
Introduction
This study investigates how ketones (and the ketogenic diet) affects fat tissue mitochondria.

Conclusions

Ketones do not change the overall production of ATP (cell energy) in the cells, but 
reduce the efficiency of the mitochondria to generate that energy. This could lead 
to fat cells expending more energy and losing site specific body fat.
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Intro

Intro: Humans store fat molecules in white fat cells and brown fat cells. White fat cells 
store fat molecules for use later by the rest of the body, but the cells themselves use 
very little energy to live and have low mitochondrial content. On the other hand, brown 
fat cells are more metabolically active and have many mitochondria, relatively 
speaking. 

White fat cells store fat molecules in droplets and release these fat molecules as fatty 
acids (a type of fat molecule) when the body calls upon them to do so. Excess white fat 
cells is typical in obesity, however, and is also tied with insulin resistance and type 2 
diabetes, cancer, and cardiovascular disease (heart disease and related). 

Brown fat cells, on the other hand, have lower fat storage capacity and have much 
more mitochondria around the fat droplets containing the fat molecules. What is also 
unique about brown fat cells is the fact that their mitochondria generate energy, but 
they also generate more heat through an inefficient production of energy known as 
"uncoupled mitochondria". This means more nutrients are needed to maintain this 
energy demand. 

Environmental factors can influence white fat cells to act/turn into more like brown fat 
cells (this is called "beiging"). 

Ketones like beta-hydroxybutyrate (β-HB) can be used by mitochondria for energy 
production. Ketones have many roles, however, from signaling between cells, within 
cells, inflammation, cognition, maintaining metabolism when starvation is occurring, 
and others. 

So, this study aims to find out how ketones affect mitochondrial biogenesis (production, 
synthesis) in fat cells. 
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Figure 1
[A] The researchers incubated the adipocytes (fat cells) in the ketone beta-hydroxybutyrate, as 
well as added succinate (S) or ADP (D), or Glutamate and Malate (GM) to the cell media (liquid the 
cells are in) to see if this would stimulate respiration in mitochondria (an indication of mitochondrial 
activity), with and without ketones. [B] This is a measure of overall mitochondrial 
respiration/activity. [C] ATP production in these fat cells with and without ketones added. [D]
Amount of ATP generated per oxygen. 

Primary Results:
- Overall ATP production is unchanged with ketones added [B, C].
- Less ATP is produced per unit of oxygen used [D].

Take Away: This data implies that mitochondria do not generate more energy with ketones 

added, but they become less efficient at producing energy, which would lead to more substrate 
(glucose, fat, etc.) to be used to generate the same amount of ATP (cellular energy). 

Figure 2
This is a measure of gene expression for PRDM16 (this is a regulating protein that controls the 
expression of other genes, especially those associated with mitochondrial production and beiging 
of fat cells), PGC1a (this is a protein that promotes mitochondrial production), and UCP1 (this is an 
uncoupling protein, making the mitochondria less efficient) - all in fat cells. These values were 
normalized to control conditions. 

Primary Results
- All three genes are expressed more with ketone addition to the media of the fat cells. 

Take Away: This data would indicate an increased gene expression of mitochondria 

production promotion and less efficient, heat producing mitochondria and the beiging of fat cells 
(white to brown). 
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Figure 3
This data shows the [A] Body weight of the rats on a standard diet and on a ketogenic diet after 28 days. 
This data also shows [B] the amount of fat in three separate areas of the body of these rats on a standard vs 
ketogenic diet. 

Primary Results
- Body weight does not change from the ketogenic diet. 
- Fat mass is lower in certain regions of the body, but not all areas (INT). 

Take Away: Fat can be lost off the body in specific areas with a ketogenic diet, per this data in rats. 
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Figure 4
[A] The researchers fed rats a standard diet or a ketogenic diet and took fat samples from around 
the scapula (where they did not lose mass) and then tested them by adding succinate (S) or ADP 
(D), or Glutamate and Malate (GM) to the cell media (liquid the cells are in) to see if this would 
stimulate respiration in mitochondria (an indication of mitochondrial activity). [B] This is a measure 
of overall mitochondrial respiration/activity. [C] ATP production in these fat cells with and without 
ketones added. [D] Amount of ATP generated per oxygen. 

Primary Results
- Overall ATP production is not different between the rat fat tissue on a standard diet vs a ketogenic 
diet. 
- The ketogenic diet lowers the amount of ATP produced per unit of oxygen. 

Take Away: A ketogenic diet seems to make mitochondria less efficient at producing 

cellular energy (ATP). 

Figure 5
[A] The researchers fed rats a standard diet or a ketogenic diet and took fat samples from underneath 
the skin (where they did lose mass) and then tested them by adding succinate (S) or ADP (D), or 
Glutamate and Malate (GM) to the cell media (liquid the cells are in) to see if this would stimulate 
respiration in mitochondria (an indication of mitochondrial activity). [B] This is a measure of overall 
mitochondrial respiration/activity. [C] ATP production in these fat cells with and without ketones added. 
[D] Amount of ATP generated per oxygen. 

Primary Results
- Mitochondrial activity is increased with a ketogenic diet. 
- No difference in overall ATP generation. 
- The amount of ATP per unit of oxygen is lower with the ketogenic diet fed rats. 

Take Away: In fat that lost mass, there is an increase in mitochondrial activity, as well as a 

lessened efficiency of mitochondria when animals are placed on a ketogenic diet. 
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Figure 7
This is a measure of gene expression for PRDM16 (this is a regulating protein that controls the 
expression of other genes, especially those associated with mitochondrial production and beiging of fat 
cells), PGC1a (this is a protein that promotes mitochondrial production), and UCP1 (this is an 
uncoupling protein, making the mitochondria less efficient) - all in fat tissue taken from rats 
(subcutaneous). These values were normalized to control conditions. 

Primary Results
- PGC1a and UCP1 genes are increased in fat tissue. 

Take Away: There is increased gene expression indicating more mitochondria production and 

less efficient mitochondria. 
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Figure 8
The researchers are repeating all the previous experiments on mitochondria in fat tissue (like in 
Figures 1, 4, 5), but this time the fat samples are from ketogenic diet consuming human 
participants. [A] They measured the ketone levels in the blood of these participants. 

Primary Results
- These individuals have elevated ketones in the blood. 
- Overall activity of mitochondria is unchanged by a ketogenic diet. 
- ATP production remains the same. 
- ATP generation efficiency reduces with the ketogenic diet. 

Take Away: The results we've seen in cells and in rats holds true in human fat tissue, as 

well. 
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Discussion
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Discussion

Discussion: Ketones appear to activate energy wasting in mitochondria and more mitochondrial 
generation, unlike carbohydrates and fat. 

Brown fat is low in adults, but can be increased through cold therapy and exercise. 

Different fat tissues respond more to different stimuli (epinephrine vs nitric oxide, for example). This 
might explain the greater effect in certain fat tissues compared to others. 

Other studies have shown increases in energy expenditure when on a high fat diet. 

Insulin reduces mitochondrial uncoupling (thereby increasing efficiency), as well as reduces ketone 
production and fat release from the fat cells. 
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