An Original Study on the Correlations Between Magnesium and
Depression and Their Cardiovascular Relevance
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With magnesium being an essential element in the human body, we are proposing here an original study on
the correlations between magnesium and depression and their cardiovascular relevance in this context, by
the usage of the experimental forced swim test. Thus, the data we are presented here could have an
increased relevance in the management of these disorders, and in the further understanding of the biochemical

magnesium supplementation.
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Magnesium is considered to be an essential element in
the human body. Over the years it has been found that
magnesium regulates a vast number of biochemical
processes [1]. An optimal level of magnesium leads to a
proper functioning of the majority of human organs [2].
Regarding the levels of magnesium in the human body, it
is approximately 24-35 g of magnesium in an adult
individual [3]. The vast majority of the magnesium is
deposited in bones (approximatively 60%), followed by the
muscular tissue (approximatively 20%) [4].

Other several tissues contain magnesium as well. For
example the extracellular fluid contains only 1% of the total
body magnesium [5]. Therefore, magnesium plays a vital
role in countless mechanism in the human body. We
emphasize here that magnesium is an important factor for
hundreds of enzymes, it partakes in the cell cycle,
metabolism of carbohydrates, proteins, fats, nucleic acids.
Furthermore, the magnesium has an important role in the
permeability of the cell membrane, in the cell signaling
and migration [5-7]. Other benefits of an optimal level of
magnesium include an improved neuromuscular
transmission, bone mineralization, blood glucose control
and a better regulation of one’s blood pressure. It is
important to be mentioned that these benefits of
magnesium are closely related to that of calcium and
potassium, since it is required for the active transport of
their ions through cell membranes [8-10]. However,
perhaps the most important role of magnesium is its
modulatory role in the central nervous system [11].

As previous mentioned, it has been found that an optimal
magnesium level in the human body is vital for the normal
functioning of the central nervous system [12]. The
available literature states that although higher consumption
of magnesium does not protect an individual against the
development of a depressive disorder, a very low
magnesium intake may be a cause of an increased risk of
depression [13].

The results regarding the influence of the magnesium
level on depression levels are much clearer in the animal
models. These results show that a reduced magnesium
intake with an everyday diet resulted in depression- like
behaviors in rats [14]. These findings of pre-clinical studies
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have clearly indicated an antidepressant role of magnesium
that was observed after both acute and chronic
administration.

The majority of these results were obtained in the forced
swim test and in the tail suspension test. In the forced
swimming test, also known as the Porsolt test [15], a
mouse or a rat is placed in a cylinder of water from which
it cannot escape, and after an initial battle, swim and
climbing; the animal presents a floating and immobile
posture. Immobility in the forced swim model was
interpreted as an expression of behavioral despair or
entrapment [16, 17] and is reversed by the acute
administration of almost all available antidepressants. The
most important strength of this model is its ability to quickly
examine new agents and the phenotype of genetically
manipulated mice, and can successfully reduce errors in
subjective evaluation.

The available literature shows that the antidepressant
potential of magnesium in the forced swim test is
comparable to the effect observed for the conventional
treatment. In addition, the final results of the test are not
influenced by changes in spontaneous locomotor activity
of the tested animals [18, 19]. Furthermore, the
administration of magnesium has been shown to improve
post-traumatic depression in rats [20], or to reverse
depression symptoms induced by social isolation in mice
[21]. The animals spent less time immobile after placing
them in water and presented intensified grooming behavior
in the splash test. In addition, the antidepressant activity of
magnesium was also demonstrated in other animal
models of depression, such as the chronic mild stress
model [22].

Experimental part
Methods

The experiments were carried out on male Wistar rats
(180-220 g). The animals were kept on a natural day-night
cycle with free access to food and water. Each
experimental group consisted of 8 animals. We had 5
experimental groups: one control group, one group that
received 7.5 mg/kg of magnesium, one group that received
15mg/kg of magnesium, one group that received 30 mg/
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kg and one group that received the maximum dosage of
50 mg/kg of magnesium. Magnesium was administered
intraperitoneally. Control animals received injections of
saline (vehicle). The aforementioned dosages were
selected using previously published reports regarding
magnesium’s effect on depression in animal models.

Total magnesium concentration in serum was
determined by xylidyl blue method. Serum was separated
by centrifugation at 5,000 x g for 10 min at 4°C, 1 h after
collection and coagulation of trunk blood, and stored at
-20°C until analysis. 10 ml of thawed serum was added to
1 mL of the commercially available reagent and the
absorbance of the solution was read at 520 nm in a
spectrophotometer. Magnesium concentrations were
calculated as mg/100 mL.

Our experiment in the forced swim test was conducted
according to the method of Porsolt et al [22]. The rats were
placed individually in glass cylinders (45 cm high, 25 cmin
diameter) containing 30 cm of water, maintained at room
temperature during testing (25+1.0°C ). Afterwards, the
rats were removed and returned to their home cages after
15 min in water. They were again placed in the cylinder 24
h later. The total duration of immobility in rats was
measured during a5 min test. The rats were judged to be
immobile when they remained floating passively in the
water.

Romanian and the European laws on animal use in
biomedical research were considered in animal care and
experimental procedures. All efforts were made in order
to reduce animal suffering.

The obtained data were evaluated by the one-way
analysis of variance (ANOVA), followed by post hoc
multiple comparisons test. All results are presented as the
means=SD. A difference between experimental groups
was considered significant when p < 0.05.

Results and discussions

When we compared all the 5 groups, there was
significant difference between them regarding the duration
of immobility, F (1, 4) = 65.585, p < 0.001.

Post hoc comparisons between groups showed a
significant difference regarding the duration of immobility
between control and the group that received 15 mg/kg of
magnesium (p < 0.001), control and the group which
received 30 mg/kg of magnesium (p < 0.001), control and
the group which received 50 mg/kg of magnesium (p <
0.001). No significant difference regarding the immobility
time was found between the control group and the group
which received 7.5 mg/kg of magnesium (p = 0.801). Other
statistically significant difference were found between the

group of rats which received 7.5 mg/kg of magnesium and
the group which received 15 mg/kg (p < 0.001), between
the group of rats which received 7.5 mg/kg of magnesium
and the group which received 30 mg/kg (p < 0.001),
between the group of rats which received 7.5 mg/kg of
magnesium and the group which received 50 mg/kg (p <
0.001), between the group of rats which received 15 mg/
kg of magnesium and the group which received 30 mg/kg
(p < 0.001), between the group of rats which received 15
mg/kg of magnesium and the group which received 50
mg/kg (p < 0.001). However, no significant difference was
found between the group that received 30 mg/kg and the
group that received 50 mg/kg (p = 0.962).

The first objective of our study was to validate the
hypothesis according to which the administration of
magnesium will decrease depression symptoms,
measured as time of immobility in the forced swim test in
our sample of rats. The results obtained after statistically
analyzing our data, showed that the rats from the control
group presented a significantly longer duration of the
immobility when compared to the groups that received 15
mg/kg, the group that received 30mg/kg or the group that
received the maximum dosage of 50 mg/kg magnesium.
The only non-significant difference between the control
group and one of the other groups was showed by our post
hoc analysis regarding the control rats and the rats that
received the lowest dosage of magnesium (7.5 mg/kg).
To be more precise, the rats in control group had a mean
duration of immobility of 109.75 seconds, whilst the group
of rats that received the lowest dosage of magnesium from
our experiment (7.5 mg/kg) had a mean duration of
immobility of 110.38 seconds. Therefore, the results
presented by our study suggest that a minimum dosage of
magnesium exists in order to see a significant
improvement in depression-like symptoms in the forced
swim models for rats.

The second objective of our study was to determine if
an optimal dose-response of magnesium exists for reducing
the duration of immobility in the forced swim test. Our
results suggest that, at least in our sample of rats, an optimal
dose-response appears to exist. As before mentioned a
dose of 7.5 mg/kg was too low to generate any significant
response in the duration of immobility of the rats. The
significant improvements were observed starting with the
dose of 15 mg/kg, and continued with the doses of 15 mg/
kg and 30 mg/kg of magnesium. The interesting results
from our post hoc analysis showed that these
improvements stopped at 30 mg/kg of magnesium. No
significant improvement in the depression-like symptoms
in our animal model was observed between the group of
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rats that received 30 mg/kg of magnesium and the rats
that received a higher dose of 50 mg/kg. Precisely, the rats
that received a dose of 30 mg/kg of magnesium had a
mean duration of immaobility of 80.88 seconds, whilst the
group of rats that received the highest dosage of
magnesium from our experiment (50 mg/kg) had a mean
duration of immobility of 80.75 seconds These findings
suggest that an optimal dose-response of magnesium for
reducing the duration of immobility of rats in the forced
swim test exists and it is around 30 mg/kg.

Therefore, an involvement of magnesium in the
pathophysiology and treatment of depression is likely and
has been previously suggested. Studies available in the
literature show that depressed patients display a lower level
of magnesium plasma. Furthermore, the same studies
show that the same patients increase their magnesium
level during recovery [23, 24]. The results are also similar
in the animal models of depression. It has been
demonstrated in various animal models that magnesium
possesses the antidepressant-like effects. Regarding the
results of our study, they are in concordance with those
found in the literature. In these studies it has been showed
that magnesium significantly reduces the immobility time
in the forced swim test, and that these improvements are
similar to those found in the imipramine treatment [25].
Regarding the optimal dosage for maximum response,
available literature suggests that magnesium has an
optimal antidepressant-like effect in the forced swim test
in mice, when given at the dose 20-30 mg/kg [26].

Our present study indicates that magnesium reduces
the immobility time of rats in the forced swim test.
However, a minimum dosage seems to exist and it should
be around 15 mg/kg. Furthermore, a maximum dosage
also appears to exist. In our sample of rats, the significant
improvements in the depression-like behavior ceased at
30 mg/kg, suggesting that a dose of 50 mg/kg has no further
benefits in reducing depression symptoms in the forced
swim test compared to 30 mg/kg of magnesium.

As previously described by our group, these data
presented here could exhibit an important matter on the
management of the cardiovascular disorders also, since it
was previously showed, by authors such Rosique-Esteban
[27], Efstratiadis [28] and Dinicolantonio [29] that
Magnesium will descrease the risk for ischemic heart
disease and coronary heart disease, diminishing also other
factors such diabetes, hypertension, metabolic syndrome
[27-29].

Also there seems to be a correlation also between
depression and the cardiovascular risk factors, with an
extensive review for example by the Dhar et al [30] in
2016 stating that some biological mechanism of these
disorders are intricate in a very complex way, being again
related to commune risk factors such as hypertension,
diabetes mellitus, and cigarette smoking and suggesting
some commune ways to tackle the path physiological
mechanisms of both these disorders. This could have of
course an increased relevance for the management of both
depression and the cardiovascular disorders.

Conclusions

Thus, we are proposing here an original study on the
correlations between magnesium and depression and their
cardiovascular relevance in this context, by the usage of
the experimental forced swim test specific task in rats.
The final data we are showing here could have an
increased relevance in the management of these disorders,
and in the further understanding of their mechanisms and
the biochemical magnesium supplementation.
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