
STORY AT-A-GLANCE

In this 2010 interview, the late Ray Peat, a biologist and physiologist who specialized in

the bioenergetic theory of health,  reviewed some of the key benefits of CO2 and how it

The Biology of Carbon Dioxide

Analysis by Dr. Joseph Mercola  November 18, 2023

Carbon dioxide (CO2) is a driver of energy production, as it improves the delivery of

oxygen into your cells. CO2 also helps protect against the harmful effects of lipid

peroxidation



CO2 and lactate have opposing effects. Lactate is the byproduct of metabolizing glucose

without oxygen in the cytoplasm. So, where lactate causes problems, CO2 has beneficial

effects



Elevated lactate production is a common theme in diabetes, Alzheimer’s, heart failure,

shock and general aging. It promotes inflammation and degrades mitochondrial function.

Conversely, low CO2 concentrations have been linked to epileptic seizures, muscle

spasms, inflammation, hypothyroidism, stroke and clotting disorders



All these issues, whether caused by elevated lactate or low CO2, can be successfully

treated with CO2 therapies of various kinds, such as CO2 baths (where CO2 is pumped

into the tub, much like bathing in carbonated mineral water) or adding CO2 into standard

hyperbaric treatment



Simpler ways to raise your tissue content of CO2 include breathing into a paper bag,

having an adequate supply of calcium, and supplementing with salt, baking soda or

carbonated beverages


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works within the human body. This article is a summary of the key points made in that

interview.

I apologize for the video quality. The video was recorded 13 years ago, and appears to

have been shot on a cell phone. In 2010 the cameras were not very good. However, the

audio is fine, and more importantly, this information is really hard to come by since Peat

is no longer with us. Only 2,000 people had viewed it when I first saw it.

I watched it four times as it is so good. I’m convinced optimizing your carbon dioxide

(CO2) level is one of the most important strategies you can do to slow down

degeneration due to aging.

On that point, I will be interviewing one of the leading breathing experts in the world,

Peter Litchfield, Ph.D., who will educate us on why most breathing techniques don’t

work, as they don’t address the underlying triggered breathing habits that lower CO2.

CO2 Is Crucial for Optimal Health

CO2 is typically thought of as nothing more than a harmful waste product of respiration,

and a "pollutant" that endangers the earth by raising global temperatures.

The reality is that CO2 is a driver of mitochondrial energy production, and it improves the

delivery of oxygen into your cells. It’s also essential for most life on Earth, plants in

particular. In fact, CO2 appears to be a more fundamental component of living matter

than oxygen.  All of this was well-known in decades past, but somehow knowledge

about the beneficial effects of CO2 has been suppressed over time.

Importantly, CO2 allows for more efficient energy production in your mitochondria, which

is why people who live or spend time at higher altitudes tend to be healthier and have

fewer chronic health problems such as asthma. The reason for this is because the

pressure of CO2 relative to oxygen is greater at higher altitudes.

A Simple Biohack to Boost CO2
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According to Forbes Health, biohacking is "a term used to describe various tips and

tricks for enhancing the body’s ability to function at peak performance — and maybe

even extend one’s lifespan."

A biohack for mimicking being at a higher altitude in order to boost CO2 is to breathe

into a paper lunch bag for a minute or two. The bag should not be too small or too large

(an ideal size is 6 inches by 15 inches, or 15 centimeters by 38 centimeters). Breathe

into the bag with your mouth and nose covered until you feel better.

With each exhale, you expel carbon dioxide. By rebreathing the carbon dioxide inside the

paper bag, you effectively raise your carbon dioxide level. According to Peat, breathing

into a paper bag a few times a day has been shown to bring blood pressure down by as

much as 30 points, and stabilize it there after a few days of repetition.

CO2 and Lactate Have Opposing Effects

As explained by Peat, CO2 and lactate have opposing effects.  So, where lactate

causes problems, CO2 has beneficial effects.

For example, elevated lactate production is a common theme in diabetes, Alzheimer’s,

heart failure, shock and general aging. It promotes inflammation and degrades

mitochondrial function. Conversely, low CO2 concentrations have been linked to

epileptic seizures, muscle spasms, inflammation, hypothyroidism, stroke, and clotting

disorders.

According to Peat, all these issues, whether caused by elevated lactate or low CO2, can

be successfully treated with CO2 therapies of various kinds, such as CO2 baths (where

CO2 is pumped into the tub, much like bathing in carbonated mineral water) or adding

CO2 into standard hyperbaric treatment.

Simpler ways to raise your tissue content of CO2 include breathing into a small paper

lunch bag a few times a day as detailed above, having an adequate supply of calcium,

and supplementing with salt, baking soda or carbonated beverages.
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Peat tells the story of how he told an individual suffering from transient ischemic

attacks who’d gone to the emergency room with stroke symptoms and paralysis on

several occasions to drink a soda or carbonated water when the attacks occurred, as the

bubbles in carbonated drinks are CO2 gas. "That worked for him," he said.

CO2 Promotes Efficient Energy Production

Lactate is the byproduct of glycolysis, or nonaerobic respiration. It occurs when your

mitochondria are compromised and are unable to metabolize glucose. Instead of

pyruvate going to the mitochondria to be burned, it is oxidized to lactate in the cell’s

cytoplasm. When this occurs in the presence of oxygen it is called the Warburg Effect,

which is major pathway that cancer cells use.

As illustrated in the graph below, glucose can be metabolized in two different ways.

When fat intake is too high, glucose is burned though glycolysis, which uses no oxygen

and produces lactate. This is a highly inefficient way to produce energy, as it generates

only 2 ATP per glucose molecule. And, in the context of this article, no CO2.

When fat intake is in the sweet spot of 15% to 40%, and glucose intake is high enough, it

can be burned for fuel in the mitochondria. This generates up to 38 ATP per glucose

molecule. In this process, NADH and CO2 are also produced.7



If fat intake is over 40% and the carb intake is below 200 grams per day, the glucose is

burned in glycolysis in the cell’s cytoplasm, which produces lactate that suppresses

glucose oxidation and shifts metabolism to the burning of fats instead.

Lactate also promotes inflammation and fibrosis. CO2, meanwhile, limits the formation

of lactate, increases oxidation of glucose, helps trigger mitochondrial formation (i.e.,

boosts the number of mitochondria in your cells) and boosts cellular ATP

concentrations.

As explained by Peat, glycolysis products (pyruvate and lactate) compete with CO2 for

binding sites inside the mitochondrion. Glycolysis decreases energy production by

reducing CO2.

Energy Production Summary

In summary, two key points from all this are:

1. The most efficient way to generate cellular energy is to burn glucose in the electron

transport chain of your mitochondria (aerobic respiration). In addition to generating
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up to 38 ATP molecules per glucose molecule (opposed to the two generated

through glycolysis), it also generates an estimated 50% more CO2 than fat

oxidation.

In order for glucose to be metabolized in your mitochondria, your dietary fat intake

needs to be sufficiently low so as not to inhibit the oxidation of glucose. While

there’s no hard evidence on how much fat is too much, I suspect you need to restrict

fat to 30% or 40%, depending on your individual needs, to optimize your glucose

metabolism.

2. There are two possible energy states:

i. A glycolytic stress state in which energy production is reduced by the inhibition

of CO2.

ii. An energy-efficient state in which CO2 is produced and lactate is suppressed.

CO2 Protects Against Lipid Peroxidation

CO2 also helps protect against the harmful effects of lipid peroxidation. Lipid

peroxidation  refers to a process in which free radicals and other harmful oxidants

attack lipids (fats) that have carbon-carbon double bonds. Polyunsaturated fats (PUFAs)

such as linoleic acid (LA) are particularly prone to this.

The key that many fail to recognize is that lipid peroxidation increases when CO2 levels

are low, as CO2 protects the fats from damage. As explained by Peat, when CO2 is low,

that’s when PUFAs increase their production of lipid peroxides  (oxidation products of

phospholipids).

Lipid peroxides degrade into reactive aldehydes such as malondialdehyde and 4-

hydroxy-2-noneal (4-HNE), which damage DNA and proteins, causing them to

malfunction. Lipid peroxidation is known to contribute to conditions such as cancer,

atherosclerosis and neurodegenerative conditions, just to name a few.
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Peat cites one experiment in which they showed that when you raise the CO2 in human

tissues to three times normal, the amount of lipid peroxides went to zero. So, CO2 has a

potent anti-inflammatory effect and effectively protects against lipid peroxidation.

This is an important piece of information, as most people nowadays consume

enormously excessive amounts of seed oils that are loaded with PUFAs, and thus have

very elevated levels of stored LA in their cells.

As explained in "Linoleic Acid — The Most Destructive Ingredient in Your Diet," LA is a

primary contributor to chronic disease, as it causes mitochondrial dysfunction and

promotes inflammation.

Augmenting CO2 in your tissues may be an effective way to limit LA-induced damage

while you work to eliminate the excess LA from your tissues and replace it with healthy

fats (which can take six or seven years).

How Lactate and CO2 Influence Stress

Peat also goes into an extended discussion involving many separate pieces to explain

how lactate and CO2 influence the stress response and other parts of human biology

that impact disease, including cancer.

For starters, the cytochrome oxidase enzyme — also known as Complex IV in the

mitochondrial electron transport chain, which is what uses oxygen — governs your rate

of oxygen consumption.

So, the more cytochrome oxidase you have, and the more active it is, the greater your

oxygen consumption. Cytochrome oxidase is also responsible for increasing the total

number of mitochondria within the cell as needed to accommodate for increased oxygen

consumption.

When you saturate a cell with a very large amount of CO2, you rapidly increase the

amount of cytochrome oxidase in the cell, and you boost its activity almost instantly.

This shifts the oxidative balance of the cell towards the oxidized state, as electrons are

https://takecontrol.substack.com/p/linoleic-acid


being pulled out of the system. This lowers reductive stress in the cell, which is what

you want to do.

In healthy cells, there's a balance between NAD+ and NADH that is critical for energy

production. Conditions like cancer or diabetes disrupt this balance, leading to excess

lactate and reduced NAD+. Carbon dioxide is crucial because it prevents excessive

lactate production, maintaining a healthy NAD+ to NADH ratio.

CO2 also influences the water balance in cells, supporting an oxidized cellular condition

with lowered reductive stress that results in proper oxygen utilization. Hyperventilation,

or over-breathing, which reduces CO2, typically leads to overproduction of lactate,

contributing to stress and disrupting cellular balance.

CO2 in Emergency Care

Peat also discusses the role of CO2 in emergency care that has the potential to save

your life or the life of someone you love. Stroke patients are typically ventilated with

pure oxygen to prevent hypoxia-induced brain damage,  but this isn’t the best way to

help these patients.

A ventilation strategy called permissive hypercapnia appears to be far better. Permissive

hypercapnia refers to a ventilation strategy employing partial pressures of CO2 that are

higher than physiological norms. I have been encouraging those in the hyperbaric

oxygen community to explore and adopt this strategy in their hyperbaric chambers. As

explained by Peat:

"Quite a few people are now, just in the last few years, starting to talk about

permissive hypercapnia ... instead of ventilating someone to death [by] giving

them pure oxygen. When people aren't getting enough oxygen to the brain,

they'll give them pure oxygen and then hyperventilate them.

The idea is to shrink their brain by hyperventilating them, because it shuts down

the blood circulation of the brain. But if they're dying of a lack of oxygen to the

brain, [that’s] not what you want to do ...
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I had mentioned [using carbonated beverages during ischemic stroke] in a

nutrition class. I had said soda water, meaning carbonated water, but the next

week, one of the students said that she had interpreted it as baking soda in

water.

Basically, it’s the same idea, but she said she gave a spoonful of baking soda to

her mother who had been half-paralyzed for six months, and 15 minutes after

drinking just a glass of baking soda water the paralysis lifted and stayed away."

The reason baking soda worked in this case is probably because CO2 is carried through

your bloodstream by sodium bicarbonate (baking soda).  Peat goes on to discuss how,

in the past, firemen used to carry CO2 for the treatment of shock and respiratory arrest.

“ All animals and even plants suffer from a lack of
carbon dioxide. If you lower it, even plants won't do
well. ~ Ray Peat”

In the 1920s, Yandell Henderson, director of the Yale Laboratory of Applied Physiology,

devised a system using oxygen with 5%, 7% or 10% CO2 added in. Fire departments all

over the United States, and many hospitals, were using 5% CO2 to resuscitate babies

that had stopped breathing and treat shock cases. It was also used post-operatively to

aid in the recovery process.

The Green Agenda’s Flawed View of CO2

In closing, Peat also overturned key arguments of the green agenda by pointing out that

during the Carboniferous period of Earth’s history, when plant and animal life was

extraordinarily abundant, carbon dioxide levels were some 20 times higher than they are

now, and temperatures were relatively stable.

"The expansion of vegetation will reflect infrared rays back into space," he said,

"so it's sort of like the Earth has a thermostat that will regulate for huge changes
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in in CO2," he said.

Even more importantly, nothing thrives in low CO2 environments — not plants, not

animals or insects and, as evidenced by everything discussed above, not humans. If

anything, the world may actually need a bit more CO2, seeing how CO2-deficiency states

are rampant, forests are dying and plants aren’t growing very well. As noted by Peat:

"All animals and even plants suffer from a lack of carbon dioxide. If you lower it,

even plants won't do well ... In the 1940s, people experimented with poisoning

to death rats or mice with 50% carbon dioxide, keeping them dead for an hour

and then reviving them, and they had no brain damage. If they gave them extra

CO2, they weren’t damaged by the absence of oxygen. So, for primitive

organisms, it's more essential than oxygen."

The increasingly erratic weather systems we’re now experiencing likely have little to do

with the CO2 content of our atmosphere, and far more to do with a combination of

decades-long weather manipulation  and natural solar cycles.
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