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ABSTRACT

In recent years, the role of oxidative stress in the etiopathogenesis of depression has been increasingly
discussed. The mechanisms by which stress has a negative effect on the brain are not yet fully
understood. Free radicals cause rapid damage to certain cellular macromolecules that may be involved
in cytotoxic effects in the central nervous system. The effectiveness of new types of supplementation
therapy with antioxidants - vitamins A, E, C, Omega-3 fatty acids, Coenzyme Q10 and Zn are being

studied.
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INRODUCTION

Depressive disorder is fourth in the list of most
serious health problems according to the World
Health Organization (WHO). It is estimated
that 350 million people worldwide suffer from
depression, which is around 5% of the world
population, while in developed countries this
percentage may reach up to 10%. The essence
of the problem stems from the lack of
knowledge of the etiological, neurobiological
and  pharmacological  mechanisms  of
pathogenesis on cellular and molecular level.
In addition, the diagnosis of the disease is
made only by observation, so depressive
syndromes can not yet be clearly coded and
understood (1). It seems that the complex
network of interconnected genetic, biological
(variable levels of neurotransmitters like
dopamine and serotonin), environmental and
psychosocial factors predisposes to the
development of depressive disorder (2, 3, 4).
Although the pathogenesis of the disease is not
fully understood, the role of biochemical
pathways - oxidative and nitrosative stress and
the pathway of tryptophan catabolites - has
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been reported to contribute to the development
of depressive disorders.

Depression is a mental disorder characterized
by a number of basic symptoms such as low
mood, disturbances in the biological rhythm,
psychomotor retardation, anxiety, somatic
disorders as well as other non-specific
symptoms (5). It has a multifactorial etiology,
with biological, psychological and social
factors that play an important role (6). Several
hypotheses have been suggested to explain the
mechanisms of development of depression. It
is believed that depression is associated with
disorders of serotonin, norepinephrine and
dopamine neurotransmission. Moreover, many
observations support the participation of the
GABA system in the mechanism of depression
pathogenesis (7). Patients suffering from
depression have reduced GABA levels in
plasma and cerebrospinal fluid (8, 9), which is
an indicator that its brain synthesis is reduced.
Recent evidence suggests that chronic stress by
initiating changes in the hypothalamic-
pituitary-adrenal axis and the immune system
acts as an initiator of the above-mentioned
disorder. For example, glucocorticoids and
proinflammatory  cytokines increase the
conversion of tryptophan to kynurenine,
resulting in a decrease in brain serotonin
synthesis (as less tryptophan is available for
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serotonin creation) and an increase in the
formation of neurotoxic metabolites, for
example glutamate antagonist - quinolinic acid.
It has also been shown that the activity of
dopaminergic systems is reduced in response
to inflammation (10). Also, some genetic
factors are believed to be involved in
depressive etiology (11). In addition, brain cell
apoptosis appears to be also involved in the
development of depression as changes in
astrocyte count and morphology have been
observed in patients with major depressive
disorder (12-15). This may depend, at least in
part, on the actions of proinflammatory
cytokines, since quinolinic acid is found to
contribute to increased astrocyte or neuronal
apoptosis (16, 17).

Studies on humans and animals suggest an
interesting link between mitochondrial diseases
and depression. Although depression has
historically been associated with changes in
monoaminergic pharmacology and
hippocampal neurogenesis in adults, new data
increasingly include wider forms of reduced
plasticity including plasticity inside the cell.
Mitochondria are the cellular power station of
eukaryotic cells and regulate brain function
through oxidative stress and apoptosis. Some
studies have shown that mitochondrial
dysfunction can play an important role in the
pathophysiology of depression. Changes in
mitochondrial functions such as oxidative
phosphorylation and membrane polarity that
increase oxidative stress and apoptosis may
precede the development of depressive
symptoms. However, data on the effects of
antidepressant drugs are controversial: some
studies have shown that they have no effect on
mitochondrial function or even potentiate its
dysfunction, while other studies show more
favorable effects. Overall, the data show an
intriguing relationship between mitochondrial
function and depression, which requires further
investigation. Mitochondria may be directed to
the development of new antidepressant drugs,
and specific forms of mitochondrial
dysfunction can be identified as biomarkers for
personalization of treatment and early
diagnosis by differentiation between disorders
with similar symptoms.

Mitochondria are the primary source of
reactive oxygen species (ROS), which under
normal conditions play an important role in
cell signaling and homeostasis. ROS is
produced by oxidative phosphorylation, but
under normal physiological conditions the
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mitochondrias create protective factors that can
neutralize harmful free radicals (18). For
example, there is a mitochondrial matrix thiol
system that plays an important role in
antioxidant protection (19). In the electron
transport chain, complexes donate electrons to
oxygen-producing radicals such as superoxide
and peroxidases, and high levels of these
radicals and oxidative stress cause lipid
damage, increase DNA breakdown, and
oxidize nuclear and mitochondrial DNA (20,
21). Lower levels of ROS also play a role in
normal cell function such as cell
differentiation, tissue regeneration, reduction
biology, and promoting adaptation to
environmental changes (22). The production of
highly reactive free radicals increases with
premature leakage of electrons to oxygen in
the electron transport chain, increasing
oxidative stress. Superoxide is one of ROS's
predecessors, and complexes | and Il are
primarily responsible for its production (22).
Oxidative stress can be the cause or
consequence of damage to mitochondria and
mitochondrial DNA (23). Martins-de-Souza et
al. (24) speculate that the decrease in ATP may
be due to oxidative stress and that elevated
levels of subunits in the complexes of the
oxidation-phosphorylation system are
compensatory. In fact, the reduction of ATP
and its association with oxidative stress are
associated not only with depression but also
with psychotic disorders (25), autism (26),
Alzheimer’s disease (27), anxiety disorders
(28) and Huntington's disease (29).

Several articles report the link between
oxidative stress and depression. Ben-Shachar
and Karry (2008) have found an increase in
oxidative damage and changes in complex | of
the electron transport chain in the prefrontal
cortex of depressed patients. Other researchers
noted the decrease in antioxidant enzymes in
depression and related cognitive deficits (30).
Braughler and Hall (31) suggest that lipid
peroxidation can  cause  mitochondrial
dysfunction by damaging membranes and
causing excitotoxicity that can be potentiated
by increased production of reactive molecules
or decreased levels of antioxidants.

Mechanisms through which environmental
stress has a negative impact on the brain are
still not fully understood. However, there is
evidence that free radicals such as NO cause
rapid damage to certain cellular
macromolecules that are involved in the
electron transport chain, which in turn will
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reduce the production of ATP and may be
involved in cytotoxic effects in the central
nervous system (32, 33). Madrigal et al. (34)
did not detect changes in ATP levels, which
provide additional evidence that a threshold of
damage in the electron transport chain may
have to be reached before the mitochondria's
ability to maintain homeostasis is reduced (35).
Antidepressant treatment affects the level of
oxidative stress in patients with depression.
For example, higher total serum oxidant status
and lower total serum antioxidant capacity
were normalized in depressed patients after 42
days of antidepressant treatment (36). Similar
findings have been reported in animal models
of depression. The drug Venlafaxine increases
the expression of antioxidant mitochondrial
genes in the brain of mice, which reduces
levels of hydrogen peroxide and peroxynitrite
(37, 38).

In addition, in the presence of light chronic
stress,  Lamotrigine,  Aripiprazole  and
Escitalopram normalize the activity of
glutathione and glutathione peroxidase in the
cortical regions (39). Mild chronic stress
increases lipid peroxidation in the cortex and
plasma but is also recovered from the same
three drugs. A similar study revealed that
Venlafaxin can reverse the chronic mild stress-
induced reduction in glutathione peroxidase
activity and vitamin C and increase lipid
peroxidation and NO in the cortex in rats (40).
Galecki et al. (41) concluded that DD is
accompanied by disturbances in the balance
between pro- and anti-oxidative processes;
however, these disturbances did not improve in
patients in remission after three months of
fluoxetine therapy.

Nitrogen oxide and other ROSs inhibit
mitochondrial 2-oxoglutarate dehydrogenase,
resulting in elevated levels of glutamate, which
in the end leads to glutamate excitotoxicity and
cell death (42). The reelin-NO-synthase
relationship should receive greater
experimental attention as a number of reports
indicate that changes in expression of reelin
within the dentate gyrus can lead to
insufficient maturation of newly formed
granular neurons and reduced hippocampal
plasticity and may be a key event in the
pathophysiology of depression (43).

There is also an important link related to the
inflammation to be considered in the context of
these experiments. Many studies support the
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idea that inflammatory processes are involved
in depression and affecting the inflammatory
cytokines in order to reduce the symptoms of
depression is a very active area of study (44).
Studies have shown that pro-inflammatory
cytokines alter the complexes of the electron
transport chain and complex enzymes
associated with them (45) and that they
activate the pro-apoptotic proteins and the
caspase cascade (46).

Changes in several components of the immune
system and inflammatory markers were also
observed in animals with low or zero reelin
expression (47). It is reported that these
animals are not only quite susceptible to the
depressogenic effects of cortisol (48), but also
show alterations in the grouping of specific
membrane proteins in lymphocytes (49). This
requires a membrane protein clustering study
in lymphocytes in patients with depression and
suggests the model of specific proteins in the
plasma membrane of Ilymphocytes as a
biomarker of depression and as the cause of
some of the inflammatory events observed in
depression (50-52). In fact, changes in the
oxidative stress of lymphocytes are clearly
demonstrated in depression (53, 54). Peripheral
injections of the anti-inflammatory drug
Etanercept (which is unable to cross the blood-
brain barrier) have been shown to not only
reduce the depressive behavior induced by the
frequent administration of cortisol but also to
normalize the neurochemical phenotype of the
reelin-expressing cells in the hippocampal
dental gyrus. It is speculated that both
peripheral and secondary central actions can be
found in the antidepressant effects of
Etanercept (55). It seems clear that further
research will be needed on the relationship
between reelin, oxidative stress and
depression, not only to determine how these
factors can be an important component of the
pathophysiology of depression but also to use
them as possible goals in the development of
new antidepressant drugs.

Nitrosative and oxidative stress are inevitably
associated with the emergence of free radicals.
In 1956, American specialist in gerontology,
Denham Harman, described free radicals as
compounds involved in processes leading to
cell damage, mutagenesis, tumor development,
and biological aging. Reactive Oxygen (ROS)
and Nitrogen (RNS) species studies show the
dual nature of the compounds. On one hand,
these reactive compounds can damage
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biomolecules, which can lead to tissue
dysfunction. On the other hand, they represent
an essential element in signal transduction
pathways that activate a stress response.
Concentration of radicals is crucial for their
nature - at low concentrations, they are
modulators; at high levels they have a toxic
effect (4).

The imbalance between ROS production and
neutralization is typical for patients with
depression. A potential cause of DD appears to
be reduced in antioxidant activity, mainly
reduced levels of zinc (Zn), coenzyme Q10
(CoQ10), vitamins A, C and E, glutathione in
plasma that enhance oxidation processes
including lipid peroxidation and protein
damage DNA (56). However, the results of the
antioxidant studies are colorful. In some,
patients do not differ from healthy subjects
with respect to the plasma levels of vitamins
A, C and E (57). On the other hand, Maes et al.
(58) found that vitamin E levels in the plasma
of DD patients were lower than healthy
volunteers. This is confirmed by a study of
serum alpha-tocopherol levels (59). Another
study suggests that the severity of the disease
is associated with elevated levels of vitamin C
in the plasma (60). Differences in results can
be due to their properties - vitamins A and E
are fat-soluble and their distribution is
determined by the amount of low-density
lipoprotein (LDL) and triglycerides (58). In
addition, some inaccuracies can arise from the
differences in size of the groups studied, the
impact of the environment and the severity of
the disease. In addition, patients with
depression are characterized by reduced
glutathione  peroxidase (GPx) activity,
increased activity of xanthine oxidase (Ox, the
enzyme responsible for the production of
hydrogen peroxide and superoxide anion) and
increased activity of superoxide dismutase
(SOD) (61, 62). Concerning superoxide
dismutase (SOD) and glutathione peroxidase
(GPx), there are also some inconsistencies
between studies. Some of them confirm the
relationship between depression and increased
SOD activity (62, 63). Some researchers have
confirmed that the occurrence of depression is
associated with excessive Gpx activity (64);
while others did not detect a difference
between study and control groups (57, 65).

In terms of depression, zinc (Zn) is also an
important microelement. Zn participates in the
regulation of mental and memory functions.
The researchers noticed a decrease in the
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number of progenitor cells and immature nerve
cells in the hippocampus of rats treated with a
low Zn diet (66). Additional studies involving
these animals have shown that Zn deficiency
leads to the appearance of depressive
symptoms  (67). Damage to cellular
biomolecules is one of the consequences of
oxidative and nitrosative stress. Some products
from these processes can serve as specific tags
that can be used for early and accurate
diagnostics in the future. One example of such
markers includes 8-oxoguanine (8-0xo0G), an
indicator of oxidative DNA damage whose
elevated levels have been found in urine,
cerebrospinal fluid, serum and peripheral blood
mononuclear cells in depressed patients (68,
69). A follow-up study using peripheral blood
mononuclear cells obtained from patients with
depression confirms that depression is
accompanied by an increased amount of
oxidase-modified nucleobases (21). Another
potential marker for depression may include an
increased concentration of malondialdehyde
(MDA), a product of polyunsaturated fatty acid
peroxidation (PUFAs) caused by elevated
levels of ROS and RNS (70). In addition,
patients with subsequent recurrent depressive
episodes have a higher MDA than those with
an initial episode of this disease. Studies have
shown that patients with depression are
characterized by decreased levels of
polyunsaturated fatty acids (PUFAS) in the
erythrocyte cell membrane. Degradation of
membrane lipids may be caused by the
intensification of peroxidation processes (70,
71). Another product of fatty acid oxidation is
8-iso-prostaglandin F2 (8-isoPGF2), which is
formed during the oxidation of arachidonic
acid. 8-iso-PGF2 may be a potential biomarker
in the diagnosis of depressive disorder since
people with depressive disorders have elevated
levels of this compound (72). Patients with
depression are also characterized by
abnormalities in the production pathway of
reactive nitrogen species, which is manifested
by elevated levels of nitric oxide (NO). NO
may be highly toxic. This is due to the reaction
of NO with superoxide, resulting in the
formation of peroxynitrite, a compound that is
highly reactive with aromatic amino acids,
especially  tyrosine and  phenylalaning,
resulting in nitrate forms of these amino acids
(73). In addition, patients with depression are
characterized by elevated levels of IgM class
antibodies against nitrified protein substrates
(predominantly nitrate form of tyrosine) that
arise due to the high reactivity of peroxynitrite
(72). In addition, patients after suicide attempts
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had higher serum NO levels than patients
without such attempts. Analisys using neurons
originating from the suprachiasmatic nucleus
of patients who have committed suicide
confirms the increased expression of nitric
oxide synthase. In addition, studies have
shown that patients with recurrent depression
have significantly elevated NO levels in the
blood serum (72). Another problem in MDD is
microvasvular dysfunction, which can be
triggered by  oxidative  stress-induced
reductions in NO-dependent dilation, as well
as alterations in vascular smooth muscle
function. This may lead to the development of
new strategies targeting vascular oxidative
stress for improving NO-mediated endothelial
function and reducing cardiovascular risk in
MDD (74). Interestingly, Talarowska et al. did
not detect significant differences in the
expression of nitric oxide synthase between
patients with a single depressive episode and a
group suffering from the recurrent form of the
disease (75). Nevertheless, studies have shown
that the decrease in the activity of mechanisms
for protection against ROS and RNS, both in
peripheral blood cells and in nerve cells, may
be accompanied by the development of a
depressive disorder (76). This suggests that
peripheral factors involved in oxidative and
nitrosative stress can penetrate the blood-brain
barrier. ROS and RNS may be neurotoxic for
the brain (75). One of the meta-analyzes
confirms that elevated levels of ROS in
depression may cause neuronal degradation in
the hippocampus (77). In addition, the blood-
brain barrier permeability tests suggest that it
is over-permeable in depression - protein
components  (for  example  tryptophan
catabolites - TRYCAT) can easily penetrate
the brain (78). Some studies examine the
relationship between vitamin C and depression.
(79) summarize the involvement of vitamin C
in psychiatric disorders by presenting available
data on its pharmacological effects in animal
models as well as in clinical studies. Vitamin
C, especially its reduced form, draws attention
to its numerous functions in various tissues and
organs, including the central nervous system
(CNS). Vitamin C protects the neuron from
oxidative stress, relieves inflammation,
regulates neurotransmission, impacts neuronal
development, and controls epigenetic function.
All of these processes are closely related to
psychopathology. Over the last few decades,
scientists have discovered that vitamin C
deficiency can lead to motor deficiency,
cognitive impairment and abnormal behavior,
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while vitamin C supplementation has a
potential preventive and therapeutic effect on
mental illnesses such as major depressive
disorder, schizophrenia, anxiety disorders and
Alzheimer's disease. Although several studies
support the possible role of vitamin C against
mental disorders, the development of more
research is essential to speeding up knowledge
and exploring the mechanism in this area.

Based on several studies (7, 9, 80-82), there is
proof that vitamin C exerts an antidepressant
effect by modulating the monoamine system
(83) (for example, Vit C has been shown to
activate serotonin receptor 1A (5-HT1A)), this
activation is a mechanism of action of many
antidepressants, anxiolytic and antipsychotic
drugs). Another mechanism is by modulation
of GABA-systems (by activation of GABA-A
receptors and possible inhibition of GABA-B
receptors) (9). It also inhibits N-methyl-d-
aspartate (NMDA) receptors and the pathway
of L-arginine-nitric oxide (NO) -cyclic
guanosine  3,5-monophosphate  (CGMP).
Blocking of NMDA receptors is associated
with reduced levels of NO and cGMP, and the
reduction in NO levels within the hippocampus
indicates that it induces antidepressant-like
effects (84). Vitamin C blocks potassium
channels (K +) - it has been found that its
application results in an antidepressant effect
in the tail suspension test by inhibiting
potassium channels (84). Since potassium
channels belong to the physiological purposes
of NO and cGMP in the brain, their inhibition
plays an important role in the treatment of
depression. In addition, vitamin C activates
phosphatidylinositol-3-kinase  (PI3K) and
inhibits the activity of glycogen synthase
kinase 3 beta (GSK-3B) (85, 84). Vitamin C
induces the expression of heme-oxygenase 1.
This is a candidate-depressive biomarker that
can be a factor in the relationship between
inflammation, oxidative stress and biological
as well as functional changes in brain activity
in depression. Reduced expression of heme-
oxygenase 1 is associated with depressive
symptoms (82, 86). Since depression is well
known to be associated with altered anti- and
pro-oxidant profiles, vitamin C can play anti-
depressant function with its antioxidant
properties (87, 84).

Available data from the literature suggest that
vitamin C deficiency is very common in
patients with depressive disorder. Gariballa
(88) in a randomized, double-blind, placebo-
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controlled study observed that low vitamin C
status is associated with increased symptoms
of depression after acute illness in elderly
people. The parameters were measured in the
beginning as well as after 6 weeks and 6
months. Patients with vitamin C deficiency
significantly increase the symptoms of
depression compared to those with higher
concentrations at start as well as at week 6.
Significantly lower serum vitamin C levels in
patients with depression versus healthy
controls are also shown by Bajpai et al. (89)
and by Gautam et al. (90). Something more,
the addition of Vit C (1000 mg/day) to food
along with vitamins A and E for a period of 6
weeks resulted in a significant reduction in
depressive symptoms (90). In addition, a case
study of 60 male university students has shown
that patients with depression have a
significantly lower intake of vitamin C (91).
Similarly, in another controlled-case study
involving 116 girls identified as having
depressive  symptoms,  depression  was
negatively related to the intake of vitamin C
(92). Rubio-Lopez et al. (93), in turn,
examined the relationship between dietary
intake and depressive symptoms in 710
valencian students aged 6-9 years and also
noted that vitamin C nutrition was significantly
lower in children with depressive symptoms.
In conclusion, the increase in inadequate
vitamin C intake is significantly higher in
people with depressive symptoms.

The efficacy of Vit C as an adjuvant in the
treatment of pediatric severe depressive
disorder in a double-blind, placebo-controlled
pilot study was evaluated by Amr et al. (94).
Patients (n = 12) treated for 6 months with
Fluoxetine (10-20 mg/day) and Vitamin C
(1000 mg/day) showed a significant reduction
in depressive symptoms compared to the
fluoxetine + placebo group. No serious side
effects have been identified. Zhang et al. (95)
in a double-blind clinical study observed the
effect of Vit C (500 mg twice daily) on the
mood in emergency hospitalized non-
depressive patients. The applied therapy
increases vitamin C concentrations in plasma
and mononuclear leukocyte and is associated
with a 34% reduction in affective disorder
(95). Similarly, Wang et al. (96) found that
short-term treatment with vitamin C (500 mg
twice daily) is associated with 71% reduction
in affective disorder and 51% reduction in
psychological stress in emergency hospitalized
patients with high levels of hypovitaminosis C.
Khajehnasiri et al. in a randomized, double-
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blind, placebo-controlled study involving 136
depressed male workers observed that the use
of vitamin C (250 mg twice daily for 2
months) alone and in combination with omega-
3 fatty acids significantly decreased the points
on the BECK Depression Inventory Scale,
except that the omega-3 fatty acid supplement
itself is more effective (97). Furthermore, the
addition of vitamin C and omega-3 fatty acids
separately (not in combination) significantly
reduces serum levels of malondialdehyde
(MDA). Fritz et al. (98) conducted a
systematic review of human and observational
studies  assessing the efficiency  of
interventional Vit C as a contentious
adjunctive cancer therapy and reported that it
could improve quality of life, physical
function, as well as prevent some side effects
of chemotherapy, including fatigue, nausea,
insomnia, constipation and depression.

Tryptophan is a major aromatic exogenous
amino acid. Approximately 30% of the total
volume of tryptophan delivered to the body is
used for protein synthesis. The residue of
tryptophan degrades through the kynurenine
pathway and undergoes a non-protein
transition to serotonin and melatonin. The
metabolism of tryptophan can be divided
according to the place where it occurs. In the
periphery, tryptophan undergoes three types of
transformation: rupture of the indole ring
leading to the generation of kynurenine,
hydroxylation leading to serotonin formation,
and decarboxylation resulting in the formation
of tryptamine. In the central nervous system,
tryptophan is a substrate for the production of
melatonin (the hormone responsible for
maintaining a normal circadian rhythm) and
serotonin (a neurotransmitter responsible for
emotions) (2).

Antioxidants that simultaneously modulate
oxidative and nitrosative stresses are important
in the treatment of depressive disorder.
Ebselen (an organic compound containing
selenium) that mimics the effect of glutathione
peroxidase and simultaneously inhibits
indolamine 2,3-dioxigenase (IDO) is one of
these examples. Studies in mice indicate that
Ebselen  influences the behavior  of
experimental animals (improves behavioral test
results), showing the potential of organic
selenium as a therapeutic agent for affective
disorders (99). On the other hand, a study on
macrophages derived from human monocytes
confirms that Ebselen inhibits the cellular
activity of IDO at the post-translational level.
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Ebselen acts by binding cysteine residues to
the enzyme, resulting in a conformational
change of the protein and prevents the
formation of bonds in the substrate at the
binding site (100).

As noted above, depression is associated with
low CoQ10 levels. Mehrpooya et. al. (101)
suggest that among patients with bipolar
disorder, adjuvant CoQ10, probably due to its
antioxidant and anti-inflammatory properties,
may improve the symptoms of depression for a
period of 8 weeks. Additional studies have
shown that patients with treatment-resistant
depression have significantly lower plasma
levels of CoQ10 compared to patients without
resistant depression. Therefore, this parameter
can be used to distinguish between resistant
depression and classical depression (71).
Another experiment showed that patients with
resistant depression were characterized by low
serum Zn®* concentrations (102). Patients who
do not respond to SSRIs, tricyclic
antidepressants  and  electroshock  have
significantly reduced Zn®** levels in blood
plasma (103, 104). Treatment with SSRI
supplemented with zinc may reduce the
severity of the disease according to the Bek
depression inventory compared to the placebo
group (105, 106). Sawada and Yokoi pointed
to the potential use of zinc as an additive to
prevent depressive symptoms. However,
research in this area is unclear (107 ). Nguyen
et al. (108) do not confirm the hypothesis of
the healing properties of zinc. In the frontal
cortex, Cu/Zn-SOD concentrations are
increased in patients with DD compared to
matched controls 109. This finding was of
specific interest since Cu/Zn-SOD is located
only partly in neurons, but mainly in glial cells,
which are more vulnerable to oxidative
damage (110, 111). In contrast to Cu/Zn-SOD,
Mn-SOD (Manganese-superoxide dismutase)
is a mitochondrial enzyme, which can be found
mainly in neurons and only in much smaller
amounts in glial cells (112). In DD, glial cells
have repeatedly been described as altered,
especially in the frontal cortex (113, 114).

Depression is also associated with low levels
of vitamin A. Studies in rats show that SSRI
treatment helps optimize the level of vitamin A
in the brain (39). After 24 weeks of treatment,
patients with SSRIs showed normal levels of
vitamin A in the plasma. Adjusting the level of
vitamin A in the serum of treated patients may
be helpful in monitoring the effectiveness of
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SSRI treatment (57). Studies have shown that
diet is important for the prevention and
treatment of depression. The results of
epidemiological studies have shown that a diet
rich in omega-3 fatty acids (mainly of fish
origin) can prevent the development of
depression (115). Omega-3 acids affect the
metabolism of neurotransmitters and modulate
the effects of signal transduction pathways in
cells (116). Maes et al. (117) found a change in
fatty acid composition in the serum of patients
with depressive disorder. Depressive patients
are characterized by low levels not only of
polyunsaturated fatty acids but also of omega-3
and omega-6 fatty acids (117). Furthermore,
Nemets et al. (118) confirmed enhanced
efficacy of antidepressant therapy when
supplemented  with  ethyl  ester  of
eicosapentaenoic acid (acid from the omega-3
group). Patients given an additional ethyl ester
of eicosapentaenoic acid (E-EPA) were
characterized by a lower mean score on the
Hamilton scale than those in the placebo group
(treated with antidepressants and placebo)
(118). Another compound that can effectively
modulate the treatment of depression is N-
acetylcysteine. It is a precursor to glutathione
(the major antioxidant) and is particularly
important for maintaining the normal level of
glutathione in the brain. In addition, it has been
demonstrated that N-acetylcysteine modulates
neurogenesis and prolongs survival of neurons
(119). Studies have shown that treatment with
the addition of N-acetylcysteine reduces the
severity of depressive symptoms compared to
classical treatment. Patients undergoing
assisted therapy show improvement in quality
and life satisfaction (120). Depression is a
serious mental disorder that affects an
increasing number of people. In addition,
depressive disorder is a disease that may vary
depending on the patient. That is why the right
diagnosis, as well as appropriate and effective
therapy, are so difficult. The level of
knowledge regarding the mechanisms of DD
development is still insufficient. Previous
studies have confirmed the involvement of
certain processes in the development of
symptoms of depression and resistance to
traditional pharmacotherapy. These include
oxidative and nitrosative stress and tryptophan
catabolite pathways. Knowing the molecular
mechanisms of depression can lead to the
development of effective biomarkers in the
future. Regulating specific processes can also
enable the development of new, effective and
personalized treatment options. Therefore, it is
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essential to continue the study to confirm the

links

between biochemical pathways -

oxidative and nitrosative stress and tryptophan
catabolites - and depressive disorders.

REFERENCES

1.

10.

11.

88

Willner, P. Scheel-Kruger, J. Belzung, C.,
The neuropharmacology of depression and
antidepressant treatment. Neurosci and
Biobehavioral Rev, 37:2331-2371, 2013.
Keszthelyi, D. Troost, F. Masclee, A.,
Understanding the role of tryptophan and
serotonin metabolism in gastrointestinal
function. Neurogastroenterol
Motil,21:1239-1249, 2009.

Sullivan, P. Neale, M. Kendler, K., Genetic
epidemiology of major depression: review
and meta-analysis. Am J
Psychiatry,157:1552-62, 2000.

Droge, W., Free Radicals in the
Physiological Control of Cell Function.
Physiolog Rev Publ. 82: 47-95, 2002.
Bembnowska, M. Josko, J., Depressive
behaviours among adolescents as a Public
Health problem. Zdr Publ.121:4260430,
2011.

Lopresti, A., A review of nutrient
treatments for paediatric depression. J
Affect Disord, 181:24-32, 2015.

Moretti, M. Budni, J. Ribeiro, C. Rieger, D.
Leal, R. Rodrigues, A., Subchronic
administration of ascorbic acid elicits
antidepressant-like effect and modulates
cell survival signaling pathways in mice. J
Nutr Biochem. 38:50-56, 2016.

Luscher, B. Shen, Q. Sahir, N., The
GABAergic Deficit Hypothesis of Major
Depressive  Disorder. Mol Psychiatry,
16:383-406, 2011.

Rosa, P. Neis, V. Ribeiro, C. Moretti, M.
Rodrigues, A., Antidepressant-like effects
of ascorbic acid and ketamine involve
modulation of GABAA and GABAB
receptors. Pharmacol Rep, 68:996-1001,
2016.

Capuron, L. Pagnoni, G. Drake, D.
Woolwine, B. Spivey, J. Crowe, R. Votaw,
J. Goodman, M. Miller, A. Dopaminergic
mechanisms of reduced basal ganglia
responses to hedonic reward during
interferon alfa administration. Arch Gen
Psychiatry, 69:1044-1053, 2012.

Bigdeli, T. Ripke, S. Peterson, R.
Trzaskowski, M. Bacanu, S. Abdellaoui, A.
Andlauer, T. Beekman, A. Berger, K.
Blackwood, D. Boomsma, D., Genetic
effects influencing risk for major depressive

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

KOMSIYSKA D., et al.
disorder in China and Europe. Translat
psych, 7(3): e1074, 2017.

Altshuler, L. Abulseoud, O. Ross, L.
Bartzokis, G. Chang, S. Mintz, J.
Hellemann, G. Vinters, H., Amygdala

astrocyte reduction in subjects with major
depressive disorder but not bipolar disorder.
Bipolar disorders, 12(5): 541-549, 2010.
Cobb, J. O’Neill, K. Milner, J. Mahajan, G.
Lawrence, T. May, W. Miguel-Hidalgo, J.
Rajkowska, G. Stockmeiera, C., Density of
GFAP-immunoreactive astrocytes is
decreased in left hippocampi in major
depressive disorder. Neurosci, 316:209-
220, 2016.

Rajkowska, G. Hughes, J. Stockmeier, C.
Javier Miguel-Hidalgo, J. Maciag, D.,
Coverage of blood vessels by astrocytic
endfeet is reduced in major depressive
disorder. Biol Psychiatry. 73: 613-621,
2013.

Rubinow, M. Mahajan, G. May, W.
Overholser, J. Jurjus, G. Dieter, L. Herbst,
N. Steffens, D. Miguel-Hidalgo, J.J.
Rajkowska, G. Stockmeier, C., Basolateral
amygdala volume and cell numbers in
major depressive disorder: a postmortem
stereological ~ study. Brain  Struct and
Funct, 221(1):171-184, 2016.

Guillemin, G. Wang, L. Brew, B.
Quinolinic  acid  selectively  induces
apoptosis of human astrocytes: Potential
role in AIDS dementia complex. J
Neuroinflammat, 2:16, 2005.

Braidy, N. Grant, R. Adams, S. Brew, B.
Guillemin, G., Mechanism for quinolinic
acid cytotoxicity in human astrocytes and
neurons. Neurotox Res, 16:77-86, 2009.
Petschner, P. Gonda, X. Baksa, D. Eszlari,
N. Trivaks, M. Juhasz, G. Bagdy, G., Genes
linking mitochondrial function, cognitive
impairment and depression are associated
with endophenotypes serving precision
medicine. Neurosci, 370:207-217, 2018.
Murphy, M., Mitochondrial thiols in
antioxidant protection and redox signaling:
distinct roles for glutathionylation and other
thiol modifications. Antioxid Redox Signal.
16: 476495, 2012.

Tobe, E., Mitochondrial dysfunction,
oxidative stress, and major depressive
disorder. Neuropsychiatr Dis Treat. 9:567—
573, 2013.

Czarny, P. Wigner, P. Galecki, P. Sliwinski,
T., The interplay between inflammation,
oxidative stress, DNA damage, DNA repair
and  mitochondrial ~ dysfunction  in

Trakia Journal of Sciences, Vol. 17, Ne 1, 2019



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

depression. Prog. Neuropsychopharmacol
Biol Psych, 80: 309-321, 2018.
Vakifahmetoglu-Norberg, H. Ouchida, A.
Norberg, E., The role of mitochondria in
metabolism and cell death. Biochem
Biophys Res Commun. 482: 426-431, 2017.
Xie, X. Chen, Y. Ma, L. Shen, Q. Huang, L.
Zhao, B. Wu, T. Fu, Z., Major depressive
disorder mediates accelerated aging in rats
subjected to chronic mild  stress.
Behavioural brain res, 329: 96-103, 2017.
Martins-de-Souza, D. Guest, P. Harris, L.
Vanattou-Saifoudine, N. Webster, M.
Rahmoune, H. Bahn, S., Identification of
proteomic  signatures associated  with
depression and psychotic depression in
post-mortem brains from major depression
patients. Translat psych, 2: e87, 2012.
Oscar, A., Cherninkova, S., Haykin, V.,
Aroyo, A., Levi, A., Marinov, N., Kostova,
S., Elenkov, Ch., Veleva, N.,
Chernodrinska, V., Petkova, I., Spitzer, J.
Amblyopia screening in Bulgaria. J Pediatr
Ophthalmol Strabismus 51(5): 284-288,
2014.

Rose, S. Frye, R. Slattery, J. Wynne, R.
Tippett, M. Pavliv, O. Melnyk, S. James,
S., Oxidative stress induces mitochondrial
dysfunction in a subset of autism
lymphoblastoid cell lines in a well-matched
case control cohort. PloS one, 9(1): 85436,
2014.

Tramutola, A. Lanzillotta, C. Perluigi, M.
Butterfield, D., Oxidative stress, protein
modification and Alzheimer disease. Brain
Res Bull, 133: 88-96, 2017.

Kumar, A. Chanana, P., Role of nitric oxide
in stress-induced anxiety: from
pathophysiology to therapeutic target.
Vitam Horm, 103:147-167, 2017.
Quintanilla, R. Tapia, C. Perez, M.
Possible role of mitochondrial permeability
transition pore in the pathogenesis of
Huntington disease. Biochem Biophys Res
Commun, 483, 1078-1083, 2017.
Anderson, G. Linking the biological
underpinnings of depression: role of
mitochondria interactions with melatonin,
inflammation, sirtuins, tryptophan
catabolites, DNA repair and oxidative and
nitrosative stress, with consequences for
classification and cognition. Progr in
Neuro-Psychopharmacol and Biol
Psych, 80:255-266, 2018.

Braughler, J. Hall, E., Central nervous
system trauma and stroke. l. Biochemical
considerations for oxygen radical formation

32.

33.

34.

35.

36.

37.

38.

39.

40.

KOMSIYSKA D., et al.
and lipid peroxidation. Free Radic Biol
Med, 6: 289-301,19809.

Cleeter, M. Cooper, J. Darley-Usmar, V.
Moncada, S. Schapira, A. Reversible
inhibition of cytochrome c oxidase, the
terminal enzyme of the mitochondrial
respiratory  chain, by nitric oxide.
Implications for neurodegenerative
diseases. FEBS Lett. 345: 50-54, 1994,
Lizasoain, |. Moro, M. Knowles, R.
Darley-Usmar, V. Moncada, S., Nitric
oxide and peroxynitrite exert distinct effects
on mitochondrial respiration which are
differentially blocked by glutathione or
glucose. Biochem J, 314: 877-880, 1996.
Madrigal, J. Olivenza, R. Moro, M.
Lizasoain, I. Lorenzo, P. Rodrigo, J. Leza,
J., Glutathione depletion, lipid peroxidation
and mitochondrial dysfunction are induced
by chronic stress in rat
brain. Neuropsychopharmacol, 24(4):420,
2001.

Davey, G. Clark, J., Threshold effects and
control of oxidative phosphorylation in
nonsynaptic rat brain mitochondria. J
Neurochem, 66:1617-1624, 1996.
Cumurcu, B. Ozyurt, H. Etikan, 1. Demir,
S. Karlidag, R., Total antioxidant capacity
and total oxidant status in patients with
major depression: impact of antidepressant
treatment. Psych Clin Neurosci, 63: 639—
645, 20009.

Goemaere, J. Knoops, B., Peroxiredoxin
distribution in the mouse brain with
emphasis on neuronal populations affected
in neurodegenerative disorders. J Comp
Neurol, 520: 258-280, 2012.

Tamasi, V. Petschner, P. Adori, C. Kirilly,
E. Ando, R. Tothfalusi, L. Juhasz, G.
Bagdy, G. Transcriptional evidence for the
role of chronic venlafaxine treatment in
neurotrophic signaling and neuroplasticity
including also glutatmatergic-and insulin-
mediated neuronal processes. PloS
one, 9(11): e113662, 2014.

Eren, I. Nazirodlu, M. Demirdap, A.
Protective effects of lamotrigine,
aripiprazole  and  escitalopram  on
depressioninduced oxidative stress in rat
brain. Neurochem Res, 32:1188-1195,
2007.

Eren, 1. Naziroglu, M. Demirdas, A. Celik,
0. Uguz, A.C. Altunbasak, A. Ozmen, I.
Uz, E. Venlafaxine modulates depression-
induced oxidative stress in brain and
medulla of rat. Neurochem res, 32(3):497-
505, 2007.

Trakia Journal of Sciences, Vol. 17, Ne 1, 2019 89



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

90

Gatecki, P. Szemraj, J. Bienkiewicz, M.
Florkowski, A. Gatecka, E., Lipid
peroxidation and antioxidant protection in
patients during acute depressive episodes

and in remission after fluoxetine
treatment. Pharmacological rep, 61(3):
436-447, 2009.

Weidinger, A. Moldzio, R. Toro, G.

Mkrtchyan, G. Dumitrescu, S. Trofimova,
L. Sole, L. Duvigneau, J. Szabo, C. Redl,
H. Bunik, V., Glutamate Excitotoxicity

Induced by Nitric Oxide Mediated
Dysfunction of the Mitochondrial 2-
Oxoglutarate Dehydrogenase

Complex. Free Rad Biol and Med, 112: 74,
2017.

Caruncho, H. Brymer, K. Romay-Tallon, R.
Mitchell, M. Rivera-Baltanas, T. Botterill,
J. Olivares, J. Kalynchuk, L., Reelin-related
disturbances in depression: implications for
translational  studies. Frontiers in cell
neurosci, 10:48, 2016.

Sharig, A. Brietzke, E. Rosenblat, J.
Barendra, V. Pan, Z. Mcintyre, R,
Targeting cytokines in reduction of

depressive symptoms: a comprehensive
review. Prog Neuropsychopharmacol Biol
Psych, 83:86-91, 2018.

Samavati, L. Lee, I. Mathes, I. Lottspeich,
F. Huttemann, M., Tumor necrosis factor
alpha inhibits oxidative phosphorylation
through tyrosine phosphorylation at subunit
| of cytochrome c¢ oxidase. J Biol Chem,
283:21134-21144, 2008.

Bansal, Y. Kuhad, A. Mitochondrial
dysfunction in depression. Curr
Neuropharmacol, 14: 610-618, 2016.
Mihaylova, B., Petkova, I, Rankova-
Yotova, Ch., Dimitrova, G., Tanev, I.,
Ivanova, S., Tsakova, A., Svinarov, D.
Plasma endothelin-1 and endothelin-A
receptor concentrations in patients with
primary open-angle glaucoma. Biotechnol
& Biotechnolog Eq, 31(4): 782-787, 2017.
Lussier, A. Romay-Tallon, R. Kalynchuk,
L. Caruncho, H., Reelin as a putative
vulnerability  factor  for  depression:
examining the depressogenic effects of
repeated corticosterone in heterozygous
reeler mice. Neuropharmacol, 60:1064—
1074, 2011.

Rivera-Baltands, T. Romay-Tallon, R.
Dopeso-Reyes, I. Caruncho, H. Serotonin
transporter clustering in blood lymphocytes
of reeler mice. Cardiovasc Psych Neurol,
2010.

Rivera-Baltanas, T. Olivares, J.
Otero, M. Kalynchuk, L.

Calado-
Martinez-

51.

52.

53.

54.

55.

56.

57.

58.

KOMSIYSKA D., et al.
Villamarin, J. Caruncho, H. Serotonin
transporter clustering in blood lymphocytes
as a putative biomarker of therapeutic
efficacy in major depressive disorder. J
Affect Disord, 137:46-55, 2012.
Dakov, N., Kostova, St., Tanev, Iv.
Selective laser trabeculoplasty in primary
open angle glaucoma - efficiency and
correlated parameters. Compt rend Acad
bulg Sci. 71(2):288-298, 2018.
Rivera-Baltanas, T. Agis-Balboa, R.
Romay-Tallon, R. Kalynchuk, L. Olivares,
J. Caruncho, H., Serotonin transporter
clustering in blood lymphocytes predicts
the outcome on anhedonia scores in naive
depressive patients treated with
antidepressant medication. Ann Gen Psych.
14:45, 2015.
Szuster-Ciesielska, A. Slotwinska, M.
Stachura, A. Marmurowska-Michatowska,
H. Dubas-Slemp, H. Bojarska-Junak, A.
Kandefer-Szerszen, M., Accelerated
apoptosis of blood leukocytes and oxidative
stress in blood of patients with major
depression. Progress in Neuro-
Psychopharmacol and Biol Psych,
32(3):686-694, 2008.
Czarny, P. Kwiatkowski, D. Kacperska, D.
Kawczynska, D. Talarowska, M.
Orzechowska, A. Bielecka-Kowalska, A.
Szemraj, J. Gaandlstrokecki, P. Sliwinski,
T., Elevated level of DNA damage and
impaired repair of oxidative DNA damage
in patients with recurrent depressive
disorder. Med sci mon: internat med j of
exper and clinical res, 21:412, 2015.

Brymer, K. Fenton, E. Kalynchuk, L.
Caruncho, H., Peripheral etanercept
administration normalizes behavior,
hippocampal neurogenesis, and

hippocampal reelin and GABAA receptor
expression in a preclinical model of
depression. Front Pharmacol, 9:121. 2018.
Pandya, C. Howell, K. Pillai, A,
Antioxidants as potential therapeutics for
neuropsychiatric disorders. Prog
Neuropsychopharmacol Biol Psychiatry,
46: 214-223, 2013.

Kotan, V. Sarandol, E. Kirhan, E. Ozkaya,
G. Kirli, S., Effects of long-term
antidepressant treatment on oxidative status
in major depressive disorder: a 24-week

follow-up study. Prog Neuro-
Psychopharmacol Biol Psych, 35:1284-
1290, 2011.

Maes, M. De Vos, N. Pioli, R. Demedts, P.
Wauters, A. Neels, H. Christophe, A.,
Lower serum vitamin E concentrations in

Trakia Journal of Sciences, Vol. 17, Ne 1, 2019



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

major depression. Another marker of
lowered antioxidant defenses in that illness.
J Affect Disord, 58:241-6, 2000.

Owen, A. Batterham, M. Probst, Y.
Grenyer, B. Tapsell, L., Low plasma
vitamin E levels in major depression: diet
or disease?EurJClinNutr,59:304-306, 2005.
Kobrosly, R. wvan Wijngaarden, E.,
Associations between immunologic,
inflammatory, and oxidative stress markers
with severity of depressive symptoms: an
analysis of the 2005-2006 National Health
and  Nutrition  Examination  Survey.
Neurotoxicol, 31:126-133, 2010.

Maes, M. Galecki, P. Chang, Y. Berk, M.,
A review on the oxidative andnitrosative
stress (O&NS) pathways in  major
depression and their possiblecontribution to
the (neuro) degenerative processes in that
iliness. Prog Neuropsychopharmacol Biol
Psych, 35:676-692, 2011.

Wei, Y. Zhou, F. He, D. Bai, J. Ding, H.
Wang, X. Nan, K. Oxidative stress in
depressive patients with gastric
adenocarcinoma. Int J  Neuropsycho-
pharmacol,12:1089-1096, 2009.

Sarandol, A. Sarandol, E. Eker, S. Erdinc,
S. Vatansever, E. Kirli, S., Major
depressive disorder is accompanied with
oxidative stress: short-term antidepressant
treatment does not alter oxidative-
antioxidative systems. Hum
Psychopharmacol, 22: 67-73, 2007.

Bilici, M. Efe, H. K6roglu, M. Uydu, H.A.
Bekaroglu, M. Deger, O., Antioxidative
enzyme activities and lipid peroxidation in
major depression: alterations by
antidepressant treatments. J of affective
disord, 64(1):43-51, 2001.

Kodydkova, J. Vavrova, L. Zeman, M.
Jirak, R. Macasek, J. Stankova, B.
Tvrzicka, E. Zak, A. Antioxidative enzymes
and increased oxidative stress in depressive
women. Clin Biochem. 42(13-14):1368-74,
20009.

Suh, S. Won, S. Hamby, A. Yoo, B. Fan, Y.
Sheline, C. Tamano, H. Takeda, A. Liu, J.
Decreased brain zinc availability reduces
hippocampal neurogenesis in mice and
rats. J of cerebral blood flow &
metab, 29(9):1579-1588, 2009.

Ho, Y. Wang, S., Adult neurogenesis is
reduced in the dorsal hippocampus of rats
displaying learned helplessness behavior.
Neurosci, 171:153-161, 2010.
Poniatowska-LeszczyEska, K. Maayszczak,
K., Depresja a patologia osobowoGci w

69.

70.

71.

72.

73.

74,

75.

76.

77.

KOMSIYSKA D., et al.
ujCciu  psychodynamicznym.  PostCpy
Psychiatrii i Neurologii, 22:201-209, 2013.
Gadecki, P. Szemraj, J. Biefikiewicz, M.
Florkowski, A. Gaaecka, E., Lipid
peroxidation and antioxidant protection in
patients during acute depressive episodes
and in remission after fluoxetine treatment.
Pharmacol Rep, 61:436-447, 2009.

Herken, H. Gurel, A. Selek, S. Armutcu, F.
Ozen, M. Bulut, M. Kap, O. Yumru, M.
Savas, H. Akyol, O., Adenosine deaminase,
nitric oxide, superoxide dismutase, and
xanthine oxidase in patients with major
depression: impact of antidepressant
treatment. Arch of med res, 38(2):247-252,
2007.

Stefanescu, C. Ciobica, A., The relevance
of oxidative stress status in first episode and
recurrent depression. J Affect Disord,
143:34-38, 2012.

Dimopoulos, N. Piperi, C. Psarra, V. Lea,
R. Kalofoutis, A., Increased plasma levels
of 8-iso-PGF2alpha and IL-6 in an elderly
population with depression. Psychiatry Res,
161:59-66, 2008.

Maes, M. Galecki, P. Verkerk, R. Rief, W.,
Somatization, but not depression, is
characterized by disorders in the tryptophan
catabolite (TRYCAT) pathway, indicating
increased indoleamine 2,3-dioxygenase and
lowered  kynurenine  aminotransferase
activity. Neuro Endocrinol Lett, 32:264-73,
2011.

Greaney, J. Saunders, E. Santhanam, L.
Alexander, L. Oxidative stress contributes
to microvascular endothelial dysfunction in
men and women with major depressive
disorder. Circ Res. 2018.

Talarowska, M. Szemraj, J. Berk, M. Maes,
M. Gaaecki, P., Oxidant/antioxidant
imbalance is an inherent feature of
depression. BMC Psychiatry, 15:71, 2015.
Maes, M. Mihaylova, I. Kubera, M.
Uytterhoeven, M. Vrydags, N. Bosmans,
E., Lower plasma Coenzyme Q10 in
depression: a marker for treatment
resistance and chronic fatigue in depression
and a risk factor to cardiovascular disorder

in that illness. Neuro Endocrinol Lett.
30:462-9, 2009.

Leonard, B. Maes, M., Mechanistic
explanations how cellmediated

immuneactivation, inflammation and
oxidative and nitrosative stress pathways
and their sequels and concomitants play a
role in the pathophysiology of unipolar

Trakia Journal of Sciences, Vol. 17, Ne 1, 2019 91



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

92

depres-sion. Neurosci Biobehav Rev, 36:764-
785, 2012.

Buczko, P. Cylwik, D. Stokowska, W.,
Metabolizm tryptofanu w Glinie szlakiem
kinureninowym. Postepy Hig Med Dosw
(online) 59:283-289, 2005.

Han, Q. Shen, T. Wang, F. Wu, P. Chen, J.,
Preventive and Therapeutic Potential of
Vitamin C in Mental Disorders. Curr Med
Sci, 38(1):1-10, 2018.

Moretti, M. Budni, J. Ribeiro, C. Rodrigues,
A. Involvement of different types of
potassium channels in the antidepressant-like
effect of ascorbic acid in the mouse tail
suspension test. Eur J Pharmacol, 687:21-27,
2012.

Moretti, M. Budni, J. Freitas, E. Neis, V.
Ribeiro, M. de Oliveira Balen, G. Rieger, K.
Leal R. Rodrigues, L., TNF-a-induced
depressive-like phenotype and p38(MAPK)
activation are abolished by ascorbic acid
treatment.  Eur  Neuropsychopharmacol,
25:902-912,2015.

Zhao, B. Fei J. Chen, Y. Ying, Y. Ma, L.
Song, X. Wang, L. Chen, E. Mao, E.,
Pharmacological preconditioning with
vitamin C attenuates intestinal injury via the
induction of heme oxygenase-1 after
hemorrhagic shock in rats. PL0oS ONE,
9:99134, 2014.

Binfaré, R. Rosa, A. Lobato, K. Santos, A.
Rodrigues, A., Ascorbic acid administration
produces an antidepressant-like effect:
evidence  for the involvement  of
monoaminergic neurotransmission. Progress
in Neuro-Psychopharmac  and Biol
Psych, 33(3):530-540, 2009.

Acufia, A. Esparza, M. Kramm, C. Beltran, F.
Parra, A. Cepeda, C. Toro, C. Vidal, R. Hetz,
C. Concha, I. Brauchi, S., A failure in energy
metabolism and antioxidant uptake precede
symptoms of Huntington’s disease in
mice. Nature commun, 4: 2917, 2013.
Mariam, I. Ali, S. Rehman, A., L-Ascorbate,
a strong inducer of L-dopa (3, 4-dihydroxy-L-
phenylalanine) production from pre-grown
mycelia of Aspergillus oryzae NRRL-
1560. Biotechnol and applied
biochem, 55(3):131-137, 2010.

Robaczewska, J. Kedziora-Kornatowska, K.
Kucharski, R. Nowak, M. Muszalik, M.
Kornatowski, M. Kedziora, J., Decreased
expression of heme oxygenase is associated
with  depressive  symptoms and may
contribute to depressive and hypertensive
comorbidity. Redox Rep, 21:209-218, 2016.
Postert, T. Lack, B. Kuhn, W. Jergas, M.
Andrich, J. Braun, B.Przuntek, H.
Sprengelmeyer, R. Agelink, M. Biittner, T.
Basal ganglia alterations and brain atrophy in

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

KOMSIYSKA D., et al.
Huntington’s disease depicted by transcranial
realtime sonography. J Neurol Neurosurg
Psychiatry.67:457-462, 1999.
Gariballa, S., Poor vitamin C status is
associated  with  increased  depression
symptoms following acute illness in older
people. Int J Vitam Nutr Res, 84:12-17, 2014.
Bajpai, A. Verma, A. Srivastava M.
Srivastava R., Oxidative stress and major
depression. J. Clin Diagn Res,8:4-7, 2014.
Gautam, M. Agrawal, M. Gautam, M.
Sharma, P. Gautam, A. Gautam, S., Role of
antioxidants in generalised anxiety disorder
and depression. Ind J Psychiatry, 54:244-247,
2012.
Prohan, M. Amani, R. Nematpour, S.
Jomehzadeh, N. Haghighizadeh, M., Total
antioxidant capacity of diet and serum,
dietary antioxidant vitamins intake, and serum
hs-CRP levels in relation to depression scales
in  university male students. Redox
Rep,19:133-139, 2014.
Kim, T.H. Choi, J.Y. Lee, H. Park, Y.,
Associations between Dietary Pattern and
Depression in Korean Adolescent Girls. J
PediatrAdolescGynecol, 28:533-537, 2015.
Rubio-Lépez, N. Morales-Suarez-Varela, M.
Pico, Y. Livianos-Aldana, L. Llopis-
Gonzalez, A, Nutrient Intake and Depression
Symptoms in Spanish Children: The ANIVA
Study. Int J Environ Res Public Health,
13:352, 2016.
Amr, M. EI-Mogy, A. Shams, T. Vieira, K.
Lakhan, S. Efficacy of vitamin C as an
adjunct to fluoxetine therapy in pediatric
major depressive disorder: a randomized,
double-blind, placebo-controlled pilot
study. Nutrition j, 12(1):31, 2013.
Zhang, M. Robitaille, L. Eintracht, S. Hoffer,
L., Vitamin C provision improves mood in
acutely hospitalized patients. Nutrition, 27(5),
530-533, 2011.
Wang Y. Liu X.J. Robitaille L. Eintracht S.
MacNamara E. Hoffer L., Effects of vitamin
C and vitamin D administration on mood and
distress in acutely hospitalizedpatients. Am J
Clin Nutr, 98:705-711, 2013.
Khajehnasiri, F. Akhondzadeh, S. Mortazavi,
S. Allameh, A. Sotoudeh, G. Khavanin, A.
Zamanian, Z., Are Supplementation of
Omega-3 and Ascorbic Acid Effective in
Reducing Oxidative Stress and Depression
among Depressed Shift Workers? Int J Vitam
Nutr Res, 10:1-12, 2016.
Fritz, H. Flower, G. Weeks, L. Cooley, K.
Callachan, M. McGowan, J. Skidmore, B.
Kirchner, L. Seely, D., Intravenous Vitamin C
and Cancer. A Systematic Review. Integr
Cancer Ther, 13: 280-300, 2014.

Trakia Journal of Sciences, Vol. 17, Ne 1, 2019



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Posser, T. Kaster, M. Baratina, S. Rocha, J.
Rodrigues, A. Leal, R. Antidepressant-like
effect of the organoselenium compound
ebselen in mice: evidence for the involvement
of the monoaminergic system. Eur J
Pharmacol, 602:85-91, 2009.

Terentis, A.C. Freewan, M. Sempértegui
Plaza, T. Raftery, M. Stocker, R. Thomas, S.,
The selenazal drug ebselen potently inhibits
indoleamine 2,3-dioxygenase by targeting
enzyme cysteine residues. Bioch,49:591-600,
2010.

Mehrpooya, M. Yasrebifar, F. Haghighi, M.
Mohammadi, Y. Jahangard, L., Evaluating the
Effect of Coenzyme Q10 Augmentation on
Treatment of Bipolar Depression: A Double-
Blind Controlled Clinical Trial. J Clin
Psychopharmacol, 38(5):460-466, 2018.
Siwek, M. Dudek, D. Schlegel-Zawadzka, M.
Morawska, A. Piekoszewski, W. Opoka, W.
Zigba, A. Pilc, A. Popik, P. Nowak, G.,
Serum zinc level in depressed patients during
zinc  supplementation of  imipramine
treatment. J of affective dis, 126(3):447-452,
2010.

Swardfager, W. Herrmann, N. Mazereeuw, G.
Goldberger, K. Harimoto, T. Lanctot, K.,
Zinc in depression: a metaanalysis. Biol
Psych, 74:872-8, 2013.

Maes, M. Vandoolaeghe, E. Neels, H.
Demedts, P. Wauters, A. Meltzer, H.
Altamura, C. Desnyder, R., Lower serum zinc
in major depression is a sensitive marker of
treatment  resistance  and of  the
immune/inflammatory  response in that
illness. Biolog psych, 42(5): 349-358, 1997.
Nowak, G. Siwek, M. Dudek, D. Ziéba, A.
Pilc, A. Popik, P. Nowak, G., Effect of zinc
supplementation on antidepressant therapy in
unipolar depression: a preliminary placebo-
controlled study. Pol J Pharmacol, 55:1143—
1147, 2003.

Ranjbar, E. Kasaei, M. Mohammad-Shirazi,
M. Nasrollahzadeh, J. Rashidkhani, B.
Shams, J. Mostafavi, S. Mohammadi, M.,
Effects of zinc supplementation in patients
with major depression: a randomized clinical
trial. Iran J Psych, 8:73-9, 2013.

Sawada, T. Yokoi, K., Effect of zinc
supplementation on mood states in young
women: a pilot study. Eur J Clin Nutr,
64:331-3, 2010.

Nguyen, P. Grajeda, R. Melgar, P.
Marcinkevage, J. DiGirolamo, A. Flores, R.
Martorell, R., Micronutrient supplementation
may reduce symptoms of depression in
Guatemalan women. Arch Latinoam Nutr,
59:278286, 2009.

100.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

KOMSIYSKA D., et al.
Michel, M. Frangou, S. Thiemeyer, D.
Camara, S. Jecel, J. Nara, K. Brunklaus, A.
Zoechling, R. Riederer, P., Evidence for
oxidative stress in the frontal cortex in
patients with recurrent depressive disorder—a
postmortem  study. Psychiatry  res, 151(1-
2):145-150, 2007.
Fridovich, 1., Biological effects of the
superoxide radical. Archives of biochem and
bioph, 247(1),1-11, 1986.
Papadopoulos, M. Koumenis, I. Yuan, T.
Giffard, R., Increasing vulnerability of
astrocytes to oxidative injury with age despite
constant antioxidant defences. Neurosci, 82:
915-25, 1998.
Lindenau, J. Noack, H. Possel, H. Asayama,
K. Wolf, G., Cellular distribution of
superoxide dismutases in the rat CNS. Glia,
29: 25-34, 2000.
Rajkowska, G., Post-mortem studies in mood
disorders indicate altered numbers of neurons
and glial cells. Biolog Psych, 48: 766-77,
2000.
Harrison, P., The neuropathology of primary
mood disorder. Brain 125: 1428-49, 2002.
Tanskanen, A. Hibbeln, J. Hintikka, J.
Haatainen, K. Honkalampi, K. Viinamaki, H.,
Fish consumption, depression, and suicidality
in a general population. Arch Gen
Psych.58:512-513, 2001.
Horrobin, D., Phospholipid metabolism and

depression:  The  possible  roles  of
phospholipase A2 and coenzyme
Aindependent transacylase. Hum

Psychopharmacol, 16:45-52, 2001.

Maes, M. Christophe, A. Delanghe, J.
Altamura, C. Neels, H. Meltzer, H., Lowered
omega3 polyunsaturated fatty acids in serum
phospholipids and cholesteryl esters of
depressed patients. Psychiatry Res, 85:275-
91, 1999.

Nemets, B. Stahl, Z. Belmaker, R., Addition
of omega-3 fatty acid to maintenance
medication treatment for recurrent unipolar

depressive disorder. Am J Psychiatry,
159:477-9, 2002.

Dean, O. Giorlando, F. Berk, M., N-
acetylcysteine  in psychiatry:  current
therapeutic  evidence and potential

mechanisms of action. J Psych Neurosci,
36:78-86, 2011.

Berk, M. Dean, O. Cotton, S. Gama, C.
Kapczinski, F. Fernandes, B. Kohlmann, K.
Jeavons, S. Hewitt, K. Allwang, C. Cobb, H.,
The efficacy of N-acetylcysteine as an
adjunctive treatment in bipolar depression: an
open label trial. J of affective dis, 135(1-
3):389-394, 2011.

Trakia Journal of Sciences, Vol. 17, Ne 1, 2019 93



94

Trakia Journal of Sciences, Vol. 17, Ne 1, 2019

KOMSIYSKA D., et al.



