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Drug Science was formed by a committee of scientists with a passionate belief that the pursuit of 
knowledge should remain free of all political and commercial interest.

Founded in 2010 by Professor David Nutt, following his removal from his post as Chair of the Advisory 
Council on the Misuse of Drugs, Drug Science is the only completely independent, science-led drugs 
charity, uniquely bringing together leading drugs experts from a wide range of specialisms to carry out 
ground-breaking research into drug harms and effects.

The Drug Science mission is to provide an evidence base free from political or commercial influence, 
creating the foundation for sensible and effective drug laws. Equipping the public, media and policy 
makers with the knowledge and resources to enact positive change.

Drug Science wants to see a world where drug control is rational and evidence-based; where drug use 
is better informed and drug users are understood; where drugs are used to heal not harm
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https://twitter.com/Drug_Science https://www.facebook.com/DrugScienceISCD/



https://smallpharma.com/https://twitter.com/SmallPharma

Led by an experienced team committed to making a difference for people suffering from mental 
health conditions, Small Pharma believes that together, as a community, we can help unlock cutting 
edge science and bring new therapies to treat mental health disorders.

Small Pharma is a virtual biopharmaceutical company on a mission to improve mental health by 
progressing psychedelic therapies to the clinic. At Small Pharma, they have identified the field of 
psychedelic medicine as an exciting and unexplored area of drug discovery, with the ability to 
completely transform our understanding and approach to mental health. As compounds neglected by 
risk averse traditional pharma, the Small Pharma team are passionate about becoming the R&D leaders 
of psychedelic drug discovery and development.

Small Pharma funds clinical trials of DMT and related psychedelic compounds as a tool to augment 
psychotherapy for the treatment of depression and other mental health conditions. Their current focus 
is to unlock the exciting potential of DMT therapy as a treatment for Major Depressive Disorder.
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What is LSD?
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Lysergic acid diethylamide (LSD) was first synthesised in 1938 by Albert Hoffman at the 
Sandoz AG Pharmaceutical Company in Basel, Switzerland

LSD was the 25th lysergic acid derivative developed by Hoffman during a discovery project for 
pharmacologically active derivatives of lysergic acid which would act as a circulatory and 
respiratory stimulant

LSD (C20H25N3O) is comprised of an indole system with a tetracyclic ring

There are 4 possible stereoisomers of LSD due to the asymmetric carbon 5 and 8

Only the (+)-LSD isomer is psychoactive and what is most commonly referred to as LSD, the 
remaining 3 isomers do not have psychoactive properties
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How is it formed?
LSD was first discovered semi 
synthetically from the ergoline derivative, 
lysergic acid

Lysergic acid was derived from the 
treatment of ergot alkaloids

Peptide linkage of lysergic acid and 
diethylamine produces LSD

Ergoline - a chemical structure comprised of four rings and found in many alkaloids including   
     the ergot alkaloids

Ergot alkaloids - group of pharmacologically active compounds produced by the ergot fungus  
         (claviceps) e.g. ergotamine, ergovaline

Ergot - a fungus found in nature that commonly grows on rye
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LSD pharmacology fact sheet 

LSD freebase Routes of administration 
LSD is most commonly administered via oral 
administration (per os, p.o.)

Less frequently, LSD is injected or via nasal insufflation

LSD is a colourless and odourless liquid.It is often 
dissolved in water or applied to paper, sugar cubes or 
other substances for ingestion

71% oral bioavailability - due to rapid and complete 
absorption into the GI tract

LSD has been shown to exert psychological effects at brain 
tissue concentrations 0.0005 µg/gBlotter tabs with LSD

Molar mass: 323.43 g/mol

Melting point: 83°C

Solubility: Water soluble
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Pharmacokinetics (PK)

Oral administration of LSD has been indicated to have 

dose-proportional PK and first order elimination, meaning 

that LSD is eliminated at a constant rate which increases 

with increasing dose

Pharmacokinetics 
(PK)

What the body does 
to the drug

PK following oral doses of 100 and 200 micrograms:

  ■  Tmax ~1.5 hours 

  ■  Cmax ~1.2 –4.0 ng/mL

  ■  Half-life 2.5 - 4 hours

  ■  Half-maximal effective concentration (EC50) 1ng/mL
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Pharmacodynamics (PD)

75 µg IV bolus & 100 µg oral doses of LSD produce comparable levels of subjective 
intensity over a different time course

Following oral dosing:
• Onset of effects within 30-45 minutes
• Peak effects between 180 - 240 minutes
• Duration of effects between 6 - 12 hours

Following IV dosing:
• Onset of effects within 2 - 10 minutes
• Peak effects between 60 - 120 minutes
• Duration of effects between 7 - 10 hours

Pharmacodynamics 
(PD)

What the drug does 
to the body

The onset of subjective effects begin around 20 - 50 mins 
following oral administration, with higher doses resulting in a 
quicker onset time

Subjective effects peak between 2.5 - 3 hours following 
ingestion and can last between 8 - 12 hours, depending on 
dose and individual physiology



PK-PD relationship 
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Subjective intensity, duration of action and 
Cmax are dose dependent 

Within subjects, plasma concentration of LSD 
correlates with subjective intensity and 
duration, although there is a time lag 
between LSD distribution and associated 
subjective  and autonomic effects

In contrast, across subjects there are weak 
correlations between plasma concentrations 
and subjective and cardiovascular effects 
during the peak experience

Peak subjective effects occur approximately 
30 - 60 minutes after Tmax
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Metabolism

LSD is extensively metabolised by the liver via N-dealkylation and/or oxidation into 

inactive metabolites

o 2-oxo-3-hydroxy-LSD (O-H-LSD)
o N,N-Diethyl-6-norlysergamide (nor-LSD)
o Lysergic acid ethylamide, 2‐oxo‐LSD
o Trioxylated LSD
o Lysergic acid ethyl-2-hydroxyethylamide
o 13 and 14-hydroxy-LSD & their glucuronide 
          conjugates

A variety of metabolites of LSD have identified including

Only 1% of dosed LSD is excreted unchanged 

in the urine

LSD and its metabolites can be detected in 

the urine for up to 4 days after oral ingestion

Drug
Science



Drug
SciencePage 11 of 25

nor-LSD is formed via 
CYP2D6, CYP2E1,
and CYP3A4 

O-H-LSD is formed via
CYP1A2, CYP2C9, 
CYP2E1, and 
CYP3A4

2-oxo-3-hydroxy LSD (O-H-LSD) is the major human metabolite of LSD, which can be detected 
in the urine and plasma

O-H-LSD is formed via an intermediate metabolite, 2-oxo-LSD, which undergoes subsequent 
hydroxylation
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Receptor a�nity

 o  5-HT2A (potent partial agonist)
 o  5-HT2C (potent agonist)
 o 5-HT1A (potent agonist)
 o  5-HT2B (partial agonist)
 o  5-HT6
 o 5-HT7

LSD has a�nity for most 5-HT receptors 

 o D2 (potent partial agonist)
 o D1 (agonist) - weaker affinty
 o D3 - weaker affinity
 o D4 (agonist)

LSD a�nity of dopamine receptors:

LSD a�nity of adrenergic receptors:

 o alpha2 (potent agonist)
 o alpha1 (agonist) - weaker affinity
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Mechanism of action I

LSD is part of a class of indolylalkylamines (IAA) a group of serotonin (5-HT) analogues which 
predominantly act on the 5-HT system

Like most hallucinogenic tryptamines, LSD’s primary mechanism of action is caused by its 
action at the 5-HT2A receptors 

Unlike other hallucinogenic tryptamines, LSD also 
exerts pharmacological action at dopaminergic 
and adrenergic receptors

Other Indolylalkylamines include the 
hallucinogenic tryptamines such as 

DMT, 5-MeO-DMT and psilocybin, 
and antimigraine drugs such as 

Sumatriptan, Eletriptan and 
Rizatriptan

LSD’s long residence time in the body is caused by its 
high binding affinity for 5-HT2B and 5-HT2A receptors 
caused by the receptors’ extracellular loop which 
encloses the ligand-binding site to reduce agonist 
dissociation



Mechanism of action II
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Cortical layer V Deep cortical layers (vi)

1. LSD activates post- 
synaptic 5-HT2A receptors in 
deep cortical layers 

2. Stimulating excitatory 
glutamate release in 
cortical, thalamic & limbic 
brain regions, giving rise to 
a wide-range of sensory, 
emotional and cognitive 
effects

3. Activation of AMPA & 
NMDA receptors in deep 
cortical layers, which may 
contribute to 
neuroplasticity

NMDAR

AMPAR

5-HT2A

5-HT2A

LSD

LSD
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LSD signalling

Low doses of LSD (<30 mg/kg)
 • Reduced  5-HT neurone firing rate
 • No change to dopaminergic 
   activity in the VTA

5-HT2A receptor stimulation in the frontal cortex modifies excitatory glutamate 
transmission, leading to a cascade of downstream processes which modulate subcortical 
activity associated with sensory and cognitive processing

1.  5-HT2A & 5-HT1A receptor activation in the 
    medial prefrontal cortex (mPFC)

2. Dopaminergic activity in the ventral tegmental 
    area (VTA) (group of neurones in the midbrain)

3.  5-HT activity in the dorsal raphe nucleus
     (brainstem nucleus in the midbrain and pons)

High doses of LSD (>40 mg/kg)
 • Increased dopaminergic 
    activity in VTA
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Connectivity

Alterations to cortico-striato-thalamo-cortical connectivity 

cause a disintegration of sensory and sensorimotor infor-

mation to the cortex. These causal interactions underly the 

psychedelic state induced by LSD

  ■  5-HT2A stimulation causes increased connectivity 

between the thalamus and posterior cingulate cortex 

  ■  The dopaminergic system has been implicated to 

reduce effective connectivity between the thalamus 

and ventral striatum

Cortical areas

Thalamus

Putamen

GPe

GPi

GPe External globus pallidus
GPi Internal globus pallidus

Subthalamic 
nucleus



Repeated administration of LSD leads to a reversible decrease in the acute drug response in 
psychedelic effects caused by downstream effects of 5-HT2A-glutamate pathways

Such tolerance can be diminished following approximately 5 days of drug wash-out

5-HT1A autoreceptor activation 
causes inhibition of the
dorsal raphe nucleus, 
contributing to an inhibited 
serotoninergic release

5-HT2A-glutamatergic transmission,   
may contribute to feedback which 
downregulates 5-HT2A receptor density
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Tolerance

Pyramidal neurone

Post-synaptic neurone

5-HT2A
mGlu2

mGlu2/3

iGlu

5-HT1A

LSD

            Glutamate
iGlu     ionotropic glutamate receptor
  
mGlu   metabotropic glutamate receptor

iGlu
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Physiological e�ects
LSD stimulates the sympathetic and parasympathetic divisions of the autonomic 
nervous system causing a wide range of physical effects which are dependent upon dose 

 Sympathetic nervous system activity

  ■  Sympathicotonia e.g. goose bumps, vascular spasm,
      raised blood pressure

  ■  Pupillary dilation

  ■  Higher heart rate (mild-moderate)

  ■  Hypertension (mild-moderate) 

Parasympathetic nervous system activity

  ■  Raised body temperature

  ■  Diaphoresis (sweating)

  ■  Flushing of the face

  ■  Salivation
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Sensory and perceptual e�ects
LSD has the ability to cause profound alterations to human consciousness, changing the 
way someone thinks and feels

Sensory alterations

  ■  Visual

  ■  Auditory

  ■  Taste

  ■  Olfactory

  ■  Kinaesthetic illusions

Thinking and memory

  ■  Increased imagination

  ■  Flashbacks

  ■  Mystical-type experiences

  ■  Shortened attention span

Body perceptions

  ■  Change in body image

  ■  Altered inner bodily process perceptions
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LSD has a good safety profile when administered in a safe environment and any associated 
risks are considered

Risks 
“Bad trips” - negative psychological reactions or anxiety

Sensory disturbances can cause hallucinations or flashbacks - 
these could induce irrational behaviours which may pose a 
physical risk

A history of psychotic disorder could cause exacerbation of 
symptoms or relapse. However, little research has been con-
ducted to understand their relationship and 
associated risk

  ■  No physical dependency

  ■  Low physiological toxicity

  ■  No teratogenic or 
       mutagenic effects

  ■  No documented deaths   
       due to overdose

These risks are greatly dependent upon the set and setting in which the drug is taken

SET: the patient’s emotional/cognitive/behavioural mindset and expectations 

SETTING: the physical environment in which the exposure occurs

Safety profile and risks
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�erapeutic e�cacy

When taken with suitable psychological support, LSD has 

been found to reduce pain, anxiety, and depression in 

patients with advanced cancer

The use of a moderate-high dose of LSD with psychedelic 

therapy is considered most appropriate to achieve 

therapeutic efficacy  

Individual responses to LSD are highly variable and dependent upon a series of 

complex interactions associated with the individual’s disposition and the context in 

which they are taking the drug and experiencing its effects

An emphasis is put onto set and setting, through planned pre- and post-integration 

sessions  
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