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Neuropharmacology of 
NMDA Receptor Antagonist Ketamine 
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▪hypnotic

▪analgesic

R(-) ketamine S(+) ketamine: 3-4 times higher affinity 

▪amnesic

▪psychotomimetic
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Major depression is a disorder 
of synaptic plasticity

Department of Psychiatry and Psychotherapy

Siegfried KASPER

8

Tx-

induced

spine 

formation

Stress-

induced

spine 

loss

Control

Stressed

Control Stressed Treated

Chronic unpredictable stress induces a depression-like phenotype in rodents which is associated 

with reversible decreases in the branching complexity1 and spine density2,3 of pyramidal neurons in 

the prefrontal cortex

1. Duman RS, Aghajanuan GK. Science. 2012;338(6103)68-72); 2. Li N, et al. Biol Psychiatry.

2011;69(8):754–761; 3. Nestler EJ et al. Neuron. 2002;34:13-25.
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Depression: Glutamate-GABA 

Dysbalance

Glutamate GABA

excitatory

inhibitory

balance

GABA increase

Depression

Depression

Glutamate decrease

Glutamate increase

Treatment**Treatment*

with glutamatergic modulators

*prototype: Ketamine, ** prototype: brexanolone

GABA decrease

Glutamate

Modified from Wieronska & Pilic, 

Neurochem Int 2009



Proposed mechanisms 
of action of ketamine
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Kadriu, 

et al IJNP 2019

Disinhibition of GABA-ergic

inhibitory interneurons

Rapid BDNF release

Activation of mammalian target 

of rapamycin complex 1 (mTORC1) 

Inhibition of lateral 

habenula  (LHb) 

neurons

AMPA – Activation (by active metabolite HNK)
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A shift in emphasis from serotonin/midbrain to 
glutamate and cortico-limbic circuits
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5-HT, serotonin. Image courtesy of J. Krystal.



Ketamine: Influence on serotonin system?
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Does ketamine bind to the 

serotonin transporter in 

humans?

• WHY: Preclinical studies indicate 5-HT 

dependency of ketamine’s AD effects 

• THEREFORE: In-vivo human PET study

• NO measureable binding to the 

SERT after 0.5mg/kg i.v.

• BUT occupancy and ketamine

plasma levels correlated

Does ketamine bind the SERT at 

higher doses?

Spies….Kasper  Int. J Neuropsychopharm, 2017
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Antidepressant Efficacy

What is the evidence…
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There is a need for effective treatment 
after 2 treatment failures
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1st LINE

MONOTHERAPY

▪SSRI or SNRI

2nd LINE

ADD ON

SWITCH

TRD
(Treatment Resistant)

ADD ON

SWITCH

4th Line and >

New Combination

ECT or  rTMS

OF MDD PATIENTS BECOME 
TREATMENT-RESISTANT 1/3
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AD actions of ketamine (N = 9)a

a
2 participants terminated prior to the last treatment condition (1 each prior to placebo and ketamine treatment conditions).

BRPS, Brief Psychiatric Rating Scale; h, hour; HDRS, Hamilton Depression Rating Scale; VAS, visual analogue scale. 

Berman RM, et al. 

Biol Psychiatry. 2000;47:351-4.

BPRS – Positive Symptoms of Schizophrenia: 

p = 0.07
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HDRS: p = 0.02
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Group by
Diagnosis

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper 
g limit limit p-Value

BD Diazgranados et al, 2010 0.656 0.424 0.887 0.000

BD Zarate et al, 2012 0.682 0.420 0.943 0.000

BD 0.667 0.494 0.840 0.000

MDD Kudoh et al, 2002 0.774 0.293 1.255 0.002

MDD Zarate et al, 2006 1.428 0.909 1.948 0.000

MDD Sos et al, 2013 0.921 0.502 1.341 0.000

MDD Murrough et al, 2013 0.946 0.442 1.450 0.000

MDD 0.997 0.759 1.235 0.000

MDD+BD Berman et al, 2000 0.942 -0.040 1.924 0.060

MDD+BD 0.942 -0.040 1.924 0.060

Overall 0.785 0.646 0.923 0.000

-2.00 -1.00 0.00 1.00 2.00

Favors Placebo Favors Ketamine

Effect Size 24 Hours Post-Infusion

Meta Analysis

 7 Studies

 N=229 patients
▪ RCT: N=142

▪ Crossover: N=87

 Age: 46.5 ±1 0.4 years

 Sex:
▪ 70 Unknown

▪ 71/159 Male

▪ 88/159 Female

Ketamine –
The First Rapid-acting Antidepressant

McGirr A et al. Psychol Med 2015;45:693-704. .
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Longer-term antidepressant effects 
of repeated i.v. Glutamatergic treatment,
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Response prediction
Response Prediction 
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Ketamine reduces suicidal ideation

Grunebaum M et al. AJP 2017
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Novel Medications in Development
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Compound, Route of Administration Pharmacology Sponsor Phase 

Ketamine, various
Non-selective, non-competitive NMDA receptor 

antagonist
Multiple --

Esketamine, IN 
Non-selective, non-competitive NMDA receptor 

antagonist 
Janssen III

Lanicemine/AZD-6765, IV Low trapping NMDAR antagonist
AstraZeneca/

Biohaven
IIb

Traxoprodil/CP-101,606, IV NMDAR antagonist at NR2B subunit Pfizer II

EVT-101 NMDAR antagonist at NR2B subunit Evotec/La Roche II

Rislenemdaz/CERC-301/MK-0657, oral NMDAR antagonist at NR2B subunit Cerecor II

AVP-786, oral Non-selective antagonist of NMDAR Avanir/ Otsuka II

AXS-05, oral Non-selective antagonist of NMDAR Axsome III

Rapastinel/GLYX-13, IV 
Partial functional agonist at glycine site of NMDA 

receptor
Allergan III

Apimostinel/NRX-1074/AGN-241660, 

oral

Reported to be a functional antagonist at 

Glycine B site of the NMDA receptor
Allergan II

Wilkinson and Sanacora, Drug Discov Today. 2019 Feb;24(2):606-615



Novel Medications in Development, cont’d
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Compound, Route of Administration Pharmacology Sponsor Phase 

AV-101, oral
Selective agonist at glycine site of NMDA receptor 

NR1 subunit 
VistaGen II

NRX-100/NRX-101, oral Partial NMDAR agonist at glycine-site NeuroRx III

Basimglurant/RO4917523, oral NAM of mGluR5 
Hoffmann- La 

Roche
IIb

Decoglurant/RG1578/ RO4995819 NAM of mGluR2/3 
Hoffmann- La 

Roche
II

Tulrampator/CX-1632/S-47445 PAM of AMPA receptor RespireRx II

Riluzole, oral Glutamate release inhibitor/up take facilitator

NIMH, Tehran 

University of 

Med. Sc.

II

Brexanolone/ SAGE-547, IV PAM of GABAA receptor Sage

III

Now with 

FDA 

indication

Ganaxolone, IV PAM of GABAA receptor Marinus II

SAGE-217, oral PAM of GABAA receptor Sage II

Wilkinson and Sanacora, Drug Discov Today. 2019 Feb;24(2):606-615


