use, The 
suits claimed that u-,e indUSTry 
knew of the carcinogenic efFects 
of tobacco smoking blJt failed to 
make thiS inforrnation available, 
It is likely That similar law SUiTS will 
foliow. I~ow rhat more information 
about ttle effects of tobacco 
smoking is available, who should 
be respollsible for the impact that 
it has on an individual's hl>alth? 

For some light relief enjoy thiS 
umorous recording depicting how 

SirWalrer Raleigh, who introduced 
tobacco 10 Britain, may have 
explained the use of tobacco to his 
boss in London in the 16th century. 

NowgOlO 
,vww.heinemann.co.uk/hotlinks, 
InserT the express (Ode 42S9P and 
elic on this activity. 

Caffeine is found in the beans, oleaves and fruit of over 60 plants 
where it acts as a natural pesticide. 
paralysing and killing certa in 
Insects that feed on the plants. 

Caffeine is present in coffee, tea, chocolate and colas. It is legal and unregulated 
almost everywhere; it is estimated that in North America 90% of adults consume 
caffeine daily. Il acts to reduce physical fatigue and restore mental alertness, and 

is commonly used to help people work longer hours and cope with body clock 
changes. Its structure is shown here. 

CHOHe . I) 
3",N:XN 

A I ); 
o N N 

I 
CH

J 

caffeine 

Note that, like nicotine, caffeine contains heterocyclic rings (containing both 
carbon and nitrogen) and a tertiary amine group. In addition, caffeine contains 

two amide groups. 

o• The main source of coffee beans is the i\rabic.a plant whic.h is grown in over 70 
~ COuntries. The top coffee producer, are Brazil. Colombia, India, Indonesia, Mexico, Puerto 

Rico and Vietnam. Although coffee has experienced a spike in popularity overlhe last 
20 years, it has ofren been at the expense of the producers who heve experierrced a 
dramatic fall jn price and often iiw in impo'/erished conditions. The 'fair trade coffee' 
movement has attempted to addre,s the inequalities by assuring its cu,tomer, that the 
coffee was purchased under fair condition.s. 



Model of a molecuie or caffeine: 
nitrogen is shown jp biue, oxygen in 
red i1nd hydrogen in white. r'otice the 
positions of the tertiary amine ~nd 

amide groups. 

Caffeine acts as a respiratory stimulant increasing the rate of energy release within 

cens. It also intensifies and prolongs the effects of adrenaline. Some of the main 

tffeets of caffeine, depending on the amount consumed, are summarized below. 

Consumption of caffeine in small Consumption of caffeine in large 
amounts amounts 

• enhancement of mental energy, • can cause anxiety, irritability and
 
alertness and ability to concentrate insomnia
 

•	 acts as a diuretic, IncreaslI1g • can cause dependence; side-effects
 
the volume of urine; can cause on V'.t'~hdrawallnclude headaches
f

I dehydration	 ~__a_n_d_n_a_u_s_e_a 
--_.~ 

In general, an intake of more than four cups of coffee 

per day may be considered non-beneficial. Pregnant 

I'ornen are advised to limit their caffeine intake. 

Caffeine helps the body to absorb some analgesics 

and is often included in the formulation of headache 

pills and other medications. 

ThEre ale m~ny ways of preparing decJffeinated 0 
coffee bu l usually the be~ns are first so~ked in
 
het 'Noler which dissolves out the caffeine. The
 
watE'! is then passed over activated charcoai which
 
removes the cJffeine by adsorption, but allows other
 
components of the coffee, essential for its flavour, to
 
rernairL The water i;, then returned to the beans. Other
 
processes use solvents to absorb caffeine selectively
 
frornthe infused waler. The extracted c~ffeine is used
 
in soft: drinks and in the prepariltion of caffeine tablets.
 

A 
Alka-Seltzert~blets are used to treat 
indigestion, heartburn ~ nd associated 

8 LOOK allhe structures of caffeine and nicotine which are given in T~ble 20 orthe 18 Data booklet ache, and pains. rhey contai n 
(a) Describe two Simibrities iII their structure, not including the pre,ence of double bonds, aspirin (analge,ic), sodium hydrogen 

methyl groups Jnd nitrogen atom,. CarbonaTe (antacid) Jnd caffeine. The 
(b) Discus, the probleml associated with nicotine consumption With refc<>nce to both short­ tablets effervesce in water, as seen on 

'term and long-term effects. 
© International Baccalaureate Organization [2004] ~t,e packet 
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Fleming's or ginal culture plate 
contaminaTed by the fungus Penicillium 
now/urn, photographed 25 years after 
The discovery in 1928. Die c ear region 
around The fungus where bacterial 
growth is il1hibited ca n be clearly seer!. 

Antibacterials 

The first example of a chemical used to kill pathogens came from the observation that 

certain dyes used in Ihe dyestuffs industry were able to kill some microorganisms. In 

1891 this led to the treatment of malaria using methylene blue. Paul E1ulich of Berlin 

(page 344) introduced the concept of a 'magic bullet: a chemical designed to target a 

specific disease but not touch the host cells, and successfully treated syphilis patients 

with an arsenical drug. Systematic screening for other potential antimicrobials led 

to the discovery of the sulfonamide drugs, such as Prontosil®, in 1933 ''''lth their 
seemingly miraculous ability to cure septicaemia. By 1940, the use of sulfonamides 
had dramatically reduced the number of deaths 0 rmothers in childbirth. 

However, it was the discovery of the chemicals known as penicillins that truly 
revolutionized modern medicine, as this gave birth to drugs now known as 

antibiotics. These are chemicals, usually produced by microorganisms, which act 

against other microorganisms. Their discovery is generally credited to Alexander 

Fleming, who was a Scottish microbiologist, worki ng in 1928 on bacteria 

culhues. He noticed that a fungus (or mould) known as Penicillium notatum had 

contaminated some of his cultures and was therefore about to discard them as 

spoiled. However, his eye was drawn to the fact that the mould had generated a 

clear region around it where no bacterial colonies were growing. He concluded that 
something produced by the mould was specifically inhibiting the bacterial growth. 

Fleming published his findings, but as he and his collaborators were not chemists, 

they did not pursue the work of isolating and identifying the active ingredient. 

Flemir!g's discovery of penicillin is 

oftEn described asserendipitou5 
- a rortunc.lE discovery made by 
chance or by accident. However, 
as Louis Pasteur once famously 
said 'Chance favours only the 
prepared mind': Consider to what 
Ei.1en[ ,cientif'ic-discO'veries are 
only possible by scientists who 
are traineq in the principies of 
observation Clnd interpretation. 

In the early 1940s the Australian bacteriologist Howard Florey and German-
born biochemist Ernst Chain, working in Oxford, England, picked up the 

research and successfully isolated penicillin as the antibacterial agent produced 

by the penicillium mould. [t was used for the first time in human trials in 1941 

- in the midst of World War II when there was an unprecedented demand for 

such a treatment for bacterial infections resulting from war wounds. Its rapid 

development and distribution is Imown to have saved thousands of lives in the 

later years of the war. For their work in discovering penicillin, Fleming, Florey and 
Chain shared the Nobel Prize in Medicine in 1945. 



he main research and production of penicillin was moved to the USA in 1941 

,0 protect it from the bombs pounding Britain during the war. Large-scale 

production methods were developed using deep fermentation tanks containing 

.com steep liquor through which sterile air was forced. 

JIbe i 'olation and development of penicillin occurred, however, before there was 

any understanding of its chemical structure or its mode of action. It was the work 

of British biochemist Dorothy Hodgkin in 1945 using X-ray crystallography, 

which determined the structure of penicillin G, the major constituent of the 

mould extract. Its structure is shown here. 

o 
II 

R-C-NH CH 

o~{<CH: 
C=O 
I 

OH 

Its core structure is a four-membered ring consisting of a nitrogen atom and three 

.<arbon atoms. Its antibacterial action lies in the fact that it inhibits the development 

of cross-links in bacterial cell walls, so weakening the walls and causing the bacteria 

to rupture and die during their reprad uctive phase. Its action is effective against a 

wide range of bacteria, many of which are responsible for infections of the ear, nose, 

throat and mouth, as well as at the sites of infection from wounds. 

Adisadvantage of pen icillin G is that it is broken down by stomach acid and has to 

be injected directly into the blood. Different forms of penicillin have been developed 

by modifying the side chain (the part denoted as 'R' in the diagram above) and these 

enable the drug to retain its activity even when ingested in pill form. 

Antibiotic resistance: are we killing the cures? 
Amajor problem with the use of penicillin - and also other antibiotics - is that 

of bacterial resistance. This was observed as early as the 1940s when penicillin 

proved to be ineffective against some populations of bacteria. It is now known 

that these resistant bacteria produce an enzyme, penicillinase, which can open 

penicillin's four-membered ring and render it inactive. 

o
 During World WiJr II, when the
 

supply of penicillin could not meet 

demand, it became a practice to 
collect the urine Irom patients 

being treated to isolate and reuse 

the penicillin it contained. It was 

estimated that as much as 80% of 

early penicillin formulations was 

lost from the body in the urine. 

A 
Dorothy Hodgkin (1910- J994), the 

Bntlsh X-ray crystallographer who 

discovered the stluctureS of penicillin, 

vitamin B12 ar~: im" in. She was 

Jwarded the No;:.(!1 PrIZ,,; ,n Chemistry 

in 1964. 

Coloured scanning electron 

micrograph o"enscillium sp growing 

on bread. This IS th-:- "nould that is used 

\0 produce the antibiotic penicillin. 

III 
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Antibiotic resistance arises by genetic mutation in bacteria and would'normally 
ft.r tib'Olic resistance has becorr>e <li) account for a very small proportion of the population. But the number of resistant
a m,jor problem for some na: ns 
of tuberculosis ( Bj and treatmem 
may no\v require the use of several 
d"fferem antibiotiCS together. It 
IS estimilted roday that one in 
seven new TB cases is resistant to 
the drug~ mosr commoniy used 
to treaT itln crowded conditions 
sllch as prison; in Rtlssia. resiS1ance 
rates are highe still. although the 
World Health Orgo nilation has had 
some success in introducing tough 
measures La stem a TB epidemic 
rhere.l,ntibiotic resistance must 
be faced on a globa~ scaie, as no 
cau !ltry can protert itself rrom the 
importation ofresistam pathogens 
through tra'!el and trade. 

Example'> ~ 

organisms increases dramatically with increased exposure to the antibiotic. So the 
very success of antibiotics j n fighting disease has led to this major challenge from 
Widespread resistant strains, which today threatens their very usefulness. So-caned 
superbugs are bacteria which carry several resistant genes and are a serious 
problem in many hospitals. 

The problem of resistance has been compounded by the wide use of penicillins 
(and other antibiotics) in animal feeds to lower the incidence of disease in the 
stock. It is estimated that more than 55% of antibiotics produced in North 
America and Europe are given to food animals in the absence of disease. This 
has caused the antibiotics to enter the human food chain and hence increase the 
proportion of resistant bacteria. 

Responses to the challenge of antibiotic resistance have included the fol1owing: 
•	 developing different forms of penicillin, with modified side chains able to 

withstand the action of penicillinase 
•	 controlling and restricting the use of antibiotics by legislation to make them 

prescription-only drugs; also encouraging doctors not to over-prescribe 
•	 education and encouragement of patients in the importance of completing the 

full course of treatment with an antibiotic, referred to as 'patient compliance: 
This is essential to prevent resistant bacteria prolonging the disease or 
spreading into the community. 

I.Ex~r~~~.; _ _ _ _ _ _	 ­

9 (a)	 State how penic:l!ins prevent the growt of bacteria and expla n why scientists continu(' 0 

develop ne'N penicillins. 
(b) Explain the specific effects of rnexHying the side chain in penicillin. 
(c)	 Discuss three ways in '1vhich human activities have caused iln incre2se in the resistance to 

penicillin in bacteria populations. 

Antivirals 

Viruses: nature's most successful parasites 
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Viruses are such small and simple structures that there is debate about whether 

ihey can be classified as livi ng organ isms in their own righ L They contain aniy the 

[11'0 components protein and nucleic acid (either RNA or DNA), have no cellular 

structure and are only capable of reproduci ng inside another hving cell. In all 

of these ways they are different from bacteria with their more comple.x cellular 

IlTucture and ability to survive and reproduce independently from other living cells. 

Viruses are in fact the original hijackers - they literally take over the functioning 

of another cell (the sO-Gllled 'host' cell) and use it to carry out their own 

reproduction. The hosl cell's components are used in the assembly of new viral 

part ides and in the process the cell eventually dies> releasing thousands of viral 

particles into the body. 

The war against viruses 
Viral infections claim the lives of millions of people each year and are responsible 

for an even greater number of illnesses> many of them serious. Diseases such 

as measles, meningitis and polio are caused hy viruses as well as relatively new 
diseases such as AIDS (acquired immune deficiency syndrome) and avian 'flu. 

Developing effective antivirals is therefore one of the most pressing challenges of 

modern medicine. 

.... Arrwork of a SARS virus particle inside 
a cell. SAilS (Severe Acute Respiratory 
Syndrome) is an ohen fatal lung diseilse 
that first appeared in China in late 2002 

and spread rapidly through the world 
via air travel. The virus is related to the 
type thaT causes tt1€ common cold. 
Like all viruses it cannot replicate by 
itself but instead uses the machinery of 
the host cell to producE' mort? copies 
ofif';elf. 

Treating viral infections is a challenge because the viruses live within cells and 

so cannot be easily targeted. Lacking the cell structure of bacteria> they are not 

attacked by antibiotics. Another problem is the speed at which they can multiply 

which means that they have often spread throUghoul the body by the time that 
symptoms appear. In addition, virus particles have a tendency to mutate rapidly 

(make small changes in their genetic material) and this changes their susceptibility 

to drugs. This is why, for example, different types of 'flu vaccine are developed 

each year according to the most abundant strain of virus around. 

Polio was acommon disease in the industrialized worid until a successful vaccination 'Nas 
developed in the 19505.11 most C·:Jmmonly affeCfed hilde-n lInder iivl? years old. leaving many 
who survived crippled and paralysed.lmmun,lzation programmes have led to the eradication 
of the disease from most of the world, al though some coumries. notably india. Nigeria and 
Pakistan, remain polio-endemic The Global Polio Eradication Initiative was iaund'led in 1988 
and WIcks all new cases On" ,",'1eekly basis. 



Medicines and drugs 

.... 
Molecular model of amantadine 

aMi'Jira! drug. The drug is used to 
treal Influenza A infection in adults, as 
't prevents the ability of the virus to 

repliGlte its genetic material. 

omputer artwork of HIV replication, 
he viral particles, shown in green, 
wound the white blood cell, Shown 

blue,ar,o attach themselves to Its 

uriace using speci~c proteins For 
cognition. RNA, shown in pink, IS then 

jeered into the cell and, using leverse 
ranscriptase, synthesizes DNA, wh'~h 

t~ra .es Into the hOST'S chromosome 
his can be seen to the right of the 
hite cell nucleus. New viral particles 

re assembled within the ceil and are 

own at the bottom budding from the 

ell. taking part of the membrane as an 
nvelope. 
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Nonetheless there have been significant successes in the treatment of viral 

infections. Successful vaccination programmes, which generally enable the body to 

prepare specific antibodies against a vi rus, have redu ced the incidence of diseases 

such as cholera, pol io and measles. In 1980, the WO rId Health Organization 

declared smallpox an eradicated disease. 

Some antivirals work by altering the cell's genetic material (DNA) so that the virus 

cannot use it to multiply. Others block enzyme activity within the host cell, which 

prevents the virus from reproducing. In this case the progression of the disease 

will be halted and there will be relief from symptoms, but note that the virus is 

not completely eradicated from the body. This can cause a flare up on another 

occasion - this is what happens, for example, with some herpes infections that 

cause cold sores. 

One reasonably effective antiviral drug is amantadin~ which causes changes in the 

cell membrane that prevent the entry of the virus into the cells. rt is therefore best used 
as a prophylactic (preventative) treatment or given before the infection has spread 

widely. It has been used in this way quite effectively in the treatment of influeiWl. 

AIDS: a viral pandemic 
The condition known as AIDS, caused by the virus HIV (human 

immunodeficiency virus), was first diagnosed in humans in 1981. It is 

characterized by a failure of the immune system, so that the body fulls prey to 

life-threatening opportunistic infections such as pneumonia and forms of cancer. 

The infection has spread at an alarming rate through the global population and it 

is estimated that 40 million people are currently HIV positive. with a likelihood 

of developing AIDS. In some countries in sub-Saharan Africa it is believed that as 
many as one-third of the adult population may be affected. 

EIV primarily infects vital white blood cells in the immune system called CD4+ T 

cells by binding to specific receptor proteins on their surface and then penetrating 

the cell. As I-ltV is a retrovirus (having its genetic material in the form of RNA rather 

than DNA), it releases its RNA into the cell and the enzyme reverse transcriptase 

controls the synthesis of viral DNA from the RNA. The HIV DNA integrates into 

the cell's own DNA and replicates with it when the cell divides. Viral particles are 

produced within the host cell and are released in large numbers when the cell dies. 



• 

• 

• 

the.re are three main reasons why HIV is proving even more challenging than
 

Ilther viruses to defeat.
 

1 The \'irus destroys T helper cells. the very cells in the immune system that
 
should be defending the body against it. 

L The virus tends to mutate very rapidly even within a patient. It is thought that 

there is more variation in HIV in a single patient than in influenza worldwide in 

ayear! These variations mean that the virus 'escapes' the immune response, so 

the patient has to make a response to the new virus. 

3 The \\irus often lies dormant within host cells, so the immune system has 

nothing to respond to. 

Drugs to help in the fight against HIV, known as antiretroviral drugs, act at 

different stages in the HIV lifecycle. One target is to inhibit the enzyme reverse 
transcriptase, as this is specific to the virus and does not affect the host cell. 

The drug AZT, also known as zidovudine, works in this way and was the first 

antiretrovira! drug approved for use in AIDS treatment. It does not destroy the 

HIV infection, but it has been effective in delaying the progression of the disease. 

It is also used as part of a regimen to prevent mother to child transmission of 

HIV during pregnancy. Other antiretrovirals act to block the binding of HIV to 

cell membranes or to inhibit the assembly of new viral particles within the ceU. 

Although these drugs all produce side effects ranging from unpleasant to serious, 

they are proving successful in helping to prolong the length and quality of life of 

people infected with HIV. 

1ntense research into developing a vaccine for HIV/AlDS has so far failed to 

produce a fully effective result. This is mainly because of the problem of the 

variable nature of the virus within cells and the fact that the immune response 

seems to act too slowly in the case of HIV infection. 

Acidified potassium dichromate(Vl) is commonly used in roadside tests for ethanol in the 

breath of persons operating motor vehicles. It reacts with the ethanol present to for'¥) 
ethanoic acid. 
(a)	 State the function of potassium dichromate(Vl) and give the colour change that 

takes place in this reaction. (2) 
(b)	 Identify two other methods for the detection of ethano; '1 a person's breath or 

blood that are considered to be more accurate. (2) 
(c)	 State one harmful effect of aspirin that is more likely to occur if it is taken with 

ethanol. (1) 

(d)	 Diazepam al1d nitrazepam are two depressants that are very similar in their structures. 
State the name of two different functional groups present in both depressants. (2) 

(Total 7 marks) 
© International Baccalaureate Organization [2005: 

2	 (a) State the purpose of using an al1tacid. (1) 

(b)	 State and explain which would be more effective as an antacid, 1.0 mol of 
magnesium hydroxide or 1.0 mol of aluminium hydroxide. Support your answer with 
balanced equations. (3) 

(Tota14 marks) 
© International BaccalaLJreate Organization [20051 

<i) Antiretroviral drugs usually need to 

be taken in combination with each 
other and over a long period of 
time to be effective.. ThiS is one of 

the reasons vofhy tbev are generally 
expensive to adminiSter and have 
been very poorly distributed if! 
the CounLrics where they are 
needed the most. However. in 
May 200? rhe Clinton Foundation 
HIV/AIDS Initiative announced a 
comrnitrnem from mDjor drug 
companies that reductions in price 
to USS1 per da)1 would apply to 
the provision of amiretrovirals in 65 
developing countries in I\frica, Asia 
and latin America. 

..
 



Medicines and drugs 

3 Ana Igesics can be classified as mild or strong. 

(a) State and explain how each type of analgesic prevents pa''l. (4) 

(b) Aspirin is a common mild analgesic. 

(i) Outline one advantage and one disadvantage of using aspirin, 

(i i) Aceta"'inophen (paraceta mol) is often used as a substitute for asp"i n. 

State one disadvantage of using acetaminophen. (1) 

(Total 7marks) 

© International Baccalaureate Organization [2005] 

4	 The structures of some analgesics are shown in Table 20 of the IBData booklet. Refer to 
th is table when answeri ng parts (al and (b) of th is question. 

(a)	 State the name of the nitrogen-conta',-,'ng fundional group in each of the following 

molecules.	 (2\ 

paracetamol heroin 

(b)	 Naturally occurring morphine can be conveIted into synthetic heroin by readion with 

ethanoic aCid, Identify the group ir ~he mor:;~ine molecule that reacts wd' ethanoic 

add, the name of the type of readion and the other produd of the readion. (3) 
(Total 5 marks) 

© International Baccalaureate Organization [20051 

5	 Penicillins are molecules that can kill harmful microorganisms. T,1eir general strudure is 

shown in Table 20 of the IB Data booklet. 

(a)	 State the type of microorganism killed by penic"11ins and explain how they do this.(4) 
(b)	 Explain the effect of over-prescription of penici II ins. (3) 

(Total 7 marks) 

© International Baccalaureate Organization [2005] 

6	 (a) Describe the differences between bacteria and v"uses by referring to their structures 

and the way they multiply. (4) 

(b) OJtlire two ways in which antiviral drugs work,	 (2) 

{Total 6 marks) 
© International Baccalaureate Orgc'1ization [20051 

7	 Methylamphetami'le (also known as methamphetamine or 'speed') and caffeine are 

st"'L ants with ~'le fo owing strudures. 

I-I 
I 

methylamphetamine	 caffeine 

(a)	 (i) On the strudure for ,ethyla"'phetamine above, draw a ring around t~e 

amine group. (1) 

(ii)	 Determine whether both amine groups in caffeine are pri"1ary, secondary 

or tertiary. (1)o CH
3

(b)	 Caffeine contains the group II ; . 
-C-N-

State the general name for thiS functional group.	 (1) 



(c) A 'designer drug' with astructure related to methylamphetamine IS ecstasy. Ecstasy 
tablets are sometimes contaminated with asubstance called 4-MTA. 

ecstasy 

(i)	 Methylamphetamine, ecstasy and 4-MTA are sympathomimetic drugs. Identify 
the structural similarity between the three drugs and adrenaline, the structure 
of which is given in the 18 Data booklet. (1) 

(ii)	 Out':'~e what is meant by the ter("'l sympathomimetic drug and state one 
example of ashort-term effect sympathomimetic drugs have on the human 
body. (2) 

(iii)	 State one example of a long-term effect of taking stimulants. (1) 

(Total 7 marks) 

© International Baccalaureate Organization (2003) 

(a)	 Many drugs are taken orally. State three other ways in which drugs may be taken by 
a patient. (2) 

(b) State what is meant by the term side-effect. (1) 
(c) One common type of drug taken orally is the antacid. Antacids such as sod",;:""" 

hydrogencarbonate are taken to reduce stomach acidity. 
(i) State the names of two metals, other than SOdIU?>, whose compounds aTe 

often used in antacids. (1) 
(ii)	 Give an equation for the neutralization of hydrochloric acid in the stomach by 

sod;;..,;n hydTogencarbonate. (1) 
(iii)	 Explain how heartburn is caused. (1) 
(iv)	 Explain why oimethicone is added to some antacids. (1) 

(Total 7 marks) 

© International Baccalaureate Organization [20031 

9	 (a) Aspirin is a widely used analgesic. 
(i)	 State the general names of the two functional groups attached to the benzene 

ring in a molecule of aspirin. (2) 
(ii)	 The use of aspirin can have beneficial effects for the user, but can also produce 

some unwanted side-effects. State one beneficial effect (other than its 
analgesIC adion) and one unwanted side-effect. (2) 

(b)	 Morphine is a naturally occurring analgesic that can be converted into codeine. 
(i)	 Calculate the difference in relative formula mass between morphine and 

codeine. (1) 
(ii)	 Explain what is meant by developing tolerance towards codeine and state why 

this is dangerous. (2) 
(Total 7 marks) 
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