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Abstract
Objective: Major Depressive Disorder (MDD) has as diagnostics characteristics chronic deep sadness, anhedonia, sleeping disorder, lower energy, and cognition 

impairment like memory defi cits. Among the pharmacological treatments that have been used until the moment, most of them act by monoaminergic pathways. Overall, 
the antidepressant effects promoted by this kind of medication usually delay starting, resulting in treatment resistance by the patients; moreover, in some cases, this kind 
of treatment has shown to be ineffi  cient in depression remission. With this, new treatments have been studied for resistant cases and an immediate antidepressant effect, 
for example, ketamine – whose action occurs in glutamatergic pathways. This study aimed to analyze, from a literature review, the molecular mechanisms involved in the 
action of ketamine - focusing on the neuroplastic hypothesis of depression. 

Methods: A literature search was conducted in PubMed, MEDLINE, and SciELO databases using the following terms as descriptors: "ketamine AND depression AND 
neuroplasticity," with criterion PICO, resulting in 60 bibliographic texts. 

Results/discussion: The studies analyzed demonstrated that ketamine could exert its antidepressant effects through the inhibition of GABAergic interneurons, 
activation of TRK-B/AKT/mTORC pathways involved with cell survival/growth through the neurotrophine BDNF and increased activation of AMPAr by glutamate. 
Furthermore, it is evident that the pharmacodynamics of ketamine involves different molecular cascades present in the impaired neural plasticity pathways in individuals 
with MDD. 

Conclusion: Thus, more research on the effectiveness of ketamine is needed to consolidate its use in MDD and to evolve with glutamatergic pharmacological therapy 
for other mental disorders, such as bipolar and neurodegenerative affective disorders, an example of Alzheimer's disease.
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Introduction

It can be said that depression is a disorder based on 
symptoms that form a syndrome, causing functional 
impairment [1]. According to the Diagnostic and Statistical 
Manual of Mental Disorders in its fi fth edition (DSM-5), Major 
Depressive Disorder (MDD) diagnostic characteristics are the 
presence of deep chronic sadness, anhedonia, sleep disorders, 
decreased energy, and cognitive problems, such as memory 
impairment.

Depressive disorders affect approximately 16% of the 
world's population, resulting in social, physiological, and 
economic losses [2,3]. The 12-month prevalence of major 
depression varies between countries, but it can be around 6%. 
However, the lifetime risk of depression varies between 15% 
and 18% [1]. When assessing the prevalence of depression or 
depressive symptoms in outpatients, it is 27%, ranging from 
17% to 53% in the different medical specialties [4]. Depression 
throughout life is twice as common in women as in men [1].
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The fi rst episode of MDD can occur at any age, but in 
general, it begins in the late teens to mid-40s, with almost 40% 
of individuals having their fi rst episode of depression before 
the age of 20. However, MDD can also occur late, affecting the 
elderly [1,3].

MDD is quite variable, with some individuals not achieving 
remission and others having a chronic and recurrent course. In 
the vast majority of patients, the pathology is characterized by 
depressive episodes of unpredictable frequency and duration, 
alternating with moments of well-being for the patient [1,3].

So far, there is no single factor or mechanism capable of 
explaining the entire pathophysiology of major depression. 
Different causes or pathophysiological factors may be involved 
in episodes of different patients or even in different episodes in 
the same patient. Thus, at each episode, it is always necessary 
to evaluate the biological and psychosocial factors [1].

Studies involving neuroimaging and post-mortem analysis 
of the brain of individuals affected by MDD have enabled a 
broader understanding of this pathology. Through these studies, 
it can be elucidated that the reduction in the volume of brain 
areas such as the prefrontal cortex, the nucleus accumbens, 
and the hippocampus originates from the dysfunction of brain 
neuroplastic activity [4].

Located at the base of the midbrain, the ventral tegmental 
area (VTA) is the base of the mesolimbic and mesocortical 
circuits. VTA is related to the motivation and reward circuit 
due to important dopaminergic projections directed to the 
prefrontal cortex, the nucleus accumbens, and the hippocampus 
[5,6]. Its activity is regulated by glutamatergic (excitatory) and 
GABAergic (inhibitory) afferents by a pacemaker mechanism - 
which is compromised in MDD [7,8].

Another prominent factor in patients with MDD is the 
signifi cant loss of synapses and neuronal populations in 
regions of the prefrontal cortex and the basal nucleus, such as 
the nucleus accumbens. These alterations are closely related to 
impairments in the pleasure and reward mechanism, as well 
as in the processing of emotions and the function of cognitive 
processes [9].

Brain changes in the hippocampal region associated with 
MDD are consistent with the idea that a prolonged depressive 
episode can lead to hippocampus atrophy, impairing explicit or 
declarative memory fi xation [4,10,11]. 

We also have those neurodegenerative diseases such as 
Parkinson's Disease (PD) that are involved with neural loss 
movements by an accumulation of Lewis bodies in dopaminergic 
regions that are extremely important for memory, the same 
regions that ketamine can act. A study with a rodent model of 
Parkinson's disease concluded that after using ketamine with 
imipramine, ketamine reversed depressive-like behaviors and 
short-term memory impairment in rats with bilateral CNS 
lesions, indicating a good profi le for its use in PD patients [2].

The traditional pharmacological treatments used in MDD 
act mainly on monoamines - serotonin, noradrenaline, and 

dopamine. The search for other treatment options is due to the 
delay in the onset of therapeutic results and the side effects of 
conventional antidepressants, which leads to patients giving 
up.

In addition to these factors, it is essential to note that 
many patients do not reach or remain in remission, and 
approximately one-third do not respond to treatment with two 
or more fi rst-line antidepressants. Thus, drugs that allow a 
rapid antidepressant action and that also act in the so-called 
treatment-resistant depression have been studied, such as 
ketamine [1,12]. 

Ketamine is a derivative of phencyclidine hydrochloride 
(phencyclidine hydrochloride – PCP), synthesized by 
Stevens in 1965, and has its anesthetic action as the main 
pharmacological indication in humans and animals. In 
recent years, its action as an antidepressant drug has been 
investigated. It is found as a racemic mixture, thus possessing 
properties of optical isomerism, and its enantiomers are R-(-)
-ketamine (arketamine) and S-(+)-ketamine (esketamine) 
[1,13]. Recently, esketamine has been approved by the U.S. 
Food and Drug Administration (FDA) as a nasal spray for use in 
patients with refractory depressive disorder [13].

Ketamine can be used as an antidepressant but is also like a 
drug of abuse. For being of the class of dissociative drugs, it can 
promote an effect of desire, euphoric rush, sensory distortions 
and mild hallucinations, but also can produce bad sensations 
as they call a “keyhole” – a dissociative state that the person 
lost the sense of time and space, also affecting the equilibrium 
[14-17]. 

The abusive use of ketamine started in the 70th but turned 
popular in 2000’ year. The United States Surgeon General 
Report on Alcohol, Drugs, and Health notes the lifetime of use 
in life in 1,1% (approximately 3 million persons) and a medium 
start age of 19,6 years old. Monitoring the Future has shown 
that the prevalence of the use of ketamine in the last year was 
between 0.7% and 1.2% in the USA. A study of the epidemiologic 
use of ketamine in Europe showed that the United Kingdom has 
an extensive use, having a prevalence of 70% over life in those 
people who frequented clubs and dance clubs, being considered 
the country with the most use of ketamine [18,19].

In the last 20 years, the number of chronic addictions to 
ketamine has grown out of Europe; today, one of the most 
addictive continents in ketamine is Asia. The 2019 World Drug 
Report by the United Nations Offi ce on Drugs Control classifi ed 
the use of ketamine as a “new psychoactive substance (NPS) 
that could pose a threat to public health and not under the 
control of international drug conventions” [20,21].

As said before, ketamine consists of a racemic mixture 
consisting of two optical enantiomers: (R)-ketamine 
(arketamine) and (S)-ketamine (esketamine). It is already 
known that the racemic mixture can cause addiction. However, 
between the two enantiomers, new studies suggested that 
(S)-ketamine (esketamine) has more abuse potential than the 
other one because it can cause more dissociative symptoms. 
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When it was analyzed a study that used CPP (Conditional 
Pavlovian Paradigma) in rats with an application of injection in 
equal doses of (S)-ketamine and (R)-ketamine, it was possible 
to observe CPP and locomotor sensibility in the rat with (S)-
ketamine different from his enantiomer, that did not show CPP 
or even locomotor sensibility (that is a symptom searched by 
the addicts when used ketamine) [22,23].

In the last 20 years, it was reused the substance ketamine 
for a lot of psychiatric disorders, such as MDD, but also others, 
such as bipolar disorder (BD) [24], alcoholism treatment 
[25], generalized anxiety disorder, and post-traumatic stress 
disorder (PTSD)(54). The most commonly and conciliated 
studies today involve MDD and treatment-resistant depression 
(TRD), which have a good and fast improvement in the 
symptoms, as we can see in a recent study that evaluated 41 
patients with treatment-resistant depression completed a 
single-site randomized, double-blind crossover comparison of 
single infusions of ketamine and midazolam (an active placebo 
control) as a result from the study, was found that fi fty-nine 
percent of participants met response criteria after repeated 
infusions, with a median of three infusions required before 
achieving response. Participants had no further change in 
Montgomery-Åsberg Depression Rating Scale (MADRS) scores 
during weekly maintenance infusions [26].

Many studies presented that infusion of subanesthetic 
doses of ketamine (0.5 -1.0 mg/kg IV of 40 min) produces 
antidepressants and anti-suicide symptoms quickly in 
individuals with MDD, TRD, and BD [27,28]. Similarly, some 
results were found with IN applications of esketamine (Spravato 
®) that the FDA approved. Now it is having pilot studies using 
arketamine IV for TRD, having already a phase 2 study in 
development trying to prove the effi ciency of arketamine to 
reduce antidepressive symptoms in an individual with TRD 
[24,25,28,29].

Ketamine's mechanism of action is complex, as it acts on 
several neurotransmitters in numerous binding sites, including 
glutamate, opioid, and GABAergic receptors, and may also act 
indirectly on monoamines (serotonin, noradrenaline, and 
dopamine). The glutamatergic system is, nevertheless, where 
the main action of ketamine occurs, which acts in these circuits 
as a non-competitive antagonist of NMDA (N-methyl-D-
aspartate) receptors [1]. Glutamate is the primary excitatory 
neurotransmitter of the Central Nervous System (CNS). It 
plays an essential role in the mechanisms underlying synaptic 
plasticity, which are the physiological basis of cognitive and 
memory processes [30,31]. 

Glutamate acts on the CNS by binding to postsynaptic 
glutamatergic receptors, classifi ed as ionotropic (iGluRs – 
ionotropic glutamate receptors) and metabotropic (mGluRs 
– metabotropic glutamate receptors). Activation of mGlurRs 
triggers slow postsynaptic responses, either excitatory or 
inhibitory, from G protein signaling, inducing the opening of 
Na+, K+ channels.

The iGluRs response, triggered by glutamatergic signaling, 
is more present and is, therefore, the most studied. Such 

receptors are tetrameric proteins that are arranged around the 
central pore and can be of three types: NMDA (N-methyl-D-
aspartate), AMPA (amino-3-hydroxy-5-methyl-isoxazole-
4-propionic acid), and KA (kainate) [12,30–32]. AMPA 
receptors are primarily responsible for postsynaptic neuron 
depolarization, activated upon binding to glutamate in the 
synaptic cleft. AMPAr, when activated, triggers postsynaptic 
responses [12,30-32].

NMDA receptors form a voltage-gated ion channel, having 
a pore blocked by Mg2+. For its activation, a pre-depolarization 
of the intracellular space is necessary concomitantly with the 
binding of glutamatergic agonists to the receptor binding site. 
This pre-depolarization can be caused by EPSP (excitatory 
postsynaptic potential) generated by AMPA receptors [12,30,32]

Due to their role in learning and memory processes, NMDA 
receptors are important, exercising the main focus of the 
studies on iGluRs-type receptors. The NMDA receptors present 
greater permeability to Ca2+ than the AMPA and KA receptors, 
acting in the long-term potential (LTP - long-term potential) 
and long-term depression (LTD - long-term depression), 
allowing, therefore, for neuroplasticity to occur [1,12,30,32,33]. 

“Neuroplasticity can be defi ned as an adaptive change in the 
structure and functions of the nervous system, which occurs 
at any stage of ontogeny, as a function of interactions with the 
internal or external environment, or even as a result of injuries, 
traumas or injuries itself. That affects the neural environment” 
(Phelps, 1990) [34].

Research involving neural plasticity falls into three general 
categories: Metabolic: comprising metabolic changes in 
cortical and subcortical areas; Neurochemical: which analyzes 
the functional changes in synapses, investigating mechanisms 
that increase the synthesis/release of neurotransmitters or 
the potentiation of postsynaptic responses, as a result of 
stimulating situations, learning or injuries and morphological: 
which characterize changes in the structure of synapses and 
neurons, such as the regeneration and branching of axons, 
increase in the size of cell bodies, the number of dendrites, 
neurons and also the density of receptors [35].

Studies using imaging techniques in post-mortem 
histological samples of depressed individuals or animal models 
of induced stress allowed the observation that brain regions 
usually affected by depressive disorders - such as the amygdala, 
hippocampus, prefrontal cortex, VTA, and nucleus accumbens 
– are areas that have marked neuroplastic activity. Based on 
these fi ndings, analyzing MDD using a different approach 
than the monoaminergic approach was possible, creating the 
neuroplastic hypothesis of depression [4,32]

As previously mentioned, ketamine acts mainly on 
glutamatergic pathways, which are fundamental for activating 
the phenomenon of neuroplasticity. Therefore, it is assumed 
that ketamine has direct and indirect effects on the regulation 
of neural plasticity and that through these effects, it can exert 
an antidepressant action [1,3,4,32].
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This work aimed to analyze, based on a literature review, 
the mode of action of ketamine on the different regions of the 
brain affected by MDD and what are the molecular mechanisms 
involved – focusing on the neuroplastic hypothesis of 
depression.

Methodology 

The bibliographic survey was carried out in the PubMed, 
Scielo, and Google Scholar databases using the following 
terms as descriptors: “ketamine AND depression AND 
neuroplasticity.” The search for descriptors in the databases 
was carried out on December 12, 2022, and February 2, 2023, 
searching for theses and articles published between 2013 and 

2023, which resulted in 219 articles/theses. Among these, 
the fi rst criterion to analyze the publication was the date, 
excluding those that did not cover the period from 2013 to 
2023. From this, 111 articles/theses were selected according 
to the types of studies carried out. As a result, their abstracts 
were read, following the established PICO’s criteria, resulting 
in 59 articles/theses for review plus the book Principles of 
Neuroscience (Manole, 4th ed., 2003; Kandel, E.R., Schwartz, J. 
H (Figure 1). 

Furthermore, also it was created the Figure 2 explaining the 
functionality of the receptors and their action with or without 
ketamine and toward some pharmacies that can block them 
(Figure 2). 

Figure 1: Flowchart of the methodology. Source: The author (2023), made in Biorender.
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Figure 2: Receptors and their functionality under ketamine’s effects. Source: The author (2023), made in Biorender.

Results and discussion

Ketamine inactivates NMDAr

Ketamine's antidepressant effects are related to 
its non-competitive antagonistic action on ionotropic 
NMDA glutamatergic receptors [1,11]. These receptors are 
heterogeneously distributed throughout the brain, being in 
more signifi cant numbers in the regions of the prefrontal 
cortex, hippocampus, amygdala, nucleus accumbens, and 
ventral tegmental area, these being essential centers of 
memory, cognition, and emotions [1,31] (Figure 3).

The rapid antidepressant action induced by ketamine is 
due to the inhibition of NMDA receptors present in GABAergic 
interneurons - whose function is to cause hyperpolarization in 
pyramidal neurons in cortical and subcortical regions - as well 
as the postsynaptic NMDA receptors of glutamatergic synapses 
excitations mediated by AMPA receptors [1,11,12,36]. 

Thus, ketamine controls the excitability of neurons; 

however, the drug also acts by directly regulating synaptic 
plasticity. This effect occurs because when ketamine binds to 
NMDA receptors, it triggers a series of intracellular reactions 
that lead to the translation of neurotrophic factors important 
for controlling cell growth and development. This mechanism 
seems to play a central role in the antidepressant effects of the 
drug [11,12] (Figure 4).

1) The disinhibitory action of ketamine in GABAergic 
interneurons

Gamma-Aminobutyric Acid (GABA) is the primary 
inhibitory neurotransmitter in the central nervous system 
of mammals. Inhibitory associative neurons, or simply 
interneurons, use GABA as their primary neurotransmitter, 
modulating emotional, motor, and higher psychic excitatory 
circuits - acting through cerebral loops. This regulatory 
mechanism occurs due to the mapped activity of this neuronal 
population, which, when activated in a brain area, triggers an 
attenuating response in the corresponding area - by binding to 
a postsynaptic GABAergic receptor [32].



010

https://www.peertechzpublications.com/journals/archives-of-depression-and-anxiety

Citation: Da Silva GPF, Gabriel RM, Gisele MR, Roberto A (2023) Antidepressants and memory effects of ketamine under the neuromolecular view: A literature 
review. Arch Depress Anxiety 9(1): 005-016. DOI: https://dx.doi.org/10.17352/2455-5460.000073

Figure 3: Brain regions that glutamate pathway act and can be modulated by ketamine. Source: The author (2023), made in Biorender.

Figure 4: Diagram of Results and Discussion.
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The inhibitory effects of GABA result from its action 
on two distinct classes of receptors: ionotropic (type A) and 
metabotropic (type B). The ionotropic type A GABA receptors are 
ligand-dependent Cl- ion channels that act quickly, generating 
neuronal hyperpolarization. Metabotropic B-type GABA 
receptors produce a slow but prolonged response via G protein 
and second messenger. Changes in the activity of GABAergic 
receptors are associated with the occurrence of neurological 
and psychiatric conditions such as epilepsy, depression, sleep 
disorders, and cognitive defi cits [37].

GABAB receptors are present in the presynaptic membrane 
of pyramidal neurons, and their activation triggers a signaling 
cascade that alters the permeability of K+ and Ca2+ ions by 
decreasing cAMP production. This mechanism generates PEPS 
modulation by inhibiting the release of glutamate in the synaptic 
cleft, thus modulating the glutamatergic pathways [38,39]. In 
individuals with MDD, these mechanisms of dysfunctionalities 
help to explain the occurrence of symptoms such as anhedonia, 
cognitive defi cits, and memory impairment. This effect occurs 
due to the hyper functionality of GABAB receptors, which 
causes excessive inhibition of glutamatergic neurons (Figure 
5.1) [40]. 

Studies suggest that the application of ketamine in sub-
anesthetic doses attenuates this hyper functionality, resulting 
in an increase in the prefrontal cortex activity in healthy 
volunteers [41]. It is believed that this effect occurs due to 
the preferential action of the drug on the NMDA receptors 
of the GABAergic interneurons compared to those present 
in pyramidal neurons. Thus, the rapid effect of ketamine is 
characterized by the deactivation of GABAergic interneurons, 
preventing its inhibitory effect - via the GABAB receptor [42-
44].

The greater affi nity of ketamine for NMDAr receptors, 
expressed on GABAergic interneurons, is mainly due to two 
factors. One of them would be the high frequency of fi ring of 
these cells, which leads to an intracellular polarity conducive to 
the expulsion of Mg2+, releasing the active site of ketamine in 
NMDAr. The other would be due to the accentuated expression 
of the GluN2D subunits in the receptors of these neurons [42-
44].

A study in rodents applying MK-801 - another NMDAr 
antagonist - showed convergent results to those found using 
ketamine. This assay verifi ed that the drug, fi rstly, acts on the 

Figure 5.1: The Pathway from Ketamine in GABA interneurons. Source: The author (2023), made in Biorender.

Figure 5.2: The Pathway from Ketamine in BDNF/PI3K/AKT/mTOR. Source: The author (2023), made in Biorender.
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NMDA receptors of the GABAergic interneurons of the PV class 
- known as fast-spiking - inhibiting the release of GABA, for, 
in a second moment, binding to the glutamatergic receptors of 
pyramidal neurons [45].

2) NMDA acting directly on neuroplasticity

Drugs that act as NMDAr antagonists can exert 
antidepressant effects by modulating different types of 
synaptic plasticity, including learning processes and long-
term potentials (LTP) [46]. For such processes to occur, the 
presence of some neurotrophins, such as BDNF (brain-derived 
neurotrophic factor), in addition to the presence of protein 
kinases, such as mTOR (mammalian target of rapamycin) 
and eEF2K (eukaryotic elongation factor 2 kinase) - which 
participate in the translation/transcription of dendritic 
proteins responsible for cell growth and maintenance of the 
cytoskeleton - turns into necessary (Figure 5.2) [1,3,12,30,46-
50].

The antidepressant effects of ketamine are involved in the 
modulation of synaptic plasticity by performing an antagonistic 
action on the NMDAr of spontaneously transmitting chemical 
synapses. This type of neurotransmission is characterized by 
the release of neurotransmitters by the presynaptic terminal 
without a previous action potential, acting differently from the 
usually evoked neurotransmission [46].

Glutamate release by automatic transmission is related 
to the activation of the eEF2K/eEF2 signaling pathway by 
postsynaptic NMDAr. When activated, this pathway inhibits the 
translation of the BDNF factor - whose presence is necessary 
for the formation of new synapses and the strengthening of 
damaged ones [3,46,47].

Two in vivo studies verifi ed that, from the application of 
sub-venous doses of ketamine, there was an inhibition of the 
eEF2K/eEF2 pathway, consequently increasing the amount of 
BDNF present in the analyzed neuron [48,49].

The downstream mechanism carried out by ketamine 
begins with the deactivation of NMDAr, leading to a decrease 
in the entry of Ca+2 into the intracellular environment of the 
postsynaptic neuron. Thus, activating the Ca+2/calmodulin-
dependent enzyme eEF2K is impossible, which regulates 
eEF2 activity by phosphorylating it at Thr56 [48,49]. When 
dephosphorylated, eEF2 participates in protein translation 
during the elongation phase, catalyzing the translocation of 
the tRNA linked to methionine from the A-site to the P-site of 
the ribosome coupled to the mRNA, thus allowing the addition 
of a new amino acid in the developing polypeptide chain. One 
of the polypeptides where the action of eEF2 is necessary for its 
production is the neurotrophin BDNF [3,46-50].

Among the main neurotrophins existing in the brain 
of mammals, BDNF is involved with cell survival and 
differentiation, being, therefore, of great importance for the 
neuroplastic mechanisms that are impaired in MDD. Studies 
carried out in animal models that were induced by chronic 
stress and in individuals with depression verifi ed a decrease 
in the expression/functioning of BDNF in the regions of the 
hippocampus and prefrontal cortex, as well as a reduction in the 

levels of this neurotrophin in the blood plasma in individuals 
with MDD [1,12,13,51-53].

Ketamine promotes an increase in BDNF production, 
allowing it to bind to tyrosine kinase B receptors (TRK-B) 
located in the plasmatic membrane in the form of two inactive 
monomers, promoting the auto-phosphorylation of these 
receptors in their tyrosine kinase domains. When activated, 
TRK-B signals different pathways, such as mitogen-activated 
protein kinases (MAPK/ERK) and phosphatidylinositol3-
kinase/protein kinase B (PI3K/AKT). These, therefore, may 
activate the mTOR complex [1,54,55].

The mammalian target protein of rapamycin (mTOR) 
is a serine/threonine kinase, which modulates cell growth, 
proliferation, and survival; may also act on protein synthesis. 
Its structure is formed by two polypeptide complexes: mTOR 
complex 1 (mTORC1) and mTOR complex 2 (mTORC2). While 
mTORC1 stimulates cell proliferation and growth, mTORC2 
controls the structure of the cytoskeleton and cell survival 
[1,54-56].

When activated, the mTORC1 complex can restore protein 
translation by up-regulating the activity of eukaryotic 
translation initiation factors. This is made with the inactivating 
of the factor 4E-BP1 (eukaryotic initiation factor-binding 
protein 1), the mTORC1 pathway promotes the disinhibition 
of eIF4E (eukaryotic initiation factor 4E), which can then act 
again on protein translation [1,54-56].

The mTORC1 complex also promotes polypeptide synthesis 
by phosphorylating p70S6K protein (70-kDa ribosomal protein 
S6 kinase), which can then activate eIF4B (eukaryotic initiation 
factor 4B). When activated, this factor can act on the initiation 
phase of protein translation [57-60]. 

After applying a single sub-anesthetic dose of ketamine in 
rodents, there was an increase in mTOR and p70S6K activity in 
these animals' prefrontal cortex and hippocampus. Therefore, 
suggesting that the neuroplastic effects of ketamine are 
involved with the mTOR signaling pathway [1,57].

3) The activity of AMPA receptors

AMPA-type glutamatergic receptors (alpha-amino-3-
hydroxy-methyl-5-4-isoxazole-propionic) are ligand-
dependent ionotropic channels permeable to Na+ and K+ ions 
and, to a lesser extent, to Ca2+. It is expressed in subunits 
of four different types (GluA-1, GluA-2, GluA-3, and GluA-
4), which organizes in the form of heterotetramers around a 
central pore. In the postsynaptic membrane of glutamatergic 
pathways, AMPAr is mainly responsible for the transduction of 
rapid excitatory signals, as, unlike NMDAr, they do not require 
a voltage threshold for activation. (Figure 4) [1,32].

AMPA receptors also mediate the phenomenon of 
neuroplasticity through the induction and maintenance of 
LTP and LTD. When LTP is acting, another AMPAr allows 
into the membrane, and the receptors are phosphorylated, 
which increases the sensitivity to glutamate in the synapses. 
On the other hand, when LTD is induced, the reverse process 
occurs, leading to a decrease in the density and sensitivity of 
membrane AMPA receptors and a consequent decrease in EPSP 
(postsynaptic excitatory potential) [1,12,52].
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Individuals affected by MDD are defi cient in the synaptic 
communication of glutamatergic excitatory pathways mediated 
by AMPAr in the hippocampus and PFC regions. The low 
excitability of these neurons is related to the decrease in the 
release of the neurotransmitter glutamate by the presynaptic 
terminal, as well as to an imbalance in the neuroplastic 
mechanisms - resulting in the favoring of the occurrence of 
LTD concerning LTP. Through an electrophysiological analysis 
of the hippocampus, studies carried out in rodents verifi ed 
that acute stress induces an imbalance of synaptic plasticity, 
allowing long-term depression to occur mainly in these 
synapses. This imbalance led to hypofunction, destabilization 
and neuronal loss [12].

After applications of sub-doses of ketamine, such adverse 
effects of MDD on synaptic functionality were reversed, and 
through presynaptic disinhibition, there was greater activation 

of AMPAr by glutamate. When pre-treatment with the drug 
NBQX - an AMPAr antagonist - the antidepressant effects of 
ketamine were almost completely abolished in the analyzed 
rodents' forced swimming and tail suspension tests. With this, 
it has increasingly become a consensus among researchers that 
the rapid antidepressant effect exerted by ketamine is involved 
with greater activation of AMPAr [1,12,52,53] (Figure 5.3).

The low excitability of AMPAr-mediated glutamatergic 
synapses in individuals with MDD is also due to the imbalance 
of neuronal plasticity, which reduces the density of these 
receptors on dendritic spines. Post-mortem studies have 
revealed a reduction in the translation of mRNAs that express 
the AMPAr GluA-1 and GluA-3 subunits in the CA1 region of the 
hippocampus of individuals with depression, which leads to a 
lower density of receptors on dendritic spines [12,49] Figure 6.

Figure 5.3: The Pathway from AMPAr during Ketamine action. Source: The author (2023), made in Biorender.

Figure 6: The Ketamine Pathway Completed. NMDA(N-Methyl-D-Aspartate); AMPA(alpha-amino-3-hydroxy-methyl-5-4-isoxazolepropionic); TRKB(receptor tyrosine 
kinase B); BDNF(brain derivated neurotrophic factor); eEF2(eukaryotic elongation factor 2); MTOR(mammalian target of rapamycin); GABA(gamma-aminobutyric 
acid); PI3K(phosphatidylinositol3-kinase); AKT(protein kinase B); 4E-BP1(eukaryotic initiation factor binding protein 1); eIF4E (eukaryotic initiation factor-4E); 
eIF4E (eukaryotic initiation factor-4B);  p70S6K (70-kDa ribosomal protein S6 kinase); GSK-3b(glycogen synthase kinase 3b); PSD-95(post-synaptic density 95). 
Source: The author (2023), made in Biorender.



014

https://www.peertechzpublications.com/journals/archives-of-depression-and-anxiety

Citation: Da Silva GPF, Gabriel RM, Gisele MR, Roberto A (2023) Antidepressants and memory effects of ketamine under the neuromolecular view: A literature 
review. Arch Depress Anxiety 9(1): 005-016. DOI: https://dx.doi.org/10.17352/2455-5460.000073

The antidepressant effect of ketamine is associated 
with the neuroplastic action of inserting new AMPAr in the 
postsynaptic membrane through the TrkB/ERK pathway. 
When the neurotrophin BDNF acts by activating the TrkB 
receptors, an increase in phosphorylated GSK-3 levels occurs 
via the ERK pathway. This results in a disinhibition of PSD-95 
and, consequently, a greater anchorage of GluA-1 and GluA-
2 subunits of AMPAr in the postsynaptic membrane. (Figure 
4 and Figure 5.3) Through surface biotinylation studies, that 
signaling cascade is verifi ed, demonstrating that the synaptic 
potentiation provided by ketamine accompanies an increase in 
the expression of GluA-1 and GluA-2 in the membrane. Another 
experiment shows us that using GluA2-knockout rats in the 
presence of ketamine allowed us to observe the antidepressant 
effects of the drug through the non-expression of this AMPAr 
subunit. Given these fi ndings, the correlation between the 
antidepressant effects exerted by ketamine and the activity of 
AMPA receptors becomes increasingly clear [12,49,52].

Conclusion

The elucidation of the neuroplastic approach to depressive 
disorder opened the way for further research focused on non-
aminergic drug therapies to appear. In this sense, this work 
aimed to highlight the effects of the application of anesthetic 
sub-doses of ketamine, from a neuro-molecular perspective, 
in the treatment of MDD.

In conclusion, we can evaluate the main signaling pathways 
involved in the drug's action in the central nervous system. As 
a result, the pharmacodynamics of ketamine involves different 
molecular cascades present in impaired neural plasticity 
pathways in individuals with MDD. Thus, further research is 
still needed on the effectiveness of ketamine in treating MDD 
to consolidate its use in individuals affected by this condition. 
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