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35(1) 211-217, 1990.--Recent studies of 5-HT 2 receptor binding have involved the use of radiolabeled agnnists. This report describes 
the use of [125I]-2-(2,5-dimethoxy-4-iodophenyl)aminoethane ([12sI]-2C-I) as a label for low-density 5-HT 2 agonist binding sites. A 
nonhydrolyzable analog of GTP, GppNHp, was found to inhibit the high affinity binding of [t2sI]-2C-I. 5-HT and several 5-HT 2 
agonists and antagonists displayed high affinity for this site. In addition, a significant decrease in the Bmx value, but not the KD for 
[~25I]-2C-I was observed at 37°C as compared to that observed at 24°C. Several structure-activity relationships were investigated for 
displacement of [~25I]-2C-I, and the results are consistent with the importance of this receptor in the mechanism of action of 
hallucinogens. This study demonstrates the utility of [t25I]-2C-I as a novel radioligand and provides further data that the 5-HT 2 receptor 
is significantly linked to hallucinogenic activity for several compounds. 
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UNTIL recently, the 5-HT 2 receptor has typically been labeled 
with 5-HT 2 antagonists such as [°H]-ketanserin (15) or a nonse- 
lective partial agonist such as [3H]-LSD (30). Early reports 
suggested that many 5-HT agonists, including serotonin itself, 
actually had a low affinity for the 5-HT 2 site (15). However, 
experiments by Battaglia and co-workers (1) revealed that some 
5-HT 2 agonists displace [3H]-ketanserin with both a low and high 
affinity component (17,35). Addition of GTP in those experiments 
eliminated the high affinity component, as might be expected for 
a 5-HT 2 receptor linked to GTP-dependent inositol wiphosphate 
breakdown (32). These results suggested that the 5-HT 2 receptor 
might have a subtype or state of the receptor with high affinity for 
5-HT 2 agonists. 

Glennon and co-workers (10) found that 5-HT 2 antagonists 
block the discriminative stimulus effects of certain phenylisopro- 
pylamine hallucinogens. Subsequently, 5-HT 2 affinity, measured 
using [3H]-ketanserin as the receptor label, was found to correlate 
with stimulus potency in a series of 4-substituted-2,5-dimethoxy- 
phenylisopropylamines, in rats trained to discriminate the halluci- 
nogen 1-(2,5-dimethoxy-4-methylphenyl)-2-aminopropane (DOM) 

from saline (8). This led to an investigation of the binding 
characteristics of [3H]-l-(2,5,dimethoxy-4-bromophenyl)-2-ami- 
nopropane ([3H]-DOB), another potent hallucinogenic phenyliso- 
propylamine (36). [3H]-DOB binding was found to be sensitive to 
nonhydrolyzable analogs of GTP, with a relatively low Bm~ (16). 
Recently, Titeler and co-workers (38) also reported a correlation 
between 5-HT 2 affinity, measured using [3H]-DOB, and drug 
discrimination potency in DOM-trained rats. 

Due to the low density of the high affinity sites and the low 
specific activity of the tdtiated ligand, a large amount of tissue was 
required in binding experiments with [3H]-DOB, and long expo- 
sure times would be necessary for autoradiography studies. This 
led us to examine the binding properties of the optical isomers of 
an [~25I]-labeled DOB analog 1-(2,5-dimethoxy-4-iodophenyl)- 
2-aminopropane ([125I]-DOI) (14). McKenna and co-workers 
(18,19), and McKenna and Saavedra (20) also used this material 
for autoradiography experiments. In these studies the high specific 
activity [1251] radiolabel was found to be an aid in labeling low 
density 5-HT 2 agonist sites. However, differences in affinity and 
receptor density were found between the R- and S-isomers of 
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ABBREVIATIONS 

2C-I 
DOB 

DOI 

5-HT 
5-MT 
5-MeO-AMT 
DMCPA 

8-OH-DPAT 
TFMPP 
GppNHp 

2-(2,5 -dimethoxy-4-iodophenyl)aminoethane 
1-(2,5-dimethoxy-4-bromophenyl)- 

2-aminopropane 
1-(2,5-dimethoxy-4-iodophenyl)-2- 

aminopropane 
5-hydroxytryptamine (serotonin) 
5-methoxytryptamine 
5-methoxy-et-methyltryptamine 
trans-2-(2,5-dimethoxy-4-methylphenyl) 

cyclopropylamine 
8-hydroxy-2-dipropylaminotetralin 
meta-trifluoromethylphenylpiperazine 
guanosine 5 '-(13,'/-imido)triphosphate 

[~25I]-DOI, including a nearly two-fold decrease in affinity and 
Bma x for the less active S-isomer in rat frontal cortex (14). 
Autoradiography experiments also indicated a different density of 
receptor sites labeled with R- and S-[~25I]-DOI in rat brain (18). 
Therefore, the optically pure more active R-isomer of [~2sI]-DOI 
should be used as a radioligand. Alternatively, the use of an 
achiral analog might be advantageous as a new 5-HT 2 agonist 
receptor ligand. 

In our continuing efforts to characterize the structure-activity 
relationships of hallucinogens, it was found that the ct-desmethyl 
analog of DOI [2-(2,5-dimethoxy-4-iodophenyl)aminoethane; 2C- 
I] had an affinity very similar to the R-, and significantly greater 
than the S-isomer of DOI, which is in agreement with drug 
discrimination results. In DOM-trained rats, 2C-I is approximately 
equipotent to R-DOI (6,9). In experiments with rats trained to 
discriminate LSD from saline, it has been shown that 2C-I 
substitutes for LSD, and is approximately 100-fold less potent than 
LSD (28). Oberlender (28) also found that a 30-min pretreatment 
with 5 mg/kg of ketanserin completely blocked the drug-appro- 
priate responding to a dose of 2C-I that gave 100% drug respond- 
ing in LSD-tralned rats. Therefore, the discriminative stimulus of 
2C-I is similar to DOM and related phenylisopropylamine hallu- 
cinogens, and appears to be mediated through the 5-HT 2 receptor 
(10). This led to the synthesis of [~zsI]-2C-I and its initial 
characterization, which is also presented here. This report pro- 
vides evidence that [~25I]-2C-I binds specifically to the same 
GTP-sensitive state of the 5-HT 2 receptor as does R-[125I]-DOI 
and R,s-[aH]-DOB. 

METHOD 

Materials 

R-[~2sI]-DOI was synthesized by the procedure of Mathis et al. 
(23) at a specific activity of 1000 Ci/mmol. Ketanserin, 5-HT 
creatinine sulfate, 5-methoxytryptamine.HC1, pargyline.HC1, pin- 
dolol, GTP, GppNHp and GMP were purchased from Sigma 
Chemical Co. (St. Louis, MO), and TFMPP.HC1 and spiperone 
were obtained from Research Biochemicals Inc. (Natick, MA). 
Ketanserin tartrate was graciously provided by Janssen Pharma- 
ceutica (Beerse, Belgium), BOL, LSD, DMT and psilocin were 
acquired from the National Institute on Drug Abuse, 8-OH-DPAT 
from the Eli Lilly Laboratories (Indianapolis, IN), BL-3912A 
from Bristol Laboratories (Syracuse, NY). R- and S-DOI.HC1, R- 
and S-DOB.HC1, R-DOM.HC1, N(6)-ethyl-norLSD, N(6)-allyl- 
norLSD and other displacing ligands were synthesized in our 
laboratories. 

Radiochemical Synthesis of [1251]-2C-I 

The radiosynthesis of 2-(2,5-dimethoxy-4-iodophenyl)ami- 

noethane ([125I]-2C-I) was conducted in a manner similar to that of 
[125I]-labeled DOI (23). To 1 mg of 2,5-dimethoxyphenethyl- 
amine (4) contained in a Reacti-Vial (Pierce) equipped with a 
magnetic stirrer was added 300 p,l of 2 M phosphoric acid, 25 mCi 
of sodium [lzsI]-iodide (New England Nuclear) in ca. 50 p,1 of 0.1 
M NaOH and 0.4 mg chloramine-T (Aldrich) in 20 Ixl HEO. The 
vial was capped and the solution stirred at room temperature for 30 
min. The reaction was quenched with 10 mg of sodium meta- 
bisulfite, and the solution made neutral with NaOH. The solution 
was filtered (Millipore HV, 0.45 Ixm) and the filter was washed 
with 1 ml of methanol. The filtrate was injected onto a Waters C18 
analytical column and eluted with methanol/water (35/65) buffered 
to pH 7.6 with 0.1% triethylamine/phosphoric acid. The eluent 
fraction containing [125I]-2C-I was collected and concentrated 
under an N z stream with gentle heating and reinjected onto the 
HPLC for a second purification. The overall radiochemical yield 
of [tzsI]-2C-I was 80%, and the radiochemical purity of the 
product was greater than 99.9%. The specific activity of the 
product was 1400 Ci/mmole, as determined by UV quantitation of 
the mass peak co-eluting with [~25I]-2C-I on the second HPLC 
purification procedure. 

Tissue Preparation 

The tissue for the receptor binding studies was prepared 
according to the procedure of Battaglia and co-workers (1) with 
minor modifications. The frontal cortex region from 20 to 30 male 
Sprague-Dawley rats (175-199 g) was rapidly removed over ice. 
Tissue was homogenized in 4 volumes of 0.32 M sucrose in a 
Brinkman Polytron (setting 6 for 20 sec x 2). The homogenate 
was centrifuged (36,500 ×g  for 10 min), and the pellet was 
rehomogenized in the same volume of 0.32 M sucrose. Aliquots of 
4.5 ml were stored at -70°C  for up to three weeks. 

On the day of the experiment, a tissue aliquot was thawed 
slowly in ice water and diluted 1 to 20 with 50 mM Tris HC1 
(pH = 7.4). The homogenate was incubated at 37°C for 10 min and 
centrifuged at 36,500 x g for 10 min. After a second centfifugation 
the final pellet was resuspended in 50 mM "Iris HC1 with 0.5 mM 
NazEDTA, 10 mM MgCI z, 0.1% Na ascorbate, and 10 txM 
pargyline HC1 (pH = 7.4). A second preincubation for 10 min at 
37°C was conducted and the tissue was then allowed to cool in an 
ice bath. 

Receptor Binding Procedures 

All experiments were performed with triplicate determinations 
using the buffer described above, to which 200--400 I-~g protein 
was added, in a final volume of 1 ml. The amount of protein was 
determined according to the procedure of Bradford (3). Buffer, 
competing ligand and radioligand were added first to the test 
tubes. In saturation and displacement experiments, incubations 
were allowed to reach equilibrium in a shaking bath at 24°C or 
37°C for 30 min as indicated, and were then filtered with a Brandel 
cell harvester modified for receptor binding studies. Filtration 
through Whatman GF/C filters was followed by two 3-second 
washes with ice-cold Tris buffer. The filters were counted on a 
Beckman 5500 gamma counter at an efficiency of 79%. 

Saturation experiments were carded out by varying the con- 
centration of unlabeled ligand with a constant amount of radioli- 
gand, according to the procedure described by Hamon and 
co-workers (11) and McPherson (21) and reported in our previous 
studies with R-[125I]-DOI (14). In effect, increasing concentra- 
tions of radioligand, at decreasing specific activity were used, 
based on the picomoles of cold ligand added and the DPM's of 
radioligand added to each tube. This method is accurate when the 
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FIG. 1. The effect of GppNHp on the Scatchard plot of [~25I]-2C-I binding. 
As measured by total DPM's added, 0.25 nM [125I]-2C-I was diluted with 
0.1 to 5 nM 2C-I with and without 10 or 100 I~M GppNHp added just prior 
to the 30-min incubation at 24°C. Each line represents the least squares 
analysis of a single site model. There was a decrease in the percent specific 
binding from 71.4% with control (©) to 32.8% and 22.2% when 10 IxM 
GppNHp (0) or 100 I~M GppNHp (11) was added, respectively. The 
representative values as mean- S.E.M. (n) are: with no GppNHp added, 
KD = 1.52_+0.10 nM and B~x=87.0+-3.8 fmol/mg protein (3); with 10 
IxM GppNHp added, KD =4.24--+ 0.40 nM and Bm~x = 20.7-  + 1.6 fmol/mg 
protein (3); with 100 I~M GppNHp added, KD=3.17--0.83 nM and 
B,~x = 8.9-1.8 fmol/mg protein (2). The B~ax values were significantly 
decreased with the addition of either 10 or 100 IxM GppNHp (p<0.001, 
Students' t-test vs. control experiments). All determinations were run in 
triplicate. 

unlabeled and labeled ligands have identical physiochemical 
properties (27) as in this case. Approximately 0.25 nM [~25I]- 
2C-I was used in all experiments, as measured by the DPMs 
added. Unlabeled 2C-I (0.1 to 5 nM) was added to give varying 
concentrations for saturation experiments. Specific binding was 
defined as that displaceable by 1 p.M cinanserin. Nine to eleven 
concentrations in the linear portion of the sigmoidal curve were 
used in displacement experiments. In the guanine nucleotide 
experiments GppNHp was added just prior to the addition of 
tissue. 

Data Analysis 

Scatchard and competition binding data for each experiment 
were analyzed by a nonlinear least squares curve fitting procedure, 
as embodied in the EBDA and LIGAND software, adapted for 
the IBM PC by McPherson (22). The K o, Bmax and K I values 
reported represent the average of 3 to 4 separate experiments, with 
triplicate determinations at varying concentrations for each exper- 
iment. 

RESULTS 

[1251]-2C-I Scatchard Analysis 

As seen in Fig. 1, the Scatchard plot for [~25I]-2C-I binding 
was linear over the concentration range studied. The Hill plot also 
indicated a single site model with a Hill coefficient of 0.98 - 0.01. 
Computer assisted analysis confirmed a single site model of a KD 
of 1.52-----0.10 nM and a Bmax of 87.0+--3.8 fmol/mg protein. 
Approximately 71% of the total binding was specific at 0.2 to 0.25 
nM [~25I]-2C-I. It should be noted that under the experimental 

FIG. 2. The effect of equilibrium temperature on [125I]-2C-I binding. As 
measured by total DPM's added, 0.25 nM [125I]-2C-I was diluted with 0.1 
to 5 nM 2C-I and incubated for 30 min at 24°C ((3) or 37°C (0). Each line 
represents the Scatchard analysis for a least squares fit to a single site 
model as indicated by the Hill coefficients and computer assisted least 
squares analysis. There was no significant change in the percent specific 
binding or Hill coefficient for the Scatchard plots at 24°C and 37°C. There 
was a slight, but nonsignificant decrease in the K D value at 37°C as 
compared to 24°C (1.11---0.13 nM vs. 1.52---0.10 nM). The Bm~ x value 
was significantly decreased at 37°C as compared to 24°C (p<0.001, 
Students' t-test). The Bma x values at 24°C and 37°(2 were 87.0---3.8 
fmol/mg protein and 41.9-  2.9 fmol/mg protein, respectively. All deter- 
minations were run in triplicate. 

conditions concentrations of 2C-I greater than 5 nM yielded counts 
below nonspecific binding. This would imply, as reported for R- 
and S-[125I]-DOI (14) and as suggested for racemic [3H]-DOI (7) 
that [125I]-2C-I may bind to a low affinity site, in addition to the 
high affinity site reported above. The Bma x value is in reasonable 
agreement with previous reports of the density of 5-HT2 agonist 
receptors in rat frontal cortex [see, for example, (7, 14, 37)]. Also, 
the K D of [125I]-2C-I corresponds well to the K I measured using 
R-[125I]-DOI as the label and to the K I of the R-, but not the 
S-isomer of DOI and DOB. 

The addition of 10 or 100 IJ, M GppNHp prior to incubation 
substantially affected the binding characteristics of [~2sI]-2C-I. 
Preliminary experiments indicated these concentrations of 
GppNHp were required to reach a plateau of inhibition. Although 
this is a somewhat higher concentration than was employed by 
Lyon et al. (16) with [3H]-DOB, differences in incubation 
conditions and tissue preparation may account for this discrep- 
ancy. A direct comparison of the tissue preparation used by Lyon 
and co-workers (16) and the present one indicated a slight, but 
statistically significant decrease in percent specific binding and 
Bma x with the method of Lyon et al. (16), but no change was 
measured in the K o (data not shown). Combined, these data led us 
to speculate that less GTP may be removed from the tissue when 
a single 15-rain incubation with EDTA and MgC12 is utilized. 
However, these slight decreases with less vigorous incubation 
conditions are probably of no technical importance. 

Addition of GppNHp substantially decreased the percent spe- 
cific binding of 2C-I from 71.4% to 32.8% and 22.2% for 10 and 
100 ixM GppNHp, respectively. As seen in Fig. 1, the addition of 
10 and 100 ~M GppNHp significantly decreased the Bm~ x value 
for 2C-I to 20.7 fmol/mg protein and 8.9 fmol/mg protein, 
respectively (p<0.001, Student's t-test vs. experiments with no 
GppNHp added). These results are very similar to those seen with 
radioligand agonist binding to other G-protein linked receptors, for 
example the ot2-adrenergic receptor (34). There was also a slight 
decrease in affinity, although this may be partially due to the large 
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TABLE 1 

DISPLACEMENT DATA FOR [125I]-2C-I 

R-[125I]-DOI [125I].2C-I 

K~ a K x Pseudo Hill 
(aM) (nM) Coefficient 

(n) 

5-HT 3.63 --- 0.14 3.98 --- 0.65 1.03 - 0.06 (3) 
5-MT 3.24 --+ 0.72 6.66 = 1.16 0.79 ± 0.08 (4) 

R-DOI 1.54 - 0.38 2.62 ~ 0.11 0.93 _+ 0.02 (3) 
S-DOI 6.35 _ 1.40 4.37 --- 0.63 1.09 ± 0.08 (3) 

2C-I 1.52 - 0.36 1.52 --- 0.10 0.98 --- 0.01 (4)t 
2C-B --  0.78 --- 0.08 1.02 _+ 0.14 (3) 

R-5-MeO-AMT 46.7 ± 8.90 69.8 - 10.4 0.82 --- 0.04 (3) 
S-5-MeO-AMT 1.90 _ 0.75 4.18 -4- 0.42 0.78 --- 0.08 (3) 

1R,2S-DMCPA:~ --  2.16 --- 0.26 0.88 +-- 0.09 (3) 
1S,2R-DMCPA -- 21.6 - 1.07 0.91 _+ 0.12 (3) 

DMT -- 56.6 - 5.7 1.00 __+ 0.03 (3) 
5-MeO-DMT -- 15.4 _+ 0.5 1.17 - 0.11 (3) 
Psilocin --  15.6 -- 1.8 0.97 4- 0.05 (4) 

Ketanserin 3.55 -+ 0.67 3.55 - 0.66 0.81 - 0.10 (3)§ 
Cinanserin 6.96 +- 0.58 2.90 __ 0.51 0.94 -+ 0.10 (3) 
Spiperone 3.22 -+ 0.13 3.39 -- 0.36 0.89 -+ 0.02 (3) 

Pindolol --  16,741 -- 1101 1.35 -+ 0.18 (3) 
TFMPP 21.1 -- 2.59 33.9 -+ 3.02 0.92 -- 0.03 (4) 
RU-24969 --  68.7 -+ 12.6 1.00 __ 0.12 (3) 
8-OH-DPAT 8528 -+ 586 1548 _+ 430 1.03 • 0.12 (4) 
DA, NE and Histamine >10,000 > 1 0 , 0 0 0  - -  

*K I values are for displacement of R-[12sI]-DOI from the high affinity component of a two-site model, 
following the procedures of Johnson et al. (14) with minor modifications. Briefly, the incubations were allowed 
to equilibrate for 60 min at 24°C and specific binding was defined as that displaceable by 10 p.M R-DOI. Under 
these conditions all ligands above including R-[t25I]-DOI showed a two-site displacement as indicated by 
pseudo Hill coefficient and computer least squares analysis. 

-~K~ value and Hill coefficient taken from saturation experiments and calculated by Scatchard analysis; these 
are included for comparative purposes. 

:~DMCPA is trans-2-(2,5-dimethoxy-4-methylphenyl)cyclopropylamine. 
§K x values reported for the 5-HT z antagonists ketanserin, cinanserin and spiperone are for displacement at 

37°C. 
As measured by total DPM's added, 0.25 nM of [1251]-2C-I was used in each experiment. Test tubes were 

allowed to come to equilibrium for 30 min at 24°C. The K I values for displacement from R-[t25I]-DOI-labeled 
sites are included for comparison. Unless otherwise specified, pseudo Hill coefficient and computer least squares 
analysis indicated a single site displacement of [125I]-2C-I. Values represent mean -- S.E.M. for the indicated 
number (n) of independent experiments, with 9 to 11 concentrations of displacing ligand and triplicate 
determinations at each concentration. 

standard error associated with the lower percentage of  specific 
binding seen in the presence o f  GppNHp.  Earlier experiments  with 
GTP yielded similar effects,  but higher concentrations (1 mM) o f  
GTP were required to give maximum inhibition o f  binding. As 
indicated f rom experiments  by Hamon et al. (11) and suggested by 
Lyon et al. (16), this is most  likely due to degradation of  GTP 
during the incubation. 

The percent o f  specific binding,  Hill coefficient or the K D for 
[125I]-2C-I obtained from Scatchard analysis (Fig. 2) were not 
significantly different at the two different equilibrium tempera-  
tures examined.  However ,  increasing the temperature did signifi- 
cantly decrease the B ~ x  value from 87.0_+3.8 to 41 .9-+2.9  
fmol /mg protein (p<0 .001 ,  Student ' s  t-test). The Bma x at 37°C is 
closer to that reported for other 5-HT 2 agonist radioligands under 
similar conditions [for example,  (7)]. 

Displacement of [125I]-2C-I by Various Ligands 

As seen in Table 1, the K I values for a number of  displacing 
ligands closely parallel those measured using [3H]-DOB (16). In 
addition, the KI values with [125I]-2C-I correspond well to those 
found in our laboratory using procedures previously reported with 
R-[125I]-DOI as a radioligand (14). The KI values reported for 
displacement  from R-[~25I]-DOI labeled sites are included for 
comparison.  Stereoselectivity was demonstrated for the R- and 
S-isomers of  DOI, 5-methoxy-ot-methyltryptamine (5-MeO-AMT) 
and the isomers o f  trans-2-(2,5-dimethoxy-4-methylphenyl)cyclo- 
propylamine,  D M C P A  (26). Also R-DOB was found to have a 
higher affinity than its S-enantiomer for R-[ |zsI]-DOI-labeled 
receptor sites (K 1 = 1.40--+ 0.20 and 7.59--+ 1.73 nM,  respectively; 
unpublished results). It is interesting to note that a 10- to 15-fold 
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selectivity was demonstrated for the more active S-5-MeO-AMT 
and 1R,2S-DMCPA while only an approximately 2-fold selectivity 
was seen for the R-enantiomer of DOI. In addition, the nonhallu- 
cinogenic alpha-ethyl analog of R-DOM, BL3912A, has a sub- 
stantial decrease in affinity for R-[~25I]-DOI labeled sites (K I = 
340--.47 and 5.06_-.1.99 nM for R-BL3912A and R-DOM, 
respectively; unpublished results). 

Unless otherwise indicated, pseudo Hill coefficients were not 
significantly different from unity, and computer-assisted least 
squares analysis confirmed a single site model for displacement. 
Displacement of [~25I]-2C-I by the 5-HT 2 antagonists ketanserin, 
cinanserin and spiperone at 37°C yielded a single high affinity site 
(see Table 1). However, at 24°C, these 5-HT 2 antagonists yielded 
a two-site displacement (data not shown). The 5-HT 2 antagonist 
K I values at 37°(2 correspond well to those previously published 
[see, for example, (16,37)]. 

DISCUSSION 

From the Scatchard analysis (Figs. 1 and 2) it is clear that 
[125I]-2C-I binds with high affinity to a single site in rat frontal 
cortex. The displacement profile presented in Table 1 further 
suggests that this receptor site is the same as that labeled by 
R-[~25I]-DOI. In fact, a linear regression analysis of K~ values 
using [~25I]-2C-I displacement on the K I using R-[125I]-DOI 
displacement gave an R>.99 (n = 9). Similarly, a linear regression 
of the present data on the[3H]-DOB displacement data of Lyon and 
co-workers (16) also yielded an R>.99 (n = 9). [1251]_2C_I binding 
was sensitive to guanine nucleotides (Fig. 1) as was that of 
[3H]-DOB (16). 

However, there is some indication from the lower Bm~ , values 
obtained using [3H]-DOB (16)and R-[77Br]-DOB (40)that DOB 
may only bind to a subpopulation of the sites labeled by [1251]- 
2C-I. This discrepancy is partially explained by the effect of 
equilibrium temperature on the Bma x value for [125I]-2C-I. As seen 
in Fig. 2, the Br,~x is halved at 37°C as compared to that seen at 
24°C, with no significant change in the KD or percent specific 
binding. In addition, the structural similarity and the similar 
pharmacological profile of DOI and DOB in rats (9), and the 
apparent significance of the 5-HT 2 receptor in their mechanism of 
action (8), would suggest that these ligands should bind to a 
common population of 5-HT 2 receptors. 

Some controversy presently exists in the literature as to the 
identity of the receptor labeled by these phenethylamine halluci- 
nogens. For example, the higher affinity of 5-HT 2 agonists for the 
[~25I]-2C-I-labeled sites, 3 seen also with [ H]-DOB (16,37) and 
R-[~2sI]-DOI (14) might suggest that, as stated by Wang et al. 
(40), "classification of these sites as a subtype of 5-HT 2 binding 
sites may be premature." However, the two-component displace- 
ment by 5-HT 2 agonists at [3H]-ketanserin sites (1, 17, 35), and 
the displacement profiles for these radiolabeled phenethylamine 
hallucinogens, strongly implicate the 5-HT 2 receptor. The present 
data further support this by demonstrating the low affinity of 
non-5-HT 2 ligands for the [125I]-2C-I labeled site. For example, 
dopamine, norepinephrine and histamine all showed low affinity. 
The 5-HT~A/5-HT m antagonist, pindolol, as well as the 5-HT~A 
agonist 8-OH-DPAT (Table 1) and the 5-HT m agonist RU-24969 
also possess low affinity for [~25I]-2C-I labeled sites. Therefore, 
evidence from earlier work, and the present data, would suggest 
that radiolabeled DOI, 2C-I and DOB all bind to the same site, 
which may be some subpopulation of the 5-HT 2 receptor. 

From Fig. 2, it would appear that the number of [125I]-2C-I 
binding sites is a temperature-dependent phenomenon. Similar 
temperature dependency has been seen with other G-protein linked 
receptors. For example, Covents and co-workers (5) found that the 
dissociation rate constant was significantly greater for ( - ) -  

enpinephrine binding to the et2-adrenergic receptor at 37°(2, as 
compared to that at 24°C. Indeed, the decreased Bm~ for [1251]- 
2C-I at 37°(2 as compared to that at 24°C, may be explained by 
analogies to the G-protein linked ,~2-adrenergic receptor model 
proposed by Thomsen and co-workers (34). However, the validity 
of that model cannot be assessed for the 5-HT2 receptor, based 
solely upon non-functional receptor assays such as those re- 
ported here. 

Whether the receptor labeled by these phenethylamines is the 
"agonist state" of the 5-HT 2 receptor as originally proposed for 
[3H]-DOB (16) or a separate subtype of the 5-HT 2 receptor as 

77 recently suggested for [ Br]-DOB (29), the involvement of this 
receptor in the hallucinogenic effects of these drugs is strongly 
implicated. As previously mentioned, there are high correlations 
between the affinity for this 5-HT 2 receptor and the potency of 
hallucinogens in the drug discrimination paradigm [for example, 
see, (38)]. This is further supported in the present study by the 
enantioselectivity demonstrated by several different structural 
classes of hallocinogens. For example, the more potent R-enanti- 
omer of DOI showed a two-fold higher affinity for [125I]-2C-I 
labeled sites than its S-enantiomer. Similarly, R-DOB had a higher 
affinity for R-[~25I]-DOI-labeled sites than S-DOB. Further, the 
S-enantiomer of the tryptamine hallucinogen, 5-MeO-AMT dem- 
onstrated stereoselectivity (S>R) in agreement with its observed 
activity in humans (A. T. Shulgin, unpublished results). As seen 
in Table 1, the more active 1R,2S-enantiomer of trans-2-(2,5- 
dimethoxy-4-methylphenyl)cyclopropylamine, DMCPA (26), also 
showed stereoselectivity for the [125I]-2C-I labeled site. 

The importance of the receptor labeled with these phenethyl- 
amine hallucinogens is further evident by examining several 
structure activity relationships. For example, the nonhallucino- 
genic a-ethyl homologue of R-DOM, BL-3912A (39), has a K I 
value of 340 __- 47 nM for R-[125I]-DOI-labeled sites, which is over 
fifty-fold higher than the K I value found for R-DOM under similar 
conditions (unpublished results). The N(6)-ethyl (ETHLAD) and 
N(6)-allyl (ALLAD) analogs of LSD have been reported to be 
more potent than LSD in the rat and in humans (12, 13, 24). 
ETHLAD, ALLAD and LSD were all found to have high affinity 
for the R-[125I]-DOI-labeled site (5 .11-0.34,  3.36---0.75 and 
5.17--. 0.96 nM, respectively; unpublished results). This does not 
imply, however, that LSD or its analogs have the same mechanism 
of action as the phenethylamine hallucinogens. For example, 
2-bromo-LSD (BOL) also has a high affinity for this receptor site 
(4.56---0.30 nM, unpublished results), but is known to be an 
antagonist of hallucinogenic activity. In addition, there is a 
growing body of evidence to suggest that LSD is actually a partial 
agonist/antagonist at 5-HT 2 receptors (2, 30, 31, 33). Therefore, 
while the receptor labeled with phenethylamine hallucinogens is 
implicated in hallucinogen action, as with most receptor binding 
assays the ability to displace [125I]-2C-I or any other phenethyl- 
amine hallucinogen, is not predictive of hallucinogenic activity. 

One advantage of these radioligands is the ability of radio- 
labeled agonists to identify swacture activity relationships that are 
not apparent when a radiolabeled antagonist is utilized. For 
example, there was an apparent low affinity of the potent hallu- 
cinogen, 5-MeO-AMT for the 5-HT 2 receptor when [3H]-ketan- 
serin was used as a radioligand (25). In contrast, utilizing either 
R-[125I]-DOI or [~25I]-2C-I as a receptor label revealed a less than 
10 nM affinity for S-5-MeO-AMT and a 20-fold higher affinity 
than its less active R-enantiomer (see Table 1). Similarly, a 
comparison of 5-HT 2 receptor affinity for DMT, 5-MeO-DMT and 
psilocin suggests that either 4-hydroxylation or 5-methoxylation of 
the DMT nucleus results in a comparable increase in receptor 
affinity. Therefore, it appears that 4-hydroxylation in psilocin 
serves not merely to confer metabolic resistance and increase lipid 
solubility (24), but may also increase affinity for the agonist state 
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of the 5-HT 2 receptor. This enhancement of affinity is not 
observed with 4-hydroxylation when [3H]-ketanserin is used as the 
5-HT 2 ligand (25). 

The obvious advantage of these new ligands is the use of the 
[125I]-label, which provides much higher specific activity than 
[3H]-ligands and a greater ability to measure low density 5-HT 2 
agonist binding sites. In addition, and also of importance, is the 
fact that [125I]-2C-I is an achiral compound, avoiding the problems 
associated with the synthesis of pure optical isomers and labeling 
a receptor with racemic ligands. Therefore, [~25I]-2C-I should 
prove to be a useful tool in binding affinity measurements for the 

5-HT 2 receptor, as well as a useful ligand for in vitro autoradio- 
graphy experiments. We further anticipate that the analogous 
bromo homologue, 2C-B, labeled with [3H] or [77Br], would be 
more advantageous as a radioligand than racemic [3H]-DOB or 
[77Br]-DOB. 
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