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Role of octanoic and decanoic acids in the control of
seizures

M A SILLS, W I FORSYTHE, AND D HAIDUKEWYCH

General Infirmary and St James's University Hospital, Leeds, and Epilepsy Centre of Michigan, Detroit,
United States of America

SUMMARY Octanoic and decanoic acid, the major constituents of the Medium Chain Triglyceride
(MCT) Emulsion diet, have been detected in appreciable quantities in the peripheral blood of
children with intractable seizures treated with the MCT diet. Serum concentrations of these acids
as well as ,1 hydroxybutyrate and acetoacetate rose as the diet was introduced and on full diet
showed pronounced diurnal variation and low concentrations in the morning. No correlation
between octanoic and decanoic acid concentrations and control of seizures was established, but
further studies with octanoic and decanoic acid using animal models are necessary to assess the
role of these acids and of control of seizures.

In a recent review Kupferberg reported that ex-
perimental animals were afforded optimal protec-
tion against seizures induced by pentylenetrazol by
Cg-Cl( carboxylic acids.'
The Medium Chain Triglyceride (MCT) diet is a

form of neutral lipid triglyceride containing fatty
acid molecules with a carbon chain length of 6 to 12,
the major constituents being octanoic acid 81% and
decanoic acid 15% (Table 1). These acids are lipid
soluble and are absorbed rapidly from the gastroin-
testinal tract through the portal circulation to the
liver, where it was assumed that they were metabol-
ised to carbon dioxide, ketone bodies, and long
chain fatty acids with little escape into the systemic
circulation. Linscheer et al were able, however, to
measure octanoic acid concentrations in the blood of
normal patients and patients with cirrhosis after
duodenal infusions and were surprised to find small
amounts in the blood of the normal group.2 From
their data we have calculated the mean serum
concentration to be about 6 [ig/ml.

Recently, we reported significant concentrations
of both octanoic and decanoic acids in the serum of

Table 1 Constituents of the liquidised MCT diet

Acid %

Hexanoic (C6) 1-1
Octanoic (C8) 81-1
Decanoic (CIO) 15-7
Dodecanoic (C12) 2-1

children receiving MCT Emulsion for the control of
drug resistant seizures.3

It seems reasonable to suggest that as these fatty
acids occur in appreciable amounts in the peripheral
blood, especially octanoic acid, they could have an
effect on the central nervous system. It is known
that a direct isomer of octanoic acid-namely,
valproic acid-has anticonvulsant properties. The
results of our recent study of children receiving the
MCT Emulsion diet has shown that four children
with drug resistant seizures have remained free of
seizures for six months to two years on diet alone.4
This suggested that the diet contained agents that
acted directly or indirectly on the control of sei-
zures. We thought it worth while to investigate the
role of octanoic, decanoic, P hydroxybutyrate, ace-
toacetate, and alanine fatty acids in children taking
the MCT Emulsion diet.

Patients and methods

Octanoic and decanoic acids were assayed by gas
liquid chromatography as previously described.3
Blood samples were collected in heparinised tubes
and the separated plasma stored at 4°C. All samples
were analysed blind in Detroit without the analyst
being aware of individual clinical details. Initially,
random morning samples were obtained before
beginning treatment, during initial starvation, and
on full diet. More recently we assayed concentra-
tions at fixed times during a 24 hour period in
children who were receiving 50-60% of their energy
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requirements from MCT Emulsion
sampling times in eight children an
sampling times in a further nine chilc
children we estimated serum concer
hydroxybutyrate, acetoacetate, and
children were included in both studies
the second study had an extra san
0400h.

Results

The initial morning samples produced
concentrations of octanoic and decano
children before treatment and during

120-

s 80-

a 40
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: (i) at four two children after withdrawal of treatment. In
Id (ii) at five children on the MCT Emulsion diet fatty acid
dren. In these concentrations seemed to rise as the amount was
itrations of 1i increased until 60% of the energy requirements was
alanine. Two supplied by the diet (Figs. 1 and 2). Concentrations
and a child in of octanoic acid were higher than those of decanoic
iple taken at acid. The concentrations obtained compared with

blood concentrations for other anticonvulsants-for
example, sodium valproate and clonazepam. As
there was a wide scatter of results on 'full diet' we
decided to sample at fixed times during the 24 hours.

undetectable The first study of 24 hour profiles in eight children
sic acids in five at 0800, 1200, 1600, and 2000h showed a pro-
fasting and in nounced diurnal variation of concentrations of

octanoic and decanoic acids on 50-60% MCT (Fig.
3). In the second study of 24 hour profiles in nine

* children at five sampling times-namely, 1200,
1600, 2000, 2400, and 0800h the next day-when the

* mean values for octanoic and decanoic acids were
plotted the same trend was repeated (Fig. 4). A

* * similar diurnal variation was seen with concentra-
tions of 1 hydroxybutyrate and acetoacetate but not
with alanine (Fig. 4).

In one patient the 24 hour profiles at six sampling
*.: times-namely, 1200, 1600, 2000, 2400, 0400, and
' 0800h the next day-showed that the most rapid fall

in octanoic and decanoic acids, 13 hydroxybutyrate,
* and acetoacetate occurred between 0400 and 0800h

*-- * (Fig. 5).
* Clinical details for the children involved in these
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Fig. 1 Relation between serum concentrations ofoctanoic
acid and increasing amounts ofMCT diet.
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Fig. 2 Relation between serum concentrations of decanoic
acid and increasing amounts ofMCT diet.
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Fig. 3 Twenty four hour serum projites of concentrations
of octanoic and decanoic acids in eight children atfour
sampling times.
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Fig. 4 Mean serum concentrations ofoctanoic and decanoic acids, hydroxybutyrate, acetoacetate, and alanine in nine
children atfive sampling times.

two profile studies as regards age at time of study,
duration of time since beginning the MCT Emulsion
diet, seizure type, and effectiveness of control are
shown in Tables 2 and 3 along with the maximum
serum concentrations of octanoic and decanoic acids
for each child during each profile. Effectiveness of
control is assessed according to our reported
results.4

Discussion

In our initial studies where serum samples were

taken at unstandardised times we found the concen-
trations of octanoic and decanoic acids to vary
widely, but a gradual increase in concentrations
while becoming established on the diet was sug-
gested. We considered poor compliance a probable
cause but wished to check if concentrations fluctu-
ated during the day. We were surprised to find such
a wide fluctuation in concentrations in the first
profile series, with low morning and high afternoon
and evening concentrations common to all patients
even after long periods on the diet. This diurnal
variation would suggest that octanoic and decanoic

acids in MCT are cleared from the blood and
presumably metabolised very quickly, indicating
that continuous or frequent administration of small
doses of MCT would lead to more persistent
concentrations, and this might be reflected in a

similar change for P hydroxybutyrate and acetoace-
tate, as our second profile series shows a similar
diurnal variation for these ketogenic acids.
Although a relation between control of seizures

and f3 hydroxybutyrate concentrations has been
suggested previously, we did not achieve the same
high concentrations as Huttenlocher, but we had
success in reducing seizures.5 It may be that optimal
control of seizures with MCT Emulsion could be
achieved with random PI hydroxybutyrate concentra-
tions lower than those suggested by Huttenlocher.5
The low morning concentrations were of interest,

and we note that low morning ketone concentrations
have been reported in children on the ketogenic diet
and that this was the opposite to what was seen in
normal children.6 7 The low concentrations might
relate to our previous observation that nocturnal
seizures were not so readily suppressed on the diet.4
It is possible that these observations tell us how the
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diet should be used rather than how it works. MCT
Emulsion given at night should improve morning
fatty acid concentrations and could reduce the
tendency to seizures at the time.
The 15 children involved in these profiles (Tables

2 and 3) had a varied degree of control of seizures
and varied types of seizures. It is thus difficult to
draw conclusions about the relation between control
of seizures and serum concentrations, but all chil-
dren have optimum concentrations of octanoic acid
in excess of 90 [tg/ml and maximum concentrations
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of decanoic acid in excess of 8 [sg/ml. There was no
clear association, however, between concentrations
of these acids and control of seizures, seizure type,
age of child, or duration on diet in this small series.
A similar lack of correlation between serum concen-
trations and control of seizures has been found with
sodium valproate and clonazepam.
We have therefore not been able to show any

definite relation between fatty acid concentrations
and control of seizures, but it would not be
unreasonable to suppose that octanoic and decanoic
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Fig. 5 Twenty four hour serum profiles ofconcentrations ofoctanoic and decanoic acids, hydroxybutyrate, acetoacetate,
and alanine in a patient on full MCT diet at six sampling times.

Table 2 Clinical information for the eight patients in Figure 3

Case no Age (years) Diagnosis Seizure control Maximum concentration (,uglml)

Octanoic Decanoic
acid acid

1 9 Grand mal Good 98-2 12-2
2 3 Astatic myoclonic Complete 104-7 24-5
3 10 Grand mal Good 157-7 22-6
4 5 Astatic myoclonic Complete 134-9 22-4
5 4 Astatic myoclonic Excellent 149-4 26-6
6 11 Petit mal Excellent 109 5 15-8
7 13 Temporal lobe Good 101-7 20-6
8 13 Petit mal Excellent 137-7 70-1

Seizure control: Complete=100% reduction in seizures; Excellent=90-100% reduction; Good=50-90% reduction; and Poor=<50% reduction.

,a-, Acetoacetate

o0o Octanoic acid
x-x Deconoic acid
*-* Alanine
*-* 13 Hydroxybutyrate
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Table 3 Biochemical data for the nine children in Figure 4

Case no Age (Years) Diagnosis .Seizare con7trol Maxittnuwn conicentratiotn (leg/tnl)

Octanoic Decanoic
ac-id acid

12 Grand mali Good 136-2 34-4
2 Temporal lobe C(omplete 124(0 29-4

3 7 Temporal lobe Poor 151-( 33-6
4 14 Grand mall Good 123-3 81)
5 11 Petit mal Excellent 1'3-5 15 '
6 I(1 Grand mal Good 175-1 35:5
7 5 Astatic nyoclonic Complete 258-9 8016
8 13 Astatic myoclonic Excellent 100)6 23-2
9 8 Tcmporal lobe Poor Samples mislaid*

Scizure control: Compietc= ()1(% reduction in seizurcs; Excellent=90-lIX)% reduction: Good=50-90('Y reduction; aind Poor=<5(0% rcduction.
*Results for atcetoacetatc. alanine aind p hydroxyvbutyrate are available for this patient, however, and are inCluided in Figurc 4.

acids could have some influence on seizure dis-
charge, and we think this justifies further investiga-
tion.

Conclusions

Our biochemical investigations led us to the follow-
ing conclusions.

(1) Octanoic and decanoic acids occur in the
peripheral blood in appreciable amounts in children
receiving MCT Emulsion and are therefore not fully
metabolised in the liver.

(2) There was a definite trend for concentrations
of octanoic and decanoic acids to rise with an
increasing amount of MCT Emulsion.

(3) The concentrations of these acids vary widely
during the day and fall rapidly after the last evening
dose of MCT, suggesting a short half life.

(4) Similar diurnal variations of f3 hydroxy-
butyrate and acetoacetate were seen and these may
follow rather than precede the changes in octanoic
and decanoic acids.
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