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 Bipolar disorder ( BD ) is a severe and recurrent mood disorder. The influence 
of magnesium and zinc on animal behavior is certain and this has been experimentally 
demonstrated repeatedly. However, some clinical studies have positively correlated the decrease 
in the concentration of the two cations with a more severe symptomatology of BD, but in other 
cases no modified values ??of the concentration of magnesium and zinc were found or no 
relationship was identified between these concentrations and the clinical manifestations of the 
disease. This diversity of results has various causes  but the most important of these are: problems 
regarding the diagnosis of BP and the diagnostic criteria used; the phases of the disease in which 
the cationic concentrations were determined were different; determination of intracellular 
magnesium was rarely done; the different ages of the patients and different associated diseases 
influenced the interpretation of the results. In some studies, the administration of some  mood 
modulators (sodium valproate, carbamazepine or quetiapine) in BD type I hospitalized adult 
patients during the maniacal episode has increased plasma zinc and erythrocyte magnesium 
concentration . Missing correlations between how long is the evolution of the disease and the 
levels of these cations. Existing date support the idea that a low level of magnesium and zinc 
play a role in pathogenesis of BD. The assertion of a definite beneficial role of the association 
of magnesium and zinc with mood modulators in BD therapy requires more clinical studies.
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 Mood disorders, including depression and 
BD, are complex and multifactorial mood disorders 
which have an important impact on the quality of 
life.
 BD is a chronic, severe and recurrent 
mood disorder with repeated relapses which affects 
about 1% of the world’s population1.The lifetime 
prevalence of BD is approximately 1%-4%. There 
are two types of BD. Bipolar I disorder (BD-I) is 
characterized by alternating episodes of mania 
and depression. Bipolar II Disorder (BD-II)) is 
characterized by the association of hypomanic 

states with depressive episodes. BD is more 
common in women than in men2. This disease is 
an important psychiatric disease associated to an 
important morbidity . In both types of BD, the 
active life expectancy is significantly reduced and 
mortality is increased.
 Zinc is the second most abundant bivalent 
cation in the central nervous system. This element 
is a cation that is unlike magnesium predominantly 
extracellular localized. There are over 300 zinc-
dependent enzymes in the human body. Numerous 
transcription factors require zinc for their activities. 
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This cation is important for the biological signal 
transduction at the cellular level3.
 Zinc is found in all parts of the central 
nervous system, but the highest concentrations of 
this element are found in the hippocampus, cortex 
and amygdala. 
 The highest concentration of zinc in the 
brain is found in synaptic buttons4. About 10% of 
total brain zinc is found in the synaptic vesicles. 
Zinc is involved in the synaptic transmission .
 It acts as a neuromodulator in some 
synapses. In some synapses from the hippocampus 
the concentration of this transition metal is 
higher than 150 microM. Most of the neuronal 
zinc is found in metalloproteins. About 85-90% 
of synaptic zinc is bound to these proteins5. The 
normal intra-neuronal cytosolic free concentration 
of zinc is low being below 1 nanoM. Zinc-releasing 
neurons exist in some areas of the brain. These 
neurons which release zinc release also glutamat 
, the most important excitatory amino acid from 
brain. Zinc-rich neurons are in the cortex and 
hippocampus. Zinc is also co-located in some 
gamma aminobutyric acid GABA neurons6.
 This element is required by all cells ( 
including neurons ) for DNA transcription, it is 
involved in cell proliferation and differentiation 
and plays important roles in immunity. The DNA 
binding of some transcription factors is also zinc 
dependent.
 This trace element is important for 
brain development ,neurogenesis and neuronal 
differentiation7. Zinc is a modulator of neuronal 
excitability and plays a role in neuronal plasticity .                                                                   
 The imbalances of zinc concentration are 
involved in some degenerative diseases8. 
 Magnesium, the second most abundant 
intracellular bivalent cation9. This is an element 
located largely inside the cell where it stores 
99% of the magnesium in the human body. About 
90-95% of intracellular magnesium is bound 
to various molecules in the cell, mostly ATP( 
adenosine triphosphate) . Magnesium is a cofactor 
in about 600 enzymatic reactions and plays many 
roles in the brain. It is involved in the presynaptic 
release of neurotransmitters, in the functioning of 
receptors for neurotransmitters, in the regulation 
of neuronal excitability. An important magnesium 
role regarding his involvement in BD is the action 
at the level of excitatory and inhibitory systems 

in the central nervous system ( CNS). A low 
concentration of magnesium has led to a decrease 
in GABA activity in neocortex slices but also to 
an increased response to glutamate by activating 
N-methyl-D-aspartate( NMDA) receptors10. The 
influence of magnesium and zinc on behavior has 
been demonstrated by numerous studies. 
 However, the data on the implications 
of these two cations in the pathogenesis, clinical 
evolution and treatment of BD are much more 
heterogeneous.
Magnesium and zinc concentration in BD
 The exis t ing data  regarding the 
involvement of the two cations in bipolar 
disorder (BD) are different and sometimes even 
contradictory. There are studies that have shown 
a low concentration of the two bivalent cations in 
patients with severe clinical manifestations of BD, 
but also results that show the lack of a relationship 
between the cationic concentrations and the clinical 
manifestations of this disease.
 There are conflicting but few data on 
the erythrocyte and plasma concentration of 
magnesium in mood disorders. Magnesium is a 
cation located mostly intracellularly and therefore 
the determination of erythrocyte concentration 
should be done frequently. A low plasma or 
erythrocyte magnesium concentration in patients 
with mood disorders has been reported by some 
researchers11-15. The decrease in magnesium 
levels was positively correlated with the intensity 
of symptoms in depressive states measured 
with psychometric scales15.The concentration of 
magnesium in the cerebrospinal fluid (CSF) in 
patients with mood disorders has been little studied. 
The ratio of calcium / magnesium was increased 
in CSF and serum in both patients with major 
depression and patients in a depressive episode of 
BD16. An increased calcium/magnesium ratio was 
correlated with maniac agitation17. The other study 
showed that in patients with suicide attempts in 
depressive states , the concentration of magnesium 
in CSF was lower compared to normal control , but 
there were no significant differences in magnesium 
concentration in CSF in depressed patients without 
suicide attempts18. However, there are some 
contrary data. In another study a higher level of 
erythrocyte and plasma magnesium in patients 
with mood disorders than in normal subjects was 
identified19. There are also a number of works that 
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did not identify changes in the concentration of 
magnesium in BD. Some authors analyzed CSF 
in patients with both types of BD and found no 
significant changes in the concentration of this 
cation compared to healthy controls20. They also 
found no changes in magnesium concentration 
after lithium or carbamazepine.                                                                 
 Sometimes it not observe differences in 
the intra-erythrocyte concentration of magnesium 
in patients with active depressive states in patients 
but only in the remission phase of depressive states 
compared to normal subjects21. In other studies, 
no statistically significant changes in plasma 
magnesium and other electrolytes concentrations 
were detected in either monopolar or bipolar 
disorders22. During the aging process, the level of 
intracellular magnesium is reduced in most people 
and an increase in the frequency of mood disorders 
was observed.
 Chronic magnesium deficit increases 
insulin resistance, typeII diabetes mellitus and 
depressive states incidence23. Major depression 
and depressive episodes of patients with BD are 
associated with increased insulin resistance24. 
Magnesium supplementation has reduced both 
insulin resistance and depression25. The biochemical 
link between insulin resistance and depression is 
not yet fully elucidated but a number of factors such 
as glutamate , brain derived neurotrophic factor 
( BDNF)and peroxisome proliferator-activated 
receptor gamma (PPAR -ã )certainly have a role26. 
Decreased Na+K+ ATP activity was observed in BD. 
This leads to a decrease in neuronal transmembrane 
ion exchange and is followed by a decrease in 
the intraneuronal concentration of magnesium 
and an increase intracellular calcium level27. 
Magnesium is an insulin sensitizer and increases 
tissue sensitivity to insulin. Hypomagnesaemia 
increases insulin resistance, inhibits glucose 
transporter4 (glut4) translocation, and is therefore 
implicated in the pathogenesis of diabetes28. 
There are several studies showing the association 
of diabetes with mood disorders (especially 
depressive states). Hypomagnesaemia is involved 
in both the pathogenesis of diabetes and mood 
disorders. Magnesium supplementation ( 6 weeks 
) increased PPAR-ã and glucose transporter-
1(GLUT-1) genes expression29. Pioglitazone, which 
is a widely used oral antidiabetic drug, is also an 

insulin sensitizer. Some oral antidiabetic drugs 
such as pioglitazone have reduced the intensity of 
depressive manifestations in mood disorders.
 Low plasma levels of zinc in bipolar 
depression and monopolar depression have been 
reported in several studies30,31. In some studies 
the level of plasma zinc was low in the depressive 
phase of BD but was normal in the manic phase. 
The plasma zinc concentration was significantly 
reduced in the manic phase and also in depressive 
phase of type I BD compared to healthy controls32 
and also in major depression.
Magnesium, zinc and BD pathogenic theories 
of BD
 The pathophysiology of BD is complex 
and incompletely known. It includes both genetic 
and nongenetic  factors. The risk of suicide and 
suicidal behavior is higher in patients with BP than 
in the general population.
 There are the most important theories 
that try to explain the pathogenesis of mood 
disorders: glutamateric theory, BDNF and cAMP 
Response Element-Binding Protein ( CREB) 
theory, immuno-inflammatory theory and oxidative 
stress theory, neuronal neuroplasticity theory 
, monoaminergic (serotonin / norepinephrine) 
theory, endocannabinoids theory , Hypothalamic-
Pituitary-Adrenal (HPA) axis disturbances theory 
and nitric oxide theory. There is also the possibility 
of the simultaneous involvement of several 
pathogenic mechanisms in both BD and major 
depression .
 The main causes of the differences 
between the results of clinical studies are the 
following:
• Differences regarding the diagnosis of the type 
of BD and the phase of the disease in which the 
research took place
• Lack of intracellular magnesium dosages in most 
studies
• Differences regarding the sex and age of the 
patients
• The lack of reporting in many cases of the 
diseases associated with BD and the medication 
of these diseases (with possible influences on the 
concentration of magnesium and zinc.
• The number of studies related to magnesium and 
zinc in BD is still small
• Differences regarding the supervision of the diet 
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and the administration of food supplements during 
the study and in the period immediately preceding 
the research
 An important difficulty in clearly 
establishing the role of magnesium and zinc in BD 
is that some studies assess the imbalance of these 
cations during manic episodes, and others during 
depressive periods.
Glutamatergic theory
 The involvement of excessive glutamate 
synthesis in the brain and the imbalance between 
its excitatory action and the activity of GABA-
ergic inhibitory systems is the most discussed and 
accepted pathogenic theory of mood disorders.
 The increased activity of the glutamatergic 
systems has a major role in the mechanism of 
depression33 and also of BD. Zinc is a modulator 
of both excitatory and inhibitory neutotransmission 
in brain. This cation is important for the balance 
between the activity of the glutamateric and 
GABA-ergic systems in the brain. 
 This cation acts in several directions 
including NMDA receptors34. Zinc, by binding 
to a subunit of NMDA receptors, reduces this 
action of glutamate. The NR2A subunit of NMDA 
receptors has an increased sensitivity to the action 
of zinc. By acting on this subunit, zinc causes 
an allosteric inhibition of NMDA receptors and 

reduces the excitatory action of glutamate33. The 
role of glutamate in depression correlates with data 
showing a higher than normal level of glutamate in 
the frontal cortex in cases of suicide35. Chronic zinc 
exposure reduces not only the activity of NMDA 
receptors but also the neuronal surface expression 
of NR2A-containing NMDA receptors36. The 
activity of systems based on glutamatergic 
transmission in the hippocampus ,amygdala and 
in the other cerebral regions is exacerbated and 
the activity of GABA-ergic systems is reduced by 
dietary zinc deficiency in rats37. The excitability of 
glutamatergic neurons is enhanced by experimental 
dietary zinc deficiency in rats . 
 Experimental infusion of the hippocampus 
with ZnCl2( 10-300micro M )induced a decrease in 
glutamate concentration and an increase in GABA 
level in the perfuzate38. This effect of zinc could be 
essential for its action in BD. Breaking the balance 
between the action of glutamatergic systems and 
the neurotransmission of GABA in favor of the 
action of glutamate is found in all mood disorders. 
Inhibitory neurotransmission is increased by zinc 
because this element enhances presynaptic GABA 
release39. By this way zinc tends to restore normal 
balance between excitatory and inhibitory system 
in brain.

Fig. 1. Zinc involvement in bipolar disorders pathogenesis
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 In experimental studies40 the antidepressant 
action of zinc has been antagonized by the 
administration of N-methyl-D-aspartate (NMDA), 
a fact that involves NMDA receptors in this effect.
 Glutamate á-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid ( AMPA) receptors 
cannot be omitted from this anti-depressant 
mechanism of zinc either because NBQX (an 
antagonist of AMPA receptors) has reduced the 
antidepressant action of zinc. 
 Magnesium has an action by blocking the 
calcium channel coupled with NMDA receptors 
and reduces the release of glutamate into the 
brain41. Some drugs used to treat mood disorders, 
such as lamotrigine, also reduce the activity of 
glutamate in the brain42. 
BDNF and CREB theory 
 BDNF is involved in brain activity and 
also in the growth and development of neurons. 
CREB-BDNF plays a role in hippocampal 
neurogenesis increase and nervous cells survival. 
Apoptosis is involved in ethiopathogenesis of 
mood disorders more in the pathogenesis of 
depressive states. BDNF level is decreased in mood 
disorders43.

 A decreased concentration of BDNF 
is associated with increased suicidal ideation in 
depressive states .Other ways in which zinc could 
be implicated in mood disorders are: stimulating 
BDNF synthesis .Zinc monotherapy ( 30mg/
day 12 weeks )increased serum BDNF levels 
and improved depression in obese subjects44. 
There are also contrary data according to which 
zinc supplementation in diabetics, obese and 
premenstrual women with moderate depression has 
not significantly increased serum BDNF levels45. 
In a large meta-analysis, it was confirmed that 
there was a low level of BDNF in patients with 
depression and an increase in the level of this factor 
after antidepressant treatment46. Such a study does 
not exist for patients with BD. 
 The level of BDNF in the brain plays 
a central role in the neurotrophic hypothesis 
of depression, which believes that increased 
neuroplasticity plays a major role in reducing 
depressive states and that the response to 
antidepressants depends on neuronal plasticity. 
In animal studies , a low BDNF brain expression 
is positively correlated to depressive-like states47. 
CREB is a transcriptional factor. This factor is also 

Fig. 2. Magnesium involvement in bipolar disorders pathogenesis
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implicated in neurogenesis and neuroplasticity. 
There are differences in cAMP-CREB signaling 
between patients with BD and normal subjects. In 
the brain, the action of BDNF correlates positively 
with cAMP - CREB signaling. In the lung, 
increased intracellular zinc concentration increased 
CREB-mediated transcriptional activity48. In some 
experimental studies, chronic administration of 
magnesium (15 and 20 mg / kg) significantly 
increased serum BDNF levels49. Mood modulators 
such as lithium and sodium valproate activate the 
BDNF promoter in some neurons .But there are also 
contrary data. In a double blind randomized clinical 
trial , administration of magnesium ( 500mg/day 
daily 8 weeks)to people with depressive syndromes 
did not significantly alter serum BDNF50. 
Inflammatory and oxidative stress theory
 Another pathogenic theory of mood 
disorders is the inflammatory theory. This theory 
is based on observations that show that in mood 
disorders and even in recurrent depressive states 
the level of inflammatory cytokines and oxidative 
stress is higher than in normal subjects51,52. 
Increased oxidative stress is involved in both the 
pathogenesis of BD and that of major depression53. 
The level of glutathione in the brains of these 
patients is significantly lower compared to healthy 
controls and the level of free radicals is higher. 
This is associated with mitochondrial lesions and 
increased RNA oxidation in the hippocampus 
from patients with BD. In patients with an acute 
depressive episode the level of total antioxidant 
capacity ( TAS ) is lower54. Reducing oxidative 
stress is a possible way to treat patients with mood 
disorders. Zinc and magnesium have antioxidant 
action, should be given to these patients.
 Both zinc and magnesium have anti-
inflammatory action, reduce the synthesis of 
proinflammatory cytokines and reduce oxidative 
stress. Zinc modulates cell immunity. This cation 
down regulated some cytokines ( such as IL-1â, 
IL-6, TNF-á)synthesis and action55.
 The anti-inflammatory effect of zinc is 
more intense than that of magnesium. There are 
data that associate a proinflammatory diet with a 
higher risk of psychiatric illness including mood 
disorders56.
 Zinc and magnesium have an antioxidant 
action and we believe that the two cations could 
be involved in this way in reducing the risk of 

occurrence and / or in improving the clinical 
symptoms in mood disorders.
Neuronal neuroplasticity theory
 The reduction of neuronal and glial 
neuroplasticity has been highlighted in BD and has 
a role in the pathogenesis of this disease57.
 Zinc has a modulating role in neurogenesis 
and neuroplasticity.This role exists both in 
neonatal period and in adulthood58. An increased 
apoptosis in some regions of the brain especially 
in in the hypothalamus and hippocampus has 
been evidenced in mood disorders. Zinc has an 
antiapoptotic action and an important role in 
cell cycle. Neuronal precursor survival and stem 
cells proliferation is also zinc dependent. This 
action of zinc is present at the both cortical and 
subcortical levels. The volume of hippocampus 
is significantly reduced in BD patients compared 
to normal people59. There are also differences in 
the volume of hippocampus between BD type 
I and BD type II patients60 Prolonged lithium 
treatment increases the hippocampus volume in 
BD patients61. This increases the importance of the 
factors that reduce apoptosis and increase neuronal 
plasticity in reducing the risk of BD and improving 
the evolution of this disease. Zinc deficiency 
increases apoptosis and reduced neurogenesis in 
hippocampus62. 
 In apoptosis induced by hypoxic-ischemic 
brain damage in newborn rats , magnesium sulphate 
reduced Apoptosis Index in hippocampus63. 
This metal also reduces neuro degeneration and 
apoptosis indirectly by blocking the activity of 
NMDA receptors. In this way , magnesium and zinc 
deficiency could be essential in the development 
of mood disorders.
Monoamines theory
 This theory involves disruption of 
serotonergic and norepinephrine mediation in 
pathogenesis BD and major depression.
 Serotonin increases the mobilization of 
intracellular calcium and thus alters the ratio of 
calcium to intracellular magnesium.
 Serotonin causes a more intense 
intracellular calcium response in BD and major 
depression.
 Signal transduction, mediated by the 
5-HT2A receptor is significantly increased in 
patients with BD and this process could be specific 
to patients with BD being part of the pathogenic 
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mechanism of the disease64. 5HT2A receptor Bmax 
was increased in platelets obtained from drug-free 
BD patients as compared with normal subjects65. 
In suicidal patients with depression or BD, number 
of 5-HT2A receptors and their activity are increased  
in both platelet and postmortem brain.  
 Lithium carbonate treatment has a 
biphasic effect on the action of serotonin on platelet 
serotonin receptors in patients with BD in both 
manic and depressive patients. A short treatment 
with lithium carbonate (2-3 weeks) decreased 
maximum velocity (Vmax) of serotonin (5-HT) 
uptake while prolonged treatment (at least 1 year) 
significantly increases in Vmax. 
 On the other hand, in patients with BD, 
the concentration of the serotonin transporter 
is 16-26% lower than in normal subjects in the 
hypothalamus, amygdala and previously cingulate 
cortex66. At platelet level, serotonin uptake (Vmax) 
is significantly reduced in BD patients compared 
to normal subjects, but there is no evidence 
that the same thing happens in the brain67. In 
an experimental study on mice , inhibition of 
serotonin synthesis and also 5-HT1 receptor 
antagonists reduced the antidepressant-like effect 
of magnesium68. Magnesium in experimental 
studies has reduced serotonin turnover in the brains 
of animals exposed to noise stress. Antidepressant 
–like magnesium effect in the mouse forced 
swimming test was potentiated by sub-effective 
doses of fluoxetine (10 mg / kg, i.p.( a serotonin 
reuptake inhibitor)and by imipramine (5 mg / kg, 
i.p.)69. Serotonin still enhances GABA release in 
rat entorhinal cortex by activating 5-HT2A receptors 
on GABA-ergic neurons. By increasing the 
concentration of cerebral serotonin, magnesium 
increases the release of GABA and can help restore 
the normal balance between glutamatergic and 
GABA actions. This balance is always disturbed 
in mood disorders.
 Zinc also increased the concentration of 
serotonin in the hypothalamus70. Modulation of 
brain serotonergic systems by different ways is a 
common point of the action of magnesium and zinc 
in mood disorders.
Endocannabinoids theory 
 There are few studies on the implications 
of endocannabinoids in mood disorders, but 
disturbances in the concentration of these 
cannabinoids in both major depressive disorders 

and some psychotic disorders have been observed 
in CSF. There are also changes in the density 
and activity of cannabinoid receptors in both BD 
and depression71. CB1 cannabinoid receptors are 
present at the axonal level in both the glutamatergic 
synapses and the GABA- ergic and serotonergic 
synapses. Thus, the activity of the endocannabinoid 
system could influence the major neurotransmission 
systems involved in mood disorders. Stimulation 
of cannabinoid receptors with anandamide, 
tetrahydrocannabinol (THC), cannabidiol (CBD) or 
anandamide has been shown to reduce depression 
and other related mood disorders72.
 The interactions between zinc and 
magnesium with the endocannabinoid system 
could also be involved in the mechanism of 
action of the two biometals in mood disorders. 
In an experimental study the antidepressant like 
effect of zinc and magnesium was augmented 
by CB1 cannabinoid receptor stimulation after 
administration of oleamide73. 
Hypothalamic-Pituitary-Adrenal (HPA) axis 
disturbances theory
 There are many studies that show that 
cortisol and adrenocorticotrope hormone( ACTH) 
levels are significantly increased in BD74. This 
increase is present both in the manic phase and in 
the depressive phase of BD.
 The cortisol level was higher in BD 
compared to major depression patients and always 
significantly higher than healthy controls75. In BD 
patients, ACTH basal and peak concentration is 
also higher than control patients76. Corticotropin 
releasing factor level is higher in BD patients77. 
Valproic acid used as a mood stabilizer in the 
treatment of BD inhibits the synthesis and release 
of corticotropin-releasing factor. Part of the 
therapeutic effect of valproic acid in BD also occurs 
through this decrease in CRF secretion followed 
by decreased ACTH production. Decreased 
magnesium concentration causes hypothalamic-
pituitary adrenal (HPA) axis disorder and increases 
the synthesis of ACTH and cortisol. Magnesium 
has a modulating role of this axis78. This cation 
reduces the secretion of ACTH and cortisol.
Nitric oxide theory
 Nitric oxide synthase (NOS) is present at 
the neuronal level and nitric oxide is involved in both 
synaptic transmission and neuroplasticity. Nitric 
oxide (NO) is unique gaseous neurotransmitter 
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from the CNS. There is evidence of imbalances 
in the functioning of neuronal NOS and in the 
concentration of nitric oxide in the pathogenesis of 
mood disorders79 and in degenerative diseases such 
as Parkinson’s disease and Alzheimer’s disease.
 Some authors believe that nitric oxide in 
the hippocampus plays an important role in the 
modulation of mood and imbalances related to this 
action are involved in mood disorders80. NO plays 
an important role in the pathogenesis of major 
depression81 and probably plays the same role in 
depressive states in BD. It modulates the action 
of antidepressant drugs including the activity of 
selective serotonin reuptake inhibitors.                                    
 NO also plays an important role in 
the inflammatory processes involved in the 
pathogenesis of mood disorders79. Zinc is an 
important structural element of NOS. This element 
down-regulated the expression of inducible NO 
synthase( iNOS )(mRNA+protein) and decreased 
cytokine-mediated activation of the iNOS promoter. 
 Zinc involvement in BD pathogenesis is 
presented in Figure I.
 Magnes ium involvement  in  BD 
pathogenesis in Figure II.
Nutritional studies on the implications of 
magnesium and zinc in BD
  Few studies have shown a correlation 
between zinc and magnesium amount in the diet 
and BD. Some results from clinical trials show 
that the type of diet has an implication in the risk 
of developing mood disorders82. A limited number 
of nutritional studies showed a significant inverse 
correlation between magnesium dietary intake and 
depressive states83.
 There are data that show that magnesium 
and zinc have a beneficial effect on depressive 
disorders and can reduce suicidal tendencies. 
The effect of these two cations is not limited to 
their antidepressant action but also includes an 
improvement in cognitive functions. A beneficial 
effect of zinc-rich diet in depression and anxiety 
was observed (84). and another study85 showed 
that daily administration of 25 mg zinc as an 
adjuvant treatment to selective serotonin reuptake 
inhibitors (SSRI) therapy has a beneficial effect. 
Few cross-sectional study supports the inverse 
association between dietary zinc intake and mood 
disorders86. Serum zinc levels were inversely 
correlated with mood disorders in adolescent 

female87. Since the serum concentration of zinc 
correlates positively with the dietary intake of zinc, 
the logical conclusion is that an increased dietary 
intake of zinc reduces the risk of mood disorders 
and / or improves their evolution. Contrary, in a 
recent study, plasma zinc levels were higher in 
patients with BD who are in a stable phase of 
the disease compared to normal subjects88. In a 
double-blind, randomized and placebo-controlled 
study zinc supplementation( 10 weeks)  improved 
mood state in young women89. Magnesium and 
dietary supplements containing this cation may be 
appropriate for controlling bipolar disorder90.
 Magnesium reduced mania in BD patients. 
Dietary magnesium intake also reduced the risk 
of developing depressive states in hospitalized 
patients.
 Regarding the different results of the 
studies regarding the influence of diets rich in zinc 
or magnesium administered to patients with BD on 
the evolution of the disease and the effectiveness 
of the treatment, we consider that the following 
aspects should be considered: 
• Lack of mentions regarding the time 
elapsed from the onset of the disease to the 
hospitalization and the various problems to 
establish the onset of disease( especially in patients 
with BD type II).
• Difficulties in tracking the actual amount 
of food (or food supplements) really ingested by 
the patient for a longer time.
• Sometimes the absence of mentions 
related to possible diseases or treatments that can 
reduce the absorption or increase the elimination 
of the two cations administered through the diet. 
 Associated pathological factors such 
as some chronic kidney disease, malabsorption 
syndromes, some liver diseases may alter the 
nutritional intake of zinc or magnesium in BD
Implications of zinc and magnesium in BD 
therapy
 Mood stabilizers are the treatment of 
choice for bipolar disorders. Use of a mood 
stabilizer is recommended in all subtypes and 
in all phases of BD. Some antiepileptic and 
anticonvulsant drugs have been used as mood 
modulators in BD therapy. The most used drugs in 
this group are: carbamazepine, sodium valproate, 
clozapine and others.
 Lithium is an old mood stabilizer 
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drug which has been and still is used in the 
treatment of BD. In the brain, lithium enhances 
inhibitory GABA neurotransmission ,but reduces 
glutamatergic and dopaminergic activity.
 There are data that show an increase 
of intracellular magnesium concentration by 
competition between magnesium and lithium for 
some intracellular binding sites91. This competition 
occurs at therapeutic concentrations of lithium 
that are reached in patients during therapy. 
Increasing the intracellular concentration of lithium 
also increases the intracellular concentration 
of free magnesium. At an intracellular lithium 
concentration of 15 mM the increase in free 
magnesium concentration is 158% .The increase in 
intraneuronal free magnesium concentration was 
observed experimentally after chronic exposure 
of neurons to concentrations of 1-2 mM lithium 
for at least 72 hours92. This experimental data is 
consistent with the observation that therapeutic 
results after lithium administration are obtained 
after a period of treatment. There are conflicting 
data on the influence of lithium salt treatment on the 
plasma concentration of magnesium. Lithium and 
other mood stabilizers used in the treatment of BD 
inhibit the transformation of arachidonic acid into 
some proinflammatory icosanoids. Because some 
icosanoids synthesized from arachidonic acid have 
proinflammatory action and stimulate the synthesis 
of proinflammatory cytokines, lithium may also 
have a therapeutic effect in BD by inhibiting their 
synthesis.
 It is unclear whether major depression and 
depressive periods in BD are pathologically exactly 
the same, but there are certainly many similarities 
between them. The strong argue that monopolar 
depression and BD depression phase have similar 
pathogenesis is the great resemblance between 
the clinical symptoms including the existence of 
suicidal tendencies in depressive states in BD. 
Therapeutic results argue against a similarity 
in the pathogenic mechanism, showing that the 
antidepressant drugs that are effective in major 
depression have few therapeutic results in BD 
therapy and often have no results regardless of the 
duration of treatment. In some cases, antidepressant 
medication increased cycle frequency and 
mood episode severity in patients with BD. 
Mood stabilizers were much more effective in 
these patients than antidepressant medication93. 

Although some small clinical differences can be 
discussed between the depressive phases of BD 
and monopolar depression, there are certainly many 
similarities and the boundary between the two 
pathological conditions is not clearly established.
 Ketamine showed an antidepressant 
action in monopolar and also in bipolar depression 
Magnesium and ketamine have a synergistic 
action regarding the antidepressive effect. The 
both reduced the NMDA receptor activity and the 
both increase the BDNF activity in brain94. The 
mechanism of reduction in NMDA receptor activity 
is not the same for ketamine and magnesium. 
Regarding ketamine, the critical point of action 
is the GluN2B subunit from NMDA receptors. 
For magnesium, essential is the effect on the 
calcium channel coupled with NMDA receptors. 
Ketamine has a therapeutic effect in both forms 
of monopolar and bipolar depression (depressive 
symptomatology, including suicidal ideation, was 
reduced in 69% of patients after ketamine (5mg/
kg), but no patient had a symptomatology reduction 
after placebo administration)95. The synergistic 
action of ketamine and magnesium in the both 
forms of depressive states is an strong argue for the 
involvement of magnesium deficit in pathogenesis 
of depressive states.
 The antidepressant mechanism of action 
of ketamine is that of noncompetitive inhibition 
of NMDA receptors. Because zinc and ketamine 
both act by noncompetitive inhibition of activity of 
NMDA receptors but in different sites it is possible 
that there is a potentiating relationship between 
them. The same potentiating relationship is true 
for magnesium.
 Mood stabilizers such as lithium carbonate 
and sodium valproate have anti-apoptotic and 
neuroprotective action. Lithium and sodium 
valproate protect against glutamate-induced 
NMDA receptor mediated neuronal exocytosis 
and against apoptosis. Increasing the concentration 
of intracellular magnesium and plasma zinc 
by mood stabilizer therapy may be involved in 
reducing the activity of NMDA receptors and in 
the antiapoptotic action of these drugs.
 A strong argument for the involvement 
of the imbalance between calcium and magnesium 
concentrations in BD pathogenesis is the favorable 
therapeutic effect of the administration of 
nimodipine and other calcium channel blockers 
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with dihydropyridine structure in patients with BD 
during manic periods.
 Mood stabilizers are the treatment of 
choice for bipolar disorders. Use of a mood 
stabilizer is recommended in all subtypes of 
BD. The effect of therapy with sodium valproate 
900 mg / day, carbamazepine 600 mg / day 
and quetiapine 600 mg / day, respectively, was 
followed for 4 weeks on three groups of adult 
patients with BD type I hospitalized in the manic 
phase of the disease. In all three groups, at the 
hospital admission, the erythrocyte concentration 
of magnesium and the plasma concentration of zinc 
were significantly reduced compared to healthy 
controls. There were no significant differences 
in plasma magnesium concentration compared 
to the control group. After 4 weeks of treatment, 
the erythrocyte magnesium and plasma zinc 
concentrations increased significantly(erythrocyte 
concentration of magnesium (56.9 +/- 5.22 mg/L 
after sertraline vs 44 +/- 2.7 mg/L before sertraline, 
p < 0.01). The treatment did not produce significant 
changes in the plasma concentration of magnesium. 
There was a positive correlation between an 
increase in erythrocyte magnesium and plasma 
zinc levels and an improvement in patients’ clinical 
condition(96).The increase in the intracellular 
concentration of magnesium by various mood 
modulators (carbamazepine, lithium sodium 
valproate and others) used in the treatment of BD 
that have different mechanisms of action indicates 
that this increase is an important component of 
the mechanism of action of these drugs in this 
disease.  The level of serum magnesium was not 
significantly different in patients with treated 
mood disorders compared to those who did not 
receive treatment97. In favor of the involvement 
of magnesium deficiency in the pathogenesis of 
BD, clinical data argue that the administration 
of magnesium sulfate (200mg/h in iv continuous 
infusion )in patients with BD type I during a manic 
episode reduces the manic agitation and decreases 
the need for psychotropic drugs. Magnesium 
aspartate administration in rapid cycling BD type 
I has improved the clinical condition of patients98. 
 This cation may be beneficial for 
reducing maniac symptoms of type I BD(99). 
Low magnesium levels after experimental brain 
trauma are associated with depression. Because BD 
is a recurring disease, one of the problems is the 

presence of repeated relapses. A study showed that 
in patients with BD type I( treated with mirtazepin 
or sodium valproate) who relapsed in the first two 
years after the first hospitalization, the level of 
erythrocyte magnesium and plasma zinc was lower 
at the time of relapse than at hospital discharge and 
also significantly lower than in patients without 
relapse100.
Biomarkers problem in mood disorders
 One problem is the absence of biological 
markers to monitor the evolution and effectiveness 
of treatment of patients with BD. In order to assess 
the evolution of psychiatric diseases as well as to 
evaluate the effectiveness of the treatment, many 
authors consider it important that in addition to 
the clinical evaluation of the patient’s behavior, 
there are also biological markers. Plasma zinc 
concentration was proposed as a biological 
marker of major depression and associated a 
low zinc concentration with treatment resistance 
in depressed patients. Serum magnesium was 
proposed as a marker in BD101.
 We believe that plasma zinc and 
erythrocyte magnesium should be considered as 
biological state markers and used as such in both 
major depression and BD. Of course, this does not 
exclude the use of other biological markers and it 
is recommended to use the determination of these 
markers together with other methods for assessing 
the behavior of patients with BD.

CoNClusIoNs

 Despite the heterogeneity of clinical 
studies results, existing data support the idea of  
a therapeutic and prophylactic potential of both 
magnesium and zinc in BD. The time when the 
administration of the two cations should be started, 
the duration of administration and the doses 
required for the best possible effect should be 
determined. In this direction more clinical studies 
are surely needed.
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