
Click to edit Master title style• The increase in firing of cortical and thalamic excitatory neurons
provide evidence to support the glutamate hypothesis for fast-acting
antidepressants.

•The increased activity of mPFC pyramidal neurons induced by both
drugs is not likely mediated by an attenuation of the activity of cortical
inhibitory interneurons.

•Increase in the activity of MD/CM thalamo-cortical neurons may
partly account for these effects. However, this circuit does not appear
to be the main driver.

•Future studies: study the involvement of other subcortical and cortical
regions innervating the mPFC such as the hippocampus and the
amygdala.

•Acute changes in the power of the different frequency bands
measured were found while no persistent changes in any of the
different electrophysiological variables were measured.

•Increase in the power of gamma and HFO bands could be used as a
measure of target engagement.

•Future studies: use animal models of depression to elucidate whether
the drug effects reported represent valid biomarkers of the
antidepressant actions of the drugs.

Modulation of thalamo-cortical activity by the NMDA receptor antagonists 
ketamine and phencyclidine in the awake freely-moving rat
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Introduction

•Non-competitive N-methyl-D-aspartate receptor (NMDA-R) antagonists mimic schizophrenia symptoms and produce
immediate and persistent antidepressant effects (1, 2).

•The exact mechanism(s) underlying the actions of NMDA-R antagonists remain unclear.

• Alterations in the thalamo-cortical circuits have been suggested to play a role in the pathophysiology of both depression and
schizophrenia and NMDA-R antagonists have been found to modulate this circuit (3, 4).

•One of the current hypotheses is that the non-competitive NMDA-R antagonists preferentially target NMDA-Rs in GABAergic
neurons, thereby enhancing excitatory neurotransmission in cortical areas (5).

•Therefore, we investigated the actions of two NMDA-R antagonists (ketamine and phencyclidine (PCP)) on thalamo-cortical
networks to gain knowledge on the primary cellular target(s) of the drugs and to find electrophysiological measures that can
predict the antidepressant or the psychotomimetic effects of the drugs.

Methods

Classification and basal firing rate of mPFC and MD/CM neuron

Neuronal 
type

Mean firing rate 
(spikes/s)

Number of 
neurons

MD/CM 5.19 ± 0.07 3053

PYR 
(mPFC) 4.51 ± 0.06 2075

INT 
(mPFC) 9.90 ± 0.37 267

Single units and local field potentials were recorded in the medial prefrontal cortex (mPFC) and in the mediodorsal and centromedial thalamus (MD/CM) of awake
freely-moving and chloral hydrate anesthetized male Wistar rats, using microelectrode arrays. The acute effects of ketamine (3 and 10 mg/kg s.c.) and PCP (2.5 and
5 mg/kg s.c.) on the firing properties and oscillations of these neuronal populations were assessed. Each treatment was recorded for 1h 30 min and the effects of
ketamine were also recorded at 24h post-administration. Data were normalized to a stable 20-min baseline period immediately prior to injection. Recordings were
Fast Fourier transformed (FFT) to yield the power of oscillatory activity. LFP signals were divided into 6 main frequency bands of oscillations: delta 0.15 to 4 Hz,
theta 4 to 8 Hz, alpha 8 to 12 Hz, beta 12 to 30 Hz, gamma 30 to 90 Hz and high frequency oscillations 130-180 Hz. Power of the oscillatory activity and the firing
rate were compared between treatments. Data is presented as mean ± standard error of the means (SEM) and a p value of < 0.05 was considered significant.

Effect of ketamine and PCP on single 
unit activity

Effect of ketamine and PCP on LFP activity Conclusion
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- Ketamine and PCP acutely increased the firing rate of
mPFC pyramidal neurons and MD/CM neurons.

- Ketamine and PCP did not attenuate the discharge of
GABAergic neurons.

- Ketamine and PCP significantly increased the power of gamma and HFO bands in the MD/CM and
decreased beta power.

- These effects followed the rapid pharmacokinetics of the drugs.


