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answer. When there is not enough
oxygen available to supply the
muscles with the energy they require,
they start to work anaerobically. If suffi-

cient oxygen is delivered to the working -

muscles, they can work aerobically for
long periods of time. But how do we
make sure the extra oxygen required is
delivered effectively?

The distribution of blood flow during
exercise is different from what happens
at rest. The skeletal muscles require
more oxygen so more blood needs to be
redirected to them in order to meet this
increase in oxygen demand. The redi-
recting ofblood flow to the areas where it
is most needed is known as shunting or
the vascular shunt mechanism. A
description of this mechanism is fre-

quently asked for in exams.
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A much greater percentage of our car-
diac output goes to our working muscles
during strenuous exercise (84% as
opposed to 20% at rest, see Table 1).
Blood flow to organs that are not needed
during exercise, such as the kidneys, also
changes. At rest, renal blood flow aver-
ages 20% of the total cardiac output,
which is around 1100ml per minute.
During maximal exercise, renal blood
flow decreases to around 250 ml per
minute or 1% of total cardiac output.

Other organs such as the liver, the pan-
creas and the gastro-intestinal tract also
have a reduction in blood flow during
strenuous exercise.

The brain, however, must have a con-
stant flow of blood to ensure that its
workload is maintained. In fact, during
exercise it increases by approximately
25-30% compared with resting blood
flow. Similarly, blood flow to the heart
increases during exercise as the
myocardium (heart muscle) has an
increased need for oxygen. This results
in an increase in coronary circulation.

Eating within an hour of taking part in
exercise can hinder performance. A full
gut requires more blood to be directed to
the stomach, which means that less
oxygen can be delivered to the working

muscles.

The control of blood flow
Blood pressure and blood flow are con-
trolled by the vasomotor centre, which
is located in the medulla oblongata of
the brain (see Figure 1). However, this
control centre in the brain needs to be
made aware of the changes that take
place as soon as we start to exercise, so
that it can send out impulses to ensure
that more blood is directed to the work-
ing muscles

During exercise, chemical changes
take place, such asadrop in oxygenand a
rise in carbon dioxide. An increase in the
concentration of carbon. dioxide will
increase the hydrogen ions in the blood,
which in turn decreases the pH of the
blood. These changes are detected by

Table 1 The distribution of cardiac output at rest and during exercise

Blood:flow to: Restingcardiac | § 5
i fi i output = 5 litres
Skeletal muscle 20% 1000ml
Brain 14% 700ml. . -
Liver . 27% 1350ml
[ Kidneys™ a0 22% 1100ml i
6% 300ml 2% 600m!
T e 1000m!
7% 150ml 3% 900 ml

chemoreceptors located in the aortic
and carotid arteries.

Key term

Chemoreceptor A sensory nerve ending
found in the carotid and aortic arteries

* that converts a chemical signal into an

ﬂ electrical signal (action potential).

An increase in blood pressure also
occurs during exercise. This increase is
caused by the ‘muscle pump’ and
‘respiratory pump’, which squeeze the
veins and increase venous return. If
venous return increases, stroke volume
increases, which results in an increase
in blood pressure. Baroreceptors
are stimulated by changes in blood
pressure.

i

Key term |

Baroreceptor A sensory nerve ending
found in the walls of the carotid and
aortic arteries that is stimulated by
changes in pressure.

Baroreceptors work by detecting the
amount of stretch applied to the arterial

Vasomotor centre in
medulla oblongata

Spinal cord

Figure 1 Location of the vasomotor centre
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Vasodilation Widening of the blood
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vasoconstriction. Vasodilation increa-

ses blood flow and vasoconstriction
decreases blood flow. In exercise more
oxygen is needed at the working muscles
so vasodilation occurs, increasing blood
flow and bringing in the much need-

ed oxygen, whereas vasoconstriction

occurs in the arterioles supplying non-
essential organs such as the intestines

and liver.

on of blood flow also occurs

stimulation of th

sympathetic

ted in the tunica media of

nerves decreases,

striction oceurs.

Precapillary sphincters (see Figure 2)
also aid blood redistribution. These are
tiny rings of smooth muscle located at
the point where the capillary branches
from the arteriole. When they contract,

blood flow is

tricted through the capil-

ind when they relax blood flow is

increased. During exercise, the capillary
networks supplying skeletal muscle
have relaxed precapillary sphincters to
increase blood flow and therefore satu-
rate the tissues with oxygen.

Why is the redistribution of

blood caused by the vascular

shunt important?

m The supply of oxygen to the working

muscles increases.

m Waste products such as carbon di-

oxide and lactic acid are removed from

the muscles.

m More blood goes to the skin during

exercise to regulate body temperature

and get rid of heat through radiation,

evaporation and sweating.

m More blood is directed to the heart
s it is a muscle and requires extra oxy-

as
gen during exercise.

Sue Young is a teacher of sports science
at Greenhead College, Huddersfield and is
co-editor of PE Review
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Vicky Burrows interviewed Alistair
Brownlee just before he headed off to
for the 2008 Olympic Games.

Beijing

listair Brownlee is one of the most
successful triathletes ever. At just
20 years of age, he is only the
second athlete in ITU (the International
Triathlon Union) history to win both the

junior and under-23 world titles. He is a

student at Leeds Metropolitan University
and manages to combine his studies with
a huge amount of training. The Olympic
triathlon comprises a 1500 m swim fol-
lowed by a 40 km cycle ride and finishing
witha 10km run. In this interview, Vicky
Burrows asks Alistair about his training,

‘his diet and funding.

Training
VB How is your preparation for the
Beijing Olympic Games going?

AB I think its going very well, although
you can never be sure until the race.

VB Who plans your training schedule
and what influences it — for example,

races, injuries?

AB 1 decide my sessions on a daily
basis, fitting into an overall plan.
Malcolm Brown, my running coach,
gives me specific running sessions and

advises me about what to do for the rest
v

of the week. Jack Maitland helps me
to plan my overall programme and
sets my swimming sessions. I also
have a strength and conditioning
coach who I see twice a week.
Of course, if I am injured, or close
to a race, I ease down, depending on
how serious the injury
is. I have different
focuses at different
times of year. In
the early part of the
winter, I try to build good technique and
strength, leading to base fitness and
then race-specific speed.

VB How many hours are typically taken
up by training each week, and what is
a typical training day for you?

AB I normally train for 25 hours
each week — around 7 hours
swimming, 10 hours cycling
and 8 hours running, as
well as strength sessions.
Every day is different,
but I swim four morn-
ings a week, which is
followed by a bike ride

and a run.





