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Objectives

* What is the effect of LSD 1in social behavior, anxiety and
consciousness?

* What 1s the mechanism of action underlying these effects?
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Lysergic acid diethylamide (LSD)

History and Clinical evidence

MY PROBLEM CHILD

INSIGHTS/OUTLOOKS

* 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



LSD in preclinical models

* Social Behavior ?
* Anxiety ?
* Depression ?




LSD —Facilitator of Social behavior, effects on ASD
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Flashback to the 1960s: LSD in the treatment of
autism
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LSD: a question of doses

Low or High?




Serotonin Pathways

Frontal
- " \\.
cortex

et
",

"

Striatum

Substantia
nigra

unctions
« Mood
« Memory
processing

L N + Sleep
' - Cognition

Hippocampus

MNucleus
accumbens

gl

\

N
Raphe nucleus




LSD low doses vs full doses: the 5-HT vs DA dilemma

Low doses of LSD (5-20 ng/kg, i.v.) decreased 5-HT neurons of
the DRN, but not DA neurons of the VTA iIn rat
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LSD “micro-doses” vs full doses: the 5-HT vs DA dilemma

Low doses of LSD (5-20 ng/kg, i.v.) decreased S-HT neurons of the DRN,
Only high doses (60-120 ng/kg, i.v.) activates DA neurons of the VTA
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Repeated treatment with LOW doses of LSD ( 15-30 ug/kg for 7 days)

enhances 5-HT firing activity
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LSD in social behavior




Repeated LSD (30 ng/kg/day for 7 days) enhances social behavior in

Direct Social Interaction Test

Daily LSD (30 pg/kg/day, i.p., 7 days) Behavioral experiments
(DSLTCT and OFT)
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Acute low dose of LSD (30 ng/kg) does not enhance social behavior in

Direct Social Interaction Test

Acute LSD
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Repeated LSD (30 ug/kg/day for 7 days) enhances Social behavior in the

Three Chambers Sociability Test

Habituation (10 min)

v
Sociability (10 min)

Social novelty (10 min)

Sociability Social novelty
tranger 1 Ecn;p? tranger 1
D03
n.s iabili Social novel
, . Sociability . . ty H .

- 300~ 100- ! ! -
< eVeh S .0y o 2007 = . e Veh 2 1007
o ¢ LSD repeated v 80+ ® ~ oLSD repeated X 80- °
.g 200 - @ 60— P4 g 150 4 % ¢ ..:z
P 2 o8 2 = S 807 g0
o > 40 °2 c F-2. o0 ﬁ:_
G 1004 = é o0 S 1% S <2 %%,
© .g 20+ e?® g g 20-

a ° 1
: S o2ty 5O S of-0gt s

2 £ o

- | | 0 o -20

s1 s2 S1 s2 Veh LSD
M repeated oD oD repeatec
De Gregorio et al., PNAS, 2021 = McGill | &z mee




Social Behavior Results

Repeated, low dose LSD (30ug/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?
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Medial Prefrontal Cortex (mPFC)

* Social cognition

* Implication of mPFC in
Autism spectrum Disorder

* High 5-HT,, receptor

expression

Social Cognition & PFC
Rodent

dmPFC

Perception
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others Knowledge
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and other

| Perception of self
Social reward & similar others

tivation &
i mPFC

vmPFC
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Repeated LSD (30 pg/kg) potentiates AMPA and 5-HT2A responses,

but not NMDA or 5-HT1A responses in mPFC

Multibarrel reconding
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Optogenetics: photoinhibition of excitatory neurons in mPFC

Experimental timeline:

Inhibition [Light ON)

intra mPFC infusion of (10 min continuous green light, 10 mW)
+
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Optogenetic Photoinhibition of excitatory neurons in mPFC:

Inhibition of PFC glutamatergic neurons

Histological verification . . . .
Electrophysiological verification
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Optogenetic Photoinhibition of excitatory neurons in mPFC

decreases social behavior and
nullifies the prosocial effects of the LSD

Social behavior with mPFC inhibition eYFP:
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LSD needs 5-HT,, and AMPA activation as well as
intact mPFC glutamatergic neurons
for social behavior promotion

glutamatergic
mPFC
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mTORI1 : Protein Kinase regulating cellular process

mTOR and fast-acting antidepressant ketamine
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mTOR-dependent synapse formation underlies the rapid
antidepressant effects of NMDA antagonists
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Original article

Ketamine-induced antidepressant effects are associated with AMPA
receptors-mediated upregulation of mTOR and BDNF in rat
hippocampus and prefrontal cortex

W, Zhou ', N, Wang', C. Yang, X.-M. Li, Z.-Q, Zhou **, ].-]. Yang *
Department af Anesthesialogy, School of Medicine, Jinling Hospital, Nanjing University, No. 205, Eost Fhongs han Boad, Nanjing 2 10002, China




Repeated 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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LSD requires intact mPFC and mTOR

mTOR
glutamatergic
mPFC
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LSD 1n anxiety




Lysergic acid diethylamide (LSD)

ANXIETY

MY PROBLEM CHILD

INSIGHTS/OUTLOOKS

LSD-assisted psychotherapy

for anxiety associated with a
life-threatening disease: A qualitative
study of acute and sustained
subjective effects

Peter Gasser?!, Katharina Kirchner? and Torsten Passie3
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Figure 2. LTFU results of STAI state and trait scores.

STAI measurements, max. score 80 points in each branch trait anxiety and state
anxiety), 20 items 4-points Likert scale). N=9, i.e. all participants who received
two full-dose LSD sessions. Data are mean + SEM.
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Reprints and permissions:
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LSD f{for prevention of stress symptoms in mice

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
' l tests or Golgi staining
Day 1 Day 7 Day 15 Day16 Day 17

1 1

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




Repeated LSD prevents stress-induced anxiety in Open Field Test
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days of chronic stress
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Repeated LSD prevents stress-induced anxiety in the Novelty

Suppressed Feeding Test

48h food deprivation
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Chronic restraint stress as well as LSD (30 ug/kg, 1.p., 7
days) have no effects on depressive-like behavior

LSD did not affect the sucrose intake in the

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

time in the Forced Swim Test (FST) for
depression

Sucrose Intake (%)

Immobility Time (

De Gregorio et al., Neuropsychopharmacology, 2022



Mechanism of actions of SSRIs: 5-HT, , receptor desensitization

5-HT, ,

autoreceptohs

Autoreceptors
Desensitization

normal

—lip

acute treatment with a
SSRI

el G

long-term treatment with a
SSRI

el

Blier and De Montigny,
Neuropsychopharmacology,
1999




Repeated treatment with LOW doses of LSD ( 15-30 ug/kg for 7 days)

enhances 5-HT firing activity
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Repeated LSD treatment restores 5-HT firing activity after stress, by a

desensitization of the 5S-HT1A autoreceptors
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Repeated LSD treatment restores spines loss after stress

CTL/Veh CTL/LSD CS/Veh CS/LSD

De Gregorio et al., Neuropsychopharmacology, 2022



Conclusions: LSD in Social Behavior and Anxiety

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

2. Photo-1nhibiting of excitatory mPFC neurons impairs social behavior and
blocks LSD’s pro-social effects

3. mTOR1 complex 1n 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 1n stressed animals

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

5-HT1A autoreceptor desensitization. B McGill | e s



LSD in consciousness and vigilance state




Psychedelics and cortico-thalamo-cortical pathways and
reticular thalamus nuclei (TRN)

Cortex . . .
The Reticular thalamic nucleus or thalamic

reticular nucleus (TRN) 1s implicated in:

Thalamus * Vigilance
* Sleep (slow waves sleep)

Impairment of TRN in:

* Autism

* Schizophrenia

== GABA

== Glutamate Are thalamo-cortical connections alterated by
psychedelics and responsible of ego-dissolution?



Psychedelics and GABAergic neurons of reticular thalamus
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Translating preclinical data into clinical trials

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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Head Twitch Responses (HTR) =

hallucinogenic potential of the 5-HT2A receptor agonists
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