
after their young for comparatively long periods. Female monkeys and

apes do likewise, though they don’t need progesterone to enable sexual

activity. Their cycle is rather like that of human females. There is a wide

spectrum of variation between species in the way that females become

fertile and mate. This carries on into pregnancy and parenthood.4

Many species, particularly those living in more temperate climates,

time their births to occur in the spring, the season of increasing

warmth and food supply. This requires a second tier of control:

females restrict the costs of reproduction to only one part of the

year, the breeding season. Females with a short pregnancy will

rat

cat

human

oestrogen

progesterone

mating

ovulation

days

Fig. . Diagrams of the oestrous (reproductive) cycles of three female species.
The rat has a –-day oestrogen cycle, ovulates spontaneously, but only secretes
much progesterone if she mates. The cat has a prolonged, and variable, period of
oestrogen secretion: she only ovulates and secretes progesterone if she mates.
The human female ovulates spontaneously after about  days of oestrogen
secretion, and then has a similar period dominated by progesterone.

T E S T O S T E R O N E





which this book will be concerned. Testosterone is not a metaphor for

a man; but it is a powerful hormone, whose influence it is easy either

to ignore or to overestimate. And its effects on our behaviour and life-

style are all around us. But first, let’s consider what we know about

testosterone itself.

chimpanzees~25 mya 6–8 mya

humans

macaques

gibbons and siamangs
(hylobatids)
gorillas (Gorilla spp.)

chimpanzees (Pan troglodytes)

bonobos (Pan paniscus)

humans (Homo sapiens)

orangutans (Pongo spp.)

Old Wold monkeys
 (inc. Macaca spp.)
New World monkeys

tarsiers

lorises and galagos

lemurs

Primates

Fig. . The evolutionary tree of the primates. Chimpanzees are man’s closest
relative, but even they diverged from the human line –million years ago, and
have pursued an independent evolution ever since.
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pituitary

testes

chemical signal
(releasing factor)

chemical signal
(gonadotrophins)

testosteronetestosterone

B

A

pituitary

Fig. . (A) The pituitary, which controls the activities of the testes, lies at the
base of the brain. (B) The control of testosterone secretion. Neurons in the
hypothalamus (at the base of the brain) produce a chemical signal (a releasing
factor) that acts on the pituitary; this, in turn, secretes large peptide hormones
(gonadotrophins) that act on the testes. Gonadotrophins enable both the
formation of sperm and the production and secretion of testosterone into the
blood. There is thus a chain of command, starting in the brain, though this can be
moderated by levels of testosterone in the blood.



Of course, this does give you some idea of how much is being

produced (though you might also want to know how much goes

into the factory’s warehouse for storage: some glands also store

hormones as well as secrete them). But we would lack information

about where the lorries are going or who uses the product. Simply

measuring how much hormone there is in the blood will not tell us

what happens in each tissue—whether there are receptors and, if so,

what they do; whether the hormone is used as it is, or metabolized

RNA

proteins

1

2

3

4

5

DNA

cell

nucleus
of cell

SHBG

androgen
receptor

blood
testosterone

A

B

Fig. . (A) The process by which testosterone acts on cells. () Testosterone in
the blood is either bound to the protein SHBG or floats free. The free fraction is
able to enter the cell where () it binds to its receptor protein. () This complex
then moves into the nucleus and binds to DNA. () DNA then makes a special
set of RNA molecules that, in turn, () enable the formation of particular
proteins. (B) The testosterone molecule. The dark spheres are carbon atoms,
the pale ones are hydrogen, and the two grey ones are oxygen. Note that the
backbone of testosterone is made up of four rings of carbon atoms. Three of
them are formed from six interlinked carbon atoms, and the fourth (on the right
in this diagram) has five. This is what constitutes a steroid.
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its presence makes a male. The other, larger, one is the X chromo-

some; males have only one, in contrast to the two possessed by

females.

The number of chromosomes is halved during the formation of an

egg, each egg receiving one of a pair. So all of the female’s eggs have

only one X chromosome. In the male, about half of his sperm have an

X chromosome, but the others have a Y. If an X sperm fertilizes an egg,

the result is a female: the two sets of chromosome combine to restore

the original , so the new embryo now has XX (female). But if it’s a

Y sperm, then the embryo now has XY: and that’s the recipe for a male

(Fig. ). Very occasionally, babies are born with additional X chromo-

somes together with a Y (e.g. XXY, XXXY, etc.). Remarkably, despite

any number of (large) X chromosomes, the presence of even one (tiny)

egg fertilized egg

X

X

X

Y

Y

sperm
X Y

sex chromosomes testes

Y chromosome

Y

XY

sry

Fig. . How a male is made. If a Y-carrying sperm fertilizes the egg, then it
forms an XY embryo. The presence of a Y chromosome (shown together with
the X in the insert) and its associated sry gene enables the formation of the
testes.
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masculine life (Fig. ). The male will surely need testosterone later, but

without this dose so early in his history, it wouldn’t be enough.

We know this largely from experimental data on rodents, so we will

need, at some point, to consider how far this information applies to

man (and other primates). Chapter  describes how some species, such

as rats, adopt a reproductive strategy that involves high cost to the

newborn pups—most of them die—but compensates for this by

producing large litters. Large litters have another consequence: the

young are born very immature. Newly born rats (and cats) are blind:

their visual system is not yet mature enough to function properly.

Their brains are also very immature. This means that events that might

happen during the much longer pregnancy of humans happen after

birth in rats. One of those events is the action of testosterone on the

developing brain that, in man, happens well before birth, but in rats

(and mice) just after it. This allows experimental manipulation of the

early hormonal environment: we can change what happens naturally

and see what effect this has. It turns out to be dramatic.

Remove the testes from a newborn male rat pup, and he will never

function properly as a male when he grows up, even if you were to

give him testosterone. There are several reasons for this. His penis
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Fig. . The three surges of testosterone secretion during a man’s life. Episodes
occur during foetal life, again shortly after birth before the more sustained
secretion beginning at puberty and lasting, to some degree, for the rest of a
man’s life.
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Fig. . (A) The complex protein that is the androgen receptor. It is made up of
a long ribbon of amino acids. Testosterone attaches itself to this molecule.
(B) The different ratios between the lengths of the second and fourth digits in
males and females. Note that these ratios, though statistically different, overlap.
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this form of aggression, since one (but only one) requirement for this

is adequate levels in the offending male. Rape is the most extreme

form of sexual assault, and is discussed in more detail in Chapter .

Attempts to answer the question: ‘does testosterone control aggres-

sion in adult men?’ have faced several problems. Giving men supra-

normal amounts of testosterone for anything other than brief periods

presents ethical difficulties, though it has been done occasionally:

aggression was not increased though ‘roid rage’ (‘roid’ = steroid), a

supposed side-effect of illegal testosterone-like drugs, is said to occur

(but this has been disputed). It may be linked to prior psychological

problems in those who take these drugs as well as their excessive

steroids. Illegal treatment with testosterone (or similar compounds) is

a common feature of athletics and other competitive sports. It

undoubtedly improves performance, which is one reason for its

illegality. Muscle power is increased, though whether other testoster-

one-dependent attributes, such as heightened competiveness, also

play a part is not clear. There are obvious difficulties in studying

those who take unsupervised, clandestine and unknown amounts of

steroid. Excessive testosterone can result in bizarre overdevelopment

of muscles (and damage to other organs, including the liver) (Fig. ).

PERCENT OF POSITIVE TESTS

b-2 Agonists
15%

13%
Cannabinoids

Stimulants
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Diuretics &
Masking

Agents
Cortico-
steroids

3%
Other

7%

ANABOLIC
AGENTS 45%

Testosterone
26%

Other AAS
19%

Fig. . Testosterone or associated
steroids (AAS) are the commonest
illegal drugs taken by sports athletes.
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Testosterone increase is a feature of victory in both sports and com-

puter-based contests; what activates it is strongly dependent on fea-

tures of a particular society.* Re-living a successful event (e.g. a hockey

match) has a similar effect.99 Testosterone levels are more reactive to

winning in some men than others: more dominant and self-confident

men tend to have greater testosterone surges after winning. And the

identity of his opponent also matters. Increases are more pronounced

if a man defeats an ‘outsider’ (someone he doesn’t really know), less if

he defeats a friend. So the social context of a victory influences how a

man’s testosterone will react. This recalls the distinction men make

between other males who are members of their group, and those who

are ‘strangers’ (Chapters  and ).

* Testosterone may react differently in less sophisticated societies. Chopping
down trees to make agricultural plots raised testosterone more than a soccer
match in a group of Bolivian tribesmen who live by growing their food in forest
clearings. B. C. Trumble et al. (), ‘Age-independent increases in male salivary
testosterone during horticultural activity among Tsimane forager-farmers’. Evolution
and Human Behavior, vol. , pp. –.
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Fig. . There is a correlation in later life (> years) between testosterone levels
and the number of sex partners a man has had. Each quartile represents men
divided into four groups based on their increasing testosterone levels.
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maintaining the risk appetite of men, particularly young men, makes

their social function more effective. This would be another staircase to

success. But it is also possible to imagine instances in which heightened

testosterone-driven risk-taking, consequent upon a series of successes,

might become disadvantageous, precipitating a dramatic loss.

It is not only defeat that lowers testosterone. Male monkeys that

habitually occupy inferior positions in their social group have lower
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Fig. . The winner effect. (A) Differences between testosterone levels in Obama
and McCain supporters on the night of the election . (B) Driving a Porsche
raises young men’s testosterone, whereas driving a family car does not.

T E S T O S T E R O N E





7000
B

3000

P&
L

2000

1000

0

–1000

–2000

High 11AM Test Low 11AM Test

Fig. . (A) View of a financial trading floor. Note the crowded environment,
and the number of screens each trader has to monitor. (B) Traders on days when
their morning testosterone was higher made more money (P&L: profit and loss)
than when their testosterone was lower. The dark line is the median value of
their P&L. The dots are values from individual traders. The shaded boxes are a
statistical measure of variation (confidence limits).
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Fig. . (A) Variations in hormones during the menstrual cycle. Luteinizing
hormone (LH) and Follicle-stimulating hormone (FSH) are the two
gonadotrophins from the pituitary: they peak at mid-cycle, when ovulation
occurs. LH is particularly important for ovulation. Oestrogen also peaks at mid-
cycle, but progesterone is only secreted in large amounts during the secondhalf of
the cycle. Testosterone tends to peak at mid-cycle as well though some
researchers have not confirmed this (there is probably considerable individual
variation). The changes that occur in the lining of the uterus are shown at the
bottom. (B) Normal and polycystic ovaries. The latter tend to secrete large
amounts of testosterone.
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are very different aspects of sexual behaviour. Both are obviously

essential for a satisfactory and functional sexual life. Although hor-

monal regulation of sexuality in women is still apparent, it has

become divorced from fertility (which is heavily dependent on

oestrogen). Since testosterone changes rather little during the men-

strual cycle (but variably between women: in some there is a small

mid-cycle peak), this may be one reason why marked alterations in

sexuality are not consistent. We can only speculate on why this has

happened: in non-primate species, a rather different arrangement

A)               Males
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Fig. . (A) Sex differences in activation of the brain (fMRI) after subjectswere asked
to rate faces as socially approachable. Males showed greater activation than females
in areas of the frontal cortex, though whether this indicates greater caution or
increased distrust is not clear (see Chapter  for more discussion of this part of the
brain). (B) Sex differences in verbal fluency (better in girls) and mental rotation
(better in boys). These differences are present before puberty and do not change
during it, suggesting that different hormone levels during adulthood are not impli-
cated. The possible contribution of prenatal testosterone is discussed in the text.
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breathing and movement; then came the ‘limbic system’, responsible

for emotion, including experiencing pleasure and pain; finally the

‘neocortex’, which enables thought, reasoning and speech, and other

‘higher’ mental functions. Humans, he supposed, inherited all three

parts—though the neocortex was markedly more complex than in

other primates. These parts were sometimes in competition or even at

odds with each other, an idea that has obvious resonance with notions

that testosterone is part of an ancient hormonal mechanism regulat-

ing behaviour, but which has been carried forward as the human brain

and behaviour evolved its complexity.172

MacLean has shown that the R-complex [the subcortical forebrain sys-
tems including the limbic system] plays an important role in aggressive
behavior, territoriality, ritual and the establishment of social hierarchies.
Despite occasional welcome exceptions, this seems to me to characterize
a great deal of modern human bureaucratic and political behavior. I do
not mean that the neocortex is not functioning at all in American political
convention or a meeting of the Supreme Soviet; after all, a great deal of
the communication at such rituals is verbal and therefore neocortical. But

3

2

1

Fig. . PaulMacLean’s ‘triune’ brain: () reptilian (reflex); () paleo (old)-mammalian
(emotion); () neo (new)-mammalian (cognition).
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of the hypothalamus is to monitor levels of essential signals in the

blood. For example, it measures blood sugar, but also your body

temperature, as well as your water levels and blood pressure, and so

on. You might compare it to the monitoring system in your house

that measures temperature or the one in your car that tracks oil

pressure. In order to maintain the delicate internal environment of

the body within acceptable limits (a process termed ‘homeostasis’ by

Walter Cannon173), your brain needs to know when any essential

function is about to leave those limits. The hypothalamus constantly

monitors your body state.

Plenty of evidence suggests that the hypothalamus responds after

detecting a lack of food, water, etc., by making you want these things.

It seems to do so by a system of signals released by its nerve cells: most

of these signals are peptides, which are essentially very small

proteins. They act as a code. A protein is made up of a string of

amino acids, and peptides can be just three amino acids long

(though most are substantially longer than this). Damage to the

hypothalamus disturbs the regulation of the body; exactly how

A B

Hypothalamus
Frontal lobe

Frontal lobe

Fig. . The parts of the human brain that contain androgen receptors (dark
spots). (A) View of one half of the brain from the inside. In the cortex, receptors
are concentrated in the lower part of the frontal lobe: the functions of this area
are described in the text. There are a few at the back of the brain, a region that is
concerned with vision. There are large concentrations in the hypothalamus.
(B) The brain from the outside: receptors cluster in the frontal lobe, but there are
a few in an area concerned with movement.

T E S T O S T E R O N E A N D T H E B R A I N





hippocampus, and limbic cortex (and some other areas) together form

the limbic system, which James Papez famously called the ‘emotional

brain’ in  (on very little evidence!)175 (Fig. A & B). While there is

no doubt that emotion is an important part of what this system does,

it is not its only function. The whole concept of the limbic system has

been questioned, but mainly on its definition as the ‘emotional brain’.

If one takes a more ‘biological’ view of what it does, recognizing that

the limbic brain does more than ‘emotion’—for example, regulating

motivation and homeostasis—then these objections tend to dis-

appear. However, we must always beware of drawing functional

boundaries too distinctly round any part of the brain or any ‘system’;

Amygdala

Hypothalamus

A

hypothalamushh l

B

Fig. . (A) A section through the human brain: many receptors are present in
the hypothalamus and amygdala, parts of the limbic system. (B) Longitudinal
section through the rat’s brain: the large protuberance at the front (left) is the
olfactory bulb, emphasizing the importance of smell for rodents (in humans it’s
about the size of a small pea). The distribution of androgen receptors is very
similar to that in the human brain.
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Testosterone really does shape a man’s history, for without it he

could never become a man. Then it shapes what he looks like, how

he behaves, whether he has children, and much of the sort of life he

leads. But generalities disguise individuality. Variations, both genetic

and circumstantial, in the amount of testosterone or when it is

secreted, and how each male responds to his own testosterone, deter-

mine many of the differences that distinguish one man from another

(Fig. ). Testosterone guides the way that a man interacts with others,

and so impacts on his social history. Within that society there will be

leaders and followers, successes and failures: the story of testosterone

tells us that it makes powerful contributions to such outcomes.

Competitiveness has other functions, including driving ambition and

inventiveness and thus innovation and technical advance. But a man’s

history is not only his own, but that of his ancestors; and they, too,

were influenced by testosterone in similar ways. Just as it is difficult to

predict the behaviour of an assembly of neurons from that of individ-

ual cells, so a society takes on features of its own, determined, in some

Fertilization
Genes

Uterine environment
Testes develop

Parental care
Childhood experiences

Early adversities

Growth of brain
Epigenetic alterations

Adolescence
Puberty

Social influences
Experiences, learning

Physical environment
Food, shelter, disease etc

Plasticity of brain

Fig. . There are manifold influences on the brain during life, from the earliest
moment of fertilization, during embryonic life, childhood, and the slings and
arrows of adulthood. Testosterone is only one of them. Occasionally, this
process results in a genius. What distinguishes geniuses from the rest of us is
not their testosterone but their brains. But contemporary neuroscience is not at
a stage that allows it to tell us what the essential difference might be.
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