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Classical Hallucinogens

• Psychedelics
• Magic Mushrooms: Psilocybin and psilocin
• LSD
• Peyote: Mescaline
• Ayahuasca: DMT (and MAOIs)

• Act through 5-HT2A receptor 
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Serotonergic System

Karmakar and LaI. Theranostics. 2021



5-HT2A

• Serotonin (5-HT) receptor
• GPCR
• Wide distribution in CNS
• Esp. abundant on excitatory PFC pyramidal neurons (on apical dendrites)

• Pre- and post- synaptic populations
• Also expressed on interneurons
• Also expressed on glial cells

• Cortical layers II, III, V and VI
• Expressed in peripheral tissues

• Smooth and skeletal muscle, platelets, kidney, liver





Vollenweider and Kometer. Nat. Rev. Neurosci. 2010

“Distribution of the serotonin 2A (5-HT2A)
receptor in the human brain as measured
with PET, using the 5-HT 2Aspecific
radioligand [ 18 F]altanserin based on 17
healthy subjects”

Sauln et al. Amino Acids. 2012



5-HT2A Structure

Kim et al. Cell. 2020



Kim et al. Cell. 2020



Oliceridine. FDA ADVISORY COMMITTEE BRIEFING DOCUMENT. 2018 

Biased Signaling



Maroteaux et al. Biochimie . 2019



Fig 8 Correlation between reported clinical potencies and
in vitro human 5-HT2A receptor affinities of a variety of
psychedelics. 

Luethi & Liechti. Archives of Toxicology. 2020

• 5-HT2A binding affinities 
correlate with potency to 
induce psychedelic effects in 
humans





Polypharmacology: 5-HT1A and 5-HT2A
Interactions

• 5-MeO-DMT
• LSM-775
• Pindolol – increased 

psychological effects 
of DMT [Strassman. 
1995]

• Evidence for 5-HT2C
interactions in HTR 
too

Brandt et al. Drug Testing and Analysis.  2018
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5-HT2A pKi:  7.14 ± 0.02                                                     9.26 ± 0.15

Highest Affinity Compounds in Series: H Bond Acceptors 

NBOMe Addition Increases 5-HT2A Affinity 100X

25N-NB

-12 -11 -10 -9 -8 -7 -6 -5 -4

0

25

50

75

100 5-HT2A
5-HT2B

log [ligand M]

%
 5

-H
T

 N
E

T
 B

R
E

T

5-HT2C

2C-N

-12 -11 -10 -9 -8 -7 -6 -5 -4

0

25

50

75

100 5-HT2A
5-HT2B

log [ligand M]

%
 5

-H
T

 N
E

T
 B

R
E

T

5-HT2C

Reduce 5-HT2B agonist 
activity





5-HT2A
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5-HT
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Pearson r = -0.8867, P <0.0001
R2 = 0.7861
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Mouse Head Twitch Response

Halberstadt et al. Neuropharmacology. 2020 

Halberstadt and Geyer. Neuropharmacology. 2014

• 5-HT2A agonism leads to HTR and shows high predictive validity
for human hallucinogenic effects and potency.

• Compounds that do not cause psychedelic effects (lisuride, 
6-F-DET) lack HTR. 



ED50: 0.29 μmol/kg 
95% CI: 0.20-0.43

Dr. Adam Halberstadt
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Induced Fit Docking at 5-HT2A

A. 25CN-NBOH                                                                     B. 25N-NB-2-OH-3-Me (18)     

Dr. Randy Zauhar



A. B. 

Steric bulk in C5’ position

5-HT2A Ki = 235.8 ± 33.5      5-HT2A Ki = 0.55 ± 0.25

Electron deficient



Dr. Andrew Heim
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