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Introduction: mapping electrical activity of the epileptic brain is of major importance in designing 

effective treatment through electrical stimulation [1]. Taking advantage of the many anatomical and 

physiological correlations between sleep and epilepsy [2], in this work, we used spectral state maps 

built out of long-term local field potential (LFP) recordings that allow for the study of the sleep-wake 

cycle (SWC) and its disturbances [3]. We hypothesized that acute seizures induced by 

pentylenetetrazole (PTZ) may induce changes in the SWC and generate states of their own.  

 

Materials and Methods: Animals (Wistar rats, n=11) underwent surgical implantation of electrodes 

for eletrophysiological recordings in: hippocampus, amygdala, thalamus, and bilateral cortical 

surfaces. Animals were recorded during 5 days, receiving a subthreshold PTZ dose at the 2nd day (D2) 

and a proconvulsant dose in the fourth day (D4). Naïve control state maps were obtained from 

electrophysiological data recorded from 1st day (D1). State space maps were implemented to track 

daily forebrain dynamics by plotting its spectral content in a two dimensional space representing their 

frequency bands [3]. Points in the map with high coherence were automatically clustered within a 

single state such as SWC normal stages (wake - WK, slow-wave sleep – SWS, and rapid eye 

movement – REM sleep). In order to avoid biased interpretations the original computational routine 

was adjusted to automatically detect the emergence of a new cluster. 

 

Results: Data computed from D1 showed clusters with standard parameters. Animals had only mild 

overt modifications in LFP tracings during D2, although they spent less time in WK stage when 

compared with control recordings (D1). During D4, 9 out of 11 animals developed generalized tonic-

clonic seizures (GTCS). Novel clusters of epileptiform activity were automatically detected in the 

northwestern portion of the state map in all animals with GTCS. SWC architecture was strongly 

modified during D4, with ubiquitous decreased proportion of normal WK when compared to D1.  

 

Discussion: Slight changes on state maps were found under subthreshold PTZ injection, while high 

dosage of this convulsant drug provoked intense disruption of SWC. This is strong evidence that 

seizures impair healthy sleep, even when mild. SWC architecture of D3 and D5 (with no PTZ 

injection) did not display any substantial modification suggesting, on the other hand, that a few acute 

injections may not be able to induce permanent structural and functional changes in the brain that 

results in seizure susceptibility and sleep dysfunction as repeated PTZ injections may do [5]. Ictal 

clusters were automatically detected showing that seizures are a distinct and stable state of neural 

dynamics. Of particular interest, ictal clusters, in general, took place between REM sleep and SWS; 

a region with high occurrence of cortical spindles deeply related to memory processing [4]. By this 

token, we hypothesize seizures may increase spindle-like activity that induces aberrant neural 

plasticity or dysfunctional memory.  

 

Conclusion: Our results show that SWC architecture was strongly affected by PTZ injection, 

worsening with increments of PTZ dosage. In general, these findings suggests that studying epilepsy 

together with sleep, and memory, may provide novel insights on the pathophysiology of the disease 

that may grant efficient therapy, such as with electrical stimulation.  
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