




esthesia with ketamine and xylazine, and their blood 
was collected after cardiac puncture by a sterile syringe. 
The blood was allowed to clot for half an hour at room 
temperature and then the serums were separated by a 
centrifuge at 3000 rpm for 15 min and stored at -20 °C. 

Measurement of oxidative stress markers  

To measure GSH and NO oxidative stress indices, animal 
serum samples and conventional kits (Novin Navand 
Salamat Co., Iran) available in the market were used. 
The activity of GSH was measured according to the kit 
instructions at a wavelength of 340 nm by microplate 
reader (BioteTek ELx808, USA) and was reported in mU/
mL. In addition, the amount of NO was measured accord-
ing to the instructions of the kit and at a wavelength of 
550 nm by the same microplate reader and was reported 
in terms of nmol/mL.

Statistical analysis of data 

The results of the present study were shown as mean ± 
SEM. The normality of the data was tested by Shapiro-
Wilk test. If the data were normal, then one-way ANOVA 

and Tukey's post hoc test were used to examine the differ-
ences between the groups. If the hypothesis of normality 
of the data was rejected, then non-parametric Kruskal-
Wallis test and Dunn's test post hoc test were used to 
examine the differences between the groups. All statistical 
analyses were performed by GraphPad Prism software. 
In all analyses, the value of P was set at less than 0.05.

Results 

The effect of ASE on the activity of PTZ-induced seizure 
The effect of different treatments on the manifestations 
of PTZ-induced convulsive behavior is displayed in Fig. 
1(A-D). Regarding the latency of myoclonic jerk, statistical 
analysis revealed a significant increase in the group IV, 
but not the group III, vs. group II (Fig. 1A). As shown in 
Fig. 1B, the number of myoclonic jerks in different groups 
was affected; the effect was a significant decrease in the 
group III and group IV compared to the group II. Regard-
ing the GTCS latency, a significant increase was observed 
in the group III and group IV compared to the group II 

Figure 1. The effect of ASE (0.1, and 0.5 mg/kg, 30 min prior to testing) 
after PTZ treatment (60 mg/kg, i.p.) on latency of myoclonic jerk (A), 
number of myoclonic jerks (B), GTCS latency (C), and GTCS duration 
(D) in male Wistar rats. The data represents as the mean ± SEM (n = 5 
rats per group). **p < 0.01; ***p < 0.001 significant difference between 
ASE (0.1 or 0.5 mg/kg) treatment with PTZ group.

ASE: asenapine, GTCS: generalized tonic clonic seizure, PTZ: pentylenetetrazole.

Figure 2. The effect of ASE (0.1, and 0.5 mg/kg, 30 min prior to testing) 
after PTZ treatment (60 mg/kg, i.p.) on IL (A), SN (B), RL (C), and TLC (D) 
in male Wistar rats. The data represents as the mean ± SEM (n = 5 rats 
per group). *p < 0.05; **p < 0.01; ***p < 0.001 significant difference 
between PTZ or ASE (0.5 or 1 mg/kg) treatment with control group. #p < 
0.05; ##p < 0.01; ###p < 0.001 significant difference between ASE (0.1 
or 0.5 mg/kg) treatment with PTZ group. ††p < 0.01 significant differ-
ence between ASE (0.1 mg/kg) treatment with ASE (0.5 mg/kg) group.

ASE: asenapine, IL: initial latency, PTZ: pentylenetetrazole, RL: retention 
latency, SN: shock number, TLC: total light compartment.
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(Fig. 1C). GTCS duration was significantly decreased in 
the group III and group IV vs. group II (Fig. 1D).

The effect of ASE on passive avoidance memory 

There was no statistically significant difference between 
IL (Fig. 2A) and SN (Fig. 2B) in different treatment groups. 
However, RL in the PTZ group was significantly decreased 
compared to the control group, indicating memory impair-
ment (P < 0.001). RL in the group III was not significantly 
different compared to the group II. On the contrary, in 
the group III, RL was increased significantly vs, group II 
(P = 0.002) (Fig. 2C). Regarding TLC time, the group II 
exhibited a significant decrease compared to the group 
I (P < 0.001). In both group III and group IV, TLC sig-
nificantly increased vs. group II (P = 0.010 and P < 0.001, 
respectively) (Fig. 2D).

The effect of ASE on oxidative stress markers 
As shown in Fig. 3A, there was a significant increase in 
serum NO levels in the group II compared to group I (P 
< 0.001); but in the group III and group IV a significant 
decrease was observed in serum NO level compared to 
the group II (P < 0.001). In case of serum GHS levels, the 
effects were similar (Fig. 3B).

Discussion

In the present study, the effect of ASE on seizures and 
PTZ-induced avoidance memory deficits in rats was 
investigated. The results revealed that ASE has a sta-
tistically significant effect on behavioral manifestation 
of PTZ-induced seizures. The PA test also showed that 

PTZ caused memory impairment resulting in reduced 
RL and TLC. The results of this study are in line with 
reports on memory impairment due to PTZ-induced 
seizures (Aghaie et al. 2021; Hosseini et al. 2021; Nagib et 
al. 2018). By inducing significant increase in RL and TLC 
compared to the PTZ group, ASE reversed the effect of 
PTZ-induced memory impairment, indicating its protec-
tive role against seizures and seizure-induced memory 
impairment. While no studies have been reported on the 
anticonvulsant effect or the effect on memory of ASE 
so far, there are some reports on the inhibitory effects 
of ASE on experimental models of psychosis or bipolar 
disorder (BD) as well as on the progression of underlying 
diseases associated with psychosis or BD (Marston et al. 
2009; McLean et al. 2010; Snigdha et al. 2011).

Various mechanisms have been proposed for how 
PTZ injection causes seizures and the associated memory 
impairment. One of the most important factors in the 
development of seizures and resulting behavioral changes 
is OS and shift in the ROS level (Olowe et al. 2020). In the 
present study, the results showed a decrease in the GSH and 
an increase in NO serum levels following PTZ injection. 
The present study, similar to various prior studies, showed 
that the injection of PTZ in animal models increases 
OS and NO and decreases antioxidant levels (Hosseini 
et al. 2021; Kawakami et al. 2021; Kumar et al. 2018). 
Glutathione as an antioxidant helps protect cells against 
free radical damage. Glutathione is present inside cells 
in states of reduced GSH and oxidized GSSG. In healthy 
cells and tissues, more than 90% of total glutathione is 
in reduced form, and less than 10% as GSSG disulfide. 
The high concentration of GSH is due to the fact that the 
glutathione reductase enzyme (which transforms it from 
the oxidized state) is very active. Increase in GSSG to GSH 
is indicative of oxidative stress (Cárdenas-Rodríguez et 
al. 2014). NO is a molecular mediator which is made by 
the nitric oxide synthase (NOS) enzyme from L-arginine, 
oxygen, and NADPH and participates in vascular ho-
meostasis by inhibiting vascular smooth muscle con-
traction, platelet aggregation, and leukocyte adhesion to 
endothelium, inflammation, thrombosis, immunity and 
neurotransmission. People with atherosclerosis, diabetes, 
and high blood pressure often manifest NO pathway dis-
orders (Ghimire et al. 2017). NO has also been reported 
to be increased in PTZ-induced seizures (Kawakami et 
al. 2021). The effects of ASE on NO and GSH have not 
been reported in the status epilepticus condition, but in 
a previous study, ASE modulate inducible NOS (iNOS) 
and protected porcine coronary endothelial cells against 
oxidative stress by preventing ROS production and GSH 
loss (Grossini et al. 2014). Therefore, the positive effects of 
ASE on seizures as well as the improvement of memory 
impairment caused by seizures which were observed in the 

Figure 3. The effect of ASE (0.1, and 0.5 mg/kg, 30 min prior to testing) 
after PTZ treatment (60 mg/kg, i.p.) on serum level of NO (A), and GSH 
(B), in male Wistar rats. The data represents as the mean ± SEM (n = 
5 rats per group). *p < 0.05; **p < 0.01; ***p < 0.001 significant dif-
ference between PTZ or ASE (0.1 or 0.5 mg/kg) treatment with control 
group. ###p < 0.001 significant difference between ASE (0.1 or 0.5 mg/
kg) treatment with PTZ group.

ASE: asenapine, PTZ: pentylenetetrazole, NO: nitric oxide, GSH: glutathione.
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present study can be partially ascribed to the antioxidant 
properties of the agent.

The present study for the first time examined the 
antioxidant effects of ASE, as well as its possible pathway. 
The elicited results could pave the way for future studies. 
Despite this strength, the present study had a limitation: 
this study did not investigate the molecular pathway or 
inflammatory cytokines due to the small number of 
samples and time constraints. This issue can be addressed 
in future research designs.

Conclusion 

Overall, the present study provided evidence for the poten-
tial neuroprotective effects of the ASE drug. In addition, 
it was shown that ASE can be protective against oxidative 
stress induced during seizures. Therefore, a treatment 
strategy that could address the potential therapeutic effect 
of ASE with AEDs in the treatment of seizures as well as 
memory impairment associated with seizures calls for 
further research. Additional study designs are also needed 
to fully elucidate the mechanisms of anticonvulsant func-
tion as well as safety in their chronic use.
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