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Objectives 

• Explain the mechanism of action of LSD
• Explain the potential use of LSD in mental 

disorders 



TWO CLASSES OF HALLUCINOGENS ( from the ‘60)

Ketamine Phencyclidine (PCP)

2)Dissociative anaesthetics (NMDA)

Psilocin and Psilocybin
mushrooms

Mescaline
Extracted from PeyoteLSD 

Synthesized from Ergot

1)Psychedelics or classical serotonergic hallucinogens



• Synthesized in 1938 by Albert Hoffman

• LSD research focused on:
• Anxiety associated with terminal illness
• Depression
• Addiction 
• As a model of acute psychosis 

https://www.aleretoxicology.co.uk/en/home/support/drugs-library/lsd.html

Passie, et al. (2008). CNS neuroscience & therapeutics



Low doses of LSD (5-20 µg/kg, i.v.) decreased 5-HT 
neurons of the DRN,  but not DA neurons of the VTA 

De Gregorio et al., Pharmacol Res., 2016

LSD: effects of 5-HT and DA neurons



High doses of LSD (60-120 µg/kg, i.v.) decreased 
VTA DA neurons

De Gregorio et al., Pharmacol Res., 2016



REPEATED TREATMENT 

Unpublished results 

Long-term treatment with microdoses of LSD enhances 5-HT firing activity

ACUTE TREATMENT 



De Gregorio et al., PNAS, 2021



LSD  did not affect the immobility time in the Forced Swim 
Test (FST) (30 µg/kg, i.p., 7 days) for depression



LSD did not affect the sucrose intake in the sucrose preference 
test (SPT) for anhedonia



LSD enhances social behavior in Direct Social Interaction Test

Repeated LSD

De Gregorio et al., PNAS, 2021



Standard results:

De Gregorio et al., PNAS, 2021



De Gregorio et al., PNAS, 2021



De Gregorio et al., PNAS, 2021



Repeated, low dose LSD (30µg/kg i.p.):

• Increases social interaction

• Increases preference for a social stimulus

• Increases preference for social novelty

What is the neural basis of these changes in behavior?



• High 5-HT2a expression
• Social cognition
• Implication of mPFC in 

Autism spectrum Disorder 

Bicks et al., 2015



De Gregorio et al., PNAS, 2021



Experimental timeline:

De Gregorio et al., 2021



Social behavior with mPFC inhibition

De Gregorio et al., PNAS, 2021

Photo-inhibition: Decrease sociability 
and LSD fails to increase sociability 

Photo-inhibition: 24 hours later, 
with light OFF: LSD works 



Costa-Mattioli and Monteggia 2013, Nat Neurosci



De Gregorio et al., PNAS, 2021



De Gregorio et al., PNAS, 2021



De Gregorio et al., PNAS, 2021

AMPA 5-HT2A



LSD 5-HT2A AMPA
mTOR 

glutamatergic 
mPFC

Modified after 
Vollenweider and Kometer
Nat Rev Neurosci, 2010



Test the effectiveness of short-term treatment (7 
days) of low doses of LSD (5,  15 and 30 µg/kg per 

day, i.p.) to prevent  anxiety-like behaviour and 
depressive-like behaviour induced by 15 days Chronic 

Stress Restrainer

Day 17

Behavioral 
tests

Day 1 Day 7 Day 15 Day 16

LSD administration

Chronic stress procedure In-vivo 
Electrophysiology
or western blots
or Golgi staining

2 hours  per day, 15 days
Modified protocol  from Qin et al., 
2015, Neuron



Repeated administration  of LSD ameliorates anxiety-like phenotype 
(thigmotaxis) in the Open Field Test (OFT) (30 µg/kg, i.p., 7 days) induced by 15 

days of chronic stress 

CTL/veh CS/veh CTL/LSD 30 CS/LSD 30

* vs CTL/veh

# vs CS/veh



Repeated administration  of LSD normalizes the latency to feed in Novelty 
Suppressed Feeding Test (NSFT) ( 30 µg/kg, i.p., 7 days), which was 

increased after 15 days of chronic stress 

* vs CTL/veh # vs CS/veh

48h food deprivation



1. Repeated LSD administration (30ug/kg, for 7 days)  enhances sociability

2. This regimen of LSD increases mPFC bursting, but not firing activity

3. Photo-inhibiting of excitatory mPFC neurons impairs social behavior and 

blocks LSD’s pro-social effects

4. mTOR1 complex in glutamatergic neurons is essential for the prosocial 

effects of LSD and for its activity on AMPA and 5-HT2A receptors.

5. LSD has anti-depressant-like properties only  in stressed animals

6. LSD for social anxiety? Autism? Depression?
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