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of the interoceptive discriminative stimuli induced
by S-methoxy-N,N-dimethyltryptamine
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Abstract. Male Wistar rats were trained to discriminate the
interoceptive effects of 5-methoxy-N,N-dimethyltryptamine
(5-OMe-DMT; 1.25 mg/kg, IP) from saline in a two-lever
operant chamber. Following discrimination learning, the
following drugs (with EDs, dose in mg/kg IP) dose-depen-
dently generalized: lysergic acid diethylamide (LSD, 0.04),
8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT,
0.11),  6-methoxy-4-(dipropyl-amino)-1,3.4,5-tetrahydro-
benz(c,d)indole hydrochloride (BAY R 1531. 0.15), 5-OMe-
DMT itself (0.63), ipsapirone (TVX Q 7821, 2.7), and busp-
irone (3.8). The potencies of these drugs in generalization
tests were best correlated with their binding affinities for
the 5-HT,, serotonin receptor subtype (as measured by
displacement of *H-ipsapirone in the hippocampus). Drugs
not, or only partially generalizing included quipazine, bufo-
tenin, mm-trifluoromethylphenylpiperazine (TFMPP), 5-me-
thoxy-3(1,2,3,6-tetrahydropyridine-4-yl)-1H-indole succin-
ate (RU 24969), citalopram, clomipramine, 1,4-dihydro-
2,6-dimethyl-3-nitro-4(2-trifluoromethylphenyl)-pyridine-
S-carboxylate (BAY K 8644), the buspirone metabolite 1-
pyrimidinyl-piperazine (1-PP), methysergide, metergoline,
and metitepine. Of the last three compounds with antago-
nistic activity at 5-HT receptors, as well as ketanserin, pizo-
tifen, and ritanserin, only metitepine and pindolol could
fully block the 35-OMe-DMT stimulus. Pizotifen blocked
the generalization of quipazine fully, that of 5-OMe-DMT
only partially, and that of ipsapirone not at all. These data
indicate that the 5-HT,, receptor subtype is strongly in-
volved in the transduction of the interoceptive discrimina-
tive stimuli induced by 5-OMe-DMT, with 5-HT, agonism
also playing a possible role.
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ceptor — Rats — 5-Methoxy-N,N-dimethyliryptamine — Se-
rotonin receptors

Analyses of the serotonin (5-HT) receptor subtype affinities
of 5-OMe-DMT reveals an apparent relative preference of
this compound for the 5-HT, 5 receptor over the 5-HT,y
or 5-HT, receptors sites (Glennon et al. 1980; Glennon
et al. 1984: Sills et al. 1984; Peroutka 1985; Hamon et al.
1986). Evidence for some degree of 5-H'T,y agonistic speci-
ficity can also be found in vivo: 5-OMe-DMT produces
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a behavioral syndrome in rats that is primarily made up
of elements produced via 5-HT, 4 receptor activation (Lucki
et al. 1984; Spencer et al. 1984; Sills et al. 1985: Trickle-
bank et al. 1985; Smith and Peroutka 1986).

The results from experiments in which various 5-HT
agonists and antagonists have been trained as discrimina-
tive stimuli in a drug discrimination framework are not
so clear, however. While it is true that amimals trained to
detect the interoceptive stimuli induced by the 5-HT, ago-
nist TEFMPP do not give TEFMPP-like responses after ad-
ministration of 5-OMe-DMT (McKenney and Glennon
1986), conflicting data have been collected with regard to
the role of the 5-HT, receptor. First, rats can be trained
to discriminate the effects of the hallucinogen 1-(2,5-di-
methoxy-4-methylphenyl)-2-aminopropane (DOM) and the
potencies of various drugs in mimicking or antagonizing
this stimulus correlate well with their affinities for the
5-HT, receptor (Glennon et al. 1984). 5-OMe-DMT also
substituted for the DOM stimulus (Glennon et al. 1983a,
b: Glennon et al. 1984). Furthermore, the 3-OMe-DMT
substitution for DOM could be blocked by the 5-HT, an-
tagonist pirenperone (Glennon et al. 1983b). Second. rats
trained to detect the 5-HT,, agonist 8-OH-DPAT did not
fully generalize their drug responses to challenges with
5-OMe-DMT (Cunningham et al. 1985; Fozard et al. 1986;
Glennon 1986). On the other hand. rats discriminating the
5-HT, s-selective drug ipsapirone did exhibit full generaliza-
tion to the effects of 5-OMe-DMT (Spencer and Traber
1987).

The situation becomes almost contradictory when one
examines the results from experiments in which 5-OMe-
DMT itself was the training substance. Glennon et al.
(1979, 1980) found that in rats so trained, DOM substituted
fully. In addition, the 5-HT, antagonist pizotifen antago-
nized the 5-OMe-DMT cue. Alternatively, Spencer et al.
(1984, 1985, 1986) showed that 5-OMe-DMT-trained rats
generalized fully to 8-OH-DPAT. the novel putative anxio-
Iytic drug ipsapirone (Traber et al. 1984, 1985). and other
substances, the potencies correlating best with affinities for
the 5-HT, , receptor.

Some clues to the solution of this controversy do exist,
and indicate that 5-OMe-DMT may have agonistic actions
at both 5-HT, 4 and 5-HT, receptors. Accordingly, Fozard
et al. (1986) found that in rats trained to discriminate 8-OH-
DPAT, although 5-OMe-DMT when given alone did not
substitute for the training drug, pretreatment with the
5-HT, antagonist ketanserin converted the 5-OMe-DMT
effect to full substitution. Their conclusion was that the



concurrent presence of 5-HT, agonism interfered with the
detection of the 5-HT,, properties of this drug. There is
also evidence that the 5-HT,,/5-HT, balance of effects of
5-OMe-DMT may be dose dependent. Like 8-OH-DPAT,
low doses of 5-OMe-DMT produce hypothermia in rats,
whereas larger doses have the opposite effects (Gudelsky
etal. 1986). The goal of the present series of experiments
was lo examine the pharmacological properties of the
5-OMe-DMT-induced interoceptive stimulus in enough de-
tail to evaluate the roles of the 5-HT receptor subtypes.

Materials and methods

Behavioral studies. Male albino rats of the Wistar strain
(Winkelmann, Borchen-Kirchenborchen, FRG) served as
subjects. Weight upon receipt was 140-160 g, which stabi-
lized during the course of behavioral testing to 320-350 g,
due to continual 22 h/day food deprivation. Rats were indi-
vidually housed and given walter as required. Temperature
was maintained at 21+2° C and room lights were on from
7:00 A.M. to 6:00 P.M. Discrimination training took place
in standard two-lever operant chambers (Coulbourn Instru-
ments) and were controlled by TRS-80 Model III micro-
computers (Tandy) using the OPN software package
(Spencer and Emmett-Oglesby 1985). After an inilial
[-week adaptation period, rats were daily food-deprived
and trained to discriminate the effects of IP injections of
S-methoxy-dimethyltryptamine (5-OMe-DMT, 1.25 mg/kg)
from those of an equal volume of saline; overall methodol-
ogy was similar to that described by Glennon et al. (1980).
On any specific day, either 3-OMe-DMT or saline would
be injected 15 min before the behavioral session; responses
on one lever being reinforced with 45 mg food pellets on
a fixed-ratio of 10 (FR 10) schedule after drug treatment
and responses on the other lever being reinforced on the
same schedule after saline treatment. Sessions lasted a maxi-
mum of 10 min, but were also terminated upon the delivery
of 50 reinforcements. Subjects were counterbalanced on as-
signed drug lever (left or right) and treatment over sessions
(drug or saline) varied semi-randomly following correct ses-
sion performance (less than six responses on the incorrect
lever prior to the first reward). Incorrect session perfor-
mance resulted in repetition of treatment condition on the
following day. The discrimination learning criterion was
ten correct consecutive sessions. Training sessions were car-
ried out 5 days a week.

Following discrimination acquisition, generalization
tests were conducted: injections of various doses of test
drugs were substituted for the injection of 5-OMe-DMT
at the training dose or saline. Test sessions were separated
from each other by at least three practice sessions in which
saline and 5-OMe-DMT were correctly discriminated. On
these test sessions, the lever on which ten responses first
accumulated was rewarded and only responses on that lever
were subsequently rewarded. For generalization testing, all
test compounds were injected 15 min before the behavioral
session except metitepine and metergoline, which were in-
jected 60 min before the session. Drug effects were assessed
not only on lever selection, but also on lever pressing rate,
Rate effects were calculated as per cent control lever press-
ing rate: rate on test day for each animal was divided by
that on the most recent saline session and multiplied by
100. These percentages were then averaged for the tested
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group. EDsq values for those substances fully substituting
for the 5-OMe-DMT stimulus were calculated by linear re-
gression analysis of the probit dose-response functions.

Various drugs acting as antagonists at 5-HT receptors
were also tested for their ability to block the stimulus prop-
erties of the training drug, 5-OMe-DMT. The first series
of such tests included ketanserin, metergoline, methyser-
gide, metitepine, and ritanserin. Antagonism was tested by
pretreating the trained rats with one of several doses of
the antagonist (IP) 45 min before administration of the nor-
mal training dose of 5-OMe-DMT. Pizotifen (BC-105) was
also tested for antagonism of the 5-OMe-DMT stimulus,
but was given only 15 min before the training drug. Drug
effects on lever pressing rate were assessed in the same man-
ner as that described above for generalization tests, but
the session taken as control was the most recent 5-OMe-
DMT session.

Thereafter, two further series of antagonism tests were
conducted and all injections were again via the IP route.
The purpose of both test series was to examine the ability
of a specific antagonist to block the generalizations of a
number of agonistic compounds. Pizotifen (10 mg/kg) was
selected for the first such test series, and was administered
15 min before either quipazine (2.0 mg/kg) or ipsapirone
(10 mg/kg). The next such test series employed racemic pin-
dolol (20 mg/kg); pindolol was given 15 min before either
quipazine (2.0 mg/kg), 5-OMe-DMT (1.25 mg/kg), ipsapir-
one (10 mg/kg). or 8-OH-DPAT (0.32 mg/kg). The doses
of these-three agonists were selected to provide the same
degrees of nearly complete generalization. The effects of
these drug combinations on lever-pressing rate within sub-
jects was calculated as described for generalization tests.

Receptor binding. Binding experiments were performed as
described by Dompert et al. (1985), Glaser et al. (1985),
Peroutka and Snyder (1981). and Leysen et al. (1982), using
either calf or rat hippocampal membranes with *H-5-HT
(1 nM, 15min incubation, specific activity 25 Cu/mmol
(New England Nuclear): the 5-HT, site, which represents
a mixture of 5-HT,4 and 5-HT,j5 sites) or *H-ipsapirone
(2nM, 30 min incubation, specific activity 30 Cu/mmol
(Amersham): the 5-HT, 4 site). or rat frontal cortical mem-
branes with *H-ketanserin (1 nM, 20 min incubation, spe-
cific activity 90 Cu/mmol (New England Nuclear): the
5-HT, site). For the three ligands, a 50 mM Tris-HCI buffer
was used (pH 7.7, 25° C) which, for the first two ligands,
contained an additional 4 nM CaCl,. Scatchard analyses
of 3H-5-HT, *H-ipsapirone, and *H-ketanserin binding
were characterized by dissociation constants of 1.5, 1.0, and
1.7 nM and binding capacities of 0.65, 0.2, and 0.89 pmol/
mg, respectively. Analysis of substance interactions with
the 5-HT,y site was performed in rat cortex membranes
with *H-5-HT (as described above for calf hippocampus
membranes), but in the additional presence of 600 nM
8-OH-DPAT to block the 5-HT, 4 sites. All determinations
of inhibition constants (K;s) were carried out in triplicate
and then replicated three times in order to allow calculation
of @ mean value plus standard deviations.

The following drugs were obtained as gifts from the
following companies, and their assistance is gratefully ac-
knowledged: clomipramine HCI (CIBA-GEIGY), metergo-
line (Farmitalia), metitepine maleate (Hoffmann-La
Roche), ketanserin tartrate and ritanserin (Jannsen), citalo-
pram HCI (Lundbeck), buspirone HCl (Mead-Johnson),



160

quipazine maleate (Miles), and LSD, methysergide hydro-
gen maleate, and pizotifen hydrogen maleate (Sandoz).
BAY K 8644, BAY R 1531, ipsapirone (synthesized as hy-
drochloride salt), 8-OH-DPAT, 1-PP, and RU 24969 were
synthesized by the Chemistry Department of Bayer AG,
Sector Pharma, Wuppertal, Federal Republic of Germany.
The remaining substances were obtained from commercial
sources. All drug doses were calculated on the basis of the
weight of the base or salt received.

Results

A total of 51 rats were trained to discriminate the discrimi-
native stimulus effects of 1.25 mg/kg 5-OMe-DMT from
saline. In a representative group of ten rats, discrimination
acquisition required 60 sessions until asymptotic accuracy
was reached (85% correct session performance, sessions 60—
75).

The following drugs (EDsq in mg/kg) fully and dose-
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Fig. 1A, B. Dose-response functions of those drugs substituting for 5-OMe-DMT: effects on lever selection (panel A) and lever-pressing
rate (panel B). Asterisks in panel B indicate drug doses that resulted in statistically significant reduction of response rate (paired r-test.
sece Results). The following numbers of subjects selected a lever at each drug and dose, with numbers listed for doses in ascending
order: LSD — 7, 5, 5, §5; 8-OH-DPAT -~ 8, 8, 8, 5; BAY R 1531 - 7, 10, 9, 6, 7; 5-OMe-DMT -~ 7, 41, 47, 49; ipsapirone — 7,
9, 8 13, 5; buspirone — 6, 5, 6, 7. #----* LSD, a——a B-OH-DPAT, o—¢ BAY R 1531, e—e 5-OMe-DMT, a——a ipsapirone,
m----m buspirone



dependently substituted for the 5-OMe-DMT stimulus:
LSD (0.04), 8-OH-DPAT (0.11), BAY R 1531 (0.15),
5-OMe-DMT itself (0.63), ipsapirone (2.7), and buspirone
(3.8; see Fig. 1, panel A). While 5-OMe-DMT did not sup-
press response rate at doses up to and including the training
dose of 1.25 mg/kg under the present response-reinforce-
ment contingencies, the other drugs tested did to greater
or lesser extents (Fig. 1, panel B). Significant response sup-
pression was observed with the following drugs and doses:
LSD at 0.32 mg/kg [((4)=2.78, P<0.05], BAY R 1531 at
0.32 [#(5)=4.21, P<0.01] and 0.64 mg/kg [#((6)=3.41, P<
0.02], ipsapirone at 10 [#(13)=3.79, P <0.001] and 20 mg/kg
[#(4)=10.2, P<0.001], and buspirone at 2.5 [1(4)=3.90, P<
0.02], 5.0 [#(5)=7.36, P<0.001] and 10 mg/kg [#(6)=7.43,
P <0.001]. The response rate data reported in Fig. 1 were
calculated only for those animals selecting a lever. At least
one animal failed to select a lever after treatment with the
following drugs and doses: LSD (0.08 and 0.32 mg/kg),
8-OH-DPAT (1.25 mg/kg, all animals tested), BAY R 1531
(0.32 and 0.64 mg/kg), ipsapirone (20 mg/kg). and buspi-
rone (2.5, 5.0, and 10 mg/kg). Both sources of response
suppression data indicate that buspirone had the most dis-
ruptive effects on lever-pressing performance in the dose
ranges studied.

Several other substances studied in generalization tests
did not substitute fully for 5-OMe-DMT, and their effect
on lever selection and lever-pressing rate are shown in Ta-
ble 1. Also indicated in this table are those test drug doses
in which at least one test animal failed to select a response
alternative. Neither drugs acting directly at 5-HT, 5 recep-
tors (RU 24969 and TFMPP) nor those acting directly but
relatively non-selectively at 5-HT receptor subtypes (bufo-
tenin, quipazine, metergoline, methysergide, and metite-
pine) induced dose-dependent and complete selection of the
5-OMe-DMT-appropriate lever. Quipazine induced appre-
ciable drug lever selection, however, and was selected for
further tests with antagonists as described below. A lack
of generalization was also observed with drugs acting indi-
rectly to increase synaptic levels of 5-HT (citalopram, clo-
mipramine, fenfluramine, and BAY K 8644). Finally, 1-pyr-
imidinyl-piperazine also failed to induce drug lever selection
across a relatively wide dose range. All compounds tested
reduced responding markedly at the highest dose tested.

In antagonism tests with the training drug at the training
dose, metitepine was found to dose-dependently and com-
pletely block the 5-OMe-DMT stimulus with EDsy of
0.5 mg/kg (Fig. 2). This effect was accompanied by signifi-
cant respons¢ suppression at all doses examined, however
[0.32 mg/kg, #(7)=2.81, P<0.05; 0.45 mg/kg, #7)=6.12,
P<0.001; 0.64 mg/kg, 1(8)=7.22, P<0.001]. Other 5-HT
receptor antagonists that did not completely block the
5-OMe-DMT stimulus included ketanserin, metergoline,
methysergide, pizotifen, and ritanserin (Table 2). A ten-
dency towards blockade was seen with pizotifen at 10 mg/
kg and further antagonism tests with this compound were
next carried out.

In order to provide additional information concerning
the receptor mediation of some of the data described above,
further antagonism tests were conducted with pizotifen
(10 mg/kg) against the generalizations induced by quipazine
(2.0 mg/kg) and ipsapirone (10 mg/kg), and with pindolol
(20 mg/kg) against these same drugs in addition to 5-OMe-
DMT (1.25 mg/kg) and 8-OH-DPAT (0.32 mg/kg). While,
as described above, the pizotifen antagonism of 5-OMe-
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Table 1. Test substances not fully substituting for the 5-OMe-DMT
stimulus

Test substance Dose N® % DL® 9% Rate®
(mg/kg, 1P)
Drugs with high affinity for 5-HT ;g sites
RU 24969 0.64 8 0 25%
TFMPP 0.64 5 20 50%*
Direct, non-selective 5-HT agonists and antagonists
Bufotenin 1.25 5 20 88
2.5 S 20 70
5.0 i 43 17*
Quipazine 1.25 5 20 88
20 14 57 60*
2:5 8 63 21
Metergoline 5.0 5 20 £
20 7 43 20%
Methysergide 0.64 5 20 112
2.5 2 0 98
10 3 0 102
20 6 50 67
40 5 40 55
Metitepine 0.64 4 0 1
1.25 ¥
Drugs indirectly increasing extraneuronal 5-HT levels
Citalopram 2.5 5 0 141
5.0 7 29 81
10 6 0 86
20 1 0 1%
Clomipramine 5.0 9 22 90
10 5 0 53%
Fenfluramine 1.25 3 0 119
25 2 0 52
5.0 - - —*
BAY K 8644 0.32 3 0 56*
0.64 3 33 36*
1.25 4 0 66*
2.5 4 0 21%
Other drugs
1-PP 2.5 3 0 87
10 3 0 67
20 4 25 81
40 5 20 17%

* Number of subjects tested that selected a lever

® Per cent subjects selecting the drug (5-OMe-DMT)-appropriate
lever

¢ Per cent control lever pressing rate

* At this dose, at least one additional subject failed to select a
lever

DMT was only partial, pizotifen pretreatment eliminated
the generalization of quipazine. Conversely, pizotifen had
no effect on the ipsapirone generalization (see Table 3, com-
pare with Fig. 1 A in the case of ipsapirone). Pindolol pre-
treatment resulted in complete behavioral suppression after
quipazine injection (also occurring after 10 mg/kg pindolol,
data not shown). However, pindolol pretreatment did
markedly antagonize the stimulus effects of 5-OMe-DMT,
ipsapirone, and 8-OH-DPAT (Table 3).

The results of the 5-HT receptor sub-type binding analy-
sis with agonists arc presented in Table 4, along with ago-
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Fig. 2. Effccts of metitepine pretreatment on lever selection and
response rate induced by 5-OMe-DMT, 1.25 mg/kg. Asterisks indi-
cate drug doses that resulted in statistically significant reduction
of responsc rate (paired r-test, see Results)

Table 2. Test substances not fully antagonizing the 5-OMe-DMT

stimulus
Test substance Dose N® % DL® % Ralte®
(mg/kg. IP)
Ketanserin 2.5 5 80 104
10 5 80 126
20 8 50 103
40 6 67 77
Metergoline 5.0 6 100 47
10 7 86 18%
Methysergide 0.64 6 67 93
1.25 6 100 118
5.0 3 100 122
10 s 80 103
Pizotifen 5.0 6 100 89
10 6 50 41%*
20 2 100 17*
Ritanserin 2.5 5 100 91
5.0 4 100 56
10 5 100 42 %

* Number of subjects tested that selected a lever
® Per cent subjects selecting the drug (5-OMe-DMT)-appropriate

lever

¢ Per cent control lever pressing rate

* Al this dose, at lcast one additional subject failed to select a

lever

nist EDs, values from the behavioral experiments. 5-HT
itself showed similar high affinities for the 5-HT,. 5-HT 4,
and 5-HT,y binding sites, but an approximately 1000 times
lower affinity for the 5-HT, receptor. BAY R 1531, 8-OH-
DPAT, ipsapirone, and buspirone were all similar in that
their affinities for the 5-HT, and 5-HT,, receptors were
on the same close order of that of 5-HT itself, while affini-
ties for the 5-HT, g and 5-HT, receptors were 50-35000 times

Table 3. Effects of pizotifen or pindolol pretreatment on responses
to drugs mimicking the 5-OMe-DMT stimulus

Generalizing Pretreatment, N¢ % DL? % Rate®
substance, dose® dose®
Pizotifen antagonism
Quipazine, 2.0 Saline 7 86 T
Pizoti-
fen, 10 10 18 58%
Ipsapirone, 10 Pizoti-
fen, 10 8 87 58*
Pindolol antagonism
Quipazine, 2.0 Pindolol. 20 - s ¥
5-OMe-DMT. 1.25  Pindolol, 20 12 33 61*
Ipsapirone, 10 Pindolol, 20 12 50 47*
8-OH-DPAT, 032 Pindolol,20 16 38 57*

* Substance producing 5-OMe-DM T-similar discriminative effects,
and its dose in mg/kg. when given 30 min before the behavioral
test

b Substance and dose (mg/kg) given 135 min before the generalizing
drug

¢ Number of subjects tested that selected a lever

¢ Per cent subjects selecting the drug (5-OMe-DMT)-appropriate
lever

¢ Per cent control lever pressing rate

* At this dose, at least one additional subject failed to select a
lever

lower. 5-OMe-DMT revealed a similar pattern of receptor
affinities, with the exception that the affinity for the 5-HT,
receptor was only 10 times less than that for the 3-HT,
and 5-HT, 4 receptors. Quipazine showed rather poor affin-
ity for all receptor studies: highest affinity was seen for
the 5-HT g receptor. TEMPP likewise showed highest affin-
ity for this site.

Discussion

Following an initial separation of 5-HT receptors into
5-HT, and 5-HT, binding sites on the basis of their selective
affinities for tritiated 5-HT (*H-5-HT) and spiperone, re-
spectively (Peroutka and Snvder 1981), the 5-HT, site was
then further subdivided into 5-HT,, and 5-HT, sites on
the basis of the higher affinity of spiperone in displacing
*H-5-HT from 35-HT,, sites (Pedigo et al. 1981). 5-HT,¢
sites have also been recently proposed, and are found
mainly in rat choroid plexus (e.g. Hoyer et al. 1985; Hoyer
etal. 1986b). The postulation of such 5-HT receptor sub-
types has also been accompanied by the accumulation of
an impressive amount of evidence for the functionality of
at least of 5-HT, 4 site, and probably also the 5-HT,j site.
Concerning 5-HT,, receptors (usually as activated or
bound by the prototype agonist 8-OH-DPAT), GTP-sensi-
tivity of binding and coupling to adenylate cyclase has been
demonstrated (Hamon et al. 1984; De Vivo and Maayani
1985, 1986; Markstein et al. 1986). Electrophysiologically,
raphe cell bodies apparently possess 5-HT, 4 autoreceptors,
activation of which results in the inhibition of raphe cell
activity (Verge et al. 1985; Basse-Tomusk and Rebec 1986,
Sprouse and Aghajanian 1986: Trulson and Trulson 1986;
Van der Maelen et al. 1986). Physiological and behavioral
effects now linked with 5-HT, s receptor activation include
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Table 4. Serotonin receptor subtype affinities in membranes compared to behavioral activity in the 5-OMe-DMT drug discrimination

Substance Receptor affinities (K, nmol/l) + SEM 5-OMe-DMT

discrimination
5-HT,® 5-HT, " 5-HT, 5" S-HT,® ED,, (mg/kg, IP)

5-HT 1.6 +0.05 22+03 2+0.3 1800+ 350 -

BAY R 1531 0.6+0.2 0.4+0.1 27304220 770 +225 0.25

8-OH-DPAT 2 +0.5 0.74+0.1 6350+ 1850 6230 +1050 0.11

Ipsapirone 15 42 2.6+05 = 10000 2940+ 240 257

Buspirone 24 +6 8 +1 = 10000 1220+490 3.8

5-OMe-DMT 4 +1 5 +1 70413 1330470 0.63

Quipazine 1660 +60 2120 £650 130 +10 310480 —

TFMPP 190 +40 160 +7 10+4 4454125 -

* Calf hippocampus, 1 nM *H-5-HT

® Rat hippocampus, | nM *H-ipsapirone

¢ Rat cortex, 1 nM *H-5-HT 4600 nM 8-OH-DPAT
¢ Rat cortex, 1 nM *H-ketanserin

hypothermia (Goodwin and Green 1985; Goodwin et al.
1986; Gudelsky et al. 1986), the flat body posture and fore-
paw treading clements of the serotonin syndrome (Lucki
et al. 1984: Tricklebank et al. 1985; Smith and Peroutka
1986). facilitation of male rat sexual behaviour (Ahlenius
etal. 1981; Morali and Larson 1984; Glaser et al. 1987).
clicitation of feeding (Dourish et al. 1985; Bendotti and
Samanin 1986; Hutson et al. 1986) and induction of the
interoceptive stimuli associated with 8-OH-DPAT (Cunn-
ingham et al. 1985; Glennon 1986) and ipsapirone (Spencer
and Traber 1987). On the other hand, 5-HT,y receptor acti-
vation has been associated with axonal terminal 5-HT auto-
receptors and the inhibition of serotonin release (Middle-
miss 1985; Bonanno et al. 1986: Engel et al. 1986; Hibert
and Middlemiss 1986: Raiteri et al. 1986). decreased loco-
motor activity (Sills et al. 1985), and induction of the intero-
ceptive stimuli associated with TFMPP (Cunningham and
Appel 1986).

8-OH-DPAT, 5-OMe-DMT., ipsapirone. and buspirone
were found in the present study to have higher relative
affinity for the 5-HT,, receptor, in agreement with earlier
studies (Glaser and Traber 1983, 1985: Gorzlan et al. 1983;
Sills et al. 1984; Glaser ct al. 1984, 1985: Peroutka 1985).
In addition, BAY R 1531, a novel tetraline derivative with
structural similarities to 8-OH-DPAT, was also found to
possess high relative affinity for the 5-HT, receptor (see
also Glaser et al. 1987). The results of the present behavior-
al experiments showed furthermore that these five com-
pounds not only substituted for the 5-OMe-DMT stimulus,
but that their potencies in doing so correlated well with
their affinities for the 5-H'T, 4 receptor (Table 4). Quipazine
and TFMPP, lacking relative affinity for this receptor, did
not fully generalize.

One puzzle in the present data, though, is that while
no signs of generalization were seen in the case of TFMPP,
generalization was noted for quipazine. This generalization
is viewed as partial, however, because the first 2.0 mg/kg
dose that resulted in 86% generalization with seven animals
in Table 4 only vielded 57% when tested with 14 animals
on another occasion. In addition, the more suppressive dose
of 2.5 mg/kg did not improve the generalization. This oc-
curred in spite of a relatively similar 3-HT receptor binding
profile of the two compounds. The ten times higher affinity
of TEMPP for the 5-HT,y receptor may account for this,
since competing activity at this site may overshadow any

5-HT; - or 5-HT,-mediated events (Asarch et al. 1985, also
note the greater specificity of TFMPP for the 5-HT, 5 recep-
tor). A remaining uncertainty is the cause of quipazine’s
partial generalization. The ligands used in the present study
to label the 5-HT,, 5-HT, 4, and 5-HT 3 sites are agonists;
that used for the 5-HT, site is an antagonist. Titeler et al.
(1985) have recently described a new agonist ligand for the
characterization of 5-HT, receptors: *H-DOB (1-(2.5-di-
methoxyphenyl-4-bromo)-2-aminopropane). Interestingly,
drugs with agonistic activity at the 5-HT, receptor have
higher affinities in displacing this ligand than they do in
displacing antagonists such as ketanserin (Lyon et al. 1986):
antagonist affinities remain unaltered. Indeed, Lyon and
coworkers determined affinity constants of quipazine and
TFMPP for this new high affinity 5-HT, site of 25 and
32 nM, respectively.

These data may indicate that while TFMPP has high
affinities for both 5-HT, and 5-HT, receptors, quipazine
has relative specificity for the 5-HT, receptor. This hypo-
thesis agrees well with the findings of Lucki et al. (1984),
that quipazine produces a serotonin syndrome that seems
to be selectively mediated by the 5-HT, receptor. TFMPP,
on the other hand, has no such behavioral effects (Ortmann
1984), resulting instead in locomotion disturbances and
backward movements. Hyperlocomotion has been reported
to result from treatment with RU 24969 (Green et al. 1984
Tricklebank et al. 1986). another ligand with high affinity
for 5-HT,y receptors (Sills et al. 1984 : Peroutka 1985), al-
though an appreciable affinity for 3-HT,, receptors also
seems to be present (Hoyer et al. 1985). Nevertheless, the
5-HT,y receptor-mediated effects of this drug may again
have been responsible for a lack of substitution for the
5-OMe-DMT interoceptive stimulus.

1-PP is a metabolite of buspirone in rats and man and
can reach plasma concentrations in man even in excess of
the parent drug (Caccia et al. 1986). It is therefore possible
that this compound is responsible for at least a portion
of the pharmacological effects of buspirone. However, 1-PP
across a wide dose range was inactive in the 5-OMe-DMT
discrimination procedure. Furthermore, 1-PP only weakly
displaces *H-5-HT from 5-HT, receptors in the bovine hip-
pocampus (K;=1700, data not shown in Table 4).

Four substances were studied in generalization tests that
may increase synaptic levels of 5-HT indirectly. These con-
sisted of the 5-HT reuptake blockers citalopram and clomi-
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pramine (e.g., Smith 1986) and drugs leading to increased
release of 5-HT, fenfluramine and BAY K 8644 (Fuxe et al.
1975; Garattini et al. 1975; Middlemiss and Spedding
1985). None of the drugs in question substituted for 5-OMe-
DMT. These data, along with those from the non-selective
agonist bufotenin (Peroutka 1986), indicate that non-selec-
tive activation of 5-HT receptors cannot mimic the 5-OMe-
DMT stimulus.

Non-selective antagonism of 5-HT receptors also ap-
pears to be ineffective in blocking the 5-OMe-DMT cue.
Methysergide and metergoline have high affinity for all
known S5-HT receptor subtypes (Hoyer et al. 1985; Per-
outka 1986) and were unable to antagonize the effects of
5-OMe-DMT. Likewise, antagonists such as ketanserin and
ritanserin having highest affinity for the 5-HT, receptor
(Hoyer et al. 1985; Leysen et al. 1985) also could not fully
block the training drug. Among the antagonists listed in
Table 2, only pizotifen has a slight selectivity for the 5-HT o
receptor over the 5-HT,g and 5-HT, ¢ sites (Peroutka 1986),
although 5-HT, affinity is equally high (Hoyer et al. 1986a)
and 5-HT, antagonistic effects in a drug discrimination
framework have been found (Friedman et al. 1984). Again,
at most only partial antagonism resulted in the present
study. In light of the previous reports of 5-OMe-DMT an-
tagonism by pizotifen in a drug discrimination setting (e.g.
Glennon et al. 1979; Young et al. 1983), further antagonism
tests were conducted in the present study. As was shown
in Table 3, pizotifen fully antagonized the generalization
induced by the 5-HT, agonist quipazine but did not affect
that induced by the selective 5-HT,, agonist ipsapirone.
These data indicate that despite a marked affinity of pizoti-
fen for the 5-HT, , receptor, antagonism could not be dem-
onstrated at a behavioral level.

Metitepine distinguished itself from the antagonists de-
scribed above by dose-dependently antagonizing the
5-OMe-DMT stimuli. Strangely enough. however, metite-
pine also binds to 5-HT receptors with a relatively non-
specific pattern, having the highest affinity for the 5-HT,
receptor (Hoyer et al. 1985). Metitepine is somewhat differ-
entiated from the other antagonists by being very effica-
cious in blocking the inhibitory effects of 5-HT,y agonists
like RU 24969 or of 5-HT itself on 5-HT release (Middle-
miss 1985; Brazell et al. 1985; Bonanno et al. 1986; Engel
et al. 1986; Hibert and Middlemiss 1986; Martin and Mars-
den 1986). However, the above cited lack of generalization
of the 5-HT, agonists RU 24969 and TFMPP reduce the
likelihood that the crucial effect of metitepine in antagoniz-
ing 5-OMe-DMT is mediated by this receptor. Rather, these
data point out a general problem in trying to interpret the
effects of ““5-HT antagonists™. Namely, although the recep-
tor binding protfiles of such antagonists are relatively easily
derived, it is much more difficult to generate the corre-
sponding functional information as to agonism or antago-
nism at each receptor. Thus, although metitepine quite ap-
parently is a 5-HT,g antagonist, the extent to which it is
also a 5-HT, , antagonist is largely unknown. The present
data would suggest such an activity, and this hypothesis
is supported by observations that metitepine can block the
increased acoustic startle and hypothermic responses to
8-OH-DPAT (Svensson 1985; Gudelsky et al. 1986).

In order to obtain a somewhat clearer answer to the
question as to whether a 5-HT,, antagonist can block the
discriminative stimuli induced by 5-OMe-DMT and other
more selective agonists, we employed the beta noradrener-

gic antagonist pindolol. Pindolol has recently been shown
to possess high affinity for the 5-HT, 4 receptor [especially
the (—) form, Hoyer et al. 1985] and also to possess 5-HT, 5
antagonistic activity at the behavioral level (Tricklebank
et al. 1985; Gudelsky et al. 1986). In agreement with these
data, pindolol effectively antagonized the stimulus effects
of 8-OH-DPAT, 5-OMe-DMT and ipsapirone in 5-OMe-
DMT-trained animals.

In conclusion, the results of the present series of experi-
ments indicate that rats trained to discriminate the stimuli
induced by 1.25 mg/kg 5-OMe-DMT detect an interocep-
tive event that is primarily mediated by the 5-HT, , recep-
tor. However, the partial generalization of quipazine and
its selective antagonism by pizotifen indicate that animals
so trained may also be sensitive to 5-HT,-mediated effects.
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