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After exertion we need
to return our body
chemistry to normal
before we can train
again. Sue Young runs
through the process

hen we exercise lots of changes
take place in the body. Some of
these changes are obvious — such
as an jncrease in the rate and depth of
breathing or a rise in heart rate and muscle
temperature. But other changes that take
place — those involving body chemistry —
are not so obvious. Levels of stored oxygen,
ATP, phosphocreatine and glycogen will
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" How to recover from exercise

all have decreased, while levels of carbon
dioxide and lactic acid will have increased.
When we finish exercising the levels of
all these substances have to be returned
to normal. The quicker this recovery is
completed the sooner the performer can
train again

The recovery process involves returning
the body to the
exercise. The reactions that occur and the

state it was in before

length of time the process takes depend on
the duration and intensity of the exercise
undertaken and on the individual's level of
fitness. During recovery heart and respi-
ratory rates remain high so that the body
will continue to take in large amounts of
oxygen. This oxygen is then used to return
the body to its pre-exercise state.

Four main tasks need to be completed
before the exhausted muscle can operate
at full efficiency again:

m Replacement of lost ATP and phospho-
creatine

® Removal of lactic acid

m Replenishment of oxygen in the
myoglobin

m Replacement of lost glycogen

The first three of these tasks require a
large amount of oxygen. This means that
during recovery the body takes in elevated
amounts of oxygen and transports this to
the working muscles so as to maintain
elevated rates of aerobic respiration. This
surplus energy is then used to help return
the body to its pre-exercise state. This
process is known as ‘EPOC’ (excess post-
exercise oxygen consumption).

EPOC (formerly referred to as ‘oxygen
debt’) is the amount of oxygen consumed
during recovery above that which would
have been consumed at rest during the
same period.

PE review




image2.jpeg
Key term

EPOC is the amount of oxygen consumed
during recovery above that which would
have been consumed at rest during the
same period.

At the time we start to exercise, not
enough oxygen is distributed to the tissues
for all energy production to be met aerobi-
cally. This means that the two anaerobic
systems — the fastreplenishment stage
(alactacid component) and the slow-
replenishment stage (lactacid component)
— have to be used. The amount of oxygen
the subject was short of during the exer-
cise is known as the ‘oxygen deficit. The
oxygen debt is used to compensate for this
deficit. However, oxygen debt does not
always equal oxygen deficit because during
recovery oxygen also needs to be used to
provide the energy to maintain elevated
heart and respiratory rates.

Fast-replenishment stage

The fastreplenishment stage (alactacid
component) involves the restoration of ATP
and phosphocreatine stores and the re-
saturation of myoglobin with oxygen. The
above-normal rate of respiration continues
to supply oxygen to provide the energy
for ATP production and phosphocreatine
replenishment. Complete restoration of
phosphocreatine takes up to three min-
utes, but 50% of stores can be replenished
after only 30 seconds, during which time
about 3 litres of oxygen are consumed.
The relationship between recovery time
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after exercise is shown in Figure 1.

Key term

Fast replenishment is the restoration of
ATP and phosphocreatine stores and the
re-saturation of myoglobin with oxygen.

Myoglobin has a high affinity for
oxygen. It is used to store oxygen in the
muscle until this needs to be transported
via the capillaries to the mitochondria
for energy provision. However, oxygen
stores in the mitochondria are limited.
After exercise, the extra oxygen supplied
through EPOC helps replenish these stores;
this process takes up to 2 minutes and uses
about 0.5 litres of oxygen.

Key term

Myoglobin is a protein that stores oxygen
in the muscle.

Slow-replenishment stage

The slow-replenishment stage (lactacid
component) is concerned with the removal
of lactic acid. It is the slower of the two
processes, and as a result full recovery
may take up to an hour, depending on how
intense the exercise was and how long it
went on for. Lactic acid can be removed in
five ways. It can be:

& Oxidised into carbon dioxide and water
in the inactive muscles and organs

® Converted into glycogen, then stored in
the muscles and/or liver

B Converted into glucose

a8 Converted into protein

® bxcreted in sweat and/or urine (although
this will only ever affect some of the lactic
acid)

Most of the lactic acid can be oxidised.
Performing a cool-down can accelerate
lactic acid removal because exercise keeps
the metabolic rate of muscles high and
keeps capillaries dilated; all this means
oxygen can be flushed through, removing
accumulated lactic acid. Lactacid oxygen
recovery begins as soon as lactic acid
appears in a muscle cell, and recovery
will continue, using breathed oxygen,
until this is complete. In the first halfhour
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Figure 1. Recovery time and muscle phosphagen replenishment.
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Figure 2. Recovery after maximal exercise. Some after-
effects of exercise are obvious - but there are changes in
body chemistry too
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of recovery 5-6 litres of 0Xygen may be
required, with up to 50% of the lactic acid
being removed (see Figure 2).

Glycogen replenishment

During exercise, levels of glycogen — the
main fuel for the aerobic and lactic acid
systems — will be depleted. Because rela-
tively little glycogen is stored compared
to fat, it is important that glycogen levels
are conserved to ensure that the lactate
threshold is not crossed. The rate of muscle
glycogen resynthesis is influenced by the
timing, amount and type of post-exercise
carbohydrate intake. It may take several
days to restore glycogen after a mara-
thon; however, after high-duration, short-
intensity exercise a significant amount of
glycogen can be restored in less than an
hour. Studies have shown that the sooner
carbohydrates are taken in after €XErcise,
the quicker glycogen will be restored.

So, what should we consume after
exercise?

The first priority is to replace fluids,
by drinking water. However, it is also
important to consume some carbohydrate
within 15 minutes of completing exercise.
This could be in the form of a sports drink
or fruit juice.

To gain the best rate of glycogen resto-
ration you should have your meal within
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2 hours of exercise. The meal should con-
tain at least 100 g (typically 100-200 g) of
carbohydrates, combined with lean protein
such as chicken or turkey. Proteins and
carbohydrates should be consumed in
combination at a ratio of 1:4 (1g of protein
for every 4 g of carbohydrate), as this has
been shown to speed up glycogen restora-
tion and muscle Tecovery.

You could get your 100-200¢g carbo-
hydrates in the form of any one of the
following:

m 7 slices of bread

B 2 cups of rice

| 3 cups of pasta

® 3 cups of mashed potatoes
B 7 flour tortillas

Higher breathing and heart rates
Continuing with sub-maximal exercise (as
in the case of a cool-down) will keep hor-
mone levels higher than normal; this will
keep respiratory and metabolic levels high
so that extra oxygen can be taken in. It will
also mean that more carbon dioxide can be
expelled from the lungs. Carbon dioxide is
a by-product of aerobic respiration. Most of
the carbon dioxide is removed in the blood
plasma via the formation of carbonic acid.
This high acidity is detected by the body’s
chemoreceptors, which then stimulate the
cardiac centre and the respiratory centre

located in the medulla oblongata (in the
brain). As a result, cardiac output remains
high so that more carbon dioxide can be
transported to the lungs and the higher
breathing rate means more of this carbon
dioxide can be expelled.

Increased hormone activity
Continuing with sub-maximal exercise (as
with a cool-down) will also keep hormone
levels higher than normal; this will keep
respiratory and metabolic levels high so
that extra oxygen can be taken in.

Increased body temperature
When body temperature remains high the
respiratory rate will also remain high, and
this will help the performer take in more
oxygen during recovery. However, extra
oxygen is needed to fuel this increase
in temperature until the body returns to
normal.

Sue Young is a teacher of sports science
at Greenhead College, Huddersfield, and is
co-editor of PE Reviewy.
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