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ABSTRACT

ABBREVIATIONS: LSD, lysergic acid diethylamine; 5-HT, 5-hydroxytryptamine; OS, discriminative stimulus; OL, drug lever; SL, saline lever; FR,
fixed-ratio; FRF, first reinforcement.
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(LSD): In Vivo Agonist and Antagonist Effects of Purported
5-Hydroxytryptamine Antagonists and of Pirenperone, A
LSD-Antagon 1st1
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Janssen: A drug discrimination analysis of lysergic acid dieth-
ylamide (LSD): In vivo agonist and antagonist effects of pur-
ported 5-hydroxytryptamine antagonists and ofpirenperone, a

LSD-antagonist. J. Pharmacol. Exp. Ther. 221 : 206-214,
1982.

An in vivo analysis was conducted of the pharmacological
interactions of the putative 5-hydroxytryptamine (5-HT) recep-
tor blocking agents metergoline, methysergide, 2-bromo- lys-
ergic acid diethylamide (LSD), mianserin, pizotifen, cyprohep-
tadine, metitepine and cinanserin, with LSD. Rats were trained
to discriminate i.p. injections of 0.1 6 mg/kg of LSD from saline
injections in a two-lever procedure in which food served as the
reinforcer. Potential antagonists were given as a s.c. pretreat-
ment (t = 60 mm) before the injection (t = 1 5 mm) of either
LSD or saline to test for antagonist and LSD-like agonist
activity, respectively. The 5-HT antagonists produced only a
partial antagonism of LSD; their dose-response curve in antag-
onizing LSD was invariably curvilinear, reached a ceiling level
at 29 (methysergide and metitepine) to 71 % (pizotifen) of
effect, and assumed a biphasic shape with methysergide, mian-
serin and cyproheptadine. In addition, the 5-HT antagonists

mimicked LSD; the maximum LSD-like agonist effect ranged
from 1 4 (cinanserin) to 86% (methysergide and mianserin). A
dose of 40 mg/kg of methysergide or mianserin produced
effects which were similar to those of 40 mg/kg of mescaline
and the peak agonist activity of methysergide, mianserin and
cyproheptadine exceeded their peak antagonist effects. Stim-
ulus generalization of these agents with 0.1 6 mg/kg of LSD
typically was a linear function of dose. LSD-like agonist and
antagonist effects of moderate intensity coexisted at the same
dose of the same agent, but strong agonist activity was clearly
incompatible with strong antagonist activity and vice versa.

Only pirenperone, a newly synthesized compound, effectively
antagonized LSD. This antagonism of LSD was unique in that
it occurred at low (0.01 -0.1 6 mg/kg) s.c. and oral doses,
proceeded along a linear and steep gradient, reached the
1 00% level of effect and was not associated with any agonist
activity. It is suggested 1 ) that LSDs discriminative stimulus
properties in the rat are contingent upon agonist effects at 5-
HT receptor sites in the brain, 2) that the putative 5-HT antag-
onists mentioned above act complexly as partial and mixed
agonists/antagonists at these sites and 3) that pirenperone is
a pure antagonist of LSD.

LSD is among the most powerful agents known to date in

producing psychotropic effects (e.g., hallucinations and psy-

choses) in man. Prominent among the pharmacological and

biochemical properties of LSD is its ability to interact with the

receptor sites of 5-HT in the brain. Much of the stereospecific

binding of d-LSD to brain tissue occurs on 5-HT seceptors

(Bennett and Aghajanian, 1974; Peroutka and Snyder, 1979).
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Like 5-HT, LSD inhibits the firing rate of neurons in the raphe

nuclei (Aghajanian et al., 1970, 1973) and in areas receiving

identified 5-HT terminals (Aghajanian et al., 1972; Haigler and

Aghajanian, 1974a). LSD also blocks the excitatory effects of 5-
HT in areas in which 5-HT terminals have a sparse distribution

(Boakes et al., 1970).

Research into the mechanism of action of LSD in producing

psychotropic effects has been greatly hampered by the paucity

of psychophysiological methods through which these physio-
logical effects and binding properties can be related to the

behavioral action of the drug (Brawley and Duffield, 1972). One

particularly interesting development, therefore, is that of the

drug discrimination technique. Drug discrimination recently
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has evolved as a method to determine and quantify stimulus

properties of drugs which are not directly accessible to an

outside observer (Colpaert and Rosecrans, 1978; Ho et al., 1978;

Lal, 1977). The technique typically involves training laboratory

animals to discriminate the perceived stimulus effects ofa given

drug from those of its vehicle, and there is considerable evidence

to suggest that the DS properties of at least some drugs in

animals are closely related to their subjectively perceived effects

in humans (for review, see: Colpaert, 1978; Weissman, 1978).

That rats can discriminate LSD from saline was originally

reported by Hirschhorn and Winter (1971). Subsequent drug

discrimination work on LSD has reached two important con-

clusions. First, studies of cross-generalization involving LSD

(Cameron and Appel, 1973; Kuhn et al., 1978; Schechter and

Rosecrans, 1972; White et al., 1977, 1979; Winter, 1979) have

indicated that stimulus generalization with LSD in the rat

represents a necessary, albeit perhaps not sufficient, condition

for prediction of hallucinogenic activity of the indole/pheneth-

ylamine type in man (Winter, 1975a, 1980; Kuhn et al., 1977).

A second conclusion is that the DS properties of LSD are

contingent upon agonist effects of the drug at 5-HT receptor

sites in the brain. The evidence in support of this conclusion
consists mainly of data showing that purported 5-HT receptor

blocking agents antagonize the DS produced by LSD (Kuhn et

al., 1978; Winter, 1978) as well as that of mescaline (Browne

and Ho, 1975; Winter, 1975b, 1978) and quipazine (White et al.,

1977, 1979; Winter, 1979).

The following considerations have led us to examine in some

detail the interactions of purported 5-HT receptor blocking

agents with the DS produced by LSD. First, an effective antag-

onism of the LSD-DS by cinanserin, metitepine, methysergide

and some related compounds would be difficult to reconcile

with the hypothesis that LSD acts by mimicking 5-HT at 5-HT

receptor sites in the brain. This is because these agents essen-

tially fail to block the inhibition of firing rate of brain neurons

induced by 5-HT (Haigler and Aghajanian, 1974b). The same

agents do antagonize 5-HT at sites in which it produces exci-

tation, but LSD also blocks rather than mimicks this 5-HT

excitation (Boakes et al., 1970). Second, some of these agents

(i.e., cyproheptadine, methysergide and mia.nserin) have been

shown (Colpaert et al., 1979) to exert LSD-like in vivo agonist

activity in addition to their reported antagonist effects. This

finding suggests that the interactions of these purported 5-HT

antagonists with LSD may be more complex than is apparent

from the available data.

This study presents an extensive analysis of the effects of the

putative 5-HT receptor blocking agents metergoline (Beretta et

a!., 1965), methysergide (Fanchamps et al., 1960), 2-bromo-

LSD (Cerletti and Doepfner, 1958), mianserin (Vargaftig et al.,

1971), pizotifen (Sicuteri et al., 1966), cyproheptadine (Stone et
al., 1961), metitepine (Pelz et al., 1968) and cinanserin (Rubin

et al., 1964) in rats trained to discriminate i.p. injections of 0.16

mg/kg of d-LSD from saline. Over a wide range of doses, each

drug was examined in terms of its ability both to mimic and to

antagonize LSD. We also report on the discovery of pirenpe-

rone, a newly synthesized compound which the present data

identify as a unique LSD-antagonist.

Materials and Methods

Animals. Male WiStar rats weighing 220 ± 10 g at the beginning of
the experiment were used. The animals were housed in individual living

cages, stored in a continuously illuminated and air-conditioned room

(21 ± 1#{176}C;relative humidity 65 ± 5%). Tap water was available freely.

Access to dry powdered standard laboratory food was limited to 2 hr a

day, as specified below.

A total of 93 rats were used in the experiments described here. The
sample of animals participating in any given experiment was selected

from the pool of trained rats which were available at that point of time
during the 37-month period it took to conduct the study.

Apparatus. Six identical small animal test cages were used as
experimental chambers. They were programed by solid-state logic
programing equipment and fitted with a house light and two levers.

Between the two levers, a food pellet receptacle was mounted 2 cm

above the cage floor.
Discrimination training procedure. The drug discrimination pro-

cedure used here has been described in detail elsewhere (Colpaert et

aL, 1976). Daily discrimination training started after habituation to the

experimental conditions and initial acquisition of the lever press re-

sponse. Fifteen minutes before it was placed in the test cage, the rat

was injected i.p. with either the 0.16 mg/kg training dose of d-LSD

tartrate or physiological saline. The injection volume of saline, LSD or
any other drug solution was 1 ml/100 g b. wt. Depending on whether
the rat was injected with LSD or saline, it obtained food by pressing

either the DL or the SL, respectively. After every 10th lever press (FR
10) on the correct lever, a 45-mg food pellet was delivered by a food

dispenser. Responses on the incorrect lever (i.e., the SL after LSD and

the DL after saline) had no consequences. The lever assignments were
DL: left, SL: right in about half of the animals and SL: left, DL: right

in the other half. These assignments remained unchanged throughout

the study. The number of responses made on either lever before the

FRF was obtained (and, thus, when 10 responses were made on the

correct lever) was recorded. Fifteen minutes after the rat was put in
the experimental chamber, the session was terminated and all correct
and incorrect responses made in the course of the 15-mis session were
recorded. After the session, the animal was returned to its living cage.

One hour later it was allowed to feed freely for 2 hr. On week-end days
no sessions were run and the animals were given free access to food

between 10 AM. and 12 noon.

Every week, each rat was run once a day on 5 consecutive days.
Daily training drug (D) or saline (S) injections were given according to

two monthly alternating sequences, i.e., 1) D-S-S-D-S, S-D-D-S-S, S-

D-S-D-D, D-S-D-S-D and 2) S-D-D-S-S, D-S-D-S-D, D-S-S-D-D, S-
D-S-D-S. R.ats whose sequential numbers were odd were run according

to one sequence, whereas even-numbered animals were run according

to the alternative sequence. This was to control for the olfactory cues

which may be deposited by one animal and which may serve as the DS

for those animals which are subsequently tested in the same cage (A.
Goudie and K. Extance, personal communication).

Discrimination training proceeded for at least 80 sessions (40 D and
40 S sessions) in every rat. Those animals which had always selected
the correct liver with FRF � 12 during the last 10 of these 80 sessions
were then used in the generalization experiments. In the other animals,

training was continued until they reached the same 10 day (FRF � 12)

criterion. This criterion was instituted to ensure that, at the outset of

the generalization experiments, the apparent response control exerted

by the training drug would be as complete as seems reasonably possible.

Stimulus generalization test procedure. Test sessions were run

on Wednesdays and Fridays only and the training procedure was
continued on the remaining days. On test days, the animal was given

the test treatment being studied and was put in the operant chamber

at a specified time after the treatment. It was then noted on which of
the two levers the animal first totaled 10 responses. This lever is

referred to as the “selected lever.” Once this choice was established,
the rat obtained a first food pellet and subsequent reinforcement was
made contingent upon pressing (FR 10) the selected lever.

Testing was postponed to the next scheduled test day if FRF ex-
ceeded 16 on either of the 2 most recent training days. Also, test data

were discarded and the test condition later retested if the test session
was followed by a training session in which FRF exceeded 16. This

correction procedure was applied to further increase the reliability of
individual test data; incorrect lever selections in trained rats appeared
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to typically occur in bursts ofone to three sessions so that the correction
procedure assisted in avoiding the contamination of test data which
may occur during these bursts.

Discrimination control data. Due to the use of a correction

procedure in the tests for stimulus generalization, discriminative per-

formance on standard training sessions provided less than perfectly
adequate control data against which the test data were to be evaluated.

The saline and 0.16 mg/kg LSD (i.p., t = 15 mm) training conditions

were therefore also tested in the manner described above. These tests
were carried out in 70 rats.

LSD, quipazine and mescaline. In order to facilitate quantitative
comparisons ofthe present data with those obtained in previous studies,

comparative dose-response studies were carried out on the stimulus

generalization with the 0.16 mg/kg training dose of LSD induced by
0.02, 0.04, 0.08 and 0.31 mg/kg of LSD, 0.31 to 5 mg/kg of quipazine
maleate and 10 to 40 mg/kg ofmescaline sulfate. Selection of doses was

based on previous data (Colpaert et al., 1979) obtained in rats which
were trained to discriminate 0.16 mg/kg of LSD from saline in the same
procedure. The doses used in these and all subsequent experiments
belong to the geometrical series 0.0025, 0.005 10 and 40 mg/kg.
Ten rats were used at each dose of all three compounds.

Purported 5-lIT antagonists. The purported 5-HT receptor block-

ing agents being studied were the ergoline derivatives metergoline,

methysergide maleate and 2-bromo-LSD, the cinnamyl derivative cin-
anserin hydrochloride, cyproheptadine hydrochloride and the cypro-

heptadine-like tricycic compounds metitepine maleate, mianserin hy-

drochloride and pizotifen maleate. These eight agents were examined
in two different sets of experiments.

To determine their antagonist effects, the antagonists were injected
s.c. 60 misi before test; this s.c. injection was followed by an i.p. injection
of 0.16 mg/kg of LSD at 15 mm before test. The doses of antagonists
being tested (see figs. 3-5) were selected on the basis of preliminary
experimentation in a separate pool of trained rats. Each range extends
from doses that were inactive up to doses that decreased response rate
by about 40 to 50%. Each dose was tested in seven animals.

For the purpose of determining their agonist (i.e., LSD-mimicking)

effects, the antagonists were again injected s.c. at 60 miii before test,
but the animals were then given an i.p. injection of saline rather than
LSD at 15 nun before test. The dose ranges being tested here were

similar to those tested in the experiments on antagonism, except that
cyproheptadine was additionally tested at the 10 mg/kg dose. All doses
were again tested in seven rats each.

Before being used for these experiments, the animals were given 1

week of habituation to a double treatment condition; that is, before
every daily saline or 0.16 mg/kg LSD injection (i.p., t = 15 mis), the

animals were always given an additional injection of saline (s.c., t = 60
mm). The double treatment condition on training days was continued
for the duration ofthese experiments. Rats were then randomly selected
to participate in the tests on agonist or antagonist drug effects.

Pirenperone. Preliminary experimentation with a number of newly
synthesized compounds revealed pirenperone (WHO proposed inter-

national nonpropriety name of R 47 465) to be a uniquely effective

LSD-antagonist; 3-{2-[4-(4-fluorobenzoyl)-1-piperidinyl]ethyl) -2-
methyl-4H-pyrido [1,2-a] pyrimidin-4-l has a molecular weight of
393.46 and is shown in figure 1.

Pirenperone was tested in the same manner as described for the
purported 5-HT antagonists. The s.c. dose ranges being investigated

were 0.0025 to 0.16 mg/kg in the experiments on antagonist effects and

0.01 to 0.63 mg/kg in the experiments on agonist effects. In addition, a

�N�CH3 H

� H2 - CH2 - N��( /��F

Fig. 1 . Chemical structure of pirenperone (molecular formula:
C23H24FN302)

third series of experiments was conducted to determine the antagonist
effects of orally administered doses (0.0025-0.16 mg/kg) of the com-

pound. This series was carried out in animals which were exposed to a
double treatment condition whereby saline at t = 60 mm was adminis-

tered by gavage rather than s.c. The number of rats was seven for each

test condition.

Antagonist specificity. A number of other purported receptor
blocking agents was also tested in an attempt to delineate the nature
of the process(es) through which the LSD-DS might be blocked. The

agents being used were the dopamine antagonist haloperidol (0.08 and
0.31 mg/kg), spiperone (0.04 and 0.16 mg/kg) which blocks both dopa-

mine and 5-HT2 receptors, the adrenergic antagonists phenoxybenz-
amine hydrochloride (10 and 40 mg/kg) and dl-propranolol hydrochlo-

ride (2.5 and 10 mg/kg), the histamine antagonist pyrilamine hydro-

chloride (10 and 40 mg/kg) and the opiate antagonist naloxone hydro-
chloride (0.63 and 2.5 mg/kg). All six compounds were injected s.c.;
tests for possible antagonist effects proceeded as is described above for

the purported 5-HT antagonists. Eight animals were used per dose.
Statistical analysis. Response rate data were at all times compared

with rates ofresponding on the most recently preceding saline (training)

session; the Wilcoxon matched-pairs signed-ranks test (Siegel, 1956)

was used throughout in comparisons of test rates with these control

rates. The probability level for rejection of the null hypothesis was .05.

Because the control data indicated correct lever selection to exceed
the 0.95 level with both (saline and 0.16 mg/kg LSD) control conditions,
no statistical analysis was carried out on lever selection test data.

Results

Discrimination control data. Testing the two standard

treatments yielded 95.7 and 97.1% (n = 70) treatment-appro-

priate lever selections after injection with 0.16 mg/kg of LSD

(DL) and saline (SL), respectively. The rate ofresponding after

saline varied between about 1200 and 2000 per 15-mm session

among different animals. Response rate after 0.16 mg/kg of

LSD averaged 97.9% (S.E.M.: 2.8) of the rates observed after

saline; this difference was not significant (P > .05).

LSD, quipazine and mescaline. After injection of0.02 mg/

kg of LSD, all rats selected the SL, but higher doses induced a

dose-dependent increase in the number of rats which general-

ized the test treatment with the 0.16 mg/kg training dose (fig.

2). The regression line computed for the data plotted in log-

linear coordinates intersected with the 50% level of effect at

0.055 mg/kg (EDso value). LSD failed to appreciably affect

response rate at any dose lower than 0.16 mg/kg, but did

depress rate (P < .05) at 0.31 mg/kg.

Quipazine produced dose-dependent stimulus generalization

with LSD at doses from 0.63 to 2.5 mg/kg (EDso: 0.84 mg/kg).

However, the lowest dose (i.e., 2.5 mg/kg) at which quipazine

produced 100% DL selection was associated with a significant

rate depressant effect, and rate depression amounted to 43% at

2 times this dose (fig. 2).

Mescaline (10 to 40 mg/kg) similarly engendered dose-depen-

dent generalization with LSD, the EDso being 17.2 mg/kg. One

of 10 animals did not respond at 40 mg/kg and rate depression

at this dose averaged 60%.

Thus, on a molar basis, LSD was about 12 and 275 times

more potent than quipazine and mescaline (expressed as the

base), respectively. Note that only LSD produced discrimina-

tive control to its full extent in the absence of any detectable

effect on response rate.

Purported 5-HT antagonists. Metergoline antagonized

(fig. 3, bottom) LSD in a dose-dependent manner at doses

ranging from 0.01 to 0.16 mg/kg. At doses in excess of 0.16 mg/
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d-LSD QUIPAZINE MESCALINE biphasic curve consisting of an initial rise and a subsequent

decline of the antagonist effect. Methysergide, cyproheptadine

and mianserin also produced dose-dependent stimulus gener-

alization, the EDse value being 6.06, 1.67 and 10.9 mg/kg,
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Fig. 2. Agonist effects of LSO, quipazine and mescaline in rats trained
to discriminate 0.1 6 mg/kg of LSD from saline. All drugs were injected
i.p. 1 5 mm before test. Each data point is based on 1 0 observations,
except for the 0.1 6 mg/kg dose of LSD (n = 70). Abscissa: dose of
drugs in milligrams per kilogram. The ordinate expresses percentage
of rats selecting the OL (bold line) and of response rate (lean). Animals
not selecting the OL selected the 5L. Response rate (mean ± 1 5.E.M.)

expresses the number of responses made on a test session as a
percentage of responses on the most recently preceding saline ses-
sion. The asterisk indicates P < .05 (two-tailed, Wilcoxon test; Siegel,
1956).

kg, LSD antagonism by metergoline failed to further increase

and remained at an apparent ceiling level of approximately

43%. Little LSD-like agonist effects (fig. 3, top) were obtained

with metergoline doses up to 0.63 mg/kg; but dose-dependent

stimulus generalization did become apparent at 2.5 and 10 mg/

kg. Note that metergoline’s dose-response curve in antagonizing

LSD levels off at doses well below the 2.5 mg/kg dose required

to demonstrate agonist activity. In both experiments, reliable

rate-depressant effects were obtained at 2.5 and 10 mg/kg, but

rate depression with 10 mg/kg was more marked (P <. 05) in

the metergoline-LSD condition than in the metergoline-saline

condition. Thus, at this dose, LSD increased metergoline’s rate-

depressant effects.

The dose-response relationship of 2-bromo-LSD in antago-

rnzing LSD (fig. 3) resembled that of metergoline; pizotifen,

cinanserin and metitepine also produced similar effects (fig. 4).

Thus, at lower doses, each of these agents antagonized LSD

according to a dose-dependent but relatively shallow curve; a

ceiling was then reached at higher doses. LSD-like agonist

activity was apparent at the highest dose tested of 2-bromo-

LSD, pizotifen and cinanserin. LSD increased the rate-depres-

sant effects of 2-bromo-LSD (10 mg/kg), pizotifen (2.5 and 10

mg) and cinanserin (40 mg/kg).

Methysergide failed to exert any LSD antagonist effect at

doses from 0.01 to 0.16 mg/kg; 0.63 and 2.5 mg/kg did in part

antagonize LSD, but still higher doses again exerted no effect

at all (fig. 5). Cyproheptadine and mianserin generated a similar

METERGOLINE 2-BROMO-LSO

dose (mg/kg)

Fig. 3. Agonist and antagonist eftects of metergoline and of 2-bromo-
LSD in rats trained to discriminate 0.1 6 mg/kg of LSO from saline.
Upper panel: agonist effects of metergoline and 2-bromo-LSO as
determined by their ability to produce stimulus generalization with LSD.
Lower panel: antagonist effects of the same compounds as determined
by their ability to block the DS produced by LSD. In both experiments,

the antagonists were injected s.c. 60 mm before test and 45 mm before
the i.p. injection of saline (in agonist experiments, upper panel) or 0.16
mg/kg of LSD (in antagonist experiments, lower panel). N = seven per
dose in both experiments. Abscissae: dose of antagonist in milligrams

per kilogram. The ordinate expresses the percentage of rats selecting
the OL (bold line) and of response rate (lean). Animals not selecting the
DL selected the SL. Response rate (mean ± 1 S.E.M.) expresses the
number of responses made on a test session as a percentage of
responses on the most recently preceding saline session; the asterisk

indicates P < .05 (two-tailed, Wilcoxon test; Siegel, 1 956) for the
difference between the test result and the most recently preceding
saline session. Asterisks just above the abscissa indicate P < .05 for
the difference in rate between the agonist and antagonist test data.
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Fig. 4. Agonist and antagonist effects of pizoti-
fen, cinanserin and metitepine in rats trained to
discriminate 0.1 6 mg/kg of LSD from saline.
Legend as in figure 3.

respectively. As with metergoline, 2-bromo-LSD, pizotifen and

cinanserin, the initial agonist effect of mianserin occurred at a

dose which was at ceiling for the compound’s antagonist activ-

ity. With methysergide and cyproheptadine, however, the low-

est dose producing an agonist effect was the same as the lowest

dose producing an antagonist effect, and both effects increased

in magnitude as the dose was increased. The two effects could

thus coexist until agonist activity increased beyond a level of

about 43%; at this point, the antagonist dose-response curve of

methysergide and cyproheptadine as well as of mianserin sud-

denly dropped to the 0% level ofeffect (fig. 5). Finally, 0.16 mg/

kg of LSD appeared to increase the rate-depressant effects of

methysergide (40 mg/kg) and of mianserin (0.63 mg/kg).

It may be of interest to point out here three general features

of the present data. First, no systematic relation is apparent

between the LSD-mimicking or blocking activity of drugs and

their effects on response rate, suggesting that these two types

of effects may be caused by mutually independent drug actions.

Second, LSD either increased (methergoline, methysergide,

mianserin, pizotifen and cinanserin) or failed to affect (2-bromo-

LSD, cyproheptadine and metitepine) the rate-depressant ef-

fects of the potential antagonists being studied; however, at no

point did LSD reverse rate depression. Third, response rate in

the drug discrimination procedure being used here proved to

be a useful variable in monitoring the depressant effects of

drugs on operant responding (Colpaert et al., 1976; Herling et
al., 1980) and in delineating the range of doses within which

drugs can be meaningfully investigated.

Pirenperone. After s.c. injection, pirenperone exerted no

antagonist effect at 0.0025 mg/kg, but did antagonize LSD in a

dose-dependent manner at higher doses (fig. 6). A complete

block of the DS produced by 0.16 mg/kg of LSD occurred at

0.16 mg/kg of pirenperone (EDse: 0.02 mg/kg). Pirenperone

produced no LSD-like agonist activity whatsoever at the doses

(i.e., 0.01 to 0.16 mg/kg) required for LSD antagonism or at a

dose 4 times higher than the one at which a complete block of

LSD was obtained. Although pirenperone did itself produce

reliable rate-depressant effects at doses of 0.04 to 0.63 mg/kg,

no rate depression occurred with 0.0025 to 0.16 mg/kg when

the pirenperone injection was followed by 0.16 mg/kg of LSD.

Thus, 0.16 mg/kg of LSD significantly (P < .05) reversed the

rate depression of 0.16 mg/kg of pirenperone and the difference

fell only short of significance (P = .085) at the 0.04 mg/kg dose.

Oral administration of pirenperone before the injection of

http://jpet.aspetjournals.org/


METHVSERG IDE CYPROHEPTADINE MIANSERIN

Fig. 5. Agonist and antagonist effects
of methysergide, cyproheptadine and
mianserin in rats trained to discrimi-
nate 0.1 6 mg/kg of LSD from saline.
Legend as in figure 3.

‘a

*

0.01 0.04 0.16 0.63 2.5 10 60

a
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0.16 mg/kg of LSD similarly produced dose-dependent antag-

onism, the EDse being 0.0125 mg/kg. The data on response rate

were more erratic than those obtained with s.c. injection but

similarly failed to demonstrate any reliable rate-depressant

effect (fig. 6, right panel).
Slope of dose-response curves. For the three series of

experiments reported above, attempts were made to fit the data

points of all compounds by a linear function in log-linear

coordinates. This was done by computing the regression equa-

tion for these sets of data (method ofleast sum of squares); the

EDse values reported above do in fact indicate the dose at

which the regression function intersected the 50% level of

agonist or antagonist effect.

The agents whose dose-response data points in mimicking

LSD reached at least 50% and could be fitted (x� test; P > .05;

Siegel, 1956) by a linear function were: LSD, quipazine and

mescaline and also mianserin, methysergide and cyprohepta-

dine (fig. 7). The regression line of LSD had a slope of 105.5

and similar slopes were obtained for the generalization gradient

of quipazine and mescaline. In contrast, all three purported 5-

HT antagonists whose data points conformed to a linear func-

tion had slopes that seemed to be shallower than that of LSD.
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Interestingly, the rank order of the slope of these three drugs

was proportional to the magnitude of their antagonist effects at

these doses. That is, at doses producing greater than 14% of

agonist effect (>1 of seven rats tested), the cumulative antago-

rnst effect was zero with mianserin, but amounted to 29% and

72% with methysergide and cyproheptadine, respectively.

Of the potential antagonists studied here, only the dose-

response data points of pirenperone in antagonizing LSD could

be fitted by a linear function; all other agents yielded significant

(P < .05) x2 values. The slope of the antagonist function of
pirenperone was -56.8 after s.c. injection and -71.4 after oral

administration (fig. 7).

Antagonist specificity. Of the six other potential antago-

nists tested, only haloperidol and spiperone afforded a partial

antagonism of 0.16 mg/kg of LSD (data not shown). The

antagonism amounted to no more than 25% with spiperone and

in the case of both neuroleptics was associated with severe rate-

depressant effects. Spiperone and haloperidol also produced a

marked attenuation of the percentage of responding on the

selected lever. This reduction is characteristic of neuroleptic

agents and may reflect a drug-induced loss of the response

control by primary reinforcement; this control comes into play

I I I I I I � � ‘ 1 I I I
0.01 0.04 0.16 0.63 2.5 10 0.0025 0.01 004 0.16 0.63 2 5 10 40

dose (mg/kg)
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upper panel . agonist

effects

lower panels. anta-

gonist effects

� subcutaneous

right . oral

Fig. 6. Agonist and antagonist effects of pirenperone in rats trained to
discriminate 0.1 6 mg/kg of LSD from saline. Legend: see insert and
legend to figure 3.

after the first completion of the FR 10 schedule (Colpaert et

al., 1977).

Discussion

The main purpose of the experiments reported here was to

analyze in vivo the pharmacological interactions of putative 5-

HT receptor blocking agents with LSD in rats trained to

discriminate i.p. injections of 0.16 mg/kg of LSD from saline.

The present findings indicate that metergoline, methysergide,

2-bromo-LSD, mianserin, pizotifen, cyproheptadine, metitepine

and cinanserin antagonize the DS properties of LSD; their

lowest effective dose varied from only 0.01 to 0.63 mg/kg.

However, the LSD antagonism afforded by these agents was

only partial in that maximum antagonist activity amounted to

no more than 29 to 71%. The dose-response curve of these

agents in antagonizing LSD is nonlinear; it typically consists of

an initial rise and a subsequent ceiling at a level inferior to

100%. This ceiling differs among agents in its amplitude, in the

lowest dose at which it is reached and in the range of doses

over which it extends. With methysergide, mianserin and cy-

proheptadine, the ceiling was followed by a sharp decrease to

the zero level of effect, so that their dose-response curves were

biphasic. These findings, then, confirm and extend earlier evi-

dence (Kuhn et al., 1978; Winter, 1978) that putative 5-HT

antagonists may antagonize the DS properties of LSD. They

further indicate, however, that this antagonism is only partial,

that the dose-response curve of these agents in antagonizing

LSD is invariably curvilinear and that this curve in some cases

has a biphasic shape.

The present experiments also provide strong evidence that

the purported 5-HT antagonists exert LSD-like agonist activity

in addition to their LSD-antagonist effects. That is, these agents

mimicked the DS properties of LSD, the extent of stimulus

generalization ranging from 14% with cinanserin to as much as

87% with methysergide and mianserin. In fact, 40 mg/kg of the

latter two agents exerted as much agonist effect as 40 mg/kg of

the known hallucinogen mescaline, and the peak agonist activ-

ity of methysergide, mianserin and cyproheptadine was more

prominent than their peak antagonist effect. Only metitepine

produced no apparent generalization, but the severe behavioral

depressant effects of this compound (Pelz et al., 1968) very

much limited the range of doses over which it could be exam-

ined. The agonist dose-response curves of mianserin, methyser-

gide and cyproheptadine could be fitted by linear functions, but

the slope of their curves seemed to be shallower than that of

LSD (fig. 7). This phenomenon is characteristic of mixed ago-

nist/antagonist activity (Colpaert, 1978; Holtzman et al., 1977),

and may thus constitute additional indirect evidence of antag-

onist effects.

The following features of the data specify the relation that

appears to exist between the antagonist and agonist effects of

the purported 5-HT antagonists. First, peak agonist effects

invariably occurred at doses in excess of those producing peak

antagonist effects. Second, antagonist and agonist effects can

coexist at the same dose with all agents, but pronounced (�43%)

agonist activity appears incompatible with pronounced antag-

onist activity. Third, the slope of the agonist curves of mian-

serin, methysergide and cyproheptadine was proportional to

the magnitude of their antagonist effects. The data also suggest

that the inflexion of the antagonist curve which occurred with

all eight agents is related to the occurrence of agonist activity;

the agonist activity may be subthreshold for generalization at

the initial ceiling doses, but did in all cases become directly

apparent at higher doses.

Because of the significance of LSD as a psychotropic drug,

the failure of the purported 5-HT antagonists and of other

receptor blocking agents to effectively antagonize the DS prop-

erties of LSD has prompted us to search for a compound that

would act as an LSD antagonist under the present experimental

conditions. Among the drugs examined here, the LSD-antago-

nist properties of the newly synthesized compound pirenperone

are unique in their combining the following features (fig. 6).

The antagonism was produced at low (0.01-0.16 mg/kg) s.c. and

oral doses, reached the 100% level of effect and proceeded along

a linear and relatively steep gradient. The antagonism occurred

in the absence of significant rate depression and pirenperone is

the only compound studied here whose intrinsic rate-depression

effects were reversed by LSD. Pirenperone was found to pro-

duce no LSD-like agonist effects at all, also at doses 4 times in

excess of the dose which antagonized LSD by 100%. Effects
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Fig. 7. Regression lines fitting dose-response data points of
drugs in mimicking (upper panel) or antagonizing (lower
panel)the OS properties of 0.1 6 mg/kg of LSD in rats trained
to discriminate i.p. injections of 0.1 6 mg/kg of LSD from
saline injections; b is the parameter b in the regression
equation y = a + bx. The functions presented here were
computed from data appearing in figures 2 to 6.

oc;i ‘ 004 ‘ 0�6 ‘ 063 ‘ 25 10 ‘ 60 160

Dose (mg/kg)

Compound Slope(b)

1 LSD (i p ) 10�S

2 QUIPAZINE Ii p ) 116 0

3 MESCALINE (I p ) 98 0

4 MIANSERIN (sc I 59 8

5 METHYSERGIDE sc ) 33 5

6 CYPROHEPTADINE Is c ) 23 1

7 PIRENPERONE (sc ) -568

8 PIRENPERONE (po) -714

Dose(mg/kg)
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suggestive of subthreshold agonist activity were also lacking in

that this compound’s dose-response curve in antagonizing LSD

failed to show the departure from linearity which occurred with

the putative 5-HT antagonists.

These findings are consistent with the following theory: 1)

the DS properties ofO.16 mg/kg ofLSD in the rat are contingent

upon agonist effects ofLSD at 5-HT receptor sites in the central

nervous system; 2) the purported 5-HT receptor blocking agents

examined here act complexly as partial and mixed agonists/

antagonists at these sites; and 3) pirenperone acts as a pure

antagonist at these sites. These assertions possibly can be

reconciled with available electrophysiological evidence (Agha-

janian, 1976; Haigler and Aghajanian, 1977) by assuming 4) that

the neurons on which 0.16 mg/kg of LSD acts to produce a DS

are among those in which LSD mimicks the inhibitory neuro-

transmitter function, but not the excitatory effects of 5-HT in

the brain.

The theory would seem to have several implications. First,

because of the relation (see opening of the article) between the

DS properties of LSD in the rat and its hallucinogenic effects

in man, the theory implies that the purported 5-HT antagonists

examined here, particularly methysergide, mianserin and cy-

proheptadine, may produce hallucinations of the indole/phen-

ethylamine type in man. Although street use of some of these

agents as substitutes for LSD is commonly known, little sys-

tematic evidence to this effect is available. Nonetheless, meth-

ysergide has been reported to potentiate the subjective effects

of dimethyltryptamine (Sai-Halasz, 1962) and, more signifi-

cantly, to produce LSD-like hallucinations in man (Abramson

and Rob, 1967; Persyko, 1972). Second, the complex agonist/
antagonist interactions of the purported 5-HT antagonists with

LSD and, presumably, with 5-HT, would seem to compromise

the wide use (Garattini and Samanin, 1978) of these agents as

neuropharmacological tools in studies on the behavioral and

physiological role of 5-HT in the central nervous system. A

third implication is that pirenperone may present a unique tool

in investigating the mechanism of action of LSD and, perhaps,

the role of 5-HT in central nervous system processes.

Finally, it is important to note that all data reported here

were obtained from rats trained to discriminate LSD from

saline at an i.p. dose of 0.16 mg/kg given 15 mm before test.

The route and time of administration and particularly the

training dose of LSD of course determined the magnitude of

the LSD effect that was being investigated in this study. Train-

ing dose largely determines the sensitivity of the drug discrim-

ination paradigm to agonist (Colpaert et al., 1980a, 1980b; J#{224}rbe

and Rollenhagen, 1978; Shannon and Holtzman, 1979) and

antagonist drug effects (Colpaert et al., 1980b; JArbe and Rol-

lenhagen, 1978). It remains to be determined, therefore, to what

extent the LSD-like agonist and antagonist effects reported

here extend to experiments using LSD training doses other

than 0.16 mg/kg.
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