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Introduction: Some studies showed that magnesium has anticonvulsive effect in some animal
models. Despite of the availability of well-studied anticonvulsant drugs, this evaluation was
not carried on new kind of magnesium supplement, magnesium oxide nanoparticles (nMgO).
According to the association between magnesium and convulsion and high prevalence of
seizure and epilepsy in diabetics, this study was designed to evaluate the effect of nMgO
compared to conventional MgO (cMgO) on strychnine-induced convulsion model in diabetic
and non-diabetic mice.
Methods: Healthy male albino mice were divided into 10 groups. Diabetes mellitus was
induced by streptozotocin in 5 groups. Conventional and nanoparticle MgO (5 and 10mg/kg)
were administered to diabetic and non-diabetic mice, then strychnine were injected and onset
of convulsions and time of death measured after strychnine administration.
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Results: There were no significant differences between normal and diabetic groups in onset
of convulsions and time of death. Pretreatment of cMgO did not have anticonvulsant effect in
strychnine-induced convulsion in normal and diabetic mice. But nMgO significantly changed
convulsion onset and death time after strychnine administration in normal and diabetic status
(p<0.05).
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Discussion: According to our results, it seems that acute administration of nMgO may be
important in prevention of convulsion and is more effective than its conventional form in
showing anticonvulsive effect that probably is related to the physicochemical properties of
nMgO, especially in diabetic subjects, a point that need further investigations.

E

1. Introduction

pilepsy is a prevalent neurological disorder
associated with significant morbidity and
mortality (Goldberg & Coulter, 2013). It is
also one of the chronic and serious neurological disorders in the world and around
50 million people worldwide suffer from this disease
(Ngugi et al., 2010). Several factors influence epilepsy.

Diabetes, dietary and lifestyle factors may have an influence on seizures, and magnesium is one such potential
factor) Yuen & Sander, 2012, McCorry et al., 2006).
Magnesium is the fourth most common mineral and the
second intracellular cation after potassium in the human
body. Magnesium as an important ion has a limited level in the serum and those bound mainly to albumin and
complexes to anions (Fawcett et al., 1999). Equilibrium
between tissue pools is reached slowly with a half-life
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for the majority of radiolabelled magnesium varying between 41 and 181 days (Elin, 1994).
The main physiological role of magnesium is related
to its function in enzyme systems and its influence on
membrane properties. Magnesium appears to play an
important role in conduction in nervous system (Fawcett et al., 1999). Magnesium modulates the seizure, and
mechanism of action of magnesium in treating seizure
by antagonizing the excitatory calcium influx through
the N-methyl-D-aspartate (NMDA) receptors. Magnesium enters via the NMDA receptor channel and blocks
the passage of more permeable ions, such as Ca 2+, in
a voltage-dependent manner (Cotton et al., 1993). It is
indicated that low extracellular magnesium can reduce
surface charge of neuronal membrane (produced by sialic acid, phosphates, charged lipids, charged amino acids
and etc), thereby increases neuronal hyper excitability
(Isaev et al., 2012). Magnesium salts have an anticonvulsant effect and hypomagnesemia is related to epilepsy
(Spasov et al., 2007).
There is a significant association between diabetes and
idiopathic generalized epilepsy. In a study, a group of
adults with epilepsy were found to have a four-fold higher prevalence of type 1 diabetes compared to the general
population (McCorry, 2006). Since diabetics are prone
to seizure and epilepsy thus their drug therapy is more
important than non-diabetics.
Conventional drugs often face with the major limitation of adverse effects, the result of the non-specificity
of their action, and are little effective due to improper
or ineffective dosages, e.g., in cancer chemotherapy and
anti-diabetic therapy (Chekman, 2008). Nanotechnology offers the possibility of designing new drugs with
greater cell specificity and drug-release systems acting selectively on specific targets. Nanotechnology by
producing new materials that, are attractive from many
aspects, especially when entering to biological systems,
introduced as a leader technology in overall the world
(Colvine, 2003). The same properties leading to the technical advantages of nanotechnology also lead to unique
biological effects (Dreher, 2004). These new materials
have longer halftime and higher ability in living systems
to interaction with cellular components and can open a
new way to the treatment of human diseases and disorders (Murthy, 2007; Dreher, 2004). Nanomedicine is a
new branch of nanotechnology using nanoparticles for
therapeutic targets such as drug delivery specially into
central nervous system, imaging and diagnosis, treatment of tissue damages and etc (Cho& Borgens, 2012;
Chandra, Barick & Bahadur, 2011; Kreuter, 2005).

This allows the administration of smaller but more
effective doses, minimizing adverse effects. Nanotechnology can also be used to optimize drug formulations,
increasing drug solubility and altering the pharmacokinetics to sustain the release of the drug, and thereby prolonging its bioavailability (Ghrab et al., 2009).
According to the physiochemical properties of nMgo
and little investigations about its anticonvulsive effects,
the aim of the current exploratory study was to examine nMgO anticonvulsive effect in comparison with its
conventional form in a convulsion model at diabetic and
non-diabetic mice.

2. Methods
2.1. Experimental Animals and Groups
This study was conducted in Shahid Chamran University of Ahvaz, Iran in 2011. Adult male mice (NMRI
strain) with 29 ± 3 gram weight were obtained from
Animal house of Ahvaz Joundi Shapoor University of
Medical Sciences (AHUMS) and kept in controlled
room with a 12:12 h light/dark cycle and 20-24 ˚C temperature. All the animals had freely access to food and
water, unless during the test time. All the tests were done
between 9AM-13PM in light phase of the cycle. In every group, 7 animals were used and each animal once
only. To study the effect of magnesium supplements
on strychnine-induced convulsive diabetic and nondiabetic male mice, the animals were divided into 10
groups: Normal groups, which were non-diabetic mice
and received saline or 5 and/or 10 mg/kg (IP) of cMgO
or nMgO before convulsion induced by strychnine; and
diabetic groups that by STZ and received saline or 5 and/
or 10 mg/kg (IP) of cMgO or nMgO before convulsion
induced by strychnine.
Experimental protocol was approved by Institutional
Animal Ethical Committee (IAEC) of Shahid Chamran
University of Ahvaz, Iran.
2.2. Experimental Design and Drugs
Diabetes mellitus was induced by single dose injection
of streptozocin (Sigma Aldrich, Germany) (50 mg/kg
intraperitoneally) (Enhamre et al., 2012) in 5 groups.
Blood glucose was measured by glucometer (Multicare,
Arezzo Italia) 3 days after streptozotocin administration.
If blood glucose was more than 250 mg/dl; the mice
were considered as diabetic. CMgO (Merk-Germany)
and nMgO (Iolitec, Germany with 40nm size) were intraperitoneally administered 5 and 10 mg/kg (Ghasemi
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et al., 2010). All the groups were subcutaneously received strychnine (3 mg/kg) 30 min after (Patil et al.,
2011) saline or nano and conventional MgO (Ghasemi
et al., 2010) injection. The convulsion parameters such
as onset of convulsions and time of death were measured
for a 30-min period after injection of strychnine (Honar
et al., 2004).
3.2. Statistical Analysis
The mean of data was compared between the groups by
SPSS software (version 16, USA) and the statistical significant level was p<0.05. Graphical data are expressed

as means ± SEM. The data analysis was performed by
one-way analysis of variance (ANOVA) followed by
LSD [least significant difference] and post-hoc test for
assessing specific group comparisons.

3. Result
3.1. Fig. 1 illustrates the onset of convulsion and death
time by strychnine in diabetic mice, compared to nondiabetic (normal) group. Post hoc analysis showed that
diabetes did not change both onset of convulsion and
death time although the mean of these parameters was
decreased in the diabetic group.

Figure 1. Convulsion onset and death time (Mean ± SEM) after strychnine-induced convulsion in normal and diabetic mice. (n=7). There was
no difference between the groups.

Figure 2. Effects of nano and conventional MgO (5&10mg/kg) on convulsion onset (Mean ± SEM) in strychnine-induced convulsion at the normal and diabetic mice. (n=7). The letters show significant difference
between the groups (n=7 and p<0.05). a=Normal b=Diabetic c=Normal+cMgO d=Diabetic+cMgO
e= Normal+nanoMgO
f= Diabetic+nanoMgO

158

Basic and Clinical

Spring 2014, Volume 5, Number 2

3.2. Fig. 2 shows no difference between cMgO (5&10
mg/kg) and saline-treated in convulsion onset. This result showed that cMgO had no effect on strychnine–induced convulsion in normal and diabetic mice.
NMgO (5&10mg/kg) increased the onset (p < 0.01) of
convulsion in normal groups significantly. Also, pretreatment with nMgO (5&10 mg/kg) significantly increased
convulsion onset in diabetic group (p < 0.003, p < 0.001
respectively). This result illustrates nanoparticles have
potent anticonvulsant effect in normal and diabetic mice.
3.3. Fig. 3 demonstrates that death time of convulsion was not significantly changed by cMgO (5&10mg/
kg) pretreatment. But it was significantly increased by
nMgO (5,10mg/kg) pretreatment (p<0.001), both in
normal and diabetic mice. This effect was significantly
greater in normal group (p<0.001).

4. Discussion
In this study, we applied the nanoparticle and conventional MgO to compare anticonvulsive effects of them.
Our results showed that nano type of MgO had greater
anticonvulsant effect than conventional type especially
in diabetic mice.
These effects may be due to the small size and different properties of nanoparticles compared to their same
conventional form. The small size of nano materials can

modify their physicochemical properties as well as giving the opportunity for increased uptake and interaction
with biological tissues. ( Zhang, Nelson & beales, 2012).
According to the size of nanoparticles of MgO (<60 nm),
this effect may be related to greater mobility and more
uptake across biological membranes especially in central
nervous system (Almeida et al., 2011). Thus, nanoparticles have the potential to improve current disease therapies due to their ability to overcome multiple biological barriers and release a therapeutic load in the optimal
dosage range (Alexis et al., 2008). Strychnine – induced
convulsions is an experimental model for identification effect and mechanisms of potential anticonvulsive
agents in animals (Zhang et al., 2012). Strychnine is a
competitive antagonist of the inhibitory neurotransmitter
glycine at receptors in the spinal cord, brain stem and
higher centers (Khajehpour et al., 2012). It results in increased neuronal activity and excitability, and thereby
leads to increased muscular activity (Wood et al., 2002).
Thus, nMgO prevented strychnine–induced convulsions in mice by central or peripheral mechanisms.
However, more details of this theory need further investigations. Although cMgO did not decrease convulsion
pattern in our study, its other salts such as magnesium
sulfate affected convulsion and seizure in animals and
human (Euser and Cipolla 2009, Oliveir et al., 2011).
Magnesium supplementation was associated with a
significant decrease in the number of seizure (Abdelmalik, Politzer & Carlen, 2012). Magnesium sulfate

Figure 3. Effects of nano and conventional MgO (5&10mg/kg) on death time (Mean ± SEM) in strychnineinduced convulsion at the normal and diabetic mice. (n=7). The letters show significant difference between the groups (n=7 and p<0.05). a=Normal
b=Diabetic
c=Normal+cMgO
d=Diabetic+cMgO
e= Normal+nanoMgO f= Diabetic+nanoMgO
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has central anticonvulsant activity on hippocampal seizures, implicating the N-methyl-D-aspartate receptor
in eclamptic seizures and in the therapeutic efficacy of
magnesium sulfate (Cotton, Janusz & Berman, 1992).
Calcium and magnesium have anti-seizure and antiepileptic properties by changing surface charge in rat hippocampus (Isaev et al., 2012). Intraperitoneal injection
of magnesium enhanced the efficacy of valproate against
pentylenetetrazol-induced seizures (Safar et al., 2010).
The effect of magnesium may be dose dependent. Low
dose of magnesium sulfate prevented seizures induced
by pentylenetetrazole in rats but high dose did not affect (Oliveir et al., 2011). Concentration of magnesium
is associated with seizures and low magnesium concentration generates spontaneous epileptiform discharges in
rat hippocampal slices (Tancredi, Avoli & Hwa, 1988).
However, it appears that low magnesium concentrations can lead to seizures in the live animal. In a study
on rats, dietary Mg deficiency led to decrease the seizure
thresholds and latencies; and subsequently oral magnesium supplementation over three weeks, and then led
to increase the seizure thresholds and latencies (Spasov
et al., 2007). Deficiency of dietary magnesium also increases convulsions and may cause grass tetany in cattle,
which can lead to seizures and death (Odette, 2005).
In our finding, cMgO did not alter strychnine induced
convulsion. This result also obtained in the other studies. Some studies (Decollogne et al., 1997) reported that
the anticonvulsive effect of Mg 2+ is not observed with
PTZ-induced convulsions. Dhande et al., (2009) also
showed that an oral magnesium oxide failed to produce
any significant change in PTZ-induced seizures with
especial moderation and low doses. Therefore, it seems
this effect may be related to low level of serum magnesium that can be achieved from MgO and insufficiency
passing from blood brain barrier that needs further investigations.
In this study, we showed that nMgO has better effect
on diabetic. Some researches showed that an anti-seizure
drug such as topiramate improves diabetes through improving glycaemic control and body fat (Eliasson et al.,
2007). On the other hand, the plasma magnesium level
shown to be inversely related to insulin sensitivity. Magnesium supplementation improves insulin sensitivity as
well as insulin secretion in patients with type 2 diabetes (de Valk 1999). Furthermore, oral supplementation
with MgCl2 solution improves insulin sensitivity and
metabolic control in patients with type 2 diabetes and
decreased serum magnesium levels (Rodriguez-Mor
and Guerrero-Romero 2003). Thus, the better effect of
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nMgO may be related to its multifunctional properties
on diabetes and convulsion.
However, it seems that the nMgO has potential anticonvulsive effect especially in diabetic subjects and could be
evaluated in other animal models and clinical trials.

5. Conclusion
According to the present findings, acute administration
of nMgO can prevent convulsion onset and dead times
in diabetic and non-diabetic mice while cMgO could not
induce any effects. The effect of nMgO may be related
to greater mobility and high efficacy in central nervous
system or peripheral mechanisms.
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