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August Krogh: The Dance of Capillaries and
Oxygen in Your Muscles (1920)

Have you ever wondered what happens inside your body when you run to catch the bus, or when you

exert yourself lifting something heavy at the gym? Suddenly, your muscles start to burn, your breathing
quickens, and your heart pounds like a frantic drum. It's an orchestra of signals, an emergency system
that activates for a single mission: to deliver oxygen to every corner of your muscles, which are 'crying

out for it'.

Think of your muscles as small ‘energy factories'. To function, they need fuel, and that fuel, in large part,
is the oxygen you breathe. Blood, propelled by the heart, is the 'star transporter' of this oxygen. But
how does the body 'know which muscles' need it most at any given moment? How does it ensure that

oxygen goes precisely where the effort is being made, and isn't ‘wasted' in areas that are at rest?

For a long time, scientists knew that blood circulated, that the heart was the pump, and that arteries
and veins were the main highways. But the real mystery lay in the 'side streets,' those veins and arteries
so tiny they are invisible to the naked eye. We're talking about capillaries. Imagine a network of paths
so minuscule and branched that, if stretched end-to-end, they would 'encircle the Earth several times'.

They are the final messengers, the point where oxygen jumps from the bloodstream into the cells.

It was a brilliant Dane, a methodical and tenacious man named August Krogh, who became obsessed

with this enigma at the beginning of the 20th century. Sitting in his laboratory, with a microscope as his
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'magic eye', he wondered: Are these tiny capillaries 'always open'? Or is there an intelligent mechanism
that opens and closes them according to need, like a sophisticated internal 'traffic light system'?

Krogh, with the curiosity of a 'detective’ and the patience of a 'craftsman’, was about to unravel one of
the most fascinating secrets of our physiology. He sensed that the body was not a 'spendthrift', that there
must be an efficient way to distribute oxygen, adjusting to demand, moment by moment. A system that
would allow an athlete to run a marathon or a bricklayer to lift bricks, without their muscles collapsing
from lack of air.

How does your body achieve this coordinated 'ballet,’ this perfect dance between muscular effort and
oxygen supply, activating only the necessary capillaries, just in time? Krogh's answer would not only

'transform’ our understanding of life but would earn him science's highest honor.

The Laboratory of Life: An Intimate Look

The question that tormented Krogh was fundamental to understanding how we live, move, and adapt. To
answer it, speculation wasn't enough. He needed to see, measure, demonstrate. His laboratory at the
University of Copenhagen became the setting for one of the most meticulous and visual investigations

of its time, a true microscopic ballet under the watchful eye of a scientist.

The Challenge of the Invisible and the Work of a Craftsman

Capillaries are incredibly small. So small that most of them are narrower than a human hair. A red blood
cell, the cell responsible for transporting oxygen, barely fits through them, squeezing like a car in a tiny
tunnel. Krogh not only had to observe them, but he needed to understand their dynamics: how many
open? when? why? In an era without high-speed videos or electron microscopes, this was an immense
feat.

His main tool was the optical microscope. But seeing capillaries in a live animal, especially in motion,
was an immense challenge. Krogh chose to work with frogs, cold-blooded animals that had relatively
transparent muscles (like the cutaneous muscle of the leg or the membrane of their tongue) and
whose blood flow could be carefully manipulated and observed with exceptional control. Imagine Krogh,
hunched over his microscope for hours and days, with an anesthetized frog under the lens, observing
how blood, stained red, flowed through that invisible network. He adjusted the lighting, temperature,
even blood pressure, with the patience of a 'craftsman’ and the precision of a watchmaker. Every small
movement, every change in flow, was a piece of data. A true hero of detail, transforming observation
into science.
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The Great Discovery: The Selective Dance of Capillaries

What Krogh discovered was revolutionary and contradicted established dogma. Until then, it was thought
that most capillaries were always open, carrying blood at a more or less constant rate, a kind of universal
irrigation system. But Krogh proved that this was not the case at all. In muscles at rest, only a fraction of
the capillaries were 'active," meaning they allowed blood to pass through. Most were ‘closed' or inactive,

like streets closed to traffic or faucets turned off in an irrigation system.
The real astonishment came when observing what happened when the muscle began to work:

* Bang! As if by magic, more and more capillaries opened in the active area.

» The more intense the effort, the greater the number of capillaries that activated, dramatically

increasing the surface area for oxygen exchange.

This wasn't a random opening. It was a precise response, a choreography perfectly synchronized with
the demand for oxygen. Suddenly, the 'side streets' opened wide, allowing a torrent of oxygen and
nutrients to reach the thirsty muscle cells. For scientists of the time, it was like discovering that a city's
plumbing system had smart valves that only turned on the water in the faucets that were actively being
used.

How Do Capillaries Know When to Open? The Secret Chemical Language

This is where the genius of the human body and Krogh's insight come into play. What 'ordered' the
capillaries to open? Krogh and his colleagues, including his brilliant wife Marie Krogh (who made
significant contributions to respiratory physiology, although the Nobel was awarded only to him&mdash;a
common injustice in the history of science), deduced that the muscles themselves, when working,

produced certain chemical substances that acted as signals.

Imagine your muscles as small workshops that produce energy. When they are inactive, there are hardly
any 'waste products' or 'signals.' But when they get going, metabolism accelerates, and they begin to

produce and release a series of messengers into the local environment:

» Carbon dioxide (CO2):An inevitable byproduct of the 'combustion’ of nutrients for energy.
 Lactic acid:Another signal that anaerobic metabolism is being activated under high demand.
» Decreased pH:The environment becomes more '&aacute;cidic' due to these substances.

* Increased temperature:Metabolic work generates heat, which is also a signal for vasodilation.
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Decreased oxygen (local hypoxia):Oxygen demand exceeds supply, and this very lack of oxygen

is a potent signal.

These substances, or changes in the local environment, act as 'distress calls' and 'green lights' for
nearby blood vessels. The tiny sphincters (small rings of smooth muscle) that control the entry to each
capillary are incredibly sensitive to these chemical changes. Upon detecting them, they relax, allowing
blood to flow. It's as if the muscle screams, 'More oxygen and nutrients, please, and take away my
waste!', and the capillaries respond instantly, flooding the area with fresh blood.

Regulation of Capillary Blood Flow: A Masterpiece of Efficiency
This mechanism, known aslocal regulation of blood flow, is a marvel of biological engineering that

allows the body to be incredibly efficient and adaptable:

1. Maximizes oxygen supply:By opening capillaries only where needed, the body directs blood and

its valuable contents precisely to the most demanding cells.

2. Minimizes heart's work:It doesn't require the heart to pump more blood than necessary to the

entire body, but rather adjusts distribution in the periphery, optimizing pressure and flow.

3. Allows adaptation and training:It explains why a trained athlete can perform at astonishing levels.
Their capillary system has adapted, becoming more efficient in opening and closing, and often
developing a higher capillary density in their muscles, creating even more 'side streets.' This is one

of the secrets of endurance.

4. Prevents 'blood stealing':It ensures that resting organs do not 'steal’ blood desperately needed

in active muscles. It's an intelligent allocation of resources.

Consider the impact of this. Before Krogh, the idea was that blood flow was rather passive, or regulated
mainly by the central nervous system on a large scale, like a 'master switch'. Krogh demonstrated that
there was a much finer, local, autonomous, and dynamic level of control. It's like going from general

stadium lighting to a system that illuminates only the players ‘with the ball' at any given moment.

Krogh's Legacy: Beyond the Prize and Continuous Inspiration
Krogh's discovery earned him the Nobel Prize in Physiology or Medicine in 1920, a well-deserved
recognition for his perseverance and genius. But his influence extended far beyond an award. It laid

the groundwork for entire fields of research and understanding:

» Exercise physiology:Understanding how the body adapts to physical exertion, how it trains, and

why it fatigues. Modern training regimens are largely based on these principles.
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» Vascular pathologies:Understanding diseases where capillary supply is affected, such as in
diabetes, where capillaries can be damaged and flow compromised (diabetic microangiopathy), or
in peripheral artery disease, where larger arteries are blocked, and microcirculation becomes even
more critical. His work helped focus research on how to improve oxygenation in diseased tissues.

» Oxygenation research:It inspired generations of scientists to study how oxygen moves through
the body, from the lungs (where Marie Krogh made key contributions to gas exchange) to the most
remote cells.

* Instrumentation development:Krogh was also a prolific inventor. He developed several innovative
instruments for measuring gas consumption and metabolism, such as the Krogh spirometer, which

revolutionized the study of human and animal physiology, allowing precise real-time measurements.

His work was a testament to the importance of direct observation, rigorous experimentation, and the
ability to ask simple but profound questions. He was an example of how science advances not only with

grand theories but also with the meticulousness of someone who observes the obvious with fresh eyes.

In a world where science is often perceived as 'cold and distant’, August Krogh's story is a reminder
of the deep humanity that drives discovery. His obsession with unraveling how our muscles get oxygen
revealed an internal dance of astonishing complexity and elegance. The next time you feel your heart
pounding after exertion, or simply stretch a muscle or walk a little faster, remember Krogh and those
millions of tiny capillaries, opening and closing in perfect synchrony, silently orchestrating the dance of
life within you. His legacy teaches us that, even in the smallest corners of our being, there is wonder

waiting to be discovered, and that efficiency is the silent mantra of our own body.
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