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SUMMARY

We review the experimental evidence from

animal models that suggest that brief, evoked

seizures can result in neuronal death while sponta-

neous seizures normally do not, as well as human

data showing damage may progress in certain

patients, and we describe the cell death and

survival pathways regulating these processes.

For an expanded treatment of this topic see

Jasper’s Basic Mechanisms of the Epilepsies, Fourth

Edition (Noebels JL, Avoli M, Rogawski MA, Olsen

RW, Delgado-Escueta AC, eds) published by

Oxford University Press (available on the National

Library of Medicine Bookshelf [NCBI] at www.

ncbi.nlm.nih.gov/books).
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The question of whether single or repeated brief
seizures cause cell death is germane to both clinicians
and experimentalists, and remains controversial. In this
chapter the authors review the cell death and survival
mechanisms after single and repeated brief seizures.

Repeated brief seizures in animals, for example, evoked
by electrical stimulation of the perforant path or hippo-
campus, can result in neuronal death. There is also
evidence that once injury breaches a threshold, spontane-
ous seizures can emerge. However, the extent of cell loss
displays intermodel variability and in some cases has been
overestimated (Sutula et al., 2003).

There has been less compelling evidence that spontane-
ous (epileptic) seizures in animal models cause neuronal
death, and temporal lobe structures are not more damaged
in animals experiencing more frequent seizures. However,
in addition to certain pathology data there is neuroimaging
evidence from patients with poorly controlled temporal
lobe epilepsy that supports small progressive declines in
tissue volume in hippocampus and perhaps extrahippo-
campal structures (Duncan, 2002).

A mixture of excitotoxic and programmed (apoptotic)
mechanisms may be involved in cell death after brief
seizures. Damaged cells stain for irreversible DNA frag-
mentation and some display morphologic features consis-
tent with apoptosis, although the cell death signaling

pathways remain less-well researched than those activated
after status epilepticus. Evidence of apoptosis-associated
signaling has been reported in refractory human temporal
lobe epilepsy, including select regulation of Bcl-2 family
proteins, stress pathways, caspases, and downstream
substrates (Rocha et al., 2007).

In summary, animal data point to cell death as a
consequence of repeated evoked brief seizures, but query
whether spontaneous seizures contribute to further
neuronal loss. Human data suggest neuronal loss may
occur in some patients with poorly controlled epilepsy and
apoptosis-associated signaling pathways may contribute
to the underlying mechanisms.

Disclosure

The authors declare no conflicts of interest.

References

Duncan JS. (2002) MRI studies. Do seizures damage the brain? Prog
Brain Res 135:253–261.

Rocha LL, Lopez-Meraz ML, Niquet J, Wasterlain CG. (2007) Do single
seizures cause neuronal death in the human hippocampus? Epilepsy
Curr 7:77–81.

Sutula TP, Hagen J, Pitkanen A. (2003) Do epileptic seizures damage the
brain? Curr Opin Neurol 16:189–195.

Address correspondence to Prof. David Henshall, Royal College of
Surgeons in Ireland, Dublin, Ireland. E-mail: dhenshall@rcsi.ie

Wiley Periodicals, Inc.
ª 2010 International League Against Epilepsy

Epilepsia, 51(Suppl. 5):35, 2010
doi: 10.1111/j.1528-1167.2010.02821.x

MECHANISMS OF SEIZURE SUSCEPTIBILITY AND EPILEPTOGENESIS

35

 15281167, 2010, s5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1528-1167.2010.02821.x, W

iley O
nline L

ibrary on [03/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
Case 8:20-cv-01724-TPB-JSS   Document 198-15   Filed 05/15/23   Page 1 of 1 PageID 7059

chall
Highlight

chall
Highlight

chall
Highlight

chall
Highlight


