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Objectives

* Explain the mechanism of action of LSD

* Explain the potential use of LSD 1n mental
disorders



TWO CLASSES OF HALLUCINOGENS ( from the ‘60)

1)Psychedelics or classical serotonergic hallucinogens
2)Dissociative anaesthetics (NMDA)

Table 1. Classical hallucinogens divided into the three biochemical classes of tryptamines, lysergamines and phenethylamines.
Psilocin, DMT and mescaline are naturally occurring, the rest are synthetic: this table is illustrative, and other compounds have been
discovered.

Tryptamines Lysergamines Phenethylamines

Psilocin LSD [lysergic acid diethylamide] Mescaline

DMT [N, N-dimethyltryptamine) LSP [lysergic acid 3-pentylamide] DOI [2,5-dimethoxy-4-iodoamphetamine]
5-Me0-DMT |5-methoxy-N, N- ETH-LAD |6-ethyl-é-nor-lysergic acid DOB [dimethoxybromoamphetamine]
dimethyltryptamine] diethylamide] 2C-B |4-brome-2,5-dimethoxyphenethylamine)
DET (N, N-diethyltryptamine] AL-LAD [6-allyl-é-nor-lysergic acid 2C-E [2,5-dimethoxy-4-ethylphenethylamine)
5-MeO-DALT [N, N-diallyl-5- diethylamide) 25|-NBOMe [4-iodo-2 5-dimethoxy-N-|2-
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LSD - History

* Synthesized in 1938 by Albert Hoffman

* LSD research focused on:
* Anxiety associated with terminal illness

e Depression
* Addiction
* As amodel of acute psychosis

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

FlyfFld

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



LSD: effects of 5-HT and DA neurons

Low doses of LSD (5-20 ng/kg, i.v.) decreased 5-HT
neurons of the DRN, but not DA neurons of the VTA
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High doses of LSD (60-120 ng/kg, i.v.) decreased
VTA DA neurons
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Long-term treatment with microdoses of LSD enhances 5-HT firing activity
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Experimental Timeline

Daily LSD (30 pg/kg/day, i.p., 7 days) Behavioral experiments

__F_’

Day 1 Day 7 Day38
De Gregorio et al., PNAS, 2021
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LSD did not affect the immobility time in the Forced Swim

Test (FST) (30 ug/kg, i.p., 7 days) for depression

Immobility Time (s)




LSD did not affect the sucrose intake in the sucrose preference

test (SPT) for anhedonia
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L.SD enhances social behavior in Direct Social Interaction Test
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Three Chambers Sociability Test

Habituation (10 min)

v
Sociability (10 min)
v
Social novelty (10 min)

Sociability Social novelty

Standard results:
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LSD enhances Social behavior in the Three Chambers Sociability Test
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Open-Field Test: LSD has not effect on locomotion
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Social Behavior Results

Repeated, low dose LSD (30ug/kg 1.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?

. A
m‘\ Faculty of ~ Faculté de
‘:\;/ MC Glll ‘ Medicine  médecine



Medial Prefrontal Cortex (mPFC)

Social Cognition & PFC

Rodent
* High 5-HT2a expression amPrC
* Social cognition " oo Koo

Perception of self
Social reward & similar others
motivation &

value mPFC
vmPFC

* Implication of mPFC 1n
Autism spectrum Disorder

Bicks et al., 2015
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LSD potentiates AMPA and 5-HT2A responses,

but not NMDA or 5-HT1A responses in mPFC
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Optogenetics: photoinhibition of excitatory neurons in mPFC

Experimental timeline:

Inhibition [Light ON)

intra mPFC infusion of (10 min continuous grean light, 10 mW)
+

AAV-CaMKlla-eArch3.0-EYFP

o Optical fiber impantation
A CaMiCc-aYEP pt pa Direct social interaction (DSI)

Daily veh or LSD
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Optogenetic Photoinhibition of excitatory neurons in mPFC

nullifies the prosocial effects of the LSD

Social behavior with mPFC inhibition
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Potential molecular pathways: mTOR1

Autism spectrum disorders
Tuberous sclerosis complex (TSC1, TSC2)

PTEN-mediated ASD (PTEN)

Schizophrenia
Drug addiction

Autism spectrum disorders
Tuberous sclerosis complex (TSC1, TSC2)

PTEN-mediated ASD (PTEN)
Fragile X syndrome (FMRP)
Neurofibromatosis (NF7)
Schizophrenia
Drug addiction

Depression

Protor mTORC2

Costa-Mattioli and Monteggia 2013, Nat Neurosci



LSD increases Akt and mTOR phosphorylation in mPFC
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Intact mMTOR complex in the excitatory neurons is necessary for the

prosocial effect of LSD

Direct social interaction test (DSI) Three chambers test (TCT)
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Intact mMTOR complex is necessary for the prosocial effect of LSD and

also the potentiation of the 5S-HT2A and AMPA receptors
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LSD and its Pathways for
mental health therapeutics

mTOR
5-HT2A AMPA 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 pg/kg per
day, i.p.) to prevent anxiety-like behaviour and
depressive-like behaviour induced by 15 days Chronic
Stress Restrainer

Chronic stress procedure In-vivo
Electrophysiology
LSD administration Behavioral o western blots
tests or Golgi staining
Day 1 Day 7 Day 15 Day 16 Day 17

! |

w2 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 ug/kg, i.p., 7 days) induced by 15
days of chronic stress
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Repeated administration of LSD normalizes the latency to feed in Novelty
Suppressed Feeding Test (NSFT) ( 30 ug/kg, i.p., 7 days), which was
increased after 15 days of chronic stress

48h food deprivation
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Conclusions

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 1s essential for the prosocial
effects of LSD and for 1ts 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? T McGill | i e
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