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ABSTRACT

Objective: Studies on the actions of exogenous agmatine in ex-
perimental models have shown its anti-convulsant effects. How-
ever, there are no findings regarding the influence of agmatine 
on absence epilepsy. Therefore, we investigated the effects of 
the agmatine in the occurrence of spike-and-wave discharges 
(SWDs) in the Wistar Albino Glaxo Rijswijk rats (WAG/Rij) model 
of genetic absence epilepsy. 

Materials and Methods: Three different doses (20, 40 or 80 
mg/kg) of agmatine or saline were administered intraperito-
neally to the adult WAG/Rij rats, and electroencephalography 
(EEG) was recorded for 2.5 hours. The number and the mean 
and cumulative durations of SWDs were measured. The SWD 
frequency characteristics were quantified by means of average 
power-spectra of the first 2nd segments of the SWD complexes 
before and after the effective dose of agmatine. 

Results: Agmatine, administered 80 mg/kg systemically, tempo-
rarily increased the number and cumulative duration of SWDs 
compared with saline injected WAG/Rij rats. This effect of agma-
tine, however, was not associated with any change in the frequen-
cy characteristics of the SWD complexes. There was no effect on 
neither the incidence nor the cumulative duration of SWDs when 
agmatine administered in lower doses (20 or 40 mg/kg). 

Conclusion: Higher doses of agmatine temporarily and slightly in-
crease the incidence of SWDs in WAG/Rij rats, which may suggest its 
possible aggravating activity in absence epilepsy patients through 
its activity on adrenergic, serotonergic and AMPA receptors.

Keywords: Agmatine, absence epilepsy, wistar albino glaxo 
rijswijk rats

ÖZET

Amaç: Deneysel modellerde yapılan araştırmalar ekzojen ag-
matinin anti-konvülzan etkilerinin olduğunu göstermiştir. Ancak, 
agmatinin absans epilepsisi üzerindeki etkisine dair herhangi bir 
veri bulunmamaktadır. Bu çalışmada, agmatinin absans epilepsi-
nin genetik bir modeli olan Wistar Albino Glaxo Rijswijk (WAG/
Rij) ırkı sıçanlarda Diken-ve-Dalga Deşarjlar (DDD) üzerine olan 
etkilerini araştırdık. 

Gereç ve Yöntem: Yetişkin WAG/Rij sıçanlarda periton içine 3 
farklı doz agmatin (20, 40 ya da 80 mg/kg) ya da serum fizyolojik 
uygulandı ve 2,5 saat boyunca elektroensefalografi (EEG) kayde-
dildi. Elde edilen EEG kayıtlarında DDD’lerin sayısı, ortalama ve 
kümülatif süreleri değerlendirildi. DDD’lerin frekans özellikleri, 
etkili agmatin dozundan önce ve sonra, DDD aktivitesinin ilk iki 
saniyelik bölümlerinin ortalama güç spektrumları hesaplanarak 
karşılaştırıldı.  

Bulgular: WAG/Rij sıçanlara sistemik olarak uygulanan 80 mg/kg 
agmatin DDD’lerin sayısını ve kümülatif süresini serum fizyolojik 
uygulanan gruba göre geçici olarak arttırdı. Ancak, agmatinin 
bu etkisi DDD’lerin frekans özelliklerindeki bir değişiklikle ilişki 
bulunmadı. Daha düşük dozlarda uygulanan agmatin (20 veya 
40 mg/kg) ise DDD’lerin sayı ve süresine değişikliğe yol açmadı. 

Sonuç: Yüksek doz agmatin WAG/Rij ırkı sıçanlarda DDD insi-
dansını geçiçi olarak arttırmaktadır. Bu sonuçlar, agmatinin ab-
sans epilepsisi hastalarında adrenerjik, serotonerjik ve AMPA re-
septörleri aracılığı ile olası bir kötüleştirici etki gösterebileceğini 
işaret etmektedir. 

Anahtar Kelimeler: Agmatin, absans epilepsi, wistar albino 
glaxo rijswijk ırkı sıçanlar
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INTRODUCTION

Typical absence seizures are accompanied by regu-
lar, synchronous, bilateral spike-and-wave discharges 
(SWDs) in the electroencephalogram (EEG) and occur 
in various genetic generalized epilepsy syndromes such 
as childhood absence epilepsy and juvenile absence 
epilepsy (1). The fully inbred strain Wistar-Albino-Glaxo 
from Rijswijk rats (WAG/Rij) is a well-validated model of 
generalized genetic epilepsy, and it has been developed 
to particularly model the childhood absence epilepsy (2). 
All individuals of this strain exhibit spontaneous SWDs 
in the EEG similar to those in human absence epilepsy 
(1,3). This strain has been widely used in studies that aim 
to elucidate neurobiological mechanisms of SWDs and 
epileptogenesis and to evaluate the action mechanisms 
of antiepileptic drugs (2,4).

Electrophysiological and EEG–fMRI studies in genetic 
rodent models and human subjects revealed that SWDs 
are generated within the cortico-thalamo-cortical neuro-
nal networks (1,4,5). Animal models demonstrated that 
SWDs begin within the focal, hyperexcitable area within 
deep layers of the perioral somatosensory cortex (S1po) 
before propagating to the thalamic nuclei (6,7). Elec-
trophysiological studies have shown that sensory relay 
nuclei of the thalamus such as the ventral-postero-me-
dial (VPM) and the posterior thalamic nuclei (Po) and the 
GABA-ergic reticular thalamic nucleus (RTN), the main 
inhibitory nucleus of the thalamus, seem to play major 
roles in the generation of SWDs (2,8). The thalamus is re-
ciprocally connected with the cortex through glutamater-
gic excitatory pathways, while both thalamo-cortical and 
cortico-thalamic pathways have collateral glutamatergic 
projections to the GABA-ergic RTN (2,4). Due to this neu-
rochemical profile, both ionotropic and metabotropic 
receptors of both neurotransmitter systems are widely 
expressed in the cortex and the thalamus, and strongly 
influence the occurrence of SWDs (2,4,9,10). However, it 
has also been demonstrated that monoamines such as 
noradrenalin, adrenalin and serotonin also modulate the 
cortico-thalamo-cortical circuitry, hence affecting the oc-
currence of SWDs (1,11-13). 

Agmatine, an endogenous polyamine naturally synthe-
sized from amino acid L-arginine by the enzyme arginine 
decarboxylase, is found in the synaptic terminals and cy-
toplasm of neurons and has been suggested to modulate 
many ion channels, receptors and downstream signaling 
pathways (14-16). Although daily diet provides only small 
amounts of polyamines, high levels of agmatine are pres-
ent in fermented alcoholic beverages and in protein-rich 
foods (17). Agmatine activates G-protein coupled recep-
tors (GPCRs), including α2-adrenergic (α2ARS) and seroto-
nergic (5-HT1A/1B and 5-HT2) receptors. In addition to its in-
teraction with AMPA type glutamate receptors (AMPARS) 

and blocking effect on NMDA type glutamate receptors 
(NMDARS), it may also inhibit voltage-dependent calcium 
channels and nitric oxide synthase (NOS) (15,18-20). 

Exogenous agmatine administration in experimental 
models revealed its neuroprotective effects in various 
neurological disorders (15). In addition to its anti-de-
pressant, anti-oxidant and anti-inflammatory activity, ag-
matine also plays an anti-convulsant role against penty-
lenetetrazole (PTZ), maximal electroshock seizure (MES) 
and glutamate-induced seizure models in rodents (14,20-
22). However, there are no findings about the influence 
of agmatine in absence epilepsy. Considering its modu-
latory action on multiple neurotransmitter receptors and 
ion channels that may play a role in the pathophysiology 
of SWDs, we investigated the effects of agmatine on the 
SWDs in WAG/Rij rats. 

MATERIALS AND METHODS

Animal subjects and drugs
Adult male WAG/Rij rats (6-8 month-old, weighing 240-
350 g) from the breeding colony of the Experimental Med-
ical Research and Application Center of Kocaeli University 
were used in the experiments. The animals were housed 
under standard laboratory conditions on a 12/12 h light/
dark cycle (lights on at 7:00 a.m.) at 21±2°C and were al-
lowed for free access to food and water in groups of 3-4 
rats per cage. All experimental procedures were per-
formed in accordance with the regulations of the Animal 
Research Ethics Committee in Turkey (Date: 06.06.2006, 
No:26220) and approved by Kocaeli University Animal Re-
search Ethics Committee (protocol no: 1/3-2010). 

The rats were randomly assigned in four groups (n=9, 
each group) in order to evaluate the dose-dependent ef-
fects of agmatine on the occurrence of SWDs. Group-1 
(Saline) was treated with physiological saline only; 
Group-2 (Ag-20) received 20 mg/kg, Group-3 (Ag-40) 40 
mg/kg and Group-4 (Ag-80) 80 mg/kg agmatine. Agma-
tine sulphate (Sigma-Aldrich, St. Louis, MO, USA) was 
dissolved in physiological saline at the concentration of 
20, 40 or 80 mg/ml on the day of the experiment. Drugs 
or saline were injected intraperitoneally (1 ml/kg; ip) by 
using needles of 27G. The doses of agmatine are based 
on the previous report (23).

Stereotaxic surgery 
Stereotaxic surgery was performed as previously report-
ed (24). Briefly, rats were anesthetized with ketamine (100 
mg/kg, ip) and xylazine (10 mg/kg, ip). When rats were 
fully anesthetized, the head was placed in a stereotax-
ic frame (Stoelting Model 51600, Stoelting Co., IL, USA) 
with the skull surface flat and bregma at 0 mm. Epidural 
recording electrodes (MS333/2A; Plastic One, USA) were 
implanted on the frontal cortex (AP+2.0 mm and L+3.5 
mm from bregma), occipital cortex (AP-6.0 mm and L+4.0 
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mm from bregma), and the ground electrode was placed 
on the cerebellum after a longitudinal incision was cut 
over the skull. The electrodes were fixed to the skull with 
dental acrylic. All coordinates were obtained from the 
stereotaxic atlas of Paxinos and Watson (25). Following 
stereotaxic surgery, the animals were housed singly in 
Plexiglas cages and were allowed a one-week recovery 
period prior to EEG recordings.

EEG recording and analysis 
One day before the experiment, the rats were habituat-
ed to the EEG recording system. The next day, after a 30 
min adaptation period, the baseline EEG was recorded for 
one hour. Rats were injected with either a single dose of 
saline or with 20 mg/kg, 40 mg/kg or 80 mg/kg agmatine. 
The EEG was recorded continuously 150 min after the in-
jections. To avoid the effects of circadian rhythm on the 
occurrence of SWDs, EEG recordings of all animals were 
performed at the same time of the day (between 9.00 a.m. 
and 12.30 p.m). The electrical activity of the cortex was 
amplified using Powerlab 8S System (ADI Instruments, UK) 
BioAmp ML-136 module, filtered between 0.3 and 120 Hz, 
digitized at 1000 samples/s and recorded via LabChart v7. 

A SWD complex was identified if its duration was lon-
ger than first second with a characteristic train of sharp 
large-amplitude spikes and slow waves (26). The first and 
last spike of an SWD complex with an amplitude at least 
twice the background amplitude of EEG was accepted 
as the SWD onset and offset. The number and mean du-
ration of SWDs was measured for five periods of 30 min 
within the 150 min after the injection of the saline or the 
agmatine. The cumulative durations of SWDs were calcu-
lated as the sum of the individual durations of all SWDs 
present over 30 min intervals. The baseline SWDs were 
analyzed over one hour period, divided into two 30 min 
intervals. The sum of the two 30 min intervals was accept-
ed as baseline level. 

The spectral characteristics of SWDs were analyzed by 
computing the power spectra computed by using the 
Fast Fourier Transform (FFT) (The MathWorks MATLAB 
9.5, Natick, USA) (27). The average power-spectra of the 
first 2nd segments of the SWDs were computed for ran-
domly selected 15 SWD complexes of each animal in 
each group. 

Statistical analyses
All statistical analyses were performed with GraphPad 
Prism version 8.00 (GraphPad Software, San Diego, USA). 
Data were assessed for normality using a Shapiro-Wilk 
normality test. Results found to be normally distribut-
ed (p>0.05) were expressed as mean±SEM. A two-way 
ANOVA (two factors: “Group” and “Time”) followed by 
the post-hoc Bonferroni tests was used to analyze the 
number, mean duration and cumulative duration of SWDs 
among six-recording intervals and four experimental 
groups. For the comparison of the SWD spectra before 
and after the administration of the effective dose of ag-
matine (80 mg/kg) was carried out by a paired Student’s 
t-test. The level of statistical significance was considered 
to be p<0.05. The results are presented as “FDFn, DFd = 
F value, p value” for ANOVA and “p value” for post-hoc 
Bonferroni and t-tests. 

RESULTS

All WAG/Rij rats displayed characteristic 7-9 Hz SWD 
complexes in their baseline EEG recordings (Figure 1). As 
seen in Figure 2 and 3, the number (measured as event 
number per 30 min period) and the cumulative duration 
of SWDs decreased over time in all conditions includ-
ing saline injected group (Time effect: F (5,192)=27.91, 
p<0.0001; F (5,192)=22.67, p<0.001, respectively). There 
was also a significant effect of the group on both the num-
ber of SWDs and the cumulative duration of SWDs (Group 
effect: F (3,192)=5.426, p=0.0013 and F (3,192)=3.876, 
p=0.01, respectively). The post-hoc Bonferroni tests 

Figure 1: The representative electrographic pattern of an SWD recorded from the right cortex in a 
WAG/Rij rat. Voltage/time scale 0.2 mV/1 sec. R Cx: Right cortex
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showed that the first effect was due to the higher number 
of SWDs during the 30-60 min and 60-90 min post-injec-
tion recording periods (p=0.0292, p=0.0484, respective-
ly) than saline treated WAG/Rij rats. In line with this, the 
group effect on cumulative duration of SWDs was also 
due to the higher values obtained in the Ag-80 group 
compared with the saline group during the 30-60 post-in-
jection recording period (p=0.0205). No difference was 
observed among the groups in terms of the mean dura-
tion of SWDs (Group effect: F (3,192)=2.409, p=0.0684) 
(Figure 4). 

For the effective dose of agmatine, which introduced 
significant increase in the SWD number and cumulative 
duration, the frequency characteristics of the SWDs in 
the baseline and the 30-90 min post-injection periods 
of the Ag-80 group were compared (Figure 5). The peak 
frequency in the power spectra computed by averaging 
the FFT magnitudes of the first 2nd of 15 SWD segments 
in each condition was 8.83±0.12 Hz for baseline EEG and 
8.61±0.14 Hz for SWD segments recorded 30-90 min after 
80 mg/kg agmatine injection. Paired t-test revealed no 
significant difference in the SWD frequencies between 
both periods (p=0.225). 

DISCUSSION

All WAG/Rij rats displayed characteristic 7-9 Hz SWD 
complexes in their baseline EEG recordings and a de-
crease in the number, and cumulative duration of SWDs 
was observed in all treatment groups including the in-
jection of saline or various doses of agmatine along 
the 150 min EEG recordings. Such phenomenon was 
previously described in genetic absence epilepsy rats, 
and is assigned to the circadian change of the vigilance 

Figure 2: The effect of agmatine on the number of 
SWDs. The statistical analysis revealed a significant differ-
ence among four groups (Group effect: F (3,192)=5.426, 
p=0.0013). The post-hoc Bonferroni tests showed that 
this difference was due to the higher number of SWDs 
during the 30-60 min and 60-90 min post-injection re-
cording periods (p=0.0292) than saline treated WAG/Rij 
rats. Data are expressed as mean±SEM. *: p<0.05

Figure 3: The effect of agmatine on the cumulative du-
ration of SWDs. The statistical analysis revealed a sig-
nificant difference among four groups (Group effect: F 
(3,192)=3.876, p=0.01). The post-hoc Bonferroni tests 
showed that this difference was due to the higher num-
ber of SWDs during the 30-60 min post-injection record-
ing periods (p=0.0205) than saline treated WAG/Rij rats. 
Data are expressed as mean±SEM. *: p<0.05

Figure 4: The effect of agmatine on the mean duration 
of SWDs. No difference was observed among the four 
groups (Group effect: F (3,192)=2.409, p=0.0684). Data 
are expressed as mean±SEM

Figure 5: The power spectra of the first 2 s of the SWD 
complexes in the baseline and the 30-90 min post-injec-
tion periods of the Ag-80 group
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state along the day that influences the number of SWDs 
(3,28,29). In order to exclude such circadian effect, post-
hoc comparisons were carried out between each of the 
agmatine administered groups and the saline applied 
control group, which displayed that agmatine, adminis-
tered 80 mg/kg systemically, temporarily increased num-
ber (30-90 min after injection) and cumulative duration 
(30-60 min) of SWDs compared with the saline injected 
WAG/Rij rats. This effect of agmatine, however, was not 
associated with any change in the frequency characteris-
tics of the SWD complexes. 

Studies in genetic absence epilepsy models suggested 
that AMPARS are recruited during absence seizures (4). 
Intracerebroventricular (ICV) injection of AMPA dose-de-
pendently increased the incidence of SWDs (30,31), 
whereas ICV injection or focal administration of AMPAR 
antagonists into S1po (initial site of SWDs) or RTN induced 
a dose-dependent decrease in the incidence and dura-
tion of SWDs in WAG/Rij rats (9,30). Moreover, elevated 
AMPAR proteins, GluA1 and GluA2 in the somatosensory 
cortex plasma membrane of Genetic Absence Epilepsy 
Rats from Strasbourg (GAERS), another genetic model of 
absence epilepsy, have been reported, which suggested 
their contribution to hyperexcitability in somatosensory 
cortex and therefore to SWD generation (32). Agmatine 
is a neuromodulator capable of interacting with sever-
al types of glutamate receptors (20). For example, rapid 
antidepressant actions of agmatine have been shown to 
involve activation of AMPARS due to the fast increase in 
AMPAR subunit GluA1 (33). Therefore, such a modulatory 
effect of agmatine on AMPARs may play a role in the ag-
gravating effect of higher doses of agmatine on SWDs in 
our study.

Additionally, exogenous agmatine is able to increase 
monoamines and subsequently activate multiple post-
synaptic GPCRs, including α2ARS and 5-HT1A/1B receptors, 
which couple to a variety of second messenger systems 
(14,34). The anti-convulsant effects of agmatine have 
been found to be associated with its effects on α2ARS in 
addition to NMDARs and NO in PTZ induced seizures 
(14,22). In contrast to this effect, the α2ARS agonist clon-
idine inhibits the release of noradrenaline, and it has 
been reported that this leads to increased incidence 
and duration of SWDs in a dose-dependent manner in 
WAG/Rij rats (13). On the contrary, the α2ARS antago-
nist atipamezole is reported to cause a dose-depen-
dent suppression of SWD activity in GAERS rats (11). 
The effects of agmatine on the convulsive vs. absence 
seizures in opposite directions, in terms of suppressing 
convulsive seizures in contrast to aggravating absence 
seizures, may depend on this mechanism associated 
with the α2ARS. Finally, activation of 5-HT1A receptors 
by receptor agonists or increase in endogenous 5-HT 
concentration has been reported to cause dose depen-

dent increase in the cumulative duration and number 
of spike-wave discharges while ICV injection of 5-HT1A 
receptor agonist causes dose dependent increase in 
WAG/Rij rats (12,35). Hence, the agmatine effect on 
5-HT1A receptors may also contribute to its aggravating 
activity on SWDs. 

In contrast to the above mentioned mechanisms, how-
ever, agmatine can act as an NMDAR antagonist and 
NOS inhibitor (14,20). These effects would be expect-
ed to result in the suppression rather than aggravation 
of the SWDs as both competitive and non-competitive 
antagonists of NMDARs reduce the number of SWDs 
in WAG/Rij rats (10,36). To the contrary, injections of 
NMDA increase the number of SWDs (10). Additional-
ly, agmatine inhibits all isoforms of NOS, and reduces 
production of the neuromodulator NO (19,20), and it 
is known that NO donors and biological precursor of 
NO increase the incidence of SWDs in WAG/Rij rats 
whereas inhibitors of neuronal NOS decrease the num-
ber of SWDs (37,38). While agmatine is known as a po-
tent NMDAR antagonist and NOS inhibitor, the report 
on that 5-HT1A receptor agonists counterbalance the 
decrease in number and duration of SWDs caused by 
NMDA antagonists (35), point to the importance or 
weight of other mechanisms in SWD generation. With-
in such a framework, present findings may indicate that 
agmatine’s effects at high doses on multiple other re-
ceptor types including the 5-HT1A, α2ARS and AMPARs 
dominate those of the NMDARs and NOS inhibition on 
SWD generation. 

Summing up, the present study shows that the higher 
doses of agmatine temporarily and slightly increase the 
incidence of SWDs in WAG/Rij rats, which may suggest 
its possible aggravating activity in absence epilepsy pa-
tients through its activity on adrenergic, serotonergic and 
AMPA receptors.
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