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CAN REDUCING SUGAR RETARD KINDLING?
2-Deoxy-D -Glucose Reduces Epilepsy Progression by NRSF-CtBP-Dependent Metabolic Regulation of Chromatin
Structure. Garriga-Canut M, Schoenike B, Qazi R, Bergendahl K, Daley TJ, Pfender RM, Morrison JF, Ockuly J, Stafstrom
C, Sutula T, Roopra A. Nat Neurosci 2006;9(11):1382–1387. Temporal lobe epilepsy is a common form of drug-resistant
epilepsy that sometimes responds to dietary manipulation such as the ‘ketogenic diet’. Here we have investigated the effects of
the glycolytic inhibitor 2-deoxy-D-glucose (2DG) in the rat kindling model of temporal lobe epilepsy. We show that 2DG potently
reduces the progression of kindling and blocks seizure-induced increases in the expression of brain-derived neurotrophic factor and
its receptor, TrkB. This reduced expression is mediated by the transcription factor NRSF, which recruits the NADH-binding co-repressor
CtBP to generate a repressive chromatin environment around the BDNF promoter. Our results show that 2DG has anticonvulsant and
antiepileptic properties, suggesting that anti-glycolytic compounds may represent a new class of drugs for treating epilepsy. The
metabolic regulation of neuronal genes by CtBP will open avenues of therapy for neurological disorders and cancer.

COMMENTARY

D

espite over eight decades of clinical experience with the
ketogenic diet (KD), the mechanisms accounting for its
anticonvulsant action remain unknown. Many theories have
been advanced to explain the KD’s efficacy, however none has
been widely substantiated. Nevertheless, it is becoming increasingly clear that metabolic and biochemical adaptation to the
KD is critically linked to its anticonvulsant properties (1). Thus,
investigators have sought clues among the various pathways involved in energy metabolism, including glycolysis, fatty acid
oxidation, mitochondrial respiration, and more recently, the
pentose phosphate shunt (2).
Intriguingly, there are several lines of evidence to suggest that calorie restriction alone may prevent seizure activity.
First, the classic KD regimen mandates carbohydrate restriction, which results in mild hypoglycemia, a factor known to
reduce seizures. Second, to maintain clinical efficacy (i.e., reduce seizures), the carbohydrate restriction must be strictly
enforced; in contrast, patients well controlled on a KD can
abruptly lose seizure freedom shortly after carbohydrate ingestion. Third, calorie restriction in a mouse model of stimulusinduced epilepsy produced not only mild hypoglycemia but also
retarded epileptogenesis (3). And finally, animals fed a calorierestricted control diet exhibited diminished neuronal excitability, enhanced paired-pulse inhibition, and elevated electroconvulsive seizure threshold than did ad libitum-fed control rats
(4). Taken together, both experimental and clinical observations suggest that inhibition of glycolytic flux might result in
anticonvulsant action.
Therefore, it is of considerable interest that Garriga-Canut
et al. found that 2-deoxy-D-glucose (2-DG), an inhibitor of
phosphoglucose isomerase, reduced seizure progression in the
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rat kindling model of temporal lobe epilepsy. Administration of
250 mg/kg 2-DG half an hour before kindling stimulation resulted in an increase in the current intensity required to evoke
after-discharges during progression to class V seizures. To establish a mechanism for this compelling observation, the authors took note of the recent finding that electrical kindling
in mice could be prevented by deleting the gene encoding the
neurotrophin, brain-derived neurotrophic factor (BDNF), as
well as by eliminating the gene encoding its principal receptor,
tyrosine kinase B (TrkB) (5). Accordingly, Garriga-Canut and
colleagues hypothesized that 2-DG might block BDNF and/or
TrkB expression. Using quantitative real-time PCR of reversetranscribed RNA (QRT-PCR), they demonstrated that 2-DGtreated rats had significantly decreased hippocampal expression
of BDNF and TrkB compared with controls. Garriga-Canut
et al. further considered the possibility that 2-DG might affect transcriptional regulation of these genes. Specifically, they
demonstrated that the transcription factor, neuron restrictive silencing factor (NRSF), a master negative regulator of neuronal
genes (6), recruited the NADH-binding corepressor C-terminal
binding protein (CtBP) to establish a repressive chromatin environment around the BDNF promoter.
This study is important and provocative for several reasons.
First and foremost, it directly links glycolytic inhibition to a
mechanism of transcriptional repression that retards epileptogenesis in the rat kindling model of epilepsy. Second, the work
provides compelling evidence that the KD may possess antiepileptogenic properties, in addition to anticonvulsant actions.
Third, there are significant clinical implications, in that 2-DG
and possibly related compounds might represent a new class of
anticonvulsant medications. As 2-DG has already been demonstrated to be well tolerated in human clinical trials (7), this latter
possibility is especially noteworthy, since the traditional KD is
difficult to maintain and is fraught with a number of side effects that preclude its use, even in the face of dramatic clinical
efficacy.
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However, as plausible as the findings of Garriga-Canut
et al. may appear, a number of questions and challenges remain. First, does 2-DG treatment induce the same biochemical
changes seen with the KD—that is, a shift toward intermediary metabolism (e.g., enhanced fatty acid oxidation)? If so,
would the changes from 2-DG treatment be partially reflected
in ketosis—even at a modest level comparable to calorie restriction? And if so, could ketone bodies alone explain the effects
attributed to 2-DG? It is not known whether ketone bodies
alone can retard kindling. Second, although the authors demonstrated that 2-DG elicited transcriptional hallmarks of reduced
glycolysis in the hippocampus, was glycolysis actually inhibited
in vivo? They did not provide direct data in this regard. Third, is
the proposed mechanism also relevant to epileptogenesis in the
developing brain? The clinical efficacy of the KD has been most
clearly established in the immature brain. Kindling acquisition
in immature animals differs in several respects compared with
adults. For example, immature rodents are relatively resistant
to kindling, suggesting that BDNF and TrkB expression may
not play an important role (8). Indeed, BDNF expression is
ordinarily quite low in developing regions of the normal central nervous system (9). Fourth, it is understood that the KD
exerts anticonvulsant and antiepileptogenic actions throughout
the brain (1). If 2-DG decreases BDNF and TrkB expression
only in hippocampus, then one could challenge the notion that
the finding represents a fundamental mechanism of KD action.
Fifth, inhibition of glycolysis in a systemic manner will likely
exert widespread and pleiotropic effects in all cell populations—
outside the brain as well. Thus, what other actions of 2-DG
might account for the antiepileptogenic actions noted herein?
For example, reduced glycolytic flux might lead to compensatory mitochondrial biogenesis and an increase in energy reserve (10) initiated in astrocytes, which are the predominant
locus of glycolysis in the brain. Also, potentially relevant to 2DG antiepileptogenic actions, Muller et al. recently reported
that 2-DG inhibits protein synthesis in immature rodent brain
(11). Finally, 2-DG may have a different profile of activity in
conventional seizure models than does the KD (12), suggesting that it is unlikely to truly replace the KD. In this regard, it
would be of interest to determine if 2-DG is effective in other
experimental models of epilepsy.
Notwithstanding these caveats, the findings of GarrigaCanut et al. are nevertheless thought provoking, and lay
novel groundwork in the search of mechanisms responsible for dietary control of epilepsy. Plasma membrane ion
channels and transporters have traditionally been considered
the major targets for antiepileptic drugs. Now, bioenergetic
substrates—including enzymes involved in energy metabolism,
mitochondrial proteins, and diverse regulatory factors—also
must be considered potential antiepileptic targets. Although

this study does not put closure on efforts to determine mechanisms of KD action, it opens the door for additional studies
exploring metabolic regulation of seizure activity (2). In the
end, bioenergetic modulators may one day represent a novel
class of pharmacological agents used to treat seizures resistant
to conventional anticonvulsant drugs.
by Jong M. Rho, MD
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