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Summary
Dark neurons are seen in neurosurgical biopsies, experimental ischemia, hypoglycemia, and
epilepsy. This study was aimed to investigate probable damage of amygdala due to
pentylenetetrazol (PTZ) - induced acute seizures in rat. Male Wistar rats were divided into
control, sham, and PTZ groups. EEG recordings were performed before and after the PTZ
injection in PTZ group. Dark neuron numbers in amygdala were compared. Dark neurons
were seen in PTZ group; however, there was no significant difference between PTZ, control
and sham groups. The result of present study showed that amygdala maybe damage in acute
PTZ induced seizures.
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Introduction
Dark neurons were noticed to occur in neurosurgical biopsies and it was hypothesized that
they were produced by mechanical stress forces (1,2,3. It has been reported that dark neurons
maybe produce under other conditions such as hypoglycemia, ischemia, and epilepsy (3,4,5)
without any trauma or mechanical forces. Epilepsy produces widespread dark neurons
through out the brain, even under excellent fixation (5,6).
Brain damage due to various kind of epileptic models such as temporal lobe epilepsy (7, 8,
9), partial (10) and febrile seizure (11has been widely reported. It has been shown that some
regions of the amygdala are very sensitive to seizure-induced damage (8,9,12,1314,15),
however, Tuunanen (2000) reported total neuronal number in the amygdala or hilus were not
reduced after few amygdala kindlinng-induced seizures (16). This study has been aimed to
investigate probable damage of amygdala in pentylenetetrazol-induced acute seizure in rat.
Materials and methods
Animals and chemicals
PTZ was purchased from Sigma and other materials purchased from Merck Company. Adult
male Wistar rats, weighing 250–300g each, were used throughout the study. All of them were
housed in the same room under a constant temperature (22±2 C) and illuminated 7:00 A.M.
to 7:00 P.M., with food pellets and water available. They were randomly divided as follows:
1- Control group: the animals of this group didn’t receive any surgery procedure or EEG
recording, the brains were only removed and histological studies were carried out.
2- Sham Group: the animals of this group underwent the surgery procedure, the
electrodes were implanted on the duramater and EEG was recorded, and the brains
were removed and histological studies were carried out.
3- PTZ group: the electrodes were implanted as same as group 2, EEG was recorded
before and after PTZ injection and the brains were removed for histological studies.
PTZ-induced seizures and EEG recording
Recording electrodes were implanted on the dura mater under intraperitoneal (i.p.) urethane
anesthesia (1.2 g/kg) (17) and stereotaxic apparatus and fixed by dental cement. EEG
recordings were performed for10 min before (baseline) and then after the PTZ (120 mg/kg,
i.p) injection (18).
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Histological studies
Immediately after the tests, all rats were given a high dose of urethane and transcardially
perfused with 100 ml of saline followed by 100 ml fixative solution (glutaraldehyde 1.25%
and paraformaldehyde %1 in 0.2 mol buffer phosphate at pH=7.4,T=40 C) for one
hour(19,20). The brains were removed just after perfusion and immersed in fixative solution,
in room temperature, for 10 days. Three series of 10-µm thick coronal sections were cut every
100 -µm from 2.3 to 3.3 mm posterior to the bregma (2). Each series of sections was used for
Hematoxilin & Eosin stain, Crysel violet and also Toluidine blue staining (2). Slides were
examined with light microscope and digital photographs were taken from amygdala
basolatral nuclei of both hemispheres. Dark neurons were countered using image tools 2
software (19).
Statistical analysis
Data were expressed as means ± SEM. Dark neuron numbers were compared between all 3
groups. Analysis of variance (ANOVA), followed by Tukey's test, were used for statistical
evaluation. The p-values less than 0.05 were considered to be statistically significant.
Results
Injection of 120 mg/kg of PTZ results in seizures in rat. PTZ induces seizures also results in
dark neurons production in amygdala. The number of dark neurons in basolatral nuclei of
amygdala in PTZ group was not significantly more than sham and control groups (Fig 2).

H&E (A)

Toluidine blue (B)
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Crysel violet (C)

Fig 1: Light-microscopic appearance of Hematoxilin & Eosin (A), Toluidine blue (B) Crysel
violet (B) and stained dark neurons in 10-µm sections of the amygdale basolatral nuclei in
rats. Scale bars: ~100 µm. White arrows show dark neurons.
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Fig 2: Comparison of dark neuron numbers in the amygdala basolatral nuclei among control,
sham and PTZ. The brain of control group was removed without EEG electrode implantation
and PTZ injection. The electrodes were implanted on the dura of the animals in sham and
PTZ groups and EEG was recorded after PTZ injection. Saline (1ml/kg) was injected instead
of PTZ in sham group. Finally, the brains of all animals were removed and histological
studies were carried out.
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Discussion
The relationship between seizures and subsequent pathological conditions in central nervous
system has been widely investigated. Animal and human studies have provided clear
evidences that seizures can cause brain damage(11,21,22). Progressive and permanent,
functional and structural abnormalities in the amygdala, and memory deficits after repeated
brief seizures have been widely reported(23,24,25). It has been shown that seizures could
produce morphological changes in brain tissue such as dark neurons. Dark neurons,
previously, were introduced as histological artifacts that were seen in neurosurgical biopsies
(2, 26). But it was hypothesized that dark neurons were produced after brain trauma (1, 2).
Currently, it has been well documented that dark neurons also appear under conditions where
no trauma or mechanical forces were applied to the brain (3,18). Dark neurons have
basophilic appearance with typical morphological changes following many kinds of insults
such as hypoglycemia, ischemia , stress and epilepsy (3,4,5,27,28). Several studies have
shown one of the important identified causes of dark neuron is epilepsy (5, 6, 29). These
changes have been repeatedly observed using various staining methods, such as hematoxylin
and eosin, Nissl, and silver stain (2, 27).
However there was no significant difference in dark neuron number in amygdala of PTZ,
sham, and control groups, the results of present study showed that PTZ induced seizures
results in dark neuron production amygdala. Several studies have indicated hippocampal and
amygdala damages were created by seizures (8,9,11) however, Majak (2004) explained it
depended on genetic background, age at the time of the epileptogenic insult, extent of brain
lesion, location of seizure focus, seizure duration, seizure number, brain reserve, and
environmental and social living conditions (30). Furthermore, Tuunanen ( 2000 )showed total
neuronal number in the amygdala or hilus were not reduced after few amygdale kindlinginduced seizures (31). On the other hand pervious studies had investigated amygdala
damages in recurrent seizures and other types of epileptic models such as partial (32) and
temporal lobe(33)models but this study showed that acute PTZ induced- seizure could result
in dark neuron production. In addition, amygdala damages and memory deficit in epileptic
models maybe depends on location and methods of inducing seizures (30).
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