
CURRENT LITERATURE IN BASIC SCIENCE

ANIMAL MODELS OF INFANTILE SPASMS: IS THE HOLY GRAIL FINALLY

IN SIGHT?

A New Animal Model of Infantile Spasms with Unprovoked Persistent Seizures. Lee CL, Frost JD Jr, Swann JW,
Hrachovy RA. Epilepsia 2008;49(2):298–307. PURPOSE: Infantile spasms is one of the most severe epileptic syndromes of infancy

and early childhood. Progress toward understanding the pathophysiology of this disorder and the development of effective therapies

has been hindered by the lack of a relevant animal model. We report here the creation of such a model. METHODS: The sodium

channel blocker, tetrodotoxin (TTX), was chronically infused into the developing neocortex or hippocampus of infant rats by way of

an osmotic minipump starting on postnatal day 10–12. RESULTS: After a minimum of 10 days of infusion, approximately one-third of

these rats began to display very brief (1–2 s) spasms, which consisted of symmetric or asymmetric flexion or extension of the trunk

and sometimes involvement of one or both forelimbs. The typical ictal EEG pattern associated with the behavioral spasms consisted

of an initial generalized, high amplitude, slow wave followed by an electrodecrement with superimposed fast activity. The interictal

EEG revealed multifocal spikes and sharp waves, and in most animals that had spasms a hypsarrhythmic pattern was seen, at least

intermittently, during NREM sleep. Like in humans, the spasms in the rat often occurred in clusters especially during sleep–wake

transitions. Comparison of the ictal and interictal EEGs recorded in this model and those from humans with infantile spasms revealed

that the patterns and the frequency components of both the ictal events and hypsarrhythmia were very similar. DISCUSSION: The TTX

model of infantile spasms should be of value in furthering an understanding of the pathophysiology of this seizure disorder.

COMMENTARY

Infantile spasms is a severe developmental epilepsy syndrome,
with several unique clinical features (1). First, the disorder oc-
curs during a specific window in the first year of life, com-
monly starting between 3 and 8 months of age. Second, in-
fantile spasms can be caused by numerous etiologies, either
acquired or congenital, which typically begin weeks-to-months
prior to the onset of spasms (2). Therefore, a latent period
exists prior to infantile spasms during which neural circuits be-
come epileptogenic in an as yet unknown manner (3). Third,
infantile spasms is associated with very specific and unique en-
cephalographic findings consisting of interictal hypsarrhythmia
(chaotic high-voltage slow waves, intermixed with multifocal
spikes) and ictal electrodecrement (generalized attenuation of
waveforms). Fourth, most anticonvulsants are not effective for
infantile spasms; treatments that are sometimes effective include
glucocorticoids, adrenocorticotrophic hormone (ACTH), and
vigabatrin (4). Fifth, the outcome of infantile spasms is often
poor, especially when the spasms do not improve with ther-
apy and when neurological development is abnormal prior to
the onset of spasms. In summary, the lack of a detailed patho-
physiological explanation for many aspects of infantile spasms

makes this epilepsy syndrome (sometimes referred to as a “catas-
trophic” epilepsy) a frustrating clinical enigma.

Progress in understanding and treating infantile spasms has
been limited in part by the lack of an appropriate animal model
in which to study the underlying neurobiological mechanisms.
In fact, an animal model for infantile spasms has been con-
sidered to be a “holy grail” of epilepsy research (5). Ideal and
minimal criteria for an animal model of infantile spasms have
been discussed (6,7). Optimally, the model would mimic the
human disorder, including a specific developmental window
during which spasm-type seizures begin, maximal spasm occur-
rence in relationship to the sleep–wake cycle (especially shortly
after arousal from sleep), and prevalence of spasms in clusters.
The validity of an experimental model would be strengthened if
EEG findings in the animal resemble interictal hypsarrhythmia
and ictal electrodecrement. An ideal model also would include
responsiveness to anticonvulsants that ameliorate spasms in hu-
man infants. Humans and other animal species differ markedly
in the trajectory of their brain development and behavioral neu-
rological repertoire, so it is unlikely that a single animal model
will fulfill all of these criteria. Thus, a model should not nec-
essarily be excluded if it does not meet all criteria, as long as
it is relevant to understanding the pathophysiology of infantile
spasms.

The developmental epilepsy model presented in the report
by Lee et al. is exciting because it demonstrates a heretofore
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elusive criterion: an EEG pattern that closely resembles hu-
man hypsarrhythmia. In this model, infant rats develop spasm-
type seizures following chronic infusion of the sodium-channel
blocker tetrodotoxin (TTX). During the infusion and long af-
ter its discontinuation, rats displayed brief spasms involving the
trunk and/or limbs. EEG tracings verified an interictal pattern
that closely resembles hypsarrhythmia in a human infant. Fur-
thermore, when a spasm occurred, the EEG showed a decremen-
tal response following an initial generalized slow wave, again,
similar to the human EEG pattern. To support the clinical appli-
cability of the model, the authors present side-by-side examples
of human and rat EEGs, including power spectra that exhibited
convincing electrophysiological signatures. Therefore, the be-
havioral interictal- and ictal-EEG patterns as well as temporal
features of seizures in this rodent model are reasonably compa-
rable to human infantile spasms and hold promise for the study
pathophysiological mechanisms of infantile spasms.

How does chronic infusion of TTX lead to infantile spasms
in rats? By blocking neural impulses, TTX depresses neural ac-
tivity at the infusion site and creates a hyperexcitable condition
well beyond the focal administration site. Interestingly, despite
the focal nature of the TTX infusions, EEG changes are pre-
dominantly generalized, as are the clinical seizures in these rats.
Similarly, in humans, focal lesions often lead to symmetric or
generalized spasms in EEG findings (8). Somehow, develop-
mentally specific suppression of neural discharges endows the
brain with an unusual pattern of hyperexcitability that produces
spasms and accompanying EEG patterns (9,10). The mecha-
nism of TTX-induced hyperexcitability requires considerable
further investigation.

Given the large number of genetic and acquired etiologies
of human infantile spasms, it is likely that several mechanisms
interact to cause the clinical syndrome. It has been proposed
that all these myriad etiologies converge at a final common path-
way to result in the relatively homogeneous entity of infantile
spasms (11). This hypothesis states that infantile spasms repre-
sent the response of the developing nervous system to any num-
ber of stressors that cause the neuronal release of corticotropin-
releasing hormone (CRH) (12). CRH is acutely convulsant in
the infant brain (but not the adult brain) and is a known en-
dogenous cotransmitter in several brain structures sensitive to
seizure generation (e.g., the hippocampus and amygdala). Ac-
cording to this hypothesis, ACTH acts not as an anticonvulsant
but by suppressing the stress-provoked, excessive production of
CRH. However, seizures following CRH injection lack some of
the clinical features of infantile spasms.

Other infantile spasms models are now on the horizon, each
presenting a potentially different mechanism of action. One
new model involves prenatal administration of the glucocorti-
coid betamethasone, which causes a prenatal stress, followed by

postnatal administration of NMDA, which causes spasm-like
seizures in infant rats that are responsive to ACTH adminis-
tration (13). Another model combines administration of dox-
orubicin and lipopolysaccharide to produce structural damage
and reduce serotonin levels, with resultant spasm-like seizures
(14). Finally, administration of a GABAB-receptor agonists in
a mouse model of Down syndrome results in extensor spasms
and an accompanying electrodecremental EEG response (15).
Together, these infantile spasms models hold the promise to in-
crease understanding of the pathophysiology of this devastating
developmental epilepsy.

Ideally, the following questions might be answered by an
animal model:

• How does specific developmental sensitivity to particular
insults, occurring at certain ages of brain maturation,
result in such a unique syndrome?

• Can new modes of therapy be devised, based on patho-
physiological mechanisms?

• Are there effective nonpharmacological methods of
treatment that could be sought?

• Can approaches be developed to prevent the adverse
cognitive outcomes frequently associated with infantile
spasms?

Research may well be entering a new era of understanding
infantile spasms and other catastrophic epilepsies of childhood.
The beneficiaries of such knowledge clearly would be affected
children and their families, who currently are faced with ineffec-
tive or exorbitantly expensive treatment options. In that sense,
despite numerous challenges that lie ahead, the Holy Grail may
actually be in sight.

by Carl E. Stafstrom, MD, PhD
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RATIONAL POLYPHARMACY: WHEN TWO OLD DRUGS ARE BETTER

THAN ONE

Bumetanide Enhances Phenobarbital Efficacy in a Neonatal Seizure Model. Dzhala VI, Brumback AC, Staley KJ.
Ann Neurol 2008;63(2):222–235. OBJECTIVES: High levels of expression of the Na+-K+-2Cl− (NKCC1) cotransporter in immature

neurons cause the accumulation of intracellular chloride and, therefore, a depolarized Cl− equilibrium potential (ECl). This results in

the outward flux of Cl− through GABAA channels, the opposite direction compared with mature neurons, in which GABAA receptor

activation is inhibitory because Cl− flows into the cell. This outward flow of Cl− in neonatal neurons is excitatory and contributes to

a greater seizure propensity and poor electroencephalographic response to GABAergic anticonvulsants such as phenobarbital and

benzodiazepines. Blocking the NKCC1 transporter with bumetanide prevents outward Cl− flux and causes a more negative GABA

equilibrium potential (EGABA) in immature neurons. We therefore tested whether bumetanide enhances the anticonvulsant action of

phenobarbital in the neonatal brain. METHODS: Recurrent seizures were induced in the intact hippocampal preparation in vitro by

continuous 5-hour exposure to low-Mg2+ solution. The anticonvulsant efficacy of phenobarbital, bumetanide, and the combination of

these drugs was studied. RESULTS: Phenobarbital failed to abolish or depress recurrent seizures in 70% of hippocampi. In contrast,

phenobarbital in combination with bumetanide abolished seizures in 70% of hippocampi and significantly reduced the frequency,

duration, and power of seizures in the remaining 30%. INTERPRETATION: Thus, alteration of Cl− transport by bumetanide enables the

anticonvulsant action of phenobarbital in immature brain. This is a mechanistic demonstration of rational anticonvulsant polypharmacy.

The combination of these agents may comprise an effective therapy for early-life seizures.

COMMENTARY

A lthough traditionally assigned the role as the main in-
hibitory influence that prevents excessive excitation and

seizures in the brain, the neurotransmitter GABA plays a much
more complex role than initially imagined. As reviewed in re-
cent Epilepsy Currents commentaries (1,2), depending on the
intracellular chloride content of postsynaptic neurons, GABA
may also be excitatory, even promoting epileptiform activ-
ity. The postsynaptic effect of GABA stems from the open-

ing of chloride channels within the GABAA-receptor complex:
when intracellular chloride is kept low because of its extru-
sion by the K+/Cl−-cotransporter isoform 2, KCC2, GABAA-
receptor activation causes the flow of negatively charged chlo-
ride ions into the cell. The resulting hyperpolarization of the
neuronal membrane is the basis for the inhibitory effect on
postsynaptic neurons and for the antiepileptic effects of drugs
(e.g., benzodiazepines and barbiturates) that enhance GABAer-
gic neurotransmission. However, when intracellular chloride
is high, which occurs when KCC2 expression is reduced or
when the Na+/K+/Cl−-cotransporter isoform 1 (NKCC1)
is expressed, GABAA-activated chloride flow is reversed, and
GABA is depolarizing, even surpassing the threshold for action
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