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Abstract:

The antidepressant-like activity of magnesium, the non-specific N-methyl-D-aspartate glutamate receptor antagonist, in the mice

forced swim test was demonstrated previously. In the present study, the effects of this biometal were studied in the rat forced swim

test. Magnesium (MgCl�) at doses ranging from 15 to 50 mg Mg/kg reduced the immobility time in the forced swim test, thus

exerting antidepressant-like activity. To evaluate tolerance to this effect, we also performed experiments with the following

acute/chronic magnesium treatment schedule: 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). The antidepressant-like effect of magnesium was demonstrated in the group treated acutely with

magnesium (S + Mg) but not in the chronically treated group (Mg + S) and (Mg + Mg). It is interesting to note that in Mg + Mg group

serum concentration of magnesium was quite similar to the S + Mg group (6.44 vs. 6.08 mg/100 ml, respectively), which displayed

antidepressant-like effect.

The results confirmed that magnesium administered acutely induced the antidepressant-like effects also in rats. However, contrary to

mice, chronic treatment with magnesium induced tolerance to this effect in rats.
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Introduction

Magnesium (Mg) is the most abundant biometal in the

organism that occurs physiologically in intracellular

and extracellular fluids. It is a co-factor in hundreds

of enzymatic reactions [24]. Magnesium deficiency is

now considered to contribute to many diseases and

the role of magnesium as a therapeutic agent is being

tested in numerous clinical trials. Data from experi-
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mental and epidemiological studies suggest that dis-

turbances in magnesium metabolism occur in affec-

tive disorders [4, 14]. Several clinical studies reported

decreases in magnesium concentration in the blood of

depressed patients [3, 23, 29, 30]. In animals Mg defi-

ciency leads to reduction in offensive and an increase

in defensive behavior [9]. Mice with low erythrocyte

Mg levels showed a more restless behavior and more

aggressive behavior under stressful conditions [6]. In

the forced swim test, Mg reduces immobility simi-

larly to imipramine (IMI) or MK-801 [2, 21]. The

mechanism of pharmacological action of Mg is proba-

bly connected with the non-competitive blockade of

N-methyl-D-aspartate (NMDA) receptors [13, 15]. This

mechanism is probably responsible for antidepressant-

like effect in the forced swim test in mice [2].

Our previous results demonstrated the antidepressant-

like activity of Mg in mice forced swim test without

tolerance during chronic treatment and supported the

notion that inhibition of the NMDA receptor activity

is involved in the mechanisms of antidepressant

activity. In the present study, we have investigated the

effects of acute and chronic treatment of Mg in the

forced swim test in rats.

Materials and Methods

Animals

All procedures were approved by the Ethical Commit-

tee of the Medical University School, Lublin. The ex-

periments 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 6–8 animals.

Magnesium [as chloride (Fluka)] was administered

intraperitoneally (ip). The doses refer to the elemental

Mg and the volume of the injected solutions was

5 ml/kg. The following schedules of treatment were

used: sub-chronic – three times 24, 5 and 1 h before

the test; control animals received ip injections of sa-

line (vehicle), and chronic – 14 times at 24-h inter-

vals; saline and saline challenge took place 0.5 h be-

fore behavioral experiments (S + S), chronic saline

and magnesium challenge (S + Mg), chronic magne-

sium and saline challenge (Mg + S), chronic magne-

sium and magnesium challenge (Mg + Mg).

Forced Swim Test

The studies were carried out on rats according to the

method of Porsolt et al. [22]. The rats were placed in-

dividually in glass cylinders (40 cm high, 18 cm in di-

ameter) containing 15 cm of water, maintained at

23–25°C. 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 a 5-min test.

The rats were judged to be immobile when they re-

mained floating passively in the water.

Determination of magnesium concentration in

serum

Total Mg concentration in serum was determined by

xylidyl blue method [8]. Serum was separated by cen-

trifugation at 5,000 × g for 10 min at 4°C, 1 h after

collection and coagulation of trunk blood, and stored

at –20°C until analysis. 10 �l of thawed serum was

added to 1 ml of the commercially available reagent

(Liquick Cor-Mg 30, Cormay, Lublin, Poland) and the

absorbance of the solution was read at 520 nm in

a spectrophotometer (Specord M40, Carl Zeiss, Jena,

Germany). Mg concentrations were calculated as

mg/100 ml.

Statistical analysis

The obtained data were evaluated by the one-way

analysis of variance (ANOVA), followed by post hoc

Dunnett’s (forced swim test) or Tukey-Kramer’s (se-

rum magnesium levels) multiple comparisons tests.

All results are presented as the means ± SEM. A dif-

ference was considered significant when p < 0.05.

Results

Effects of magnesium in the forced swim test in

rats

The effects of sub-chronic treatment with magnesium

(MgCl2) on the total duration of immobility time in

rats are shown in Figure 1. Magnesium given three

times at a dose of 7.5 mg/kg had no effect on the im-

mobility time in rats. Magnesium at doses 15, 30 and

50 mg/kg significantly shortened the immobility time
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by approximately 50%. Raw data were as follows:

control: 109 s/5 min; magnesium 7.5 mg/kg, 188 s/5 min;

magnesium 15 mg/kg, 99 s/5 min; magnesium

30 mg/kg, 82 s/5 min; magnesium 50 mg/kg, 81s/5 min.

[ANOVA, F (4, 39) = 13.74; p < 0.0001].

Effects of acute and chronic magnesium ad-

ministration on the immobility time in the

forced swim test in rats

The effects of chronic treatment with magnesium

(MgCl2) on the total duration of immobility time in

rats are shown in Figure 2. Magnesium administered

acutely (S + Mg) produced antidepressant-like effect.

Administration of magnesium with magnesium chal-

lenge (Mg + Mg) and with last magnesium injection

24 h before saline challenge (Mg + S) did not influ-

ence the immobility time in rats. [ANOVA, F (3, 18)

= 5.36; p < 0.008].

Effect of chronic magnesium administration on

serum magnesium level in rats

The effects of acute and chronic magnesium treatment

on serum magnesium concentration in rats subjected

to FST are presented in Table 1 (ANOVA: F(4, 22) =

126.09, p < 0.0001). Swim stress (rats subjected to

FST) increased (by 30%) the Mg concentration in se-

rum compared to naive animals. Magnesium treat-

ment schedules, acute or chronic, significantly (over

100%) increased serum magnesium level compared

with control group (S + S). Chronic magnesium and

saline challenge (Mg + S) did not change magnesium

level compared with control group (S + S).

Discussion

Antidepressant therapy is remarkably diverse, encom-

passing both drugs and non-pharmacological inter-

ventions such as electroconvulsive shock (ESC) [7].

Since clinical efficacy of currently available antide-

pressants is not satisfactory, search for better drugs is
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Fig. 1. The effects of sub-chronic treatment with magnesium (MgCl
�
)

on the total duration of immobility time in rats. Magnesium was given
three times: 24 h, 5 h, and 1 h before the test. The immobility time was
measured during a 5 min experimental session. Each column repre-
sents the mean value (± SEM) from 6–8 rats per group. ANOVA fol-
lowed by Dunnett’s test, * p < 0.001
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Fig. 2. The effects of acute and chronic treatment with magnesium
(MgCl

�
) on the total duration of immobility time in rats. The following

treatment schedules were applied: chronic saline and saline chal-
lenge 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 was administered at the dose of 30 mg/kg.
Each column represents the mean value (± SEM) from 6–8 rats per
group. ANOVA followed by Dunnett’s test, * p < 0.01

Tab. 1. The effects of magnesium administration on serum magne-
sium level in rats subjected to forced swim test (FST)

Treatment Mg concentration

Serum (mg/100 ml) Percentage of control

Naive (–FST) 2.67 ± 0.09 100

S + S (+ FST) 3.49 ± 0.22� 130

S + Mg (+ FST) 6.44 ± 0.08* 241

Mg + S (+ FST) 2.91 ± 0.12 109

Mg + Mg (+ FST) 6.08 ± 0.23 * 228

Magnesium (magnesium chloride) 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 represent the means ± SEM (n = 6–8 rats per
group). ANOVA revealed F(4, 22) = 126.09, p < 0.0001 for serum
concentrations.

�
p < 0.05 vs. naive group, * p < 0.001 vs. control

(S + S) group (Tukey-Kramer test)



still in progress. From the beginning of the 1990s

the glutamate receptors emerge as target for develop-

ment of new antidepressants. Particularly, studies

demonstrated that functional antagonists of NMDA

receptor complex exhibit an antidepressant-like ef-

fects in an animal tests and models of depression

[25–27]. Recent clinical study demonstrated that keta-

mine, a potent NMDA antagonist, exhibited rapid an-

tidepressant effects in the depressed patients [1].

Also, zinc, the NMDA receptor antagonist, is active in

animal tests and models of depression [10, 11, 16,

28]. A reduced zinc serum concentration was demon-

strated in depressed patients, which was normalized

only after successful antidepressant therapy [12, 18,

19]. Moreover, our preliminary clinical study indi-

cated that zinc supplementation of antidepressant

therapy significantly enhanced efficacy of this treat-

ment in patients with unipolar depression [17].

Likewise, an involvement of magnesium in the pa-

thophysiology and treatment of depression has been

previously suggested. A lower magnesium plasma

concentration was demonstrated in depressed patients,

and the increased magnesium level was shown during

recovery [3, 4]. Furthermore, magnesium used as sup-

plementary therapy to lithium, benzodiazepines and

neuroleptics in mania, significantly reduced the use of

these drugs [5]. It was demonstrated previously that

magnesium possesses the antidepressant-like effects.

Magnesium salts reduced the immobility time in the

forced swim test similarly to imipramine and MK-801

in mice [2]. Our previous study also demonstrated

that magnesium had an antidepressant-like effect in

the forced swim test in mice, when given at the dose

20–30 mg Mg/kg [21].

Our present study indicates that magnesium admin-

istered acutely or sub-chronically reduces the immo-

bility time of rats in the forced swim test. In the treat-

ment of clinical depression, chronic administration of

antidepressants is necessary for the therapeutic effect

to appear, as demonstrated by e.g. Oswald et al. [20].

For this reason, we examined whether tolerance to

magnesium antidepressant-like effect develops after

prolonged treatment. Chronic treatment with magne-

sium (magnesium challenge 24 h after the last magne-

sium dose, or saline challenge 24 h following the last

magnesium injection) did not produce behavioral re-

sponse. Antidepressant-like activity of magnesium

was accompanied with a 111% rise in serum magne-

sium concentration in rats. However, similar increase

by 98% in serum magnesium concentration was not

reflected by the antidepressant effect. Thus, tolerance

developed to the antidepressant action of magnesium,

without significant alterations in magnesium serum

concentration. Therefore, a pharmacokinetic compo-

nent seems not to be responsible for the observed ef-

fect in rats. In comparison, in mice not subjected to

FST, the magnesium antidepressant effects (acute and

chronic) were observed when serum magnesium con-

centration rose by about 50% over the control [21].

The lack of effect after chronic magnesium treatment

may be caused by a pharmacodynamic factor or by al-

terations in brain magnesium concentrations, which is

not related to serum magnesium homeostasis.

The present results confirm that magnesium exhib-

its antidepressant-like activity also in rats. However,

contrary to mice, chronic treatment with magnesium

induced tolerance to this effect in rats.

References:

1. Berman RM, Capiello A, Anand A, Oren DA, Heninger

GR, Cherney DS, Krystal JH: Antidepressant effects of

ketamine in depressed patients. Biol Psychiatry, 1999,

47, 351–354.

2. Decollogne S, Tomas A, Lecerf C, Adamowicz E, Seman

M: NMDA receptor complex blockade by oral admini-

stration of magnesium: comparison with MK-801. Phar-

macol Biochem Behav, 1997, 58, 261–268.

3. Frizel D, Coppen A, Marks V: Plasma magnesium and

calcium in depression. Br J Psychiatry, 1969, 115, 1375–1377.

4. Hashizume N, Mori M: An analysis of hypermagnesemia

and hypomagnesemia. Jap J Med, 1990, 29, 368–372.

5. Heiden A, Frey R, Presslich O, Blasbichler T, Smetana

R, Kasper S.: Treatment of severe mania with intrave-

nous magnesium sulphate as a supplementary therapy.

Psychiatry Res, 1999, 3, 239–246.

6. Henrotte JG, Franck G, Santarromana M, Frances H,

Mouton D, Motta R: Mice selected for low and high

blood magnesium levels: a new model of stress studies.

Physiol Behav, 1997, 61, 653–658.

7. Hollister LE, Csernansky JG: Clinical Pharmacology of

Psychotherapeutic Drugs, 3rd edn., Churchill Living-

stone, New York, 1990.

8. Hulanicki A: Magnesium: chemical properties and meth-

ods of determination. Clin Chem Enzym Commun, 1993,

5, 135–142.

9. Kantak KM: Magnesium deficiency alters aggressive be-

havior and catecholamine function. Behav Neurosci,

1988, 102, 304–311.

10. Kroczka B, Branski P, Palucha A, Pilc A, Nowak G:

Antidepressant-like properties of zinc in rodent forced

swim test. Brain Res Bull, 2001, 55, 297–300.

�����������	��� 
������ ����� ��� ������� 657

Magnesium effects in the forced swim test
��� �����	�
 �� ���



11. Kroczka B, Ziêba A, Dudek D, Pilc A, Nowak G: Zinc

exhibits an antidepressant-like effects in the forced

swiming test in mice. Pol J Pharmacol, 2000, 52, 403–406.

12. Maes M, Vandoolaeghe E, Neels H, Demedts P, Wauters

A, Meltzer HY, Altamura C, Desnyer R: Lower serum

zinc in major depression is a sensitive marker of treat-

ment resistance and of the immune/inflammantory re-

sponse in that illness. Biol Psychiatry, 1997, 42, 349–358.

13. Mori H, Masaki H, Yamakura T, Mishina M: Identifica-

tion by mutagenesis of a Mg� � -block site of the NMDA

receptor channel. Nature, 1992, 358, 673–675.

14. Murck H: Magnesium and affective disorders. Nutr Neu-

rosci, 2002, 5, 375–389.

15. Novak L, Bregestowski P, Acher P, Herbert A, Prochi-

antz A: Magnesium gates glutamate-activated channels

in mouse central neurons. Nature, 1984, 307, 462–465.

16. Nowak G, Siwek M, Dudek D, Ziêba A, Pilc A: Effect of

zinc supplementation on antidepressant therapy in unipo-

lar depression: a preliminary placebo-controlled study.

Pol J Pharmacol, 2003, 55, 1143–1147.

17. Nowak G, Szewczyk B, Wieronska JM, Branski P, Palu-

cha A, Pilc A, Sadlik K, Piekoszewski W: Antidepressant-

like effects of acute and chronic treatment with zinc in

forced swim test and olfactory bulbectomy model in rats.

Brain Res Bull, 2003, 61, 159–164.

18. Nowak G, Trullas R, Layer RT, Skolnick P, Paul IA:

Adaptive changes in the N-methyl-D-aspartate receptor

complex after chronic treatment with imipramine and 1-

amino-cyclopropanecarboxylic acid. J Pharmacol Exp

Ther, 1993, 265, 1380–1386.

19. Nowak G, Ziêba A, Dudek D, Kroœniak M, Szymaczek

M, Schlegel-Zawadzka M: Serum trace elements in ani-

mal models and human depression. Part I. Zinc. Hum.

Psychopharmacol Clin Exp, 1999, 14, 83–86.

20. Oswald I, Brezinova V, Dunleavy DLF: On the slowness

of action of tricyclic antidepressant drugs. Br J Psychiatry,

1972, 120, 673–677.

21. Poleszak E, Szewczyk B, Kêdzierska E, WlaŸ P, Pilc A,

Nowak G: Antidepressant- and anxiolytic-like activity of

magnesium in mice. Pharmacol Biochem Behav, 2004,

78, 7–12.

22. Porsolt RD, Anton G, Blavet N: Behavioral despair in

rat: A new model sensitive to antidepressant treatments.

Eur J Pharmacol, 1978, 47, 379–391.

23. Rasmussen HH, Mortensen PB, Jensen IW: Depression

and magnesium deficiency. Inter J Psychiat Med, 1989,

19, 57–63.

24. Ryan MF: The role of magnesium in clinical biochem-

istry: an overview, Ann Clin Biochem, 1991, 28, 19–26.

25. Skolnick P: Antidepressants for the new millennium. Eur

J Pharmacol, 1999, 375, 31–40.

26. Skolnick P, Layer RT, Popik P, Nowak G, Paul IA, Trul-

las R: Adaptation of N-methyl-D-aspartate receptors fol-

lowing antidepressant treatment: implications for the

pharmacotherapy of depression. Pharmacopsychiatry,

1996, 29, 23–26.

27. Skolnick P, Legutko B, Li X, Bymaster FP: Current per-

spectives on the development of non-biogenic amine-based

antidepressants. Pharmacol Res, 2001, 43, 411–422.

28. Szewczyk B, Brañski P, Wieroñska JM, Pa³ucha A, Pilc

A, Nowak G: Interaction of zinc with antidepressants in

the forced swimming test in mice. Pol J Pharmacol,

2002, 54, 681–685.

29. Widmer J, Henrotte JG, Raffin Y, Bovier P, Hillert H,

Gaillard JM: Relationship between erytrocyte magne-

sium, plasma electrolytes and cortisol and intensity of

symptoms in major depressed patients. J Affect Disord,

1995, 34, 201–209.

30. Ziêba A, Kata R, Dudek D, Schlegel-Zawadzka M,

Nowak G: Serum trace elements in animal models and

human depression: Part III. Magnesium. Relationship

with Copper. Hum Psychopharmacol Clin Exp, 2000, 15,

631–635.

Received:

March 23, 2005; in revised form: July 12, 2005.

658 �����������	��� 
������ ����� ��� �������


	Karolina Stêpieñ, Micha³ Tomaszewski, Stanis³aw J. Czuczwar
	570	REVIEW Œ Lipoic acid Œ the drug of the future?
	Anna Bilska, Lidia W³odek

	578	Taurine prevents ethanol-induced alterations in lipids and ATPases in rat tissues.
	Gullapalli Pushpakiran, Karthikeyan Mahalakshmi, Periyasamy Viswanathan, Carani V. Anuradha

	588	Protective effects of betulin and betulinic acid against ethanol-induced cytotoxicity in HepG2 cells.
	Agnieszka Szuster-Ciesielska, Martyna Kandefer-Szerszeñ

	596	Effect of pentoxifylline on hepatic injury caused in the rat by the administration of carbon tetrachloride or acetaminophen.
	Omar M.E. Abdel Salam, Ayman R. Baiuomy, Siham M. El-Shenawy, Nabila S. Hassan

	604	Effect of quercetin on experimental hyperlipidemia and atherosclerosis in rabbits.
	stefania ju�wiak, jerzy wójcicki, krzysztof mokrzycki, Mariola Marchlewicz, monika bia³ecka, lidia wenda-ró¿ewicka, barbara gawroñska-szklarz, Marek Dro�dzik

	610	Effects of (Œ)-epicatechin, a flavonoid on lipid peroxidation and antioxidants in streptozotocin-induced diabetic liver, kidney and heart.
	Sabarimuthu Darlin Quine, Pamakanthan S. Raghu

	616	Zinc prevents hematological and biochemical alterations induced by static magnetic field in rats.
	Amara Salem, Abdelmelek Hafedh, Ben Rhouma Komais, Abidi Rached, Sakly Mohsen, Ben Rhouma Khémais

	623	Effects of catecholamines on blood pressure in the long bone marrow cavity in rats with bisphosphonate-induced osteopetrosis.
	Ilona Kaczmarczyk-Sedlak, Waldemar Janiec 

	635	Effects of standard heparin and low-molecular-weight heparins on the formation of murine osteoclasts in vitro.
	Joanna Folwarczna, Leszek „liwiñski, Waldemar Janiec, Ma³gorzata Pikul

	646	A comparative study of vigabatrin vs. carbamazepine in monotherapy of newly diagnosed partial seizures in children.
	Wojciech Sobaniec, Wojciech Ku³ak, Jolanta Strzelecka, Joanna „migielska-Kuzia, Leszek Boækowski

	SHORT COMMUNICATIONS
	654	Effects of acute and chronic treatment with magnesium in the forced swim test in rats.
	Ewa Poleszak, Piotr Wla�, Ewa Kêdzierska, Maria Radziwon-Zaleska, Andrzej Pilc, Sylwia Fidecka, Gabriel Nowak


	659	Constitutive activity of b-adrenergic receptors in C6 glioma cells.
	Paulina Soko³owska, Jerzy Z. Nowak

	664	Effect of aniracetam on phospatidylinositol transfer protein alpha in cytosolic and plasma membrane fractions of astrocytes subjected to simulated ischemia in vitro.
	Bo¿ena Gabryel, Ma³gorzata Chalimoniuk, Andrzej Ma³ecki, Joanna B. Strosznajder

	670	Effect of diazepam and chlorpromazine on proliferative activity and vascular endothelial growth factor (VEGF) secretion from cultured endothelial HECa10 cells in vitro.
	Beata Misztal-Dethloff, Henryk Stêpieñ, Jan Komorowski

	675	Hemodynamic effect of propofol in enalapril-treated hypertensive patients during induction of general anesthesia.
	Ma³gorzata Malinowska-Zaprza³ka, Marzena Wojewódzka, Dorota Dryl, Stanis³awa Z.Grabowska, Ewa Chabielska
	679	Note to Contributors


	content
	cont
	contents_3'2005

