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It is known that the glutamatergic pathways are hyperfunctioning during alcohol withdrawal syndrome.
It has been demonstrated that hyperfunctioning of this system causes a great damage to the superior cor-
tical activity, the ability to concentrate and the control of impulses. Recent studies show that the cations
zinc and magnesium modulate the glutamatergic function, reducing it to non-toxic levels, yet not reduc-
ing it to the point of depriving this neurotransmitter of its normal activity. New perspectives of treatment
focus on the modulation of this system, having, as a result, reestablishment of impulse control abilities,
damage prevention to the hippocampus and the amygdala and prevention of future relapses.

� 2011 Elsevier Ltd. Open access under the Elsevier OA license.
Introduction

The cognitive impairments observed in alcohol dependence
syndrome are well documented in several studies [1–4]. Some
functions, such as verbal fluency, working memory and frontal
functions are so severely impaired that they can be compared with
the cognitive impairment caused by Alzheimer’s disease [1]. Sev-
eral relapses and the consequent withdrawal syndromes might
cause more intense cognitive impairment. The reason why it hap-
pens has not been clearly established.

On the other hand, it is known that glutamatergic pathways are
hyperfunctioning during alcohol withdrawal syndrome, especially
through NMDA receptors, which are responsible for maintaining,
in normal conditions, individual ability of performing complex
planning, task-resolution performance and behavior restraint. This
hyperactivity stemming from NMDA receptors causes great calcium
influx, increasing the activity of nitrous oxide synthase (one of the
main enzymes activated by transduction), which in turn increases
the excitotoxic activity and accelerates the production of free radi-
cals of oxygen, and the resulting in irreversible neural death [5–7]. It
has been proved that the hyperfunctioning of the glutamatergic
system causes great damage to the superior cortical activity, the
ability to concentrate and the control of impulses [6–8].

Recent studies show that low doses of zinc and magnesium cat-
ions modulate the glutamatergic function, reducing it to non-toxic
levels, yet not reducing it to the point of depriving this neurotrans-
mitter of its normal function [9,10].
.L. Prior), galduroz@psico

sevier OA license.
Zinc

Zinc (Zn) is an important body element which, in the central
nervous system (CNS), is concentrated mainly in the hippocampus,
in the subiculum of the dentate gyrus and in the accessory olfac-
tory bulb [11]. It is found mainly in glutamatergic neurons, in spe-
cific pathways whose nuclei are in the putamen, caudatum and
amygdala, with efferences to the cortex, striatum and hippocam-
pus [12].

Fig. 1 shows its main metabolic functions: (1) blockage of gluta-
mate on the synaptic cleft, (2) storage of glutamate in the pre-
synaptic neuron, so as to regulate its distribution, and (3) action
on several pre- and post-synaptic intracellular proteins, such as en-
zymes, second messengers and transcription factors which favor
the synthesis of glutamatergic receptors (NMDA and KA), growth
factors and mitosis inducers (neurogenesis) [12–14]. Fig. 2 shows
possible roles of zinc in reducing symptoms in withdrawal.

Magnesium

Magnesium is the fourth most abundant ion in human metabo-
lism, and has particular importance in the central nervous system
as a cofactor in many enzymes, in the DNA synthesis, as inhibitor of
voltage-dependent calcium channels and the release of neuro-
transmitters [6,15]. Its role is as a negative modulator of the NMDA
receptors, competing with glutamate in its binding site and inhib-
iting the nitrous oxide synthase enzyme, important in the neural
transmission in glutamatergic pathways [16,17].

Magnesium can provoke a modest stimulation for the gabaergic
system and is capable of reducing the oxidative stress in the brain,
lowering the concentration of neurotoxic substances stimulating

https://core.ac.uk/display/37737286?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1016/j.mehy.2011.05.017
mailto:pedrolsprior@uol.com.br
mailto:galduroz@psicobio.epm.br
mailto:galduroz@psicobio.epm.br
http://dx.doi.org/10.1016/j.mehy.2011.05.017
http://www.sciencedirect.com/science/journal/03069877
http://www.elsevier.com/locate/mehy
http://www.elsevier.com/open-access/userlicense/1.0/
http://www.elsevier.com/open-access/userlicense/1.0/


Fig. 1. Neurochemical effects of the lack of zinc in the central nervous system, mimicking the abstinence-like syndrome effects on neural function. As described, lack of zinc
may cause increase and lack of control in cellular oxidative activity, increase in glutamatergic activity, through NMDA receptors [12,14].

Fig. 2. Possible effects of zinc supplementation, according to evidence.
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both synaptogenesis and neurogenesis in the limbic cortex, acting
as an ameliorator in mid-crisis alcohol abstinence [5–7].

The role of magnesium would stand out not only in the NMDA
receptor, but also in the inhibition of the NO-synthase and calcium
dependent channels, lowering effects for action potential firing,
also mitigating certain symptoms (as seen in Fig. 3).
Hypothesis

Although the relapse during the treatment of alcoholism is seen
as inevitable by some authors [18], the damage caused to neurons
by excessive stimulation by glutamate and lack of inhibition of the
NMDA receptors may be decisive factors for the maintenance of
dependence in the long term. Therefore, the use of zinc and mag-
nesium to treat abstinence syndrome is a hypothesis worth
considering.
New perspectives

The unstable mechanisms of action of pure NMDA receptors’
agonists and antagonists have shown irregular and conflicting re-
sults in literature, which shows, as a consensus, that antagonists
are effective in rats and humans in relation to alcohol and nicotine
dependence [19,20], and agonists mainly in cocaine dependence.
Neither has apparent effect in opioid dependence.

Even though many different symptoms are involved in each
substance’s pathway targets, we believe that the NMDA receptors’
effects are a common factor in developing tolerance, dependence



Fig. 3. Possible effects in magnesium supplementation (Mg) [9,10].
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and craving symptoms, and the effects of rapid inhibition and slow
potentiation of the glutamatergic system by zinc and magnesium
synthesize the beneficial effects of the chemical compounds de-
scribed above, without their side effects and downsides

Both ions (magnesium and zinc) have the great advantage of
inhibiting immediate excitotoxic activity of glutamate in its iono-
tropic receptor, and, at the same time, stimulating metabolic
changes in protein synthesis and second messengers, which will
stabilize and adapt glutamatergic activity to its normal and neces-
sary rate. This shows their regulatory nature in the central nervous
system.

It is suspected that, since both compounds act in different sites
inside and outside neurons, and by different mechanisms in the
same pathways, one can potentialize and increase the other’s ef-
fect, with very few registered side effects (mainly diarrhea) and
low costs.
Conflict of interest

We declare we have no conflict of interest.

Acknowledgments

AFIP – Associação Fundo de Incentivo à Pesquisa, FAPESP – Fun-
dação de Amparo à pesquisa do Estado de São Paulo, CNPQ – Con-
selho Nacional de Desenvolvimento Científico e Tecnológico.

References

[1] Liappas I, Theotoka I, Kapaki E, Ilias I, Paraskevas GP, Soldatos CR.
Neuropsychological assessment of cognitive function in chronic alcohol-
dependent patients and patients with Alzheimer’s disease. In Vivo
2007;21(6):1115–8.

[2] Yücel M, Lubman DI, Solowij N, Brewer WJ. Understanding drug addiction: a
neuropsychological perspective. Aust N Z J Psychiatry 2007;41(12):957–68.
[3] Easton CJ, Sacco KA, Neavins TM, Wupperman P, George TP. Neurocognitive
performance among alcohol dependent men with and without physical
violence toward their partners: a preliminary report. Am J Drug Alcohol
Abuse 2008;34(1):29–37.

[4] Uekermann J, Daum I. Social cognition in alcoholism: a link to prefrontal cortex
dysfunction? Addiction 2008;103(5):726–35.

[5] Halliwell B. Reactive oxygen species and the central nervous system. J
Neurochem 1992;59(5):1609–23.

[6] Sobolevsky AI, Yelshansky MV. The trapping block of NMDA receptor channels
in acutely isolated rat hippocampal neurones. J Physiol 2000;526(Pt.
3):493–506.

[7] Begon S, Pickering G, Eschalier A, Mazur A, Rayssiguier Y, Dubray C. Role of
spinal NMDA receptors, protein kinase C and nitric oxide synthase in the
hyperalgesia induced by magnesium deficiency in rats. Br J Pharmacol
2001;134(6):1227–36.

[8] Bac P, Pages N, Herrenknecht C, Dupont C, Maurois P, Vamecq J, et al.
Aggravates rat muricide behavior induced by two levels of magnesium
deficiency. Physiol Behav 2002;77(2–3):189–95.

[9] Eby GA, Eby KL. Magnesium for treatment-resistant depression: a review and
hypothesis. Med Hypotheses 2010;74(4):649–60.

[10] Eby GA, Eby KL. Rapid recovery from major depression using magnesium
treatment. Med Hypotheses 2006;67(2):362–70.

[11] Frederickson CJ, Suh SW, Silva D, Frederickson CJ, Thompson RB. Importance of
zinc in the central nervous system: the zinc-containing neuron. J Nutr
2000;130(5S Suppl.):1471–83.

[12] Mandava P, Howell G, Frederickson CJ. Zinc-containing neuronal innervation of
the septal nuclei. Brain Res 1993;608:115–22.

[13] Mitchell C, Barnes M. Proconvulsant action of diethyldithiocarbamate in
stimulation of the perforant path. Neurotoxicol Teratol 1993;15:165–71.

[14] Easley J, Lee A, Feming E, Frederickson CJ. A selective role for vesicular zinc
claring fast neuronal firing. Soc Neurosci Abstr 1995;21:1062–5.

[15] Fawcett WJ, Haxby EJ, Male DA. Magnesium: physiology, pharmacology. Br J
Anaesth 1999;83(2):302–20.

[16] Li-Smerin Y, Levitan ES, Johnson JW. Free intracellular Mg(2+) concentration
and inhibition of NMDA responses in cultured rat neurons. J Physiol
2001;15:729–43.

[17] Nechifor M. Magnesium in drug dependences. Magnes Res 2008;21(1):5–15.
[18] Witkiewitz K. Lapses following alcohol treatment: modeling the falls from the

wagon. J Stud Alcohol Drugs 2008;69(4):594–604.
[19] Evans SM, Levin FR, Brooks DJ, Garawi F. A pilot double-blind treatment trial of

memantine for alcohol dependence. Alcohol Clin Exp Res 2007;31(5):775–82.
[20] Milton AL, Lee JL, Butler VJ, Gardner R, Everitt BJ. Intra-amygdala and systemic

antagonism of NMDA receptors prevents the reconsolidation of drug-
associated memory and impairs subsequently both novel and previously
acquired drug-seeking behaviors. J Neurosci 2008;28(33):8230–7.


	Glutamatergic hyperfunctioning during alcohol withdrawal syndrome: Therapeutic  perspective with zinc and magnesium
	Introduction
	Zinc
	Magnesium
	Hypothesis
	New perspectives
	Conflict of interest
	Acknowledgments
	References


