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Abstract
Ketamine is increasingly used as a treatment for resistant
unipolar or bipolar depression. It is distinguished by its pharmacology
of traditional antidepressants. It is a non-competitive antagonist
ionotropic N-methyl-D-aspartate (R-NMDA) receptor of L-glutamate
which binds to the “phencyclidine” site of this calcium channel. The
best-known hypothesis of the mechanism of ketamine in depression
is that it causes “bursts” of glutamate following the disinhibition
of cortical GABAergic interneurons: the tonic triggering of these
GABAergic interneurons would be driven by the receptors NMDA, and
the active state of the open channel. Rapid antidepressant response
to NMDA receptor antagonist would be associated with glutamate
“bursts” and synaptogenesis in mPFC.
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What is resistant depression?

Depression is treatable, whatever its typology, is a type
of multi factorial disorder that requires several strategies to
overcome it: pharmacological, psychotherapeutic, social, etc.

It is the same for the major resistant depression. However,
in these cases, we simply need to be steadfast and persistent in
order to find the most effective treatments for the patient who
experiences untold suffering to experience the improvement he
needs. On the other hand, we cannot forget that antidepressants,
taken at the appropriate doses and for a minimum of 6 weeks,
generally offer proven efficacy, but when this is not the case,
when the patient perceives that his discomfort is still present
installed and devoured, desolation becomes absolute. Moreover,
the patient may experience a loss of confidence in his doctor and
become skeptical about trying a new treatment.
The definition of the most commonly used resistant
depression is based on the failure of at least two successful
antidepressant treatment trials conducted in terms of dose and
duration [1]. The lack of response to previous antidepressant
treatments should be evaluated using specific instruments that
can accurately define the level of therapeutic resistance. Many
sociodemographic and clinical factors (psychiatric or somatic
comorbidities) are classically associated with therapeutic
resistance. The goal of any treatment for major depression is to
achieve complete clinical remission [2]. The persistence of socalled residual symptoms leads to an increased risk of relapse
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and recurrence, thus facilitating the development of therapeutic
resistance. However, we must ask the question, if we are not in
front of a patient with bipolar depression who usually very poorly
responds to antidepressants [3]. Conventional antidepressants
are not suitable for all patients, because of their mechanism of
action which involves intervening on the neurotransmitters, at the
level of the synapses, thus on the surface of the cells. It is therefore
necessary to focus not only on the external signal, but also on
possible intracellular deregulation. Antidepressants always take
time to act, so it is likely that something happens downstream
of the synapses [4].The place of intracellular signaling cascades
has long been the subject of research, clinical studies have shown
the presence of Elk-1 (Extracellular signal-regulated kinases) in
the blood of depressive patients [5], and a high level of Elk-1 was
associated with a bad prognosis. In the blood, changes in Elk-1
are correlated with the clinical response, making it possible to
define Elk-1 as a blood biomarker that is easy to follow over time.
It could be a good indicator of the prognosis of depression and
help the therapeutic decision such as the anticipated change of
treatment to avoid therapeutic failure.

Ketamine in resistant depression

Ketamine (2- (2-chlorophenyl) - (1-methylamino) -cyclohexanone)
is a non-competitive antagonist ionotropic N-methyl-D-aspartate
(R-NMDA) receptor of L-glutamate binds to the “phencyclidine”
site of this calcium channel. It is a dissociative general anesthetic
fast acting whose hallucinogenic properties have made it an
addictive popular drug the name of “Special K”[6]. Ketamine,
used as a general anesthetic, has been shown to be effective in
several studies to quickly relieve depressive symptoms when
administered at low sub-anesthetic doses. Most of these studies
used an intravenous dose of 0.5 mg / kg [7].

A dose-response study was conducted with 99 people with
treatment-resistant depression in six research centers [8]. Four
single doses of ketamine (given by injection) - 0.1 mg / kg, 0.2
mg / kg, 0.5 mg / kg and 1.0 mg / kg - were compared to “active”
placebo which induces side effects, the absence of which could
lead participants to realize that they are not receiving the drug
to be tested, potentially biasing their perception of symptom
improvement. Participants continued to take antidepressant
treatments during the study period. Neither they nor the research
staff knew who took the placebo or the drug and at what doses.
Depression was measured with a 6-item version of the Hamilton
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Depression Scale. Other instruments measured aspects of mood
and suicidal thoughts. Dissociative symptoms such as memory
loss and the feeling of detachment from reality were assessed
during and after the ketamine infusion, and vital signs were
measured after treatment and at all follow-up visits. Comparison
of dosage levels, adjusted for various factors that may influence
the results, showed an improvement for doses of 0.5 mg /
kg and 1.0 mg / kg only. The two lower doses did not provide
significant symptomatic relief, although some improvement was
observed in some participants at the lowest dose of 0.1 mg / kg.
In most participants receiving the higher doses, the benefits of
treatment began to decrease by the third day and were no longer
detectable after five days. There was no significant difference in
the occurrence of adverse events among all study participants.
These results confirm the clinical observation that a single dose,
the most studied dose of 0.5 mg / kg, is not suitable for all, as
some patients may require a lower than average dose; and each
patient needs a personalized treatment plan that can include
ketamine and other medications, as well as psychotherapy.
Further research should focus on the efficacy of repeated doses
of ketamine, as well as the possibility that higher doses require
less frequent administrations.

A first study [9] confirmed by others since that date,
showed that ketamine has an amazing antidepressant effect.
Indeed, several double-blind placebo-controlled clinical trials
have suggested that a single low dose of ketamine (0.5 mg / kg
administered intravenously in 40 minutes, a dose below the
anesthetic dose) exerts rapid antidepressant activity (within 72
hours after injection) and persistent (for 1 week) in depressed
patients resistant to classic antidepressant treatment [10].
In addition, ketamine also decreases suicidal thoughts and
therefore suicidal risk [11]. However, the mechanisms leading to
such antidepressant action are probably more complex than the
simple blockade of L-glutamate NMDA receptors and have not
been clearly defined so far [12].

Molecular mechanism proposed for the antidepressant
effect of ketamine
Neuronal atrophy and synaptic loss in depression

Brain imaging studies of depressed patients provide strong
arguments because of a constant decrease in the volume of the
cortical and limbic cerebral regions - like the medial prefrontal
cortex (mPFC) and the hippocampus - which control emotions,
mood and cognition, suggesting that neuronal atrophy is related
to the prescription period of treatment [13]. Rodent studies
have provided detailed evidence of neuronal atrophy, of synaptic
density reduction and cell loss in models of depression and
stress (CMS) [14]. The BDNF was of interest particular with
regard to the atrophy of neuronal connections as this factor
neurotrophic is required for early neuronal development and
for survival and neuronal function, including synaptic plasticity,
in the adult brain [15]. Under normal conditions, stimulation of
the presynaptic neuron releases the neuronal glutamate, leading
to activation of AMPA glutamate receptors postsynaptic and
membrane depolarization; this causes the activation of several
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intracellular pathways, including the BDNF-TrkB signaling
pathway (kinase-related tropomyosin B), and the mTORC1
pathway (target of rapamycin complex 1) in the hippocampus
and median prefrontal cortex (mPFC)[16]. These pathways are
essential for the regulation of plastic synaptic, a fundamental
adaptive learning mechanism that includes the maturation
(increased diameter of dendritic spines) and the increase in the
number of synapses (synaptogenesis) [17]. This process requires
a synthesis of the neuronal synaptic proteins, including GluA1
subunits of glutamatergic AMPA and PSD 95 receptors. Repeated
stress decreases BDNF and mTORC1 signaling in part via positive
regulation of the negative regulator REDD1 (regulating DNA
damage and repair), which decreases the synthesis of synaptic
proteins and thus contributes to a decrease in the number of
synapses. Other proteins involved in regulating synaptic plasticity
include GSK3 and protein phosphatase 1 (PP1).
Molecular mechanism of rapid antidepressant action of
ketamine in mPFC

The best-known hypothesis of the mechanism of ketamine
is that it causes “bursts” of glutamate following the disinhibition
of cortical GABAergic interneurons: the tonic triggering of these
GABAergic interneurons would be driven by the receptors NMDA,
and the active state of the open channel (i.e., after release of Mg2
+ channel ions) would allow ketamine to attach to the PCP site
and block channel activity [18]. These glutamate bursts would
stimulate post-synaptic AMPA receptors, which would cause
neuronal membrane depolarization and Ca2 + channel activation
(VDCC), leading to BDNF release and TrkB / Akt signal stimulation.
This would activate mTORC1 signaling and trigger an increased
synthesis of the proteins necessary for maturation and synapse
formation (e.g., GluA1 and PSD95) [19]. Under conditions where
release of BDNF is blocked (such as knock-in mice possessing
the BDNF Val66Met allele with increased risk of depression) or
neutralized (using an antibody), or in which mTORC1 signaling
is blocked (infusion of rapamycin in mPFC), we observe well that
synaptic and behavioral effects of ketamine are blocked [20, 21].
Relapse to a depressive state would be associated with a decrease
in synapses on mPFC neurons, which could occur during chronic
stress, imbalance in endocrine hormones (cortisol), estrogen,
inflammatory cytokines, or metabolic and cardiovascular
diseases [17].
Antidepressant mechanism of ketamine: link with
neurotransmission of glutamate, GABA and serotonin in
preclinical studies

Neurochemical (glutamate, GABA and 5-HT) and behavioral
changes induced by the administration of an infra-anesthetic
dose of ketamine, focusing on rodents, animal models of
depression in rats or mice used in numerous published studies.
Rapid antidepressant response to NMDA receptor antagonist
would be associated with glutamate “bursts” and synaptogenesis
in mPFC. The implication of the balance of excitatory (glutamate,
serotonin) and inhibitory (GABA) neurotransmission in the
glutamate - mPFC / serotonin - dorsal raphe nucleus (NRD) in
rodent studies seems to be relevant [22].
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Conclusion
The mechanism of the antidepressant effects of ketamine
involves many receptors, forming an important network whose
elements must be detailed. Here we focused on the R-NMDA,
R-AMPA, R-GABAA and serotoninergic receptors. Ketamine is
a calcium channel blocker of R-NMDA. Although the role of the
GluN1 subunit in the antidepressant effects of ketamine is still
a subject under discussion, the GluN2A and GluN2B subunits
seem to be essential for this purpose because ketamine blocks
the R-NMDAs containing the subunits. The theory of disinhibition
of the antidepressant activity of ketamine suggests selective
blockade of R-NMDA located on GABAergic interneurons,
leading to an inhibition rise of pyramidal neurons of the cortex,
thus improving their excitatory electrical activity. The selective
blocking or elimination of this subunit located on the pyramidal
neurons contributes to the rapid increase of synaptic excitatory
impulses on these neurons to induce antidepressant effects.
From a clinical point of view, ketamine seems interesting
to quickly exit a major depressive episode including bipolar.
However this action is limited in time (about 15 days) and
does not involve a switch to hypomania or mania. This may be
of great benefit in bipolar depression in which conventional
antidepressants should be used with caution.

References

1. Fava M. Diagnosis and definition of treatment-resistant depression.
Biol Psychiatry. 2003;53(8):649-659.
2. Trevino K, McClintock SM, McDonald Fischer N, Vora A, Husain MM.
Defining treatment-resistant depression: a comprehensive review of
the literature. Ann Clin Psychiatry. 2014;26(3):222-232.
3. Bourin M. Are antidepressants useful in bipolar disease? Arch Depress
Anxiety. 2017;3(2):058-059.
4. Harmer CJ, Goodwin GM, Cowen PJ. Why do antidepressants take so
long to work? A cognitive neuropsychological model of antidepressant
drug action. Br J Psychiatry. 2009;195(2):102-108.
5. Apazoglou K, Farley S, Gorgievski V, Belzeaux R, Lopez JP, Grenier J, et
al. Anti depressive effects of targeting ELK-1 signal transduction. Nat
Med. 2018;24(5):591-597.
6. Sassano-Higgins S, Baron D, Juarez G, Esmaili N, Gold M. A review of
ketamine abuse and diversion. Depress Anxiety. 2016;33(8):718-727.
7. Taiminen T. Ketamine as treatment for depression. Duodecim.
2017;133(1):52-60.
8. Fava M, Freeman MP, Flynn M, Judge H, Hoeppner BB, Cusin C, et al.
Double-blind, placebo-controlled, dose-ranging trial of intravenous
ketamine as adjunctive therapy in treatment-resistant depression
(TRD). Mol Psychiatry. 2018. doi: 10.1038/s41380-018-0256-5.

Copyright:
© 2019 Michel Bourin.

9. Berman RM, Cappiello A, Anand A, Oren DA, Heninger GR, Charney DS,
et al. Antidepressant effects of ketamine in depressed patients. Biol
Psychiatry. 2000;47(4):351-354.
10. Zarate CA Jr, Singh JB, Carlson PJ, Brutsche NE, Ameli R, Luckenbaugh
DA, et al. A randomized trial of an N-methyl-D-aspartate antagonist
in treatment-resistant major depression. Arch Gen Psychiatry.
2006;63(8):856-864.
11. Price RB, Nock MK, Charney DS, Mathew SJ. Effects of intravenous
ketamine on explicit and implicit measures of suicidality in treatmentresistant depression. Biol Psychiatry. 2009;66(5):522-526.
12. Li N, Lee B, Liu RJ, Banasr M, Dwyer JM, Iwata M, et al. mTOR-dependent
synapse formation underlies the rapid antidepressant effects of NMDA
antagonists. Science. 2010;329(5994):959-964.
13. MacQueen G, Frodl T. The hippocampus in major depression: evidence
for the convergence of the bench and bedside in psychiatric research?
Mol Psychiatry. 2011;16(3):252-264.
14. Duman RS, Aghajanian GK. Synaptic dysfunction in depression:
potential therapeutic targets. Science. 2012;338(6103):68-72.
15. Doman RS, Volute B. Signaling pathways underlying the
pathophysiology and treatment of depression: novel mechanisms for
rapid-acting agents. Trends Neurosis. 2012;35(1):47-56.
16. Duric V, Banasr M, Licznerski P, Schmidt HD, Stockmeier CA and
Simen AA, et al. A negative regulator of MAP kinase causes depressive
behavior. Nat Med. 2010;16(11):1328-1332.
17. Duman RS, Aghajanian GK, Sanacora G, Krystal JH. Synaptic
plasticity and depression: new insights from stress and rapid-acting
antidepressants. Nat Med. 2016;22(3):238-249.
18. Miller OH, Moran JT, Hall BJ. Two cellular hypotheses explaining the
initiation of ketamine’s antidepressant actions: Direct inhibition and
disinhibition. Neuropharmacology. 2016;100:17-26.
19. Pešić V, Petrović J, M Jukić M. Molecular Mechanism and Clinical
Relevance of Ketamine as Rapid-Acting Antidepressant. Drug Dev Res.
2016;77(7):414-422.
20. Li N, Liu RJ, Dwyer JM, Banasr M, Lee B and Son H, et al. Glutamate
N-methyl-D-aspartate receptor antagonists rapidly reverse behavioral
and synaptic deficits caused by chronic stress exposure. Biol
Psychiatry. 2011;69(8):754-761.
21. Liu RJ, Lee FS, Li XY, Bambico F, Duman RS and Aghajanian GK.
Brain derived neurotrophic factor Val66Met allele impairs basal
and ketamine-stimulated synaptogenesis in prefrontal cortex. Biol
Psychiatry. 2012;71(11):996-1005.
22. Pham TH, Gardier AM. Fast-acting antidepressant activity of ketamine:
highlights on brain serotonin, glutamate, and GABA neurotransmission
in preclinical studies. Pharmacol Ther. 2019.

Citation: Michel Bourin (2019) Why Ketamine is A New Treatment of Resistant Depression?. SOJ Pharm Sci 6(2):1-3.
DOI: 10.15226/2374-6866/6/2/00198

Page 3 of 3

