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Abstract-Animals (rats), trained to discriminate the hallucinogenic agent I-(2.5dimethoxy-1- 
methylphenyl)-2-aminopropane (DOM) from saline in a two-lever operant procedure. ~vere challenged 
with various doses of several indolealkylamine and phenalkylamine derivatives. In both series. the n- 
methyl analogs were found to be more active than either their N-methyl or a-demethyl counterparts. 
Furthermore, when the activities of the optical isomers of DOM were compared with the activities of 
S-(+) and R-(-)+methyltryptamine (cu-MeT), it was found that the more potent isomer of a-MeT 
(i.e. S) possessed the opposite absolute configuration of the more potent isomer of DOM (i.e. R). With 
respect to the mechanism of action of these agents. these findings are not inconsistent with a common 
site hypothesis. 

We have reported previously that hallucinogenic 
derivatives of phenalkylamine and indolealkylamine 
possess a significant affinity for the serotonin (5HT) 
receptors of the isolated rat fundus preparation [l. 
21, and that these agents may interact with 5HT 
receptors in such a manner as to share common 
aromatic and amine sites [3]. For example, terminal 
amine methylation, in either series, results in a 2- 
to 3-fold decrease in affinity [l, 21. However, with 
respect to the phenalkylamines, optimal hallucino- 
genic activity is usually associated with a primaq 
amino group (i.e. one which does not bear an alkyl 
substituent), whereas active indolealkylamine hal- 
lucinogens usually possess a terminal amine that is 
alkylated [4]. This apparent inconsistency does not 
support a mechanism of action which involves inter- 
action at a common site; however. this situation has 
not been examined thoroughly. 

Certain a-methyl derivatives of phenalkylamines 
(i.e. phenylisopropylamines) and of indolealkylam- 
ines (i.e. Lu-methyltryptamines) are also hallucino- 
genic in man [4,5]. These latter derivatives possess 
a chiral center and, therefore, are capable of existing 
as optical isomers. If, indeed, phenylisopropylamine 
and cu-methyltryptamine hallucinogens interact at a 
common site. in a manner such as that proposed bl 
Kang and Green [6], it might be anticipated that the 
stereochemistry of the more potent isomer in one 
series should be opposite that of the other series in 
order to achieve a similar spatial orientation (see 
Fig. 1). In the few cases studied, the R-(-)-isomers 
of hallucinogenic phenylisopropylamines possess a 
greater 5-HT receptor affinity than their S-(-)- 
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Fig. 1. Structures showing the absolute configurations of 
R-(-)-DOM and S-(+)-cu-MeT. 

enantiomers [7]; furthermore. in man. the R-( -)- 
isomers are usually more potent than either their 
racemates or S-(+)-isomers [8]. While we have 
shown recently that S-( +)-~~methyltryptamine pos- 
sesses 10 times the affinity of R-(-)-a-methyltryp- 
tamine [7], the behavioral activity of these isomers, 
as compared to the activity of the isomers of a 
phenylisopropylamine derivative, has not yet been 
reported. 

Using a discriminative stimulus paradigm. with 
rats as subjects. and the hallucinogenic agent 
l-(2,5-dimethoxy-4-methylphenyl)-2-aminopropane 
(DOM; 1 mg/kg) as the training-drug. the aim of the 
present study was to challenge the above-mentioned 
tenets of a common site hypothesis. To this extent. 
it was first necessary to determine if the DOM-stimu- 
lus response would generalize to racemic a-meth- 
yltryptamine. Generalization studies were also per- 
formed using several related derivatives in both the 
phenalkylamine and indolealkylamine series in order 
to determine the relative effect and importance of 
N-methyl and n-alkyl substitution on behavioral 
activity. 
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A~zimnls. The animals used in this study were 30 
male Sprague-Dawley rats. The animals were 
housed in individual cages and maintained at approx- 
imately 80% of the expected free-feeding \veig,ht bq. 
partial food deprivation. Water was freely available 
in the home cage. 

,~~~~xzuuu.s. Standard operant chambers (c‘oul- 
bourn model E I O-10). housed within light-attcnuat- 
ing outer chambers. were used. Each chamber com 
tamed t\vo lc\-crs that were mounted at opposite 
ends of one \\all. A single dipper that deli\cred 
approximately 0.01 ml of sweetened condensed milk 
(diluted 3 : 1 with Fvater) u as positioned betueen the 
two levers. All prosramming and recording of data 
were done by sohd-state and electromechanical 
equipment located in the same room. 

Discrir~inntior~ llr-ocrdrrt~~. Rats were imtiall> 
trained to respond on a fixed-ratio I (FR-I) schedule 
of reinforcement on one lever. Lvith the other lever 
removed from the chamber. The schedule of 
reinforcement was gradually increased from FR- I to 
a variable interval 15see (VI-l%) schedule of 
reinforcement on each lever independently. I,e\.er- 
press training on VI-l% continued until rates of 
responding stabilized (approsimatel) 18.7 
rcaponses.imin). At this point drug discrimination 
training aaas begun. 

Rats were injected intraperitoneall!; (i.p.) with 
either racemic DOM (1.0 m&/kg) or its \,ehicle 
(saline) I5 min before each session and were placed 
in the chambers with both levers present. For half 
of the rats. responding on the right lever. after drug 
administration. was reinforced: responding on the 
left lever after drug injection was reinforced for the 
other half. For all rats. responding on the non-drug 
lever was reinforced after administration of the 
injection vehicle. Training sessions were 15 min long. 
Saline or DOM \vas administered on a double alter- 
nation schedule (i.e. 2 davs saline. 2 days DOM). 
On every fifth day. the di&imination learning of the 
rats was assessed during an initial 2.5min non-rein- 
forced (extinction) period followed by a 12.5min 
training session. Data that were collected during the 
cxtinctyon periods included total responses 
(expressed as responses/‘min) and percent responding 
on the DOM-appropriate lever (number of responses 
on DOM-designated lever./totat number of 
responses X 100). 

Sub.srirdorz t~sfs. During substitution investiga- 
tions, test sessions were interposed among discrim- 
nation training sessions. During these test sessions. 
the animals were allowed 2.5 min with no rcinforce- 
mcnt for lever responding and \vere then removed 
from the operant chambers. An odd number of train- 
ing sessions, generally three. separated any two sub- 
stitution test sessions. Substitution tests investigated 
the ability of the animal to generalize the racemic 
DOM-stimulus response to various indolealkylamine 
and phenalkylamine derivatives. Doses of these com- 
pounds were administered i.p. in a random sequence 
with a 15min injection-time interval prior to the 
2.5-min extinction te5t period. 

Drugs. Kaccmic. R-(p)- and .Y-( + )-1-(2.5-d- 
methox!-4-meth! Iphen!~l)-7-aminc~propane hylro- 

NHR 

CH30&#_H :q$yCHy::\&H, 

Cl-l: CH. CH 

a,b c,d e 

CH h” 
Ra R Ry.&H’N’CH7’ 

H H 

f-i i,k 

Fig. 2. Structures ot agents uwd In this study: (a) DOM. 
R = H. (b) ,Y-Mc DOM. R = CHi. (c) DM-DOM. R = 
H, (d) DD-DOM. R = CHx, (e) a-EH DOMM, (f) n-Me-l. 
R = H. R’ = CH,. (g) tryptarnine. R = II’ = H. (h) 5- 
OMeT. R = 0CH2. R’ = H. (i) n-EtT. K = H, R’ = C:Hc. 

(j) DMT. R = H. and (k) S-OMe DMT. K = OCH:. 

chloride (DOM) wcrc gifts from NIDA. Trvptamine 
hydrochloride was obtained from the Rcgis i’hemical 
Co.. Morton Grove. IL. Racemic. K-( ~-)- and S- 
(-)-l-(2,S-dimethoxy-3-methylphen!I)-2-aminobu- 
tane hydrochloride (i.e. the n-ethyl homolog of 
DOM, or U-EH DOM) (BL-3912: lot numbers 
11609-21. CD76318 and 11709-11 respectively) were 
gifts from Dr. Richard A. Partyka of Bristol Lab- 
oratories. Syracuse. NY. I-(2.5Dimethoxy-3- 
methylphenyl)-2-aminoethane hydrochloride (DM- 
DOM), as well as its :V.,V-&methyl derivative 
(DD-DOM). were prepared according to literature 
procedures [9]. The remaining compounds have been 
synthesized previously in our laborator! (i.e. n- 
methyltryptamine hydrochloride. .l’-monomethyl 
DOM hydrochloride. 5methoxytryptamine. cl- 
ethyltryptamine acetate and ,C’.?“\I’-dimeth~ltrvptam- 
ine hydrogen oxalate) as a result of earlier studies. 
See FIN. 2 for structures. (i-)-n-Methyltryptamine. 
as the free base. was resolved bl treatment with rl- 
(+)-IO-camphorsulfonic acid: the salt wa\ recryta- 
lined several time from absolute ethanol and had the 
following properties: m.p. 233~234” (lit. [ 101 m,p, 
236237”); [ a$; = + 79.3” (absolute ethanol) (lit. 
[IO] [a];; ’ -27”). This salt was converted to the free 
base by treatment with aqueous sodium hydroxide. 
Tht: crude base was then recrystallized from 
ethylacetateihexane to gi\,e S-( -c)-n-MeT as color- 
less prisms. m.p. 328-129” (lit. [ 101 1~1.1~. IX’). The 
optical rotation of this free base. [ ajf(’ ~ - 33.1 (WC; 
ethanol), is consistent with that reported earlier b> 
Vane et u/. ([ali: = +~ 34.7” [I I]) and b> Repke and 
Ferguson ([ n]i: = t 34.9’ (methanol [ 121). R-( -- )- 
cr-MeT was prepared in a similar mamit‘r: [ali’:’ = 
~30.1” (95% ethanol) (lit. [ 121 [ o]f; -32. I’.. meth- 
anol). Optical rotations were measured using ;I 
Perkin-Elmer model 111 polarimetcr, and melting 
points were determined on a Fisher--Johns melting 
point apparatu\. 

All drugs \\erc dissolvctl in \terilc saline with the 
exception of i-mcthox?trvpt;Imine and .C-( 1 )- anti 
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R-(-)-cu-methyltryptamine; these latter three com- 
pounds were initially dissolved in an equivalent of 
0.1 N hydrochloric acid and were then diluted with 
sterile saline to the desired concentration. All sol- 
utions were prepared fresh daily. 

RESULTS 

Rats were trained to discriminate DOM (1.0 mg/ 
kg) from saline administration. Preliminary studies. 
including duration of action, dose-response and EDso 

for (*)-DOM, have already been reported [13]. 
These same DOM-trained animals were employed 
for this present study. For the purpose of this study, 
new dose-response data were obtained for (t)- 
DOM; the re-determined ED~,, for (?)-DOM was 
found (Table 1) to be identical to that which we had 
reported earlier [13]. As shown in Table 1, DOM- 
stimulus generalization occurred to all of the phen- 
alkylamine derivatives except the S-(+)-isomer of 
the m-ethyl homolog of DOM [i.e. S-(+)-LY-EH 
DOM]. Stimulus generalization was also observed 
for doses of (i)- and S-(+)-a-methyltryptamine 
(cu-MeT), (*)-cY-ethyltryptamine (cu-EtT), and 
NJ-dimethyltryptamine (DMT), but not for 
R-( -)-a-MeT, tryptamine or 5methoxytryptamine 
(5OMeT). At the highest dose tested (25 mg/kg), 
tryptamine produced only 13% DOM-appropriate 
responding. At low doses (1.0 to 2.25mg/kg), 5- 
OMeT produced saline-like responding; at higher 
doses of 5-OMeT (>2.5 mg/kg), disruption of behav- 
ior (no responding) was observed. Both S-( +)-LU-EH 
DOM and R-(-)-cu-MeT produced partial general- 
ization (at doses of 14.5 and 3.25mg/kg respec- 
tively); attempts to increase the dose beyond that 
which resulted in partial generalization resulted in 
complete disruption of behavior. Where generaliz- 
ation occurred, it did so in a dose-related manner; 
response rates were not significantly different under 
drug or non-drug (saline) conditions except where 
complete disruption of behavior occurred. 

in a 3-fold decrease in potency. Interestingly. the 
corresponding primary amine derivative of cu-MeT 
(i.e. tryptamine) produced saline-like responding 
even at five times the ED~[, dose of (+)-cu-MeT. Stimu- 
lus generalization occurs between DOM and S- 
methoxy-NJ-dimethyltryptamine (5-OMe DMT) 
regardless of which of the two agents is used as the 
training-drug [13,21]. However. administration of 
5-OMeT. the primary amine derivative of 5-OMe 
DMT, produced saline-like responding at low doses; 
administration of higher doses of 5-OMeT resulted 
in disruption of behavior. In two instances then, the 
primary amine derivatives of indolealkylamines were 
essentially inactive (i.e. incapable of producing 
DOM-like effects), while DM-DOM was active. 
While this finding may argue against the common 
site hypothesis, several additional factors should be 
considered. Vogel and co-workers (22.231 have 
found that intraperitoneal doses of tryptamine and 
its 5-methoxy derivative penetrate the rat blood- 
brain barrier to an extremely small extent. Further- 
more, at a dose of 50mgkg. 5-OMeT produces a 
very small brain to blood plasma ratio, a ratio similar 
to that observed after administration of 5-hydroxy- 
Iv,N-dimethyltryptamine (bufotenine) or serotonin 
(241. These results are explained. but only in part, 
by the rapid metabolism of tryptamine and 5-OMeT. 
These same investigators have found that certain 
primary amine derivatives of phenalkylamines, both 
phenylisopropylamines and phenethylamines, 
(although DM-DOM, itself. was not examined in 
this study) are far better able. than primary a-unsub- 
stituted tryptamines. to penetrate the blood-brain 
barrier [22.23]. Thus, tryptamine and its 5-methoxy 
derivative may appear to be relatively inactive by 
virtue of their failure to achieve significant brain 
levels. In any event, removal of the a-methyl group 
of DOM or cu-MeT resulted in decreased activitv. 

DISCUSSION 

Occurrence of stimulus generalization suggests 
that a challenge-drug is capable of producing behav- 
ioral (discriminative stimulus) effects similar to those 
produced by a particular training-drug. A compar- 
ison of EDGE values (Table 1) reveals that racemic 
ru-methyltryptamine and S-(+)-cu-methyltryptamine 
produced DOM-like effects with the latter being 
approximately twice as potent as the racemate. 
Administration of R-( -)-Lu-MeT, on the other hand, 
did not substitute completely for the DOM-stimulus 
response. Consistent with a common site hypothesis, 
the active isomer of a-MeT possesses the opposite 
absolute configuration (i.e. S) of the more active 
isomer of DOM (i.e. R). Homologation of the m- 
substituent from methyl to ethyl in either series (i.e. 
a+EH DOM and cu-EtT) resulted in a significant 
decrease in activity. Nevertheless, a greater activity 
of the m-ethyl homolog of DOM still appeared to 
reside with the R-(-)-isomer, 

Methylation of the terminal amine of DOM (i.e. 
N-Me DOM), as well as dimethvlation of the LY- 
demethyl derivative DM-DOM [i.e. DD-DOM), 
resulted in compounds which were less active than 
their parent. This same effect was seen in the 
indolealkylamine series, with DMT being somewhat 
less active than (+)-cu-MeT (Table 1). 

In considering the results of this study, it would 
be gratifying and, indeed, more meaningful, if there 
existed a correspondence with human hallucinogenic 
activity. Of the ten different compounds examined, 
human data are available for five, as well as for the 
R-(-)-isomer of DOM. A plot of human hallucin- 
ogenic dose versus ED!~, from Table 1, reveals a 
significant correlation (r’ = 0.99) between the two 
activities (Fig. 3). Tryptamine is essentially inactive 
in man [25], as it was in the discrimination study. In 
clinical trials (as communicated by Winter [26], cr- 
EH DOM, in doses of up to 270 mg in normal human 
subjects, produced euphoria and other LSD-like 
effects but failed to reveal hallucinogenic activity. 
Interestingly, however. complete stimulus general- 
ization was observed when cr-EH DOM was admin- 
istered to animals trained to discriminate LSD from 
saline [26]. 

Administration of the cy-demethyl derivative of 
DOM (i.e. DM-DOM) to the DOM-trained animals 

In both the phenalkylamine and indolealkylamine 

revealed that removal of this methyl group resulted 
series, the most active agent was the amine-unsub- 
stituted a-methyl derivative. The N-methyl analogs 
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were less active, with the o-ethyl homologs having 
been the least active. The cu-demethyl derivative of 
DOM (i.e. DM-DOM) was several-fold less active 
than DOM itself, while tryptamine, the cu-demethyl 
derivative of a-MeT, was essentially inactive; never- 
theless, cY-demethylation resulted in similar trends 
in both cases. Previous attempts to explain the 
inactivity of tryptamine have focused on its inability 
to penetrate the blood-brain barrier. Where com- 
parisons can be made, similarities exist between the 
results of this study and the results of human studies. 
Although parallel structural modifications resulted 
in parallel qualitative changes in activity within the 
two series, these differences in activity were not 
quantitatively similar. This may be explained on the 
basis of different routes and rates of metabolism or 
by the different distributional characteristics of phen- 
alkylamines versus indolealkylamines. 
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