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Abstract. The purposes of this study were to evaluate in vivo acute toxicity of original magnesium chloride
nanoparticulate formulations and to investigate their effects in cognitive processes in rats. The experiments
were carried out on white Wistar rats (200-250g), divided into 3 groups of 7 animals each, treated orally
(using an eso-gastric device), 7 consecutive daily administration as follows: Group I (Control): distilled
water 0,1ml/10g weight; Group II (Mg): magnesium chloride 200mg/kbw; Group III (Mg ves): magnesium
chloride 200mg/kbw entrapped in soft vesicles. At the end of the experiment, blood samples were taken
from retro-orbital plexus to assess blood count, phagocytic capacity of peripheral neutrophils and serum
complement activity, to investigate acute toxicity of the new nanoparticulate formulations. Spatial memory
performance was assessed by recording spontaneous alternation behaviour in a single session in Y-maze.
Experimental protocols were implemented according to recommendations of the University Committee
for Research and Ethical Issues. Data were statistically analyzed with SPSS software for Windows version
17.0 and ANOVA one-way method. Results: Laboratory analysis showed no significant differences of blood
count, phagocytic capacity of peripheral neutrophils and serum complement activity values, between new
carrier formulations that entrapped magnesium chloride in lipid vesicles and non entrapped substance.
Research results provided evidence that magnesium chloride entrapped vesicles, significantly increased
spontaneous alternation percent in Y-maze test, which suggest the improvement of short-term memory.
Conclusions: Biocompatibility evaluation proved that magnesium chloride lipid vesicles may be very suit-
able for in vivo use in the contexts of drug delivery systems. Oral administration during 7 days of soft
vesicles entrapping magnesium chloride, 7 consecutive days administration of magnesium entrapped in

lipid vesicles resulted in an enhancement of cognitive functions in rats.
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Introduction

rogresses in nanotechnology have opened up

multiple possibilities for the creation of new
or improved drug systems. Vesicles are versatile
carriers formed by molecules that self-assemble
capable of drug effect prolongation. Vesicles are hol-
low spheres, commonly used to encapsulate labile
hydrophilic molecules within their interior, and are
important to be studied for developing new drug
delivery vehicles to facilitate the absorption through
the intestinal wall and transport substances into the
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blood.[1,2] They are of great interest for applications
ranging from drug delivery and controlled release
to separations and sensing.

Magnesium is one of the most wide-spread el-
ements in nature. It is the fourth major cation in
the human body (after Ca*, Na* and K*), and the
second most abundant within the cells (after K*).
Magnesium ion is equally important to the central
nervous system (spinal cord) and to the brain itself.
It is well known that magnesium ions (Mg?**) have
a well-established depressant effect on the central
nervous system and on neuromuscular transmission.
[3,4]. Rodent studies suggest that magnesium has a
complex relationship with aggressive behaviours[5].

Given the close conceptual associations between
stress, anxiety and depression which are intrinsic
to most animal models and testing paradigms, a
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reasonable hypothesis emerges whereby magnesium
may be exerting its antidepressant effect through
anxiolytic mechanisms[6].

Progresses in nanotechnology have opened up
innumerable possibilities for the creation of new
or improved drug systems. Determining acute
systemic toxicity is usually an initial step in the
assessment and evaluation of the new formulation
biocompatibility. Undesirable possible effects of new
nanoparticulate systems on the blood may include
hemolysis, thrombus formation, alterations in co-
agulation parameters, biochemical disturbances and
immunological changes. Acute systemic toxicity in-
vestigation is similar to the nonspecific toxicity test
that aims to look for possible undesirable changes in
the blood caused directly by a new nanoparticulate
formulation administration.

The goals of our study are the acute toxic-
ity evaluation of lipid vesicles coated in chitosan
which entrap magnesium chloride inside and the
investigation of their effects on cognitive processes
in rats.

The influence of liposome structure on blood
count, phagocytic capacity of peripheral neutrophils,
glutamic oxaloacetic transaminase, glutamic pyruvic
transaminase and lactic dehydrogenase enzyme
activities in vivo was assessed. Changes within dif-
ferent blood cells and the biochemical parameter
levels were estimated after 7 consecutive days of
magnesium chloride vesicles oral administration. In
addition to this, the effects of magnesium chloride
loaded vesicles on rats cognitive processes were
investigated.

Material and method

Substances: The lipid used, Egg Yolk
L-a-phosphatidylcholine (L-a-lecithin), approxi-
mately 99% (TLC) pure, chitosan (biocompatible and
biodegradable polymer) and magnesium chloride,
were obtained from Sigma-Aldrich Company.

Using an original methodology we achieved the
entrapment with a large efficiency, of magnesium
chloride within the lipid vesicles stabilized with
polysaccharide chitosan.[7] The polymer binds
to vesicles, causing the bilayer to rigidify and in
turn driving a decrease in the size of unilamellar
vesicles.[8] The soft matter vesicles made by lipid-
tramadol-chitosan were prepared and thereafter,
were dialyzed for 10 hours, to remove its acidity
and gain a neutral pH.[9] The magnesium vesicles
were physicochemical and structurally analyzed us-
ing Malvern Zetasizer Nano ZS ZEN-3500 model
and visualized with a Nikon Ti Eclipse optical
microscope.

Animals: Male white Wistar rats (200-250g)
were used. Standard laboratory food and tap water
were freely available, except during the time of the

experiments.

Procedure: The experiments were carried out
on white Wistar rats (200-250g), distributed into 3
groups of 7 animals each, treated orally (using an
eso-gastric device), 7 consecutive daily administra-
tion as follows:

Group I (Control): distilled water 0,1ml/10g
weight;

Group II (Mg): magnesium chloride 200mg/
kbw;

Group III (Mg ves): magnesium chloride 200mg/
kbw entrapped in soft vesicles.

At the end of the experiment, blood samples
were taken from retro-orbitary plexus to assess
blood count, phagocytic capacity of peripheral
neutrophils and serum complement activity, to
investigate acute toxicity of the new magnesium
chloride nanoparticulate formulations.

Spatial memory performance was assessed by
recording spontaneous alternation behaviour in a
single session in Y-maze. Each rat was placed at
the end of one arm and allowed to move freely
through the maze during an 8 min session. Al-
ternation was defined as “a consecutive entry in
three different arms” The alternation percentage
was computed with the following formula: “number
of alternations” divided by “total number of arm
visits” minus 2.[10]

Data were statistically analyzed with SPSS
software for Windows version 17.0 and ANOVA
one-way method. Experimental protocols were
implemented according to recommendations of the
“GR.T. Popa” University Committee for Research
and Ethical Issues. Each animal was used once only
and the duration of the experiments was kept as
short as possible. For ethical reasons, all the animals
were sacrificed at the end of the experiment. [11]

Results and discussions

Magnesium entrapped vesicles were found to
have a mean Zeta potential of +36.1mV (Figure 1)
and a mean size of 129.56nm (Table I). We can
conclude that the systems of magnesium lipid
vesicles correspond to the criteria of suspension
solutions.

Laboratory analysis did not show significant
differences of blood parameters (Table II), serum
complement values nor phagocytic capacity of pe-
ripheral neutrophils (Table III), between magnesium
chloride non-entrapped and entrapped in vesicles
and control group, elements relevant for a good
biocompatibility.

Statistical analysis of the results obtained in
Y-maze test shows that: oral administration of
magnesium chloride entrapped vesicles, during 7
days, significantly increased spontaneous alternation
percent in Y-maze test, which suggest the improve-
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Figure 1. Zeta potential distribution of the magnesium

chloride vesicles

Leucocyte formula (% values)

PMN Ly E M B
Control 29.4+0.2 58.7+0.3 0.4+0.05 3.7+0.1 0.2+0.1
Mg 29.1+0.3 58.6+0.4 0.5+0.05 3.8+0.1 0.2+0.05
Mg ves 29.3+0.4 58.5+0.2 0.4+0.1 3.7+0.1 0.2+0.05

Table II. Differential white cell count (leukocyte formula) determination in control rats group and in groups treated with

magnesium chloride and magnesium chloride soft mater vesicles.
Values were expressed as mean + S.E.M

NBT (%) Serum complement
Control 16.33+0.84 39+1.1
Mg 16.17+0.52 43+1.4
Mg ves 17.49+0.72 41+3.7

Table III. Phagocytic capacity of peripheral neutrophils (NBT%) and serum complement values in control rats group and in
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groups treated with magnesium chloride and magnesium chloride soft mater vesicles.
Values were expressed as mean + S.E.M

Control Mg Mg-ves

Figure 2. Spontaneous alternation % in Y-maze test. Values are means + S.E.M. (n=7 animals per group)

*p<0.001 vs. control group

ment of short-term memory (Figure 2). sium chloride entrapped in soft vesicles resulted

Regarding this new nanoparticulate formulation in a prolonged reduction of vertical movements’
we previously demonstrated that in Activity Cage number and those in horizontal plane, both varia-
test, oral administration of 1 mmol/kbw magne- tions being statistically significant, compared to the
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control group and to the same dose of magnesium
chloride non entrapped. These results reflect the
decrease of escape attempts number, within the
context, significant diminution of exploratory and
self-maintenance spontaneous behaviour. [12] This
diminishing of both global motor behaviour and
the number of escape attempts, could be correlated
somehow to general behavioural inhibition or to
sedation.

Conclusions

We achieved a method of magnesium chloride
incorporation into vesicles which will transport
and release them, in a controlled manner, in the
animal body.

The present paper describes the acute toxicity
study on the magnesium chloride soft vesicles and
the effects of this new carrier system, on cognitive
processes in rats.

It was demonstrated that magnesium chloride
vesicles determined similar immune responses with
both control group and magnesium chloride, after
oral subacute administration in rats, indicative of
good in vivo biocompatibility.

In order to evaluate the effects on spatial
memory, using a behavioural model for measuring
the willingness of rodents to explore new environ-
ments, we determined that in our experimental
conditions, orally administration for 7 consecutive
days, of magnesium chloride entrapped in lipid
vesicles have been associated with the enhancement
of cognitive functions in rats.
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