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Abstract:

Chromium (Cr) (III), an essential microelement of living organisms, was reported to exhibit potential antidepressant properties in

preclinical and clinical studies. The aim of the present study was to examine the effect of CrCl3 ip administration in the forced swim

test (FST) in mice and the involvement of glutamatergic and serotonergic receptors in the antidepressant-like activity of chromium.

CrCl3 in a dose of 12 mg/kg, but not in doses of 6 or 32 mg/kg, reduced the immobility time in the FST. The locomotor activity was

reduced by CrCl3 in a dose of 32 mg/kg. Moreover, the reduction of the immobility time induced by the active dose (12 mg/kg)

of CrCl3 was completely abolished by NBQX (10 mg/kg; an antagonist of the AMPA receptor) pretreatment and partially inhibited

by ritanserin (4 mg/kg; an antagonist of 5-HT2A/C receptor), WAY 1006335 (0.1 mg/kg; an antagonist of 5-HT1A receptor) and

N-methyl-D-aspartate (75 mg/kg; agonist of NMDA receptor) administration. The present study demonstrates the antidepressant-

like activity of chromium in the mouse FST and indicates the major role of the AMPA receptor and participation of NMDA glutama-

tergic and 5-HT1A and 5-HT2A/C serotonin receptors in this activity.
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Introduction

Chromium (Cr) is an element that can occur in nine

oxidation states (from Cr(-II) to Cr(VI)). Cr(III) is an

essential microelement of living organisms, while

Cr(VI) is highly toxic (carcinogenic, allergic, causing

asthma, cardiovascular and renal disorders) [13, 14,

22]. Biotransformation of carbohydrates and lipids

depends on the presence of Cr(III), thus its deficiency

participates in the development of diabetes [13]. On

the other hand Cr(III) supplementation improves glu-

cose tolerance (insulin sensitivity) in diabetes [1, 13].
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Co-morbidity between diabetes and depression is

very high, with diabetic patients having twice as high

a risk for depression than those who are non-diabetic.

This combination also increases the mortality risk by

over 36% [15, 17]. The antidepressant activity of

chromium salts in affective disorders was reported [7,

10, 19–21]. Furthermore, some preclinical data illus-

trated the putative antidepressant activity of Cr and

the involvement of serotonin in this action [3, 16].

The serotonin hypothesis of depression and antide-

pressant action points to the role of serotonin recep-

tors in these mechanisms (see [6] for review). Re-

cently, the glutamate system and in particular the role

of the N-methyl-D-aspartate (NMDA) and alpha-

amino-3-hydroxy-5-methylisoxazole-4-propionic acid

(AMPA) receptors in depression and antidepressant

treatment was demonstrated (reviewed in [23, 24, 30]).

The aim of the present study was: 1) to evaluate the

activity of chromium (III) chloride in the forced swim

test (FST) in mice and 2) to examine the role of the

glutamatergic NMDA and AMPA and the serotoner-

gic 5-HT1A and 5-HT2A/C receptors in the antidepres-

sant effect evoked by Cr treatment.

Materials and Methods

Animals

All procedures were conducted according to the Na-

tional Institute of Health Animal Care and Use Com-

mittee guidelines and were approved by the Ethical

Committee of the Collegium Medicum, Jagiellonian

University, Kraków. The experiments were carried

out on male Albino Swiss mice (25–30 g). The ani-

mals were kept under a natural day-night cycle with

free access to food and water.

Drug administration

Chromium (III) chloride (CrCl3, Sigma-Aldrich, USA)

and imipramine (30 mg/kg, Polfa, Poland) were admi-

nistrated intraperitoneally (ip) 45 min before the test.

N-methyl-D-aspartic acid (NMDA, 75 mg/kg, Sigma,

USA), 2,3-dihydroxy-6-nitro-7-sulfoamoylbenzo(f)-

quinozaline (NBQX, 10 mg/kg, Tocris, UK) were dis-

solved in 0.9% NaCl, ritanserin (RIT, 4 mg/kg, Tocris,

UK) was dissolved in DMSO/0.9% NaCl (1:250) and

administered ip 1 h before the test. WAY 1006335

(WAY, 0.1 mg/kg, synthesized by Dr. J. Boksa, Insti-

tute of Pharmacology, PAS, Kraków, Poland) was dis-

solved in 0.9% NaCl and administered subcutane-

ously. Control animals received the appropriate vehi-

cle. All solutions were administered at a volume of

10 ml/kg.

Forced swim test

The studies were carried out on mice according to the

method of Porsolt and co-workers [28]. Mice were in-

dividually propped in glass cylinders (height 25 cm,

diameter 10 cm) containing 10 cm of water, main-

tained at 23–25°C. The animals were left in the cylin-

der for 6 min. After the first 2 min, the total duration

of immobility was measured during a 4 min test. The

mouse was judged to be immobile when it remained

floating passively in the water.

Locomotor activity

The locomotor activity of the mice was measured

with photoresistor actometers (circular cages, diame-

ter 25 cm, two light beams). The animals were indi-

vidually placed in an actometer for 2 min. Activity

was then measured for 4 min. The number of cross-

ings of the light beams by the mice was then recorded

as the locomotor activity.

Statistics

The data obtained were evaluated by the one-way

analysis of variance (ANOVA), followed by Bonfer-

roni’s Multiple Comparison Test. All the results are

presented as the mean ± SEM; p < 0.05 was consid-

ered to be statistically significant.

Results and Discussion

Chromium picolinate salt was effective as an antide-

pressant treatment during a typical depression [7, 10].

Moreover, the adjuvant activity of Cr to antidepres-

sant therapy was also reported in endogenous or

dysthymic affective disorders [19, 20]. Thus, these

preliminary studies suggest the antidepressant poten-

tial of Cr in affective disorders [21]. The preclinical
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data on the evaluation of the antidepressant activity of

Cr is also very limited. Khanam and Pillai [16] dem-

onstrated the antidepressant-like effect of chromium

picolinate in the modified rat FST.

The present study evaluates the effect of CrCl3 in

the mouse FST, which is shown in Figure 1A. CrCl3
treatment at a dose of 12 mg/kg (but not in doses of

6 or 32 mg/kg) or imipramine (30 mg/kg, internal ex-

perimental standard) significantly reduced the immo-

bility time in the FST in mice (by 22 and 47%, respec-

tively). The effect of CrCl3 on locomotor activity is

shown in Figure 1B. CrCl3 treatment at a dose of

32 mg/kg significantly reduced (by 33%) the locomo-

tor activity, while the other doses (6 and 12 mg/kg)

were ineffective by this measure. This indicates that

CrCl3 also exhibits antidepressant activity in the mouse

FST. The lack of activity at the highest examined dose

(32 mg/kg) in the FST was probably caused by a con-

comitant reduction in locomotor activity (Fig. 1B).

The authors mentioned above [16] not only demon-

strated the antidepressant-like activity of Cr, but also

indicated the involvement of the serotonin system in

this effect. They observed Cr-induced reduction in

immobility and enhancement in swimming, but no al-

teration in climbing behavior [16]. Additionally, since

glimepiride (K+ channel antagonist) potentiates the

chromium effect on the swimming time, these authors

[16] suggest the involvement of that particular chan-

nel in the antidepressant activity of Cr. Our objection

to this notion comes from the lack of such potentia-

tion in the immobility time, which is the most impor-

tant parameter indicating antidepressant activity in

this test [9, 28]. Returning to the involvement of the

serotonin system in Cr antidepressant activity, there is

more evidence to support this. Human and animal

studies by Attenburrow et al. [3] and Franklin and

Odontiadis [12] demonstrated an increase in the sero-

tonin level and metabolism, plus the reduced sensitiv-

ity of the serotonin 5-HT2A receptors following chro-

mium picolinate administration.
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Fig. 1. (A) The effects of CrCl3 (Cr) or imipramine (IMI) treatment on the total duration of immobility in the FST in mice. CrCl3 or IMI were admin-
istered 45 min before the test. The values represent the mean ± SEM (n = 9–10 mice per group). ANOVA: F(3, 35) = 19.64, p < 0.0001.
(B) The effects of CrCl3 (Cr) treatment on the locomotor activity in mice. CrCl3 was administered 45 min before the test. The values represent the
mean ± SEM (n = 5–6 mice per group). ANOVA: F(3, 18) = 4.342, p = 0.0181. * p < 0.05 vs. control (CTR) group (Bonferroni test)

Fig. 2. The effects of CrCl3 (Cr) treatment in combination with ritan-
serin (RIT), WAY 100635 (WAY), NBQX or NMDA on the total duration
of immobility in the FST in mice. CrCl3 or IMI were administered
45 min before the test. RIT, WAY, NBQX or NMDA were administered
1 h before the test. The values represent the mean ± SEM (n = 7–15
mice per group). ANOVA: F(6, 59) = 10.74, p < 0.0001. * p < 0.001 vs.

control (CTR) group; # p < 0.01 vs. Cr group (Bonferroni test)



In the present study, we also measured the effect of

pre-treatment with ritanserin (RIT, an antagonist of

the 5-HT2A/C receptor), WAY 1006335 (WAY, an an-

tagonist of the 5-HT1A receptor), NBQX (an antago-

nist of the AMPA receptor), and NMDA (an agonist of

the NMDA receptor) on the effect produced by CrCl3
in the FST in mice, and the results are shown in

Figure 2. CrCl3 treatment (12 mg/kg) or imipramine

(30 mg/kg, internal experimental standard) signifi-

cantly reduced the immobility time in the FST in mice

(by 20 and 33%, respectively). Administration of RIT

(4 mg/kg), WAY (0.1 mg/kg), NBQX (10 mg/kg), or

NMDA (75 mg/kg) alone had no effect on the immo-

bility time (data not shown, but performed with an-

other set of experiments being prepared for publica-

tion). However, NBQX completely (by 24%) and RIT

(by 15%), WAY (14%), and NMDA (by 11%) par-

tially antagonized the effect elicited by CrCl3 in this

test (Fig. 2). CrCl3 in combination with the receptor

ligands did not influence the locomotor activity (data

not shown). Thus, in the present study we demonstrated

the involvement of glutamatergic AMPA and NMDA

receptors and serotonergic 5-HT1A and 5-HT2A/C re-

ceptors in the antidepressant activity of CrCl3.

The current serotonin hypothesis of depression and

the mechanism of antidepressant action implicate the

role of serotonin receptors in this concept (see [6] for

review). The importance of 5-HT1A receptor-mediated

signaling in antidepressant-like activity in the FST

was demonstrated [2, 9], while antagonism, but not

enhancement, of the 5-HT2A/C receptors seems to have

an antidepressant effect in both the rodent screening

tests [8, 29] and clinical studies [5]. The present stud-

ies indicate that CrCl3 antidepressant-like activity in

the FST is dependent on serotonergic transmission via

5-HT1A and 5-HT2A/C, and therefore, chromium dis-

plays a 5-HT1A profile similar to the classic antide-

pressants. The importance of the 5-HT2A/C receptors

in this activity remains to be established.

Functional antagonists of the NMDA receptor com-

plex exhibit antidepressant-like activity in the rodent

test and models of depression (see [24, 31–34] for re-

view). In previous studies, we demonstrated that the

antidepressant-like effect of CGP 37849 (antagonist

of the glutamate/NMDA receptor site) and L-701,324

(antagonist of the glycine/NMDA receptor site) was

abolished by NMDA co-treatment [27]. Additionally,

the involvement of the NMDA receptor in the anti-

depressant-like activity of inorganic NMDA antago-

nists such as magnesium and zinc was demonstrated

[25, 26]. These indicate the crucial role of the NMDA

receptor in the antidepressant-like action of NMDA

antagonists in the FST. Such a mechanism was now

demonstrated in the effect of CrCl3.

The antidepressant activity of AMPA potentiators

was demonstrated previously (see [4, 30] for review),

and moreover, the dependence of the antidepressant-

like effects of NMDA antagonists on AMPA signaling

was also examined [11, 18]. Complete antagonism of

the chromium-induced antidepressant-like effect by

NBQX and partial antagonism by NMDA indicate in-

volvement of the glutamate system in the CrCl3 anti-

depressant activity.

In summary, the present study demonstrates the

antidepressant-like activity of Cr in the mouse FST

and indicates the major role of the AMPA receptor

and participation of NMDA glutamatergic and 5-HT1A

and 5-HT2A/C serotonin receptors in this activity.
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