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SUMMARY

Introduction/Aim. Depression is a mood disorder that prevents the patients from performing everyday
activities, due to the constant presence of negative feelings. Depression is a worldwide medical disorder
which is highly prevalent and has therefore become a huge financial burden for the health system.
Biological, psychological, and social factors are most commonly described in the pathophysiology of
depressive disorders, although the mechanisms behind depression are still not fully understood.
Neuroplasticity is the ability of the nervous system to reorganize its structure and function in response to
different stimuli. The aim of this paper was to summarize the available literature on neuroplasticity and
its role in the pathophysiology and treatment of depressive disorders.

Literature review. Depression is often accompanied by chronic illnesses and is more prevalent in women
than men. The most commonly used treatment options for depressive disorders are antidepressants,
electroconvulsive therapy, and psychosocial therapy. Neuroplasticity has led to the development of a new
clinical discipline called neurorehabilitation, and recent studies have shown a possible link between
neuroplasticity and depression. It has been observed that different mechanisms behind neuroplasticity
affect the structure of the limbic and paralimbic structures, especially the hippocampus, prefrontal cortex,
and amygdala.

Conclusion. Limbic and paralimbic structures also undergo structural changes in depressed patients
treated with electroconvulsive therapy and medications, which could lead to a better understanding of
depressive disorders and how they should be treated.
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INTRODUCTION

Depressive disorders are a type of mood dis-
order that are characterized by a mood disturbance
as a main feature. Depressive disorders, also known
as unipolar depression, include major depressive
disorder, dysthymic disorder, and depressive dis-
order not otherwise specified. Major depressive dis-
order (MDD) represents a period of at least two
weeks during which an individual has either a
depressed mood or a loss of pleasure or interest in
most daily activities. The individual must also ex-
perience at least four symptoms which include
feelings of guilt, difficulty in thinking or concentra-
ting; having recurrent suicidal thoughts, plans or
attempts; loss of energy; significant changes in sleep,
psychomotor activity and/or weight and appetite (1).
MDD is a very complex, clinically heterogeneous pa-
thological condition in which the patients also expe-
rience significant cognitive and physical impair-
ments. In addition, there are significant interin-
dividual differences in the frequency, severity, and
type of symptoms which are encountered (2).
Women are at higher risk of experiencing an episode
of major depression, compared to men. Depressive
disorders are the worldwide cause of disability and
have become a huge economic burden for the global
health system. In addition, depression is often ac-
companied by other chronic illnesses (3). It has been
established that biological, psychological, and social
factors play key roles in the onset of depressive
disorders. However, its underlying pathophysio-
logy, especially on a molecular level, has yet to be
fully understood (4, 5).

Neuroplasticity is defined as the ability of the
central nervous system to modify its activity, in res-
ponse to external and internal signals, by experien-
cing both structural and functional reorganization
(6). The term neuroplasticity is credited by the Polish
neuroscientist Jerzy Konorsky, who was the first one
to give the definition of this process in 1948. He
proposed a theory that claimed that the closeness of
another neural circuit could activate or change the
activities of the surrounding neurons (7). Neuro-
plasticity is regarded as a key factor for the develop-
ment of the finest cognitive processes including
memory, learning, and adaptation. It is considered
that constant removal and/or recreation of neural
connections is the fundamental principle of neuro-
plasticity. It has been observed that neuroplasticity
plays a key role in restoring the normal motor
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function in patients who suffered a neural injury,
which has led to the development of a new clinical
discipline: neurorehabilitation (8). However, recent
studies have found that neuroplasticity could also be
included in the pathophysiology of depressive
disorders, as well as the basis for understanding and
modifying its complex treatment (9).

The aim of this review paper was to sum-
marize the available literature on neuroplasticity and
its role in the pathophysiology and treatment of
depressive disorders.

DEPRESSIVE DISORDERS

Depressive episode has to be accompanied by
either a substantial occupational, social or other fun-
ctional impairment, or a clinically significant distress
(1). It usually begins as subliminal depression, which
in time becomes recurrent in approximately 85% of
patients (10). This group of disorders usually starts
at a younger age and is more common in females
than males (11). The prevalence of depressive dis-
orders has been increasing in the last few decades,
and it is estimated that 20% - 25% of women and 7%
- 12% of men suffer from some kind of depressive
disorder during their lifetime (12).

Women are more prone to suffering from de-
pressive disorders, especially during pregnancy and
postpartum period. It is believed that women who
had depressive episodes during their pregnancy are
more likely to develop post-partum depression.
Although it still has not been fully understood why
women are at higher risk of suffering from depres-
sive disorders, it is believed that this is the result of
both social and biological factors (10). Recent studies
have suggested that genetic factors could be respon-
sible for the difference in prevalence between gen-
ders. The most commonly used studies for separa-
ting genetic and environmental factors are the twin
studies. These studies have shown that adolescence
is a crucial period for the appearance of the first
signs of depression, especially in girls. This could be
the result of the activation of certain genes in fe-
males, that trigger different biological and psycho-
logical changes, which in turn lead to the beginning
of depression. Although several attempts have been
made to identify possible genetic loci responsible for
the gender difference in depression, further research
has to be done to get a better understanding of this
problem. Currently, the most studied genes are those
associated with serotonin and dopamine system.
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However, there is still not enough evidence to fully
support the genetic hypothesis, and future research
should be focused on better understanding of the
interaction between genes and the environment (13).
Low socio-economic status (poverty, lack of edu-
cation, type of occupation) is also considered to be a
risk factor for depressive disorders and a possible
prevalence difference between genders (10). Certain
chronic diseases, such as multiple sclerosis and
epilepsy, are also thought to be the risk factors for
developing some types of psychiatric diseases, espe-
cially depressive disorders (14). Studies have shown
that most people who suffer from depression also
have some type of anxiety disorder. The concurrence
of anxiety and depressive disorders makes the
patients more dysfunctional which in turn compli-
cates the therapy, as the patients will probably be-
come more resistant to the standard treatment (15).
Although the pathophysiology of depressive
disorders is still not fully understood, most theories
claim that concentrations of certain neurotransmit-
ters, and dysfunction of the hypothalamic-pituitary-
adrenal axis are the key factors for developing de-
pressive disorders. Pathological changes in the meta-
bolism in the limbic system as well as paralimbic
structures in the prefrontal cortex are associated
with the onset of major depression (4). Neuro-
imaging methods have shown that there is a dif-
ference in the volume of the hippocampus between
people suffering from depression and healthy in-
dividuals (16). It has been suggested that hippocam-
pus undergoes the process of atrophy in patients
with depressive disorders, which could be the result
of the glucocorticoid-mediated neurotoxicity (17, 18).
Dysfunction of the hypothalamic-pituitary-adrenal
axis increases glucocorticoid levels during exacer-
bation of depressive disorders, which eventually
damages hippocampal tissue and reduces the num-
ber of its neurons (18). In addition, biological theo-
ries suggest that people with depressive disorders
have significantly lower levels of neurotransmitters
(norepinephrine, serotonin, and dopamine) in the
central nervous system, especially in the structures
related to the limbic system (19). Some studies have
also found a possible connection between depressive
disorders and increased secretion of pro-inflam-
matory cytokines. Researchers have found that major
depressive disorder is more commonly found in pa-
tients suffering from some type of chronic inflam-
matory condition (rheumatoid arthritis, type 2 dia-
betes, etc.) compared to healthy individuals (20).

Although the mechanisms behind this are still un-
clear, a possible reason could be the impaired meta-
bolism of tryptophan, the essential amino acid and
precursor of serotonin. Oxidation of tryptophan is
usually catalyzed by tryptophan dioxygenase intra-
hepatically, and less often extrahepatically by
indoleamine 2,3 dioxygenase (IDO). Proinflam-
matory cytokines such as TNF-a and INF-y sti-
mulate the activity of IDO, which is found to be
enhanced in patients with atherosclerosis, rheuma-
toid arthritis, obesity, and heart diseases. Chronic
activation of IDO is associated with depressive be-
havior (20). In patients with major depressions, there
is an elevation in the levels of interleukin 6 and C
reactive protein, as well as a slight increase in the
levels of interleukin 1 and tumor necrosis factor
(21).

The most commonly used treatment options
for depressive disorders are psychosocial therapy,
electroconvulsive therapy and antidepressants. First-
line medications are selective serotonin reuptake
inhibitors (SSRI), due to their safety profile, although
other drugs such as selective norepinephrine reup-
take inhibitors (SNRI), tricyclic antidepressants, and
venlafaxine are also widely used (22). The three most
commonly used types of psychosocial therapies are
interpersonal, supportive, and cognitive behavioral
therapy. Although they can be used as monotherapy,
in patients with more severe forms of depression,
there is a need for a combination of medications and
psychotherapy (23). Electroconvulsive therapy is still
used as a treatment for depressive disorders, espe-
cially in patients with symptom remission of a major
depression. Also, researchers have found that re-
lapse rate is significantly lower in patients who un-
derwent electroconvulsive therapy, compared to
other treatment options (24). Recently, there has
been an increase in the use of intermittent theta burst
stimulation (iTBS), a type of repetitive transcranial
magnetic stimulation, in the treatment of cognitive
symptoms in depressive disorders. Torres et al. con-
cluded that iTBS leads to an increase in the left
hippocampal volume in bipolar patients with de-
pressive symptoms, which is associated with the
improvement of non-verbal memory. This finding
indicates that there is a possible connection between
the hippocampal volume and neuroplasticity in
prefrontal and temporal area of the cerebral cortex,
which could prove to be beneficial for the improve-
ment of cognitive impairments in bipolar, depressive
patients when treated with iTBS (25). Unfortunately,
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although there are numerous treatment options, ap-
proximately one-third of the patients with major de-
pression are not able to achieve significant symptom
remission. Also, those who do achieve it, most often
experience relapse of the symptoms in the following
years. Difficulties in treatment and prognosis of de-
pression are most often the result of the significant
etiological heterogeneity among patients, and be-
cause the treatment options for patients who ex-
perience relapse are mostly non-specific. Researchers
are still unable to determine why some patients ini-
tially respond well to the treatment but fail to remain
stable, or why there is a significant difference in how
patients respond to pharmacological and non-phar-
macological treatment options (26).

NEUROPLASTICITY

Removal and recreation of neural synapses are
considered to be the key factors for stimulation of
the neuroplasticity (8). Studies have shown that
there is a huge variability of the mechanisms behind
neuroplasticity. Apart from the reorganization of the
neural synapses, neuromodulator systems are also
crucial for neuroplasticity. The noradrenalinergic
and dopaminergic systems are essential for neuro-
plasticity of the cerebral cortex (27). Acetylcholine
has been linked to neuroplasticity in response to be-
havior-related stimuli. Cortical cholinergic neurons
release more acetylcholine when animals are per-
forming a task which requires more attention and
focusing (28). Norepinephrine has been observed as
a possible inductor of the neuroplasticity in the
auditory regions of the cortex (27). Certain enzymes
such as protein kinases, proteases and protein
phosphatases are also vital for the process of neuro-
plasticity, especially in its relation to the long-term
memory by modulating transduction of signals
between different parts of the central nervous system
(8). One of the most studied forms of the neuro-
plasticity is long-term potentiation (LTP). LTP was
demonstrated on the animal hippocampus in 1974,
and it has since been proven to be crucial for in-
ducing cortical plasticity and formation of the me-
mory, as well as for the learning process (8, 28). Pro-
inflammatory cytokines have been associated with
homeostatic synaptic plasticity. Inflammation of the
central nervous system affects neuroplasticity, and
has therefore been linked as a possible factor in the
pathophysiology of neurological and psychiatric dis-
eases (8).
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NEUROPLASTICITY AND
PATHOPHYSIOLOGY OF DEPRESSION

Neuroplasticity has led to the development of
a new clinical discipline - neurorehabilitation, which
is based on restoring motor function in patients with
neural damage by reorganization of neural synapses.
However, recent findings are implicating that neuro-
plasticity may have a significant role in the patho-
physiology of depressive disorders (8, 9).

In patients with depressive disorders, dys-
function of the neuroplasticity can lead to the chan-
ges in volume of the hippocampus, apoptosis of its
neurons, as well as changes in hippocampal neuro-
genesis. These pathological changes are likely the
result of chronic stress which affects hippocampal
synaptic plasticity. Chronic stress decreases the
branching of the neural dendrites and affects the
hypothalamic-pituitary-adrenal axis by increasing
the levels of glucocorticosteroids, which impairs the
hippocampal plasticity. Previous studies have found
that severe stress affects long-term potentiation and
enhances depression in rodent models. Hippocam-
pus, part of the limbic system, is an extremely im-
portant structure responsible for generating me-
mory, emotions, and other cognitive functions (29). It
has been observed that patients with a greater num-
ber of depressive episodes have smaller hippocam-
pal volumes, compared to healthy individuals. There
is evidence that people with late-onset depression
(which begins after the age of 50), also have smaller
volumes of the entorhinal cortex (30). Impaired hip-
pocampal neurogenesis has also been proposed as a
possible risk factor for developing depressive dis-
orders. Even in adulthood, new neurons are still
being formed in the hippocampal region, especially
in its part called the dentate gyrus, where it has been
estimated that every day about 700 granule cells are
added in healthy individuals (31). Although it is still
not fully understood why neurogenesis continues to
occur in this part of the brain and not in others,
researches suggest that a potential answer lies in
understanding of cellular and molecular mecha-
nisms that enable neurogenesis in this part of the
dentate gyrus under physiological conditions (32).
Wang et al. (33) used high-resolution magnetic im-
aging (MRI) to register potential changes in the den-
tate gyrus in 17 male veterans with post-traumatic
stress disorder (PTSD). They found that the partici-
pants with PTSD had a volume loss in the dentate
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gyrus, which was consistent with the theory that
chronic stress inhibits hippocampal neurogenesis.

The prefrontal cortex is a structure closely
associated with depression. In patients with chronic
depression, functional neuroimaging studies have
shown differences in the neural activity of different
parts of the prefrontal cortex. Its ventromedial parts
showed hyperactivity, while its dorsolateral parts
were underactive (31). PET scans have shown in-
creased metabolism in the ventromedial prefrontal
cortex in patients with depressive disorders, and the
metabolic rate correlated with the severity of the
symptoms. Neuroimaging studies have found a de-
crease in the volume of the ventromedial prefrontal
cortex in depressive patients, most commonly loca-
lized to the left. This suggests that the volume of the
lower left ventromedial prefrontal cortex could po-
tentially serve as a biomarker for depression (34).
Ongiir et al. (35) found a selective reduction in the
number of glial cells and density in subgenual parts
of the prefrontal cortex in patients with familial
forms of depression, by examining human brain
tissue. This finding correlates with a predominately
left-localized reduction in the volume of the pre-
frontal gray matter, shown by MRI imaging.

Another structure that is included in the
pathogenesis of depression is the amygdala. Unlike
the hippocampus and prefrontal cortex, in depres-
sive patients the rate of neuroplasticity is increased
in the amygdala. The volume of the amygdala is
increased in patients with depression, compared to
healthy individuals, as well as glucose metabolism
(36). Vyas et al. (37) found that chronic immobili-
zation stress in rats causes significant atrophy of the
dendrites in the hippocampus, whereas in the baso-
lateral parts of the amygdala it causes dendritic hy-
pertrophy. These dendritic changes were only spot-
ted on the stellate and pyramidal neurons of the
basolateral amygdala, possibly because these types
of neurons are excitatory ones. Romanczuk-Seiferth
et al. (38) used structural MRI to measure the volume
of the amygdala, and found that healthy first-degree
relatives of patients with depressive disorders have
significantly larger volumes of the gray matter in the
bilateral amygdala. Qiu et al. (39) studied the po-
tential connection between functional connectivity of
the amygdala in six-month old infants with depres-
sive symptoms diagnosed in mothers. Both struc-
tural and resting-state functional MRI were used.
The results of this study showed that infants born to
mothers with depressive disorders had a greater

functional connection between the amygdala and
other parts of the limbic system, including the left
temporal cortex and ventromedial prefrontal cortex.
This connectivity pattern is highly similar to the one
found in adults and adolescents with major depres-
sive disorders.

NEUROPLASTICITY AND TREATMENT
OF DEPRESSION

Electroconvulsive therapy

Electroconvulsive therapy (ECT) is shown to
be able to enhance neuroplasticity by increasing the
volume of the hippocampus and causing morpho-
metric changes in both the hippocampus and the
amygdala (40). On a molecular level, ECT activates
presynaptic glutamatergic neurons and inhibits
gamma-aminobutyric acid (GABA) neurons. The
release of glutamate in the synaptic cleft activates a-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) receptors and inhibits N-methyl-D-
aspartate  (NMDA) receptors. Upon activation,
AMPA receptors release brain-derived neurotrophic
factor, which in turn activates protein kinase B. Acti-
vated protein kinase B speeds up the neurogenesis
process by sending the signal to mTORC1. Additi-
onally, these molecular changes activate inositol
1,4,5-trisphosphate receptor (IP3R) and stimulate the
release of calcium ions, which in turn partially open
the voltage-gated potassium (BK) channels. Opened
BK channels cause the hyperpolarization of the post-
synaptic neuron, which consequently expresses an
antidepressant effect (41).

Joshi et al. (42) performed a study on 43 pa-
tients with major depression to track possible chan-
ges in the structure or volume of the hippocampus
and the amygdala. Neuroimaging methods showed
that patients with depression had smaller hippo-
campal volumes, compared to healthy individuals.
After conducting ECT, volumes of both the hippo-
campus and the amygdala increased, and significant
morphometric changes were observed in the anterior
parts of the hippocampus and basolateral amygdala,
whereas all measures remained stable in the control
group. Pirnia et al. (43) measured the cortical thick-
ness in depressed patients who were undergoing
ECT by using MRI. They observed that, over the
course of the ECT, along with the symptom im-
provement, MRI detected an increase in the thick-
ness of the limbic system and paralimbic structures.
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No changes in the cortical thickness were detected in
healthy individuals. Researchers concluded that ECT
stimulates neuroplasticity in limbic and paralimbic
structures, and that a change in the thickness could
be a predictor of the success of the treatment. Similar
results were observed in studies with adult monkeys
receiving electroshock therapy (analog of ECT). Pro-
longed electroshock therapy caused an increased
proliferation in the subgranular zone of the hippo-
campal dentate gyrus, which implicated that this
type of therapy stimulates the process of neuroge-
nesis in the hippocampus (43).

Antidepressant medications

Hippocampal plasticity is considered to be
closely related to the pathophysiology of depressive
disorders. Hippocampal synaptic plasticity, one of
the most important function of the human brain, is
impaired in depressed patients. This is mostly due to
the fact that LTP, a crucial part of the neuroplasticity,
is diminished due to a decrease in the concentration
of the required growth factors and downregulation
of the synaptic proteins. Monoaminergic antidepres-
sants are thought to have a protective effect on the
hippocampal synaptic plasticity (29). Normann et al.
(44) studied the effects of SSRI on hippocampal
synaptic plasticity in rats. They found that SSRI have
protective effect on the synaptic plasticity in hippo-
campus, possibly by modulating the activity of Ca
channels. Another significant alteration in depressed
patients is the reduced volume of the hippocampus.
These changes in the hippocampal volume can
possibly be a result of a neurodegeneration caused
by increased glucocorticosteroid levels. The hippo-
campus volume may change after taking certain
types of antidepressants for an extended period of
time (29). Zung et al. (45) observed that in bipolar
patients with symptoms and signs of depression,
long-term use of lithium led to an increase in the left
hippocampal volume, compared to patients who
were not using lithium. Boldrini et al. (46) found that
the use of SSRI and tricyclic antidepressants caused
an increase in the proliferation of neural progenitor
cells in the anterior human hippocampal dentate
gyrus. A few years later, Boldrini et al. (47) again
performed a similar research, where they observed
that the size of hippocampal volume as well as the
number of mature dentate gyrus granule cells can be
increased by long-term SSRI treatment. SSRI are
proved to be especially potent in stimulating hippo-
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campal neurogenesis in depressed patients (48, 49).
The volume of the hippocampus significantly de-
creases as a result of the defective neurogenesis pro-
cess, which is considered to be closely related to the
beginning of depression. Furthermore, a higher rate
of apoptosis is thought to be related to the smaller
hippocampus volume. Two distinct mechanisms
could account for the increase in hippocampus vo-
lume in SSRI-treated patients. Firstly, blood gluta-
mate levels were lower in SSRI-treated patients,
which lowered neurotoxicity, the resulting damage,
and death of the hippocampus cells. Additionally,
SSRI stimulate neurogenesis and significantly in-
creases the number of neural progenitor cells (29,
50). Wang et al. (51) studied the effects of long-term
use of fluoxetine (SSRI antidepressant) and observed
that its prolonged use stimulated LTP in the dentate
gyrus and accelerated maturation of immature nerve
cells in the hippocampus. Fluoxetine treatment in-
creases the activity of several growth factors, in-
cluding brain-derived neutrophic factor and vascular
endothelial growth factor. The release of these
factors, preceded by desensitization of 5-HT1A and
5-HT1B serotonin autoreceptors, stimulates prolife-
ration of neural progenitor cells and enhances matu-
ration of hippocampal neurons. Studies have shown
that tricyclic antidepressants (most commonly im-
ipramine and desipramine) can also modulate hip-
pocampal neurogenesis in depressed patients, by
decreasing the expression of cyclin-dependent
kinase inhibitor (p21). The expression of p21 in the
subgranular zone of the hippocampal dentate gyrus
blocks the process of neurogenesis. Tricyclic anti-
depressants down-regulate the expression of p21,
allowing the proliferation of neural progenitor cells
and consequently increasing the volume of this part
of the hippocampus (40, 52). Venlafaxine, a dual se-
rotonin/norepinephrine reuptake inhibitor, is shown
to protect hippocampal neurogenesis from stress and
to suppress hippocampal apoptosis by the upre-
gulation of the brain-derived neurotrophic factor (29,
40). The levels of brain-derived, a dimeric protein,
are especially high in the cerebral cortex and hip-
pocampus, and it is therefore considered to be
crucial in the pathophysiology of mental illnesses. It
can cross the blood-brain barrier and its levels in the
blood correlate with its levels in the cerebrospinal
fluid (53). Recent findings suggest that this factor
could be a significant biomarker for the diagnosis of
different psychiatric disorders. A meta-analysis
compared the concentrations of brain-derived neuro-
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trophic factor (BDNF) in blood between patients
with eight different psychiatric conditions (including
depression) and healthy individuals. The findings
demonstrated that nearly all of the patients had
significantly lower levels of BDNF compared to the
healthy population. Only those suffering from post-
traumatic stress disorder had higher amounts of this
factor (54). The results of this meta-study indicate
that BDNF could be a useful biomarker in the
diagnosis of depression and that its reduced levels
would indicate the activity of the disease. Additi-
onally, the levels of brain BDNF are influenced by
antidepressants, especially SSRI. Studies have shown
that a positive reaction to SSRI therapy is accom-
panied by an elevation in BDNF levels in the cere-
bral cortex and hippocampus. Patients taking keta-
mine for depression also have this beneficial impact.
All these findings suggest that BDNF could also
serve as a predictor of a positive response to anti-
depressant treatment (55).

Li et al. (56) studied the potential effects of
ketamine on prefrontal cortex and the amygdala in
patients with treatment-resistant depression by mea-
suring standardized uptake values (SUV) of glucose
metabolism by 18F-FDG positron-emission tomo-
graphy. Patients with this type of depression often
have hypoactivity of the prefrontal cortex and hyper-
activity of the amygdala. The results showed that
patients treated with ketamine had an increase in
SUV of the prefrontal cortex and a decrease in SUV
of the amygdala. Ketamine has a significant effect on
the process of synaptogenesis, by drastically increa-
sing the number of synapses and improving their
functionality. This result is possibly due to the fa-
cilitation of the glutamatergic neurotransmission
caused by ketamine. Ketamine quickly increases
transmission of glutamate in the prefrontal cortex
and the concentration of activity-regulated cytoske-
leton-associated protein (Arc protein), which is es-
sential for the adequate synaptogenesis. In the
presence of brain-derived neutrophic factor, glu-
tamate stimulates synaptogenesis by enhancing the
mTOR signaling pathway and the production of the
synaptic proteins (56,57). Medications that can also
affect amygdala in depressed patients are citalopram
and quetiapine (29).

The studies reviewed in this paper show that
modern antidepressant treatment has a potent effect
on the process of neuroplasticity in the brain areas of
interest (hippocampus, amygdala, prefrontal cortex).
Electroconvulsive therapy stimulates the process of

neuroplasticity, mostly by increasing the volume of
both hippocampus and the amygdala. Also, this kind
of therapy alters the morphology of the regions
examined in this article by regulating the activation
of several receptors on postsynaptic and presynaptic
neurons, which increases synaptic plasticity. Additi-
onally, a prolonged use of ECT increases the thick-
ness of the limbic system and paralimbic structures,
which is considered to be a good indicator of the
outcome of the treatment.

Based on a review of the literature, it can be
concluded that antidepressants significantly affect
neuroplasticity, with the SSRI class of antidepres-
sants having the strongest influence. SSRI stimulate
hippocampal neurogenesis and prevent the apo-
ptosis of neural cells by lowering the amount of ne-
urotoxicity. All these changes lead to a significant in-
crease in the hippocampal volume. Also, this group
of antidepressants stimulates LTP in the dentate
gyrus and accelerates maturation of immature nerve
cells in the hippocampus. The analysis of the papers
reviewed found that tricyclic antidepressants can
also modulate hippocampal neurogenesis in depres-
sed patients, mostly by decreasing the expression of
p21 in the subgranular zone of the hippocampal
dentate gyrus, which in turn allows the proliferation
of neural progenitor cells and increases the volume
of the hippocampus. This review also found that
ketamine could have a significant effect on neuro-
plasticity in depressed patients, most probably by
increasing the transmission of glutamate in the pre-
frontal cortex, which improves the functionality of
the synapses.

LIMITATIONS OF THE STUDY

This study has several limitations. The ma-
jority of the original research reviewed in this study
was based on a smaller sample size of depressed
patients. Control groups were usually healthy indi-
viduals with no confirmed pshychiatric condition,
which is seen as a restriction in several studies where
it was recommended that patients who were not
receiving treatment for depression should be in-
cluded. Also, there was heterogeneity among the
participants in terms of age, duration of the de-
pression, comorbidites, and previous treatment
modalities. A few of the reviewed research used
human postmortem brain tissue or animal models.
The results of these investigations need to be vali-
dated and further investigated in live people suf-
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fering from depression. Additionally, due to hetero-
geneity of the patients, it is impossible to exclude im-
pact of other factors on the process of neuroplas-
ticity. The process of neuroplasticity in the brain
regions reviewed in this study can also be altered by
the aging process, gender differences, task learning,
stress, diet, and the use of various non-psychiatric
drugs, all of which are impossible to fully exclude
when studying the process of neuroplasticity in de-
pressed patients.

CONCLUSION

Depression is one of the most prevalent psy-
chiatric disorders worldwide, which has extremely
negative effects on the quality of life and prevents
patients from engaging in everyday activities. The
pathophysiological mechanisms behind depression
are still not fully understood. Neuroplasticity is a
phenomenon that allows the brain to change its
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structure and activity in response to different types
of stimuli. Recent studies have shown that neuro-
plasticity may be a key factor in the development of
depressive disorders, as well as a predictor of the
successful treatment and prognosis of these dis-
orders. Further investigations could be aimed at dis-
covering a stronger connection between neuroplas-
ticity and different types of antidepressant treat-
ments, possibly by using different neuroimaging
methods which can detect volumetric changes in the
hippocampus, amygdala, and prefrontal cortex in
patients treated with antidepressants and/or ECT.
Also, by using rodent models or human brain tissue
of patients with depressive disorder, could be fo-
cused further research on the use of immunocyto-
chemistry techniques to study the process of neuro-
genesis in cerebral areas reviewed in this article.
Future studies could also focus on the BDNF and
how different treatments for depression disorders af-
fect blood levels of this protein.

Acta facultatis medicae Naissensis 2024; 41(4): 490-502 497



Review article

498

References

American Psychiatric Association: Diagnostic and
statistical manual of mental disorders. 4th ed. Text
revision. Washington, DC: American Psychiatric
Association; 2000.

Christensen MC, Wong CM], Baune BT.
Symptoms of major depressive disorder and their
impact on psychosocial functioning in the
different phases of the disease: Do the
perspectives of patients and healthcare providers
differ? Front Psychiatry 2020; 11: 280.
https://doi.org/10.3389/fpsyt.2020.00280

Ménard C, Hodes GE, Russo SJ. Pathogenesis of
depression: Insights from human and rodent
studies. Neuroscience 2016; 321: 138-62.
https://doi.org/10.1016/j.neuroscience.2015.05.053

Moret C, Briley M. The importance of
norepinephrine in depression. Neuropsychiatr Dis
Treat 2011; 7(Suppl 1): 9-13.
https://doi.org/10.2147/NDT.519619

Penner-Goeke S, Binder EB. Epigenetics and
depression. Dialogues Clin Neurosci 2019; 21(4):
397-405.
https://doi.org/10.31887/DCNS.2019.21.4/ebinder

Konstantinovi¢ 1. Funkcionalna anatomija
mozdane kore (graduation thesis). Nis, Serbia:
Medicinski fakultet Univerziteta u Nisu; 2022. (in
Serbian)

Demarin V, Morovic S, Béné R. Neuroplasticity.
Periodicum Biologorum 2014; 116: 209-11.
Gulyaeva NV. Molecular mechanisms of
neuroplasticity: ~An  expanding
Biochemistry (Mosc) 2017; 82(3): 237-42.
https://doi.org/10.1134/50006297917030014

universe.

Trifu SC, Trifu AC, Aluas E, et al. Brain changes in
depression. Rom ] Morphol Embryol 2020; 61(2):
361-70.

https://doi.org/10.47162/RIME.61.2.06

10.

11.

12.

13.

14.

15.

16.

17.

18.

Gelder GM, Andreasen CN, Lopez-Ibor JJ, Geddes
R]. New Oxford Text book of Psychiatry. 2nd ed.
Oxford, UK: Oxford University Press; 2009.

Razzak HA, Harbi A, Ahli S. Depression:
Prevalence and associated risk factors in the
United Arab Emirates. Oman Med ] 2019; 34(4):
274-82.

https://doi.org/10.5001/0m].2019.56

Wang ], Wu X, Lai W, et al. Prevalence of
depression and depressive symptoms among
outpatients: a systematic review and meta-
analysis. BMJ Open 2017; 7(8): e017173.
https://doi.org/10.1136/bmjopen-2017-017173

Zhao L, Han G, Zhao Y, et al. Gender differences
in depression: Evidence from genetics. Front
Genet 2020; 11: 562316
https://doi.org/10.3389/fgene.2020.562316

Alsaadi T, El Hammasi K, Shahrour TM, et al.
Depression and anxiety among patients with
epilepsy and multiple sclerosis: UAE comparative
study. Behav Neurol 2015; 2015: 196373.
https://doi.org/10.1155/2015/196373

Wu Z, Fang Y. Comorbidity of depressive and
anxiety disorders: challenges in diagnosis and
assessment. Shanghai Arch Psychiatry 2014; 26(4):
227-31.

https://doi.org/10.3969/j.issn.1002-0829.2014.04.006

MacMaster FP, Kusumakar V. Hippocampal volume
in early onset depression. BMC Med 2004; 2: 2.
https://doi.org/10.1186/1741-7015-2-2

Sheline YI, Wang PW, Gado MH, et al
Hippocampal atrophy in recurrent major
depression. Proc Natl Acad Sci USA 1996; 93(9):
3908-13.

https://doi.org/10.1073/pnas.93.9.3908

Sheline YI, Sanghavi M, Mintun MA, Gado MH.
Depression duration but age
hippocampal volume loss in medically healthy

not predicts

Acta facultatis medicae Naissensis 2024; 41(4): 490-502


https://doi.org/10.3389/fpsyt.2020.00280
https://doi.org/10.1016/j.neuroscience.2015.05.053
https://doi.org/10.2147/NDT.S19619
https://doi.org/10.31887/DCNS.2019.21.4/ebinder
https://doi.org/10.1134/S0006297917030014
https://doi.org/10.47162/RJME.61.2.06
https://doi.org/10.5001/omj.2019.56
https://doi.org/10.1136/bmjopen-2017-017173
https://doi.org/10.3389/fgene.2020.562316
https://doi.org/10.1155/2015/196373
https://doi.org/10.3969/j.issn.1002-0829.2014.04.006
https://doi.org/10.1186/1741-7015-2-2
https://doi.org/10.1073/pnas.93.9.3908

19.

20.

21.

22.

23.

24.

25.

26.

women with recurrent major depression. ]
Neurosci 1999; 19(12): 5034-43.
https://doi.org/10.1523/INEUROSCI.19-12-
05034.1999

Hasler G. Pathophysiology of depression: do we
have any solid evidence of interest to clinicians?.
World Psychiatry 2010; 9(3): 155-61.
https://doi.org/10.1002/].2051-5545.2010.tb00298.x

Dantzer R, O'Connor JC, Freund GG, et al. From
inflammation to sickness and depression: when
the immune system subjugates the brain. Nat Rev
Neurosci 2008; 9(1): 46-56.
https://doi.org/10.1038/nrn2297

Raison CL, Capuron L, Miller AH. Cytokines sing
the blues: inflammation and the pathogenesis of
depression. Trends Immunol 2006; 27(1): 24-31.
https://doi.org/10.1016/}.it.2005.11.006

Gautam S, Jain A, Gautam M, et al. Clinical
practice guidelines for the management of
depression. Indian ] Psychiatry 2017; 59(Suppl 1):
534-550.

https://doi.org/10.4103/0019-5545.196973

Health Quality Ontario. Psychotherapy for Major
Depressive Disorder and Generalized Anxiety
Disorder: A Health Technology Assessment. Ont
Health Technol Assess Ser 2017; 17(15): 1-167.

Trifu S, Sevcenco A, Stanescu M, et al. Efficacy of
electroconvulsive therapy as a potential first-
choice treatment in treatment-resistant depression
(Review). Exp Ther Med 2021; 22(5): 1281.
https://doi.org/10.3892/etm.2021.10716

Torres IJ, Ge R, McGirr A, et al. Effects of
intermittent theta-burst transcranial magnetic
stimulation on cognition and hippocampal
volumes in bipolar depression. Dialogues Clin
Neurosci 2023; 25(1): 24-32.

https://doi.org/10.1080/19585969.2023.2186189

Rush AJ, Sackeim HA, Conway CR, et al. Clinical
research challenges posed by difficult-to-treat
depression. Psychol Med 2022; 52(3): 419-32.
https://doi.org/10.1017/50033291721004943

Acta facultatis medicae Naissensis 2024; 41(4): 490-502

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ina Konstantinovi¢, Milena Trandafilovié

Voss P, Thomas ME, Cisneros-Franco JM, de
Villers-Sidani E. Dynamic brains and the
changing rules of neuroplasticity: Implications for
learning and recovery. Front Psychol 20178:1657
https://doi.org/10.3389/fpsyg.2017.01657

Rygvold TW, Hatlestad-Hall C, Elvsashagen T, et
al. Long term potentiation-like neural plasticity
and performance-based memory function.
Neurobiol Learn Mem 2022; 196: 107696.
https://doi.org/10.1016/j.nlm.2022.107696

Liu W, Ge T, Leng Y, et al. The role of neural
plasticity in depression: From hippocampus to
prefrontal Plast 2017, 2017:
6871089.

https://doi.org/10.1155/2017/6871089

cortex. Neural

Sheline YI. Depression and the hippocampus:
cause or effect? Biol Psychiatry 2011; 70(4): 308-9.
https://doi.org/10.1016/j.biopsych.2011.06.006

Miller BR, Hen R. The current state of the
neurogenic theory of depression and anxiety.
Curr Opin Neurobiol 2015; 30: 51-8.
https://doi.org/10.1016/j.conb.2014.08.012

Toni N, Schinder AF. Maturation and functional
integration of new granule cells into the adult
hippocampus. Cold Spring Harb Perspect Biol
2015; 8(1): a018903.
https://doi.org/10.1101/cshperspect.a018903

Wang Z, Neylan TC, Mueller SG, et al. Magnetic
resonance imaging of hippocampal subfields in
posttraumatic  stress disorder. Arch Gen
Psychiatry 2010; 67(3): 296-303.
https://doi.org/10.1001/archgenpsychiatry.2009.20
5

Marrus N, Belden A, Nishino T, et al
Ventromedial
preschool-onset depression. ] Affect Disord 2015;
180: 79-86.
https://doi.org/10.1016/j.jad.2015.03.033

prefrontal cortex thinning in

Ongir D, Drevets WC, Price JL. Glial reduction in
the subgenual prefrontal cortex in mood
disorders. Proc Natl Acad Sci USA 1998; 95(22):
13290-5.

499


https://doi.org/10.1523/JNEUROSCI.19-12-05034.1999
https://doi.org/10.1523/JNEUROSCI.19-12-05034.1999
https://doi.org/10.1002/j.2051-5545.2010.tb00298.x
https://doi.org/10.1038/nrn2297
https://doi.org/10.1016/j.it.2005.11.006
https://doi.org/10.4103/0019-5545.196973
https://doi.org/10.3892/etm.2021.10716
https://doi.org/10.1080/19585969.2023.2186189
https://doi.org/10.1017/S0033291721004943
https://doi.org/10.3389/fpsyg.2017.01657
https://doi.org/10.1016/j.nlm.2022.107696
https://doi.org/10.1155/2017/6871089
https://doi.org/10.1016/j.biopsych.2011.06.006
https://doi.org/10.1016/j.conb.2014.08.012
https://doi.org/10.1101/cshperspect.a018903
https://doi.org/10.1001/archgenpsychiatry.2009.205
https://doi.org/10.1001/archgenpsychiatry.2009.205
https://doi.org/10.1016/j.jad.2015.03.033

Review article

36.

37.

38.

39.

40.

41.

42.

43.

500

https://doi.org/10.1073/pnas.95.22.13290

Kuhn M, Hoger N, Feige B. Fear extinction as a
model for synaptic plasticity in major depressive
disorder. PLoS One 2014; 9(12): e115280.
https://doi.org/10.1371/journal.pone.0115280

Vyas A, Mitra R, Shankaranarayana Rao BS,
Chattarji S. Chronic stress induces contrasting
patterns of dendritic remodeling in hippocampal
and amygdaloid neurons. ] Neurosci 2002; 22(15):
6810-18.
https://doi.org/10.1523/INEUROSCI.22-15-
06810.2002

Romanczuk-Seiferth N, Pohland L, Mohnke S, et
al. Larger amygdala volume in first-degree
relatives of patients with major depression.
Neuroimage Clin 2014; 5: 62-8.
https://doi.org/10.1016/j.nicl.2014.05.015

Qiu A, Anh TT, Li Y, et al. Prenatal maternal
depression amygdala
connectivity in 6-month-old infants.
Psychiatry 2015; 5(2): e508.
https://doi.org/10.1038/tp.2015.3

alters functional

Transl

Levy MJF, Boulle F, Steinbusch HW, et al
Neurotrophic neuroplasticity
pathways in the pathophysiology and treatment
of depression. Psychopharmacology (Berl) 2018;
235(8): 2195-220.
https://doi.org/10.1007/s00213-018-4950-4

factors and

Li M, Yao X, Sun L, et al. Effects of
Electroconvulsive Therapy on Depression and Its
Potential Mechanism Front Psychol 2020; 11: 80.

https://doi.org/10.3389/fpsyg.2020.00080

Joshi SH, Espinoza RT, Pirnia T, et al. Structural
plasticity of the hippocampus and amygdala
induced by electroconvulsive therapy in major
depression. Biol Psychiatry 2016; 79(4): 282-92.
https://doi.org/10.1016/j.biopsych.2015.02.029

Pirnia T, Joshi SH, Leaver AM, et al
Electroconvulsive  therapy structural
neuroplasticity in neocortical, limbic and paralimbic
cortex. Transl Psychiatry 2016; 6(6): €832.
https://doi.org/10.1038/tp.2016.102

and

45.

46.

47.

48.

49.

50.

51.

Normann C, Frase S, Haug V, et al
Antidepressants Rescue Stress-Induced Disruption
of Synaptic Plasticity via Serotonin Transporter-
Independent Inhibition of L-Type Calcium
Channels. Biol Psychiatry. 2018; 84(1): 55-64.
https://doi.org/10.1016/j.biopsych.2017.10.008

Zung S, Souza-Duran FL, Soeiro-de-Souza MG, et
al. The influence of lithium on hippocampal
volume in elderly bipolar patients: a study using
voxel-based morphometry. Transl Psychiatry
2016; 6(6): e846.

https://doi.org/10.1038/tp.2016.97

Boldrini M, Underwood MD, Hen R, et al
Antidepressants increase neural progenitor cells
in the human hippocampus.
Neuropsychopharmacology 2009; 34(11): 2376-89.
https://doi.org/10.1038/npp.2009.75

Boldrini M, Santiago AN, Hen R, et al

Hippocampal granule neuron number and
dentate gyrus volume in antidepressant-treated
and untreated major depression.
Neuropsychopharmacology 2013; 38(6): 1068-77.

https://doi.org/10.1038/npp.2013.5

Encinas JM, Vaahtokari A, Enikolopov G.
Fluoxetine targets early progenitor cells in the
adult brain. Proc Natl Acad Sci USA 2006; 103(21):
8233-8.

https://doi.org/10.1073/pnas.0601992103

Klempin F, Beis D, Mosienko V, et al. Serotonin is
required for exercise-induced adult hippocampal
neurogenesis. ] Neurosci 2013; 33(19): 8270-5.
https://doi.org/10.1523/INEUROSCI.5855-12.2013

Tartt AN, Mariani MB, Hen R, et al. Dysregulation
of adult hippocampal neuroplasticity in major
depression:  pathogenesis and therapeutic
implications. Mol Psychiatry 2022; 27(6): 2689-99.
https://doi.org/10.1038/s41380-022-01520-y

Wang JW, David DJ, Monckton JE, et al. Chronic
fluoxetine stimulates maturation and synaptic
plasticity of adult-born hippocampal granule
cells. ] Neurosci 2008; 28(6): 1374-84.
https://doi.org/10.1523/INEUROSCI.3632-07.2008

Acta facultatis medicae Naissensis 2024; 41(4): 490-502


https://doi.org/10.1073/pnas.95.22.13290
https://doi.org/10.1371/journal.pone.0115280
https://doi.org/10.1523/JNEUROSCI.22-15-06810.2002
https://doi.org/10.1523/JNEUROSCI.22-15-06810.2002
https://doi.org/10.1016/j.nicl.2014.05.015
https://doi.org/10.1038/tp.2015.3
https://doi.org/10.1007/s00213-018-4950-4
https://doi.org/10.3389/fpsyg.2020.00080
https://doi.org/10.1016/j.biopsych.2015.02.029
https://doi.org/10.1038/tp.2016.102
https://doi.org/10.1016/j.biopsych.2017.10.008
https://doi.org/10.1038/tp.2016.97
https://doi.org/10.1038/npp.2009.75
https://doi.org/10.1038/npp.2013.5
https://doi.org/10.1073/pnas.0601992103
https://doi.org/10.1523/JNEUROSCI.5855-12.2013
https://doi.org/10.1038/s41380-022-01520-y
https://doi.org/10.1523/JNEUROSCI.3632-07.2008

52.

53.

54.

Pechnick RN, Zonis S, Wawrowsky K, et al.
p21Cipl restricts neuronal proliferation in the
subgranular zone of the dentate gyrus of the
hippocampus. Proc Natl Acad Sci USA 2008;
105(4): 1358-63.
https://doi.org/10.1073/pnas.0711030105

Fernandes BS, Berk M, Turck CW, et al. Decreased
peripheral factor
levels are a biomarker of disease activity in major

brain-derived neurotrophic
psychiatric disorders: a comparative meta-
analysis. Mol Psychiatry 2014; 19(7): 750-1.
https://doi.org/10.1038/mp.2013.172

Zou Y, Zhang Y, Tu M, et al. Brain-derived
neurotrophic factor levels across psychiatric
disorders: A systemic review and network meta-
analysis. Prog Neuropsychopharmacol Biol
Psychiatry 2024; 131: 110954.

Article info

Received: January 24, 2024
Revised: March 24, 2024
Accepted: August 5, 2024
Online first: November 13, 2024

Acta facultatis medicae Naissensis 2024; 41(4): 490-502

55.

56.

57.

Ina Konstantinovi¢, Milena Trandafilovié

https://doi.org/10.1016/j.pnpbp.2024.110954

Bjorkholm C, Monteggia LM. BDNF - a key
transducer of antidepressant effects.
Neuropharmacology 2016; 102: 72-9.

https://doi.org/10.1016/j.neuropharm.2015.10.034

Li CT, Chen MH, Lin WC, et al. The effects of low-
dose ketamine on the prefrontal cortex and
amygdala in treatment-resistant depression: A
randomized controlled study. Hum Brain Mapp
2016; 37(3): 1080-90.
https://doi.org/10.1002/hbm.23085

Duman RS, Aghajanian GK. Synaptic dysfunction
in depression: potential therapeutic targets.
Science 2012; 338(6103): 68-72.
https://doi.org/10.1126/science.1222939

501


https://doi.org/10.1073/pnas.0711030105
https://doi.org/10.1038/mp.2013.172
https://doi.org/10.1016/j.pnpbp.2024.110954
https://doi.org/10.1016/j.neuropharm.2015.10.034
https://doi.org/10.1002/hbm.23085
https://doi.org/10.1126/science.1222939

Review article

Uloga neuroplasticnosti u etiologiji i lecenju
depresivnih poremecaja
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SAZETAK

Uvod/Cilj. Depresija je afektivni poremecaj koji sprecava obolele osobe da obavljaju svakodnevne
aktivnosti, budué¢i da podrazumeva konstantno prisustvo negativnih emocija. Depresija je kao jedan od
najucestalijih mentalnih poremecaja na svetu postala ogroman finansijski teret za zdravstveni sistem.
Najcesce se kao etioloski faktori depresivnih poremecaja opisuju bioloski, fizioloski i socijalni faktori, mada
patogenetski mehanizmi koji dovode do depresije jos nisu u potpunosti prouceni. Neuroplasticitet je
sposobnost nervnog tkiva da reorganizuje svoju strukturu i funkciju kao odgovor na razlic¢ite stimuluse. Cilj
ovog rada bio je da sumira dostupnu literaturu o neuroplasticnosti i o njenoj ulozi u patofiziologiji i lecenju
depresivnih poremecaja.

Pregled literature. Depresija se najcesce javlja sa razlicitim hroni¢nim oboljenjima i ¢es¢a je kod Zena nego
kod muskaraca. Antidepresivi, elektrokonvulzivna terapija i psihosocijalna terapija predstavljaju najcesce
terapijske opcije koje se koriste u lecenju depresije. Neuroplasticitet je doveo do razvoja nove klinicke
discipline — neurorehabilitacije. Najnovija istrazivanja ukazuju na postojanje veze izmedu neuroplasticiteta i
depresije. Razliciti mehanizmi koji su u osnovi procesa neuroplasticiteta uticu na limbicke i paralimbicke
strukture, narocito na hipokampus, prefrontalnu mozdanu koru i amigdalu.

Zakljuéak. Cinjenica da limbicke i paralimbicke strukture podlezu strukturnim promenama kod obolelih od
depresije koji uzimaju antidepresive ili koriste elektrokonvulzivnu terapiju moze dovesti do boljeg
razumevanja depresivnih poremecaja i nacina na koji ih treba leciti.

Kljucne reci: depresija, depresivni poremecaji, neuroplasticitet, hipokampus, amigdala

502 Acta facultatis medicae Naissensis 2024; 41(4): 490-502



	4The Role of Neuroplasticity I.Konstatinovic

