CURRENT LITERATURE IN BASIC SCIENCE
“ONE SWALLOW DOES NOT MAKE A SUMMER’’ . . . OR DOES IT?
A Single Episode of Neonatal Seizures Permanently Alters Glutamatergic Synapses. Cornejo BJ, Mesches MH,
Coultrap S, Browning MD, Benke TA. Ann Neurol 2007;61(5):411–426. OBJECTIVE: The contribution of seizures to cognitive
changes remains controversial. We tested the hypothesis that a single episode of neonatal seizures (sNS) on rat postnatal day (P)
7 permanently impairs hippocampal-dependent function in mature (P60) rats because of long-lasting changes at the synaptic level.
METHODS: sNS was induced with subcutaneously injected kainate on P7. Learning, memory, mossy fiber sprouting, spine density,
hippocampal synaptic plasticity, and glutamate receptor expression and subcellular distribution were measured at P60. RESULTS: sNS
selectively impaired working memory in a hippocampal-dependent radial arm water-maze task without inducing mossy fiber sprouting
or altering spine density. sNS impaired CA1 hippocampal long-term potentiation and enhanced long-term depression. Subcellular
fractionation and cross-linking, used to determine whether glutamate receptor trafficking underlies the alterations of memory and
synaptic plasticity, demonstrated that sNS induced a selective reduction in the membrane pool of glutamate receptor 1 subunits. sNS
induced a decrease in the total amount of N-methyl-D-aspartate receptor 2A and an increase in the primary subsynaptic scaffold,
PSD-95. INTERPRETATION: These molecular consequences are consistent with the alterations in plasticity and memory caused by
sNS at the synaptic level. Our data demonstrate the cognitive impact of sNS and associate memory deficits with specific alterations
in glutamatergic synaptic function.

COMMENTARY
he quotation provided in the title is by Aristotle (384 BC–
322 BC); in full, it reads: “One swallow does not make
a summer, neither does one fine day; similarly one day or brief
time of happiness does not make a person entirely happy.” The
part of the statement regarding happiness is arguable, however
if in the first part of the quote, “seizure” is substituted for “swallow” and “epilepsy” for “a summer,” one immediately recognizes
an old conundrum of both clinical and basic epilepsy research.
Much has been written about the “seizures beget seizures” aspect of epileptogenesis, and at last check, the controversies still
abound (1). However, there is another, albeit less frequently
addressed, potentially damaging outcome to the brain caused
by a single seizure, which is a change in the brain’s capacity
for plasticity at a later time, particularly if the seizure occurs
early in development when the brain can best be described as
a “plasticity machine” (2). This “metaplasticity” (3), caused by
the lone seizure during a critical developmental period, may underlie deficiencies in cognitive function later on in life—which
is where the paper by Cornejo et al. weighs in.
In order to induce a single episode of neonatal seizures, the
authors subcutaneously administered kainic acid (1–2 mg/kg)
to postnatal day 7 (P7) rat pups, a treatment that resulted in
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“discontinuous behavioral and electrical seizure activity lasting
up to 3 hours.” It is important to consider whether this type of
activity is indeed a “single” seizure or whether it is full-blown status epilepticus. Based on the relatively low (3%) mortality rate
in their model and the relatively short duration of ictal bursts
(<10 min), the authors argue that the term status epilepticus
does not apply to their model. However, in the absence of electrical recordings during the seizures, the authors’ claim remains
largely unsubstantiated. It is not easy to define status epilepticus in neonates, however “half of the time spent in seizure”
is one of the accepted criteria (4,5). In the present study, ictal
events of less than 10 min were separated by interictal periods of 5–10 min. Using an average of 7.5 min for each the
ictal and interictal periods, during the approximately 3-h period, the total number of ictal events must have been at least
12, equaling about 50% of the total time spent in seizure activity. Considering that in human neonates seizures can go on
without any overt physical signs (4,5), behavioral observation
alone may not be sufficient to document seizure activity in a
neonatal seizure model. The absence of electrical recordings
from the brains of the treated animals is one omission in the
study. It also would have been extremely useful to know what
type of electrical activity was present in the brains of the experimental subjects during the 2–3 months following the neonatal seizures, when the animals were tested in various memory
tasks.
Interestingly, the neonatal seizure group performed quite
well on water maze memory tasks. Compared with controls,
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there were no differences in their performance on the Morris
water maze (MWM), a test of spatial memory. To address subtle
changes in episodic-like memory deficits, which can still be
present in spite of a normal performance on the MWM, the
2-trial radial arm water maze (RAWM) and the 4-trial RAWM
were administered successively to the control and experimental groups. These tests were able to distinguish slight differences between the two groups. On the 2-trial RAWM, the
neonatal seizure group performed marginally worse than the
controls on the second trial, carried out 4 h after the first.
On the 4-trial RAWM, there were slightly more errors produced by the neonatal seizure group than the controls on the
first trial, but these animals’ learning curve on subsequent trials was indistinguishable from controls. Unfortunately, because
of the lack of recordings during seizure induction, no correlations can be drawn between the severity of the neonatal seizures
and the amount of memory deficits found in the experimental group. A recent longitudinal study in humans emphasizes
the lack of correlation between benign partial epilepsy in infancy and cognitive deficits later on in life (6). Only 4 of
39 children had mild cognitive deficits when assessed about
10 years after the seizures (1 of the 4 patients also was diagnosed with tuberous sclerosis and another with Asperger
syndrome).
What is surprising in the Cornejo et al. study is the number of electrophysiological and biochemical alterations found
in the neonatal seizure group after more than 2 months. In
spite of a normal spine density on hippocampal CA1 pyramidal
cells, unaltered presynaptic facilitation of glutamate release, and
stable synaptic input–output function, long-term potentiation
(induced by a 100 Hz train delivered for 1 s) was depressed
and long-term depression (induced by 900 paired pulses delivered at 1 Hz at 50-millisecond intervals) was enhanced at P60
in animals that experienced seizures on P7. Large changes in
the neonatal seizure group were demonstrated by biochemical
studies. A significant, 52% increase was seen in the intracellular
pool of the GluR1 subunit of the AMPA receptors; however,
this pool constitutes only a small (5–10%) fraction of the total
GluR1 subunits, which are mostly located on the plasma membrane. Since the total amount of GluR1 did not change, the
membrane fraction must have been reduced by only about 5%
in the neonatal seizure group, which is probably why no changes
were detected in the synaptic events in electrophysiological studies. Of the NMDA receptor subunits, only the NR2A showed
a decrease (28%) in the membrane fraction of the experimental group—a finding that might explain the reduced long-term
potentiation found in the animals that experienced neonatal
seizures. The scaffolding protein PSD-95 (located at the postsynaptic side of excitatory synapses and known to interact with
several receptors, protein kinases, and other scaffold proteins)

displayed the largest change among the postsynaptic proteins
examined (a 43% increase in the neonatal seizure group). The
authors interpret this finding as an increased amount of PSD-95
per synapse, arguing that the number of spines was unaltered.
However, their interpretation may not necessarily be the case, as
PDS-95 also is abundant at nonspinous synapses, for example,
on inhibitory interneurons. An increased excitatory drive onto
GABAergic cells secondary to enhanced levels of PSD-95 at
excitatory synapses on interneurons may explain the increased
paired-pulse inhibition found in a previous extensive study of
cognitive, cellular, and synaptic effects of early life seizures (7).
Although not considered in the Cornejo et al. study, inhibitory
synaptic plasticity may have been altered in more than one way.
At P7 in rats, most GABAergic activity is excitatory, because the
combined reversal potential for Cl− /HCO3 is still depolarizing
compared to action potential threshold, which is unlike in human newborns (8). Thus, the model of seizures in P7 rat pups
may not correspond particularly well to human and primate
neonates, who are born with a hyperpolarizing GABA reversal
potential (2,9).
Cornejo et al. did not examine the mechanisms leading to
the described alterations or provide any evidence of whether
the behavioral, biochemical, and electrophysiological changes
following the neonatal seizures are reactive or proactive. Do
these changes occur to dampen excitability in order to prevent
further seizures or are they simply necessary consequences of a
temporary perturbation of excitability in an immature brain?
Clearly, many more studies, using both animal models as well as
humans, are needed to answer these questions, and to unequivocally determine whether a single swallow can indeed make
summer (2). After all, Aristotle was also fond of saying: “It is
the mark of an educated mind to be able to entertain a thought
without accepting it.”
by Istvan Mody, PhD
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INNATE IMMUNITY AND INFLAMMATION IN TEMPORAL LOBE EPILEPSY:
NEW EMPHASIS ON THE ROLE OF COMPLEMENT ACTIVATION
Complement Activation in Experimental and Human Temporal Lobe Epilepsy. Aronica E, Boer K, van Vliet EA, Redeker S, Baayen JC, Spliet WG, van Rijen PC, Troost D, da Silva FH, Wadman WJ, Gorter JA. Neurobiol Dis 2007;26(3):497–
511. We investigated the involvement of the complement cascade during epileptogenesis in a rat model of temporal lobe epilepsy
(TLE), and in the chronic epileptic phase in both experimental as well as human TLE. Previous rat gene expression analysis using microarrays indicated prominent activation of the classical complement pathway which peaked at 1 week after SE in CA3 and entorhinal
cortex. Increased expression of C1q, C3 and C4 was confirmed in CA3 tissue using quantitative PCR at 1 day, 1 week and 3–4 months
after status epilepticus (SE). Upregulation of C1q and C3d protein expression was confirmed mainly to be present in microglia and in
a few hippocampal neurons. In human TLE with hippocampal sclerosis, astroglial, microglial and neuronal (5/8 cases) expression of
C1q, C3c and C3d was observed particularly within regions where neuronal cell loss occurs. The membrane attack protein complex
(C5b-C9) was predominantly detected in activated microglial cells. The persistence of complement activation could contribute to a
sustained inflammatory response and could destabilize neuronal networks involved.

COMMENTARY
he complement system includes a proteolytic cascade of
events representing an important component of the human immune response and an essential effector of both humoral
and cellular immunity (1). The complement system consists
of several fluid-phase and cell-membrane proteins that are divided into three activation pathways (i.e., classical, alternative,
and lectin) and the membrane attack complex (MAC), a cytolytic or terminal pathway that results in the formation of a
lytic pore-forming complex (1,2). Complement participates in
the host defense against pathogens by triggering the formation
of the MAC, which damages the phospholipid bilayer to lyse
the target cell. In addition to their role in pathogen clearance,
complement factors, such as C1q, play an important role in
the clearance of apoptotic cells (2). However, activation of the
complement system either at inappropriate sites and/or to an
inappropriate extent can lead to host tissue damage. To protect
against self-damage, host cells express a battery of regulatory
proteins (i.e., complement inhibitors) that interfere with complement activation at several steps of the proteolytic cascade.
These inhibitors can be associated with the cell membrane or
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can be soluble and secreted by the cells (e.g., C1q inhibitor and
clusterin) (1–3).
In mammals, the liver is the major source of most complement proteins, but many cell types, including monocytes,
fibroblasts, and epithelial and endothelial cells, can also synthesize most of the complement components. Since 1987, it has
been known that brain cells, including astrocytes, microglia,
neurons, and oligodendrocytes (2,4), also synthesize complement components (5). In particular, human astrocytes express
and secrete all the components of the three complement pathways. Synthesis of all components is constitutively low but can
be enhanced by interferon-γ and inflammatory cytokines, such
as IL-1β and TNF-α. Indeed, astrocytes themselves can synthesize cytokines in an inflammatory context, raising the possibility that they may switch on complement biosynthesis in an
autocrine manner. Given the high level of expression of membrane regulators in the complement system, human astrocytes
appear to be resistant to complement lysis, while oligodendrocytes and neurons are much less resistant in vitro, suggesting
that these cells are constantly at risk of complement-mediated
damage (6).
Complement has long being thought of as a double-edge
sword, with the capacity to harm as well as to heal. Indications
of a general role for complement in neurodegenerative processes comes from evidence of chronic complement activation
and synthesis in various neuropathological conditions, such as

