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4-PO-DMT   4-dihydroxyphosphate-N,N-Dimethyltryptamine, psilocybin 
4-OH-DET   4-Hydroxy Diethyltryptamine (no salt) 
4-OH-DiPT   4-Hydroxy-N,N-Diisopropyltryptamine (HCl) 
4-OH-DMT   4-Hydroxy-N,N-Dimethyltryptamine, psilocin (no salt) 
4-OH-MET   4-Hydroxy-N-methyl-N-Ethyltryptamine; metocin (no salt) 
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MDMA   3,4-ethylenedioxy-Methamphetamine 
 
e) Recommended section assignment: Neuropharmacology   

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 20, 2023 as DOI: 10.1124/jpet.122.001454

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 
 

4 
 

Abstract 

Novel psychoactive substances, including synthetic substituted tryptamines, represent a 

potential public health threat. Additionally, some substituted tryptamines are being 

studied, under medical guidance, as potential treatments of psychiatric disorders.  

Characterizing the basic pharmacology of substituted tryptamines will aid in 

understanding differences in potential for harm or therapeutic use. Using HEK cells 

stably expressing 5-HT1A, 5-HT2A, and 5-HT2C receptors (5-HT1AR, 5-HT2AR, 5HT2CR 

respectively) or the serotonin transporter (SERT), we measured affinities, potencies and 

efficacies of 21 substituted tryptamines. With the exception of two 4-acetoxy 

compounds, substituted tryptamines exhibited affinities and potencies less than one 

micromolar at the 5-HT2AR, the primary target for psychedelic effects.  In comparison, 

half or more exhibited low affinities/potencies at 5-HT2CR, 5-HT1AR, and SERT.  Sorting 

by the ratio of 5-HT2A to 5-HT2C, 5-HT1A, or SERT affinity revealed chemical 

determinants of selectivity.  We found that while 4-substituted compounds exhibited 

affinities that ranged across a factor of 100, they largely exhibited high selectivity for 5-

HT2ARs versus 5-HT1ARs and 5-HT2CRs.  5-substituted compounds exhibited high 

affinities for 5-HT1ARs, low affinities for 5-HT2CRs, and a range of affinities for 5-HT2ARs, 

resulting in selectivity for 5-HT2ARs versus 5-HT2CRs but not versus 5-HT1ARs. 

Additionally, a number of psychedelics bound to SERT, with non-ring substituted 

tryptamines most consistently exhibiting binding.  Interestingly, substituted tryptamines 

and known psychedelic standards exhibited a broad range of efficacies, which were 

lower as a class at 5-HT2ARs compared to 5-HT2CRs and 5-HT1ARs. Conversely, 
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coupling efficiency/amplification ratio was highest at 5-HT2ARs in comparison to 5-

HT2CRs and 5-HT1ARs.  

 

Significance Statement: 

Synthetic substituted tryptamines represent both potential public health threats and 

potential treatments of psychiatric disorders. The substituted tryptamines tested differed 

in affinities, potencies and efficacies at 5-HT2A, 5-HT2C and 5HT1A receptors and the 

serotonin transporter (SERT). Several compounds were highly selective for and coupled 

very efficiently downstream of 5-HT2A versus 5-HT1A and 5-HT2C receptors, and some 

bound SERT.  This basic pharmacology of substituted tryptamines aids our 

understanding of the pharmacologic basis for their potential for harm and as therapeutic 

agents.    
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Introduction 
 

Novel psychoactive substances represent a major public health threat, and their 

number is rapidly increasing with hundreds detected since 2005 (Liechti, 2015).  Among 

novel psychoactive substances, synthetic substituted tryptamines are of interest to the 

Drug Enforcement Administration (DEA). The current panel of 21 structurally-related 

designer substituted tryptamines was selected by DEA for pharmacologic evaluation. 

Designer substituted tryptamines are part of a large group of indole-containing 

compounds; naturally occurring indoles are found in bacteria, fungi, plants, and animals 

and/or are used as drugs in clinical practice (Kaushik et al., 2013).  N,N-dimethyl-

tryptamine (DMT) is derived from leaves of the Psychotria viridis bush (Grob et al., 

1996; Callaway et al., 2005) and psilocybin and psilocin (4-PO-DMT and 4-OH-DMT, 

respectively) from mushrooms of the genus Psilocybe (Van Court et al., 2022). Many 

substituted tryptamines are psychoactive, and some exhibit psychedelic properties.   

These known psychedelic substituted tryptamines exert their effects via 

activation of Gq-coupled 5-HT2A receptors (5-HT2AR) (Roth et al., 1984; Roth et al., 

1986; Kim et al., 2020) and possibly Gi-coupled 5-HT1A receptors (5-HT1AR) (Krebs-

Thomson et al., 2006; Pokorny et al., 2016).  5-HT2AR are localized predominantly in 

cortex, claustrum, and ventral striatum (Pompeiano et al., 1994), whereas 5-HT1AR are 

expressed on 5-HT-releasing neurons in the dorsal raphe nucleus playing a role in 

feedback control of 5-HT release (Pompeiano et al., 1992).  Many known substituted 

tryptamines are also 5-HT2C receptor (5-HT2CR) agonists and either 5-HT transporter 

(SERT) substrates or inhibitors – additional features that likely influence their 

psychoactive properties and potential toxicities (Blough et al., 2014).  
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Other designer tryptamines, with substitutions at either the 4 or 5 position or at 

the methylated positions of DMT (see Figure 1), are novel psychoactive substances 

which are mostly poorly characterized and little studied (Gatch et al., 2011; Blough et 

al., 2014; Gatch et al., 2021).  We previously characterized N,N-diisopropyltryptamine 

(DiPT), 5-N,N-diethyl-5-methoxytryptamine (5-MeO-DET), and 5-methoxy-α-

methyltryptamine (5-MeO-AMT) for affinity (Ki) and/or potency (EC50) at 5-HT1AR and 5-

HT2AR and in monoamine transporter binding assays, as well as for their ability to 

substitute for the discriminative stimulus properties of DMT, LSD, DOM, MDMA, and 

cocaine (Gatch et al., 2011).  We found that properties of these drugs were consistent 

with those of other classic psychedelics such as DMT.  A larger group of substituted 

tryptamines remain understudied.  N,N-diethyltryptamine (DET), N,N-dipropyltryptamine 

(DPT), 4-OH-N,N-diethyltryptamine (4-OH-DET), 4-OH-N,N-diisopropyltryptamine (4-

OH-DiPT), 4-OH-N-methyltryptamine (4-OH-MET), 4-OH-N-methy-N-

isopropyltryptamine (4-OH-MiPT), 4-OH-N-methyl-N-propyltryptamine (4-OH-MPT), 4-

methoxy-N-methyl-N-isopropyltryptamine (4-MeO-MiPT), 5-methoxy-N,N-

diisopropyltryptamine (5-MeO-DiPT), and 5-methoxy-N-methyl-N-isopropyltryptamine 

(5-MeO-MiPT) were first described by Alexander Shulgin (Shulgin and Shulgin, 1997).  

4-acetoxy-N,N-dimethyltryptamine (4-AcO-DMT) was reported as an easier-to-

synthesize alternative to psilocybin and psilocin that, as a prodrug, is deacetylated to 

psilocin (Nichols and Frescas, 1999).  4-acetoxy-N,N-diethyltryptamine (4-AcO-DET) 

was first synthesized by Albert Hoffman in 1958 (Klein et al., 2021).  The synthesis 

and/or use of others including 4-acetoxy-N,N-diisopropyltryptamine (4-AcO-DiPT), 4-

acetoxy-N-methyltryptamine (4-AcO-MET), 4-acetoxy-N-methyl-N-isopropyltryptamine 
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(4-AcO-MiPT), 4-methoxy-N,N-diisopropyltryptamine (4-MeO-DiPT), N,N-diallyl-5-

methoxytryptamine (5-MeO-DALT), and 5-Methoxy-N,N-dipropyltryptamine (5-MeO-

DPT) have been described in psychedelic forums.   

Despite their importance with respect to illicit use and potential toxicity, affinities 

for these substituted tryptamines at key 5-HT receptors and SERT are largely unknown.  

Analysis of 436 samples submitted by recreational users and purported to be 

tryptamines included many of the poorly characterized substituted tryptamines 

described above (Palma-Conesa et al., 2017).  For a large subset, EC50 values at some 

5-HT receptors, including 5-HT2AR, and at monoamine transporters, have been reported 

using calcium mobilization assays as receptor activation readout (Blough et al., 2014; 

Klein et al., 2018; Klein et al., 2021).  4-OH-DMT, 4-AcO-DMT, 4-OH-MET, 4-OH-DET, 

4-AcO-DET, 5-MeO-MIPT, 4-AcO-MIPT, 4-OH-DIPT, and 4-AcO-DIPT substituted for 

the discriminative stimulus effects of DOM, with ED50 values ranging across an order of 

magnitude (Gatch et al., 2021).  Some substituted tryptamines have been associated 

with fatalities (Tanaka et al., 2006; Malaca et al., 2020). The toxic potential is increased 

with co-administration of monoamine oxidase inhibitors(Malcolm and Thomas, 2022). 

Finally, interest in therapeutic potential of psychedelics has intensified in recent 

years.  Evidence suggests that psilocybin (prodrug for psilocin, 4-OH-DMT) exhibits 

rapid and sustained antidepressant effects (Carhart-Harris et al., 2016; Griffiths et al., 

2016; Nutt et al., 2020; Carhart-Harris et al., 2021), and is being studied with respect to 

efficacy in treating psychiatric disorders such as PTSD and substance use disorders 

(Abbas et al., 2021).  A fuller characterization of substituted tryptamines may help to 

identify chemical determinants of pharmacologic selectivity.  To achieve these goals, we 
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characterized the affinities, potencies and efficacies of a large panel of substituted 

tryptamines at 5-HT1AR, 5-HT2AR, 5-HT2CR, and SERT. 
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Materials and Methods 
 
Drugs and Chemicals 

DMT, DET, DPT, 4-OH-DET, 4-OH-DiPT, 4-OH-DMT, 4-OH-MET, 4-OH-MiPT, 4-OH-

MPT, 4-AcO-DET, 4-AcO-DiPT, 4-AcO-DMT, 4-AcO-MET, 4-AcO-MiPT, 4-MeO-DiPT, 

4-MeO-MiPT, 5-MeO-DALT, 5-MeO-DBT, 5-MeO-DiPT, 5-MeO-DPT, 5-MeO-MiPT, 5-

Cl-DMT and 5-HT were purchased from Cayman Chemicals (Ann Arbor, MI).  

 

(−)DOM, (−)cocaine, and S(+)METH and LSD were provided by the National Institute on 

Drug Abuse Drug Supply Program (Rockville, MD). [3H]8-OH-DPAT, [125I]RTI-55, [3H]5-

HT and [35S]GTPγS were purchased from Perkin Elmer Life and Analytical Sciences 

(Boston, MA). The IP-1 Elisa kit was purchased from Cisbio (Bedford, MA). Other 

reagents were purchased from Sigma (St. Louis, MO).  

 

Radioligand Binding Assays 

The radioligands for each receptor assay were chosen on the basis of exhibiting high 

affinity for the receptor and being commercially available.  Individual receptor assays 

were optimized by assessing the best incubation time, temperature, and protein amount 

for each assay.   

 

5-HT1AR: [3H]8-OH-DPAT radioligand binding 

Human embryonic kidney cells expressing the human 5-HT1AR (HEK-5-HT1A, passage 

numbers 14-16, 18-19, 21-22) were used. The methods for transfection of HEK cells, 

cell membrane preparation, and [3H]8-OH-DPAT agonist binding have been described 
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previously (Eshleman et al., 1999). The density and affinity of [3H]8-OH-DPAT binding 

sites were 1670 fmol/mg protein and 5.0 nM, respectively. Briefly, the binding reaction 

mixture contained test compound, cell homogenate (0.05 mg of protein) and [3H]8-OH-

DPAT (0.4-0.6 nM final concentration) in a final volume of 1 ml (assay buffer: 25 mM 

Tris-HCl, pH 7.4, containing 1mM ascorbic acid and 10 μM pargyline) and was 

incubated at 25oC for 1 h. Nonspecific binding was determined with 1 μM 

dihydroergotamine. The reaction was terminated by filtration through polyethylenimine-

soaked “A” filtermats on a Tomtec 96-well cell harvester (Tomtec, Hamden, CT), and 

radioactivity was counted on a Perkin Elmer (Boston, MA) microbeta scintillation 

counter. 

 

5-HT1AR: [35S]GTPγS binding 

The method for [35S]GTPγS binding has been described (Gatch et al., 2011). In brief, 

cell membranes (0.040–0.075 mg protein) were preincubated (10 min, room 

temperature) with test compound in duplicate in assay buffer (20 mM HEPES, pH 7.4, 

10 mM MgCl2, 100 mM NaCl, and 0.2 mM dithiothreitol). The reaction was initiated by 

addition of GDP (3 μM) and [35S]GTPγS (∼150,000 cpm, 1350 Ci/mmol) in a final 

volume of 1 ml. The reaction was incubated for 1 h at 25°C and terminated as described 

above. Agonist efficacy is expressed relative to that of 100 nM 5-HT, which was 

determined for each experiment. 

 

5-HT2AR and 5-HT2CR: [3H]5-HT binding  
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[3H]5-HT binding to 5-HT2AR and 5-HT2CR was tested in HEK-293 cells expressing 

either the human 5-HT2AR (hHEK-5-HT2A cells, passage numbers 9, 11-12, 18-19), or 

the human 5-HT2CR (HEK-5-HT2C cells, passage numbers 8, 11-12, 15-16) as 

previously described (Eshleman et al., 2020). 

 

For h5-HT2AR and h5-HT2CR, the density and affinity of [3H]5HT binding sites were 612 

and 900 fmol/mg protein and 27 and 10 nM, respectively. Briefly, the binding reaction 

mixture contained test compound, cell homogenate and [3H]5-HT (1.5–7 nM final 

concentration) in a final volume of 250 μl (assay buffer: 50 mM Tris-HCl, pH 7.4, 

containing 5 mM ascorbic acid, 5mM CaCl2, 10 μM pargyline). The assay was incubated 

for 45 min at 37°C and terminated as described above. Nonspecific binding was 

determined with 10 μM 5-HT. 

 

5-HT2AR and 5-HT2CR: inositol monophosphate (IP-1) formation 

Activation of 5-HT2AR (passage numbers 9,11, 13-19) and 5-HT2CR (passage numbers 

6-8, 10-12, 14-16, 18) was tested by measuring the accumulation of inositol 

monophosphate using the Cisbio IP-1 Elisa kit as described previously (Gatch et al., 

2011; Eshleman et al., 2014). Briefly, cells were plated at a density of 400,000 cells per 

well in 24 well plates. The next day, cells were starved with DMEM for 1 h, medium was 

removed, and stimulation buffer was added. After 10 min incubation, agonists were 

added and plates were incubated for 60 min at 37oC in a humidified 5% CO2 incubator. 

Cells were lysed, and 50 μl aliquots of the lysates were added to the IP-1 plate. The 
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assay was conducted according to kit instructions. Stimulated IP-1 formation was 

normalized to the maximal effect of 5-HT, which was determined in each assay. 

 

SERT: inhibition of [125I]RTI-55 binding to, and [3H]5-HT uptake by hSERT in clonal 

cells 

The methods for characterizing radioligand binding and functional uptake assays have 

been described previously (Eshleman et al., 2018) using human embryonic kidney 

(HEK-293) cells expressing the human SERT (HEK-hSERT, passage numbers  6-12, 

14, 16, 20-21, 25-27). The density and affinity of [125I]RTI-55 binding sites was 0.85 

pmol/mg protein and 0.98 nM for SERT. Binding assays were conducted with a total 

particulate membrane preparation and incubated at room temperature for 90 min. The 

uptake assay was conducted in duplicate and initiated by the addition [3H]5-HT, (8-12 

nM final concentration) to intact detached cells and incubated at 25oC for 10 min. 

 

Data analysis 

For competition binding assay results, data were normalized to the specific binding in 

the absence of drug. Three or more independent competition experiments were 

conducted with duplicate determinations.  The number of independent experiments 

were determined using an acceptable error set at < 35% of the mean. GraphPad Prism 

(La Jolla, CA) was used to analyze the ensuing data, with IC50 values converted to Ki 

values using the Cheng-Prusoff equation (Cheng and Prusoff, 1973). For signal 

transduction assays, GraphPad Prism was used to calculate EC50 values using data 

expressed as % 5-HT-stimulation for 5-HT1AR-stimulated [35S]GTPγS binding and 5-
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HT2AR and 5-HT2CR-mediated IP-1 formation and for % total specific [3H]5HT uptake for 

transporters.  Differences in affinities, potencies or efficacies were assessed by one-

way ANOVA using the logarithms of the Ki or EC50 values for test compounds and 

standards followed by Dunnett’s multiple comparison test with statistical significance set 

at p < 0.05. A Grubbs test was used to determine whether data should be excluded (p < 

0.05, 2 sided).  Paired comparisons of group coupling efficiencies (amplification ratio) at 

5-HT2ARs versus 5-HT2CRs and 5-HT1ARs were made using a paired t-test.  GraphPad 

Prism was used to calculate the Spearman correlation coefficient for the affinities and 

potencies at each 5-HT receptor using the logarithms of the Ki and EC50 values. Matlab 

(Mathworks, Natick, MA) was used to generate heat maps and scatter plots.  To 

determine the amplification ratio for each tryptamine and reference compound, the ratio 

of the binding affinity (Ki) to the functional potency (EC50) for each tryptamine relative to 

that ratio for 5-HT was calculated (Strange, 2008). 

 

RESULTS 

5-HT2A receptor  

The 5-HT2AR is the primary target for most hallucinogens (Nichols, 2018).  The 

affinity of the indolealkylamine hallucinogen DMT for the [3H]5-HT binding site on 5-

HT2AR was 347 nM, significantly lower than the affinities of the standard compounds 5-

HT (19.5 nM), the ergoline hallucinogen LSD (1.26 nM) and the phenethylamine 

hallucinogen DOM (27.3 nM; Table 1, Figures 2A,4A).  To begin to characterize the 

effect of chemical substitution of tryptamines, we compared the substituted tryptamines 

we screened to the simplest psychedelic tryptamine, DMT.  DET (530 nM) and DPT 
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(374 nM), with diethyl or dipropyl N-substitutions, had similar affinities as DMT.  Many 

substituted tryptamines had significantly higher affinities than DMT, including 4-OH-

DMT, 4-OH-MET, 4-OH-MPT, 4-AcO-DMT, 4-AcO-MET, 5-MeO-DALT, 5-MeO-DPT 

and 5-MeO-MiPT.  All of the 4-OH and 5-MeO substituted compounds had similar or 

higher affinity than DMT. In comparison, only two compounds had considerably lower 

affinity: 4-AcO-DiPT and 4-AcO-MiPT – both are likely prodrugs, with 4-AcO converted 

to 4-OH in the body (Nichols and Frescas, 1999).  The rank order of affinity for DMT 

analogs was 4-OH-DMT (79 nM), 4-AcO-DMT (93 nM), 5-Cl-DMT (134 nM), and DMT 

(347 nM). 

In the 5-HT2AR IP1 functional assay, DMT had significantly lower potency (527 

nM) than 5-HT, LSD and DOM (Table 1, Figures 3A, 4A).   In addition, DMT was a 

partial agonist in this assay with only 38% stimulation compared to 5-HT.  DET and DPT 

had similar potencies as DMT, and DPT had higher efficacy.  Most substituted 

tryptamines had higher potencies (lower EC50 values) than DMT, including 4-OH-DMT, 

4-OH-MET, 4-OH-MPT, 4-AcO-DMT, 4-AcO-MET, 5-MeO-DALT, 5-MeO-DiPT, and 5-

MeO-DPT while no compounds had significantly lower potency.   Most substituted 

tryptamines had higher efficacies at the 5-HT2AR than DMT, including DPT, 4-OH-DET, 

4-OH-DiPT, 4-OH-MET, 4-OH-MIPT, 4-OH-MPT, 4-AcO-DET, 4-AcO-DiPT, 4-AcO-

MiPT, 4-MeO-DiPT, 4-MeO-MiPT, 5-MeO-DPT and 5-MeO-MiPT. Several compounds 

were full or nearly full agonists at 5-HT2AR, including DPT, 4-OH-DET, 4-OH-DiPT, 4-

AcO-DiPT, 4-MeO-DiPT, 5-MeO-DALT, 5-MeO-DiPT, 5-MeO-DPT, and 5-MeO-MiPT. 

The rank order of potency for DMT analogs was 4-OH-DMT (69 nM), 4-AcO-DMT (109 

nM), 5-Cl-DMT (310 nM), and DMT (540 nM).  A handful of compounds exhibited 
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efficacies comparable to DMT, including DET, 4-OH-DMT, 4-AcO-DMT, 4-AcO-MET, 

and 5-Cl-DMT.  5-MeO-DBT was the only compound that had lower efficacy than DMT 

and exhibited the lowest efficacy at 5-HT2AR – 17.5%.   

5-HT2C receptor  

The 5-HT2CR, a modulator of dopamine neuronal function and a therapeutic 

target of obesity treatments, (Wold et al., 2019) is an additional target for many 

psychedelics.  The affinity of DMT, the least-substituted psychedelic tryptamine, for the 

[3H]5-HT binding site on 5-HT2CR was 234 nM, significantly lower than the affinities of 

the standard compounds 5-HT, LSD and DOM (Table 1, Figures 2B, 4B).  DET and 

DPT had lower affinities than DMT.  Two compounds had significantly higher affinities 

than DMT: 4-OH-DMT and 5-Cl-DMT.  Among the 4-OH and4-AcO substituted analogs, 

4-OH-DiPT, 4-OH-MiPT, 4-AcO-DET, 4-AcO-DiPT, and 4-AcO-MiPT had lower 

affinities. All of the 4-MeO and 5-MeO substituted compounds had lower affinities than 

DMT. The rank order of affinity for DMT analogs was 5-Cl-DMT (55.4 nM), 4-OH-DMT 

(84 nM), 4-AcO-DMT (224 nM), and DMT (234 nM). 

In the 5-HT2CR IP1 functional assay, DMT was a full agonist with potency (104 

nM) that was significantly lower than the potencies of 5-HT, LSD and DOM (Table 1, 

Figures 3B, 4B).   Similar to their binding affinities, DET and DPT had lower potencies 

than DMT, but were full agonists.  Only two compounds had significantly higher potency 

than DMT, 4-OH-DMT and 5-Cl-DMT.   Several compounds had lower potencies (higher 

EC50 values) than DMT, including 4-OH-DiPT, 4-AcO-DET, 4-AcO-DiPT, 4-AcO-MiPT, 

5-MeO-DBT, 5-MeO-DiPT, and 5-MeO-DPT.   All of the substituted tryptamines were 

full or nearly full 5-HT2CR agonists, with 5-MeO-DBT exhibiting the lowest efficacy, at 
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75.6%. The rank order of potency for DMT analogs was 4-OH-DMT (9.1 nM), 5-Cl-DMT 

(21.8 nM), DMT (104 nM), and 4-AcO-DMT (144.7 nM).   

5-HT1A receptor  

The 5HT1AR is an additional target for many classic psychedelic drugs, and 5-

HT1AR agonists decrease or increase 5-HT2AR-mediated function (Darmani et al., 1990; 

Reissig et al., 2005).  The affinity of the least-substituted psychedelic tryptamine DMT 

for the [3H]8-OH-DPAT binding site on 5-HT1AR was 356 nM, significantly lower than the 

affinities of 5-HT and LSD and significantly higher than the affinity of DOM (Table 1, 

Figures 2C, 4C).  DET and DPT had similar affinities as DMT.  Five of the six 4-OH 

substituted compounds had lower affinities than DMT, with only 4-OH-DMT having 

similar potency.  Likewise, four of five 4-AcO substituted compounds had lower affinities 

than DMT; only 4-AcO-DMT had similar affinity.  Four compounds had higher affinities 

than DMT: 5-MeO-DALT (8.0 nM), 5-MeO-DPT (14.5 nM), 5-MeO-MiPT (143 nM) and 

5-Cl-DMT (33.4 nM).  The rank order of affinity for DMT analogs was 5-Cl-DMT (33.4 

nM), 4-AcO-DMT (202 nM), DMT (356 nM), and 4-OH-DMT (374 nM). 

In the 5-HT1AR [35S]GTPγS functional binding assay, DMT was a full agonist with 

a 210 nM potency that was significantly lower than the potencies of 5-HT and LSD and 

significantly higher than the potency of DOM (Figures 3C, 4C). Consistent with their 

binding affinities, DET and DPT had similar potencies as DMT and were full agonists.  

Among the 4-OH substituted compounds, all had lower potencies than DMT, except for 

4-OH-DMT and 4-OH-MPT which had similar potencies.  Among the 4-AcO and 4-MeO 

substituted compounds, all but one had lower potency than DMT.  4-AcO-DMT had 

similar potency to DMT.  All 4-OH substituted compounds were full agonists except 4-
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OH-DiPT, which was a partial agonist at the 5-HT1AR.  Among the 5-MeO substituted 

compounds, all had higher potency than DMT except 5-MeO-DBT and 5-MeO-MiPT, 

which had similar potency.  5-MeO-DALT and 5-MeO-DPT had very high potencies (3.4 

nM and 5.41 nM, respectively), and 5-Cl-DMT and 5-MeO-DiPT also had high potencies 

(41.7 nM and 56 nM, respectively).  All 5-MeO substituted compounds were full 5-HT1AR 

agonists. The rank order of potency for DMT analogs was 5-Cl-DMT (41.7 nM), 4-OH-

DMT (130 nM), DMT (210 nM), and 4-AcO-DMT (673 nM). 

 To better visualize patterns of affinity and potency, we sorted compounds by 5-

HT receptor affinities and function (Fig. 4).  We found that 5-MeO substituted 

tryptamines exhibited higher affinity and potency for 5-HT1AR and lower affinity and 

potency for 5-HT2CR.  5-MeO-DALT and 5-MeO-DPT stood out due to their particularly 

high affinity and potency for 5-HT1AR.  Both 4- and 5-substituted tryptamines exhibit a 

broad range of affinity and potency for 5-HT2AR; although of the compounds tested only 

4-OH-MET, 4-OH-MPT and 5-MeO-DALT exhibited similar 5-HT2A affinity and potency 

as 4-OH-DMT (psilocin). 

Serotonin transporter (SERT) 

The SERT regulates the free 5-HT in the synaptic space and is an additional 

target for some hallucinogens.  Chemicals that bind to SERT can block reuptake and/or 

act as substrates at SERT.  We have shown previously that the ratio of the Ki versus 

[125I]RTI-55 to the IC50 versus [3H]5-HT at SERT indicates whether a compound acts as 

a substrate or a reuptake inhibitor, with high ratios indicating that a chemical acts as a 

substrate(Eshleman et al., 2017).  As a result, we characterized the substituted 

tryptamines in this study with respect to the Ki versus [125I]RTI-55 and IC50 versus [3H]5-
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HT at SERT and calculated the ratio.  DMT had very low affinity for the [125I]RTI-55 

binding site on SERT (4560 nM), lower than the affinity of the standard compound 

cocaine, but higher affinity than METH, LSD,  DOM and MDMA (Table 2, Figures 2D, 

5A).  LSD had no measurable affinity for SERT.  A few compounds exhibited moderate 

or high affinity for the [125I]RTI-55 binding site on SERT.  The di-ethyl and di-propyl 

substitutions exhibited significantly higher affinity for SERT.  Among the 4-OH 

substituted compounds, all had higher affinities than DMT except 4-OH-DMT and 4-OH-

MET, which had similar affinities.  4-AcO-DiPT had higher affinity, while the other 4-AcO 

substituted compounds had similar or lower affinities than DMT.  Of note, the 4-MeO 

substituted compounds, 4-MeO-DiPT and 4-MeO-MiPT, had high affinities for SERT, 

the highest of all compounds tested, including the standards.  The rank order of affinity 

for DMT analogs was 5-Cl-DMT (830 nM), 4-OH-DMT (3650 nM), DMT (4560 nM), 4-

AcO-DMT (8000 nM). 

In the [3H]5-HT functional assay, DMT had 6-fold higher potency for inhibiting 5-

HT uptake (712 nM) than its affinity in the binding assay, which suggests that it may be 

a substrate for SERT as opposed to a reuptake inhibitor (Eshleman et al., 2017). This 

potency was lower than that of cocaine and MDMA, but significantly higher than the 

potencies of METH, LSD and DOM (Figures 3D, 5A). Consistent with the binding 

results, 4-MeO-DiPT and 4-MeO-MiPT had the highest potencies of all compounds 

tested.  A larger number of compounds inhibited SERT [3H]5-HT uptake as compared to 

the blockade of the [125I]RTI-55 binding site.  Sorted pKi and pIC50 heat maps (Figure 

5A,5B) revealed that the di-isopropyl substitution was associated with the highest SERT 

affinity and potency (Figures 5A, 5B).  Sorting substituted tryptamines by the ratio of 
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[125I]RTI-55 Ki to [3H]5-HT IC50 at SERT showed that DMT, which has previously been 

shown to cause 5-HT release (Rickli et al., 2016), had the highest ratio, indicating it was 

the most likely to act as a substrate (Figure 5C).  A handful of other compounds 

exhibited ratios of approximately 5 or greater.  Interestingly, 4-MeO-MiPT and 4-MeO-

DiPT exhibited ratios close to 1 despite very strong affinity values at SERT, suggesting 

that they may be SERT reuptake inhibitors.  None of the tryptamines tested exhibited 

the very high ratios that are characteristic of stronger 5-HT releasers like MDMA 

(Eshleman et al., 2017). 

Receptor Selectivity, Efficacy, and Efficiency 

The selectivity of substituted tryptamines at key 5-HT receptors and SERT is a 

critical determinant of the effects and toxicities associated with these drugs.  To better 

characterize the chemical determinants of selectivity, we generated sorted heat maps 

corresponding to the ratio of the affinities for two 5-HT receptors (Figure 6A-C) or 

between 5-HT2AR and SERT (Figures 6D, 6E).  5-MeO compounds exhibit high 

selectivity for 5-HT2AR versus 5-HT2CR but not versus 5-HT1AR.  A number of 

substituted tryptamines also exhibit poor selectivity for 5-HT2AR versus SERT, including 

most prominently non-N,N-substituted compounds and N,N-DiPT compounds.  Two 

compounds, 4-MeO-MiPT and 4-MeO-DiPT stood out due to their 10-100 fold selectivity 

for SERT over 5-HT2AR.  A scatter map of 5-HT2AR selectivity ratios that includes a heat 

map representation of SERT selectivity ratio as well (Figure 7) shows that a number of 

compounds which are highly selective for 5-HT2AR versus 5-HT1AR and 5-HT2CR are not 

as selective versus SERT (e.g., 4-OH-DiPT), while others are also selective versus 

SERT (e.g., 4-OH-MiPT and 4-OH-MET).   
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Another critical factor in mediating the psychedelic potential of the tryptamines 

tested is their efficacy at 5-HT2AR, which we compared to 5-HT1AR and 5-HT2CR (Figure 

8 and Table 1).  Interestingly, while the tryptamines tested were largely full or near full 

agonists at 5-HT1AR and 5-HT2CR, they exhibited a broad and more evenly distributed 

range of efficacies at 5-HT2AR.  This includes well known psychedelics such as DMT, 

which is a weak partial agonist at 5-HT2AR (40%) and a full agonist at 5-HT1AR and 5-

HT2CR, and LSD, which is also a partial agonist at 5-HT2AR (74.8%) and 5-HT2CR (86%) 

and full agonist at 5-HT1AR.  With the exception of 5-MeO-DBT, which was a very weak 

partial agonist at 5-HT2AR (17.5%), 5-MeO compounds were full agonists at 5-HT1AR, 5-

HT2AR, and 5-HT2CR.  The 4-AcO compounds tested were partial agonists at 5-HT1AR.   

We noted that the relationship between binding affinity and functional EC50s via 

Gq appeared to vary considerably by compound and receptor.  To quantify further, we 

calculated the amplification ratio (a measure of coupling efficiency) for each tryptamine 

and reference compound relative to 5-HT, as the ratio of the Ki (vs [3H]5-HT or [3H]8-

OH-DPAT) to the EC50 for each tryptamine relative to that ratio with 5-HT (Strange, 

2008).  Ratios greater than one signify greater Gq- or Gi-coupling than 5-HT relative to 

receptor binding, and ratios less than one indicate less Gq- or Gi-coupling than 5-HT 

relative to receptor binding.  Notably, two prototypical classic psychedelics, LSD and 4-

OH-DMT (psilocin), exhibited high ratios across 5-HT1AR, 5-HT2AR, and 5-HT2CR, 

suggesting that they are broadly efficient actuators of downstream signaling after 

binding (Figure 9).  5-MeO-DiPT also stood out as exhibiting a similar pattern of broadly 

high amplification ratios relative to 5-HT.  As a class, the tryptamines tested exhibited a 

higher average amplification ratio at 5-HT2AR relative to 5-HT (1.44), a lower relative 
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ratio at 5-HT2CR (0.68; group difference was significant by paired t-test, p-value = 

0.001), and 5-HT1AR (1.09; group difference was significant by paired t-test, p-value = 

0.011).  Notably, some chemicals with the low amplification ratios at 5-HT2AR are well 

known psychedelic drugs, such as DPT (Pottie et al., 2020) and 4-OH-MiPT (Repke et 

al., 1985).   

 

Discussion 

In these studies, we pharmacologically characterized a large group of substituted 

tryptamines along with the non-tryptamine standards LSD and DOM and tryptamine 

standards 5-HT, DMT, and 4-OH-DMT (psilocin).  We found that all are agonists or 

partial agonists at 5-HT2ARs, consistent with potential psychedelic activity.  We also 

noted that the pattern of substitutions affected affinity, potency, efficacy, and selectivity 

for 5-HT2AR versus 5-HT1AR, 5-HT2CR, and SERT.  As a result, the chemicals tested are 

likely to exhibit differential psychoactive properties and toxicities. 

With respect to affinity and potency at 5-HT2AR, N,N-substituted tryptamines with 

substitutions at both the 4 and 5 position largely tended to exhibit higher affinity and 

potency for 5-HT2AR than non- 4- and 5-substituted tryptamines such as DMT, DET, and 

DPT.  But, both 4- and 5-substituted compounds exhibited a broad range of 5-HT2AR 

affinities with neither substitution appearing to clearly confer higher 5-HT2AR affinity or 

potency.  However, 5-MeO-substituted tryptamines exhibited high 5-HT1AR but low 5-

HT2CR affinity and potency.  Not surprisingly, we found that N,N-substituted tryptamines 

and those with 5-MeO substitutions exhibit low 5-HT2AR/5-HT1AR selectivity but high 5-
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HT2AR/5-HT2CR selectivity.  Two substituted tryptamines stood out for 5-HT1AR > 5-

HT2AR > 5-HT2CR selectivity – 5-MeO-DALT and 5-MeO-DPT.   

Notably, a sizable subset of the tryptamines tested exhibited some binding to 

SERT, with 4-MeO-MiPT and 4-MeO-DiPT having the highest affinities by far.  A 

handful of these compounds exhibited a SERT binding pattern that suggests they could 

cause some 5-HT release.  There is previous evidence that DMT, DPT, MiPT, and DiPT 

are 5-HT releasers while larger compounds such as 5-MeO-DiPT are 5-HT reuptake 

inhibitors (Cozzi et al., 2009; Blough et al., 2014; Rickli et al., 2016).  Of the compounds 

with SERT binding, DiPT-substituted compounds and tryptamines with no 4- or 5- 

substitution tended to lack selectivity for 5-HT2AR over SERT.  4-MeO-MiPT and 4-MeO-

DiPT both exhibited a pattern of SERT activity consistent with an ability to inhibit 5-HT 

reuptake via SERT.  Given the very high affinity of these compounds for SERT, the 

increased 5-HT that would result from acute ingestion may compete with these 

chemicals at 5-HT2AR, blunting or altering 5-HT2AR-mediated effects, especially at low-

to-moderate doses.  Our examination of selectivity patterns for 5-HT2AR versus 5-HT1AR 

and 5-HT2CR did not reveal any clear relationship between G-protein coupled receptor 

selectivity for 5-HT2AR over 5-HT1AR or 5-HT2CR and SERT activity. 

As a class, these substituted tryptamines exhibited significantly higher mean 

affinity at 5-HT2AR versus 5-HT1AR and 5-HT2CR but lower efficacy at 5-HT2AR versus 5-

HT2CR.  As a group the compounds screened are relatively unimpressive in terms of 

efficacy at 5-HT2AR, with most of them exhibiting partial agonist activity.  In contrast, at 

5-HT2CR all of the substituted tryptamines tested are full or near full agonists.  At 5-HT1A 

R, most of the compounds were full or near full agonists, with a handful of largely AcO 
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compounds exhibiting partial agonist activity.  This suggests that G protein-mediated 

efficacy is not a critical feature of psychedelics.  Notably, the tryptamines tested as a 

class exhibited a higher mean amplification ratio at 5-HT2AR relative to 5-HT than at 5-

HT2CR.  A number of well-known psychedelics including tryptamines like 4-OH-DMT, 5-

MeO-DiPT, and the reference psychedelic LSD, exhibited particularly high amplification 

ratios at 5-HT2AR, 5-HT1AR, and 5-HT2CR.  A high amplification ratio relative to 5-HT at 

5-HT2AR, and perhaps other closely related 5-HT receptors, may be a key feature of 

some psychedelics, with LSD and psilocin representing exemplar chemicals in this 

respect.  Together, these data suggest that the activity “ceiling” (efficacy) is not as 

important as the activity “flux” (amplification ratio) in mediating the unique receptor-

based activities of psychedelic chemicals.  The overall picture is likely more complex as 

some known psychedelics like DPT, 5-MeO-MiPT, and 4-OH-MiPT exhibit low 

amplification ratios relative to 5-HT at 5-HT2AR.  One possible explanation for this is that 

these compounds exhibit highly biased and/or highly amplified signaling via arrestin-

mediated pathways, and there is evidence to support this notion for DPT (Pottie et al., 

2020).  Alternatively, 5-HT2AR selectivity may be a factor, as our results show that while 

4-OH-MiPT has a low amplification ratio it is among the most selective (versus 5-HT1AR 

and 5-HT2CR; see Figure 7) of the substituted tryptamines tested. 

Notably, these results highlight potential avenues to better understand the rare 

but severe somatic toxicities, possibly due to 5-HT syndrome, occasionally associated 

with psychedelic use (Malcolm and Thomas, 2022).  Because the effects in humans of 

many of the substituted tryptamines characterized in these studies are little known, 

understanding their pharmacologic activity patterns and comparing to better known 
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psychedelics is particularly important with respect to understanding what those effects 

might be.  Many psychedelics, including LSD and psilocybin, have been associated with 

hyperthermia in 2-4% of a large sample of thousands of calls to US poison centers 

(Friedman and Hirsch, 1971; Leonard et al., 2018).  Despite this clear link to 

hyperthermia, non-behavioral fatalities with LSD and psilocybin are almost non-existent 

– we could find only one decades-old case report of a non-behavioral fatality attributed 

to LSD in which the circumstances were not described (Fysh et al., 1985; Nichols and 

Grob, 2018).  Despite their relative recency, a number of fatalities have been associated 

with non-tryptamine N-benzyl-dimethoxy phenethylamines (NBOMes) (Hill et al., 2013; 

Kueppers and Cooke, 2015; Shanks et al., 2015) and the substituted tryptamine 5-MeO-

DiPT (Tanaka et al., 2006).  The NBOMes have ~1000 fold higher affinities for 5-HT2AR 

compared to SERT (Eshleman et al., 2018).  In contrast, similar to 5-MeO-DiPT, a 

number of the substituted tryptamines in this study exhibit comparable affinity for 5-

HT2AR and SERT or prefer SERT.  Also of note, many of the substituted tryptamines 

screened lack selectivity for 5-HT2AR versus 5-HT1AR, a feature that may mitigate 

hyperthermia, as 5-HT1AR agonists centrally decrease body temperature (Lesch et al., 

1990; Hedlund et al., 2004; Voronova, 2021). 

One potential mechanism for psychedelic-mediated hyperthermia is 5-HT2AR-

mediated skeletal muscle contraction (Guillet-Deniau et al., 1997; Wappler et al., 1997; 

Hajduch et al., 1999).  The prominent SERT activity of several substituted tryptamines 

that were characterized in this study also highlights a potential role for substituted 

tryptamine-induced 5-HT syndrome in mediating psychedelic-induced hyperthermia.  5-

MeO-DiPT exhibits balanced affinity for 5-HT2AR and SERT, suggesting the possibility 
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that synergistic toxicities could confer additional risk(Malcolm and Thomas, 2022).  We 

noted a number of features that may influence the toxicities and other effects of 

substituted tryptamines in humans, including a range of selectivities for 5-HT2AR versus 

other targets and a range of efficacies and amplification factors at 5-HT2AR.  Given the 

diverse pharmacology of these substituted tryptamines, their wide use and frequent 

association with toxicity in the community, and their more recently noted therapeutic 

potential (Carhart-Harris et al., 2016; Griffiths et al., 2016; Nutt et al., 2020; Carhart-

Harris et al., 2021), further preclinical or clinical research aimed at differentiating the in 

vivo effects and pharmacology of substituted tryptamines is warranted. 

 

  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 20, 2023 as DOI: 10.1124/jpet.122.001454

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 
 

27 
 

 

Authorship Contributions 

Participated in research design: Eshleman, Janowsky  

Conducted experiments: Bloom, Eshleman, Schmachtenberg, Swanson, Wolfrum 

Performed data analysis: Abbas, Bloom, Eshleman, Kozell, Schmachtenberg, Swanson, 

Wolfrum   

Wrote or contributed to the writing of the manuscript: Abbas, Eshleman, Janowsky, 

Kozell, Olson 

  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 20, 2023 as DOI: 10.1124/jpet.122.001454

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 
 

28 
 

References 
 
Abbas AI, Carter A, Jeanne T, Knox R, Korthuis PT, Hamade A, Stauffer C and Uehling 

J (2021) Oregon Psilocybin Advisory Board Rapid Evidence Review and 
Recommendations in pp 1-40, Oregon Health Authority. 

Blough BE, Landavazo A, Decker AM, Partilla JS, Baumann MH and Rothman RB 
(2014) Interaction of psychoactive tryptamines with biogenic amine transporters 
and serotonin receptor subtypes. Psychopharmacology (Berl) 231:4135-4144. 

Callaway JC, Brito GS and Neves ES (2005) Phytochemical analyses of Banisteriopsis 
caapi and Psychotria viridis. J Psychoactive Drugs 37:145-150. 

Carhart-Harris R, Giribaldi B, Watts R, Baker-Jones M, Murphy-Beiner A, Murphy R, 
Martell J, Blemings A, Erritzoe D and Nutt DJ (2021) Trial of Psilocybin versus 
Escitalopram for Depression. N Engl J Med 384:1402-1411. 

Carhart-Harris RL, Bolstridge M, Rucker J, Day CM, Erritzoe D, Kaelen M, Bloomfield 
M, Rickard JA, Forbes B, Feilding A, Taylor D, Pilling S, Curran VH and Nutt DJ 
(2016) Psilocybin with psychological support for treatment-resistant depression: 
an open-label feasibility study. Lancet Psychiatry 3:619-627. 

Cheng Y and Prusoff WH (1973) Relationship between the inhibition constant (K1) and 
the concentration of inhibitor which causes 50 per cent inhibition (I50) of an 
enzymatic reaction. Biochem Pharmacol 22:3099-3108. 

Cozzi NV, Gopalakrishnan A, Anderson LL, Feih JT, Shulgin AT, Daley PF and Ruoho 
AE (2009) Dimethyltryptamine and other hallucinogenic tryptamines exhibit 
substrate behavior at the serotonin uptake transporter and the vesicle 
monoamine transporter. J Neural Transm (Vienna) 116:1591-1599. 

Darmani NA, Martin BR, Pandey U and Glennon RA (1990) Pharmacological 
characterization of ear-scratch response in mice as a behavioral model for 
selective 5-HT2-receptor agonists and evidence for 5-HT1B- and 5-HT2-receptor 
interactions. Pharmacol Biochem Behav 37:95-99. 

Eshleman AJ, Carmolli M, Cumbay M, Martens CR, Neve KA and Janowsky A (1999) 
Characteristics of drug interactions with recombinant biogenic amine transporters 
expressed in the same cell type. J Pharmacol Exp Ther 289:877-885. 

Eshleman AJ, Forster MJ, Wolfrum KM, Johnson RA, Janowsky A and Gatch MB 
(2014) Behavioral and neurochemical pharmacology of six psychoactive 
substituted phenethylamines: mouse locomotion, rat drug discrimination and in 
vitro receptor and transporter binding and function. Psychopharmacology (Berl) 
231:875-888. 

Eshleman AJ, Nagarajan S, Wolfrum KM, Reed JF, Nilsen A, Torralva R and Janowsky 
A (2020) Affinity, potency, efficacy, selectivity, and molecular modeling of 
substituted fentanyls at opioid receptors. Biochem Pharmacol 182:114293. 

Eshleman AJ, Wolfrum KM, Reed JF, Kim SO, Johnson RA and Janowsky A (2018) 
Neurochemical pharmacology of psychoactive substituted N-
benzylphenethylamines: High potency agonists at 5-HT2A receptors. Biochem 
Pharmacol 158:27-34. 

Eshleman AJ, Wolfrum KM, Reed JF, Kim SO, Swanson T, Johnson RA and Janowsky 
A (2017) Structure-Activity Relationships of Substituted Cathinones, with 
Transporter Binding, Uptake, and Release. J Pharmacol Exp Ther 360:33-47. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 20, 2023 as DOI: 10.1124/jpet.122.001454

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 
 

29 
 

Friedman SA and Hirsch SE (1971) Extreme hyperthermia after LSD ingestion. JAMA 
217:1549-1550. 

Fysh RR, Oon MC, Robinson KN, Smith RN, White PC and Whitehouse MJ (1985) A 
fatal poisoning with LSD. Forensic Sci Int 28:109-113. 

Gatch MB, Forster MJ, Janowsky A and Eshleman AJ (2011) Abuse liability profile of 
three substituted tryptamines. J Pharmacol Exp Ther 338:280-289. 

Gatch MB, Hoch A and Carbonaro TM (2021) Discriminative Stimulus Effects of 
Substituted Tryptamines in Rats. ACS Pharmacol Transl Sci 4:467-471. 

Griffiths RR, Johnson MW, Carducci MA, Umbricht A, Richards WA, Richards BD, 
Cosimano MP and Klinedinst MA (2016) Psilocybin produces substantial and 
sustained decreases in depression and anxiety in patients with life-threatening 
cancer: A randomized double-blind trial. J Psychopharmacol 30:1181-1197. 

Grob CS, McKenna DJ, Callaway JC, Brito GS, Neves ES, Oberlaender G, Saide OL, 
Labigalini E, Tacla C, Miranda CT, Strassman RJ and Boone KB (1996) Human 
psychopharmacology of hoasca, a plant hallucinogen used in ritual context in 
Brazil. J Nerv Ment Dis 184:86-94. 

Guillet-Deniau I, Burnol AF and Girard J (1997) Identification and localization of a 
skeletal muscle secrotonin 5-HT2A receptor coupled to the Jak/STAT pathway. J 
Biol Chem 272:14825-14829. 

Hajduch E, Rencurel F, Balendran A, Batty IH, Downes CP and Hundal HS (1999) 
Serotonin (5-Hydroxytryptamine), a novel regulator of glucose transport in rat 
skeletal muscle. J Biol Chem 274:13563-13568. 

Hedlund PB, Kelly L, Mazur C, Lovenberg T, Sutcliffe JG and Bonaventure P (2004) 8-
OH-DPAT acts on both 5-HT1A and 5-HT7 receptors to induce hypothermia in 
rodents. Eur J Pharmacol 487:125-132. 

Hill SL, Doris T, Gurung S, Katebe S, Lomas A, Dunn M, Blain P and Thomas SH 
(2013) Severe clinical toxicity associated with analytically confirmed recreational 
use of 25I-NBOMe: case series. Clin Toxicol (Phila) 51:487-492. 

Kaushik NK, Kaushik N, Attri P, Kumar N, Kim CH, Verma AK and Choi EH (2013) 
Biomedical importance of indoles. Molecules 18:6620-6662. 

Kim K, Che T, Panova O, DiBerto JF, Lyu J, Krumm BE, Wacker D, Robertson MJ, 
Seven AB, Nichols DE, Shoichet BK, Skiniotis G and Roth BL (2020) Structure of 
a Hallucinogen-Activated Gq-Coupled 5-HT2A Serotonin Receptor. Cell 
182:1574-1588 e1519. 

Klein AK, Chatha M, Laskowski LJ, Anderson EI, Brandt SD, Chapman SJ, McCorvy JD 
and Halberstadt AL (2021) Investigation of the Structure-Activity Relationships of 
Psilocybin Analogues. ACS Pharmacol Transl Sci 4:533-542. 

Klein LM, Cozzi NV, Daley PF, Brandt SD and Halberstadt AL (2018) Receptor binding 
profiles and behavioral pharmacology of ring-substituted N,N-diallyltryptamine 
analogs. Neuropharmacology 142:231-239. 

Krebs-Thomson K, Ruiz EM, Masten V, Buell M and Geyer MA (2006) The roles of 5-
HT1A and 5-HT2 receptors in the effects of 5-MeO-DMT on locomotor activity 
and prepulse inhibition in rats. Psychopharmacology (Berl) 189:319-329. 

Kueppers VB and Cooke CT (2015) 25I-NBOMe related death in Australia: a case 
report. Forensic Sci Int 249:e15-18. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 20, 2023 as DOI: 10.1124/jpet.122.001454

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 
 

30 
 

Leonard JB, Anderson B and Klein-Schwartz W (2018) Does getting high hurt? 
Characterization of cases of LSD and psilocybin-containing mushroom 
exposures to national poison centers between 2000 and 2016. J 
Psychopharmacol 32:1286-1294. 

Lesch KP, Poten B, Sohnle K and Schulte HM (1990) Pharmacology of the hypothermic 
response to 5-HT1A receptor activation in humans. Eur J Clin Pharmacol 39:17-
19. 

Liechti M (2015) Novel psychoactive substances (designer drugs): overview and 
pharmacology of modulators of monoamine signaling. Swiss Med Wkly 
145:w14043. 

Malaca S, Lo Faro AF, Tamborra A, Pichini S, Busardo FP and Huestis MA (2020) 
Toxicology and Analysis of Psychoactive Tryptamines. Int J Mol Sci 21. 

Malcolm B and Thomas K (2022) Serotonin toxicity of serotonergic psychedelics. 
Psychopharmacology (Berl) 239:1881-1891. 

Nichols DE (2018) Chemistry and Structure-Activity Relationships of Psychedelics. Curr 
Top Behav Neurosci 36:1-43. 

Nichols DE and Frescas S (1999) Improvements to the Synthesis of Psilocybin and a 
Facile Method for Preparing the O-Acetyl Prodrug of Psilocin. Synthesis 6:935-
938. 

Nichols DE and Grob CS (2018) Is LSD toxic? Forensic Sci Int 284:141-145. 
Nutt D, Erritzoe D and Carhart-Harris R (2020) Psychedelic Psychiatry's Brave New 

World. Cell 181:24-28. 
Palma-Conesa AJ, Ventura M, Galindo L, Fonseca F, Grifell M, Quintana P, Fornis I, Gil 

C, Farre M and Torrens M (2017) Something New about Something Old: A 10-
Year Follow-Up on Classical and New Psychoactive Tryptamines and Results of 
Analysis. J Psychoactive Drugs 49:297-305. 

Pokorny T, Preller KH, Kraehenmann R and Vollenweider FX (2016) Modulatory effect 
of the 5-HT1A agonist buspirone and the mixed non-hallucinogenic 5-HT1A/2A 
agonist ergotamine on psilocybin-induced psychedelic experience. Eur 
Neuropsychopharmacol 26:756-766. 

Pompeiano M, Palacios JM and Mengod G (1992) Distribution and cellular localization 
of mRNA coding for 5-HT1A receptor in the rat brain: correlation with receptor 
binding. J Neurosci 12:440-453. 

Pompeiano M, Palacios JM and Mengod G (1994) Distribution of the serotonin 5-HT2 
receptor family mRNAs: comparison between 5-HT2A and 5-HT2C receptors. 
Brain Res Mol Brain Res 23:163-178. 

Pottie E, Dedecker P and Stove CP (2020) Identification of psychedelic new 
psychoactive substances (NPS) showing biased agonism at the 5-HT2AR 
through simultaneous use of beta-arrestin 2 and miniGalphaq bioassays. 
Biochem Pharmacol 182:114251. 

Reissig CJ, Eckler JR, Rabin RA and Winter JC (2005) The 5-HT1A receptor and the 
stimulus effects of LSD in the rat. Psychopharmacology (Berl) 182:197-204. 

Repke DB, Grotjahn DB and Shulgin AT (1985) Psychotomimetic N-methyl-N-
isopropyltryptamines. Effects of variation of aromatic oxygen substituents. J Med 
Chem 28:892-896. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 20, 2023 as DOI: 10.1124/jpet.122.001454

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 
 

31 
 

Rickli A, Moning OD, Hoener MC and Liechti ME (2016) Receptor interaction profiles of 
novel psychoactive tryptamines compared with classic hallucinogens. Eur 
Neuropsychopharmacol 26:1327-1337. 

Roth BL, Nakaki T, Chuang DM and Costa E (1984) Aortic recognition sites for 
serotonin (5HT) are coupled to phospholipase C and modulate 
phosphatidylinositol turnover. Neuropharmacology 23:1223-1225. 

Roth BL, Nakaki T, Chuang DM and Costa E (1986) 5-Hydroxytryptamine2 receptors 
coupled to phospholipase C in rat aorta: modulation of phosphoinositide turnover 
by phorbol ester. J Pharmacol Exp Ther 238:480-485. 

Shanks KG, Sozio T and Behonick GS (2015) Fatal Intoxications with 25B-NBOMe and 
25I-NBOMe in Indiana During 2014. J Anal Toxicol 39:602-606. 

Shulgin AT and Shulgin A (1997) Tihkal: The continuation. Transform Press, Berkeley, 
CA. 

Strange PG (2008) Agonist binding, agonist affinity and agonist efficacy at G protein-
coupled receptors. Br J Pharmacol 153:1353-1363. 

Tanaka E, Kamata T, Katagi M, Tsuchihashi H and Honda K (2006) A fatal poisoning 
with 5-methoxy-N,N-diisopropyltryptamine, Foxy. Forensic Sci Int 163:152-154. 

Van Court RC, Wiseman MS, Meyer KW, Ballhorn DJ, Amses KR, Slot JC, Dentinger 
BTM, Garibay-Orijel R and Uehling JK (2022) Diversity, biology, and history of 
psilocybin-containing fungi: Suggestions for research and technological 
development. Fungal Biol 126:308-319. 

Voronova IP (2021) 5-HT Receptors and Temperature Homeostasis. Biomolecules 11. 
Wappler F, Scholz J, Oppermann S, von Richthofen V, Steinfath M and Schulte am 

Esch J (1997) Ritanserin attenuates the in vitro effects of the 5-HT2 receptor 
agonist DOI on skeletal muscles from malignant hyperthermia-susceptible 
patients. J Clin Anesth 9:306-311. 

 

  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 20, 2023 as DOI: 10.1124/jpet.122.001454

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 
 

32 
 

Footnotes 

Author and/or study funding was provided by the United States Department of Justice, 

Drug Enforcement Administration (D-22-OD-0001), Department of Veterans Affairs 

Career Scientist program (Grant 14S-RCS-006), National Institutes of Health, National 

Institute on Drug Abuse interagency agreement (ADA12013), National Institute on Drug 

Abuse (T32DA007262-30), the OHSU Physician Scientist Award (60678300), and the 

Portland VA Research Foundation (429999).  The contents do not represent the views 

of the U.S. Department of Veterans Affairs, U.S. Department of Justice, Drug 

Enforcement Administration, or the United States Government.   

 

No author has an actual or perceived conflict of interest with the contents of this article. 

 

Legends for Figures 

Figure 1: Structures of tested substituted tryptamines and standards. The tryptamine 

backbone is highlighted in red. Structures of test compounds, 5-HT, LSD, METH and 

DOM are shown. For each of the compounds tested the R1-R4 substitution is shown in 

the table on the right.  

 

Figure 2: Concentration-response curves of substituted tryptamines in radioligand 

binding assays at 5-HT2AR (A), 5-HT2CR (B), 5-HT1AR (C) and SERT (D). Data shown 

for substituted tryptamines are the means ± sem of 3 experiments (5-HT1AR) or 3-5 

experiments (5-HT2AR, 5-HT2CR, and SERT) conducted in duplicate.  
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Figure 3: Agonist activity of substituted tryptamines at recombinant 5-HT2AR (A), 5-

HT2CR (B), 5-HT1AR (C) and inhibition of [3H]5-HT uptake at SERT (D). All receptor data, 

conducted in duplicate, were normalized to the maximal effect of 5-HT, which was 

measured on each experimental day. A. 5-HT2AR IP-1 assay. N=3–4 independent 

experiments. B. 5-HT2CR IP-1 assay. N=3–5 independent experiments. C. 5-HT1AR 

[35S]GTPγS binding. N=3–4 independent experiments. D. Inhibition of [3H]5-HT uptake 

by SERT. N=4–5 independent experiments conducted with duplicate determinations. 

Data shown are the means ± sem.  

 

Figure 4: Substituted tryptamines sorted by pKi and pEC50 for 5-HT2AR (A), 5-HT2CR 

(B), and 5-HT1AR (C) to show ordered relative affinities (top row) and relative potencies 

(bottom row) for all compounds to emphasize any chemical bases for affinity and 

potency. A) Both 4- and 5-substituted tryptamines exhibit a broad range of affinities and 

potencies for 5-HT2ARs depending on the N,N substitutions (left panel).  B) 5-MeO and 

N,N DiPT –substituted tryptamines exhibit the lowest affinities and potencies for 5-

HT2CRs (middle panel).  C) 5-MeO- and N,N-substituted tryptamines exhibit highest 

affinities and  potencies for 5-HT1ARs (right panel). 

 

Figure 5: Substituted tryptamines sorted by pKi and pIC50 at SERT to show relative 

affinity and potency. A) Substituted tryptamines were sorted by pKi of [125I]RTI-55 

binding, or B) sorted by pIC50 of [3H]5-HT uptake at SERT. pKi or pIC50 of the partner 

assay ([3H]5-HT uptake for A and [125I]RTI-55 binding for B) were included alongside the 

sorted column.  Of the tryptamines tested, 4-MeO-substituted tryptamines exhibit the 
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highest binding at the RTI-55 and 5-HT uptake sites on SERT.  Other 4-substituted N,N-

diisopropyl and non-ring-substituted N,N-diethyl tryptamines predominantly exhibit 

binding to the [3H]5-HT site of SERT. C) Substituted tryptamines were sorted by the 

ratio of Ki versus [125I]RTI-55 and IC50 versus [3H]5-HT at SERT.  Of the tryptamines 

tested, 4-AcO-substituted compounds and those with only N,N-substitutes exhibited the 

highest ratios of Ki at the [125I]RTI-55 binding site on SERT versus IC50 competing 

against 3H]5-HT. Compounds with higher ratios are more substrate-like at SERT. 

 

Figure 6: Substituted tryptamine receptor selectivity. Areas enclosed in red rectangles 

highlight compounds with low selectivity for 5-HT2AR or that prefer 5-HT1AR or 5-HT2CR. 

Substituted tryptamines were sorted by receptor-receptor selectivity ratio A) 2A/1A 

ratios, B) 2A/2C ratios, and C) 2C/1A ratios. Of the tryptamines tested, 5-MeO-

substituted compounds and those with only N,N-substitutions tend to exhibit moderate 

selectivity for 5-HT2AR vs 5-HT2CR, but limited selectivity for 5-HT2AR or 5-HT2CR vs 5-

HT1AR, or even preferentially bind 5-HT1A receptors. D) Substituted tryptamines were 

sorted by 5-HT2AR binding affinity/3H]5-HT SERT uptake IC50 or E) 5-HT2AR binding 

affinity/Ki at SERT versus [125I]RTI-55 binding.  Of the tryptamines tested, DiPT-

substituted compounds and those with only N,N-substitutions tended to exhibit 

decreased selectivity for 5-HT2AR receptors over SERT.  The two 4-MeO compounds, in 

particular, strongly preferred SERT over 5-HT2AR receptors. 

 

Figure 7: Integrating patterns of selectivity of substituted tryptamines.  A number of 

tryptamines that are selective for 5-HT2AR receptors are also either non-selective for 5-
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HT2AR versus SERT or prefer SERT – see compounds marked with warmer colors to 

indicate those that do not prefer 5-HT2AR versus SERT.  The N,N-substituted 

tryptamines that were tested (DMT, DET, and DPT) are all relatively non-selective for 5-

HT2AR versus SERT.  There are several compounds, typically 4-substituted, which 

exhibit selectivity for 5-HT2AR versus 5-HT1A and 5-HT2CR and versus SERT.  The 5-

MeO compounds tested prefer 5-HT2AR relative to SERT. 

 

Figure 8: Receptor efficacy.  With the exception of most of the 4-AcO compounds, most 

tryptamines tested are full or near full agonists at 5-HT1AR.  All tryptamines tested were 

full agonists at 5-HT2CR.  Many of the tryptamines tested were partial agonists at 5-

HT2AR, including a sizable number that were weak partial agonists with less than 50% 

efficacy.  At the bottom of each heat map is the mean efficacy of the substituted 

tryptamines tested at each receptor. 

 

Figure 9: Coupling efficiency of substituted tryptamines compared to 5-HT.  To assess 

G-protein coupling efficiency, or amplification ratio, after binding of each chemical to 

receptor, we calculated a ratio of the Ki to EC50 relative to that ratio with 5-HT.  Many, 

but not all known psychedelics, exhibit higher coupling efficiency than 5-HT at 5-HT2AR 

but lower coupling efficiency at 5-HT2CR.  The mean amplification ratio was calculated 

as the average of individual amplification ratios.  As a class, the compounds tested 

exhibit the highest average ratio at 5-HT2AR, higher than for 5-HT1AR and 5-HT2CR.  At 

the bottom of each heat map is the mean amplification ratio of the substituted 

tryptamines tested at each receptor. 
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Drug 5-HT2AR 5-HT2CR 5-HT1AR 

 Inhibition 

of [3H]5-HT 

Binding 

Ki (nM) ± 

sem (n) 

Stimulation of 

IP1 

Formation 

EC50 (nM) ± 

sem (n) 

% max effect 

Inhibition 

of [3H]5-

HT Binding

Ki (nM) ± 

sem (n) 

Stimulation of 

IP1 

Formation 

EC50 (nM) ± sem 

(n) 

% max effect 

Inhibition of 

[3H]8-OH-

DPAT Binding 

Ki (nM) ± sem 

(n) 

[35S]GTPγS 

binding EC50 (nM) 

± sem (n) 

% max effect 

DMT 347 ± 47 

(22) 

527 ± 45 (20) 

38.4 ± 1.8% 

234 ± 16 

(22) 

104 ± 11 (20) 

97.6 ± 2.1% 

356 ± 34 (17) 

 

210 ± 31 (18) 

97.1 ± 2.4% 

DET 530 ± 120 

(4) 

612 ± 97 (3) 

46.1 ± 6.7% 

970 ± 280 

(3)**** 

660 ± 210 (4)**** 

106.4 ± 4.5% 

370 ± 25 (3) 

 

138 ± 25 (4) 

97.9 ± 5.6% 

DPT 374 ± 97 

(3) 

943 ± 88 (4) 

85.2 ± 5.1%**** 

807 ± 86 

(3)**** 

444 ± 55 (3)** 

93.2 ± 3.6% 

186 ± 31 (3) 

 

274 ± 55 (3) 

98.5 ± 7.5% 

4-OH-

DET 

269 ± 79 

(5) 

296 ± 59 (3) 

80.2 ± 5.2%**** 

388 ± 45 

(3) 

151 ± 33 (3) 

83.0 ± 5.0% 

1840 ± 350 

(3)**** 

1030 ± 250 (5)** 

80.3 ± 4.0%* 

4-OH- 430 ± 140 334 ± 55 (3) 3800 ± 1080 ± 130 8400 ± 2000 3900 ± 1100 

Table 1: Affinities, potencies and efficacies of substituted tryptamines at the 5-HT2A, 5-HT2C and 5-HT1A receptors.
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DiPT (3) 104.4 ± 

2.8%**** 

870 (3)**** (3)**** 

103.73 ± 0.77% 

(3)**** (4)**** 

36.1 ± 9.9%**** 

4-OH-

DMT 

79 ± 23 

(4)**** 

69 ± 22 (3)**** 

48.3 ± 6.9% 

84 ± 28 

(3)*** 

9.1 ± 1.2 (3)**** 

85.6 ± 3.2% 

374 ± 35 (3) 

 

130 ± 11 (3) 

96 ± 13% 

4-OH-

MET 

46.3 ± 4.9 

(3)**** 

87 ± 22 (5)**** 

54.1 ± 3.0%** 

153 ± 43 

(3) 

34.6 ± 8.7 (4) 

100.7 ± 4.9% 

950 ± 210 (3)* 1390 ± 490 (5)*** 

89.8 ± 5.8% 

4-OH-

MiPT 

113 ± 31 

(4) 

306 ± 11 (3) 

74.2 ± 1.8%**** 

750 ± 110 

(3)*** 

261 ± 45 (3) 

98.4 ± 4.4% 

5870 ± 430 

(6)****  

2590 ± 640 (3)**** 

82.7 ± 2.0% 

4-OH-

MPT 

71.0 ± 5.9 

(4)**** 

63.8 ± 9.4 

(4)**** 

53.4 ± 3.6%* 

203 ± 25 

(5) 

66.0 ± 3.5 

99.5 ± 1.5% 

910 ± 120 

(3)**  

490 ± 170 (3) 

90.4 ± 9.3% 

4-AcO-

DET 

248 ± 26 

(3) 

309 ± 97 (4) 

79.1 ± 4.7%**** 

1510 ± 

360 (3)**** 

1010 ± 390 

(3)**** 

93.9 ± 9.9% 

4570 ± 690 

(3)****  

4500 ± 1400 

(4)**** 

53.9 ± 2.1%**** 

4-AcO-

DiPT 

850 ± 280 

(5)* 

559 ± 97 (3) 

106.6 ± 

5000 ± 

1100 

1410 ± 310 

(3)**** 

12900 ± 2000 

(3)**** 

>100 µM (4)**** 

14.3 ± 6.7%**** 
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1.8%**** (4)**** 92.8 ± 4.8% 

4-AcO-

DMT 

93 ± 16 

(3)** 

109 ± 15 (5)**** 

39.5 ± 2.6% 

224 ± 15 

(3) 

144.7 ± 3.3 (3) 

91.8 ± 7.4% 

202 ± 62 (3) 

 

673 ± 77  (3) 

63.4 ± 2.4%*** 

4-AcO-

MET 

86 ± 15 

(3)** 

201 ± 39 (5)* 

40.1 ± 1.6% 

460 ± 120 

(3) 

91 ± 19 (4) 

89.7 ± 2.2% 

1210 ± 210 

(3)** 

3080 ± 700 (3)**** 

82.5 ± 2.8% 

4-AcO-

MiPT 

800 ± 100 

(4)* 

445 ± 69 (3) 

69.2 ± 1.4%**** 

2230 ± 

220 (4)**** 

539 ± 81 (4)*** 

87.2 ± 6.1% 

11,000 ± 1200 

(4)**** 

8200 ± 2100 

(3)**** 

58.3 ± 1.7%**** 

4-MeO-

DiPT 

500 ± 44 

(3) 

870 ± 110 (4) 

92.1 ± 2.6%**** 

833 ± 67 

(3)**** 

179 ± 56 (4) 

85.4 ± 7.8% 

2830 ± 300 

(3)**** 

1930 ± 590 (4)**** 

112.6 ± 7.4% 

4-MeO-

MiPT 

178 ± 24 

(3) 

376 ± 69 (3) 

63.2 ± 6.9%**** 

510 ± 100 

(3)* 

120 ± 12 (3) 

82.4 ± 7.9% 

731 ± 42 (4) 

 

1490 ± 140 (3)*** 

98.8 ± 3.5% 

5-MeO-

DALT 

48 ± 15 

(4)**** 

89.6 ± 3.2 

(4)**** 

97.2 ± 4.5%**** 

573 ± 48 

(3)** 

299 ± 83 (5) 

99.2 ± 3.8% 

7.95 ± 0.52 

(3)**** 

3.4 ± 1.2 (4)**** 

102.3 ± 3.3% 

5-MeO- 562 ± 57 620 ± 220 (4) 3130 ± 2400 ± 300 337 ± 28 (3) 267 ± 86 (3) 
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DBT (5) 17.5 ± 3.0%**** 430 (5)**** (4)**** 

75.6 ± 2.8%*** 

 106.2 ± 8.2% 

5-MeO-

DiPT 

162 ± 32 

(4) 

84 ± 20 (3)**** 

99.7 ± 2.7%**** 

1740 ± 

440 (3)**** 

326 ± 92 (4)* 

96.6 ± 3.6% 

149.3 ± 7.6 (3) 56 ± 20 (5)** 

93.8 ± 6.7% 

5-MeO-

DPT 

66 ± 12 

(4)**** 

102 ± 11 (4)**** 

81.4 ± 1.8%**** 

1290 ± 

320 (3)**** 

810 ± 100 (3)**** 

95.7 ± 4.0% 

14.5 ± 3.5 

(3)****  

5.41 ± 0.50 (3)**** 

94.8 ± 6.0% 

5-MeO-

MiPT 

113 ± 31 

(4)** 

290 ± 62 (3) 

89.14 ± 

0.70%**** 

790 ± 120 

(3)**** 

179 ± 56 (6) 

101.2 ± 6.5% 

143 ± 27 (8)*** 610 ± 210 (8) 

109.12 ± 0.55% 

5-Cl-

DMT 

134 ± 21 

(3) 

310 ± 100 (3) 

45.1 ± 7.1% 

55.4 ± 1.9 

(3)**** 

21.8 ± 3.7 (3)** 

81.2 ± 4.8% 

33.4 ± 6.9 

(3)**** 

41.7 ± 1.7 (3)* 

94.3 ± 2.8% 

Standards      

5-HT 19.5 ± 1.5 

(24)**** 

33.3 ± 3.0 

(25)**** 

101.9 ± 

1.1%**** 

5.84 ± 

0.46 

(23)**** 

1.20 ± 0.15 

(27)**** 

98.3 ± 1.4% 

3.26 ± 0.47 

(20)**** 

2.52 ± 0.36 

(34)**** 

103.4 ± 1.5% 
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LSD 1.26 ± 0.19 

(25)**** 

0.77 ± 0.12 

(25)**** 

74.8 ± 1.9%**** 

6.52 ± 

0.72 

(22)**** 

1.02 ± 0.15 

(27)***** 

86.0 ± 2.0%** 

2.97 ± 0.35 

(22)**** 

2.17 ± 0.36 

(31)**** 

98.2 ± 2.0% 

DOM 27.3 ± 3.1 

(12)**** 

45.8 ± 8.1 

(11)**** 

97.0 ± 2.5%**** 

46.1 ± 5.6 

(12)**** 

24.4 ± 5.0 

(10)***** 

97.4 ± 2.0% 

8200 ± 1600 

(9)**** 

10800 ± 3200 

(8)**** 

76.2 ± 2.9%*** 

*,**,***,**** p<0.05,0.01,0.001,0.0001, one way ANOVA followed by Dunnett’s multiple comparison test compared to DMT 

(n) Number of experiments conducted in duplicate. 
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Table 2:  Affinities and potencies of substituted tryptamines for hSERT.  
Drug HEK-hSERT HEK-hSERT HEK-hSERT 

Inhibition of 
[125I]RTI-55 binding 

Inhibition of [3H]5-
HT uptake 

Ratio [125I]RTI-55 
binding/ [3H]5-HT 
uptake 

Ki nM ± sem (n) IC50 nM ± sem (n) 

DMT 4560 ± 350 (21) 712 ± 99 (22) 6.40 

DET 1200 ± 170 (3)*** 254 ± 29 (4)* 4.72 

DPT 480 ± 34 (4)**** 172 ± 35 (5)**** 2.79 

4-OH-DET 1411 ± 99 (3)** 383 ± 41 (4) 3.68 
4-OH-DiPT 419 ± 37 (3)**** 163 ± 52 (4)*** 2.57 

4-OH-DMT 3650 ± 270 (3) 1140 ± 210 (3) 3.20 
4-OH-MET 2310 ± 130 (3) 830 ± 170 (3) 2.78 
4-OH-MIPT 483 ± 20 (4)**** 373 ± 16 (3) 1.29 

4-OH-MPT 1180 ± 240 (4)**** 575 ± 72 (4) 2.05 

4-AcO-DET 13100 ± 2600 (5)*** 2600 ± 900 (3)**** 5.04 

4-AcO-DIPT 1180 ± 100 (3)*** 237 ± 77 (4)*** 4.98 

4-AcO-DMT 8000 ± 1200 (3) 8300 ± 1300 (3)**** 0.96 

4-AcO-MET 17500 ± 1800 
(4)**** 

3240 ± 310 (6)**** 5.40 

4-AcO-MiPT 10400 ± 1200 (4)* 5800 ± 1200 (5)**** 1.79 

4-MeO-DiPT 12.1 ± 3.1 (5)**** 11.1 ± 2.7 (4)**** 1.09 

4-MeO-MiPT 38.0 ± 3.8 (3)**** 53 ± 13 (3)**** 0.72 

5-MeO-DALT 1270 ± 89 (4)*** 930 ± 110 (4) 1.37 

5-MeO-DBT 1180 ± 240 2120 ± 190 (4)**** 0.56 
5-MeO-DiPT 874 ± 71 (3)**** 239 ± 39 (3)* 3.66 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 20, 2023 as DOI: 10.1124/jpet.122.001454

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 
 

44 
 

5-MeO-DPT 1070 ± 260 (3)**** 910 ± 190 (4) 1.18 

5-MeO-MiPT 4040 ± 500 (3) 2680 ± 460 (3)**** 1.51 
5-Cl-DMT 830 ± 140 (3)**** 394 ± 66 (5) 2.11 

Standards   
Cocaine  590 ± 50 (38)**** 349 ± 30 (25)*** 1.69 

METH 124,600 ± 1400**** 59,500 ± 1300 
(4)**** 

2.09 

LSD  >100,000 (11)**** >100,000 (10)**** 1 

DOM 48,500 ± 3400 
(7)**** 

53,100 ± 8000 
(9)**** 

0.91 

MDMA 14700 ± 2900 (3)# 109 ± 17 (5) # 135 

*,**,***,**** p<0.05,0.01,0.001,0.0001, one way ANOVA followed by Dunnett’s multiple 

comparison test compared to DMT 

(n) Number of experiments conducted in duplicate. 

#Data from Eshleman et al., 2017. 
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