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The ketogenic diet for epilepsy is a curate’s egg. On the
positive side of the ledger a dietary intervention, as com-
pared to a neuroactive pharmaceutical, offers the possi-
bility of a more subtle nudge to the epileptic nervous
system with a lower probability of side effects. On the
negative, an intervention that drastically changes such a
core human behaviour as eating promises (and delivers)
extreme challenges with compliance. As an intervention
with roots in antiquity the diet is a prime candidate for
rational, evidence-based modifications to improve its
efficacy and applicability. If such modifications are suc-
cessful, the ketogenic diet might even overtake pharma-
ceutical treatments as the first line treatment for many
presentations of epilepsy.” Recently, tantalising discov-
eries have suggested that such modifications could tar-
get the gut microbiome, an apparent key player in the
causal chain leading from the ketogenic diet to anti-sei-
zure changes in the brain.” Two research papers by Mu
and colleagues published recently in eBioMedicine®#
make valuable progress in the direction of ketogenic
diet optimization, in the specific case of infantile
spasms syndrome. Their findings are particularly note-
worthy for their direct clinical implications, but also
advance our understanding of particular mechanisms
of the ketogenic diet in infantile spasms.

The first of these publications* reveals that a variety
of mechanistically-overlapping gut microbiome-based
manipulations are capable of suppressing infantile
spasms in the brain injury neonatal rat model. These
manipulations included the ketogenic diet itself
(observed here and elsewhere to significantly adjust the
microbiome), a 3-day broad spectrum oral antibiotic
regime (both together with and independently of the
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ketogenic diet), and fecal microbial transplants from
ketogenic diet-fed rats. The clinical possibility of adjust-
ing the ketogenic diet with antibiotics or another micro-
biome intervention is apparent, and the distinctions
between these three related interventions suggest an
improved probability of translational relevance.

Recapitulating these seizure-suppressing effects in
other contexts will also be helped by knowledge of the
chain of events between intervention and effect. Mu
et al.’s first paper indicates that the tryptophan/kynure-
nine/serotonin system forms part of this chain, observ-
ing a shift away from kynurenine and towards the
production of hippocampal kynurenic acid. Recapitulat-
ing this shift via an antagonist of indoleamine 2,3-dioxy-
genase 1 or via the antibiotic minocycline (which
inhibits kynurenine formation) also recapitulated the
effects on spasms. Looking forward, it remains to be
seen whether this pathway is necessary as well as suffi-
cient for the success of the ketogenic diet.

Some clinical questions also remain. The first steps
might be exploring the generalizability of these micro-
biome and kynurenine-related interventions to other
models of infantile spasms and other types of epilepsy,
as well as determining the optimal point of intervention
along the causal chain. Excitingly, one might also con-
sider expediting a human study: while we must use cau-
tion in extrapolating from model to human and in
exploring the promise of microbiome interventions, the
particular context of the ketogenic diet is perhaps the
strongest example of a gut microbiome-to-brain robust
causal association.

The companion piece by Mu et al.? leans further to
the clinical side and in doing so provides a striking find-
ing of potential immediate use. When employed in
infantile spasms syndrome (as a common recourse in
the case that pharmacological approaches fail),> the
ketogenic diet can damage the developing and under-
protected liver.® This was abundantly the case in the
authors’ neonatal rat model, in which severe hepatic
steatosis presented with a discolored liver, a near-uni-
form increase in liver triglyceride and malondialdehyde,
and several other indicators. This visual and metabolic
phenotype was robustly reversed by co-administration
of a probiotic blend along with the ketogenic diet.
Although (understandably) not further explored by the
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authors in this publication, it is noteworthy that the pro-
biotic blend independently also lowered seizure score.
The immediate clinical relevance of the prevention, by
two dietarily-safe probiotics, of a significant side effect
of the ketogenic diet on the immature liver, is evident.
The authors also provide a plausible explanation of
how these effects occur: shifting lipid metabolism
towards oxidation, via phosphorylated AMP-activated
protein kinase (pAMPK) upregulation and inflamma-
tory cytokine modulation. It must be noted that this
potential mechanism is not explored via positive or neg-
ative manipulation, and so demonstration of its neces-
sity, sufficiency (or otherwise) for the prevention of
hepatic steatosis awaits future research. Phenotypic out-
comes (seizure suppression and liver protection) are the
particular strengths of both papers, while their mecha-
nistic explorations are more precursory than compre-
hensive.To build on the clinical implications of this
finding, we might again explore how robust this effect
is to different contexts, and also the possibility that
microbiome interventions could mitigate other side
effects of the ketogenic diet. Observations that probiot-
ics can positively modify the weight-loss effects of a
very-low-calorie ketogenic diet” and that yoghurt can
protect the liver in obese mice,” are encouraging.
Together these pieces of original research may help us
adapt Johnny Mercer’s advice: mitigate the negatives and
accentuate the positives of the ketogenic diet. An inter-
vention with the efficacy of the ketogenic diet
but without its challenging compliance would be
invaluable — in an ideal scenario, a subtle dietary change
or supplement that can be started without supervision
would allow immediate precautionary treatment of infan-
tile spasms, avoiding any treatment delay and the atten-
dant worsened prognosis.” We can and should aim
towards tailored treatments for epilepsy that leverage the
complex effects (and potential effects of the microbiome)
on the excitability of the brain,"® and the twin findings of

Mu et al. should provoke both clinical adjustments and
renewed mechanistic enquiry to that end.
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