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Triheptanoin May Mimic Effects
Of Anticonvulsive Diet

R
esearchers working on
ways to duplicate the
anticonvulsant effects

of the ketogenic diet in pa-
tients with drug-resistant epi-
lepsy have found that a diet
containing a large amount of
the triglyceride triheptanoin
significantly reduced suscepti-
bility to chronic seizures in
two separate mouse models
of epilepsy.

But the triglyceride, which
has been used to treat heredi-
tary metabolic disorders, did
not appear to have an effect on
the level of particular citric
acid cycle intermediates and
metabolites in the brain, Sarah
Willis of Texas Tech University
and her colleagues reported
(Neurobiol. Dis. 2010;40:565-
72).

When mice were fed a diet
containing 35% triheptanoin
for 3 weeks before undergoing
seizure induction via corneal
kindling, the compound de-
layed the development of kin-
dled seizures, in comparison
with mice that were fed a stan-
dard diet. 

Triheptanoin replaced su-
crose and some of the complex
carbohydrates that are con-

tained in the standard diet. Elim-
ination of sucrose altogether
or use of a 20% triheptanoin
diet had nonsignificant effects.

However, if a 35% trihep-
tanoin diet was introduced af-
ter the mice became fully kin-
dled, the compound had no
effect on seizure severity.

When Ms. Willis and her as-
sociates tried the diet in anoth-
er group of mice 2 weeks after
the animals were given pilo-
carpine to induce status epilep-
ticus (SE), triheptanoin halved
the susceptibility of the mice to
tonic extension seizures that
were induced with an injection
of pentylenetetrazole (PTZ).
They observed similar reduc-
tions in susceptibility to tonic
extension seizures when the
diet was initiated immediately
after pilocarpine.

SE mice that were given the
standard diet 2 weeks after re-
ceiving pilocarpine had signif-
icant changes in the brain lev-
els of particular citric acid
cycle metabolites (including
acetyl-CoA), as well as the neu-
rotransmitters aspartate and
gamma-aminobutyric acid,
compared with mice that did
not develop SE.

The level of propionyl-CoA,
a metabolite of triheptanoin,
declined in SE mice that were
fed a standard diet. However,
the triheptanoin diet increased
levels of propionyl-CoA in SE
mice. 

Despite the fact that propi-
onyl-CoA can be used to re-
plenish levels of the citric acid
cycle intermediate succinyl-
CoA, the triheptanoin diet had
no effect on the levels of citric
acid cycle intermediates, in-
cluding acetyl-CoA and suc-
cinyl-CoA. These effects indi-
cated that the metabolism of
triheptanoin is different in
epileptic brain tissue, com-
pared with normal brain tissue,
which suggests that trihep-
tanoin “may have more pro-
nounced effects in ‘diseased’
compared to normal brain tis-
sue,” the authors wrote.

The research was funded by
Citizens United for Research in
Epilepsy and the National In-
stitutes of Health. The inves-
tigators filed a provisional
patent in the United States for
their discovery. ■
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cludes instances in which SUDEP cannot
be ruled out either because there is a plau-
sible competing explanation for death or
there is insufficient information about
the circumstances of death, he said.

Of the 26 patients, 15 were female and
11 were male, and all but 1 were taking
at least one antiepileptic drug. Lamot-
rigine was the most frequently used drug
(10 patients, including 9 women), fol-
lowed by valproate (8), carbamazepine
(7), vigabatrin (3), oxcarbazepine (3),

phenytoin (3), topiramate (2), and phe-
nobarbital (1), Dr. Aurlien reported.

Based on these 26 cases, the investiga-
tors calculated the incidence of SUDEP
to be 1 per 1,000 patient-years. But when
only the definite and probable cases were
included, the incidence was 0.7 per 1,000
patient-years, which is similar to the es-
timated incidence in Western countries,
he said.

Of the 10 deaths in patients taking
lamotrigine, 2 were classified as possible
SUDEP and 8 as definite or probable
SUDEP. The overall incidence of defi-

nite, probable, and possible SUDEP for
patients treated with lamotrigine was 4.9
per 1,000 patient-years, compared with
0.7 per 1,000 patient-years for patients
who were not treated with the drug. For
definite and probable SUDEP, the inci-
dence was 3.9 per 1,000 patient-years
with lamotrigine vs. 0.46 per 1,000 pa-
tient-years with other antiepileptic drugs,
Dr. Aurlien said.

In contrast, “the SUDEP incidence
for carbamazepine, valproate, or the
other drugs was not significantly dif-
ferent from the incidence among those

not treated with these.”
Because 9 of the 10 victims on lamot-

rigine were females, Dr. Aurlien con-
cluded their findings may suggest a gen-
der difference. He and his associates are
currently working with control group
data “to see if there are factors other
than lamotrigine that might explain the
increased risk of SUDEP in this patient
population.”

None of the investigators had relevant
financial disclosures. ■

Mary Ann Moon contributed to this report.
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Will Triheptanoin Work?

The conventional mainstream
approach to the treatment

of epilepsy is to prescribe ap-
propriate antiepileptic drugs.
The vast majority of people with
epilepsy use and rely upon AEDs
to stop or at least reduce recur-
rent seizures to improve quality
of life and reduce morbidity and
mortality.

Unfortunately, a significant
number of people with epilepsy
do not adequately respond to
AEDs, and thus re-
quire other therapies
such as resective
surgery, seizure de-
vices, and the keto-
genic diet. Surgery
remains the current
clinical standard in
cases of medically re-
fractory epilepsy in
which a clear seizure
focus can be identi-
fied and safely re-
moved, offering a
chance for cure. The only device
currently available for people
with epilepsy in the United States
is the vagus nerve stimulator,
which is typically relegated for
use in those who are not eligible
or desirous of resective epilepsy
surgery. Other devices for epilep-
sy that respond to or predict the
tell-tale signs of a seizure are in
various stages of development
and evaluation. The ketogenic
diet has been conventionally
used to treat children, but also
has been effectively employed in
the adult epilepsy population.
The use of the ketogenic diet
was discovered essentially by
serendipity decades ago, and
over the years has been refined
through clinical trials to maxi-
mize effectiveness.

Some people with epilepsy
find that none of these conven-
tional therapies is effective,
which leads us to the very inter-
esting article by Ms. Willis and
her associates about using a diet
rich in triheptanoin to reduce
seizures in mice. The idea be-
hind the experiment is that in
seizures, dysfunctional meta-

bolic processes in the brain de-
plete levels of citric acid cycle in-
termediates that help to create
ATP in aerobic metabolism.
This leads to increased neuronal
hyperexcitability and reduced
levels of the neurotransmitters
glutamate, GABA, and aspar-
tate, which are ultimately de-
rived from these citric acid cycle
intermediates. While the diet
used in these experiments was
found to have antiseizure prop-

erties, the exact
mechanism of action
remains elusive.

The nature of this
discovery is not dis-
similar to the way
many compounds ul-
timately are discov-
ered to have anti-
seizure properties.
Many of these com-
pounds are found
through drug discov-
ery programs in

which the antiseizure property
was noticed before the true
mechanism of action was ulti-
mately determined. The unique
approach here is that the find-
ings were realized beginning
with a well-thought-out series of
experiments using dietary ma-
nipulation. On the other hand,
the diet used here may be anal-
ogous to the ketogenic diet, re-
quiring years of refinement to
optimize effectiveness and pa-
tient selection. It remains to be
determined if a diet rich in tri-
heptanoin translates into effec-
tive or even palatable therapy
for people with epilepsy. The fi-
nal story on this discovery may
take years to write, but it is grat-
ifying to those of us in the
epilepsy community that re-
searchers like Ms. Willis and her
coauthors continue to work on
the elusive cure for epilepsy. ■

DR. DRAZKOWSKI is in the
department of neurology at the
Mayo Clinic in Scottsdale, Ariz.
He directs the EEG laboratory and
codirects the epilepsy monitoring
unit there. He has no disclosures.
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Seizure development was delayed in mice fed a diet containing 35% triheptanoin (right) for 
3 weeks, compared with mice fed a standard, sucrose-containing diet (left).
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