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Mechanisms contributing to antidepressant zinc action. G. NOWAK,
B. SZEWCZYK. Pol. J. Pharmacol., 2002, 54, 587–592.

Zinc is a trace element, which is an important modulator of mammalian
nervous and immune systems. Its deficiency is related to human depression.
Our recent data indicate involvement of zinc in the mechanism of antide-
pressant treatment. Moreover, zinc exhibits antidepressant-like effects in
animal models of depression in rodents. Since zinc also enhances antidepres-
sant effect in laboratory animals, its potential therapeutic value in human de-
pression is under evaluation. This article reviews the alterations in central
and peripheral zinc homeostasis in relation to pathophysiology and treatment
of depression.
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Zinc is a trace element, essential for humans

and animals. Over 300 enzymes require zinc for

their functions. This ion plays catalytic, coactive

and structural roles in these enzymes. Zinc is ne-

cessary for DNA replication, transcription and pro-

tein synthesis, thus, influencing cell division and

differentiation. Dietary zinc deprivation retards

growth of human and animal organisms [29]. Zinc

concentration in the brain increases with age in

childhood, is maintained constant in the adult brain

and is apparently not changed during aging [29]. At

0–1 years of age, the human brain zinc concentra-

tion is 5–10 �g/g of wet tissue being relatively high

in the cerebellum, whereas in the adult brain, it ex-

ceeds 10 �g/g with high its level in the hippocam-

pus. The developmental variability of brain zinc

concentration is similar in both rat and human [3].

About 90% of the total brain zinc is bound to met-

alloproteins. Below 5% of the total zinc in the brain

is stored in the synaptic vesicles in zinc-containing

neuron terminals. This vesicular zinc concentration

in the giant boutons of hippocampal mossy fibers

ranges between 300–350 �M [7]. While all zinc-

containing neurons are glutamatergic, not all gluta-

matergic neurons contain this metal [6]. The zinc-

containing neurons accumulate, sequester and re-

lease zinc from their presynaptic vesicles. The zinc

transporter (ZnT-3), which is expressed especially

in the brain regions rich in vesicular zinc (e.g. hip-

pocampus), apparently serves to pump zinc into the

synaptic vesicles [19]. Another protein group in-

volved in the mechanism of zinc homeostasis is the

metallothionein family (MT, metal-sequestering

proteins) comprising MT-I, MT-II and MT-III. The

MT-III, the brain-specific member of metallothio-

neins, highly expressed in glutamatergic zinc-con-

taining neuron, fulfils important regulatory func-

tion in zinc-related processes, not uniquely associ-

ated with zinc transport [1, 8, 29]. Release of zinc

from presynaptic vesicles in a calcium-dependent

manner has been demonstrated after electrical

stimulation as well as after stimulation by high K1

or kainate administration [29]. Vesicular zinc may

play a role in synaptic neurotransmission in the

mammalian brain and serve as an endogenous neu-

romodulator [9]. Dietary zinc deprivation alters

learning behavior, mental function and susceptibil-

ity to epileptic convulsions. Because zinc depriva-

tion may influence the brain zinc homeostasis, it is

an important nutrient for the brain function [29].

The main effect of zinc is related to glutamate
receptors. Zinc might interact with glutamatergic
function at three sites: in the vesicle, in the synaptic
cleft or in the postsynaptic neuron [8]. Vesicular
glutamate storage capacity could be increased or
rate of glutamate release could be decreased by
zinc [5, 8]. In the synaptic cleft, zinc plays a role of
a modulator of glutamate ionotropic NMDA
(AMPA, kainate) and group I metabotropic (mGluR)
receptors. Zinc attenuates activation of the NMDA
receptors at concentrations in the range between
10–100 �M [26, 29]. The NMDA receptor inhibi-
tion involves two mechanisms: a high-affinity volt-
age-independent and a low-affinity voltage-depen-
dent mechanism [21]. The third, potential role of
zinc in the postsynaptic neuron has not been di-
rectly demonstrated. After release to the synaptic
cleft, zinc may diffuse into postsynaptic neurons,
where it may play a role during excitotoxic brain
injury [4, 8]. On the other hand, there is evidence
that zinc in physiologically extreme conditions can
prevent apoptosis [4]. Thus, zinc exhibits both neu-
rotoxic and neuroprotective effects (depending on
the concentrations).

Alterations of brain zinc homeostasis are asso-
ciated with behavioral disturbances, such as anore-
xia dysphoria, impaired learning and cognitive
function and with some neurological disorders (e.g.
epilepsy, Alzheimer’s disease, [4, 29]), and it can
be implicated in the mechanism of pathophysio-
logy and therapy of depression [10, 11, 12, 14–16,
18, 24, 28].

Experimental data substantiating the in-

volvement of zinc in the psychopathology

and therapy of depression (Tab. 1)

Chronic electroconvulsive shock (ECS) treat-
ment induces a robust increase in zinc concentra-
tions in the hippocampus with a similar, although
less significant effect in the cortex and cerebellum
[17]. Repeated administrations of imipramine or
citalopram induce a 20% increase in the hippocam-
pal/other brain regions ratio of zinc concentrations
[17]. The latter findings may indicate a significant
“redistribution” of the brain zinc pool following
chronic antidepressant treatments. It was also de-
monstrated (using Timm’s method for zinc stain-
ing) that chronic treatment with ECS induced hip-
pocampal mossy fiber sprouting [30]. These data
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suggest the increase in the vesicular zinc level in

the hippocampus following ECS.
Moreover, chronic imipramine treatment in-

creases the ability of zinc ion to inhibit the NMDA

receptor complex in the cerebral cortex but not in

the hippocampus in mice [28]. Such effect has not

been demonstrated in rats, which suggests the exis-

tence of species-dependent imipramine-induced

adaptive mechanisms (involving zinc sites at the

NMDA receptor complex). Furthermore, a number

of recent studies have indicated that NMDA

receptor-coupled channel complex can exist in

multiple forms, which have different physiological

and pharmacological properties and are differen-

tially distributed throughout the brain [2]. Based on

this studies, we propose that the differences which

we have observed in our study (concerning the po-
tency of zinc to inhibit [�H] MK-801 binding in the
cortex and hippocampus) could reflect region-spe-
cific subunit composition of the NMDA receptor
complex. Both these alterations (increase in zinc
concentration in the rat hippocampus and increase
in the potency of zinc to inhibit NMDA receptor
activity) may lead to the reduction of function of
NMDA receptor complex similarly as in the case
of other antidepressant-induced adaptive changes
[25].

Zinc produced antidepressant-like performance
in the forced swim test, which was shown both
in mice and rats [10, 11]. The doses active in the
forced swim test did not affect locomotor activity
in rats but reduced the activity in mice [10]. These
findings indicate that simple increase in motor ac-
tivity of animals is not responsible for this anti-
depressant-like effect. Moreover, it is interesting to
note that very low doses of zinc administered to-
gether with low, ineffective doses of imipramine
enhanced antidepressant-like effect in this test [10].

Behavioral patterns observed in animal models
of depression resemble those characteristic of hu-
man depression. Such models are widely used for
assessment of antidepressant efficacy of potential
drugs [31, 32]. Zinc is also active in olfactory bul-
bectomy and chronic mild stress (CMS) animal
models of depression. Our recent unpublished study
indicated antidepressant-like activity of acute or
chronic treatment with zinc in passive avoidance
test in the bulbectomized rats (zinc treatment pro-
duced statistically significant reduction in the
number of trials needed to learn passive avoidance,
unpublished data). Zinc also significantly decreased
the time of walking and number of rearings and
peepings in the bulbectomized rats. Moreover, chro-
nic treatment with zinc was also active in CMS in
rats; namely zinc reversed the CMS-induced reduc-
tion in the consumption of 1% sucrose solution (our
unpublished data). All these animal data strongly
suggest possible antidepressant activity of zinc in
human depression.

Clinical data indicating the involvement

of zinc in the psychopathology and

therapy of depression (Tab. 1)

The suggestions of the involvement of zinc in
antidepressant therapy which come from animal
experiments have some human (clinical) correlates.
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Table 1. Summary of the data on the involvement of zinc in the
pathophysiology and treatment of depression

Subject/parameter/test effect/tissue

Rodent data

Antidepressant treatment

• Zinc (concentration) �� blood � brain (HP)

Zinc treatment

• Forced swim test active

• Olfactory bulbectomy active

• Chronic mild stress active

Zinc + antidepressant treatment (ineffective doses)

Forced swim test active

Human data

Depression

• Zinc (concentration) � blood � ? brain (suicide)

Depression + non-effective antidepressant treatment

• Zinc (concentration) � blood

Depression + effective antidepressant treatment

• Zinc (concentration) � blood�

Depression + zinc supplementation + antidepressant treatment

• HDRS ? improvement��

� increase,� decrease,� no alterations versus appropriate con-
trols; �back to normal control values of non-depressed subjects;
�� versus depression + placebo + antidepressant treatment;
? – unpublished preliminary data, HP – hippocampus; HDRS
– Hamilton Depression Rating Scale



Clinical depression might be accompanied with

lower serum zinc concentrations. Mc Loughlin and

Hodge [15] were the first who presented data that

the patients with primary depressive disorder exhi-

bited hypozincemia. These findings were confir-

med by Maes et al. [13] who found that the subjects

suffering from major depression showed signifi-

cantly lower serum zinc levels than non-depressed

controls. Interestingly, they also observed that the

patients with minor depression showed interme-

diate zinc levels. Moreover, the unipolar depression

was not only associated with lower blood zinc

levels, but the severity of the illness (expressed ac-

cording to Hamilton Depression Rating Scale) was

negatively correlated with serum level of this ion

[13, 18, 24]. However, another study of Maes et al.

[14] did not shown any correlation between these

two parameters (HDRS and serum zinc). These

authors imply that the latter study examined differ-

ent population of patients (mostly treatment-

resistant). The findings that the lowered serum zinc

concentrations may be normalized after successful

antidepressant therapy [14, 15, 24] further support

the notion that serum zinc concentrations are sensi-

tive and specific marker of depression.
In addition, Maes et al. [13] reported that there

were no significant relationships between hypoz-

incemia and anorexia or weight loss. Therefore, it

is unlikely that major depression-related anorexia

may have caused hypozincemia. No significant re-

lationships were also found between serum zinc

levels and signs of HPA-axis hyperactivity in major

depression. These results suggest that also HPA-

axis hyperactivity may be excluded as a possible

cause of hypozincemia in major depression [13].

On the other hand, there is now some evidence that

major depression is accompanied by the activation

of the inflammatory response system (IRS). In se-

rum, zinc is closely bound to albumin. A positive

correlation was demonstrated between serum zinc

and albumin levels in the patients with major de-

pression. These results suggest that lower serum

zinc concentration in depression may be in part re-

lated to lowered concentrations of its “carrier” pro-

tein, albumin [12]. It has also been suggested, that

lower serum zinc level in depression may be secon-

dary to sequestration of this metal by metal-

lothionein in the liver, which may be related to the

increased production of proinflammatory cytoki-

nes, IL-1 and IL-6 [18]. A significant inverse rela-

tionship between lower serum zinc concentration

and markers of IRS activation was reported to oc-
cur in depression (e.g. increased CD4+/CD8+ T
cell ratio, serum neopterin, increased serum IL-6)
[14]. It is also well established that lower serum
zinc levels impair some aspects of immunity. Zinc
is required for biological activity of the thymic
peptide, thymulin, which is critical for normal
T-cell functions. Zinc deficiency impairs T-cell-
dependent immune functions, which is likely attrib-
utable to the reduced T-cell cytokine production
[22]. The depression-induced increases in the le-
vels of IL-6 and soluble IL-6 receptor (sIL-6R) are
probable related to an increase in the number of
macrophages (which produce IL-1, but also IL-6).
On the other hand, IL-1 stimulates production of
proinflammatory cytokines by T-cells [27]. The
above data indicate a significant and complex role
of zinc homeostasis in the mechanism of patho-
physiology and treatment of depression.

Possible molecular mechanism(s) of anti-

depressant zinc actions

Conventional antidepressants (affecting mono-
amine transmitter re-uptake or metabolism) may
inhibit function of NMDA receptor by increase in
BDNF activity [25]. These antidepressants share fi-
nal effect on the NMDA receptor with NMDA re-
ceptor antagonists, AMPA potentiators and possibly
with antagonists of group I mGlu receptors ([25,
20, 33], Fig. 1). Zinc is an antagonist of the NMDA
receptor complex [9], also potentates AMPA recep-
tor [23] and inhibits group I mGlu receptor func-
tion [33].
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Fig. 1. Scheme showing possible routs leading to the reduction
in the NMDA receptor function by conventional antidepressants
(CAD), NMDA receptor antagonists (NMDA ANT), AMPA re-
ceptor potentiators (AMPA POT), group I metabotropic gluta-
mate receptor antagonists (I mGLU ANT) and zinc (Zn)



The in vitro potencies of zinc to produce these
effects are different. However, the real in vivo syn-
aptic zinc concentrations and its potency to affect
abovementioned mechanisms might depend on
a variety of factors (neurotransmission activity,
brain region, etc.) and is extremely difficult to rec-
oncile. Thus, these factors may favor one or some
of these mechanisms. Therefore, zinc may induce
the reduction of NMDA receptor function by only
single, double or triple mechanisms (Fig. 1). Ex-
periments examining these possibilities are in prog-
ress.

Conclusions

All aforementioned data suggest possible anti-
depressant activity of zinc in human depression, or,
at least, in subpopulation of patients with hypo-
zincemia. It may be speculated that zinc, supple-
mentation could enhance effectiveness of antide-
pressant therapy in human depression. If such sup-
plementation could also allow to lower the effective
doses of antidepressant drugs in humans, the un-
wanted side effects could be diminished and the
cost of antidepressant therapy could be reduced.
The study examining potential therapeutic value of
zinc in human depression is under evaluation.
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