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Abstract

The antidepressant- and anxiolytic-like effects of magnesium, an N-methyl-D-aspartate (NMDA) glutamate receptor inhibitor, were

studied in mice using the forced swim test and elevated plus-maze test, respectively. The doses of 20 and 30 mg Mg/kg, reduced immobility

time in the forced swim test exerting antidepressant-like activity. In the elevated plus-maze test, magnesium at the same doses produced

anxiolytic-like effect. The doses of magnesium active in both tests did not affect locomotor activity. To evaluate the tolerance to these effects,

we also performed experiments on the following acute/chronic magnesium treatment schedule: chronic saline and saline challenge at 0.5

h before behavioral experiments or serum magnesium determination (S + S), chronic saline and magnesium challenge (S +Mg), chronic

magnesium and saline challenge (Mg + S), chronic magnesium and magnesium challenge (Mg +Mg). The antidepressant- and anxiolytic-like

effect of magnesium was demonstrated in groups treated acutely and chronically with magnesium (Mg+Mg), but not in the Mg+S group.

Moreover, these effects seem to be connected with at least 58% increase in serum magnesium concentration.

The results indicate that magnesium induces the antidepressant- and anxiolytic-like effects without tolerance to these activities, which

suggests a potential antidepressant and anxiolytic activity of magnesium in these disorders in humans.
D 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Magnesium (Mg) is an essential mineral that is needed for

a broad variety of physiological functions. The symptoms of

magnesium deficiency are variable and associated with

nonspecific clinical signs. Very often, neuromuscular hyper-

excitability, cardiac arrhythmias, increased muscle tension,

muscle cramps, increased stress susceptibility, and headaches

are observed (Iannello and Belfiore, 2001). Moreover, defi-

ciency of Mg ions has been related to depressive disorders

(Rasmussen et al., 1989; Hashizume and Mori, 1990). In
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animals, Mg reduces immobility in the forced swim test

similarly to the conventional antidepressant, imipramine

(Decollogne et al., 1997). Moreover, Mg depletion for 21

days in mice leads to an increase in anxiety- and depression-

like behavior, manifested with a decreased struggling in the

forced swim test and increased preference for the dark

compartment in the light–dark test (Murck, 2002).

The main effect of magnesium is connected with its action

on glutamate receptors. Magnesium is an inhibitor of the N-

methyl-D-aspartate (NMDA) receptor (the ionotropic glutamate

receptor). The activation of NMDA receptor ion channel is

blocked by Mg2 + in a voltage-dependent manner (Mori et al.,

1992). In vitro, this blockade operates at extracelullar Mg2 +

concentrations of less than 1 mM, which are within the range of

those found in the cerebrospinal fluid and plasma of humans

and animals (Morris, 1992). It has been suggested that this
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mechanism is probably responsible for antidepressant-like

effects in the forced swim test in mice (Decollogne et al., 1997).

Several clinical studies demonstrated low serum Mg

level in depressed patients (e.g., Hashizume and Mori,

1990; Zie�ba et al., 2000); however, the data are inconsistent
because no alterations or increases in blood Mg have been

observed (Murck, 2002). A decrease in Mg concentration in

the cerebrospinal fluid has been reported in subjects after

suicidal attempts (Banki et al., 1985). Moreover, the mood-

stabilizing properties of Mg have been demonstrated in case

reports in patients with mania (Pavlinac et al., 1979).

Because depression and anxiety coexist in clinical prac-

tice (Zimmerman et al., 2000), the abovementioned data

prompted us to more extensively examine antidepressant

and anxiolytic activity of Mg in mice models, using the

forced swim test and elevated plus-maze test, respectively.
2. Materials and methods

2.1. Animals

All procedures were approved by the Ethical Committee

of the Medical University School, Lublin and the Institute of

Pharmacology Polish Academy of Sciences, Cracow. The

experiments were carried out on male Albino Swiss mice

(25–30 g). The animals were kept under a normal day–night

cycle with free access to food and water. Each experimental

group consisted of 8–15 animals. Magnesium salts [chloride

(Sigma), sulfate (Sigma), hydroaspartate (Farmapol)] were

administered intraperitoneally 0.5 h before the test in acute

experiments. Control animals received a vehicle. In chronic

experiments, magnesium hydroaspartate was administered

intraperitoneally for 14 days, once daily. Experiments were

performed 24 h after the last magnesium or saline injections.

2.2. Forced swim test

The studies were carried out on mice according to the

method of Porsolt et al. (1997). Mice were dropped individ-

ually into glass cylinders (height 25 cm, diameter 10 cm)

containing 10 cm of water, maintained at 23–25 jC. Mice

were left in the cylinder for 6 min. After the first 2 min, the

total duration of immobility in rats was measured during a 4-

min test. The mouse was judged to be immobile when it

remained floating passively in the water.

2.3. Elevated plus-maze test

The studies were carried out on mice according to the

method of Lister (1987). The plus-maze apparatus was made

of Plexiglas and consisted of two open (30� 5 cm) and two

enclosed (30� 5� 15 cm) arms. The arms extended from a

central platform of 5� 5 cm. The apparatus was mounted on

a Plexiglas base raising it 38.5 cm above the floor and

illuminated by red light. The test consisted of placing a
mouse in the center of the apparatus (facing a enclosed arm)

and allowing it to freely explore. The number of entries into

the open arms and the time spent in these arms were scored

for a 5-min test period. An entry was defined as placing all

four paws within the boundaries of the arm. The following

measures were obtained from the test: the total number of

arm entries; the percentage of arm entries into the open

arms; the time spent in the open arms expressed as a

percentage of the time spent in both the open and closed

arms. Anxiolytic activity was indicated by increases in time

spent in open arms or in number of open arm entries. Total

number of entries into either type of arm was used as a

measure of overall motor activity.

2.4. Locomotor activity

Locomotor activity of mice was measured with photo-

resistor actometers (circular cages, diameter 25 cm, two

light beams). The animals were placed individually in an

actometer for 10 min. Activity was measured at 5-min

intervals to characterize dynamics of changes. The number

of crossed light beams by the mice was recorded as the

locomotor activity.

2.5. Determination of serum magnesium concentration

Total magnesium concentration in blood serum was

determined by calmagite method, which is precise and has

a high correlation coefficient with atomic absorption spec-

trometry (Ryan and Barbour, 1998). Serum was isolated by

centrifugation 1 h after collection and coagulation of trunk

blood. Ten microliters of serum was added to 1 ml of the

commercially available reagent (Prohand, Lodz, Poland)

and the absorbance of the solution was read at 520 nm in

a spectrophotometer (Ultrospect 2000, Pharmacia Biotech).

2.6. Statistics

The obtained data were evaluated by the one-way or two-

way analysis of variance (ANOVA), followed by Dunnett’s

multiple-comparisons test. All results are presented as means

F S.E.M. P< .05 was considered as statistically significant.
3. Results

3.1. Effects of magnesium in the forced swim test in mice

The effect of magnesium chloride, sulfate and hydro-

aspartate (at the doses 10, 20 and 30 mg Mg/kg) in the

forced swimming test in mice is demonstrated in Table 1.

The doses of 20 and 30 mg Mg/kg significantly reduced the

immobility time, while the dose of 10 mg Mg/kg had no

effect [ANOVA: F(3,28) = 4.03, P < .01; F(5,36) = 12.55,

P < .0001; F(3,28) = 20.29, P < .0001 (for chloride, sulfate

and hydroaspartate, respectively)].



Table 1

Effects of magnesium administration on the immobility time in the forced

swimming test in mice

Compound Dose

(mg Mg/kg)

Immobility time (s)

Vehicle 188.3F 10.57

Magnesium chloride 10 172.0F 7.86

Magnesium chloride 20 148.4F 13.18*

Magnesium chloride 30 146.0F 7.48*

Vehicle 190.0F 3.36

Magnesium sulfate 10 175.0F 6.82

Magnesium sulfate 20 123.8F 10.92**

Magnesium sulfate 30 137.7F 9.70**

Vehicle 148.5F 4.52

Magnesium hydroaspartate 10 139.9F 7.61

Magnesium hydroaspartate 20 104.0F 8.18**

Magnesium hydroaspartate 30 88.88F 3.80**

Magnesium (chloride, sulfate and hydroaspartate) was administered 0.5

h before the test. The values represent meansF S.E.M. (n= 10 mice per

group).

* P < .05 vs. the control vehicle-treated group (Dunnett’s test).

Table 2

The effects of magnesium administration on spontaneous locomotor activity

in mice

Compound Dose mg Mg/kg Activity counts

5 min 10 min

Vehicle 82.85F 4.76 126.0F 9.94

MgCl 20 78.25F 7.00 119.5F 3.40

MgCl 30 80.88F 7.41 135.6F 15.02

Magnesium (magnesium chloride) was administered 0.5 h before the test.

The values represents meansF S.E.M. (n= 10 mice per group).

E. Poleszak et al. / Pharmacology, Biochemistry and Behavior 78 (2004) 7–12 9
3.2. Effects of magnesium in the elevated plus-maze test

The effect of magnesium hydroaspartate (at the doses 10,

20 and 30 mg Mg/kg) in the elevated plus-maze test in mice

** P < .01 vs. the control vehicle-treated group (Dunnett’s test).
Fig. 1. Effects of magnesium administration on percentage of open arm

entries (A) and percentage of time spent in open arms (B) in an elevated

plus-maze procedure. Magnesium was administered 0.5 h before the test.

Data represent meansF S.E.M. of 10 mice per group. * * P < .01,

* * *P < .001 vs. control vehicle-treated group (Dunnett’s test).
is demonstrated in Fig. 1. Magnesium dose-dependently

increased the percentage of open-arm entries, and the results

obtained with doses of 20 and 30 mg Mg/kg reached

statistical significance [Fig. 1A; ANOVA: F(3,26) = 5.83,

P < .0035]. There was also a dose-dependent increase in the

percentage of time spent in the open arms and the effects of

doses of 20 and 30 mg Mg/kg were statistically significant

[Fig. 1B; ANOVA: F(3,22) = 10.84, P < .0001].

3.3. Effect of magnesium on spontaneous locomotor activity

in mice

The effects of magnesium on spontaneous locomotor

activity in mice are shown in Table 2. Magnesium admin-

istered at the doses of 20 and 30 mg Mg/kg did not influence

the locomotor activity in mice.

3.4. Effect of acute and chronic magnesium administration

on the immobility time in the forced swim test in mice

The effects of acute and chronic magnesium treatment on

the immobility time in the forced swim test are presented in
Fig. 2. Effect of acute and chronic treatment with magnesium on the

immobility time in the forced swimming test in mice. The following

treatment schedules were applied: chronic saline and saline challenge at 0.5

h before behavioral experiments (S + S), chronic saline and magnesium

challenge (S +Mg), chronic magnesium and saline challenge (Mg+ S),

chronic magnesium and magnesium challenge (Mg+Mg). Magnesium

(magnesium hydroaspartate) was administered at the dose of 30 mg Mg/kg.

Data represent meansF S.E.M. (n= 8–12). *P < .05 vs. control (S + S)

group (Dunnett’s test).



Table 3

The effects of magnesium administration on serum magnesium level in

mice

Treatment

Magnesium level

(mg Mg/100 ml)

Percentage

of control

S + S 2.11F 0.06 100

S +Mg 3.67F 0.14* 174

Mg+ S 2.94F 0.10* 139

Mg+Mg 3.33F 0.14* 158

Magnesium (magnesium hydroaspartate) at the dose of 30 mg Mg/kg was

administered according to the following schedule: chronic saline and saline

challenge at 0.5 h before experiments (S + S), chronic saline and

magnesium challenge (S +Mg), chronic magnesium and saline challenge

(Mg +S), chronic magnesium and magnesium challenge (Mg+Mg). The

values represents meansF SEM (n= 15 mice per group).

*P < .05 vs. control (S + S) group (Dunnett’s test).
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Fig. 2. Two-way ANOVA revealed no chronic treatment

effect [F(1,38) = 2.21, P=.1455] and significant magnesium

challenge effect [F(1,38) = 15.44, P=.0003]. Moreover, there

is no interaction between groups [F(1,38) = 2.73, P=.1070].

Magnesium administered acutely (S +Mg) or chronically

with magnesium challenge (Mg +Mg), but not with last Mg

injection 24 h before saline challenge (Mg + S), significantly

reduced the immobility time (Fig. 2).

3.5. Effect of acute and chronic magnesium administration

on the time spent in the open arms of the elevated plus-maze

in mice

The effects of acute and chronic magnesium treatment on

percentage time spent in the open arms of the elevated plus-

maze are presented in Fig. 3. Two-way ANOVA revealed no

chronic treatment effect [F(1,39) = 0.0284, P=.8670] and

significant magnesium challenge effect [F(1,39) = 13.85,

P=.0006]. Moreover, there is no interaction between groups

[F(1,39) = 0.2116, P=.6481]. Magnesium administered

acutely (S +Mg) or chronically with magnesium challenge

(Mg +Mg) significantly reduced the time spent in the open

arms. However, magnesium administered chronically with

saline challenge (Mg +S) did not affect the time spent in the

open arms (Fig. 3).

3.6. Effect of acute and chronic magnesium administration

on serum magnesium level in mice

The effects of acute and chronic magnesium treatment on

serum magnesium level are presented in Table 3 [ANOVA:

F(3,56) = 34.351, P < .0001]. Different magnesium treat-
Fig. 3. Effect of acute and chronic treatment with magnesium on the time

spent in open arms in the elevated plus-maze in mice. The following

treatment schedules were applied: chronic saline and saline challenge at 0.5

h before behavioral experiments (S + S), chronic saline and magnesium

challenge (S +Mg), chronic magnesium and saline challenge (Mg+ S),

chronic magnesium and magnesium challenge (Mg +Mg). Magnesium

(magnesium hydroaspartate) was administered at the dose of 30 mg Mg/kg.

Data represent meansF S.E.M. (n= 10–12). *P < .05 vs. control (S + S)

group (Dunnett’s test).
ment schedules, acute or chronic, significantly (by 39–

74%) increased serum magnesium level.
4. Discussion

Antidepressant therapy includes drugs mostly affecting

monoamine reuptake or metabolism, as well as nonpharma-

cologic management, such as electroconvulsive shock

(Hollister and Csernansky, 1990). However, the mechanism

of antidepressant therapy is still the matter of dispute

(Vetulani and Nalepa, 2000). Recent data have suggested

that glutamate NMDA receptor may be involved in the

mechanism of action of antidepressant treatments (Skolnick

et al., 1996, 2001; Skolnick, 1999). Several studies have

demonstrated that the NMDA receptor antagonists exhibit

antidepressant-like activity in tests/models, such as forced

swim test, chronic unpredictable stress, chronic mild stress

and olfactory bulbectomy (Layer et al., 1995; Maj et al.,

1992a,b, 1994; Moryl et al., 1993; Ossowska et al., 1997;

Papp and Moryl, 1994, 1996; Przegaliński et al., 1997;

Redmond et al., 1997; Trullas and Skolnick, 1990). More-

over, zinc ion, an antagonist of NMDA receptor, is active in

rodent forced swim test and olfactory bulbectomy model

(Kroczka et al., 2000, 2001; Nowak et al., 2003). Besides

antidepressant-like effects, the NMDA receptor antagonists

exhibit anxiolytic-like activity, examined in the elevated

plus-maze test (Dunn et al., 1989; PlCaźnik et al., 1994; Wiley

et al., 1995; Przegaliński et al., 1996; Pilc et al., 2002).

Thus, antidepressant- and anxiolytic-like properties of

NMDA receptor ligands suggest the involvement of gluta-

matergic system in the mechanism of antidepressant and

anxiolytic action (Pilc et al., 2002).

Involvement of magnesium in the antidepressant effects

was demonstrated previously (Decollogne et al., 1997). In

the forced swim test, magnesium salts reduced the immo-

bility time and this effect was comparable with that ob-

served with imipramine or MK-801 (Decollogne et al.,

1997). The effect of magnesium in the forced swim test

was observed at its doses between 30 and 100 mg/kg
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(Decollogne et al., 1997). Thus, the present results con-

firmed antidepressant-like activity of magnesium in the

forced swim test also at the lower dose than previously

demonstrated. The doses active in this test did not influence

locomotor activity of animals. Hence, simple increase in

motor activity does not participate in the antidepressant-like

action.

The present study is the first demonstration of an

anxiolytic-like activity of magnesium. The results showed

that magnesium significantly increased the time spent in the

open arms and the number of open arm entries without

affecting motor activity.

Treatment of depression in humans requires chronic

(weeks) administration of antidepressants for manifestation

of the therapeutic effect (Oswald et al., 1972), thus, the

neuronal adaptive alterations seem to participate in mecha-

nism(s) of action of antidepressants. For this reason, it is

important to examine if tolerance to the acute antidepres-

sant-like effect develops after prolonged treatment with an

antidepressant agent. Development of tolerance is also an

important factor in anxiolytic activity (Pilc et al., 2002).

Our data demonstrate that chronic treatment with mag-

nesium does not alter both measured behavioral responses to

magnesium challenge 24-h after the last dose. Moreover,

challenge with saline in chronically magnesium treated

group does not exhibit behavioral effect. At that time, a

39% increase in serum magnesium level is present. Thus,

the antidepressant- and anxiolytic-like activity of magne-

sium seems to be connected with a rise (by at least 58%) in

serum magnesium concentration.

The results indicate that magnesium induces the antide-

pressant- and anxiolytic-like effects in animals without

development of tolerance to these actions, which strongly

suggests a potential antidepressant and anxiolytic activity of

magnesium in these disorders in humans.

Our data further support the notion that inhibition of the

NMDA receptor activity is involved in the mechanisms of

both antidepressant and anxiolytic activity.
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Zięba A, Kata R, Dudek D, Schlegel-Zawadzka M, Nowak G. Serum trace

elements in animal models and human depression: III. Magnesium.

Relationship with copper. Hum Psychopharmacol Clin Exp 2000;15:

631–5.

Zimmerman M, Mcdermut W, Mattia JI. Frequency of anxiety disorders in

psychiatric outpatients with major depressive disorder. Am J Psychiatry

2000;157:1337–40.


	Antidepressant- and anxiolytic-like activity of magnesium in mice
	Introduction
	Materials and methods
	Animals
	Forced swim test
	Elevated plus-maze test
	Locomotor activity
	Determination of serum magnesium concentration
	Statistics

	Results
	Effects of magnesium in the forced swim test in mice
	Effects of magnesium in the elevated plus-maze test
	Effect of magnesium on spontaneous locomotor activity in mice
	Effect of acute and chronic magnesium administration on the immobility time in the forced swim test in mice
	Effect of acute and chronic magnesium administration on the time spent in the open arms of the elevated plus-maze in mice
	Effect of acute and chronic magnesium administration on serum magnesium level in mice

	Discussion
	Acknowledgements
	References


