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body production gave the KD its name.3 Similar ketogenesis is 
also observed under starvation and fasting conditions, when 
the body must rely on its fat stores for energy in the absence 
of carbohydrate intake.6

NEUROTRANSMITTER HYPOTHESES

Given our understanding of the metabolic changes associ-
ated with the KD, how can the biology behind its anti-

convulsant effects be explained? One hypothesis involves the 
brain’s primary inhibitory neurotransmitter, g-Aminobutyric 
acid (GABA). This hypothesis proposes that the KD results 
in increased GABA production, and thus increased inhibitory 
neurotransmission.7 This idea is based on the fact that the KD 
induces a shift in amino acid processing through metabolic 

pathways that ultimately shunts 
GABA precursors from other 
pathways into the GABA synthe-
sis pathway, thus increasing its 
overall production and neuronal 
effects.8 This hypothesis has been 
supported by a study on epilep-
tic children, which showed that 

GABA concentrations in cerebrospinal fluid were increased if 
the children were on the KD.9

Within the realm of neurotransmitters, another hypothe-
sis involves the brain’s primary stimulatory neurotransmitter, 
glutamate. In contrast to the GABAergic hypothesis described 
above, the glutamate hypothesis proposes a decrease in the 
release of glutamate – and since glutamate is generally a stim-
ulatory neurotransmitter, decreasing its release would result 
in a net inhibitory effect as in the case of increased GABA pro-
duction.7 This hypothesis is supported by a recent study which 
showed that two specific ketone bodies, β-hydroxybutyrate 
and acetoacetate, may interfere with the activation of intracel-
lular glutamate transport proteins, thus diminishing release 
of the neurotransmitter.10 

It is important to note that the ideas presented above con-
cern only two of the brain’s vast array of neurotransmitters. 
There is strong potential for the involvement of additional 
neurotransmitters or for other roles of GABA and glutamate 
in mechanisms of the KD as an epilepsy treatment. However, 
the above hypotheses and the evidence supporting them do 
put forth an overall notion of the KD decreasing neuronal 
activity, ultimately modifying the sensitive balance of excit-
atory and inhibitory neurotransmission that is crucial to 
healthy brain function.

“... Dietary restriction is no

longer the shot in the dark that it 

was in ancient Greek times.”
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AROUND THE 4TH CENTURY BC, AN ANCIENT 
Greek physician wrote a Hippocratic treatise on epi-
lepsy: “On the Sacred Disease.”1 This medical essay 

argued that epilepsy is seated physically in the brain – that it 
is not an affliction by the gods, as was widely believed. Texts 
describing the medical practices of Hippocratic physicians 
have also described successful treatments for epilepsy – these 
treatments consisted of prescribed abstinence from food.2 
However, physicians noted that seizures recurred upon end-
ing the fast; thus, this treatment was not sustainable. None-
theless, the ancient Greeks may have been on the right track.

In modern medicine, dietary restriction remains a 
promising and developing treatment for epilepsy. Specifi-
cally, the ketogenic diet (KD) is a medical regimen that has 
been prescribed in treatment of 
the disease for over 90 years. It 
comprises a four-to-one ratio 
of fat to protein and carbohy-
drates, providing enough nutri-
ents to maintain a healthy body 
weight while effectively altering 
the body’s metabolism in an 
anticonvulsant (seizure-reducing)way.3, 4 In terms of typical 
foods, high-fat items such as nuts and butter are encouraged, 
while high-carbohydrate items such as bread and pasta are 
restricted.4 Regarding the diet’s effectiveness, according to 
the National Institute of Neurological Disorders and Stroke 
(NINDS), more than half of the patients who start the KD 
experience at least a 50 percent reduction in seizures, and 
many children even become seizure-free.5 Clearly, the KD 
significantly improves the lives of many epilepsy patients.

Although we have a strong understanding of the meta-
bolic changes associated with this diet, the mechanisms 
behind its healing effect on epileptic seizures remain unclear 
to this day. However, recent research has lent several clues to 
clarify the biology behind the effectiveness of this diet. This 
article will review three major proposed mechanisms of the 
KD as an epilepsy treatment, while ultimately elucidating the 
overall importance of nutrition in treating disease.

METABOLISM OF THE KETOGENIC DIET

The main goal of the KD is to shift the body’s main energy 
source from sugars (carbohydrates) to fats – thus the 

four-to-one-ratio of fats to carbohydrates and proteins.4 
(Dietary proteins are also required to provide building blocks 
for the body to synthesize its own functional proteins.)6 
When the liver breaks down fats for energy use, the ketone 
body, an important metabolite, is transported through the 
blood into cells for use as fuel.6 The diet’s increase in ketone 
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ANTIOXIDANT HYPOTHESES

Another potential cause behind the anticonvulsant effects 
of the KD may involve reactive oxygen species (ROS). 

ROS are highly reactive, often electrically charged molecules 
that can damage cells if prevalent in excess and, if increased 
in the brain, can impair brain function.6 Damage from ROS 
is referred to as oxidative stress. Fortunately, our bodies do 
have defense systems to counter oxidative stress, namely the 
reduced glutathione (GSH) antioxidant pathway.7 Glutathi-
one is an endogenous antioxidant that essentially neutralizes 
ROS to prevent them from harming cells.6 

One antioxidant hypothesis linking the KD to epilepsy 
treatment proposes that the KD increases GSH production 
and ultimately helps to mitigate neuronal oxidative stress 
which has been associated with epilepsy.7 This hypothesis has 
been supported by a recent study in rats which demonstrated 
increased expression of the transcription factor Nrf2 on the 
KD; Nrf2 is a protein that induces the expression of genes 
important in the GSH antioxidant pathway.7, 11 

Another antioxidant hypothesis proposes that the KD may 
induce increased expression of uncoupling proteins, altering 
the state of cells in a way that can have antioxidant effects.7 

Uncoupling proteins interfere with the cell’s normal energy 
production processes, altering the electrical charge around 
the membrane of the mitochondria: the cellular component 
responsible for energy production.6 This electrical alteration, 
in interaction with the charges of ROS, ultimately decreases 
ROS levels in the cell.7 This hypothesis was supported by a 
study in rats that revealed increases in uncoupling protein 
expression associated with a high-fat milk diet, as well as anti-
oxidant effects of these uncoupling proteins.12

Similar to the discussion of neurotransmitter hypoth-
eses, it is important to note that these antioxidant hypotheses 
represent only two of many possibilities for roles of the KD 
in mitigating oxidative stress in epilepsy treatment. Yet over-
all, the above hypotheses and evidence for them support the 
notion that the KD could be effective in treating epilepsy by 
helping to mitigate oxidative stress, thus protecting the brain 
and its healthy functioning.

THE ANAPLEROTIC HYPOTHESIS

A third important hypothesis regarding the anticonvulsant 
effects of the KD is based on the idea of anaplerosis: the 

replenishment of metabolic intermediates in cells.7 In nor-
mal cellular metabolic processes, intermediates are depleted 
in energy production and must be replenished through the 
diet or from breakdown of energy stores. However, the degree 
and type of replenishment depends on the source of new 
intermediates.6 On the KD, by nature of the high fat intake 
and resulting ketone body production, heightened levels of 
the critical metabolic intermediate acetyl CoA are produced. 
With more acetyl CoA feeding into metabolic cycles, such as 
the citric acid cycle, cells can ultimately produce more energy 
in the form of adenosine triphosphate (ATP), which is nec-
essary for cellular function (Figure 2).7 In support of this 
hypothesis, studies of epileptic mice have shown that dietary 
supplementation with triheptanoin, a particular fat known to 
break down into important metabolic intermediates, resulted 
in anticonvulsant effects.13

The anaplerotic hypothesis is compelling as it addresses 
a potential cellular energy deficiency in epilepsy. However, it 
requires much additional research to elucidate exactly which 
aspects of the KD most effectively increase acetyl CoA and 
other metabolites, and how the altered energy production 
might be leveraged in combating epilepsy symptoms.

CONCLUSION

Given our growing knowledge of biological mechanisms 
behind the KD treatment of epilepsy, dietary restriction 

is no longer the shot in the dark that it was in ancient Greek 
times. We can pinpoint specific biological consequences of 
the KD, including: increased inhibitory neuronal transmis-
sion via modulation of the neurotransmitters GABA and 
glutamate; decreased oxidative stress via activation of GSH-
related antioxidant pathways; and increased cellular energy 
production via ketone body metabolism and anaplerosis. In 
addition, through all of the research conducted on mecha-
nisms of the KD, we are simultaneously learning more and 
more about the biological mechanisms of epilepsy itself.

Yet despite all that we know about the KD as an epilepsy 
treatment, there is still much left to discover. Several new 
theories are proposed each year, and each requires extended 
academic study for confirmation in both animal models and 
human patients. It is also important to note that the KD is still 
generally reserved as a last-resort treatment for drug-resistant 
epilepsy, with often-unpredictable success rates.7 However, as 
we uncover more about the mechanisms behind its anticon-
vulsant actions, the diet could evolve to become more specific 
and effective as food choices can adapt accordingly. While 
the ancient Greeks prescribed abstinence from all food and 
today’s doctors prescribe restriction of carbohydrate intake, it 
should soon be possible to restrict food even more specifically 
so that patients’ lifestyles can be altered less severely. Moving 
forward, nutritional therapy could potentially replace drug 
therapy in some cases, which would remove the taxing side 
effects of anticonvulsant drugs from the equation. Alterna-
tively, specific drugs could be produced that would follow the 
mechanisms of KD action, also mitigating many side effects.

Figure 1: Ancient Greek pottery depicting the medical clinic of a
Hippocratic physician, circa 5th century BC.
Image source: Marie-Lan Nguyen; Item on display at the Louvre.
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In all, an assessment of the KD as a treatment of epilepsy 
reveals a prime example of nutritional therapy in the treat-
ment of disease. Although previously considered “alterna-
tive” forms of treatment,  nutritional therapies may very well 
become the norm as their biological mechanisms become 
uncovered. In fact, the KD and other diets have been shown 
to improve symptoms of a variety of diseases, including 
Alzheimer’s disease, Parkinson’s disease, brain cancer, pros-
tate cancer, and diabetes.3 Although ancient Greek physi-
cians failed in many of their unscientific prescriptions, they 
did maintain a custom of carefully adapting healthcare to 
the patient’s lifestyle (within the constraints of ancient medi-
cine).14 A future of nutritional therapy provides the opportu-
nity for an important renaissance of this approach to health-
care – by naturally modifying a patient’s diet, symptoms can 
be mitigated in a way that is far less invasive and life-altering 
than surgery or drug treatments. Though biological knowl-
edge gaps leave researchers with many unanswered questions, 
it is worth the effort to investigate this “alternative” therapy 
because it may soon become the preferred norm.
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Figure 2: Formation of acetyl CoA and its entry entry into the citric 
acid cycle. These are critical processes in cellular metabolism.
Image Source: OpenStax College of Rice University


