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Objectives 

• What is the mechanism of action underlying these effects?

• What is the effect of LSD in social behavior, anxiety and 
consciousness?



• Synthesized in 1938 by Albert Hoffman
• From lysergic acid in the ergot fungus

Effects of LSD
• LSD increases  empathy
• LSD enhances social behavior
• and feeling of togetherness 
• LSD decreases anxiety
• LSD decrease alcohol intake 



• Social Behavior ?
• Anxiety ?
• Depression ?









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

De Gregorio et al., Pharmacol Res., 2016



Low doses of LSD (5-20 µg/kg, i.v.) decreased 5-HT neurons of the DRN,  
Only high doses (60-120 µg/kg, i.v.) activates DA neurons of the VTA 

De Gregorio et al., Pharmacol Res., 2016



REPEATED TREATMENT 

De Gregorio et al., Neuropsychopharmacology, 2022 

Repeated treatment with LOW doses of LSD ( 15-30 µg/kg for 7 days) 
enhances 5-HT firing activity

ACUTE TREATMENT 





Repeated LSD (30 µg/kg/day for 7 days) enhances social behavior in 
Direct Social Interaction Test

Repeated LSD

De Gregorio et al., PNAS, 2021



Acute low  dose of LSD (30 µg/kg) does not enhance social behavior in 
Direct Social Interaction Test

Acute LSD

De Gregorio et al., PNAS, 2021



De Gregorio et al., PNAS, 2021

(30 µg/kg/day for 7 days) 



Repeated, low dose LSD (30µg/kg/day for 7 days):

• Increases social interaction

• Increases preference for a social stimulus

• Increases preference for social novelty

• Increases 5-HT firing activity 

What is the neural basis of these changes in behavior?



• Social cognition

• Implication of mPFC in 
Autism spectrum Disorder

• High 5-HT2A receptor 
expression

Bicks et al., Front. Psychology  2015



(30 µg/kg)

De Gregorio et al., PNAS, 2021

NMDA 5-HT2A AMPA 5-HT1A 



Experimental timeline:

De Gregorio et al., 2021



Histological verification
Electrophysiological verification

De Gregorio et al., PNAS, 2021



Social behavior with mPFC inhibition

De Gregorio et al., PNAS, 2021

Photo-inhibition: 
Decrease sociability in veh animals  
and LSD fails to increase 
sociability 

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

Arch 3.0: 
Archaerhodopsin 3.0,

Inhibitory 
photosensitize ion 

channel

eYFP: 
Enhanced yellow 

fluorescent 
protein,

Fluoresceses
yellow/green 

light



LSD glutamatergic 
mPFC 5-HT2A AMPA mTOR1 





De Gregorio et al., PNAS, 2021



De Gregorio et al., PNAS, 2021



LSD 5-HT2A AMPA
mTOR 

glutamatergic 
mPFC







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

De Gregorio et al., Neuropsychopharmacology, 2022



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

De Gregorio et al., Neuropsychopharmacology, 2022



LSD  did not affect the immobility 
time in the Forced Swim Test (FST) for 

depression

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

De Gregorio et al., Neuropsychopharmacology, 2022



5-HT1A
autoreceptors

Mechanism of actions of SSRIs: 5-HT1A receptor desensitization

Blier and De Montigny, 
Neuropsychopharmacology,
1999

5-HT1A
Autoreceptors
Desensitization  



REPEATED TREATMENT 

De Gregorio et al., Neuropsychopharmacology, 2022

Repeated treatment with LOW doses of LSD ( 15-30 µg/kg for 7 days) 
enhances 5-HT firing activity

ACUTE TREATMENT 



Repeated LSD treatment restores 5-HT firing activity after stress, by a 
desensitization of the 5-HT1A autoreceptors

De Gregorio et al., Neuropsychopharmacology, 2022



Repeated LSD treatment restores spines loss after stress

De Gregorio et al., Neuropsychopharmacology, 2022



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

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

blocks LSD’s pro-social effects

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

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

4. LSD has anti-anxiety-like properties only in stressed animals

5. LSD similarly to SSRIs, restore 5-HT firing activity after stress through a 

5-HT1A autoreceptor desensitization.





The Reticular thalamic nucleus  or thalamic 
reticular nucleus (TRN) is implicated in:

• Vigilance 
• Sleep (slow waves sleep)

Impairment of TRN in: 
• Autism 
• Schizophrenia 

Are  thalamo-cortical connections alterated by 
psychedelics and responsible of ego-dissolution?
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• Repeated doses of LSD for social anxiety 

• Repeated doses of LSD for Autism Spectrum Disorder 

• Repeated doses of LSD for generalized anxiety 

• LSD even at low-doses modulates thalamo-cortex-thalamic circuits  (Inserra et 

al., 2021; J Psychopharm.), which are involved in consciousness and self-

awareness, they must be used in association  with  psychotherapy. 
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