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Abstract. In modern society, depression is one of the most
common mental illness; however, its pathophysiology is not
yet fully understood. A great body of evidence suggests that
depression causes changes in neuroplasticity in specific regions
of the brain which are correlated to symptom severity, negative
emotional rumination as well as fear learning. Depression is
correlated with atrophy of neurons in the cortical and limbic
brain regions that control mood and emotion. Antidepressant
therapy can exhibit effects on neuroplasticity and reverse the
neuroanatomical changes found in depressed patients. The
investigation of fast‑acting agents that reverse behavioral
and neuronal deficiencies of chronic depression, especially
the glutamate receptor antagonist NMDA ketamine, and the
cellular mechanisms underlying the rapid antidepressant
actions of ketamine and related agents are of real interest in
current research. Actual medication such as serotonin (5‑HT)
selective reuptake inhibitor (SSRI) antidepressants, require
weeks to months of administration before a clear therapeutic
response. The current review aimed to underline the negative
effects of depression on neuroplasticity and present the current
findings on the effects of antidepressant medication.
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1. Introduction
The World Health Organization estimates that there are
approximately 264 million people worldwide that suffer from
depression. It is a major public health concern given the fact
that 800,000 people die from suicide every year (1). Currently,
due to the development of pharmacological therapies, psychia‑
trists have the means to ‘rewire’ the brain's circuits in order
to improve the patient's quality of life. New studies have
discovered the modulatory effect on neuroplasticity of certain
antidepressants that target areas in the brain responsible for
negative rumination. The following review aims to analyze
the existing data and outline future research directions in this
field. We start by observing the morphological aspects that
have been described in people with depression and outline the
stress‑induced neuroplasticity‑related mechanisms that lead to
the anatomical findings. We then discuss the morphological
evidence of the effects on neuroplasticity that antidepressants
determine.
2. Research methods
In this article, we performed a qualitative review of original
papers and meta‑analyses published during the last 10 years.
We searched especially scientific material written in English
language, but also those written in the Romanian language as
well. The initial review protocol was conducted through Google
Scholar search. Having in mind the diversity of the articles,
we also searched two major databases PubMed®/MEDLINE,
and Web of Science Core Collection. As information sources,
we searched the databases PubMed®/MEDLINE (http://www.
ncbi.nlm.nih.gov/pubmed) and Web of Science for depression,
treatment, and related keywords. We conducted a search in
the two databases (filters applied: clinical trial, randomized
controlled trial, clinical case series, on humans, in the last
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ten years) with the keywords: ‘depression’ AND ‘neuroplas‑
ticity’ OR ‘cortical disfunction’ OR ‘neurotransmitters’ OR
‘serotonin receptors’ OR ‘treatment‑resistant depression’ OR
‘antidepressant’ OR ‘HPA’ OR ‘dopaminergic pathway’ OR
‘ECT’ OR ‘Romania’. We restricted our search for articles
written in English or Romanian; the last updated search was
completed on April 10, 2020.
The ‘depression’ keyword search retrieved over
66,100 results, 3,872 clinical trials, 1,274 meta‑analyses,
2,545 systematic reviews and 3,265 randomized clinical trials
showing in this way a persistent interest in this psychiatric
field. Narrowing the search to ‘depression’ AND ‘neuroplas‑
ticity’ there were 1,275 retrieved results. In the same way
‘depression’ AND ‘cortical disfunction’ brought 1,361 results.
Combining the search with ‘treatment resistant depression’
the results narrowed to 50 articles. Also interesting was that
the combination ‘depression’ and Romania gave us only
235 articles, 6 meta‑analyses and 11 clinical trials, all of them
involving several countries, not only Romania. We filtered the
search excluding duplicates.
In the same way we searched the Web of Science (WOS)
‘depression’ keyword search retrieved over 175,745 results, on
which 42,394 studies were centered on psychiatry, 17,994 on
clinical neurology and 21,992 on neurosciences. Studies about
neuroplasticity associated with depression were limited to
663 results. ‘Treatment resistant depression’ provided only one
result over the WOS. We conducted this in the same way with
all the above‑mentioned keywords.
Finally, we systematized all these findings and we selected
what we considered the relevant information in this present
article.
3. The pathological aftermath of depression
Currently, psychiatrists diagnose depression by observing the
patient's clinical manifestations, negative emotions and their
low functionality in everyday life. Research has concluded that
there are significant alterations in the structure of gray and
white matter in the frontal lobe, hippocampus, temporal lobe,
thalamus, striatum, and amygdala of depressed individuals.
However, the scientific consensus regarding the pathophysi‑
ology of depression states that there may be a disruption in the
functional circuits connecting different brain regions, rather
than one focal anomaly (2).
Meta‑analyses have confirmed that the hippocampus
of depressive patients is smaller in size than that of healthy
individuals (3‑6). Since the hippocampus is associated with
memory and complex cognitive processes, decreased grey
matter in this area could be associated with the negative
emotions and impaired cognition in depressed patients.
Prefrontal lesions and thinning have been commonly associ‑
ated with depression. Brodmann area 24 (a part of the anterior
cingulate cortex), orbitofrontal cortex, middle prefrontal cortex,
dorsolateral prefrontal cortex and other areas have been
studied and have been found to be correlated with symptoms
of depression (7‑10). These regions are crucial in mood regula‑
tion, motivational behavior, executive functions, attention and
decision‑making. Studies have confirmed that after treatment
with antidepressants there is an increase in the volume of grey
matter and neural activity in these regions (11,12).

A number of studies have concluded that patients suffering
from depression have a decrease in the volume of the thalamus,
being responsible for integration of sensorial stimuli, emotions
and arousal (13,14).
Studies on patients with major depression found a decrease
in the grey matter intensity in the striatum (15). Moreover, the
disruption of striatal circuits may lead to suicidal behavior (16).
The extrapyramidal system codes reward‑orientated behavior,
cognitive processes, motivation and emotional control.
Decreased levels of grey matter throughout this system may
explain the core symptoms of depression (17,18).
In contrast to the findings above mentioned, an
increase in cortical thickness in the parietal lobe has been
observed (19,20). This region is part of the default mode
network (DMN); the exaggerated activation of this circuit has
been proven to be at the core of internal self‑focus, rumina‑
tion and high‑analyzability of negative emotions in depressive
patients (21). Accompanying the increased thickness of the
parietal cortex, an increase in the volume of the amygdala
has been noted (22,23), along with a hyperactivity in this
region (24,25). The hyperactivity of the amygdala was found to
be positively correlated with the intensity of negative emotions
and with fear learning (26,27).
4. Neuroplasticity and depression
Since Michael Merzenich observed that the brain is highly
plastic and can change in response to intrinsic and extrinsic
factors, the scientific world started developing strategies for
maximizing this property (28). When scientists discovered that
the human hippocampus is capable of developing new neurons
by dividing progenitor cells in the dentate gyrus, the paradigm
shifted and hope for new therapeutic methods arose (29).
The general term ‘neuroplasticity’ refers to a series of
processes that can occur in the central nervous system as a
response to certain stimuli. It can be described as the brain's
capacity to reshape its structure and rewire its connections
by strengthening or weakening the synaptic transmission. In
addition to this, scientists have observed synapse formation
and retraction, spinogenesis, synaptogenesis, axonal sprouting
and regeneration, and dendrite growth and formation (30).
However, the plastic property of the brain can also be
perceived in a negative manner. In mental illnesses, the
synaptic reorganization process can be maladaptive and may
lead to the persistence of psychiatric symptoms.
High levels of plasmatic cortisol have been observed
to suppress neuroplasticity in the hippocampus (31).
Glucocorticoids are known to decrease the apical dendritic
branches of pyramidal cells in the hippocampus, exhibiting
neurotoxic effects and an inhibiting effect on adult neurogen‑
esis (32,33). A study observed that excessive glucocorticoids
can impair glial cell functions by inhibiting glucose transport
in astrocytes, thus limiting their capacity to aid neurons
and to clear the synapses of possibly damaging glutamate
accumulation (34).
Similar to the hippocampal effect, elevated levels of gluco‑
corticoids have been linked to decreased apical dendrites in
the medial prefrontal cortex (35,36). Chronic stress can induce
debranching of the dendritic arbor of pyramidal cells in the
medial prefrontal cortex, and also cause loss of spine density
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in those neurons (37). On account of the inhibitory effect of
the prefrontal cortex on the amygdala (38), these changes are
associated with impaired fear extinction and deregulation of
acquired fear (39,40).
Sadness and negative affect in depressed patients are a
result of the disruption of top‑down processing; activity in the
prefrontal and parietal cortex is decreased and activity in the
subgenual cingulate and in the anterior insula is increased (41).
Dysregulation of these neurological pathways can be the
reason for altered emotion responses to negative stimuli.
Consequently, a study revealed that emotional processing in
depression is diverted to the dorsal insula, a region that is
responsible for pain processing in healthy people, this finding
being a possible explanation for emotional allodynia in
depressed patients (42).
While stress and high levels of cortisol can induce atrophy
in some regions in the brain, research has found that prolonged
stress can induce the development of dendritic spines and
synaptic connectivity in the amygdala (25). This particular
negative neuroplasticity effect is known to enhance the rumi‑
nation of negative emotion and fear‑learning mechanisms.
More recently, studies conducted on the DMN showed
great variability of this system in the pathology of depression.
The DMN is an interconnection of different brain circuits that
is activated during restful states, self‑referral thinking and
also when foreseeing emotional response to certain situations,
and planning future activities by taking into consideration
other person's beliefs and intentions (43,44). Recent studies
have observed that depressed patients present overactivation
of the DMN, thus contributing to rumination of negative
emotions (45).
An interesting study tried to pinpoint the dysfunctionality
of different brain networks in association to a variety of
symptoms of depression. It demonstrated the existence of 8
neural biotypes that are responsible for rumination, anxious
avoidance, negative bias, threat dysregulation, anhedonia,
context insensitivity, inattention and cognitive dyscontrol. The
analysis of the neural circuits underlining each biotype can be
a clinical guide in order to maximize and predict the response
to treatment. As an example, anhedonia is mediated through
hypoactivation of the striatal pathways and depressed patients
that exhibit this symptom may benefit from medication
targeting neuroplasticity in the striatal dopaminergic circuits
(such as pramipexole) (46‑48).
The small interhemispheric bundles are placed on two
planes, one lower and one higher. The lower plane is located at
the level of the third ventricle, here is Gudden's commissure,
which connects the two internal geniculate bodies, Meynert's
commissure, which unites the two sublenticular regions, and
the subthalamic commissure, which unites the two subthalamic
regions. In the upper plane are the posterior white commissure
at the level of the epiphysis, which is a mesencephalic commis‑
sure, the inter‑habenular commissure, which unites the two
ganglia of the habenula, and the anterior white commissure,
which unites the temporal lobes (46).
The large interhemispheric bundles are represented by
the cerebral trigone (fornix) and the corpus callosum. The
cerebral trigone (fornix) consists of fibers that connect the
areas of the archicortex, being placed on the third ventricle
and the thalamus. The corpus callosum (corpus calosum) is
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the most important interhemispheric commissure. The corpus
callosum has an important role in psychic, motoric and
gnostic functions, which require the participation of the two
cerebral hemispheres. Experimental sectioning of the corpus
callosum was found to lead to the loss of the possibility of
inter‑hemispheric transfer of information (46).
The interhemispheric circuits that connect the right hemi‑
sphere to the left hemisphere work with the white matter fibers
of the corpus callosum, and studies using nuclear magnetic
resonance show that their absence from birth, craniocerebral
trauma and some mental disorders are associated with a signifi‑
cantly low white matter in the area of the corpus callosum (49).
In addition, chronic stress and depression are able to cause
significant changes in the brain, such as decreased number of
dendrites and synapses, atrophy of dendrites and decrease in
both size and number of glial cells in the hippocampus and
prefrontal cortex (50). Therefore, in this context in which
changes can occur at the cognitive and behavioral level, due to
the organic changes produced in the brain, the neuroplasticity
capacity of the brain is taken into account.
Certain antidepressants help the mechanisms of neuro‑
plasticity and work by repairing damage to neural circuits,
strengthening synapses in certain brain areas or normalizing
glutamatergic levels. Moreover, the organic changes at the
synapses can be based on the fibers covered with muscles and
the pyramidal neurons of the hippocampus (51). Therefore,
in the case of major depressive disorder, the neuroplasticity
capacity of the brain is affected, and this involves difficul‑
ties in the hippocampus, involved in learning and memory,
the prefrontal cortex involved in attention, concentration,
learning and memory and in the amygdala, which plays a role
in emotion processing and social learning (52). Regarding
the intrahemispheric circuits, the neuroplasticity capacity
of the brain is supported by the hippocampus, amygdala
and prefrontal cortex. Regarding the hippocampal area,
the withdrawal of dendrites and synapses causes a decrease
in neuron‑synapse connectivity, which makes possible the
continuity of information transmission at the level of neurons.
Regarding the prefrontal cortex, patients diagnosed with major
depressive disorder demonstrate a significant reduction of the
dendritic spine, atrophy of the dendritic branches, a decrease
in the number of synapses and glial cells (53). In the case of
the amygdala, an increase in the number of dendrites was
observed in the basolateral nucleus of the amygdala and in the
pyramidal projections of the stellar neurons (54).
5. Neurotransmitters involved in depression
Serotonin‑serotonergic neurons project to the entire central
nervous system. L‑tryptophan is converted by tryptophan
hydroxylase to serotonin. It has been observed that inhibition of
this reaction is associated with depression‑like manifestations,
probably due to serotonin depletion.
Norepinephrine. Depletion of norepinephrine by inhibiting
tyrosine hydroxylase has shown that norepinephrine is
involved in depression (55).
Dopamine. It has been observed that patients with Parkinson's
disease have depressive episodes, and reserpine (decreases
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monoamine vesicles) can induce depression as an adverse
reaction. This has led to the hypothesis that decreased activa‑
tion of dopaminergic pathways can cause depression in some
patients. Monoamine oxidase inhibitors were among the first
antidepressants, increasing the availability of dopamine, sero‑
tonin and norepinephrine. Complex interactions take place
between these neurotransmitters, and alteration of one system
of monoamines can affect the others (55).
Glutamate. Some antidepressants that target mainly mono‑
amines may reduce the functionality of glutamatergic
N‑methyl‑D‑aspartate (NMDA) and α‑amino‑3‑hydroxy‑5‑
methyl‑4‑isoxazolepropionic acid (AMPA) receptors.
Glycine. The glycine site of N‑methyl‑d‑aspartate receptors
(NMDARs) can be a target to ameliorate the symptoms of
depression and cognitive dysfunction. Six glycine site modu‑
lators with pro‑cognitive and antidepressant properties have
been identified: d‑serine (co‑agonist), d‑cycloserine (partial
agonist), d‑alanine (co‑agonist), glycine (agonist), sarcosine
(co‑agonist) and rapastinel (partial agonist) (56).
Depression and anxiety are associated with deficiency of
neurotransmitters (monoamines) and abnormal functioning
of their receptors. Disruption of the systems of the three
neurotransmitters, serotonin, norepinephrine and dopamine,
can have effects on different areas of the brain.
Impairment of serotonin (5‑HT) receptor synthesis, release,
or transport may exacerbate depression. Previous studies
have found that serum 5‑HT concentrations in patients with
depression were found to be significantly lower than those
from normal tests, suggesting 5‑HT deficiency in patients with
depression (57). Similarly, post‑mortem studies have shown low
concentrations of 5‑HT and its major metabolite 5‑HIAA in the
brain tissue of depressed and suicidal patients. Seven families
of 5‑HT receptors have been identified, including 5‑HT1 to
5‑HT7 receptors with their subtypes. Numerous studies have
systematically conceptualized that abnormalities of the 5‑HT1
(5‑HT1A, 5‑HT1D) and 5‑HT2 (5‑HT2A, 5‑HT2C) receptors
in the central nervous system may explain the manifestations
of depression (58). Several important regions of the brain,
such as the prefrontal cortex, amygdala, and hippocampus are
involved in the pathophysiology of depression. The insular
cortex is also considered crucial in explaining emotional
deficits in depression (2). Analyses showed that people with
depression showed abnormal activity in the dorsal island while
anticipating painful stimuli, as opposed to healthy people (21).
Acute stimulation of the 5‑HT2A and 5‑HT2C receptors
projecting from the pontine raphe nucleus to the amygdala
and the marginal limbic cortex can cause acute psychomotor
agitation, anxiety, and panic attacks (59).
The norepinephrine hypothesis has been proposed in
depression; namely that depressive symptoms are caused by
a decrease in the central nervous system. Post‑mortem studies
in patients with depression found an increased conformation
of central α2‑adrenergic autoreceptors and a low affinity
for binding of the norepinephrine transporter to the locus
coeruleus, without any significant change in the density of
α2‑adrenergic receptors in the raffia nuclei (60). Reduction
of norepinephrine in the central nervous system is associated
with depletion of positive affective resources in patients with

depression, including decreased pleasure, interest, energy,
passion, and loss of confidence.
Dopamine, a neurotransmitter in the hypothalamus and
pituitary gland, is a neurobiological substrate for reward,
psychomotor speed, and the ability to experience pleasure.
Their lack is associated with depression. Low activity of dopa‑
mine‑releasing neurons can induce symptoms of depression.
Decreased activity of dopamine receptor function can lead to
inability to inhibit from the prefrontal cortex to the amygdala,
resulting in overexcitation of the amygdala, which causes
fear and anxiety. Dopamine receptors are type D1 and D2.
Studies have shown a low density of dopamine transporters
and an inefficient binding of D2 receptors in striated bodies
in anxious patients. Moreover, the level of homovanillic acid,
a metabolite of dopamine in the cerebrospinal fluid, was found
to have a lower level in patients with depression (61).
In the case of major depressive disorder, but also milder
cases of depression, it appears that dopamine, norepinephrine
and serotonin are involved in both maintaining the mecha‑
nisms of depression and depressive symptoms (55). Specific
manifestations are associated with an increase or decrease in
certain neurotransmitters, which suggests that certain symp‑
toms are associated with specific neurochemical mechanisms.
A two‑dimensional model of neurotransmitter functions
in depression describes this disorder as a combination of
increasing negative affect and decreasing positive affect (62),
which correlates with sadness and mood swings.
Dopamine creates positive feelings, associated with reward,
which motivates individuals in work tasks. At the neuronal
level, the synthesis and release of dopamine are achieved
with the help of dopamine neurons through dopaminergic
pathways, which are involved in executive function, learning,
reward motivation and neuroendocrine control (63).
The mesolimbic pathway transmits dopamine from the
ventral tegmental area to the ventral striatum and is involved
in the response to pleasure, positive reinforcement, aversion
processing, and a sense of gratitude for the reward. The
mesocortical pathway transmits dopamine from the entered
tegmental area to the prefrontal cortex and is involved in exec‑
utive functions. The nigrostriatal pathway transmits dopamine
from the substantia nigra, from the midbrain, to the caudate
nucleus and putamen and are involved in associative learning
and motor function. The tuberoinfundibular pathway trans‑
mits dopamine from the arcuate nucleus of the hypothalamus
to the pituitary gland, which inhibits the release of prolactin
from the pituitary gland. The hypothalamospinal tract influ‑
ences the locomotor network in the brainstem and spinal cord,
implication in motor function. The uncertain hypothalamic
pathway influences visceral and sensorimotor activity (64).
In the case of major depressive disorder, several studies
support a low neurotransmission of dopamine in the brain. At
the physiological level, the low dopamine transmission is due
either to the fact that presynaptic neurons release a low dose
of dopamine, or to the impairment of the functioning of recep‑
tors in the synaptic cleft. Norepinephrine or noradrenaline is
synthesized by dopamine and is secreted by the adrenal glands
and adrenergic nerve pathways. Noradrenaline is secreted as
a result of stimuli that the person perceives as stressful and
that act on the body in several ways. It increases the heart rate,
redirects blood flow to the muscles, increases blood glucose
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levels and ensures a higher energy intake. In the case of major
depressive disorder, but also milder cases of depression, a low
level of norepinephrine has been observed, associated with
difficulties in mobilizing for activity, attention or energy (65).
Serotonin is associated with mood and mood swings. In
the case of depressive disorders, it has been observed that
serotonin levels are generally lower than in people without
depressive symptoms (66). This hypothesis is based on the
concept of tryptophan depletion, which causes mood swings
and is associated with depression (67).
6. The importance of hypothalamic‑pituitary dysfunction
in depression
The stress response is necessary to maintain homeostasis, but
long‑term activation of the hypothalamic‑pituitary‑adrenal
(HPA) system increases the risk of depression. The neural
network that evaluates stressful events consists of the HPA,
the arginine‑vasopressin system and the noradrenergic
system. It is hyperactive through a combination of genetic
factors, developing sequelae and events that generate negative
emotions. Thus, major depression occurs through the interac‑
tion of vulnerable genes and environmental factors. Prenatal
stressors, such as placental insufficiency or nicotine exposure,
may increase the risk of depression. Psychological stress,
such as premature separation of the child from the mother
or abuse can lead to an increase in the activity of the HPA,
increasing the risk of depression. When the HPA is activated,
cortisol synthesis increases. An increased proportion of
depressed patients has been observed in cases of Cushing's
disease or during treatment with high doses of synthetic
corticosteroids (68).
In the event of a dysfunction in the hypothalamic‑pituitary
system, this can lead to certain conditions in which depres‑
sive symptoms develop. For example, pituitary insufficiency
syndrome occurs when pituitary hormones are not secreted
in the required amount. The hormonal secretion of pituitary
hormones is regulated by the hypothalamus, by stimulating
and inhibiting hormones and by hormones secreted by stimu‑
lation of the glands in the periphery. Pituitary pathology, in
general, defines inhibitory states, depression, neurotic states,
in fact depressive disorders. The HPA axis involves a constant
feedback loop among the hypothalamus, pituitary and adrenal
glands. During a physically or emotionally stressful event,
the HPA axis is activated, and the hypothalamus secretes
two hormones, corticotropin and vasopressin, which act on
the pituitary gland to secrete adrenocorticotropin hormone
(ACTH). ACTH is transported through the blood vessels to
the adrenal cortex and interacts with adrenocortical cell recep‑
tors, which stimulate the production and release of cortisol.
Although the HPA axis is the basis of the stress response to
danger, a mechanism involved in adaptation and evolution,
prolonged and excessive stress can cause disorders or induce
vulnerabilities. In depressive diseases, an excess of cortisol
in the blood has been observed, an increased level of corti‑
cotropin and adrenocorticotropin (69). A recent meta‑analysis
suggests that depressive pathologies differ in terms of HPA
axis reactivity, where depressed patients with melancholic
features tend to have axis hyperactivation and those with
atypical depression tend to have low axis activity (70).
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7. Rewiring the brain's circuits through antidepressant
therapy
An important discovery in patients who have undergone anti‑
depressant therapy is an increase in the functional connectivity
in both neocortical regions (different parts of the prefrontal
cortex) and subcortical regions (hippocampus, parahippo‑
campus, insula, orbitofrontal cortex, anterior cingulate cortex);
furthermore, this was correlated with clinical improvement of
depression symptoms.
Other findings in these patients include decreased activa‑
tion in specific limbic areas in response to negative stimuli,
increased activity in the dorsolateral prefrontal cortex and
visual‑processing areas in response to positive stimuli. These
indicate that antidepressant therapy reverses the hyperactivity
of the DMN and the hypoactivity of neocortical regions
observed in depressed patients.
In addition, it was demonstrated that after antidepressant
therapy there was a decrease in activation of the amygdala
during emotional processing, suggesting that it may reduce the
negative emotional processing (71). Furthermore, it seems to
normalize the activity of regions involved in the resting state
and emotional processing and response.
Studies have demonstrated the reverse neuroplasticity
effects of antidepressant therapies. Antidepressants were
observed to promote neurogenesis in the hippocampus and to
strengthen functional connectivity (72,73).
A comparative study observed that patients treated with
selective serotonin reuptake inhibitors (citalopram, escitalo‑
pram) showed decreased limbic activity and normalization of
the frontoparietal network activity during a cognitive task.
The same study concluded that serotonin‑norepinephrine
reuptake inhibitors showed limited impact on the same limbic
regions (74).
The biomolecular mechanisms of neuroplasticity that
are related to depression and antidepressant therapy are still
unclear. Antidepressants may promote neuroplasticity by
altering the cellular signaling. This effect is mediated by an
increase in levels of neurotrophic factors, such as brain‑derived
neurotrophic factor (BDNF), which activates the tyrosine
kinase receptors and triggers an intracellular cascade involving
cAMP‑dependent protein kinase A, mitogen‑activated protein
kinase and other chemicals. These molecules activate transcrip‑
tion factors such as cAMP‑responsive element binding‑protein
and promote synthesis of proteins. The end results are
structural changes in specific regions in the brain (75,76).
It was noted that synaptic serotonin availability has a key
role in the stress‑induced dendritic remodeling (77). Increased
synaptic serotonin can trigger intracellular mechanisms that
enhance neural plasticity. Treatment with escitalopram was
proved to increase the serum level of brain‑derived neuro‑
trophic factor (BDNF) (78), therefore promoting neurogenesis
in the hippocampus (79). BDNF's mechanism of action is
controversial and it was observed that its neuroplasticity
effects are region‑specific and interact with other genetic and
environmental factors (80).
It was observed that glutamate mediates reversible neural
modifications (33). Inhibition of glutamate release prevents
remodeling of neurons in specific regions in the brain (81,82).
By interacting with the NMDA receptor, treatment with
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tianeptine was demonstrated to prevent the retraction of apical
dendrites of hippocampal pyramidal neurons and to increase
granule cell proliferation (83). Treatment with fluoxetine
showed similar results in blocking the effects of stress in the
prefrontal cortex (84).
A new antidepressant, ketamine, an NMDA glutamate
receptor antagonist, has gained attention in recent years as it is
regarded as a possible new antidepressant treatment. A single
subanesthetic dose was observed to have a 52.6% response
rate and lasts up to 3 days (85). In an unpublished document
by Clarke and Hayley, it was stipulated that ketamine alters
the level of serotonin in the prefrontal cortex during basal
state (86). This response to ketamine is dependent upon an
intact serotoninergic system (87). It was confirmed that
chronic ketamine intake upregulates dopamine synthesis and
levels (88). Ketamine has also elicited effects on the structure
and function of the prefrontal cortex synapses. It was demon‑
strated that it can enhance dendritic branching and synaptic
receptor number within 24 h of ketamine administration (89).
An important study observed the beneficial and synergistic
antidepressant effects of combining ketamine and electrocon‑
vulsive therapy (90). The primary concern regarding ketamine
therapy is the psychotomimetic effects.
Electroconvulsive therapy (ECT) is considered the last
resort in medication‑refractory depression. Studies have
confirmed that ECT induces neuroplasticity through different
mechanism such as: synaptogenesis, neurogenesis, dendrogen‑
esis, angiogenesis and gliogenesis (91). These changes occur in
areas connected to the prefrontal cortex and the limbic system
that are involved in mood regulation. The volumes of the
hippocampus and amygdala were found to be normalized after
one course of ECT. Apart from the structural changes that were
observed, ECT is associated with ‘rewiring’ of the brain in a
functional manner. A study demonstrated the effect of ECT in
normalizing resting state functional connectivity within the
brain's networks, that was noted as early as the first session of
ECT (92). This suggests that, initially, there is a decrease in
intra‑limbic networks following ECT. Subsequently, changes
extend to increase the functional connectivity between the
prefrontal cortex and limbic system restoring the top‑down
regulation circuits. A reduction in the DMN hyperactivity,
correlated with improvement in the symptoms, was also
observed (92).
8. Conclusions
Antidepressant therapy has the power to overdrive the
negative neuroplasticity caused by depression. All patients
suffering from depression should benefit from antidepres‑
sant therapy in order to achieve clinical remission. Recent
studies have shown that clinical remitted patients who have
benefited from antidepressant therapy have a better quality of
life. Special attention must be drawn to non‑pharmacological
methods that can enhance the antidepressant effects and
provide psychological means to overcome other stressful
situations in life.
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