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Abstract

Introduction: Manganese has arole inthe membrane transport systems, synthesis of protein, vitamin C, and vitamins B, catalysis
of hematopoiesis, regulation of the endocrine, immune system, blood sugar, reproduction, digestion, and blood coagulation.
Furthermore, the level of manganese concentrations in human body appears to affect the occurrence of schizophrenia. The aim
of this study was to search for relationships between the manganese level and the onset of schizophrenia.

Material and methods: A descriptive review was performed based on a literature search on Medline and Google scholar from
2003 to 2020, using keywords: schizophrenia, manganese, Mn. The included studies were meta-analyses, case-control studies,
and cohort studies that examined differences in manganese concentrations in patients with schizophrenia and healthy controls.
Result: Eight studies were selected for the review, with one reporting elevated levels of manganese, two showing no significant
differences, and the rest including two meta-analyses stating lower manganese concentrations in patients with schizophrenia in
comparison with controls.

Conclusion: In most of the researched studies, manganese concentrations in patients with schizophrenia were lower than in
control groups, but not all of them reached the same conclusions. The relationship between manganese levels and schizophrenia

must be further investigated.
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Streszczenie

Wstep: Mangan odgrywa wazna role w transporcie przez btony komérkowe, syntezie biatka, witaminy C i witamin B, katalizie
hematopoezy, regulacji uktadu hormonalnego, uktadu odpornosciowego, poziomu cukru we krwi, uktadzie rozrodczym,
trawieniu i krzepnieciu krwi. Ponadto wydaje sie, ze poziom manganu ma zwigzek z wystepowaniem schizofrenii. Celem tego
artykutu byto poszukiwanie zwigzkéw pomiedzy poziomem Mn a wystepowaniem schizofrenii.

Material i metoda: Przeglad literatury przeprowadzono na podstawie przeszukiwania artykutéw w Medline i Google Scholar
od 2003 do 2020 r., uzywajac stéw kluczy: schizofrenia; mangan; Mn. Uwzgledniono badania, ktére obejmowaty metaanalizy,
badania kontrolowane i badania kohortowe, w ktérych badano réznice stezen manganu u pacjentéw ze schizofrenia i zdrowych
0s6b.

Wyniki: Do przegladu wybrano osiem badan, z ktérych jedno wykazato podwyzszony poziom manganu, dwa nie wykazaty
istotnych zmian, a pozostate wraz z dwoma metaanalizami stwierdzity obnizone stezenie manganu u pacjentéw ze schizofrenia
niz w grupie kontrolne;j.

Whioski: W wiekszos$ci analizowanych badan stezenia manganu u pacjentéw ze schizofrenig byty nizsze niz w grupach
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kontrolnych, ale nie wszystkie z nich doszty do takich samych wnioskéw. Zwigzek miedzy poziomem manganu a schizofrenia

musi by¢ dalej badany.

Stowa kluczowe: schizofrenia, mangan, Mn

Introduction
According to analyses of mammals’ tissues,
manganese (Mn) is one of the most common

microelements and its concentration ranges from 0.3 to
2.9 pg per gram of wet tissue weight [1]. In humans, the
normal blood Mn concentrations range from 4 to 15 ug/L,
1-8 pg/L in urine, and 0.4-0.85 pg/L in serum [2] but it
is not clear if it can be a useful indicator of manganese
status of tissue level [3]. Levels of Mn can be detected
by analyzing the body fluids as well as hair samples [2].
Dietary Mn intake was established as 2.3 mg per day for
healthy adult men and as 1.8 mg per day for healthy adult
women increasing during pregnancy (2.0 mg) and lactation
(2.6 mg) [3]. Sources of Mn are dietary products such
as whole grains, seafood, nuts, legumes, rice, leafy
vegetables, coffee, tea, and others [4]. It is also found in
pesticides and fungicides [5].

Mn is essential for human health. It is mainly
absorbed through the gastrointestinal tract and after
that it is accumulated in organs rich in mitochondria
[6]. It has a role in the membrane transport systems,
synthesis of protein, vitamin C, and vitamin B, catalysis
of hematopoiesis, regulation of the endocrine, immune
system, blood sugar, reproduction, digestion, and blood
coagulation [7,8]. Mn is also an important component
of metalloproteins that take part in the metabolism of
lipids - acetyl-CoA carboxylase, also in the metabolism
of glucose and gluconeogenesis - phosphoenolpyruvate
decarboxylase and pyruvate carboxylase, limits the
synthesis of urea - arginase, contributes to maintaining
bone health - glycosyltransferases [7]. But the most
important are: Mn superoxide dismutase (MnSOD) which
is a mitochondrial antioxidant (reducing oxidative stress)
and glutamine synthetase (GS) that is critical for brain
ammonia metabolism [6,7].

All macro- and microelements need to remain in
a specific concentration range in order not to cause harm.
In the literature, there are more cases of toxicity of Mn
in excessive amount, especially neurotoxicity, rather
than deficiency, which was mostly developed under
experimental settings [7,9]. That is why there is no public
concern to prevent Mn deficiency [3]. Drinking water
can be polluted by this metal, leading to its high level of
accumulation in body [6]. There is also another important
way of Mn absorption, namely the inhalation of airborne
Mn particles [6], which can result, for example, from
combustion of an antiknock gasoline additive [5]. The first
described overexposure of Mn was found in miners. They
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suffer from Parkinson’s like neuromuscular condition
and neurocognitive dysfunctions [10]. Toxic amount of
Mn called manganism can also manifest itself by early
psychotic symptoms [11]. Rats developed schizophrenia-
like behaviors after large administration of manganese
chloride [12]. This is caused by the ability of Mn to
produce free radicals and then, consequently, contribute
to neurodegeneration [13]. On the other hand, lower
levels of Mn in blood serum in humans result in impaired
growth, skeletal defects, skin rashes, hair depigmentation,
abnormal glucose tolerance. Mn deficiency can also
change lipid and carbohydrate metabolism, altered mood,
and increased premenstrual pain in women [3].

Most of Mn in the brain, up to 80% is located in
glutamine synthetase [6]. Moreover, being responsible for
controlling the metabolism of ammonia in the brain, GS has
another key role [6]. Primarily it is found in astrocytes,
where it converts the neurotransmitter glutamate (Glu)
into glutamine (GIn). Next Gln is exported out of the cell
where neurons can easily absorb it and reverse the change.
Glu is an important neurotransmitter in the central neural
system (CNS) where it can also be a precursor of another
neurochemical transmitter: y-Aminobutyric acid (GABA)
[14]. However, excess extracellular Glu is neurotoxic [11].
It causes time-dependent damage even leading to cell
death and generates reactive oxygen species (ROS) in
different cell compartments [15]. This shows that GS has
a neuroprotective effect and reduces neurodegeneration
[7]. Lehmann et al. (2009) found that an increase in
extracellular Glu enhances GS expression and inhibits
glial Glu transporters [16]. Moreover, there is a negative
correlation between a high level of Mn and reduced
Gln uptake into astrocytes [11]. Also increase in Mn
concentration lowers the activity of GS in the neural tissue
of specific parts of the brain as the striatum and globus
pallidus [17]. Additionally, animal models of schizophrenia
show significantly decreased GS expression in superior
temporal gyrus and cingulate cortex [18].

Another
superoxide dismutase, crucial in the prevention of

Mn-dependent enzyme is manganese

mitochondrial oxidative stress through detoxification
of reactive oxygen species [8,9]. MnSOD malfunctioning
and diminished results in

activity impaired

neurotransmission, abnormal neuronal apoptosis
and neurodegeneration [7]. Researches find it to be
an important factor causing evolution of symptoms in
schizophrenia [19]. It was observed that the activity

of MnSOD increases after Mn supplementation [7,8]
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which leads to assumption that lower levels of Mn
correlate with decrease enzyme functioning and onset of
schizophrenia [20].

Knowledge about all functions of arginase is not
complete, however, researches show that it can have
a role in the neural-immune response, contributing to
neuronal protection and regeneration [7]. Arginase’s
primary function is to convert arginine to ornithine
in the urea cycle [7,21]. It can be found in the liver and
other organs as in the kidneys, mammary glands, small
intestine, and the brain where it is encoded by different
genes, though it has some additional properties [14]. It
may contribute to the regulation of nitric oxide production
because nitric oxide synthase and arginase can inhibit
each other through their interactions and metabolites
[21]. Furthermore, they compete for the same substrate
L-arginine [20]. Mn is crucial for catalytic activity and
stability of arginase [14]. There are suggestions that
Mn deficiency suppresses hepatic arginase activity [22]
with animal models confirming this [14]. Also decreased
concentration of Mn leads to the large production of
nitric oxide (NO). NO can cause free radical-mediated
neurotoxicity and can be found in high concentrations
in patients with schizophrenia [20,21]. Consequently,
researchers try to estimate to what extent manganese
playsa role in the arginine-NO pathway and if it can be
used in treatment [12].

Material and methods

A descriptive review was performed based on a
literature search on Medline and Google scholar from 2003
to 2020. The following phrases were used as keywords:

» o«

“schizophrenia”, “manganese”, “Mn”. The included studies
were meta-analyses, case-control studies, and cohort
studies that examined differences in Mn concentrations in

patients with schizophrenia and healthy controls.

Results

In recent years there have been more and more
studies regarding the contribution of various metals
to schizophrenia that have reported conflicting results
about the concentration of Mn in patients [14,20,22-27].
Eight studies were taken under consideration, with one
reporting elevated levels of Mn [23], two showing no
significant difference [22,25], and the rest stating that Mn
concentration in patients with schizophrenia was lower
than in controls [14,20,22,26,27].

Liu et al. (2015) observed that higher concentrations
of manganese (>3.95 pg/L) in serum were associated with
an increased risk of schizophrenia (OR=19.269 (95% CI:
1.436-258.626)) [23]. They, thereby, showed that Mn
concentrations were approximately 4.6 times higher
than a maximum allowable level according to the Agency

for Toxic Substances and Disease Registry (ATSDR) U.S.
Department of Health and Human Services [2].

In a study which analyzed selected trace metals taken
from hair of schizophrenic patients, the concentration of
Mn in this group remained unchanged compared to healthy
controls [24]. Similar findings were noted by Nawaz et al.
(2014). The authors did not find a difference in plasma Mn
concentrations between controls and patients, except the
newly diagnosed male patients who had elevated levels of
Mn. However, this study has many limitations, e.g. lack of
information about controls or addictions among chronic
patients. Furthermore, the authors did not analyze the
impact of different addictions on Mn levels on the newly
diagnosed patients that could have altered the results
[25]. Some studies suggest that Mn serum level can be
increased by addiction to tobacco [28] or alcohol [29].

Yanik et al. (2003) showed a significant decrease in
plasma concentration of Mn in schizophrenic patients
compared to controls, as well as in levels of total nitrite
and arginase. There were no differences in levels of Mn,
total nitrite, and arginase between patients that use
low and high doses of neuroleptics [14]. In 2004 Yanik
et al. again noted the same pattern of Mn concentration,
which was lower in patients than in controls [22]. Similar
findings were reported by Cao et al. (2019) and Kaya et
al. (2012) in serum and plasma samples, respectively.
Cao et al. found the same significant decrease in Mn
concentrations in all patient cases, first episodes and
recurrent patients [20]. Additionally, Kaya et al. reported
a positive correlation between decreased levels of Mn
and Mg and a negative one between Mn and Fe [26].
Arinola et al. (2009) found a significant decrease in Mn
concentrations in people suffering from schizophrenia
on antipsychotic drugs in contrast to controls and newly
diagnosed drug-free patients. However, the authors did
not find differences between newly diagnosed drug-free
patients and controls [27].

In 2019 Saghazadeh et al. prepared a large meta-
analysis (N=1500) that included most of the mentioned
above studies. They concluded that only in the subgroup
where microelement levels were determined in plasma
a significant decrease of Mn was observed in patients
with schizophrenia in comparison to healthy controls, but
not in the serum subgroup [12]. Additionally, the authors
show that concentration of manganese in patients with
chronic or previously diagnosed schizophrenia is lower
than in controls [12]. In 2020 another meta-analysis
was performed which included similar studies. The
authors found that lower Mn concentrations were linked
to schizophrenia and observed a positive correlation
between the level of Mn and activity of two liver enzymes,
namely MnSOD (Superoxide Dismutase) and hepatic
arginase [30].
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Discussion

So far, no firm conclusions on possible correlations
between manganese levels and  schizophrenia
have been reached. While more studies claim that
schizophrenia is connected with a lower concentration
of Mn [14,20,22,26,27] and also meta-analyses have
similar results [12,30], some researchers observed no
significant change [22,25] and others reported elevated
Mn in patients compared to controls [23]. This diversity of
outcomes can be due to the heterogeneity of methodology
of the studies. Firstly, researchers did not use similar
selection criteria for patients and controls. Secondly, the
studies were conducted in different locations. Distribution
of manganese contaminated water and airborne Mn varies
throughout regions and countries [31,32]. Evidence shows
that inhalation of Mn is more toxic and causes stronger
oxidative stress and neural apoptosis effect than ingestion
[6,10]. Absorption of Mn through the lungs bypasses
the liver’s primary metabolism and directly affects the
brain in animal models [33]. Study participants could be
exposed to different amounts of Mn, which would alter
the concentration and accumulation of Mn. There were
no data about Mn intake and only one study included
supplementation of microelements by participants as an
exclusion criterion [23].

Moreover, the U.S. National Institute of Health
indicates thatitis not clear if measuring Mn concentrations
in blood or serum can be a useful indicator of manganese
status [3]. Similar reservations have also been expressed
by some researchers [10]. Only in one study manganese
concentration was determined by using participants’
hair, and it did not show any correlation between Mn
and prevalence of schizophrenia [24]. Mn accumulates
in the brain region known as the basal ganglia, which
can be detected by T1-weighted magnetic resonance
that could be a better means to assess the long-lasting
exposure of Mn [2].

Furthermore, a number of factors that can change
the absorption and distribution of Mn in the human
body should be considered in the above analyses,
including intestinal pH, the presence of the divalent
metal transporter (DMT1), other metals competing
for absorption [6]. For intake and export, Mn uses
transporters that are not specific for this trace element.
DMT1 is located in the gastrointestinal tract and brain-
blood barrier (BBB) where Mn competes with Fe for the
binding site [8]. Research has shown that iron deficiency
increases Mn absorption and accumulation in the brain,
intensifying its toxicity [6-8,10]. Fe can also alter the
hemostasis by binding to MnSOD instead of Mn, making
it lose its antioxidant properties [7]. Additionally, Mn
competes with zinc, calcium, and cation transporters that
regulate the import and export of manganese through
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BBB [5,34]. Also Kaya et al. observed a positive correlation
between decreasing levels of Mn and Mg [26].

Concentration of Mn in blood serum is found by
some researches to be enhanced by usage of tobacco [28]
or alcohol [29] and reduced by antipsychotic medication
[27,30]. Arinola et al. (2009) observed that patients on
the antipsychotic drug had decreased Mn concentrations
while drug-free patients did not differ in the Mn level with
controls [27].

Other researches show no correlation between
smoking, antipsychotic treatment, and Mn [20,22,24,35].
However, antipsychotic drugs could chelate Mn, reducing
its availability for stimulating enzyme activity [26,30].
In 2015 large meta-analyses were performed on 2522
participants which concluded that MnSOD significantly
decreases in patients with schizophrenia [36]. According
to Zhang et al, medication reduced blood SOD (also
MnSOD) levels, and greater change in SOD was correlated
with greater symptom improvement [37]. On the contrary,
Wu et al. (2013) and Miljevic et al. (2018) observed
significantly increased plasma SOD activities after
patients’ treatment [38,39]. Further, arginase activity or
amount should be also altered by Mn. Yanik et al. (2003)
did not note any differences in the level of Mn, total nitrite,
and arginase levels between patients on low and high
doses of neuroleptics [14]. Another study that analyzed
post-mortem brains of patients with schizophrenia and
healthy controls revealed that while arginase activity was
not correlated with the concentration of antipsychotic
drugs, it was positively correlated with the age of
disease onset [40].

Conclusion

The
schizophrenic patients is still under discussion. No firm

issue of change in manganese levels in
conclusions on possible correlations between manganese
levels and schizophrenia have been reached so far. More
studies report a decrease of manganese in patients with
schizophrenia [14,20,22,26,27] but there are some that
show no change [22,25] or elevated Mn concentration
[23]. Moreover, meta-analyses connected lower levels
of manganese with schizophrenia [12,30]. Researchers
do not know in what way Mn affects patients. It is
also unclear how antipsychotic meditation influence
Mn concentration. Inconstancy of studies results may
also be caused by heterogeneity of compered groups,
when taken under consideration: stage of disorder,
taken medication, comorbidities, nicotine or alcohol
consumption, and type of collected samples. Moreover,
etiological heterogeneity of schizophrenia can play
akey role in variability of authors outcomes. It is suggested
that dysfunction of enzymes that are essential for brain

health and for which Mn is a cofactor may contribute to
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this disorder [12,20,21]. However, the sample collection

casts some doubt on the reliability of these findings, as

measuring Mn concentrations in blood or serum can be

a useful indicator of manganese status [3,10]. Further

research is needed on Mn accumulation in the brain. Using

T1-weighted magnetic resonance for the assessment could

be one of the possible ways to bring more inside in this
issue [2].
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