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The characteristic behavioral effects of mescaline in cats were nearly completely blocked by pretreatment with low
doses of either a specific serotonin antagonist (methysergide) or a dopamine specific antagonist (haloperidol). These
blocking effects were not due to non-specific actions, since methysergide did not block the behavioral effects of
apomorphine, and haloperidol did not block the behavioral effects of S-methoxy-N N-dimethyltryptamine. Thus, it
appears that the behavioral effects of mescaline are dependent upon the simultaneous action of the drug at both

serotonin and dopamine receptors.
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1. Introduction

Mescaline has been postulated to exert its char-
acteristic behavioral and psychological effects by
means of an action upon the central serotonin
system. Aghajanian et al. (1970) reported that a
subgroup of serotonin-containing raphe cells were
inhibited by mescaline in rats. Several years later,
McCall and Aghajanian (1980) found that mesca-
line sensitizes post-synaptic serotonin receptors in
the brainstem. Neurochemical studies of the ef-
fects of mescaline on the central serotonin system
have vyielded conflicting results. For example,
Freedman et al. (1970) reported that low doses of
mescaline decreased brain levels of 5-hydroxyin-
doleacetic acid (SHIAA), the major metabolite of
serotonin, while high doses increased brain SHIAA,
Consistent with this high dose effect, Tilson and
Sparber (1972) reported that mescaline increased
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the release and /or re-uptake of serotonin. On the
other hand, Tonge and Leonard (1969) reported
the opposite effect, i.e., mescaline was found to
increase serotonin levels and decrease brain
SHIAA. In recent studies from our laboratory
(Trulson et al., 1981) examining the effects of
mescaline on the activity of serotonin-containing
neurons in the nucleus raphe dorsalis and nucleus
centralis superior, we found no overall change in
raphe unit activity following administration of
mescaline (5 mg/kg, i.p.); however, some individ-
ual units showed a significant increase in activity,
while others showed a significant decrease, and
still others showed no significant change in activ-
ity.

Other studies have concentrated on the
dopaminergic effects of mescaline. This drug pos-
sesses a phenylethylamine moiety, and thus is a
structural analog of amphetamine, a prototypic
dopamine-releasing agent. Mescaline produces
dopamine-related stereotyped behaviors in rodents
and induces ipsilateral turning in rats with un-
ilateral lesions of the nigro-striatal bundle (Trul-
son et al. 1977). Neurochemical studies also sup-
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port the notion that mescaline 1s a modestly potent
releaser of dopamine. both in vivo and in vitro
(Costa and Garattini, 1970).

Since a considerable amount of evidence sug-
gests that mescaline acts on both serotonin and
dopamine ncurons in the brain, we decided to
examine the relative importance of these two ac-
tions in cliciting behavioral changes in cats. The
cat is particularly well suited for this tvpe of study
because mescaline, LSD, and related drugs ¢licit a
constellation of behavioral signs that can serve as
a useful behavioral model for the actions of hallu-
cinogens (Jacobs et al., 1977). Our data suggest
that mescaline exerts its behavioral cffects via a
simultaneous action on both serotonin and dopa-
mine receptors.

2. Materials and methods

Adult male (n=4) and female (n=6) cats
weighing 2.4-3.3 kg were housed in standard stain-
less steel cat cages, which also served as the experi-
mental observation chamber, in a room kept at
constant temperature (22 + 2°C)andona 12:12 h
light-dark cycle (lights on at 8:00 a.m.). The
animals were habituated to the laboratory setting
for 3 wecks before the experiments were initiated.
Food, water and a litter pan were available during
all experimental sessions. Using a counterbalanced
design, each of the 10 cats received all of the drug
combinations used. Cats were given intra-
peritoneal injections (except for SMeODMT, which
was given i.m.) of either saline (0.5 ml/kg). saline
plus mescaline (5 mg/kg). methysergide (1 mg/kg)
plus mescaline (5 mg/kg). haloperidol (0.5 mg/kg)
plus mescaline (5 mg/kg). 5-methoxy-N N-di-
methyltryptamine (5MeODMT, 0.1 mg/ kg).
methysergide (1 mg/kg) plus 5 MeODMT (0.1
mg/kg), haloperidol (0.5 mg/kg) plus 5SMecODMT
(0.1 mg/kg), saline plus apomorphine (4 mg/kg).
methysergide (1 mg/kg) plus apomorphine (4
mg/kg), or haloperidol (0.5 mg/kg) plus
apomorphine (4 mg/kg). All pretreatments were
administered 20 min prior to the test drug (mesca-
line, SMeODMT, or apomorphine). SMecODMT
was employed because 1t is a ‘pure’ serotonin
agonist, virtually devoid of dopaminergic actions

at the dose used; and apomorphine was used since
it is a ‘pure’ dopamine agonist devoid of
serotonergic effects at the dose used (Trulson and
Crisp, 1982). One weck intervened between con-
secutive sessions with the same cats.

After administration of the test drug, the cats
were observed for one h by raters who were un-
aware of the treatment. The behavior was scored
for limb flicking (lifting the forepaw or hindpaw
and then rapidly snapping or flicking the limb
outward from the body). abortive grooming (ori-
enting to the body surface as if to groom, but not
emitting the consummatory grooming bite. lick or
scratch, or emitting such a response in midair),
grooming (rubbing the head with the forepaw,
licking and scratching the body surface). head
shakes, staring (fixation of the gaze in one direc-
tion for more than 5 s). investigatory responses
(pawing or sniffing at objects or in corners, chas-
ing the tail, or batting at piecing of food. etc.).
hallucinatory-like responses (looking around at the
floor, ceiling or walls of the cage and appcaring
the track objects visually. or hissing at, batting at,
or pouncing at ‘unseen’ objects). and yawning.
The validity and reliability of this constellation of
behavioral signs for studying the actions of hallu-
cinogens has been discussed in our previous papers
(e.g.. Jacobs et al., 1977: Trulson and Crisp, 1982).

The data for each behavior was analyzed with
an analysis of variance (ANOVA) for drug cffect.
using saline as a dose of 0. Comparisons between
individual drug combinations were then made
using Newman-Keuls tests.

3. Results

The data are summarized in table 1. An
ANOVA revealed a significant drug effect (P <
0.05). Mescaline produced significant increases in
limb flicking, abortive grooming. grooming. head
shakes. stares, and hallucinatory-like responses.
compared to saline baseline. Pretreatment with
methysergide blocked all of these behavioral
changes, with the exception of stares. Similarly.
haloperidol pretreatment blocked all of the mesca-
line-induced behavioral changes as well (table 1).
SMeODMT also produced the characteristic be-
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havioral syndrome in cats. The behavioral effects
of SMeODMT were blocked by pretreatment with
methysergide, but not haloperidol (with the excep-
tion of a significant decrease in grooming) (table
1). Apomorphine elicited the characteristic behav-
toral changes as well (as previously reported, Trul-
son and Crisp, 1982), and the apomorphine-in-
duced behavioral changes were totally blocked by
haloperidol. but were not significantly altered by
pretreatment with methysergide (table 1).

4. Discussion

The present data demonstrate that the behav-
1oral effects of mescaline in cats are produced by
an action of the drug at both serotonin and
dopamine receptors. The behavioral syndrome fol-
lowing mescaline treatment was blocked both by a
serotonin-specific receptor blocker (methysergide)
as well as a dopamine-specific receptor antagonist
(haloperidol). That the blocking effects of methy-
sergide on mescaline-induced behaviors is not a
non-specific effect of the drug pretreatment is
indicated by the fact that methysergide did not
block apomorphine-induced behavioral changes.
In addition, we have previously reported that other
serotonin-specific receptor blockers (cinnanserin,
cyproheptidine) produced no significant changes
in apomorphine-induced behaviors (Trulson and
Crisp, 1982). Furthermore, the fact that the block-
ing effects of haloperidol on mescaline’s action is
not due to a non-specific effect is indicated by the
observation that haloperidol did not block the
actions of 5MeODMT.

Thus, it appears that mescaline exerts its behav-
ioral effects in cats by an action at both serotonin
and dopamine receptors. Moreover, an action at
both sites simultaneously appears to be necessary,
since pretreatment with either methysergide or
haloperidol produces a nearly complete blockade
of the behavioral effects of mescaline. The dose of
mescaline employed in the present study was used
because our prior studies indicated that lower do-
ses were behaviorally ineffective, while higher do-

ses were too toxic (Trulson et al., 1981). We have
observed similar blocking actions by either
methysergide or haloperido! of the behavioral ef-
fects of LSD, a drug which has also been demon-
strated to have both serotonergic and dopaminergic
properties (Aghajanian et al.. 1970; Trulson et al.,
1977).

In conclusion, the behavioral effects of mesca-
line in cats appears to depend upon a simulta-
neous agonist action at both serotonin and dopa-
mine receptors. Preliminary data suggest that this
may also be true for certain other indoleamine and
phenylethylamine hallucinogens, such as LSD.
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