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Recent work in humans and rodents suggests that consuming
nutrients rich in nitrate improves exercise performance, although

scientists do not fully understand the mechanisms behind this

phenomenon. Dr. Rosa Keller from Oregon State University in the

USA, worked with colleagues to investigate the effects of nitrate on

muscle function. Unconventionally, the scientists decided to study
the effect of nitrate in zebrafish. They observed that keeping fish in

nitrate-containing water increased their ability to swim for extensive

periods. Analysing chemical changes in the treated animals

provided major novel insights into the inner workings of energy use

during exercise.

The Need for Energy

Any movement by a human or animal
muscle requires energy. Yet, few people
are familiar with the fuel muscle cells
use to allow them to contract. The
immediate source of energy is not sugar
or fats but the universal fuel of life on
Earth, adenosine triphosphate - ATP for
short. As muscle fibres utilise this stored
energy, ATP breaks down. We use a lot
of this stored energy daily - think about
having to replace your own body weight
in ATP in 24 hours!

This, of course, is not practical. Instead
of ‘eating’ large quantities of ATP, our
cells remake it using the energy stored
in food we all recognise: sugars and fats.
However, there is a catch here. While
the breakdown of ATP is instantaneous,
rebuilding it by ‘burning’ sugars and
fats involves a complex process and

is relatively slow. There is another key
difference between the two processes:
while the use of ATP does not require
oxygen, its rebuilding does. This is why
we breathe more heavily during physical
activity.

Supply and Demand

The chemical synthesis of ATP does

not use nitrates, so why would nitrates
affect exercise performance? The oxygen
and nutrients needed to replenish this
critical energy store come from the
blood. When we exercise, we do not
use all muscles equally, so blood and
the oxygen within it, need to reach
those muscles working particularly
hard during a given activity. This is
where nitrates play a role. Released
from the active muscles nitrates make
blood vessels dilate, ensuring adequate
nutrient supply to areas of high
demand. Dr. Keller from Oregon State
University in the USA was intrigued to
find out why nitrate improves exercise
performance.

A Gym for Fish

Working with collaborators, Dr. Keller
devised a set of experiments to study
the effect of nitrates in zebrafish. This
included keeping the fish in normal
water and putting them through
rigorous exercise while measuring their
biological behaviour. After establishing
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this baseline performance, the animals
were kept in water containing nitrate
for 21 days. After this ‘treatment’, the
exercise challenge was repeated,
measuring the performance of the same
fish.

Using zebrafish in exercise research

is a relatively new development, as
scientists are just discovering that the
responses of fish and human muscles
to exercise training show some striking
similarities. To study the composition
of the muscles, a tiny sample was taken
from the animals before the exercise,
after the completion of an exhausting
swim against a rapid current of water,
and at a final post-exercise time point.
Then the fish were treated with the
nitrate, repeated the exercise and the
same samples were taken again.
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Chemical Changes

Dr. Keller and her colleagues analysed the chemical
composition of the collected muscle samples using a
sophisticated method called mass spectrometry, allowing
them to detect hundreds of chemicals simultaneously. This
way, the team could assess the concentration of not just ATP
but also various sugars, fats, and protein components and their
breakdown products.

By comparing the amount of these chemical compounds
before, during, and after the exercise - with and without nitrate
treatment - the scientists were able to build a picture of how
muscles changed their behaviour in response to nitrates. In
addition, the scientists also analysed whether the response of
the muscles involved changes in what genes were active before
and after keeping the fish in nitrate-containing water.

More Efficient Swimmers

As Dr. Keller explains, it is possible to measure the level of
oxygen in the water while the fish are swimming. Analysing this
data indicated an unexpected finding. The distance, time, and
speed at which the fish swam were identical before and after
nitrate treatment. Yet, the nitrate-treated fish used less oxygen
during the exercise challenge, suggesting that their muscles

somehow became more efficient at using energy.

When the scientists looked at the chemical composition of
the muscles it became apparent that the treatment increased
the amount of stored ATP, sugars, and fats inside the muscles,
making the animals better prepared for exercise. In addition,
genes associated with energy production from sugars and fats
were also more active after treatment.

An Exciting Theory

Nonetheless, the swim the fish completed was very strenuous,
being both fast and long, so the better performance of the
nitrate-treated fish could not be explained by the increased
amount of ATP and other nutrients stored in their muscles.
Simply put, those stores would have been depleted during the
40 minutes of exercise. Thus, additional mechanisms must
have been at work to make the nitrate-treated muscles more
efficient.

One possible explanation is that the higher nitrate
concentration allowed the treated animals to dilate their
arteries more, providing more efficient nutrient supply to
their muscles via improved blood flow. However, Dr. Keller
has a more interesting theory. She believes that the higher
ATP content in nitrate-treated muscles does not act simply

as an energy source, but also changes the structure of the
muscle, increasing the amount of liquid surrounding muscle
fibres. According to Dr. Keller, this better hydration may be the
mechanism that allows muscle fibres to work more efficiently.
Exploring this theory will be the next important challenge for
the team.
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