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The cognitive neuroscience of ketamine
in major depression

Sara Costi,»* Chloe \7\/'i§%,1’2 Erdem Pulcu,’? Susannah E. Murphy'?
and Catherine J. Harmer™

Ketamine’s potential as a rapid-acting antidepressant was first identified in 2000, despite its long-standing use as an
anaesthetic agent. Clinically, ketamine alleviates depressive symptoms, including the difficult-to-treat symptom of
anhedonia, within hours, with the effects of a single dose lasting for days. Since then, research has focused on unco-
vering the mechanisms underlying its rapid antidepressant effects in both humans and animal models. While its mo-
lecular and cellular effects have been extensively characterized, its impact on cognitive and neuropsychological
mechanisms—potential mediators of its clinical efficacy—remains an area of ongoing investigation. Preclinical stud-
ies suggest that ketamine rapidly influences the lateral habenula (involved in punishment processing) and fronto-
striatal (reward) systems, reverses negative affective biases in established memories, and promotes long-term stress
resilience. Translating these findings to human models is crucial, and emerging evidence suggests that ketamine en-
gages similar mechanisms in healthy volunteer and patient groups. However, its clinical application is constrained by
acute side effects and an unknown long-term safety profile. Further research into ketamine’s mechanisms of action
will be essential to inform the development of novel, safer and more accessible rapid-acting antidepressants.
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N-methyl-p-aspartate (NMDA) receptor antagonist, was developed
as a dissociative anaesthetic in the 1960s and was extensively
used during the Vietnam War due to its favourable safety profile.’?
Ketamine also became a substance of abuse and is classified as a
Schedule III non-narcotic substance under the Controlled
Substances Act in the USA, a Schedule 2 controlled drug under
the Misuse of Drugs Regulations 2001, and a Class B controlled sub-
stance under the Misuse of Drugs Act 1971 in the UK.

Introduction

This year marks 25 years since the first randomized clinical trial
tested the antidepressant effect of a sub-anaesthetic dose of keta-
mine in major depressive disorder (MDD). This discovery repre-
sented a major paradigm shift in the field; for the first time a
rapid acting antidepressant effect was seen within hours of admin-
istration, and was sustained over subsequent days. This was in

striking contrast to the clinical effects of available and approved
antidepressant medications for MDD, which take weeks to elicit
an antidepressant effect compared to placebo. At that time, keta-
mine was not a novel drug. Ketamine, a non-competitive

Although significant advancements have been made since the
first trial of ketamine’s antidepressant effects,® many questions re-
main unanswered. As we approach this milestone, it seems timely
to reflect on where we have come from and where we are heading.
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Ketamine in major depression

This review begins by presenting the clinical evidence supporting
ketamine’s antidepressant effects, followed by a summary of
whatis currently known about its neurocognitive effects. It empha-
sizes ketamine modulation of the lateral habenula (LHb)—a key
brain region involved in processing aversive stimuli—and its dis-
tinctive ability to modulate brain reward circuits. Finally, the re-
view summarizes ketamine’s modulation of negative biases in
established memories and discusses recent evidence of its pro-
resilience effect. A schematic overview of evidence supporting its
mechanism of action is presented in Fig. 1.

A breakthrough treatment for major
depressive disorder

The initial study investigating ketamine’s use in depression was
designed to explore glutamate synaptic alterations in the context
of MDD.? This study built on preclinical findings linking NMDA re-
ceptor antagonism to antidepressant effects*>*? and prior research
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in psychosis. Ketamine was administered intravenously at a dose
of 0.5 mg/kg over 40 min at a constant rate in a placebo-controlled
crossover study with a small sample of medication-free MDD sub-
jects (n=7). The study demonstrated a significant reduction in de-
pressive symptoms, measured by the Hamilton Depression Rating
Scale (HAM-D), which was observed as early as 240 min post-
administration and persisted for up to 72h. Notably, the rapid
and sustained antidepressant effects of ketamine were temporally
distinct from its brief, acute dissociative effects.? Despite the nov-
elty of these findings, it took another 6 years before they were repli-
cated. Zarate et al.’ reported significant improvements in
depressive symptoms at 24 h and 1 week following ketamine infu-
sion, compared to placebo, in a sample of 17 treatment-resistant
depression (TRD) patients. A larger two-site trial with 73 TRD sub-
jects also showed a similar rapid improvement in depression sever-
ity 24h after ketamine administration.’® Across these trials, a
single ketamine infusion in MDD was well tolerated, with response
rates (defined as a>50% reduction in depression severity scores
from baseline) ranging from 50% to 71%."° In particular, ketamine

: _ l LHb bursting activity and overall firing rate

lSHAPS scores; TdACC/hippocampal/VS & l orbitofrontal metabolism

Negative bias
D

0.0
Fg

l negative affective bias for negative bias for existing affective memories

l maladaptive alcohol-related memories in heavy drinkers

Resilience

T

0.0
fg

Ketamine administered one week prior to a stressor:

l immobility in FST; Tsocial interaction in DI test

Ketamine administration during scheduled caesarean delivery
l incidence postpartum mood and anxiety disorders

Figure 1 A schematic overview of evidence of ketamine neuropsychological mechanism of action. The figure provides a schematic representation of

the neuropsychological mechanisms of ketamine’s action on reward,*” negative bias®° and resilience,

10.11 55 discussed in the current review. dACC =

dorsal anterior cingulate cortex; DI = dominant interaction; FST = forced swim test; LHb = lateral habenula; SHAPS = Snaith and Hamilton Pleasure

Scale; VS = ventral striatum.



3498 | BRAIN 2025: 148; 3496-3504

treatment has been associated with improvements in anhedonia, a
reduced ability to experience pleasure, which is a core symptom of
depression that has proven challenging to treat with conventional
antidepressants.”

A subsequent trial of repeated ketamine administrations [intra-
venous (i.v.) infusions of ketamine 0.5 mg/kg administered open-label
up to three times weekly over 12 days] in MDD showed that the me-
dian time to relapse following the last ketamine infusion was 18
days.'®® A study conducted in the UK testing the safety and efficacy
of repeated ketamine infusions, yielded similar results.”® Following
these initial findings, ketamine clinics have proliferated worldwide,
particularly in North America, offering ketamine treatment for vari-
ous mental health conditions and symptoms, including anhedonia.
This evidence also led to the development of an intranasal formula-
tion of esketamine (Spravato), which received approval by the Food
and Drug Administration (FDA) and European Medicines Agency
(EMA) (Box 1), the first approval of an antidepressant with a novel
mechanism in 60 years. Of note, a recent meta-analysis® including
87 trials on esketamine’s efficacy for depression and suicidality found
that, as an add-on to antidepressants, esketamine shows modest ef-
ficacy in TRD at Weeks 24 (comparable to augmentation with atyp-
ical antipsychotics) but no effect on suicidality. The long-term
effects of esketamine, and ketamine, remain largely unknown (Box 2).

Ketamine mechanism of action at the
synaptic level
Ketamine is a non-competitive NMDA receptor antagonist that

blocks the ion permeation pore located inside the NMDAR.
Preclinical and clinical data suggest that this feature of ketamine
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is critical in generating the intracellular signalling and synaptic
changes that produce antidepressant action. Central to this theory
is the effect of ketamine on synapto-plasticity and dendritic spine
growth in the brain, and specifically in the prefrontal cortex (PFC).
Synaptic plasticity is a fundamental brain function that enables
the processing and storage of information, adaptation to stimuli,
and the formation of both short- and long-term memories of
events.’>3? MDD is characterized by a reduction in synapse num-
ber, atrophy and loss of neurons and glia in brain regions such as
the PFC and the hippocampus.*** In animal models, ketamine re-
stores synaptic plasticity and reverts the atrophy that follows
chronic stress.”

Although the mechanisms of action underlying ketamine’s anti-
depressant effect at the pharmacological level are not fully charac-
terized, the two most established theories can be summarized as
(i) ketamine NMDAR inhibition; and (ii) ketamine disinhibition the-
ory (inhibition of GABAergic interneurons). Notably, these mechan-
isms of ketamine action are not mutually exclusive and may work
together to produce the drug’s antidepressant effects.

According to the inhibition theory, ketamine selectively blocks
extra-synaptic NMDARs, which are regulated by astrocytes and ton-
ically activated by low levels of glutamate. The inhibition of these
extra-synaptic NMDARs de-suppresses mammalian target of rapa-
mycin complex 1 (mTORC1) function, subsequently inducing pro-
tein synthesis.®* Additionally, ketamine appears to inhibit
NMDAR-mediated spontaneous neurotransmission, leading to the
inhibition of eukaryotic elongation factor 2 kinase (eEF2 K) activity
and preventing the phosphorylation of its substrate, eEF2. This ef-
fect enhances brain-derived neurotrophic factor (BDNF) transla-
tion.*” The disinhibition hypothesis suggests that ketamine
selectively blocks NMDARs expressed on GABAergic inhibitory

Box 1 Key clinical trials paving the way for esketamine approval

The TRANSFORM and SUSTAIN studies evaluated the efficacy and safety of esketamine nasal spray (Spravato) for treatment-resistant
depression (TRD) and led to esketamine nasal spray FDA and EMA approval. TRANSFORM-2%* (n =223) demonstrated a significant
reduction in MADRS scores at Day 28, with adverse events like dissociation and nausea resolving within 1.5 h. TRANSFORM-3%? focused
on older adults (>65 years, n=138), showing mixed results; the 65-74 age group responded better than those >75 years. Long-term
open-label follow-up indicated sustained improvement for most patients. SUSTAIN-1?* involved 705 adults and evaluated the time to
relapse after maintenance treatment. Esketamine reduced the risk of relapse by 51% in patients achieving remission and by 70% in those
with stable response. Common adverse events included dysgeusia and somnolence. SUSTAIN-2%* was a long-term (up to 1 year)
open-label study (n = 802) showing continued efficacy, with cognitive performance remaining stable. Adverse events like dizziness and
nausea were mild, resolving within 1.5 h post-dose. Overall, esketamine showed sustained efficacy with manageable side effects.

Box 2 What do we know about the safety profile of ketamine for MDD?

Many questions remain unanswered regarding the safety of ketamine treatment, both in acute and long-term settings. In the acute
setting, ketamine’s dissociative effects make it unsuitable for use in psychotic depression, and caution is advised in the treatment of
bipolar disorder due to the potential risk of inducing a manic switch. However, this risk appears to be low, as shown in a double-blind,
randomized, crossover study of 15 patients with bipolar I or II depression maintained on stable doses of lithium or valproate, where a
single ketamine infusion led to rapid and significant reductions in depressive symptoms and suicidal ideation within 40 min—lasting up
to 3 days—without any evidence of mood switching.?® Additionally, whether dissociative effects are necessary for ketamine’s
antidepressant effects remains a topic of considerable debate.?’"?° In the long term, ketamine has potential for abuse, and the impact of
its toxicity on the urinary bladder and brain in humans remains uncertain. The absence of long-term phase III clinical trials, combined
with evidence from several trials with relatively small samples sizes, calls for caution. The most robust evidence to date comes from
phase III trials of esketamine (Spravato), which suggest that long-term use is generally safe.?®?* The largest study on i.v. ketamine to
date was a non-inferiority trial comparing ketamine with electroconvulsive therapy (ECT) for treatment-resistant depression (TRD),
which included a 6-month follow-up period. This multi-site trial randomized 403 subjects (n =200 ketamine) and demonstrated that
ketamine was non-inferior to ECT as a therapy for TRD, with an overall safe profile.*



Ketamine in major depression

interneurons, leading to the disinhibition of pyramidal neurons and
increased glutamatergic firing. The evoked release of glutamate
binds to and activates post-synaptic a-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid receptors (AMPARSs), resulting in increased
BDNF release, activation of the tropomyosin receptor kinase B (TrkB)
receptor, and subsequent promotion of protein synthesis via the ac-
tivation of mTORG1.% This ultimately leads to an increase in dendrit-
ic spines and synaptic plasticity.

It should be noted that other signalling pathways may be in-
volved in ketamine antidepressant action. Of these, particular at-
tention has been given to the opioid system. It is well established
that ketamine interacts with opioid receptors, consistent with its
routine use in the management of acute and chronic pain.*
Highlighting the potential importance of this interaction in the
antidepressant action of ketamine, oral naltrexone (50 mg), an opi-
oid receptor antagonist, administered prior to i.v. ketamine has
been shown to attenuate the acute antidepressant effects of keta-
mine in 14 patients with depression.*® These findings were recently
replicated in a randomized, double-blind crossover study in 26 sub-
jects with MDD, in which naltrexone significantly attenuated keta-
mine’s antidepressant effects, as measured by Montgomery-Asberg
Depression Rating Scale (MADRS) scores, and glutamatergic activity
in the anterior cingulate cortex (ACC).*' However, due to the small
sample size and the inability to determine whether ketamine ex-
erts a direct or indirect effect on the opioid system, these findings
should be interpreted with caution.

Finally, the effects of ketamine at the synaptic level have im-
portant translational implications for neurocognitive symptoms.
For example, ketamine can induce acute, transient disruptions in
cognition and perception, potentially due to a transient glutama-
tergic surge from disinhibition of cortical neurons via NMDAR
blockade on interneurons.***? By contrast, accumulating evidence
suggests that ketamine has pro-cognitive effects over the longer
term in MDD, possibly through mechanisms involving AMPA recep-
tor facilitation, mTOR signalling and synaptic plasticity.?****%’

A cognitive neuroscience perspective on
ketamine’s effects

Recent advancements have deepened our understanding of how
antidepressants impact neurobiological pathways and psycho-
logical functioning. While conventional antidepressants are well
characterized pharmacologically, neurobiological models alone
cannot fully explain the delayed mood improvements observed
with treatment.”® Cognitive neuropsychological models have the
potential to offer a useful integrative mechanistic understanding
of MDD’s pathophysiology and antidepressant action.** MDD is
characterized by negatively biased attitudes about the self, world

Box 3 Anhedonia
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and future, perpetuating a cycle of negative cognitive schemas
and biased processing.”®>? Experimental studies have shown that
conventional antidepressants can modulate emotional processing
early in treatment, improving the recognition of positive emotional
stimuli and reducing negative biases, and that these changes are
associated with later therapeutic response.”*>> However, what
mediates the rapid acting effects of treatments, such as ketamine,
is less well estbalished. The section below summarizes emerging
evidence animal models and, where available from human studies,
suggesting that ketamine may exhibit distinct neurocognitive ef-
fects, which may contribute to its rapid-acting profile.

Recent preclinical work has highlighted that effect on the LHb may
be an important mechanism of ketamine’s antidepressant action.
The LHb is an evolutionarily conserved brain region densely popu-
lated with glutamatergic neurons, which is critical for cognitive
processes related to MDD, such as negative emotion encoding, re-
ward processing and stress adaptation.”®™® Specifically, the LHb
plays a key role in regulating reward behaviours®>®® through its
projections to the dopaminergic ventral tegmental area (VTA) and
serotonergic raphe nucleus, where it exerts inhibitory control
over monoaminergic activity. Often described as the brain’s ‘anti-
reward’ system,”®> the LHbD is critical to processing negative re-
ward signals and mediating aversive behavioural responses.

Ketamine’s ability to block NMDAR-dependent bursting activity
in the LHb* is thought to contribute to its rapid antidepressant ef-
fects, as it temporarily removes the inhibitory brake on the reward
system. Ketamine reduces LHb bursting activity and overall firing
rates,®® which are elevated in depression models,**? particularly
targeting neurons with high basal burst frequencies by blocking
NMDARs in their open state, leading to a sustained suppression
of LHb activity lasting up to 24 h in mice.®"** Further, evidence sug-
gests that ketamine continues to block NMDARs beyond its half-
life, potentially due to its retention within the NMDAR channel
pore.®>** This mechanism may explain the prolonged suppression
of LHb activity and the sustained antidepressant effects observed
following ketamine administration.

Depression is frequently accompanied by anhedonia and disrupted
reward processing (Box 3), particularly within fronto-striatal re-
gions, which are key components of the brain’s reward circuitry.
These circuits, including the nucleus accumbens (NAc), caudate
nucleus and PFC, play essential roles in reward processing, motiv-
ation and the experience of pleasure. Functional connectivity

Anhedonia is a core symptom of depression, frequently used to assess depressive episodes and inform diagnosis.® It is characterized by
deficits in reward processing, encompassing effort, motivation, reward anticipation, learning, pleasure and valuation. Symptoms of
anhedonia vary in presentation and complexity among individuals and several neurotransmitters, such as dopamine, GABA, opioids
and glutamate, are involved.®® The neurobiology of anhedonia involves disruptions in circuits and structures within the reward system,
including the ventral tegmental area (VTA), striatum and prefrontal cortex (PFC), though it remains incompletely understood.®”
Anhedonia is challenging to treat effectively, as conventional antidepressants often fail to address it adequately. Residual symptoms
persist, impacting quality of life and increasing relapse risk. Anhedonia is also a key indicator of depression severity, suicidality and
treatment outcome.®® Currently, there is no FDA-approved treatment specifically targeting anhedonia. Ketamine has shown promise as
anti-anhedonic agent,®®°72 although the precise mechanisms underlying this effect remain unclear.
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disruptions in these areas are consistently reported in individuals
with MDD.®%”?

Ketamine has been observed to reduce anhedonia and modulate
reward processing across both preclinical and clinical studies.>”*”*
Recent evidence suggests that ketamine has both prohedonic and
anti-anhedonic effects.”® Prohedonic effects refer to increased re-
ward responsiveness in non-anhedonic states (e.g. recreational
contexts), while anti-anhedonic effects involve reversing reward
deficits induced by chronic stress. In a recent study using the prob-
abilistic reward task’”’® in rats, ketamine briefly increased reward
responsiveness in non-stressed animals but produced longer-
lasting anti-anhedonic effects in chronically stressed rats, persist-
ing for up to a week.”® In humans, two exploratory studies®’
suggest that ketamine produces rapid and specific anti-anhedonic
effects in TRD, independent of overall mood improvement. These
effects were linked to region-specific metabolic changes in
reward-related brain areas—including the dorsal anterior cingulate
cortex (dACC), putamen, hippocampus and orbitofrontal cortex
(OFC). These results suggest that ketamine may specifically target
anhedonia through distinct, region-specific neurobiological me-
chanisms. Consistent with findings in non-human primates,”®
Morris et al.?® demonstrated that ketamine normalized subgenual
anterior cingulate cortex (sgACC) responses to monetary rewards
in humans, as shown by task-based functional MRI (fMRI), and
this neural change was associated with reductions in anhedonia.
Studies comparing healthy subjects and patients with TRD treated
with ketamine suggest that ketamine can normalize brain connect-
ivity patterns associated with depression. Specifically, ketamine
appears to enhance functional connectivity between the dorsal
and ventral striatum and the PFC, with these changes being par-
ticularly pronounced in treatment responders.2? Notably, these
connectivity changes are also strongly correlated with reductions
in anhedonia.?* Additional evidence indicates that ketamine en-
hances fronto-striatal connectivity®® while reducing connectivity
between the default mode network (DMN) and regions such as
the sgACC®* and the insula,® aligning these connectivity measures
more closely with those observed in healthy controls.

Interestingly, ketamine’s impact on reward-related brain cir-
cuits may occur independently of measurable clinical improve-
ments in anhedonia. For instance, a recent study involving 37
drug-free, remitted depressed participants found that ketamine re-
duced dysconnectivity between the ventromedial PFC (vmPFC) and
reward-related regions, such as the NAc, shortly after drug admin-
istration.®® However, these effects appear to be transient. When
fronto-striatal connectivity was reassessed ~10 days after a single
ketamine infusion, these changes were no longer evident.®*®°
This suggests that ketamine’s effects on the reward circuit are tran-
sient, and repeated treatments may be necessary to sustain its
effect.

Overall, these findings highlight ketamine’s potential to modu-
late disrupted reward circuits in MDD, offering a promising mech-
anism for alleviating anhedonia and improving functional
outcomes, particularly in individuals with TRD. However, limita-
tions such as small sample sizes, variability in imaging modalities,
scan timing, and dosages necessitate cautious interpretation.
Standardized protocols and larger studies are warranted to validate
and expand upon these findings.

Animal studies suggest that ketamine’s effects on emotional mem-
ories may differ from conventional antidepressants.>®” Using a
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rodent affective bias model, researchers tested the effect of keta-
mine and other rapid-acting antidepressants on biases induced
during positive or negative affective states.®®’ In this model, ani-
mals learn to associate specific substrates with a reward (food pel-
let) under either affective manipulation (e.g. restraint stress) or
control conditions. Affective bias is then measured by presenting
the two reinforced substrates simultaneously and assessing the an-
imals’ preference.® Although the learned reward value of each sub-
strate is identical, animals typically avoid the stimulus experienced
under the negative manipulation (i.e. a negative bias in recall). In
this rodent model, when ketamine is given before the preference
test (but after the learning phase) this negative bias in memory
was attenuated, but there was no effect preference test perform-
ance when it was administered during the learning phase.® The op-
posite effect was seen with conventional antidepressants, such as
the serotonin and noradrenaline reuptake inhibitor venlafaxine.
These findings suggest that ketamine reduces negative affective
bias in encoded memories, whereas venlafaxine is involved in
new information processing but is not able to affect previously en-
coded material.® The different patterns of effect on this affective
bias paradigm may provide important insight into the timescale
of their clinical action. Unlike venlafaxine, which requires days to
weeks of experience to exert its effects, ketamine reduces negative
memory recall without necessitating new information processing.

A recent study demonstrated that ketamine selectively attenu-
ates negative affective bias and explored its neural mechanisms of
sustained antidepressant effects in animals.®” This research pro-
posed a two-phase neuropsychological model: in the first phase,
ketamine rapidly modulates medial PFC (mPFC) circuits, reducing
negative biases. In the second phase, memories are retrieved and
re-encoded with positive valence, a process dependent on protein
synthesis in the mPFC and influenced by reward-associated cues
reactivated shortly after treatment.?”

Of note, in the context of negative processing biases, research
on ketamine’s effects on emotional processing has produced mixed
findings. Some studies have shown that ketamine influences
the recognition of specific emotions, such as sadness® (during ke-
tamine administration), fear and happiness (~20 min post-
infusion).”® fMRI data from healthy participants indicate that
ketamine reduces activation to fearful faces in the amygdala, limbic
and visual processing regions, while increasing activation to neu-
tral faces in visual areas—suggesting a blunted neural response to
threat and altered salience processing during infusion.”
Similarly, Reed et al.”® reported limited effects on facial emotion
recognition accuracy, with patients with MDD showing reduced ac-
tivity after ketamine infusion that resembled the baseline activity
of healthy controls under placebo, suggesting a normalization of
function during emotional processing. Notably, variability in ad-
ministration protocols and experimental designs—many of which
were designed to investigate emotional blunting in the context of
psychotic symptomatology—limits the generalizability of these
findings to mood disorders.

Ketamine’s effects on memory reconsolidation, a process de-
pendent on NMDAR activity and protein synthesis within the
mPFC,%* % further highlight its ability to reorganize synaptic archi-
tecture and update memories with new information. Memory re-
consolidation, a time-dependent process where reactivated stable
memories temporarily destabilize and incorporate new content,
aligns with ketamine’s impact on affective bias. Further supporting
evidence comes from a study on individuals with high alcohol con-
sumption, where ketamine reduced drinking behaviour only when
administered after the retrieval of maladaptive alcohol-related
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memories.® This included reductions in drinking days, alcohol con-
sumption and long-term drinking levels, suggesting ketamine can
disrupt appetitive memories in humans. This early evidence intri-
guingly suggests that ketamine may be able to disrupt maladaptive
memories, which may be a key mechanism of antidepressant ac-
tion; however, the effects of ketamine on affective memory recall
in patients with MDD remains to be tested.

Additionally, ketamine administration has been associated
with changes in implicit self-associations.’® A recent trial investi-
gating whether pairing ketamine with positive self-association
training could prolong its antidepressant effects found that com-
bining ketamine with an automated paradigm targeting implicit
self-associations extended the duration of ketamine’s antidepres-
sant response.'® These findings provide an important foundation
for the future combination of rapid-acting antidepressants like ke-
tamine with automated interventions designed to enhance self-
related learning.

Stress resilience is a complex concept, often described as the cap-
acity to adapt and recover quickly after stress, and maintain normal
functioning despite adversity.'®* Recent preclinical evidence sug-
gests that administering ketamine before an acute stressor can pre-
vent the development of depressive- or post-traumatic stress
disorder (PTSD)-like behaviours in animals.’*%%?

Brachman et al.'® demonstrated that ketamine (30 mg/kg) admi-
nistered 1 week before chronic social defeat (SD) reduced immobil-
ity time in the Forced Swim Test (FST) and increased social
interaction in the Dominant Interaction (DI) test, indicating en-
hanced stress resilience. Of note, ketamine administered after
stress (30 mg/kg) did not significantly affect depressive behaviours
in the FST, suggesting that its protective effects are most effective
when given pre-stress.’® Prophylactic ketamine administration in-
creased AFosB expression in the ventral dentate gyrus and hippo-
campus of stressed mice but not control subjects. AFosB, a
transcription factor regulating synaptic plasticity in brain reward
regions, is induced by chronic stress. These findings suggest that
prophylactic ketamine may increase stress resilience by modulat-
ing neural traces that encode stress experiences in the
hippocampus.’®*

A smallrandomized, placebo-controlled, proof-of-concept study
aimed to translate these findings in humans testing whether keta-
mine could reduce behavioural and physiological effects of an acute
stressor when administered 1week before stress induction in
healthy volunteers.'® In this study, 24 healthy participants were
randomized to receive either ketamine or midazolam before under-
going the Trier Social Stress Test. Although no statistically signifi-
cant differences in behavioural and biological read-out of stress
were observed, ketamine showed a moderate-to-large effect in re-
ducing anxiety (Cohen’s d =0.7) and a significant reduction in saliv-
ary o-amylase in the ketamine group, suggesting potential
resilience effects that warrant further investigation in larger
studies.

Notably, recent studies have also investigated the use of keta-
mine for preventing postpartum depression (PPD) in hu-
mans.'»1%1%° These studies suggest that administering ketamine
during scheduled caesarean sections, before the onset of psycho-
pathology, may help protect against the development of mood
and anxiety disorders following childbirth. This would be of great
importance considering that PPD affects an estimated 10%-20% of
mothers %" and currently only one medication, brexanolone, is
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available and received FDA approval for the treatment of PPD.*?
Although ketamine administration appears helpful in preventing
PPD symptoms, further research is needed to confirm its efficacy
and safety in preventing PPD among subjects undergoing caesarean
section.

Conclusions

The use of ketamine as an antidepressant has represented a major
paradigm shift in the treatment of depression. Its use has demon-
strated that rapid-acting medications for MDD are achievable and
has highlighted the potential of a novel treatment target, the gluta-
mate system. However, critical questions remain, including the
mechanisms behind its rapid and sustained effects, its impact on
brain neurocircuitry, and its potential as a pro-resilience agent.
Addressing these issues is particularly important given the signifi-
cant limitations associated with the use of ketamine, including its
potential for abuse, and largely unknown long-term safety profile.
The knowledge gained thus far should guide the development of
new rapid-acting antidepressants with improved safety profiles
and set the stage for another promising 25 years of clinical research
in the field.

Acknowledgements

The thumbnail image for this article was adapted from Adobe Stock
image 575338500 © [Khawla]. Used under extended license.

Funding

This work was funded by the Medical Research Council award with
J&]J (a MICA Award: MR/S035591/) with support from the National
Institute for Health and Care Research (NIHR) [Oxford Health]
Biomedical Research Centre (BRC). The views expressed are those
of the authors and not necessarily those of the research funder,
the NIHR or the Department of Health and Social Care.

Competing interests

S.C. reported receiving personal fees from Boehringer Ingelheim
International GmbH, and Guidepoint, outside the scope of the sub-
mitted work. Additionally, the Icahn School of Medicine at Mount
Sinai (affiliation) isnamed on a patent and has entered into a licens-
ing agreement to receive payments related to the use of ketamine
or esketamine for the treatment of depression, and is named on a
patent related to the use of ketamine for the treatment of post-
traumatic stress disorder; S.C. is not named on these patents and
will not receive any payments. CJ.H. has received consultancy
fees (outside from the submitted work) from P1vital, UCB Pharma,
J&] and leso Ltd. S.E.M. has received consultancy fees (outside
from the submitted work) from Zogenix, Sumitomo Dainippon
Pharma, UCB Pharma and J&J.

References

1. Domino EF. Taming the ketamine tiger. 1965. Anesthesiology.
2010;113:678-684.

2. Domino EF, Chodoff P, Corssen G. Pharmacologic effects of
ci-581, a new dissociative anesthetic, in man. Clin Pharmacol
Ther. 1965;6:279-291.



3502 |

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

BRAIN 2025: 148; 3496-3504

Berman RM, Cappiello A, Anand A, et al. Antidepressant effects of
ketamine in depressed patients. Biol Psychiatry. 2000;47:351-354.
Yang Y, Cui Y, Sang K, et al. Ketamine blocks bursting in the
lateral habenula to rapidly relieve depression. Nature. 2018;
554:317-322.

Kwasny A, Kwasna J, Wilkowska A, et al. Ketamine treatment
for anhedonia in unipolar and bipolar depression: A systemat-
ic review. Eur Neuropsychopharmacol. 2024;86:20-34.

Lally N, Nugent AC, Luckenbaugh DA, Ameli R, Roiser JP, Zarate
CA. Anti-anhedonic effect of ketamine and its neural corre-
lates in treatment-resistant bipolar depression. Transl
Psychiatry. 2014;4:e4609.

Lally N, Nugent AC, Luckenbaugh DA, Niciu MJ, Roiser JP,
Zarate CA Jr. Neural correlates of change in major depressive
disorder anhedonia following open-label ketamine.
J Psychopharmacol. 2015;29:596-607.

Stuart SA, Butler P, Munafo MR, Nutt DJ, Robinson ES. Distinct
neuropsychological mechanisms may explain delayed- versus
rapid-onset antidepressant efficacy. Neuropsychopharmacology.
2015;40:2165-2174.

Das RK, Gale G, Walsh K, et al. Ketamine can reduce harmful
drinking by pharmacologically rewriting drinking memories.
Nat Commun. 2019;10:5187.

Brachman RA, McGowan JC, Perusini JN, et al. Ketamine as a
prophylactic against stress-induced depressive-like behavior.
Biol Psychiatry. 2016;79:776-786.

Alipoor M, Loripoor M, Kazemi M, Farahbakhsh F, Sarkoohi A.
The effect of ketamine on preventing postpartum depression.
] Med Life. 2021;14:87-92.

Krystal JH, Abdallah CG, Sanacora G, Charney DS, Duman RS.
Ketamine: A paradigm shift for depression research and treat-
ment. Neuron. 2019;101:774-778.

Pilc A, Wieronska JM, Skolnick P. Glutamate-based antidepres-
sants: Preclinical psychopharmacology. Biol Psychiatry. 2013;
73:1125-1132.

Krystal JH, Karper LP, Seibyl JP, et al. Subanesthetic effects of
the noncompetitive NMDA antagonist, ketamine, in humans.
Psychotomimetic, perceptual, cognitive, and neuroendocrine
responses. Arch Gen Psychiatry. 1994;51:199-214.

Zarate CA Jr, Singh JB, Carlson PJ, et al. Arandomized trial of an
N-methyl-D-aspartate antagonist in treatment-resistant ma-
jor depression. Arch Gen Psychiatry. 2006;63:856-864.
Murrough JW, Iosifescu DV, Chang LC, et al. Antidepressant ef-
ficacy of ketamine in treatment-resistant major depression: A
two-site randomized controlled trial. Am J Psychiatry. 2013;170:
1134-1142.

Nogo D, Jasrai AK, Kim H, et al. The effect of ketamine on
anhedonia: Improvements in dimensions of anticipatory,
consummatory, and motivation-related reward deficits.
Psychopharmacology (Berl). 2022;239:2011-2039.

aan het Rot M, Collins KA, Murrough JW, et al. Safety and effi-
cacy of repeated-dose intravenous ketamine for treatment-
resistant depression. Biol Psychiatry. 2010;67:139-145.
Murrough JW, Perez AM, Pillemer S, et al. Rapid and longer-term
antidepressant effects of repeated ketamine infusions in
treatment-resistant major depression. Biol Psychiatry. 2013;74:
250-256.

Diamond PR, Farmery AD, Atkinson S, Haldar J, Williams N,
Cowen PJ, et al. Ketamine infusions for treatment resistant
depression: a series of 28 patients treated weekly or twice
weekly in an ECT clinic. J Psychopharmacol (Oxford). 2014;28(6):
536-580.

PopovaV, Daly EJ, Trivedi M, et al. Efficacy and safety of flexibly
dosed esketamine nasal spray combined with a newly in-
itiated oral antidepressant in treatment-resistant depression:

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

S. Costi et al.

A randomized double-blind active-controlled study. Am J
Psychiatry. 2019;176:428-438.

Ochs-Ross R, Daly EJ, Zhang Y, et al. Efficacy and safety of eske-
tamine nasal spray plus an oral antidepressant in elderly pa-
tients with treatment-resistant depression-TRANSFORM-3.
Am ] Geriatr Psychiatry. 2020;28:121-141.

Daly EJ, Trivedi MH, Janik A, et al. Efficacy of esketamine nasal
spray plus oral antidepressant treatment for relapse preven-
tion in patients with treatment-resistant depression: A rando-
mized clinical trial. JAMA Psychiatry. 2019;76:893-903.

Wajs E, Aluisio L, Holder R, et al. Esketamine nasal spray plus
oral antidepressant in patients with treatment-resistant de-
pression: Assessment of long-term safety in a phase 3, open-
label study (SUSTAIN-2). ] Clin Psychiatry. 2020;81:e1-e10.
Fountoulakis KN, Saitis A, Schatzberg AF. Esketamine treat-
ment for depression in adults: A PRISMA systematic review
and meta-analysis. Am ] Psychiatry. 2025;182:259-275.

Zarate CA Jr, Brutsche NE, Ibrahim L, et al. Replication of keta-
mine’s antidepressant efficacy in bipolar depression: A rando-
mized controlled add-on trial. Biol Psychiatry. 2012;71:939-946.
Ballard ED, Zarate CA Jr. The role of dissociation in ketamine’s
antidepressant effects. Nat Commun. Dec 22 2020;11:6431.
Ansari M, Sanacora G. The Role of Awe and Other Psychological
Factors in Ketamine’s Mechanism of Antidepressant Action.
Biological Psychiatry: Global Open Science;4:1-3.

Aepfelbacher J, Panny B, Price RB. Experiences of awe mediate
ketamine’s antidepressant effects: Findings from a rando-
mized controlled trial in treatment-resistant depression. Biol
Psychiatry Glob Open Sci. 2024;4:100316.

Anand A, Mathew SJ, Sanacora G, et al. Ketamine versus ECT
for nonpsychotic treatment-resistant Major depression. N
Engl ] Med. 2023;388:2315-2325.

Holtmaat A, Svoboda K. Experience-dependent structural syn-
aptic plasticity in the mammalian brain. Nat Rev Neurosci. 2009;
10:647-658.

Kessels HW, Malinow R. Synaptic AMPA receptor plasticity and
behavior. Neuron. 2009;61:340-350.

Duman RS, Aghajanian GK. Synaptic dysfunction in depres-
sion: Potential therapeutic targets. Science. 2012;338:68-72.
McEwen BS, Eiland L, Hunter RG, Miller MM. Stress and anx-
iety: Structural plasticity and epigenetic regulation as a conse-
quence of stress. Neuropharmacology. 2012;62:3-12.

Duman RS, Aghajanian GK, Sanacora G, Krystal JH. Synaptic
plasticity and depression: New insights from stress and
rapid-acting antidepressants. Nat Med. 2016;22:238-249.
Miller OH, Yang L, Wang CC, et al. GluN2B-containing NMDA
receptors regulate depression-like behavior and are critical
for the rapid antidepressant actions of ketamine. Elife. 2014;
3:e03581.

Autry AE, Adachi M, NosyrevaE, et al. NMDA receptor blockade
at rest triggers rapid behavioural antidepressant responses.
Nature. 2011;475:91-95.

Moghaddam B, Adams B, Verma A, Daly D. Activation of gluta-
matergic neurotransmission by ketamine: A novel step in the
pathway from NMDA receptor blockade to dopaminergic and
cognitive disruptions associated with the prefrontal cortex.
J Neurosci. 1997;17:2921-2927.

Niesters M, Martini C, Dahan A. Ketamine for chronic pain:
Risks and benefits. Br J Clin Pharmacol. 2014;77:357-367.
Williams NR, Heifets BD, Blasey C, et al. Attenuation of anti-
depressant effects of ketamine by opioid receptor antagonism.
Am ] Psychiatry. 2018;175:1205-1215.

Jelen L. Glutamate and opioid mechanisms of antidepressant
response to ketamine (GO-MARK). Ketamine & Related
Compounds International Conference 2024. Accessed 12



Ketamine in major depression

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

November 2024.
P7CCHQZZwig
Moghaddam B, Krystal JH. Capturing the angel in “angel dust”:
Twenty years of translational neuroscience studies of NMDA
receptor antagonists in animals and humans. Schizophr Bull.
2012;38:942-949.

Homayoun H, Moghaddam B. NMDA receptor hypofunction
produces opposite effects on prefrontal cortex interneurons
and pyramidal neurons. ] Neurosci. 2007;27:11496-11500.
Murrough JW, Burdick KE, Levitch CF, et al. Neurocognitive ef-
fects of ketamine and association with antidepressant re-
sponse in individuals with treatment-resistant depression: A
randomized controlled trial. Neuropsychopharmacology. 2015;
40:1084-1090.

Murrough JW, Wan LB, Iacoviello B, et al. Neurocognitive effects
of ketamine in treatment-resistant major depression:
Association with antidepressant response. Psychopharmacology
(Berl). 2014;231:481-488.

Chen MH, Li CT, Lin WC, et al. Cognitive function of patients
with treatment-resistant depression after a single low dose
of ketamine infusion. ] Affect Disord. 2018;241:1-7.

Gill H, Gill B, Rodrigues NB, et al. The effects of ketamine on
cognition in treatment-resistant depression: A systematic re-
view and priority avenues for future research. Neurosci
Biobehav Rev. 2021;120:78-85.

Miller BR, Hen R. The current state of the neurogenic theory of
depression and anxiety. Curr Opin Neurobiol. 2015;30:51-58.
Godlewska BR. Cognitive neuropsychological theory:
Reconciliation of psychological and biological approaches for
depression. Pharmacol Ther. 2019;197:38-51.

Disner SG, Beevers CG, Haigh EA, Beck AT. Neural mechanisms
of the cognitive model of depression. Nat Rev Neurosci. 2011;12:
467-477.

Beck AT. The evolution of the cognitive model of depression and
its neurobiological correlates. Am ] Psychiatry. 2008;165:969-977.
Beck AT. Depression: Clinical, experimental, and theoretical aspects.
Harper & Row; 1967.

Harmer CJ, O’Sullivan U, Favaron E, et al. Effect of acute anti-
depressant administration on negative affective bias in de-
pressed patients. Am ] Psychiatry. 2009;166:1178-1184.
Godlewska BR, Browning M, Norbury R, Cowen PJ, Harmer CJ.
Early changes in emotional processing as a marker of clinical
response to SSRI treatment in depression. Transl Psychiatry.
2016;6:€957.

Tranter R, Bell D, Gutting P, Harmer C, Healy D, Anderson IM.
The effect of serotonergic and noradrenergic antidepressants
on face emotion processing in depressed patients. ] Affect
Disord. 2009;118:87-93.

Boulos L], Darcq E, Kieffer BL. Translating the habenula-from
rodents to humans. Biol Psychiatry. 2017;81:296-305.

Gold PW, Kadriu B. A Major role for the lateral habenula in de-
pressive illness: Physiologic and molecular mechanisms. Front
Psychiatry. 2019;10:320.

Matsumoto M, Hikosaka O. Lateral habenula as a source of
negative reward signals in dopamine neurons. Nature. 2007;
447:1111-1115.

Lecca S, Meye FJ, Mameli M. The lateral habenula in addiction
and depression: An anatomical, synaptic and behavioral over-
view. Eur ] Neurosci. 2014;39:1170-1178.

Thompson SM. Plasticity of synapses and reward circuit
function in the genesis and treatment of depression.
Neuropsychopharmacology. 2023;48:90-103.

Ma S, Chen M, Jiang Y, et al. Sustained antidepressant effect of
ketamine through NMDAR trapping in the LHb. Nature. 2023;
622:802-809.

https://www.youtube.com/watch?v=

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

BRAIN 2025: 148; 3496-3504 | 3503

Weiss T, Veh RW. Morphological and electrophysiological
characteristics of neurons within identified subnuclei of the
lateral habenula in rat brain slices. Neuroscience. 2011;172:
74-93.

MacDonald JF, Miljkovic Z, Pennefather P. Use-dependent
block of excitatory amino acid currents in cultured neurons
by ketamine. ] Neurophysiol. 1987;58:251-266.

Mealing GA, Lanthorn TH, Murray CL, Small DL, Morley P.
Differences in degree of trapping of low-affinity uncompetitive
N-methyl-D-aspartic acid receptor antagonists with similar ki-
netics of block. ] Pharmacol Exp Ther. 1999;288:204-210.
American Psychiatric Association A. Diagnostic and statistical
manual of mental disorders. (5th ed.). American Psychiatric
Publishing; 2013.

Pizzagalli DA. Depression, stress, and anhedonia: Toward a
synthesis and integrated model. Annu Rev Clin Psychol. 2014;
10:393-423.

Patarroyo-Rodriguez L, Cavalcanti S, Vande Voort JL, Singh B.
The use of ketamine for the treatment of anhedonia in depres-
sion. CNS Drugs. 2024;38:583-596.

McIntyre RS, Woldeyohannes HO, Soczynska JK, et al
Anhedonia and cognitive function in adults with MDD:
Results from the international mood disorders collaborative
project. CNS Spectr. 2016;21:362-366.

McCloud TL, Caddy C, JochimJ, et al. Ketamine and other glu-
tamate receptor modulators for depression in bipolar disorder
in adults. Cochrane Database Syst Rev. 2015(9):CD011611.
McIntyre RS, Carvalho IP, Lui LMW, et al. The effect of intraven-
ous, intranasal, and oral ketamine in mood disorders: A
meta-analysis. ] Affect Disord. 2020;276:576-584.

Zhuo C, Ji F, Tian H, et al. Transient effects of multi-infusion
ketamine augmentation on treatment-resistant depressive
symptoms in patients with treatment-resistant bipolar de-
pression—An open-label three-week pilot study. Brain Behav.
2020;10:e01674.

Naughton M, Clarke G, O’Leary OF, Cryan JF, Dinan TG. A re-
view of ketamine in affective disorders: Current evidence of
clinical efficacy, limitations of use and pre-clinical evidence
on proposed mechanisms of action. J Affect Disord. 2014;156:
24-35.

Fujimoto T, TakeuchiK, Matsumoto T, et al. Metabolic changes
in the brain of patients with late-onset major depression.
Psychiatry Res. 2008;164:48-57.

Pulcu E, Guinea C, Cowen PJ, Murphy SE, Harmer CJ. A trans-
lational perspective on the anti-anhedonic effect of keta-
mine and its neural underpinnings. Mol Psychiatry. 2022;27:
81-87.

LucantonioF,Roeglin], LiS, etal. Ketamine rescues anhedonia
by cell-type- and input-specific adaptations in the nucleus ac-
cumbens. Neuron. 2025;113:1398-1412.e1-e4.

Jenkins AR, Radl DB, Kornecook TJ, et al. Environmental deter-
minants of ketamine’s prohedonic and antianhedonic effi-
cacy: Persistence of enhanced reward responsiveness is
modulated by chronic stress. ] Pharmacol Exp Ther. 2025;392:
103572.

Pizzagalli DA, Jahn AL, O’Shea JP. Toward an objective charac-
terization of an anhedonic phenotype: A signal-detection ap-
proach. Biol Psychiatry. 2005;57:319-327.

Kangas BD, Wooldridge LM, Luc OT, Bergman J, Pizzagalli DA.
Empirical validation of a touchscreen probabilistic reward
task in rats. Transl Psychiatry. 2020;10:285.

Alexander L, Gaskin PLR, Sawiak SJ, et al. Fractionating blunted
reward processing characteristic of anhedonia by over-
activating primate subgenual anterior cingulate Cortex.
Neuron. 2019;101:307-320 e6.


https://www.youtube.com/watch?v=P7CCHQZZwig
https://www.youtube.com/watch?v=P7CCHQZZwig

3504 |

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

BRAIN 2025: 148; 3496-3504

Morris LS, Costi S, Tan A, Stern ER, Charney DS, Murrough JW.
Ketamine normalizes subgenual cingulate cortex hyper-activity
in depression. Neuropsychopharmacology. 2020;45:975-981.
Abdallah CG, Averill LA, Collins KA, et al. Ketamine treatment
and global brain connectivity in major depression.
Neuropsychopharmacology. 2017;42:1210-1219.

Sterpenich V, Vidal S, Hofmeister ], et al. Increased reactivity of
the mesolimbic reward system after ketamine injection in pa-
tients with treatment-resistant major depressive disorder.
Anesthesiology. 2019;130:923-935.

Mkrtchian A, Evans JW, Kraus C, et al. Ketamine modulates
fronto-striatal circuitry in depressed and healthy individuals.
Mol Psychiatry. 2021;26:3292-3301.

Siegel JS, Palanca BJA, Ances BM, et al. Prolonged ketamine infu-
sion modulates limbic connectivity and induces sustained re-
mission of treatment-resistant depression. Psychopharmacology
(Berl). 2021;238:1157-11609.

Evans JW, Szczepanik ], Brutsche N, Park LT, Nugent AC, Zarate
CA Jr. Default mode connectivity in Major depressive disorder
measured up to 10 days after ketamine administration. Biol
Psychiatry. 2018;84:582-590.

Kotoula V, Stringaris A, Mackes N, et al. Ketamine modulates
the neural correlates of reward processing in unmedicated pa-
tients in remission from depression. Biol Psychiatry Cogn
Neurosci Neuroimaging. 2022;7:285-292.

Hinchcliffe JK, Stuart SA, Wood CM, et al. Rapid-acting anti-
depressant drugs modulate affective bias in rats. Sci Transl
Med. 2024;16:eadi2403.

Stuart SA, Butler P, Munafo MR, Nutt DJ, Robinson ES. A trans-
lational rodent assay of affective biases in depression and anti-
depressant therapy. Neuropsychopharmacology. 2013;38:
1625-1635.

Ebert A, Haussleiter IS, Juckel G, Brune M, Roser P. Impaired fa-
cial emotion recognition in a ketamine model of psychosis.
Psychiatry Res. 2012;200:724-727.

Schmidt A, Kometer M, Bachmann R, Seifritz E, Vollenweider F.
The NMDA antagonist ketamine and the 5-HT agonist psilo-
cybin produce dissociable effects on structural encoding of
emotional face expressions. Psychopharmacology (Berl). 2013;
225:227-239.

Abel KM, Allin MP, Kucharska-Pietura K, et al. Ketamine alters
neural processing of facial emotion recognition in healthy
men: An fMRI study. Neuroreport. 2003;14:387-391.

Reed JL, Nugent AC, Furey ML, Szczepanik JE, Evans JW, Zarate
CA Jr. Effects of ketamine on brain activity during emotional
processing: Differential findings in depressed versus healthy
control  participants. Biol  Psychiatry Cogn  Neurosci
Neuroimaging. 2019;4:610-618.

McDonald RJ, Hong NS, Craig LA, Holahan MR, Louis M, Muller
RU. NMDA-receptor blockade by CPP impairs post-training
consolidation of a rapidly acquired spatial representation in
rat hippocampus. Eur ] Neurosci. 2005;22:1201-1213.

Milton AL, Lee JL, Butler VJ, Gardner R, Everitt B]J.
Intra-amygdala and systemic antagonism of NMDA receptors
prevents the reconsolidation of drug-associated memory and
impairs subsequently both novel and previously acquired
drug-seeking behaviors. J Neurosci. 2008;28:8230-8237.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

S. Costi et al.

Dudai Y. The restless engram: Consolidations never end. Annu
Rev Neurosci. 2012;35:227-247.

Lee JL. Reconsolidation: Maintaining memory relevance.
Trends Neurosci. 2009;32:413-420.

Nader K, Schafe GE, Le Doux JE. Fear memories require protein
synthesis in the amygdala for reconsolidation after retrieval.
Nature. 2000;406:722-726.

Sara SJ. Retrieval and reconsolidation: Toward a neurobiology
of remembering. Learn Mem. 2000;7:73-84.

Price RB, Iosifescu DV, Murrough JW, et al. Effects of ketamine
on explicit and implicit suicidal cognition: A randomized con-
trolled trial in treatment-resistant depression. Depress Anxiety.
2014;31:335-343.

Price RB, Spotts C, Panny B, et al. A novel, brief, fully automated
intervention to extend the antidepressant effect of a single ke-
tamine infusion: A randomized clinical trial. Am J Psychiatry.
2022;179:959-968.

American Psychological Association A. Resilience. 2024.
https://www.apa.org/topics/resilience

Chen BK, Denny CA. Weapons of stress reduction: (R,S)-ketamine
and its metabolites as prophylactics for the prevention of
stress-induced psychiatric disorders. Neuropharmacology. 2023;
224:109345.

Evers AG, Murrough JW, Charney DS, Costi S. Ketamine as a
prophylactic resilience-enhancing agent. Front Psychiatry.
2022;13:833259.

Mastrodonato A, Martinez R, Pavlova IP, et al. Ventral CA3 ac-
tivation mediates prophylactic ketamine efficacy against
stress-induced depressive-like behavior. Biol Psychiatry. 2018;
84:846-856.

Costi S, Evers A, Jha MK, et al. A randomized pilot study of the
prophylactic effect of ketamine on laboratory-induced stress
in healthy adults. Neurobiol Stress. 2023;22:100505.

Han Y, Li P, Miao M, Tao Y, Kang X, Zhang]. S-ketamine as an
adjuvant in patient-controlled intravenous analgesia for pre-
venting postpartum depression: A randomized controlled
trial. BMC Anesthesiol. 2022;22:49.

Yao], Song T, ZhangY, Guo N, Zhao P. Intraoperative ketamine
for reduction in postpartum depressive symptoms after cesar-
ean delivery: A double-blind, randomized clinical trial. Brain
Behav. 2020;10:e01715.

Wang S, Deng CM, Zeng Y, et al. Efficacy of a single low dose of
esketamine after childbirth for mothers with symptoms of
prenatal depression: Randomised clinical trial. BMJ. 2024;385:
e078218.

Ma JH, Wang SY, Yu HY, et al. Prophylactic use of ketamine re-
duces postpartum depression in Chinese women undergoing
cesarean section. Psychiatry Res. 2019;279:252-258.

Hansotte E, Payne SI, Babich SM. Positive postpartum
depression screening practices and subsequent mental health
treatment for low-income women in western countries: A sys-
tematic literature review. Public Health Rev. 2017;38:3.
Meltzer-Brody S, Howard LM, Bergink V, et al. Postpartum psy-
chiatric disorders. Nat Rev Dis Primers. 2018;4:18022.

Powell JG, Garland S, Preston K, Piszczatoski C. Brexanolone
(zulresso): Finally, an FDA-approved treatment for postpartum
depression. Ann Pharmacother. 2020;54:157-163.


https://www.apa.org/topics/resilience

	Introduction
	A breakthrough treatment for major depressive disorder
	Ketamine mechanism of action at the synaptic level
	A cognitive neuroscience perspective on ketamine’s effects
	The role of the lateral habenula
	Brain reward circuitry
	Negatively biased memories
	Stress resilience

	Conclusions
	Acknowledgements
	Funding
	Competing interests
	References

