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A/bstract A
Depression, a leading cause of disability worldwide, presents significant challenges in treatment due to delayed ther-
apeutic effects and incomplete remission in many patients. Recent advances have explored the potential of ketamine
an NMDA receptor antagonist, in treating depression beyond its role as an anesthetic. Emerging evidence suggests
ketamine has unique neuroregenerative properties, promoting synaptogenesis, neuroplasticity, and neural repair in key
brain regions such as the hippocampus and prefrontal cortex. This review explores the neuroregenerative mechanism of
ketamine, emphasizing its role in cognitive and emotional rehabilitation in patients with treatment-resistant depression
(TRD). Preclinical and clinical studies demonstrate ketamine's rapid antidepressant effects, which are thought to result
from enhanced synaptic plasticity and increased dendritic spine density. The ability of ketamine to alleviate depressive
symptoms quickly, coupled with its potential to repair cognitive dysfunction, makes it a promising therapeutic candidate.

Additionally, ketamine's role in regulating glutamatergic transmission, preventing synaptic damage, and supporting
emotional and cognitive recovery offers a novel approach to treating major depressive disorder. Further research is
needed to fully reveal ketamine's long-term effects, optimal dosing strategies, and its potential in combination with other
therapeutic modalities. This paper highlights the need for continued investigation into the neurobiological mechanism

underlying ketamine's antidepressant effect and its application in clinical practice.
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Introduction

In literature, there are previous studies that have examined the
effectiveness of ketamine, an N-methyl D-aspartate (NMDA)
receptor antagonist, through various administration methods,
including intravenous (IV), intranasal (IN), and oral routes [1].
Research has also explored the efficacy and safety of different
ketamine formulations, such as racemic ketamine, and the en-
antiomers esketamine and arketamine [2-4]. For treatment-resis-
tant depression (TRD), IV racemic ketamine and IN esketamine
deliver rapid antidepressant and anti-suicidal effects within 24
hours of administration [5-7]. The fast-acting efficacy of IV ket-
amine in TRD patients has been further validated by numerous
randomized, double-blind, placebo-controlled trials, as well as
large case series from clinics offering off-label, repeat-dose ket-
amine treatments for unipolar and bipolar TRD.
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Emerging evidence in preclinical and clinical studies suggests
that ketamine can do significantly more than aid in alleviating
depressive symptoms [8]. The discovery of the novel neuro re-
generative potential of ketamine has kindled great excitement
and intrigue within the field of biological psychiatry. Early evi-
dence indicates that ketamine might be able to repair brain dam-
age caused by various mental illnesses by accelerating neural
growth, enhancing repair processes, and promoting the branch-
ing of neurons [9]. Dendrites' sensing and transmission func-
tions would be promptly rehabilitated, allowing for improved
communication within the brain [10]. By regenerating numerous
new dendrites and increasing the connections among brain cells,
ketamine has the potential to rejuvenate a complex neural net-
work in the brain, thereby aiding in the recovery of cognitive
function [11]. Furthermore, it may correct cognitive distortions
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by effectively regulating how individuals process and prioritize
the information that they receive from the world surrounding
them [12]. Theoretically, this rejuvenation helps patients es-
tablish new and accurate mental models about life, especially
during the comprehensive rehabilitation process of both depres-
sion and the accompanying cognitive distortions [13]. This inno-
vative approach suggests a new frontier in treatment possibilities
for those struggling with mental health issues, highlighting ket-
amine's transformative capabilities in therapeutic settings.

However, many critical scientific predecessors work must be
done before translating the potential neuroplasticity benefits into
clinical benefits. The current limited extent of knowledge on
the therapeutic mechanisms of ketamine, the understanding of
neuron biology, the determination of underlying environmental
regulatory factors of ketamine use, and the research on ketamine
formulation specifications for better therapeutic efficacy with the
least adverse consequences are only at a preliminary state. Con-
sequently, the findings will facilitate the development of new
pharmacological and neuromodulation treatment strategies for
depression through promoting cognitive and emotional plastici-
ty, in tandem with other psychotherapeutic, neuromodulator, or
memory retrieval consolidation strategies. This review focuses
on the neuro-regenerative potential of ketamine in the repair of
emotional, cognitive, and physical impairments in patients with
depression, both in preclinical subjects and human studies.

Understanding Depression and Current Treatment Modalities
The mental illness depression is the second leading cause of dis-
ability worldwide [14]. It is now well-established that clinical
depression arises from a complex interaction of various factors
including genetic, psychological, environmental, and biological
[15]. As the name suggests, major depression is characterized by
several symptoms that persist over a long period and reduce the
affected person's ability to function. Symptoms of depression are
grouped into categories such as mood, cognitive, physiological,
and others [16]. Symptoms included in the mood category are
low mood, and physical and mental fatigue leading to feelings
of tiredness and death wishes [16]. Symptoms included in the
cognitive domain are pessimistic thinking, poor concentration,
reduced memory, and induction of suicidal thoughts [17]. The
last categories, except for the cognitive category, deal with phys-
ical bodily changes [18].

The three most frequently used treatment modalities for depres-
sion are pharmacotherapy, psychotherapy, and mood stimula-
tion [19]. The majority of current therapeutic agents for major
depressive disorder work by increasing neurotrophic signaling,
which then promotes neuronal survival [20]. However, most of
the currently available therapeutic agents take considerable time
to exhibit their beneficial effects [21]. This lag in therapeutic
onset adds to the morbidity of the people who need treatment
and increases the cost of care. Additionally, together with the
lag in the onset of action, it is now recognized that at least 50%
of people go into remission from depression following their first
antidepressant treatment [22]. This illustrates the need for the
identification of newer treatment possibilities for people suffer-
ing from depression. The ideal antidepressant should positively
influence symptoms, improve mood, restore normal bodily func-
tion, and importantly, enhance cognitive performance. It is im-
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perative to use therapeutic agents that, when used in conjunction
with other non-pharmacological therapeutic agents and through
therapy, induce faster remission.

Treatment options that include supplementary non-replicable
use of agents that can upregulate neurotrophic factors at a faster
rate are sought [23]. In recent years, there has been increased
interest in the ability of low-dose ketamine to be used as an
antidepressant in animal models of depression and individuals
suffering from major depressive disorder [24]. In this chapter,
we explore the potential of low doses of ketamine to be used as
a neurotrophic enhancement therapeutic agent, it is well estab-
lished that antidepressants that induce a therapeutic effect faster
than current conventional antidepressants do improve cognitive
and memory dimensions, which are subject to decline in major
depressive disorder [25]. We began by describing the cellular
changes that have been associated with the pathogenesis of ma-
jor depressive disorder. Then we outline a brief description of
what ketamine is, its current clinical use, and how it might be
used in animal models of major depressive disorder. We then
explore the neurogenesis progression in the dentate gyrus of the
hippocampus and the prefrontal cortex. We end by contemplat-
ing the mechanistic pathways that ketamine uses to act as an
antidepressant.

The Role of Ketamine in Neuroregeneration

Preclinical and clinical studies suggest that ketamine, a non-com-
petitive N-methyl-D-aspartate receptor antagonist [26], has a
unique rapid antidepressant effect [27]. Over the past decade,
mounting evidence from clinical and preclinical studies has
demonstrated that ketamine also exerts neurorestorative effects
accompanied by synapse formation and neuronal regeneration
in several limbic circuits and brain regions [28]. Clinical im-
provement in depressed patients is seen hours after the ketamine
challenge [28]. Preclinical work conducted in rodents indicated
that the ketamine-induced increase of synaptic protein levels at
the spine level in the CA3 hippocampus and the prefrontal cor-
tex contributes to this unique mechanism of rapid antidepressant
effect that may be due to increased dendrite spine density and
synaptic function [28].

The synaptic plasticity hypothesis builds the relationship be-
tween animal cognition, typical depression-like behavior, and
the mouse and rat models of synaptic plasticity [29]. Reduced
synaptic plasticity, along with reduced neurogenesis, impairment
or regulation of monoamine release, and inflammatory pathways
in the hippocampus and the prefrontal cortex, is proposed as
representative of the brain pathology associated with depression
[30]. It is hypothesized that any intervention increasing these
pathways of neuroregeneration would lead to emotional and
cognitive recovery [31]. Several molecular and cellular chang-
es lead to depression amelioration and consistent repair of cog-
nitive function [32]. These include synaptic protein, dendritic
number and length, the ratio of excitatory glutamatergic relative
number, functional measures—Ilong-term potentiation ratio, and
increased measures of overall hippocampal volume, and long-
term potential for evoked responses [10]. Taken together, drugs
rapidly improving synaptic plasticity and neurogenesis would be
expected to promote a rapid recovery of emotional symptoms as
well as repair cognitive function [33].
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Neurobiological Mechanisms of Ketamine's Action in
Depression

It is still not well understood how ketamine may lead to therapeu-
tic actions in mood disorders [34]. The data from clinical trials
aimed at elaborating the hypotheses are indeed promising, yet
modest. Nevertheless, the most recent meta-analyses and sys-
tematic reviews, including fMRI and PET studies, contributed to
a better understanding and elaborated several key findings on the
mechanisms of ketamine's action in TRD [35]. The key principle
of ketamine's action is NMDA blockage [36]. Ketamine binds
within the channel of the NMDAR, providing superior structural
stability compared to other NMDA antagonists [37]. Ketamine
has over 15 times the affinity for NMDA receptor units when
compared to other NMDAR antagonists [38]. Ketamine infusion
leads to a rapid increase in NMDAR tonic inhibition in the cor-
tex and GABAergic interneurons of prefrontal and limbic struc-
tures [39].

Ketamine demonstrates a high affinity for extra synaptic
NMDAR [37]. These sites are involved in the molecular cascade
leading to synaptic damage, as demonstrated in Alzheimer's dis-
ease and dementia [40]. Co-administration of NMDAR co-ago-
nists prevents hippocampal spine degeneration and has shown
antidepressant effects, serving as a translational animal model
[41]. Co-administration of NMDA receptor activation and pre-
vention of dysfunction can provide extra synaptic plasticity,
easing the repair and synaptic strengthening process [42]. Flow
MRI studies have shown reduced glutathione levels in the ante-
rior cingulate gyrus [43]. MRS studies demonstrated the effect:
of reduced glutamatergic effects, including decreased levels of
glutamate and glutamine, and increased synaptic levels of glu-
tamate [44].

Clinical Evidence Supporting Ketamine's Efficacy in Depression
Depression is a serious mental illness that, if recurrent or chron-
ic, significantly affects the quality of life and functional progno-
sis of affected individuals, greatly impacting families, friends,
and communities [45]. In this context, the pharmacological
treatment of depression presents significant limitations due to
the time required for the manifestation of therapeutic proof of
concepts and the low or partial response to available therapies
(Sepulveda Ramos, C., 2022). Ketamine hydrochloride is a sub-
stance classified as a general anesthetic [46, 47], acting primari-
ly as a non-competitive antagonist of the N-methyl-D-aspartate
receptor, in addition to producing dissociative, hallucinogenic,
analgesic, and amnesic effects [26]. In anesthesia, ketamine is
used in subanesthetic dosages because it provides relaxation,
maintaining spontaneous airways and cardiocirculatory dynam-
ic stability, reflecting in the activity of brainstem structures [48].
Patients suffering from TRD exhibited rapid and robust anti-
depressant effects after a single intravenous subanesthetic ket-
amine administration [49]. Several studies have demonstrated
the rapid and highly effective response to intravenous ketamine
in the treatment of major depression, mainly unipolar and bi-

Page No: 03 /

www.mKkscienceset.com

polar depression, as well as depression associated with the di-
agnosis of borderline personality disorder [50]. Given its very
limited response latency, ketamine has been noted to favor ag-
gressiveness as well as help patients who express the urgency
of committing suicide [51, 52]. These potential protective and
therapeutic effects of acute ketamine administration are relevant
to mediate the clinical strategies previously described in global
strategy policies for the prevention and control of self-harm that
prioritize earlier improvement and evaluate the initiation of anti-
depressant action [53, 54]. The therapeutic advantage described
to address the depressive phase of bipolar disorder characterizes
ketamine as a unique psychotropic medication in mood disor-
ders, given that lithium carbonate, selective serotonin reuptake
inhibitors, venlafaxine, and clozapine do not present that indi-
cation [55].

Cognitive and Emotional Rehabilitation Effects of Ketamine
The phenomenology of mood symptoms following antidepres-
sant treatment has been demonstrated by monitoring the im-
provement symptoms in patients who respond to treatment [56].
Improvement in negative affect is expected, and it has been sug-
gested that mood and emotionally valanced experience generally
operate on a vertical dimension graded by emotional intensity
rather than inherent valence [57]. When treating treatment-resis-
tant depressed patients with IV ketamine, the ability of subjects
to occasionally enter hypomanic symptoms, such as feeling a
surge of inspiration and a sense that things are finally getting
better, has been considered the first indication that the drug is
working [58].

This subjective impression has led to the hypothesis that positive
mood symptoms accompanying ketamine treatment in depres-
sion may have a hypomanic-like aura.

Ketamine’s rapid onset targets people’s most desperate and ur-
gent depressive complaints [59]. If we count days rather than
weeks, where a single day’s absence can feel endless to a suicidal
patient, the reliable relief of preoccupying anxiety is remarkable
[60]. In addition, similarly timed relief of associated physical
symptoms, such as appetite and sleep, may accompany revers-
ible symptomatic improvements induced by ketamine in patients
with major depressive disorder and bipolar depression [53]. It
is proved that Montgomery—Asberg Depression Rating scale’s
item for anhedonia improved by 63%, concentration improved
by 58.3%, item for suicidal ideation improved by 64.7% at 24
h compared to baseline following a single infusion of ketamine
in patients with TRD [54] . As a result, in clinical experience as
shown in (Figure 1), the situational anxiety, tension, and specif-
ic symptoms associated with suicide that accompanies baseline
tension may respond better and more rapidly to ketamine treat-
ment than do the nonmotivational negative affect, low energy,
depressive affect, anhedonia, and mood-related symptoms of
depression alone (Cui et al., 2024).
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Figure 1: Evaluation for anhedonia (red), concentration (green), and suicidality (blue). The data obtained from a randomized con-
trolled trial (RCT) that included 72 patients with treatment-resistant depression (TRD) [54].

Future Directions and Implications for Research and
Clinical Practice

In summary, the clinical, preclinical, and translational research
findings presented support the hypothesis that ketamine exerts
neurobehavioral restorative effects in depression by reversing
stress-induced atrophy and increasing the density and function-
ality of excitatory synaptic signaling [61]. Future directions
consist of the design of clinical studies to determine the clinical
benefits of ketamine treatment on core depressive symptoms and
cognitive impairments, prediction of response, identification of
pharmacological or transcranial biophysical mechanisms that
support rapid recovery of brain function, and assessment of the
effectiveness of chemical and non-chemical single and mainte-
nance strategies to maintain cognition. The neurochemical pro-
file of an individual may play an important role in determining
the clinical efficacy and adverse effects of ketamine and the use
of specific excitatory neurotransmission-enhancing agents to
more effectively treat refractory patients. Non-pharmacological
treatments may have added clinical value by enhancing excit-
atory signaling and brain recovery in patients with depression.
A further understanding of the impact of ketamine on resil-
ience, creating or strengthening neuronal plasticity, and its role
in defeating negative processing or repairing the experience of
traumatic events and neuroendocrine changes during early life
will also be crucial. The restoration of granule cell functions in
the mice during the long-term evaluation will help determine
the long-term impact of ketamine on the development and hip-
pocampal functions in people whose brains are not mature.
Analysis of the toxicity of antidepressants in the treatment of
depressive mice should also be considered to better understand
the potential therapeutic benefits of using ketamine in depressive
children or adolescents.

Conclusion

It is important to address the interesting question of the applica-
bility of the role of ketamine in restoring cognitive and emotion-
al abilities in the context of bipolar-like depression. Such studies
will help identify previously unexplored therapeutic targets of
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major depressive disorders and thus promote the development
of more effective treatments.
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