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ABSTRACT

The homeostasis of elements is essential for a healthy nervous system, which is crucial for
patients with bipolar disorder. Abnormalities related to the supply, absorption, intracellular and
extracellular concentrations of micronutrients are considered as factors in the pathogenesis
of affective disorders. Lithium carbonate treatment influences levels of elements. The paper
presents a study on the influence of lithium carbonate treatment on the content of selected ele-
ments (lithium, copper, iron, zinc, magnesium and calcium) in hair sample from bipolar
patients. The study group consisted of 57 patients with the diagnosis of bipolar affective disor-
der. Each patient was in the remission phase. Two groups were distinguished according to the
treatment — with or without lithium carbonate. The levels of lithium, copper, iron, zinc, magne-
sium and calcium were measured based on an analysis of hair samples. Patients taking lithium
carbonate are characterized by a higher level of lithium (p<0.01), zinc (p<0.05) and magnesium
(p<0.05), and lower iron content (p<0.05) in a hair sample. Significant differences were found for
magnesium distribution (p<0.01) in the group not treated with lithium. In this group, moderate
dependence occurred between magnesium and lithium (r=0.517, p=0.034), magnesium and cal-
cium (r=0.564, p=0.018), magnesium and iron (r=0.510, p=0.037), and iron and lithium (r=0.532,
p=0.028). The study shows that BD is associated with specific abnormalities in the level of trace
elements in the human body. The balance of elements can be affected by medications. The study
shows that lithium carbonate can affect the concentrations of elements.
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INTRODUCTION

Bipolar disorder (BD) is a lifelong mental illness that requires psycho-
pharmacotherapy. The frequency of subsequent episodes of mania and
depression is strongly dependent on the systematic intake of appropriate
mood stabilizers or antidepressants (CERULLO, STRAKOWSKI 2013). Lithium
is used in BD and to treat schizoaffective disorders, recurrent depressive
disorders, or neurodegenerative diseases (GELro et al. 2017). In general,
it has antimanic, antidepressant, and prophylactic properties; at the same
time it causes side effects, e.g. nausea, diarrhea, polyuria, polydipsia
(GrruiN 2016). Lithium has a narrow therapeutic index between 0.6 mmol L
to 1.2 mmol L (GiruiNn 2016). Checking the lithium concentration in the
patient’s blood is necessary because small differences in a dose may lead
to serious therapeutic failures or adverse drug reactions. This mood stabili-
zer may interact with other medications. Antidepressants may increase
the toxic effects of lithium (SSRIs), or cause mania or rapid phase change,
tricyclics with lithium (Szymczyk et al. 2017). Researchers do not exclude
its potential impact on the functioning of healthy people with reduced dosage
of the element described. Two forms of lithium are available (without pre-
scription) for lithium supplementation: aspartate and orotate (MARSHALL
2005). Despite many years of use, the biological mechanism of lithium treat-
ment is not fully understood.

Trace elements, both essential and non-essential ones, are parts of enzy-
matic systems and structural parts of biologically active components. Many
factors influence the bioavailability of those components, e.g. food (inhibits
or increases assimilability), drugs, health condition, the chemical form of the
compound, age or contamination in one’s area of residence (KrEJpcio et al.
1999, KHALIQUE et al. 2005, SULIBURSKA et al. 2015). There is a synergistic
or antagonistic interaction between the non-indigenous elements (metals)
present in the human body, which respectively strengthen/raise the level
or inhibit/lower the level of particular elements (fL.oJko et al. 2018). Metals
may hinder the absorption of essential elements (AFrIDI et al. 2006). As a highly
reactive element, lithium can affect other important components in the
human body (JakoBssoN et al. 2017). Abnormalities related to the supply,
absorption, intracellular and extracellular concentrations of micronutrients
are considered as factors in the pathogenesis of affective disorders (f.oJko
et al. 2018). Studies indicate that BD is also associated with specific abnor-
malities in the level of trace elements in the human body (MusTak et al.
2008, GoNzALEz-EsTECHA et al. 2011, CHOWDHURY et al. 2017, Santa Cruz et al.
2020). Comparisons of patients with BD and the control group show changes
throughout chemical mechanisms, causing disturbances in metabolites,
proteins and metalloproteins profiles (SussuLINI et al. 2011). Researchers di-
rectly indicate that adequate nutrition (also at the trace element level) may
lead to a better response to pharmacotherapy (Bourre 2006, BEYER, PAYNE
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2016, Losko et al. 2018). The undeniable influence of a diet and nutrition
on mental disorders has resulted in a new field of research called nutritional
psychiatry (f.oJko et al. 2018, ApAN et al. 2019). So far, most research in this
area has focused on depression (YosHIMURA 2018, ApaN et al. 2019), while
more and more studies are being conducted on patients with bipolar disorder
or anxiety disorders (MARX et al. 2017, LoJko et al. 2018).

Researchers focus on one variable that can potentially impact the con-
tent of elements in the human body. An analysis of the Polish population
shows that Fe is low in women and Ca, Mg, Zn, and Cu are higher (SCHLEGEL-
-ZAWADZKA 1992). On the other hand, other researchers noticed no gender
differences in the body content of Cu and Fe (BErrazzo et al. 1996, Dunicz-
-SokoLowska et al. 2007). There are some differences in Ca, Mg, Zn levels
in young persons, namely boys tend to have lower concentrations of these
elements. However, KreJrcio et al. (1999) did not notice a similar trend.
Children with ADHD are characterized by lower levels of zinc, copper and
magnesium (ELBAZ et al. 2017). Nonetheless, researchers point to age-depen-
dent changes. Cu drops with age (since the age of about 60 years), while Zn
reaches its optimal value in about 30-40-year-olds, and then it slowly
decreases (BERTAZZO et al. 1996). Many studies indicate a decrease in the
level of calcium in the body (which may be related to the process of bone
demineralization) and a low level of its supply to the body (STEFANSKA et al.
2011). However, some of the results show other trends. In a female group,
calcium and magnesium concentrations increased with age (SULIBURSKA et al.
2015). Heavy metals (Pb, Cd) increase with age in men (DUNICZ-SOKOLOWSKA
et al. 2007). Levels of metals (lead, cadmium) are higher in hair samples
of children living in areas with worse air pollution (KreJpcio et al. 1999).
It has been verified that the type of a diet (conventional vs. vegetarian) does
not affect the content of metals in women’s hair (WoJciak et al. 2004).
Atomic absorption spectroscopic analysis shows lower concentrations of zinc,
calcium, iron, selenium, sodium and potassium in BD patients than
in healthy controls (SIWEK et al. 2016, CHOWDHURY et al. 2017, STYCZEN et al.
2017). The differences in elemental levels in people with psychiatric illnesses
are not fully understood. They are often cited as being related to particular
psychopathology. Explanations include a role of oxidative damage or specific
lifestyles. Further, researchers showed differences in the concentration
of particular toxic elements (GoNzALEz-EsTECHA et al. 2011). Studies also dif-
ferentiate the concentration of selected minerals in different mania and de-
pression phases, respectively (MusTAK et al. 2008, BEYER, PAYNE 2016, SIWEK
et al. 2016, STvczeN et al. 2017). Pharmacotherapy with mood stabilizers could
be associated with K, P, Cu, Al and Mn pathways (Santa Cruz et al. 2020).

This study aims to investigate the influence of lithium carbonate on the
level of selected elements: lithium (Li), copper (Cu), iron (Fe), zinc (Zn), mag-
nesium (Mg), and calcium (Ca) based on an analysis of hair samples.
Elemental analysis of hair, same as analysis of serum, urine or tissue,
1s a way to assess the mineral nutrition status (SULIBURSKA et al. 2015).
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METHOD

Participants

The study group consisted of 57 patients with bipolar disorder treated
with particular mood stabilizers. Participants were divided into two groups
according to whether patients were taking lithium or not. The lithium-treated
group consisted of 40 patients while the untreated group included 17 patients.
Adults between the ages of 18 and 50 were selected for the study. Based
on inclusion criteria, eligible participants: a) suffered from bipolar disorder
as defined in the International Statistical Classification of Diseases and
Related Health Problems (ICD10), b) had a medical prescription for a mood
stabilizer, ¢) were in the remission / incomplete remission phase. We excluded
participants who: a) were older than 60 years, b) were treated with some
medication in a hospital less than a month, ¢) were on an elimination diet,
excluding some products, e.g. vegetarian, vegan, etc. The severity of bipolar
disorder symptoms was measured on the Hamilton Depression Rating Scale
(HDRS) and Young Mania Rating Scale (YMRS). The results on both scales
did not show high severity of symptoms that could imply that the subject
is manic or depressed. The study group comprised both hospitalized and
outpatient patients. All respondents came from Wielkopolskie Voivod-
ship in Poland and lived in medium or large cities. The subjects taking
lithium were regularly checked for blood lithium levels, which were standard
for the entire group during the study period. The research was conduc-
ted from 2018 to 2019. The Ethical Committee at the Poznan University
of Medical Sciences approved the study.

Procedure

Each hair sample was taken from the occipital scalp from at least six
different points, using clean stainless steel scissors. Color-treated and
permed hair was excluded from the study. The procedure for obtaining hair
element content requires: washing (acetone, non-ionic detergent — Triton
100-X, and rinsed three times with redistilled water), drying at 105°C
to constant weight, then weighing. After drying, the samples were minerali-
zed with concentrated nitric acid (65%, supra pure, Merck) using an Ethos
Easy microwave mineralizer Milestone Srl (KreJpcio et al. 1999, WoJciak
et al. 2004). After proper dilutions, the content of copper (Cu), iron (Fe), zinc
(Zn), magnesium (Mg), and calcium (Ca) in mineralized hair samples was
marked using flame atomic absorption spectrometry on an iCE3500 spectro-
photometer (ThermoFisherScientific). The accuracy of the method was
checked using certified reference material (NCS DC 73347 human hair).
Lithium content was measured by using graphite furnace atomic absorption
spectrophotometry (condensed tenfold). Standards recovery was 99.6-102.9%
(Woaciak 2019). The hair samples were prepared according to the Interna-
tional Atomic Energy Authority (IAEA) method designed to assess levels
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of toxic and essential metals in a human organism (International Atomic
Energy Agency 1984). In order to check the test results against popula-
tion-wide norms, it was decided to use specific reference values. We adopted
reference values for the content of selected elements in hair from previous
studies and publications: (Ca — 600-1000, Mg — 40-60, Zn — 160-200, Cu — 10-20,
Fe — 10-20, pg g' d.m.) (Rapomska et al. 1993, KrEspcio et al. 1997, 1999,
WoJgciak et al. 2004, DunNicz-SokoLowskaA et al. 2007, CHOINACKA et al. 2010).

Statistical methods

Data were presented and analyzed according to the type of data obtained
for each parameter. Statistical analyses were conducted with nonparamet-
ric Mann-Whitney U test or parametric Student’s ¢-test for quantitative
variables and with the Chi-squared test (y?) for qualitative variables.
The dependences between the variables were checked with the Spearman’s
rank correlation coefficient. Normality of the distribution of variables was
examined using the Shapiro-Wilk test. Having verified normality of the
data distribution, an appropriate statistical test, i.e. parametric or non-
parametric, was employed. All results were evaluated at a confidence level
of 95% and statistical significance p<0.05. Statistical analyses were imple-
mented in IBM SPSS Statistics version 26. The results are presented
in Tables 1-6.

RESULTS

Table 1 shows the gender characteristics of the study subjects. The group
taking lithium was dominated by women (60%), while the group not taking
lithium was dominated by men (58.8%). The significance of differences was
tested by x? test. Statistical analysis does not indicate differences between
the number of women and men in the analyzed groups.

Table 1
Gender distribution of respondents
Specification Women Men X p
Lithium treatment (%) 60 (n=24) 40 (n=16) 1.600 0.206
Non-lithium treatment (%) 41.2 (n=7) 58.8 (n=10) 0.529 0.467
General (%) 54.4 (m=31) | 45.6 (n=26) 0.439 0.508

Table 2. shows the content of the selected elements in the hair of pa-
tients with bipolar disorder. We present basic statistical characteristics in
each row, including the arithmetic mean, standard deviation, minimum,
maximum, and median for lithium, copper, iron, zinc, magnesium and calci-
um levels. Additionally, respondents are divided into two groups: people
treated with lithium (Li) and with other mood stabilizers (Non-Li).
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The results indicate that the distribution of the tested variables differs
from the normal distribution. For Cu, the mean is about 12 pg g*, Zn 200 pg g,
and Ca 1100 pg g'. The next table presents differences among the means
for Mg, Li, and Zn. The most similar median values were observed for Cu
(lithium group mean — 11.445 pg g*! vs. non-lithium group mean — 11.625 pg g?)
and Ca (lithium group mean — 1124.67 pg g! vs. non-lithium group mean —
1151.67 pg g1). The minimum and maximum values show quite large ranges,
which means that microelements can vary individually.

Comparisons of the groups with and without lithium treatment in terms
of the content of specific elements in hair are presented in Table 3.

Table 3

Lithium psychopharmacotherapy and the content of selected elements in hair samples
of patients with BD

Treatment
Elements ithi _ lithi
lithium non — lithium Shapiro-Wilk )
treatment treatment test test™ D
(n=40) (n=17)
arithmetic
ithi 21.63+1.46 10.65+1.30
Lithium mean+SEM 0.001 -4.326* | 0.000%*
(ng g'd.m.)
median 20.02 9.50
aritmethic
11.425+1.02 12.753+1.42
C"ppfr meantSEM 0.000 -.820% | 0.412
(g g’ d.m.) -
median 11.46 11.63
Iron arithmetic
16.173+0.94 19.609+1.23
(g g'dm.) | meantSEM 0.676 -2.074' | 0.043*
median 15.01 19.95
Zinc arithmetic
217.62+10.02 | 178.34+14.45
(ng g’ dm.) | meantSEM 0.440 2.056' | 0.045*
median 198.87 174.08
Magnesium arithmetic
51.335+2.81 43.525+4.61
(ug gt d.m.) | meantSEM 0.012 -2.233' | 0.026*
median 48.458 38.214
Calcium Arithmetic
1098.35+59.22(1289.62+138.19
(g g'dm.) | meantSEM 0.185 -1.500% | 0.129
median 1124.67 1151.67

* p<0.05, ** p<0.01
# Mann-Whitney U test, ' Student’s ¢-test

Results of the Mann-Whitney U test and Student’s ¢-test show that statisti-
cally significant differences are found in the levels of lithium (»p<0.01), iron
(p<0.05), magnesium (p<0.05) and zinc (p<0.05). Patients taking lithium are
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characterized by higher lithium, zinc and magnesium amounts in a hair
sample. At the same time, a lower iron content was noted in this group.
The mean values for copper, zinc and calcium also differ, but the differences
are not statistically significant. Both Ca and Cu were higher in the non-
treatment group. When analyzing the standard error of the mean, it can be
observed that the group not taking lithium is less homogenous. The values
obtained by the respondents in this group are more diverse than in the lithium
treatment group. The analysis also examined whether men and women
in the two groups (treated and untreated with lithium) differed in the ele-
mental content of their hair. A statistical difference was shown only for Ca
in the lithium-treated group (¢=3.790, p<0.001). Women obtained significantly
higher hair Ca levels.

Table 4 shows the distribution of the hair content of elements in two
groups. Significant differences were found in the magnesium distribution

Table 4

Precentage of patients under lithium treatment (Li) and without lithium treatment (non-Li)
according to the level of metals in the hair and its statistical evaluation

Specifica- | Cu Li Cu .| Feli Fe .| Zn Li Zn .| Mg Li Mg .| CaLi Ca .
tion (n=40) non-Li (n=40) non-Li (n=40) non-Li (n=40) non-Li (n=40) non-Li
(n=17) (n=17) (n=17) (n=17) (n=17)
16 5 7 0 6 4 9 11 4 1
0,
<RVs (%) 40.0 29.4 17.5 0.0 15.0 23.5 22.5 64.7 10.0 5.9
20 11 23 9 15 7 21 2 13 5
0,
RVs (%) 50.0 64.7 57.5 52.9 37.5 | 41.25 | 52.5 11.8 32.5 29.4
4 1 10 8 19 6 10 4 23 11
0,
>RVs (%) 10.0 5.9 25.0 47.1 47.5 35.3 25.0 23.5 57.5 64.7
X 1.068 4.857 0.942 10.973 0.370
p 0.586 0.088 0.624 0.004** 0.831

RVs — reference values; * p<0.05, ** p<0.01

(p<0.01). Most of the values of magnesium in hair (52.5%) were contained
in the RVs in the lithium treatment group, 23.5% were below and 25% were
above RVs. For the non-lithium treatment, the highest percentage of obser-
vations (about 65%) were below RVs, then 23.5% were above, and the least
(about 12%) were within RVs. We did not notice significant differences
regarding the other elements; however, some observation are worth noting.
About 65% of non-lithium and 50% of lithium treatment patients were with-
in reference values for copper distribution. For both groups, more observa-
tions were below the reference values than above. For iron, there were no
results below RV among the non-lithium treatment group. For the lithium
treatment group, there were 17.5% observations below RV. In the non-lithi-
um treatment group, there were almost twice as many observations above
RV than in the lithium treatment group (47% to 25%). Zinc was relatively
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evenly distributed among the respondents in the non-lithium treatment
group. As for the patients treated with lithium, almost 50% of observations
were above the RVs. Most of the measurements for zinc (about 60%) were
above RVs, while 30% of the observations were within the RVs. For calcium,
most observations were above the reference values (57.5% and 64.5%, respec-
tively).

Table 5 and Table 6 present results of the analysis of the Spearman cor-

relations.

Table 5
Correlations between elements for the group under lithium treatment
Elements Li Ca Mg Zn Cu
r=-0.131
Ca p=0.422
M r=0.122 r=-0.125
J p=0.453 p=0.442
In r=0.167 r=-0.105 r=0.272
p=0.304 p=0.520 p=0.089
Cu r=0.032 r=-0.008 r=0.101 r=-0.272
p=0.842 p=0.962 p=0.536 p=0.089
Fe r=0.198 r=-0.140 r=-0.062 r=0.056 r=0.242
p=0.220 p=0.390 p=0.703 p=0.733 p=0.132
Table 6
Correlations between elements for the group without lithium treatment
Elements Li Ca Mg 7n Cu
r=0.400
Ca p=0.112
M r=0.517*% r=0.564%
i p=0.034 p=0.018
In r=-0.422 r=-0.120 r=-0.206
p=0.092 p=0.646 p=0.428
Cu r=0.159 r=0.140 r=0.145 r=0.316
p=0.541 p=0.593 p=0.580 p=0.216
Fe r=0.532% r=0.355 r=0.510% r=-0.316 r=0.375
p=0.028 p=0.162 p=0.037 p=0.216 p=0.138
* p<0.05

There were no statistically significant correlations for the lithium treat-
ment group (Table 5). The analysis identified several dependencies in the
non-lithium treatment group (Table 6). Moderate dependence occurred
between magnesium and lithium (+=0.517, p=0.034), magnesium and calcium
(r=0.564, p=0.018), magnesium and iron (r=0.510, p=0.037), and iron and
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lithium (r=0.532, p=0.028). All significant correlations are positive, hence
when one of the elements increases, the other increases as well. Most cor-
relations were found for magnesium. When analyzing all the data without
division into the two groups, a statistically significant correlation was shown
only for lithium and magnesium (r=0.350, p=0.008). The higher the lithium
concentration, the higher the magnesium concentration.

DISCUSSION

The main aim of the study was to estimate the level of essential trace
elements in bipolar patients treated with different mood stabilizers (with
or without lithium carbonate). We assumed that a highly reactive element
like lithium could have an impact on particular elements because its biolo-
gical mechanisms are multifactorial and complex (ScHRAUZER 2002). The con-
sequence of these interactions can be pathological states in processes regu-
lated by these elements (KrEJpcio et al. 1999). There are not many studies
in the literature considering lithium as an active factor influencing the
homeostasis of other elements. This balance is necessary for a healthy ner-
vous system, crucial for patients with imbalanced neuronal processes,
as in bipolar disorder.

The elements selected for our analysis significantly affect the functioning
of a human body. Because of their role in enzymatic mechanisms that protect
against free radicals, toxic derivatives of oxygen (BOURRE 2006), any imba-
lance in components such as copper, zinc and manganese may contribute
to poor childhood development. Besides, copper is involved in the etiology
of mental disorders, for example by participating in the conversion of dopa-
mine to norepinephrine (SIWEK et al. 2017). Its deficiency can influence neu-
rodegenerative diseases, e.g. Alzheimer’s disease (BoURRE 2006). Zinc, whose
highest concentration is found in the hippocampus, is essential for synthesiz-
ing GABA, the main neurotransmitter with inhibitory effects (TAKEDA, TAMANO
2009). Studies indicate that its deficiency is associated with anxiety and depre-
ssive states (BoUuRrRE 2006, TAKEDA, Tamano 2009, GRoNLI et al. 2013, SIWEK
et al. 2016). The proper functioning of cognitive processes is associated with
normal iron levels (KHALIQUE et al. 2005). Its deficits are observed in depres-
sion episodes (iron deficiency anemia) or in children with ADHD (BoURRE
2006, WoJciak et al. 2014). It takes part in the synthesis of neurotransmit-
ters and production of energy in the cerebral parenchyma (Bourre 2006).
As one of the essential intracellular cations, magnesium plays a role in oxi-
dation-reduction and ionic regulation processes. Deficits in this element can
also cause lower mood episodes or exhaustion (Bourre 2006). Calcium is the
primary building material of bones and teeth, but it is also an essential acti-
vator of many enzymes involved in blood clotting. Moreover, it regulates the
nervous system, muscular activity and the secretion of hormones.
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Researchers have noted that patients treated with lithium have lower
Se concentrations than those treated with other mood stabilizers (Santa Cruz
et al. 2020). An opposite effect was observed for Br and Al. Lithium treat-
ment resulted in significantly higher levels of Al and Br in the subjects
(HAarVEY et al. 1992). Moreover, lithium could interact with sodium, potas-
sium, magnesium, calcium, aluminum, manganese or vanadium (SCHRAUZER
2002). Our study supports the assumption of an active effect of lithium on other
micronutrients. The group of patients treated with lithium salts showed
significantly higher lithium levels in the hair samples. The detected trend
is confirmed by patients’ blood tests (Sussurini 2011). We also determined
a significant difference in the magnesium content, which was significantly
higher in those treated with lithium (lithium group mean — 51.335, non-lithium
group mean — 44.525). Other authors have also reported some correlations
between lithium and magnesium (BircH 1999, Santa CrUz et al. 2020). Lithium
treatment has been shown to affect magnesium metabolism, e.g. it is sug-
gested that urinary magnesium excretion increases when a patient is on
lithium therapy (BircH 1999). Lithium is not metabolized but is almost com-
pletely excreted by the kidneys. Researchers note that lithium can compete
at the biological level with sodium and magnesium, which as ions are most
similar to lithium in charge and size (JakoBssoN et al. 2017, ERDEMIR, GUCER
2018). We observed a significant difference in the iron level. The group not
treated with lithium had higher Fe levels than the group with lithium treat-
ment. Cruz et al. proved a higher level in BD than in healthy controls. They
hypothesized that it could be associated with oxidative stress (Santa Cruz et
al. 2020). The association of lithium and iron is also noted by Lei et al., who
worked on Parkinson’s disease. Low-dose lithium treatment induces revers-
ible hippocampal T2 relaxation time changes in substantia nigra consistent
with increased iron levels (LEr et al. 2017). We showed no significant statis-
tical differences for Ca, Cu, Zn. Studies on changes in Zn concentrations as
a consequence of lithium therapy are inconclusive. The results of some stud-
ies support our observation (SanTa Cruz et al. 2020); on the other hand, some
data indicate that Zn was at a higher level in BD patients treated with
Li than in BD patients not treated with this drug (SussuLini et al. 2011).
Kuo and Hgess (1993) noticed that lithium could inhibit calcium because
of its ability to enter calcium channels. Our study does not indicate a signi-
ficant difference but shows that the mean Ca level in the two groups is not
the same. The lithium group had lower micronutrient levels in hair samples
(lithium group mean — 1098.35, non-lithium group mean — 1289.62). Women
taking lithium had higher calcium levels than men taking the drug. This
is the only element whose levels differed by gender. It is possible that testing
more people could present a statistically significant effect. We can conclude
that lithium will compete with some of the elements, including calcium.

Researchers have mostly focused on determining micronutrient levels
for BD compared to healthy controls. Our study compares the values
obtained in the two groups of patients during the remission period with
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the reference values. We found a marked difference in the distribution of the
hair magnesium content between the groups of patients. 52.5% of observa-
tions in the lithium treatment group were within RVs whereas for the
non-lithium group, this percentage was as low as 12%. About 60% of non-
lithium group observations were below standard. The results indicate that
those taking lithium carbonate have a distribution of magnesium values
more similar to norms than those not taking the drug. Other authors show
that the serum magnesium concentration of patients with BD during periods
of depression, mania and hypomania is significantly higher than in healthy
subjects. During the remission period, this parameter normalized and did not
differ from the control (SIwek et al. 2015). For copper, most observations
in both groups were at or below average. Studies indicate that copper in
patients with BD is generally within the normal range (regardless of the
disease phase). The copper concentration showed a relationship with the num-
ber of affective episodes as it decreased with the growing number of out-
breaks of the disease (SIWEK et al. 2017). The smallest number of observa-
tions for Fe was within the post-baseline values. Our data are not consistent
with the statement that decreases in Fe levels are characteristic for BD
patients (MusTak et al. 2008). For zinc, most of the measurements were
above RVs or within RVs. This finding agrees with the results of other scien-
tists (MusTaK et al. 2008). Additionally, it is known that in the depressive
phase, lower blood Zn levels are reported to return to normal during mania/
hypomania (SIWEk et al. 2016). Some researchers have suggested that lit-
hium influences calcium ion levels by affecting the rate of transmission
of nerve signals (SzymczyK et al. 2017). In our case, no statistical intergroup
differences were observed. Most measurements (with no statistical diffe-
rence) were below the reference level.

The study also checked the relationship (correlation) between elements.
Researchers distinguishing between antagonistic and synergistic interactions
note different trends. Some authors have found a synergistic interaction
between Ca-Mg, Ca-Zn, Ca-Cu, Mg-Zn, Mg-Cu, Zn-Cu, and Zn-Fe (Dunicz-
-SokoLOWSKA et al. 2007). Our analysis of the research data indicates statis-
tically significant, moderate relationships for magnesium and lithium.
The correlation is present for subjects not treated with lithium (r=0.517,
p=0.034) and for all subjects, without grouping (r=0.350, p=0.008). The higher
the lithium concentration, the higher the magnesium concentration. Other
researchers also confirm this relationship (Rapomska et al. 1993, Dunicz-
-SokoLowskA et al. 2007). Furthermore, our study indicated magnesium-cal-
cium and magnesium-iron relationships. Other researchers have detected
a correlation between Fe and Zn (Dunicz-SokoLowska et al. 2007). However,
our study did not confirm this. The group taking lithium did not show any
statistically significant association. Lithium may help regulate magnesium
levels. The hypothesis requires more in-depth research.

Future studies may be conducted on larger number of samples. This will
allow additional statistical analyses. Future studies could involve analyses
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of more elements. Furthermore, we could extend the research model to in-
clude healthy individuals matched on selected characteristics. In the present
study, we do not consider changes in concentrations of elements in each
patient. It would be interesting to perform the research at the moment
of making a diagnosis, as well as before and after treatment, and at every
bipolar disorder phase. Additionally, we plan to include an analysis of diets
of the subjects in subsequent studies. Hair is only to a certain extent a valu-
able biomarker of imbalances in the range of metals studied. Future research
could expand measurement methods to include blood serum, urine, or saliva.

In conclusion, the present study demonstrates that lithium carbonate
can influence selected elements in bipolar patients. The research confirms
that patients with this disorder struggle not only with mood instability but
also with the dysregulation of essential minerals in their bodies. The study
presented in this paper makes a step towards understanding the impact
of lithium carbonate psychopharmacotherapy on patients’ health.

REFERENCES

ApaN R.A.H., vax DER BEgk E.M., BuitELAAR J. K., CrRYAN J.F., HEBEBRAND J., HiGGS S., SCHELLEKENS H.,
DicksoN S.L. 2019. Nutritional psychiatry: towards improving mental health by what you
eat. Eur Neuropsychopharmacol., 29(12): 1321-1332. DOI: 10.1016/j.euroneuro.2019.10.011

ArriDI H.1., Kazi T.G., Jamarr M.K.., Kazt G.H., Arain M.B., JaLBant N., SHAR G.Q., SARFARAZ R.A.
2006. Evaluation of toxic metals in biological samples (scalp hair, blood and urine) of steel
mill workers by electrothermal atomic absorption spectrometry. Toxicol Ind Health,
(9): 381-93. DOI: 10.1177/0748233706073420

Bertazzo A., Costa C., BiasioLo M., ALLEGRI G., CIRRINCIONE G., PrRESTI G. 1996. Determination
of copper and zinc levels in human hair: influence of sex, age, and hair pigmentation. Biol.
Trace Elem. Res., 52(1): 37-53. DOI: 10.1007/BF02784088

BEeYER J.L., PAYNE M.E. 2016. Nutrition and Bipolar Depression. Psychiatr Clin North Am.,
39(1): 75-86. DOI: 10.1016/j.psc.2015.10.003

BircH N.J. 1999. Inorganic pharmacology of lithium. Chem Rev., 99(9): 2659-2682. DOI: 10.1021/
/cr9804240

Bourre J.M. 2006. Effects of nutrients (in food) on the structure and function of the nervous sys-
tem: Update on dietary requirements for brain. Part 1. Micronutrients. J Nutr Health
Aging., 10(5): 377-385.

CeruLLO M.A., StTrRAKOWSKI S.M. 2013. A systematic review of the evidence for the treatment
of acute depression in bipolar I disorder. CNS Spectr., 18(4): 199-208. DOI: 10.1017/
/S1092852913000102

CroJNackAa K., Z1ELINSKA A., GOrREcKA H., DoBRzaANSKI Z., GOreEckl H. 2010. Reference values
for hair minerals of Polish students. Environ Toxicol Pharmacol., 29(3): 314-319. DOI: 10.1016/
/j.etap.2010.03.010

CuowpHURY M.I., Hasan M., Istam M.S., Sarwar M.S., AmiNn M.N., UppiN S.M.N., Ranamaxn M.Z.,
Banik S., Hussain M.S., Yokota K., HasNnar A. 2017. Elevated serum MDA and depleted non-
-enzymatic antioxidants, macro-minerals and trace elements are associated with bipolar
disorder. J Trace Elem Med Biol.,, 39: 162-168. DOI: 10.1016/j.jtemb.2016.09.012. Epub
2016 Oct 1

Dunicz-SokoLowska A., Drucaszexk M., Rapomska K., WrazLak E., SURKONT G., GrAaCczYK A. 2007.
Contents of bioelements and toxic metals in the Polish population determined by hair analy-
sis. Part II1. Adults Aged 20 to 40 years. Magnes Res., 20(1): 43-52.



804

ErpEMIR U.S., GUckRr S. 2018. Correlation of lithium bioaccessibility from tea (Camellia sinensis
L.) with tea type and consumption habits. Food Chem., 244: 364-370. DOI: 10.1016/].
foodchem.2017.10.053. Epub 2017 Oct 10

Farma E., Zaara S., Hanary H. 2017. Magnesium, zinc and copper estimation in children with
attention deficit hyperactivity disorder (ADHD). Egypt. J. Med. Hum. Genet., 18(2): 153-163.
https://doi.org/10.1016/j.ejmhg.2016.04.009

Gerro F., Cutunt D., Nosiut A., DE Bartoro P., D’AmELIO M., PETROSINI L., CALTAGIRONE C. 2017.
Chronic lithium treatment in a rat model of basal forebrain cholinergic depletion: Effects
on memory impairment and neurodegeneration. J Alzheimers Dis., 56(4): 1505-1518.
DOI: 10.3233/JAD-160892

GrtLIN M. 2016. Lithium side effects and toxicity: Prevalence and management strategies. Int
J Bipolar Disord., 4(27). DOI: 10.1186/s40345-016-0068-y

GonNzALEZ-EstEcHA M., TRASOBARES E.M., Tasmma K., Cano S., FErNANDEZ C., LorEz J.L., UnNzETA B.,
Arrovo M., FUuENTENEBRO F. 2011. Trace elements in bipolar disorder. J Trace Elem Med
Biol., 25(Suppl 1): $78-83. DOL: 10.1016/j.jtemb.2010.10.015

GronLI O., KvammE J.M., FriBorg O., WynN R. 2013. Zinc deficiency is common in several psy-
chiatric disorders. PloS One, 8(12): e82793. https://doi.org/10.1371/journal.pone.0082793

HARrVEY N.S., JARRATT J. & WARD N.I. 1992. Trace elements and the electroencephalogram during
long-term lithium treatment. Br J Psychiatry, 160: 654-658. DOI: 10.1192/bjp.160.5.654

International Atomic Energy Agency. 1984. Vienna.

JAKOBSSON K., ARGUELLO-MIRANDA O., CHiu S.-W., FazaL Z., Kruczex J., NUNEz-CORRALES S.,
Panpit S., PritcHET L. 2017. Towards a unified understanding of lithium action in basic bio-
logy and its significance for applied biology. J Membr Biol,. 250(6): 587-604. DOI: 10.1007/
$00232-017-9998-2

KHALIQUE A., AHMAD S., ANJuM T., Jarrar M., SHAH M.H., SHAHEEN N., TariQ S.R., MANZOOR S.
2005. A comparative study based on gender and age dependence of selected metals in scalp
hair. Environ. Monit. Assess., 104(1-3): 45-57. DOI: 10.1007/s10661-005-8813-1

Krrspcio Z., OLEINIK D., Wosciak R.W., Gawgckr J. 1999. Comparison of trace elements in the
hair of children inhabiting areas of different environmental pollution types. Pol. J. Environ.
Stud., 8(4): 227-229.

Kregpcio Z., OLEINIK D., Wosciak R.W., KieLczewska K. 1997. Assessment of the content of cal-
cium, magnesium, zinc and copper in hair and serum of children with hyperactivity. Pol.
J. Environ. Stud., 6: 89-92.

Kuo C.C., Hiss P. 1993. Characterization of the high-affinity Ca2+ binding sites in the L-type
Ca2+ channel pore in rat phaeochromocytoma cells. J Physiol., 466: 657-682.

LEr P., Avron S., AppuruTrTaN A.T., Moon S., Duck J.A., Vourrakis 1., Caerny R., Woop S.dJ.,
GREENOUGH M., BERGER G., PanTELIS C., McGoORRY P., YuNG A., FINKELSTEIN D.I., Busu A.L

2017. Lithium suppression of tau induces brain iron accumulation and neurodegeneration.
Mol Psychiatry, 22(3): 396-406. DOI: 10.1038/mp.2016.96. Epub 2016 Jul 12

Losko D., SteLmacH-MARDAS M.,, SuwaLska A. 2018. Is diet important in bipolar disorder?
Psychiatr Pol., 52(5): 783-795. DOI: 10.12740/PP/OnlineFirst/78703

MaRsHALL 2005. Lithium as a nutrient. J Am Physicians Surg., 20(4): 104-109.

Marx W., MosgLEY G., BERk M., Jacka F. 2017. Nutritional psychiatry: The present state of the
evidence. Proc Nutr Soc., 76(4): 427-436. DOI: 10.1017/S0029665117002026

Mustak M.S., Rao T.S.S., SHANMUGAVELU P., Sunpar N.M.S., MENoN R.B., Rao R.V., Rao K.S.J.
2008. Assessment of serum macro and trace element homeostasis and the complexity
of inter-element relations in bipolar mood disorders. Clin Chim Acta, 394(1-2): 47-53.
DOI: 10.1016/j.cca.2008.04.003

Rapomska K., Graczyk A., KoNaRrskl J. 1993. Contents of macro- and microelements in human
body determined by hair alaysis. Population Studies. Clin Chem Enzym Comms., 5: 105-118.



805

Santa Cruz E.C., Maprip K.C., ArRruna M.A.Z., SussuLINT A. 2020. Association between trace
elements in serum from bipolar disorder and schizophrenia patients considering treatment
effects. J Trace Elem Med Biol., 59: 126467. DOI: 10.1016/j.jtemb.2020.126467

SCHLEGEL-ZAWADZKA M. 1992. Chromium content in the hair of children and students in southern
Poland. Biol. Trace Elem. Res., 32: 79-84. DOI: 10.1007/BF02784590

ScHRAUZER G.N. 2002. Lithium: Occurrence, dietary intakes, nutritional essentiality. J Am Coll
Nutr., 21(1): 14-21. DOI: 10.1080/07315724.2002.10719188

S1wek M., StyczeN K., Sowa-Kucma M., Dupek D., REczyNskr W., Szewczyk B., Miszrak P., Oroka
W., Toror-MADRY R., Nowak G. 2015. The serum concentration of magnesium as a potential
state marker in patients with diagnosis of bipolar disorder. Psychiatr Pol., 49: 1-11.

SIWEK M., StvczEXN K., Sowa-Kuéma M., Dupek D., REczyNskr W., Szewczyk B., Miszrak P., Orora W.,
Toror-MaprY R., Nowak G., RyBakowskr J.K. 2017. The serum concentration of copper
in bipolar disorder. Psychiatr Pol., 51(3): 469-481.

S1twek M., TorOR-MADRY G., Nowak G., Dubek D., RyBakowski J.K. 2016. Decreased serum zinc
concentration during depressive episode in patients with bipolar disorder. J. Affect. Disord.,
190: 272-277. DOI: 1 0.1016/j.jad.2015.10.026

STEFANSKA E., OsTROWSKA L., KarRDASZ M., MAaryszko J. 2011. Evaluation of the content of selected
minerals in whole-day rations for women with proper body weight and with overweight and
obesity. Probl Hig Epidemiol., 92(2): 272-77. (in Polish)

Styczen K., Sowa-Kuéma M., Stwek M., Dupek D., ReczyNskr W., Szewczyk B., Misztak P.,
Toror-MADRY R., Orora W., Nowak G. 2017. The serum zinc concentration as a potential bio-
logical marker in patients with major depressive disorder. Metab Brain Dis., 32(1): 97-103.
DOI: 10.1007/s11011-016-9888-9

SuLiBURSKA J., KrOL E., Staniek H., WoJciak R.W., REcura J., MarcINEK K., KreJpcio Z. 2015.
Evaluation of nutrition with calcium, magnesium, iron, zinc and cooper of women aged
18-70 years based on hair analysis. Probl Hig Epidemiol., 92(2): 444-447. (in Polish)

SussuLint A., Banzato C.E.M., ArRruba M.A.Z. 2011. Exploratory analysis of the serum ionomic
profile for bipolar disorder and lithium treatment. Int. J. Mass Spectrom., 307(1): 182-184.
DOI: 10.1016/5.ijms.2010.11.013

SussuLiNt A., Dinazr H., Banzato C.E.M., ARRupa M.A.Z., StoumER W., EHRENREICH H., JAEN O.,
KratzIN H.D. 2011. Apolipoprotein A-I as a candidate serum marker for the response
to lithium treatment in bipolar disorder. Proteomics, 11(2): 261-269. DOI: 10.1002/pmic.
201000371

Szymezyk H., Zakrocka 1., DaNiLczuk Z. 2017. Lithium in contemporary medicine. Farmacja
Wspblez., 10: 247-254. (in Polish)

TakepA A., Tamano H. 2009. Insight into zinc signaling from dietary zinc deficiency. Brain Res
Rev., 62(1): 33-44. DOI: 10.1016/j.brainresrev.2009.09.003

Woasciak R.W., Moss E., Stanistawska-KuBiak M. 2014. The occurrence of iron-deficiency anemia
in children with type 1 diabetes. J. Investig. Med., 62(6): 865-867. DOI: 10.1097/JIM.
0000000000000098

Woaciak R.W. 2019. Standardization of the method of determining selected trace minerals
in hair samples by atomic absorption spectrometry. 1. vol. 1: 20-21.

Woaciak R.W., Krespcio Z. & CzLAPKA-MATYASIK M., JESZKA J. 2004. Comparison of the hair bio-
elements in vegeterian and non-vegeterian women. Trace Elem Electroly., 21(07): 141-144.

Yosamura R. 2018. Nutritional psychiatry for depression. Psychiatry Clin Neurosci., 72(7): 465.
DOI: 10.1111/pen. 12666



