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38 BIOLOGICAL PSYCHOLOGY

Chapter Breakdown
Introduction to psychopharmacology and the study of psychoactive drugs.

How psychoactive drugs are handled by the body.

The effect of psychoactive drugs on neurotransmission.

Neuroplastic responses to repeated administration of drugs.

The effects of commonly used psychoactive drugs on behaviour and their 

pharmacological mechanisms of action.

ROADMAP
The topic of this chapter is psychopharmacology, which is the study of psychoact-
ive drugs and how they affect brain and behaviour. Psychoactive drugs are compounds 
that are not naturally present in the body but which can nevertheless act on the body to 
produce changes in mood and/or behaviour. Psychoactive drugs may be found in plants 
or they may be compounds that have been synthesised in a chemical laboratory. In this 
chapter we will be exploring the effects of drugs that alter neurotransmission. We will be 
finding out about the many ways that drugs get from outside to inside the body to affect 
brain function. We will examine how drugs are eventually removed from the body and 
how we respond to the effects of repeated drug administration. The specific ways in which 
drugs alter neurotransmission will be explored and we will look in detail at the effects 
of commonly used recreational drugs. 

Why might we be interested in studying the effects of drugs on the brain? One reason 
is that studying how drugs affect the brain tells us something about how the brain 
works. We can use drugs as tools to find out about the role of specific transmitters 
and receptors in psychological processes. For example, if we have a drug that we know 
alters serotonin neurotransmission then we can examine the effects of this drug on 
behaviour and infer something about the role of serotonin in the behaviours observed. 
In this way, we might also learn something about the changes in brain function that 
underlie psychiatric disorders and this knowledge can help in developing better treat-
ments. If a drug mimics the symptoms of the disorder then this give clues as to changes 
in neurotransmission that might be giving rise to psychological problems. Recreational 
drug use is also widespread in many societies and is associated with personal and soci-
etal problems. Studying how drugs affect the brain helps us understand and deal with 
problematic drug use. 

We will draw on knowledge gained from reading other chapters to help our under-
standing. We will use our understanding of neurotransmission to think about how 
drugs alter synaptic communication (Chapter 1). Knowledge of perceptual processes 
will also be important for understanding some of the effects of drugs (Chapter 5). In 
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39DRUGS AND THE NERVOUS SYSTEM: PSYCHOPHARMACOLOGY

addition, there are links to learning and memory processes and their role in the propensity of 
some psychoactive drugs to engender dependence (Chapter 4). 

The first step in understanding the effects of psychoactive drugs is to consider how the body 
handles them. How do drugs get to their sites of action and why don’t they just build up in the 
body if we keep taking them? Pharmacokinetics is the term given to studying how drugs are 
handled by the body and how they are eliminated. 

HOW DRUGS ARE HANDLED BY THE BODY: 
PHARMACOKINETICS
When we take a drug it is only able to have its effects if it is absorbed into the bloodstream and 
distributed throughout the body to reach its site of action. After a while, the effects of the drug 
disappear because it is transformed (metabolised) into a compound that can be eliminated from 
the body. Pharmacokinetics is the study of these processes of absorption, distribution, metabolism 
and elimination. We will look at each process in turn and what is involved at each step, consider-
ing the implications for understanding the effects of drugs and the design of effective treatments.

Absorption
Drugs can enter the bloodstream in many different ways, referred to as routes of administration. 
Routes of administration are important to consider because some drugs can only be taken via 
a particular route and this may affect compliance with the taking of therapeutic drugs. People 
would generally rather swallow a tablet than have to inject a drug. 

Some routes of administration such as smoking can also be harmful. The amount of drug that 
gets delivered to the site of action also varies on the route of administration. For some routes of 
administration the drug has to cross biological membranes such as the lining of the intestine or 
mucous membranes in the mouth. Biological membranes are primarily made of fat (lipids) and 
so drugs need to be lipid soluble to cross them. The extent to which a drug is able to reach its sites 
of action is referred to as bioavailability.

Routes of administration
The most common form of drug administra-
tion is to swallow a tablet or a capsule contain-
ing a liquid form of the drug (Figure 2.1). This 
is known as oral administration. Once swal-
lowed, the tablet or capsule dissolves in the 
stomach and passes from the stomach to the 
intestines where it can travel across the intest-
inal membranes and enter the bloodstream. 
Not all drugs can be administered this way 
though because some are destroyed by acids 
in the stomach and others induce vomiting, 
meaning the drug is unable to reach the small 
intestines for absorption. If a drug does not 

Figure 2.1 Oral administration of drugs is often preferred 
to other routes of administration because it is most 
convenient and usually the safest and least expensive

Djomas/Shutterstock.com
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40 BIOLOGICAL PSYCHOLOGY

get into the bloodstream it is said to have low 
bioavailability.

Another issue is that once the drug enters 
the bloodstream from the intestines it is car-
ried directly to the liver via the hepatic portal 
vein. In the liver, the drug may undergo sub-
stantial metabolism, which is a process known 
as the first pass effect. Some drugs may 
be almost completely inactivated in this way 
and so may never reach their sites of action. 
However, an advantage of oral administra-
tion is that it is relatively safe and an overdose 
can be dealt with by pumping the stomach to 
remove the drug before too much of it enters 
the system. However, absorption after oral 
administration can be unpredictable because 
it is affected by factors such as how much food 
is in the stomach. This is why some drugs are 
directed to be taken on an empty stomach. 

An alternative to oral administration for 
drugs that cause stomach upset is to use a 
suppository that is inserted in the rectum. The 
rectal route may be used if a person is unable 
to take a drug orally, for example if they are 
unconscious; but absorption from rectal mem-
branes can be incomplete and unpredictable 
and the suppository may cause irritation. 

Drugs can also be absorbed via other 
membranes in the body including mucous 
membranes in the mouth and nose. Drug 
tabs can be placed under the tongue to dis-
solve, which is known as sublingual admin-
istration, or they may be absorbed via the 
cheek membrane, which is known as buccal 
administration. An example would be nicot-
ine replacement therapies formulated as sub-
lingual tabs or chewing gums. Some drugs 
can be administered topically via patches on 
the skin (transdermal route). These patches 
contain reservoirs that allow the drug to be 

released slowly over a long period. The drug diffuses through the skin into blood circulation. 
Some opioid agonists used for pain relief can be administered this way. 

Inhaling drugs (inhalation route) is a fast route of administration because once a drug 
is inhaled it is carried quickly to the lungs, which are richly supplied with blood capillaries 
(Figure 2.2). From the lungs, the blood travels in arterial blood directly to the left side of the 
heart to be pumped to the brain. Inhaled drugs are suspended as small droplets or particles in 
a gas or aerosol. Cigarette smoke is an example of an aerosol but some medical drugs are taken 

Figure 2.2 Some drugs can be inhaled but specialised 
equipment may be needed and inhalation should be 
monitored to ensure the right amount of drug is delivered 

 Ljupco Smokovski/Shutterstock.com

Figure 2.3 When a drug is administered intravenously, 
is goes directly into the bloodstream and tends to take 
effect more quickly than when given by any other route of 
administration

 Iakov Filimonov/Shutterstock.com
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41DRUGS AND THE NERVOUS SYSTEM: PSYCHOPHARMACOLOGY

using inhalers or nebulisers that create a fine mist containing the drug. A problem is that lung 
damage can be caused by drug inhalation.

Drugs can also be injected directly into a vein (intravenous route) (Figure 2.3). Intravenous 
injection is a fast route of administration that allows for precise control over the amount of 
drug that enters circulation. However, it can be dangerous because of the risk of infection from 
dirty needles and the fact that there is little time to respond to overdose or allergic reactions. 
There may also be issues with collapsed veins with repeated injections. Drugs can also be injec-
ted directly into muscles (intramuscular injection) or under the skin (subcutaneous injection). 
Subcutaneous injections are limited by the fact that only small volumes of drug can be admin-
istered into the space under the skin without causing pain but they are useful for drugs that 
require slow release.

Distribution
Once in the bloodstream, drugs circulate around the body and enter tissue sites where they bind 
to receptors to exert their effects. One thing to bear in mind is that although psychoactive drugs 
bind to receptors in the brain, they may also have effects at receptors at sites outside of the brain 
because the blood plasma that carries the drugs reaches all parts of the body. This explains some 
of the side effects of psychoactive drugs, for example their effects on the heart. 

To get to brain receptor sites, drugs have to cross the blood brain barrier. Large or non-
lipid soluble drug molecules cannot cross the blood brain barrier. Unlike other capillaries in the 
body, the blood capillaries that supply the brain are not very porous and are separated from the 
brain by tightly packed glia cells that act to keep out potentially toxic substances. This is an issue 
for the design of new therapeutic drugs targeting the brain because creating effective drugs that 
can cross the blood brain barrier is not easy. 

Another factor that affects distribution of drugs around the body is that some drugs bind 
to proteins that are present in the blood plasma. When a drug molecule is bound to a plasma 
protein it is effectively stuck in the blood circulation because the drug-protein complex is too 
large to move through capillary pores into tissue. This limits the amount of drug that can reach 
receptor sites and is known as depot binding. The action of very fat soluble drugs can also be 
limited by depot binding in fat tissue. Fat soluble drugs reach the brain very quickly but then 
they are rapidly taken out of circulation into body fat, where they are effectively inactivated for a 
time. Eventually, the drug is released slowly from the fat back into circulation to be metabolised. 
This slow release of low levels of a drug can cause a hangover effect. An example of a very fat 
soluble drug is tetrahydrocannabinol (THC), the active constituent in cannabis.

Metabolism and elimination
The process of drug metabolism allows us to eliminate drugs from the body. In this way, drugs 
do not stay in the body forever. The main way the body gets rid of drugs is in urine, but only 
water soluble compounds can be eliminated in this manner. This is why most drugs have to 
be metabolised before they can eliminated. The main site of action for drug metabolism is the 
liver. The liver contains many different metabolic enzymes that allow fat soluble molecules to 
be changed into water soluble molecules that can be excreted in urine produced by the kidneys. 

Metabolism of drugs can result in the production of a new compound that is inactive. 
However, metabolism can also result in production of a compound that is just as active or even 
more active than the parent compound. The activity of some drugs is mainly due to the effects 
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42 BIOLOGICAL PSYCHOLOGY

of a metabolite. For example, the opioid 
agonist codeine is metabolised to morphine. A 
drug may have to undergo several transform-
ations before it can be eliminated. 

Drugs may also be excreted via the lungs 
untransformed, as is the case with alcohol. 
The excretion of alcohol in the breath forms 
the basis of the alcohol breathalyser test 
(Figure 2.4). Alcohol and other drugs such as 
cocaine can also be excreted in sweat via the 
skin. Some of the drug in the sweat is incor-
porated into hair, which is why hair analysis 
is also used as a basis for drug testing. Drugs 
can also be transferred to the breast milk of 
nursing mothers.

The time course of drug 
effects
Knowledge about drug pharmacokinetics tells 
us about the likely time course of a drug effect. 
This is important because the onset and offset 
of the action of a drug affects its therapeutic 
use. For some drugs it might be critical to have 

a quick and short-lived effect, say for an anaesthetic. For other drugs, it may be important that 
the effects last for a long time. This is true for psychiatric drugs that people may have to take 
chronically. Responses to recreational drugs are also affected by the time course of their effects 
as we will discover later.

It is important to remember that the effect of a drug depends upon the amount that is avail-
able at receptor sites. This is an important principle of drug action: drug effects are related 
to the dose of the drug. For most psychoactive drugs the amount of drug at the receptor sites 
equates to the amount that is present in the blood plasma. When drugs are administered 
intravenously, peak plasma levels will be achieved immediately and so the onset of the drug 
effect is very quick (Figure 2.5). For drugs that have to cross biological membranes to get into 
the bloodstream, the onset of the drug effect will depend on factors relating to absorption. The 
time taken to reach peak plasma levels can affect the response to drugs. For the same dose of 
drug, a faster onset of effect is associated with greater behavioural and subjective effects (de 
Wit et al., 1993). After peak plasma levels are reached, the amount of drug reaching receptors 
is affected by the distribution of drug around the body and the rate of metabolism and elimin-
ation. For most drugs, distribution is quite rapid and so the main factor is how long it takes to 
detoxify the drug for elimination. Metabolism to an active compound before elimination will 
prolong the drug action. The half-life of a drug is a measure of the duration of action of the 
drug, and is defined as the time taken for the levels in the plasma to fall by a half. Some drugs 
have, a half-life of hours whereas others have a half-life of days. Drugs with short half-lives 
have to be administered more frequently to maintain their effects. If a therapeutic drug, has a 
very short half-life then this may affect compliance with taking the drug because of the burden 
associated with frequent dosing. 

Figure 2.4 After drinking alcohol, there is alcohol in the 
blood stream, and when the blood passes through the 
lungs some of the alcohol moves across the membranes 
of the lung’s air sacs (alveoli) into the air. As the alcohol 
in the air in the lungs is exhaled, it can be detected by 
a breath alcohol testing device. Because the alcohol 
concentration in the breath is related to that in the blood, 
measuring alcohol on the breath provides a measure of 
the amount of alcohol in the blood. This can be used by 
police officers to detect whether someone is drunk driving, 
instead of using a blood test

 papa1266/Shutterstock.com
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Psychoactive drugs achieve their effects by interacting with receptor sites in the brain.
To reach these receptor sites drugs must enter the bloodstream to be distributed around the body. 
The route of administration of a drug affects how much of the drug is absorbed and the onset of 
its effects.
The duration of action of a drug is affected by the rate at which it is metabolised and eliminated 
from the body.

KEY POINTS
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Figure 2.5 The route of administration affects the onset, intensity, and duration of a drug’s effect. 
Methamphetamine, for example, can be smoked, snorted, taken orally, or injected. If the drug is 
smoked or injected, the user almost immediately experiences an intense rush that lasts a few 
minutes. Snorting methamphetamine produces feelings of euphoria within three to five minutes, 
while oral ingestion produces effects within 15 to 20 minutes 

Source: The Brain: Understanding Neurobiology Through the Study of Addiction. Copyright © 2000 by BSCS & Videodiscovery. 
All rights reserved. Used with permission.

EFFECTS OF DRUGS ON NEUROTRANSMISSION: 
PHARMACODYNAMICS
Pharmacokinetics is the effect that the body has on drugs (how drugs are handled by the body) 
whereas pharmacodynamics is the effect that drugs have on the body. Psychoactive drugs 
bring about their effects by altering neurotransmission. Generally speaking, drugs either act to 
enhance or dampen the effects of neurotransmitters by increasing or decreasing the number of 
receptors that are activated. Drugs that enhance neurotransmission are called agonists and 
those that dampen are called antagonists. We can think of agonists and antagonists as turning 
up or toning down on-going neural transmission. 

One thing to bear in mind is that drug agonism is not the same as neuronal excitation. 
Remember that some neurotransmitters have inhibitory effects on neurotransmission and so 
agonists of these neurotransmitters enhance inhibitory neurotransmission. Similarly, an antag-
onist could be acting to reduce inhibitory neurotransmission. The outcome would be an increase 
in neuronal activity and so antagonism is not the same as neuronal inhibition. In addition, the 
effects of drugs on behaviour will depend upon the distribution of receptors in different areas of 
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the brain and the specificity and affinity of the drug for particular types of receptor. Drugs act to 
modulate activity in the brain circuits that underlie behaviour and so, depending upon the dose 
administered, it is possible for a drug to have effects that both stimulate some behaviours and 
depress other behaviours. 

Agonists either mimic the effects of a particular neurotransmitter by binding to postsynaptic 
receptors in a similar way and producing a similar response in the postsynaptic neuron (direct 
agonist) or they enhance the action of a natural neurotransmitter via other actions that do not 
involve direct interaction with postsynaptic receptors (indirect agonists). For example, heroin 
is a direct agonist in that it resembles the brain’s natural opioids sufficiently to activate opioid 
receptors. Similarly, nicotine attaches to receptors for acetylcholine, the neurotransmitter for 
the cholinergic system. Indirect agonist actions include: blocking the transporter proteins that 
remove neurotransmitters from the synapse; causing release of neurotransmitters from the 
presynaptic neuron; or inactivating the enzymes that normally break down the neurotransmit-
ter. All of these actions increase the amount of neurotransmitters available in the synapse thus 
enhancing the action of the neurotransmitter. Cocaine is an example of a re-uptake inhibitor. It 
attaches to the dopamine transporter and as long as cocaine occupies the transporter, dopamine 
cannot re-enter the cell by this route and it builds up in the synapse.

Direct antagonists compete with the neurotransmitter for binding at the same receptor site. 
They reduce the action of the neurotransmitter because they bind to the receptor but they do not 
induce any response. In other words, by sitting on the receptor and having no effect (blocking 
the receptor), the antagonist reduces the number of receptors available for the neurotransmit-
ter to activate. Antagonists also block the effect of agonist drugs, which is why antagonists can 
be administered as antidotes to the effects of agonists. For example, an opioid antagonist can 
be used to reverse the effect of overdose on an opioid agonist like morphine. Indirect antagon-
ist actions involve inactivation of the enzymes that synthesise neurotransmitters or inhibition 
release of a neurotransmitter. 

Some drugs alter neurotransmission by modulating the activity of the neurotransmitter 
when it is bound to the receptor. Benzodiazepines, such as diazepam, enhance the responses 
that occur when the neurotransmitter GABA binds to receptors. Benzodiazepines bind to a dif-
ferent receptor site than GABA but they change the shape of the receptor so that when GABA 
binds to its receptor site a greater than usual response is elicited. This is known as allosteric 
modulation.

A rarer type of drug action is inverse agonism. As its name suggests, these compounds actu-
ally have the opposite effect of the natural neurotransmitter. So, rather than mimicking the 
effects of the neurotransmitter, they bind to the same receptors but bring about an opposite 
cellular response. One way of thinking about the effects of agonists, antagonists and inverse
agonists is to picture their effects along a continuum: agonists are at one end, inducing the 
same response as the neurotransmitter when they bind to receptors; antagonists are in the 
middle, having no effects when they bind; and inverse agonists are at the other end, inducing an 
opposite effect to the neurotransmitter. 

The extent to which a drug activates a receptor is known as its efficacy. Antagonists have no 
efficacy because they do not induce a response in the receptor, whereas full agonists induce a 
response that is maximal relative to the effects of the neurotransmitter, and full inverse agonists 
induce a maximal response in the opposite direction. In between there are partial agonists and 
inverse agonists. These compounds activate receptors but even at very high doses the maximal 
response is not achieved. 
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Partial agonists are interesting because 
their effects depend upon the background 
level of neurotransmitter activity and for this 
reason they may be useful for treatment in 
disorders where stabilisation of neurotrans-
mission is required. For example, in the case 
of low levels of the neurotransmitter, partial 
agonists raise activity back up to more nor-
mal levels. In a situation where there may 
be excess levels of neurotransmission then a 
partial agonist would actually have antagonist 
properties and might be useful in toning down 
activity. This is because the partial agonist 
would be competing with the neurotrans-
mitter for the same receptors but would be 
eliciting a submaximal response on binding 
relative to the neurotransmitter. This would 
effectively reduce over-stimulation by the 
high levels of neurotransmitter.

We have been talking so far as if all drugs 
are very specific in their actions and have one type of action to alter neurotransmission. Some 
drugs do primarily disrupt one neurotransmitter or class of neurotransmitters but others inter-
act with many neurotransmitters. For example, morphine primarily acts as an agonist at a par-
ticular type of opioid receptor in the brain and so is quite selective, whereas cocaine acts as an 
indirect agonist for monoamine neurotransmitters; it inhibits re-uptake of dopamine, serotonin 
and noradrenaline. Alcohol is even less specific and has effect to alter GABA, glutamate, dopamine, 
serotonin, cannabinoid and opioid neurotransmission. Even if a drug is selective for a particu-
lar receptor then it is likely to have more than one effect on behaviour because of the fact that 
receptors in different areas of the brain control different functions. Opioid receptors in some 
brain areas are important in pain responses but in other areas are involved in control of basic 
physiological functions such as breathing. 

The relationship between the dose of a drug and its effects on behaviour usually vary accord-
ing to the affected behaviour. The pain relieving effects of opioids occur at lower doses than 
the effects to depress breathing. The gap between desired and undesired or even fatal effects of 
drugs is obviously critical for therapeutic drugs because of the possibility of overdose. Ideally 
there should be a very large difference in the therapeutic versus lethal doses. This margin is 
known as the therapeutic index and is calculated as the dose of drug that elicits a lethal 
response in 50% of a sample (known as the lethal dose or LD50) divided by the dose that elicits 
a desired response in 50% of a sample (known as the effective dose or ED50) (Figure 2.6). 

EFFECTS OF REPEATED CONSUMPTION OF DRUGS
The acute effects of taking a psychoactive drug are often different to the effects that are 
experienced after a drug has been taken repeatedly. Neuronal systems adapt to drug-induced 
changes in neurotransmission. An adaptive response might be that numbers of receptors are 
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Figure 2.6 The concept of therapeutic index refers to 
the relationship between toxic and therapeutic dose. The 
therapeutic index determines the safety of a drug. Drugs 
with a large therapeutic index are preferred (a large 
difference between the toxic and clinical dose) because 
there is less likelihood of a person being able to overdose or 
experience toxic effects if they accidentally take too much of 
the drug
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Drugs affect behaviour by altering synaptic transmission in various ways.
Agonist drugs enhance the effects of neurotransmitters whereas antagonist drugs dampen their 
effects.
Drugs vary in their selectivity: some alter the activity of specific neurotransmitters whereas others 
affect multiple neurotransmitters. 
Repeated administration of a drug can alter the drug response via adaptive neuroplastic pro-
cesses known as tolerance and sensitisation.

Focus on Methods: 
Psychopharmacology 

Psychopharmacology is the study of the effects of drugs on the brain and behaviour. In some 
psychopharmacology studies, drugs are administered that either enhance (agonists) or dampen 
down (antagonists) the effects of neurotransmitters, and the effect on physiological and beha-
vioural responses is examined. If we know about the specific action of the drug then we make
inferences about the biological basis of the affected behaviour. For example, if a serotonin agonist 
improves mood then we might infer that serotonin neurotransmission is important for positive
mood states. Another approach is to examine brain chemistry in behaving animals to find out
about the neurochemical basis of psychological experiences. This can be done via in vivo dialysis 
which involves implanting a tube into the brain of a rat so that neurotransmitters that are released
in a specific area can be collected and stored for later analysis. 

KEY POINTS

down-regulated in response to increases in activation by drugs. This can lead to tolerance, 
whereby with repeated administration of drugs a higher dose is required to achieve the same 
effects. Tolerance can also be due to drug-induced changes in the synthesis and release of 
neurotransmitters. As a result of these neuroplastic changes, if a person stops taking a drug 
they may experience withdrawal symptoms because once the drug is taken away the effects 
of down regulation become apparent. 

In other cases, the adaptive response to repeated drug administration is an increase in 
receptor numbers or sensitivity to a drug. This is known as sensitisation, meaning that the 
same dose of a drug elicits a greater response over time. A drug can invoke tolerance in some 
systems but not others. Also, one behaviour might show tolerance while another shows sensit-
isation. This can lead to problems because if there is tolerance to some of the effects of a recre-
ational drug and a person increases their dose to overcome the tolerance, they might be more 
likely to overdose if there is no tolerance to the lethal effects. 
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USE OF PSYCHOACTIVE DRUGS
Humans have used psychoactive drugs throughout history. As hunter gatherers, early humans 
would have been exposed to psychoactive substances contained in plants (Johns, 1990). Drugs 
like caffeine, nicotine and cocaine are plant neurotoxins that likely evolved because they defend 
the plant from consumption by plant-eating animals (Karban and Baldwin, 1997). As part of the 
co-evolution of plants and animals, humans found ways of dealing with plant chemical defences 
including the ability to metabolise them (Karban and Agrawal, 2002). While the consumption of 
these plants may have some beneficial effects that promoted their consumption, the pure forms 
of the drug extracted from plants have powerfully reinforcing effects on behaviour and induce 
long-term adaptations in brain reward systems that can create serious problems for individuals 
and society (Nesse and Berridge, 1997).

We will examine the effects on the brain and behaviour of commonly used psychoactive 
drugs. The focus is on drugs that are used recreationally for their mind-altering effects. Some of 
these drugs also have medicinal uses that will be discussed but drugs that are primarily used in 
treatment of psychological disorders will be discussed in Chapter 9.

ALCOHOL
When we speak of alcohol, we are referring to a particular type of alcohol, ethanol, which is 
present in alcoholic beverages and foodstuffs. Alcohol consumption is part of many cultures 
today and historical records suggest that dilute alcoholic beverages were probably the most 
common daily drink among people in Western civilisation for thousands of years. Drinking alco-
hol, which is an antiseptic, would have been much safer than risking consuming contaminated 
water from unsafe supplies. In the East, the problem of safe drinking water was solved in a dif-
ferent way by boiling water for tea (Vallee, 1998). 

Initial human encounters with alcohol were probably accidental via the consumption of fer-
mented fruits. As fruits ripen, the sugar they contain is eventually converted to alcohol by yeast 
on the skin. Humans foraging for fruit would have been exposed to alcohol in this way but 
probably only in small amounts (Dudley, 2004). With the development of agriculture came the 
introduction to the human diet of beer and wine, made from cultivated wheat and grapes. But it 
was not until the invention of distillation processes, to create high-alcohol-content spirits, that 
alcoholic beverages resembled the strong drinks on offer today (Vallee, 1998). While many soci-
eties approve of moderate alcohol use, excessive drinking is considered detrimental to health 
and public safety.

Alcohol is usually classed as a depressant drug because its overall effect on brain function is 
inhibitory. But anyone who has observed the behaviour of someone consuming alcohol might 
note that, at low doses, alcohol stimulates behaviour (Babor et al., 1983). People become more 
talkative and less anxious in social situations when they drink alcohol (Pohorecky, 1981). This is 
because alcohol dampens the processes that normally restrain our behaviour in social contexts. 
In other words, alcohol reduces inhibitory control or produces what is known as disinhibition. 
Imagine a neural circuit that normally keeps emotional responses in check. If activity in this cir-
cuit is depressed then an increase in emotional responses would be observed via disinhibition, 
as is the case with alcohol. In this way alcohol can also produce an increase in risky behaviours 
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that a person would not normally engage in when sober. These activities include risky sexual 
practices and aggressive behaviours. 

There are strong links between alcohol use and violence reported in many countries (Graham 
and West, 2001), although the extent of the problem varies according to cultural factors such as 
expectations about how people should behave when intoxicated (Jones et al., 2001). Alcohol-
related aggression might also be due to other effects of alcohol on cognitive processing such as a 
reduced ability to process information and problem solve in social situations or a narrowing of 
attention focus on certain aspects of a situation (Steele and Josephs, 1990). An effect of alcohol 
to limit a person’s ability to attend to and make use of all the available cues of information in a 
social situation might also explain why alcohol induces such a wide range of effects across indi-
viduals but also within the same person. For example, a person might be aggressive after alcohol 
at certain times but other times feel depressed. 

At higher doses of alcohol there are widespread effects on the brain, and general inhibition 
of activity overwhelms any initial disinhibitory effects in specific circuits. Drinkers become sed-
ated and their ability to react to things is impaired, as is their balance and coordination, which 
is why drunk driving is so dangerous. As the dose of alcohol increases still further then a person 
might lose consciousness and eventually their breathing may stop (Figure 2.7). Death from too 
much alcohol can also occur if a comatose person vomits and then breathes in the vomit and 
chokes. A person may vomit because toxic levels of alcohol in the body are detected by the brain. 
The vomit reflex is an attempt to remove any unabsorbed alcohol from the system. 

The effects of alcohol on the brain are due to its modulation of various neurotransmitters, 
including the main inhibitory and excitatory neurotransmitters GABA and glutamate (Nestoros, 
1980). Alcohol enhances GABA transmission by binding to the GABAA receptor and increas-
ing the flow of Cl– ions through the ion channel in response to GABA binding to the receptor 
(Ticku et al., 1986). Conversely, alcohol inhibits ion flow through the NMDA glutamate recept-
ors (Lovinger et al., 1989). Both these actions have the effect of inhibiting neurotransmission. 
The ability of alcohol to affect GABA and glutamate receptors depends upon the composition of 
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Figure 2.7 Different effects of alcohol are experienced according to the dose administered. At low 
doses, there is behavioural disinhibition but at higher doses there is sedation. At very high doses 
breathing will be depressed and the person may die 

Source: Marczewski and Kamrin (1991)
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the receptors, and some receptor subtypes are 
sensitive to the effects of alcohol whereas others 
are not (Crews et al., 1996). 

Alcohol also affects neurotransmission in 
serotonin, opioid and dopamine systems in 
the brain (Gessa et al., 1985; Froehlich and Li, 
1994; Le Marquand et al., 1994). These effects 
likely relate to the rewarding effects of alcohol 
and its potential for abuse. Alcohol can increase 
neurotransmission in the mesolimbic dopam-
ine system and these effects may be in part due 
to an effect of alcohol on cannabinoid receptors 
(Hungund et al., 2003).

The long-term effects of consuming alcohol 
depend on the amounts consumed. There is 
some suggestion that moderate consumption of 
alcohol does not induce harmful changes to the 
body and may even have some beneficial effects 
(Grønbæk et al., 1998). Moderate drinkers tend 
to suffer less from heart disease than those who drink heavily or abstain (Rimm et al., 1996). But 
a problem with studying the relationship between drinking and health is factoring out the influ-
ence of other lifestyle factors (Naimi et al., 2005). In addition, some people who abstain from 
drinking may do so because they had problems with alcohol, and their poorer health makes the 
moderate drinkers look good by comparison (Fillmore et al., 2007). So experts disagree about 
whether it is possible to say that moderate drinking has health benefits. 

Heavy consumption of alcohol (usually defined as more than 2–3 drinks per day) is asso-
ciated with health problems such as cirrhosis of the liver and brain damage. Liver cirrhosis 
is a condition in which scar tissue replaces healthy liver tissue, preventing the liver from 
working properly. This happens because alcohol is metabolised by the liver and some of the 
products of alcohol metabolism are harmful to the liver. Korsakoff’s syndrome is a type of 
dementia caused by a lack of vitamin B1. Heavy drinkers who are dependent on alcohol usu-
ally have a poor diet that lacks essential vitamins, which can cause problems like Korsakoff’s 
(Figure 2.8). 

Heavy drinking is also a risk factor for cancer (Schütze et al., 2011). The brain adapts to 
chronic heavy consumption of alcohol which means that when someone stops drinking they 
experience serious withdrawal effects when alcohol is no longer having a depressing effect on 
the brain. In withdrawal, the brain is in a state of rebound hyperexcitability which can manifest 
as anxiety, tremor, disorientation, and seizures. Severe withdrawal is marked by a syndrome 
called delirium tremens, which involves hallucinations and irrational behaviour. 

Heavy alcohol consumption is harmful to unborn babies. Alcohol consumed by a mother dur-
ing pregnancy goes across the placenta to the foetus via the bloodstream. Because the foetus’s 
liver is not fully formed, it cannot metabolise the alcohol quickly enough. The high blood alcohol 
concentration in the foetus affects development and is known as fetal alcohol syndrome.
Babies born with this syndrome have distinctive features including a small head and a smooth 
area between the nose and the lips as well as a thin upper lip. They are smaller than other babies 
and have learning difficulties (Clarren and Smith, 1978). 

Figure 2.8 Korsakoff ’s syndrome is caused by lack of 
thiamine (vitamin B1) and this causes damage to the 
thalamus and hypothalamus, which leads to memory 
problems and a dementia-like syndrome. Note the 
pigmentation of the grey matter around the third ventricle
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STIMULANTS
The term stimulant is used to describe various drugs that increase activity, alertness and mood. 
Drugs such as cocaine, nicotine and caffeine have different primary mechanisms of action but 
they share a common effect to increase dopamine neurotransmission in the brain and this likely 
underlies their energising effects.

Cocaine 
The leaves of the plant Erythroxylum coca contain cocaine, which is released when the leaves 
are chewed (Figure 2.9). Coca leaves have been used in religious ceremonies and medicine in 
South America, where the bushes grow abundantly, for thousands of years. Cocaine in purified 
form was extracted from coca leaves in the mid-1800s and used as a local anaesthetic. It was 
present in many tonics around that time (including Coca-Cola) and was advocated as a treat-
ment for depression by, among others, Sigmund Freud. Freud later changed his mind about the 
benefits of cocaine once he became aware of its dependence-inducing effects. 

Powdered cocaine is in the form of a hydrochloride salt that can be snorted because it is water 
soluble. It cannot be smoked because the salt is destroyed by heat. The pure non-salt form of 
cocaine is known as free-base and is the smokable form of the drug. Crack is a form of free-base 
cocaine that is made by combining cocaine hydrochloride with baking powder (sodium bicar-
bonate) and water then heating the paste to remove the hydrochloride. When smoked, the rocks 
that are cut from the cocaine precipitate make a popping sound, from which crack gets its name. 

The short-term effects of cocaine include increased alertness, heightened sensations and 
a desire for further drug taking. The need for sleep is reduced and appetite is suppressed. 
These effects come on very quickly if the drug is smoked and last for about 10 minutes. If the 
drug is snorted there is a slower onset of action but the effects are also prolonged owing to 
the slower absorption of the drug, and they may last for 30 minutes. Large doses may cause 
symptoms similar to schizophrenia such as paranoia, and hallucinations. One type of hallu-
cination experienced is the feeling of bugs crawling under the skin, known as formication. 

Knowledge about the effects of cocaine on 
brain and behaviour has informed theories 
of schizophrenia (see Chapter 9). 

At high doses, the cardiovascular effects of 
cocaine can result in sudden death from heart 
attack. Taking alcohol with cocaine increases 
the stimulant effects experienced (Andrews, 
1997) but also increases the risk of immediate 
death (Harris et al., 2003). This is because the 
combination of cocaine and alcohol produces 
a new compound called cocaethylene, which 
has similar effects to cocaine but is more 
toxic. The long-term consequences of taking 
cocaine include dependence and malnourish-
ment due to the appetite-suppressant effects 
of the drug. Snorting cocaine can lead to loss 
of sense of smell, nosebleeds and damage of 
the nasal septum. 

Figure 2.9 Erythroxylum coca is a densely leafed plant 
native to the eastern slopes of the Andes. The leaves 
contain cocaine

 iStock.com/rchphoto
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Cocaine inhibits re-uptake of dopamine, serotonin and noradrenaline by binding to presyn-
aptic transporter proteins thus enhancing monoamine neurotransmission. The reinforcing 
effects of cocaine are likely mediated by its action to increase serotonin and dopamine trans-
mission in reward pathways in the brain (Rocha et al., 1998; Volkow et al., 1997). Longer-term 
changes in these systems are implicated in cocaine dependence (Pelloux et al., 2012; Robinson 
and Berridge, 1993). 

Amphetamines
Amphetamines are synthetic drugs that were originally developed in the 1920s to treat asthma 
and narcolepsy (Piness et al., 1930). They were used as antidepressants and diet pills in the 
1940s and given to soldiers during World War II to prevent fatigue (Rasmussen, 2008). The 
effects of amphetamines are similar to those of cocaine. Amphetamines increase dopamine and 
noradrenaline neurotransmission by acting primarily to release these neurotransmitters from 
nerve terminals but also inhibiting re-uptake (Fleckenstein et al., 2007). 

Methamphetamine is very similar to amphetamine but its effects are longer lasting and come 
on more quickly because it is more lipid soluble than amphetamine and so is partitioned into 
the brain more quickly. This might explain why methamphetamine has been noted to have a 
high potential for abuse since rapid delivery of a drug to the brain is thought to facilitate adapt-
ive changes in neuronal circuits that underlie addiction (Samaha and Robinson, 2005). Long-
term use of methamphetamine causes structural changes to the brain, only some of which are 
reversed upon cessation of drug taking (Thompson et al., 2004). 

Nicotine
Nicotine is the drug found in cigarettes and other tobacco products such as chewing tobacco and 
snuff. The plant Nicotiana tabacum, which is native to the Americas, is the source of nicotine 
for tobacco products. Tobacco has been used throughout human history. The first archaeolo-
gical evidence for tobacco use dates back to 1400 BC in New Mexico (Gilman and Xun, 2004). In 
indigenous American culture, tobacco smoking was important in medicine and ceremonies and 
features in creation stories (Robicsek, 2004). Sir Walter Raleigh introduced tobacco to England 
in the late 1500s. As there were no other smokers at the time, a servant seeing Raleigh smoking 
is reputed to have thrown water on him, thinking he was on fire! 

The way in which tobacco is used is subject to cultural influences: pipe smoking has been pop-
ular at certain times and snuff taking at others. However, the mass manufacture of cigarettes in 
the 1800s led to cigarettes becoming the predominant mode of consumption and widespread 
use of nicotine throughout the world. Smoking in some parts of the world is still very high but 
is declining in many developed countries owing to awareness about the health problems associ-
ated with tobacco use (Shafey et al., 2003). 

Smoking causes many illnesses that shorten life, such as cancer and cardiovascular disease 
(Doll et al., 1994).This is due to the inhalation of smoke and carcinogens that are formed in the 
burning of tobacco. Nicotine itself is very toxic at high doses but can be safely used in products 
that replace the use of tobacco. 

Although nicotine is probably responsible for most of the effects of tobacco use it is possible 
that other compounds play a role. Tobacco smoke contains many other compounds that could 
either have a direct effect themselves on behaviour or potentiate the effects of nicotine. There 
is not much known about other active constituents of tobacco smoke but one compound – the 
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enzyme monoamine oxidase (MAO) – could potentiate the effects of nicotine on the brain because 
it is responsible for breaking down the neurotransmitters dopamine, noradrenaline and serotonin 
(Lewis et al., 2007).

The rate of absorption of nicotine varies depending on the route of administration. Nicotine 
reaches the brain quickly after cigarette smoke inhalation but is much slower if nicotine is 
delivered by patch, gum, nasal spray, or inhaler, as used in nicotine replacement therapies for 
smoking cessation. 

Nicotine is an acetylcholine agonist and it binds to specific receptors called nicotinic acet-
ylcholine receptors or nAChRs. Activation of presynaptic nAChRs causes release of various neuro-
transmitters including acetylcholine, dopamine noradrenaline, serotonin GABA, glutamate, and 
endogenous opioids (Wonnacott, 1997). Like other stimulants, nicotine causes release of dopamine 
in the nucleus accumbens by acting at nAChRs located on dopamine neurons that project from 
the VTA to the nucleus accumbens (Nestler, 2005). However, nicotine can desensitise rather than 
activate neurons. This means the receptors adopt a conformation that means they are unable to be 
activated by nicotine. Desensitisation can occur minutes after drug binding but some subtypes of 
nAChR are more prone to desensitisation than others (Martin-Ruiz et al., 2000). A consequence is 
that neurotransmitter release by nicotine is more likely to occur after periods of abstinence, such as 
during overnight sleeping, because after the first cigarette, the receptors will be desensitised (Brody 
et al., 2006). Desensitisation of receptors may underlie the short-term tolerance that occurs to the 
effects of nicotine and may play a role in withdrawal and craving (Benowitz, 1996). A longer-term 
adaptive response to repeated desensitisation of nAChR is an increase in their receptor number as 
observed in regular smokers that could underlie chronic tolerance (Wang and Sun, 2005). 

As with other stimulants, nicotine increases heart rate and blood pressure owing to increases 
in dopamine and noradrenaline in the periphery. It increases reaction times and other cognitive 
functions although some of the effects observed in smokers are likely related to the reversal of 
withdrawal symptoms (Heishman et al., 1994). Some smokers may use nicotine to improve their 
concentration and mood (Pomerleau and Pomerleau, 1985). People with depression and schizo-
phrenia are more likely to take up smoking than people without depression (Lasser et al., 2000) 
and this may be because of antidepressant and cognitive enhancing effects of nicotine (Malpass 
and Higgs, 2007; Warburton, 1994). 

Regular smokers also show changes in cognitive processing characterised by biases towards 
smoking related cues (Mogg et al., 2003). This is also true for other drugs of abuse (Field and 
Cox, 2008) but seems especially strong for nicotine associated stimuli (Caggiula et al., 2001). It 
has been suggested that an important factor maintaining smoking behaviour is that cues such as 
the sight and smell of smoking, and objects and places associated with smoking, trigger smoking 
behaviour and satisfy cravings (O’Brien et al., 1998). So smoking a cigarette that does not actu-
ally contain nicotine can be almost as satisfying as smoking a real cigarette, whereas infusion of 
nicotine directly into the bloodstream is not effective at all in reducing cravings (Rose et al., 2000). 
This might explain why smokers continue to smoke even when nicotine receptors are desensitised. 

Caffeine
Caffeine is present in a wide variety of food and drinks from coffee to energy drinks and chocol-
ate. Many people say they can’t get by first thing in the morning without a shot of caffeine in 
their favourite beverage, and around 80% of the world’s population consume the drug (James, 
1997). Caffeine has mild stimulant effects to increase mood and alertness (Lieberman et al., 
1987) which probably explains its popularity. 

03_Higgs_BAB1401B0020_Ch-02.indd   52 9/12/2014   4:59:36 PM



53DRUGS AND THE NERVOUS SYSTEM: PSYCHOPHARMACOLOGY

Some people are very sensitive to the effects of caffeine and experience negative effects. In 
particular, patients with panic disorders experience increases in anxiety after caffeine and so 
they tend to avoid it (Charney et al., 1985; Lee et al., 1988). This may be due to variation in genes 
coding for the receptors where caffeine acts in the brain (Alsene et al., 2003).

Studying the effects of caffeine in the laboratory is quite difficult for two reasons. First, people 
often come to the studies with clear expectations about how they will feel after consuming caf-
feine. Second, even short-term abstinence from caffeine results in a feeling of fatigue and lack 
of concentration (Juliano and Griffiths, 2004) and so it is difficult to separate direct effects of 
caffeine to improve mood and cognition from an effect of a caffeine shot to reverse the negative 
effects of withdrawal from the drug (James and Rogers, 2005). 

It is possible to design studies to overcome these problems but such studies are not easy to 
carry out. Participants must not be aware that they have been given caffeine, and the influence 
of expecting to feel better after caffeine should be controlled for. Ideally one would want to test 
the effects of caffeine in people who have never had caffeine but this poses ethical issues because 
non-consumers or low consumers are unlikely to wish to consume caffeine 

Another approach is to test people who consume very little coffee but this can be problematic 
because such individuals are hard to recruit. In addition, they may be avoiding caffeine con-
sumption because they have had an atypical reaction in the past and so are not representative 
of how most other people would respond to the drug. Overall, research on the effects of caffeine 
on cognition and mood suggests that most of the effects of caffeine observed in the laboratory 
are likely explained by withdrawal reversal but some studies do report some direct effects of caf-
feine in low consumers (Childs and de Wit, 2006). It may be that the stimulant effects of caffeine 
motivate its initial use but thereafter everyday use is maintained to avoid the unpleasant effects 
of not having consumed caffeine for a while. 

Caffeine binds to adenosine receptors that are distributed throughout the body, including the 
brain. It is an adenosine antagonist. Generally speaking, the physiological effects of caffeine are 
the opposite to those of adenosine. For example, adenosine is a vasodilator whereas caffeine con-
stricts blood vessels. This is why it is often used in conjunction with other drugs for treatment for 
headaches. Caffeine is a diuretic, meaning it increases urination, whereas adenosine decreases 
urine output. In the brain, adenosine is an inhibitory neuromodulator that influences the release 
of several neurotransmitters and is involved in the regulation of sleep (see Chapter 8). 

Direct binding of caffeine to adenosine receptors in the brain underlies its behavioural effects 
but it is likely that indirect effects on dopamine neurotransmission also play a role. Adenosine 
receptors are located near to dopamine D2 receptors in reward areas of the brain and probably 
interact with them (Ferré et al., 1992). Caffeine may remove the inhibitory effect of adenosine 
from dopamine receptors via its antagonist action thereby increasing dopamine activity. In sup-
port of this idea, people find the effects of low doses of amphetamine to be somewhat similar to 
the effects of caffeine (Chait and Johanson, 1988). 

Interestingly, there is also some suggestion that regular coffee drinking is associated with reduced 
incidence of Parkinson’s disease, perhaps because of the effect of caffeine on dopamine transmission 
(Chen et al., 2001). A relationship has also been noted between coffee consumption and Alzheimer’s 
disease although the underlying mechanism is unclear (Eskelinen and Kivipelto, 2010). 

OPIATES
Opiates come from the poppy flower Papaver somniferum. Two opiates contained in poppy 
sap are morphine and codeine. Dried poppy sap is referred to as opium and has been used for 
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centuries for pain relief and for its mood altering properties. A combination of opium and 
alcohol, known as laudanum, was widely available in the 1800s. It was used by many writers and 
artists including the poet Samuel Taylor Coleridge, who became dependent on it, but its use was 
not confined to a particular social class (Berridge, 1977). Around the same time, morphine was 
extracted from opium and sold commercially. 

The use of morphine was dramatically affected by the invention of the hypodermic syringe 
which allowed for a more rapid effect of the drug. This method of drug delivery was used by 
medics for pain relief in minor surgical procedures and the management of post-operative and 
chronic pain, but it was also used by people for self-medication. 

In trying to create a less addictive analgesic, chemists modified the structure of morphine to 
create heroin. Heroin crosses the blood brain barrier more easily than morphine because it is 
more lipid soluble. It is then converted to morphine and another potent active compound and so 
it is actually no less addictive than morphine. Many other opioid drugs that mimic the effects of 
morphine have been synthesised since but they all have abuse potential. Drugs such as fentanyl 
and oxycodone are used in pain management today but they too are addictive. Methadone is 
another synthetic opioid that is similar to morphine but its effects last for much longer and it 
can be taken orally. For these reasons methadone is given to people dependent upon opiates as 
a safer substitute for heroin or morphine. When taking methadone, withdrawal symptoms are 
experienced less frequently because the drug levels are more stable and there are fewer drug 
cravings (Ward et al., 1999). 

The brain contains opioid receptors that bind opiate drugs and naturally occurring brain 
chemicals known as endogenous opioids (Pert and Snyder, 1973). Opioid agonists like morphine 
have similar effects to the endogenous opioids, and opioid antagonists like naltrexone bind to 
the receptor but do not elicit any changes to cellular function. The major effects of opioid agon-
ists on the brain is to inhibit neurotransmitter release. 

Morphine binds specifically to the mu type of opioid receptor. An effect of morphine binding 
to the mu receptor is to increase dopamine release in the nucleus accumbens, which is an area 
of the brain important for motor function and reward. This happens indirectly via an effect on 
GABA interneurons in the ventral tegmental area. GABA interneurons exert an inhibitory influ-
ence on dopamine neurons that project to the nucleus accumbens. There are opioid receptors 
located on the GABA interneurons and when they bind morphine this reduces the amount of 
GABA that is released, which tones down the inhibitory influence on the dopamine neurons. 
As a result, more dopamine is released in the nucleus accumbens (Di Chiara and North, 1992). 

Morphine and other opioid agonists supress the cough reflex, which explains why they were 
used historically in cough syrups. They are also sedating and have a constipating effect. On first 
use of the drug many people experience nausea and vomiting. Tolerance occurs to many of the 
effects of opioid agonists, and overdose can result in a person stopping breathing because the 
brain becomes less sensitive to the signals that maintain respiration (Bailey et al., 2000). The 
treatment for opioid overdose is to administer an opioid antagonist. Administration of opioid 
agonists causes long-term changes in receptor signalling mechanisms in the locus coeruleus which 
is thought to underlie tolerance (Carlezon et al., 2005). 

CANNABIS
Cannabis is the most widely used illicit drug in the world (UNODC, 2012). About 147 million 
people, or 2.5% of the world population, consume cannabis. Various parts of cannabis plants 
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are used recreationally for their mood and perception altering effects. The dried crushed plant is 
known as marijuana whereas the crushed tops of the female plants are known as ganja. Hashish 
is a dried resin from the female plants. The effects of cannabis on the brain are due primar-
ily to a chemical component called delta-9-tetrahydrocannabinol, which we refer to as THC 
(Mechoulam and Gaoni, 1967). 

The amount of THC varies according to the type of drug preparation and plant type. Hashish 
has more THC than marijuana. Some plant strains have a high THC content and are known as 
skunk. Cannabis is usually smoked as a joint or using a water pipe (sometimes with tobacco 
added), which delivers THC rapidly to the brain. It may also be consumed orally in fat con-
taining foods or drunk as a tea, in which case the peak plasma concentration is reached after 
about an hour (Agurell et al., 1986). THC is taken up into fat and slowly released to maintain 
low levels in blood. Levels of THC can be detected in plasma for up to six days after smoking, 
in frequent users.

THC is an agonist at cannabinoid receptors in the brain. There are two types of cannabinoid 
receptors: CB1 and CB2 (Devane et al., 1988; Munro et al., 1993). The psychological effects of 
cannabis are due to the actions of THC at CB1 receptors (Heishman et al., 1989). Drugs that 
block the effects of THC also block the effects of cannabis. THC mimics the effects of endogen-
ous cannabinoids like anandamide (Devane et al., 1992). The most commonly reported effects of 
cannabis in users are relaxation, happiness, increased sensory perception and laughter (Green 
et al., 2003). Some users report negative responses such as feelings of paranoia and anxiety 
(Atha and Blanchard., 1997). Cannabis users also experience time as passing quickly (Hicks 
et al., 1984). The effects experienced depend on whether a person is experienced with cannabis 
and on the set and setting in which the drug is taken. 

Cannabinoid receptors are distributed all over the brain but are present in high numbers in 
the hippocampus, the cerebellum, the basal ganglia and the neocortex (Herkenham et al., 
1990). Effects of THC binding in these areas include memory impairment and disruption of 
motor function (Chevaleyre and Castillo, 2004; Glass et al., 1997). Many studies have shown 
significant effects on short-term memory (Abel, 1971). Cannabis, like alcohol, impairs balance 
(Greenberg et al., 1994) and performance on tasks that require fine coordination (Manno et al., 
1970). Effects on perceptual–motor coordination can increase the risk of accidents if users drive 
while intoxicated, although the effects of cannabis may be less harmful than alcohol because 
people drive more slowly and take fewer risks under the influence of cannabis (Terry and 
Wright, 2005). 

Cannabinoid receptors are also abundant in the mesolimbic dopamine system and actions 
at these receptors underlies the rewarding effects of THC (Maldonado et al., 2006). THC is 
effective in animal models of addiction such as self-administration and conditioned place 
preference. Experimental studies in people show that they are able to discriminate between 
cigarettes containing different levels of THC and readily choose higher concentration of THC 
over lower concentrations or placebo (Haney et al., 1997). THC selectively activates dopamin-
ergic neurons in the ventral tegmental area, which causes release of dopamine in the nucleus 
accumbens (Tanda et al., 1997). 

There are also interactions between cannabinoid and opioid systems in the brain. 
Administration of a mu opioid antagonist blocks the ability of THC to induce accumbens dopam-
ine release (Tanda et al., 1997).

Tolerance develops to the mood, memory, motor, and performance effects of the THC with 
repeated administration at high doses (Abood and Martin, 1992). The mechanism of this tol-
erance is likely to be a desensitisation of the CB1 receptor and/or a decrease in receptor numbers 
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(Pertwee, 2006). Repeated administration of cannabis can also give rise to some subtle 
withdrawal symptoms when use is ceased abruptly. The withdrawal syndrome is not par-
ticularly pronounced, probably because THC is very lipid soluble and so disappears only very 
slowly from its sites of action.

Various claims have been made for using cannabis and cannabinoid drugs as treatments 
for medical conditions such as glaucoma, multiple sclerosis and chronic pain. Of course can-
nabis itself has been used for medical reasons for centuries (Mechoulam, 1986) but it is only 
more recently that specific synthetic forms of cannabinoid agonists and antagonists have been 
developed for therapeutic use. An issue is that some people who say they benefit from cannabis 
medically argue to be allowed to smoke the drug rather than take synthetic formulations either 
orally or as a mouth spray. Doctors are reluctant to endorse smoking cannabis because of the 
adverse effects of smoking on health. Cannabis smoke contains the same carcinogens as does 
tobacco smoke (Moir et al., 2007). 

There is interest in whether the other constituents of cannabis may be important for medical 
use of cannabis. For example, the cannabis based medicine Sativex contains THC and another 
cannabis constituent cannabidiol. Cannabis also contains many other compounds known as 
phytocannabinoids and these compounds are only just being fully characterised. They could 
prove to be useful therapeutics in the future (Russo, 2011). Dronabinol is a synthetic THC given to 
patients with AIDS because it increases appetite and counteracts the weight loss associated with 
AIDS (Beal et al., 1997). Nabilone, a synthetic drug similar to THC has been used to treat nausea 
and vomiting associated with cancer chemotherapy (Vincent et al., 1983). There is not much evid-
ence that cannabis can alleviate acute pain, but it can help with some forms of chronic pain such 
as experienced with multiple sclerosis (Zajicek et al., 2003). Sativex has been reported to help with 
the spasticity (muscle stiffness) associated with multiple sclerosis (Wade et al., 2004). 

Synthetic forms of THC have also recently become common on the street in the form of ‘spice’ 
drugs that are sold as legal alternatives to marijuana. There are more than 140 different spice 
products that can be bought on the internet or in ‘head shops’ and they are often marketed as 
herbal or natural products. There is limited knowledge of the exact chemical composition of 
spice ingredients but tests have shown that they contain variable amounts of synthetic can-
nabinoid agonists, alongside other additive and plant materials of unknown pharmacology and 
toxicology. The formulation of the drugs also changes regularly to avoid regulation and detec-
tion (Seely et al., 2012). Some spice blends contain non-cannabinoid ingredients as in the herbal 
blend krypton that contains a mu opioid agonist and has been associated with unintentional 
overdose (Kronstrand et al., 2011). 

PSYCHEDELIC DRUGS
Some drugs alter consciousness by distorting perception, cognition and mood in a manner 
described as ‘mind expanding’. Thoughts appear less constrained than normal and the 
world seems stranger under the influence of these drugs. For this reason they are known 
as ‘psychedelic’ which means ‘mind-manifesting’. Psychedelic drugs are also known as 
hallucinogens but this term is somewhat misleading because at the doses that most users 
experience, psychedelics rarely produce visual hallucinations. The actual effects experi-
enced also depend upon the mind-set of the person taking the drug (expectations) and the 
setting in which the drug is taken, for example whether the context is familiar or unfamiliar. 
A person may experience pleasant mystical-like experiences or feelings of anxiety because 
of a sense of disconnection from external reality. 
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Psychedelic drugs derived from plants have been used throughout human history in healing 
ceremonies and religious rituals because of their consciousness altering effects (Schultes and 
Hofmann, 1979). As we will discover it is perhaps not surprising that psychedelic drugs were 
regarded as sacred by many civilizations since the experiences they engender are so other-worldly. 
Imagine how early humans would have felt after ingesting hallucinogenic plants and then sought 
to explain their experiences. 

Research into psychedelics began in the 1950s with clinical trials reporting promising effects of 
psychedelics for the treatment of anxiety and depression. However, in the 1970s, use of the drugs 
became more widespread and associated with counterculture. Psychedelic drug use then became 
illegal and research was almost impossible. But recently interest in how psychedelic drugs act to 
alter consciousness has grown, sparking new debate about their potential use as therapeutics. In 
addition, studying the effects of psychedelics is providing new insights into the neurobiological 
understanding of consciousness. Psychedelic drugs are varied in the primary way in which they 
alter neurotransmission but recent research suggests that they may have similar effects on pat-
terns of brain connectivity, which could explain their common behavioural effects (Isbell, 1959). 

Lysergic acid diethylamide
Lysergic acid diethylamide (LSD) is a compound that was first synthesised by the scientist 
Albert Hofmann. He was actually investigating the potential therapeutic effects of compounds 
derived from a fungus called ergot that grows on cereals like rye grass (Figure 2.10) and was not 
interested in psychedelic drugs at all. Initially, LSD seemed of little interest until one afternoon 
Hofmann accidentally experienced its effects after some of the very potent compound got on 
his skin (Hofmann, 1994). What he experienced was an LSD trip characterised by perceptual 
distortions and out-of-body experiences. LSD also has physiological effects to dilate the pupils, 
increase heart rate and blood pressure and induce dizziness and drowsiness. 

The effects of LSD on perception are thought to be mediated by action at the 5-HT2A receptor 
(Sadzot et al., 1989). It was noted that some of the effects of LSD resemble perceptual distortion 
seen in schizophrenia and this led to the idea 
that serotonin dysfunction may play a role 
in psychotic states (Geyer and Vollenweider, 
2008). Some of the effects of LSD may also be 
mediated by an action of the drug at dopamine 
receptors (Marona-Lewicka et al., 2005).

LSD is taken orally and its effects typically 
begin within 30 to 90 minutes of ingestion 
and may last as long as 6–8 hours. Tolerance 
develops rapidly to the effects of LSD and is 
likely due to a reduction in 5-HT2A recept-
ors (Smith et al., 1999). The drug itself is not 
very toxic and one would have to consume 
massive amounts to overdose and die. LSD 
and other similar drugs are not considered 
addictive because they do not have effects in 
animal models of drug abuse (Griffiths et al., 
1980; Fantegrossi et al., 2004). But that is 
not to say that there are no dangers associ-
ated with taking LSD and other psychedelic 

Figure 2.10 Ergot of rye is a plant disease that is caused 
by the fungus Claviceps purpurea. Poisoning attributed to 
ergot of rye is referred to as ergotism and the symptoms 
can include convulsions and mania. It has been suggested 
that some victims of ergotism in the dark ages were thought 
to be bewitched and that this spurred witch trials

 Carmen Rieb/Shutterstock.com
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drugs. Fatal accidents have occurred after recreational, unsupervised use of LSD (Jaffe, 
1990), and use of hallucinogens can contribute to the onset of psychosis in a small number of 
users (McGlothlin and Arnold, 1971). 

An adverse effect of LSD use is what is known as a flash back, which involves re-experiencing 
the effects of drug when no longer under the influence (also known as hallucinogen persisting 
perception disorder). However, cases are rare and the underlying mechanism unclear, but may 
relate to some people having especially vivid memories of the drug taking experience (Halpern 
and Pope, 2003). 

Mescaline
Mescaline is one of the oldest known psyche-
delic drugs and it is found in the Peyote cac-
tus that grows commonly in Mexico and the 
south-western United States (Figure 2.11).  
Mescaline has been used in religious cere-
monies for centuries for the mystical exper-
iences it invokes (Steelman et al., 2006), 
as described by Aldous Huxley in his book 
The Doors of Perception. Like LSD, mes-
caline also acts at the 5-HT2A receptor and 
repeated taking of mescaline will result in 
tolerance to LSD, which is consistent with 
a common pharmacological mechanism 
(Winter, 1971). 

Psilocybin
Most recent research on psychedelics has been conducted on the effects of psilocybin, which is 
found in magic mushrooms. When the mushrooms are eaten, psilocybin is transformed into psi-
locin which is a potent psychedelic. In a well-controlled study in which psilocybin was admin-
istered in a supportive environment, participants reported mystical like experiences that had a 
profound spiritual significance to them. The participants had not taken psilocybin before and 
were unaware that they had taken the drug due to the double blind placebo design helping to 
rule out any effects of drug expectancies on the results (Griffiths et al., 2006). In another study, 
high doses of psilocybin increased scores on the personality trait of ‘openness’ and these scores 
remained high even a year later for participants who had a mystical experience under the drug 
(MacLean et al., 2011). The effects of psilocybin to alter perception are reversed by giving parti-
cipants a drug that blocks 5-HT2A receptors (an antagonist). This tells us that the psychedelic 
effects of psilocybin are due to activity at the 5-HT2A receptors (Vollenweider, Vollenweider-
Scherpenhuyzen et al., 1998). 

Insight into how psilocybin might alter perception has been gained from studying the 
effect of the drug on neural activity at rest (Carhart-Harris et al., 2012). Areas of the brain 
that are normally quite active when we are just lying resting and not thinking about anything 
in particular are depressed after psilocybin. These areas are part of what is called the ‘default 
mode network’ that has been suggested to underlie the sense of self (Raichle and Snyder, 2007). 

Figure 2.11 Peyote is a small cactus that contains 
mescaline as its primary active chemical. It has a long history 
of use among the indigenous people of northern Mexico and 
south-west United States

 iStock.com/Oakwoodimages
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One possibility is that psilocybin and other psychedelic agents induce mystical experi-
ence because of its effects to reduce activity in this key brain network. These findings have 
sparked interest in the use of psilocybin to treat psychological disorders such as depression 
that are associated with hyperactivity in the default mode network (Sheline et al., 2010). In 
support of the idea that positive effects may be gained by patients even months after drug 
exposure, psilocybin was reported to reduce the distress associated with advanced stage 
cancer (Grob et al., 2011).

Phencyclidine and ketamine 
Phencyclidine (PCP) was originally developed as an anaesthetic in the 1950s but patients 
coming round from the anaesthesia experienced negative psychological effects such as agit-
ation and delirium and so it was never approved for use. Ketamine was developed to replace 
PCP. It has a similar chemical structure to PCP, but it is much less potent. Both drugs are 
known as dissociative anaesthetics because they have analgesic effects but they do not pro-
duce the sleep-like state seen with other anaesthetics (Corssen and Domino, 1966). Under 
ketamine, patients do not move or feel pain but they may still have their eyes open and 
appear to be awake. In other words the patient appears to be dissociated from their immedi-
ate environment. Indeed, out-of-body experiences and near-death experiences are reported 
when under the influence of dissociative drugs (Curran and Morgan, 2000; Jansen, 1997). 
Ketamine is still used today as an anaesthetic for humans and in veterinary practice. The 
acute effects of PCP and ketamine have been suggested to resemble schizophrenic psychosis 
(Krystal et al., 1994).

PCP and ketamine are used recreationally and can be ingested by snorting a powdered form 
of the drug or compressing the powder into pills. PCP is commonly smoked. Tablets containing 
ketamine are often sold as ‘ecstasy’. When used therapeutically, ketamine is usually admin-
istered intravenously or intramuscularly. 

PCP and ketamine are both non-competitive NMDA receptor antagonists. They attach to a 
binding site within the NMDA receptor ion channel and inhibit the flow of calcium ions through 
the channel which is thought to underlie their dissociative effects. They also have effects on 
opioid neurotransmission which likely contribute to their analgesic effects (Freo and Ori, 2002), 
and effects to enhance dopamine neurotransmission which may contribute to their ability to 
induce a psychosis-like state (Hancock and Stamford, 1999). 

Acute dosing with ketamine causes impairment in various cognitive functions (Malhotra et al., 
1996). Long-term use can induce memory problems even when not on the drug and some of these 
impairments are still present when drug use has ceased (Morgan et al., 2004). Tolerance devel-
ops to the effects of ketamine and PCP. The tolerance is lost when the drug use stops but returns 
if use is restarted (Kamaya and Krishna, 1987). Both drugs have effects in animal models of drug 
addiction (Carroll and Stotz, 1983; Carroll et al., 2000) consistent with reports of compulsive 
use from some users (Jansen, 2000). 

Salvinorin A 
A type of mint plant, Salvia divinorum, contains the active ingredient salvinorin A, which is a 
potent psychedelic (Siebert, 1994). Salvinorin A binds to a type of opioid receptor known as the 
Kappa opioid receptor (Roth et al., 2002). The leaves of the plant were traditionally chewed by 
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the Mazatec people of Oaxaca, Mexico and used in healing ceremonies (Valdés, 1994). In recre-
ational usage dried leaves are usually smoked (Giroud et al., 2000). The effects experienced are 
similar to other psychedelics but are shorter lived and there are no effects on heart rate or blood 
pressure (Addy, 2012; Johnson et al., 2011).

MDMA
MDMA (ecstasy) is sometimes classed as a psychedelic drug although we can perhaps best view 
it as a drug that has both stimulant and psychedelic properties. In fact it is similar in structure to 
that of both amphetamine and mescaline. Ecstasy is taken recreationally for its ability to induce 
feelings of euphoria and self-confidence and heighten sensory awareness (Figure 2.12). Ecstasy 
users often report that they feel more open and closer to other people after the drug, although 
this response is not universal and some users report feelings of anxiety or aggression and para-
noia (Baylen and Rosenberg, 2006). There are also strong changes in physiological function 
including increased body temperature, sweating, faster heart rate, dry mouth, teeth grinding 
and jaw-clenching (Vollenweider, Gamma et al., 1998). 

MDMA is an indirect serotonin agonist, inducing serotonin release from neurons and inhibiting 
re-uptake of serotonin at a serotonin transporter (SERT). In addition, MDMA causes release of 
dopamine and noradrenaline (Green et al., 2003). If we compare ecstasy to methamphetamine 
then we see that causes greater serotonin release and somewhat lesser dopamine release. Another 
difference between ecstasy, amphetamine and other psychedelics is that it also is an agonist at 
specific 5-HT and dopamine receptors (Battaglia et al., 1988). The rapid release of 5-HT after 
ecstasy leads to a depletion of serotonin in neurons. This may explain reports that ecstasy users 
experience low mood after taking the drug (Curran and Travill, 1997), although some of these 
effects may be explained by alterations in sleep patterns (Pirona and Morgan, 2010).

Ecstasy use can be fatal, although compared 
to the total number of users the numbers of 
deaths are relatively small. Most deaths are 
due to the effects of hyperthermia, which can 
induce organ failure. To combat increases 
in temperature some users drink too much 
water and this can disturb the salt content of 
the body and lead to swelling of the brain and 
death (Schifano et al., 2003). These dangers 
are minimised when the drug is taken by study 
participants under controlled conditions with 
medical support. 

The popularity of ecstasy has raised con-
cerns over the possible long-term effects of 
taking the drug on the brain and there has 
been vigorous debate about the dangers by 
scientists and policy-makers. There is some 
evidence that learning and memory abilities 
may be slightly impaired in chronic users 
of ecstasy (Morgan, McFie et al., 2002) but 

Figure 2.12 Ecstasy is the colloquial name used to describe  
the psychedelic drug 3,4-methylenedioxymethamphetamine 
(MDMA). Ecstasy increases emotional sensitivity and empathy 
and has been referred to as the ‘love drug’. In the UK in the 
1980s ecstasy was the drug of choice for people attending 
rave parties. However, a large percentage of the tablets that 
are sold as ecstasy, do not actually contain MDMA 

 dwphotos/Shutterstock.com
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there has been debate about the interpretation of studies that compare the cognitive function 
of groups of drug users and non-users at a single point in time (cross-sectional studies). One 
debatable issue is who should we compare ecstasy users with? Just comparing to non-drug 
users is a problem because their lifestyles might differ from drug users in all sorts of ways, not 
just in their use of ecstasy. Many studies address this issue by including a group of people who 
use drugs generally and might have similar lifestyles to ecstasy users (poly-drug users). Users 
of ecstasy often take other drugs, particularly cannabis, and so controlling for poly-drug use 
in studies is very important. When lifestyle factors and other drug use are taken into account, 
there seems to be little difference between ecstasy users and poly-drug users although both 
show subtle impairments in learning and memory compared to non-drug-using participants. 
This might suggest that recreational drug use in general, and not ecstasy use in particular, is 
associated with cognitive problems. 

Of course, rather than rely on cross-sectional studies, preferably, we would want to study the 
cognitive function of people who have never used drugs and then go on to see if any later drug 
use is associated with declines in performance (longitudinal study). Some recent studies that 
have done just that and followed young people from not having taken ecstasy to using ecstasy 
at low levels for a year. Young people who went on to take ecstasy were not as good at some 
learning tasks as similar young people who did not go on to use ecstasy (Wagner et al., 2013). 
Both groups performed similarly at the study baseline. A downside of these studies is that the 
ecstasy users may have thought they were taking in ecstasy but in fact the pills they took were 
not ecstasy at all. Ecstasy is often mixed with other compounds and so users are unlikely to be 
taking pure MDMA. For example, one study found that many ecstasy tabs contained caffeine 
or amphetamine instead of or as well as MDMA (Vogels et al., 2009). Also, we don’t know if 
the effects would reverse if the young people stopped taking the drug although there is some 
evidence that this might be the case. Most of the impairments also recover if people stop taking 
the drug (Gouzoulis-Mayfrank et al., 2005).

To investigate the long term effects of ecstasy, researchers have examined the brains of users 
using imaging techniques alongside assessing cognitive function. These studies suggest that 
there are changes in serotonin and dopamine function in the brains of people who report using 
ecstasy that include alterations in receptor numbers and neurotransmitter levels (Buchert et 
al., 2004; Tai et al., 2010). Such changes could underlie alterations in cognitive function seen 
in ecstasy users but caution should still be applied because the imaging studies also suffer from 
the same limitations as the behavioural studies. 

So what can we conclude about the long-term effects of ecstasy? We might conclude that 
there is some evidence of long-term changes to brain and behaviour in ecstasy users but many 
of these effects could be due to concurrent use of other drugs. What we don’t yet know is the 
extent to which other factors like the setting in which the drug is taken and genetic factors might 
affect whether or not a person suffers long lasting damage. It may be that a genetic variation 
in serotonin genes affects vulnerability to MDMA (Roiser et al., 2006). It is also possible that 
taking ecstasy with other drugs might have toxic effects on the brain. However, many scientists 
conclude that if low doses of MDMA are given intermittently in a controlled setting then toxic 
effects are unlikely (Sessa and Nutt, 2007). In fact some scientists are proposing that MDMA 
could be helpful in the treatment of disorders like post-traumatic stress disorder because pro-
moting empathy with other people could help patients ‘open up’ and gain the most from therapy 
(Mithoefer et al., 2011). 
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Alcohol is a depressant drug that affects many systems in the brain to inhibit neurotransmission.
Stimulant drugs like cocaine, amphetamine, nicotine and caffeine increase energy levels and 
arousal and have a common effect to increase dopamine neurotransmission.
Opiates and cannabis are drugs that have medical uses today but are also used recreationally. 
They mimic the effects of naturally occurring opioids and cannabinoids in the brain and have mood 
altering and analgesic effects. 
Psychedelic drugs like LSD, mescaline, psilocybin and MDMA induce distortions in perception, 
cognition and mood via alteration in serotonin neurotransmission.

KEY POINTS

CHAPTER SUMMARY
Drugs that alter psychological functioning do so by interacting with receptor sites in the brain 
and modulating the effects of neurotransmitters. They enhance or dampen the effects of neuro-
transmitters. Most drugs have effects on more than one neurotransmitter system to bring about 
diverse effects on behaviour, some of which may be desirable in a therapeutic context and some 
of which may be undesirable side effects. The effect of drugs on behaviour can vary with chronic 
use as adaptation occurs to the drug action. Responding can increase over time (sensitisation) 
or decrease such that more of a drug is required to achieve the desired effects (tolerance). 
Humans have taken drugs recreationally throughout history. Stimulant drugs enhance dopam-
ine and serotonin neurotransmission and increase arousal and alertness. Depressant drugs 
such as alcohol enhance GABA transmission and increase glutamate transmission to inhibit 
neurotransmission. Other drugs such as psychedelics are taken for their ability to alter mood 
and perception. They act at specific serotonin receptors in the brain. There are significant risks 
associated with most recreational drugs and many have the potential for abuse.
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