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911-915. 1985.—Typical neuroleptics. such as haloperidol. are cataleptogenic. But since such drugs block both D, and D,
receptors, it is not clear if there is a differential receptor role in catalepsy. To test this issue in a mouse model of catalepsy,
these experiments tested molindone, a D,-blocking neuroleptic with almost no ability to block D, receptors. If D, receptor
blockade is necessary for catalepsy, molindone should not cause catalepsy. But molindone was cataleptogenic, albeit less
potent than haloperidol. There was also a “‘training effect’’ with haloperidol, but not saline or molindone, in that the
catalepsy produced by 5 mg/kg of haloperidol was much greater when tests were performed repeatedly at short intervals
after injection. Concurrent administration of apomorphine (4 or 8 mg/kg) markedly potentiated haloperidol catalepsy, but
had no effect on molindone catalepsy. Such results are not readily interpretable solely in terms of current concepts of D,
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and D, receptors.

Dopamine Molindone Haloperidol Catalepsy
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ONE strategy for elucidating the neuropharmacological
mechanisms of movement and locomotor activity is to focus
on immobility states, such as catalepsy. A common opera-
tional definition of catalepsy is that it is an akinetic state in
which animals have sufficient muscular tone to sustain awk-
ward positions. The immobility is more than a simple failure
to initiate movement because animals will remain immobile
for long periods in awkward postures. Catalepsy is readily
produced and quantified by dopamine receptor blockers,
such as haloperidol; in fact catalepsy is a cardinal sign of
neuroleptic action in rodents.

A common view of dopamine receptors is that there are
two functionally distinct types, D, and D, {6, 7, 10]. The
primary distinctions are that blockade of D, receptors in-
hibits adenylate cyclase activity, while blockade of D, recep-
tors reduces striatal acetylcholine levels by promoting its
release [23]. Haloperidol-induced catalepsy could result
from blockade of either or both receptor types, because it
blocks both, although haloperidol has nanomolar potency for
D, receptors and micromolar potency for D, receptors [7, 10,
23]. Thus, it is tempting to speculate that catalepsy is caused
by blockade of D, receptors.

This present research explored the cataleptogenic effects
of molindone, a selective D, blocker {7, 9, 10, 23] that is
sometimes used to treat schizophrenia. If D, receptor block-
ade is necessary for catalepsy, molindone's selective D,
blockade should make it very cataleptogenic, perhaps more
so than haloperidol. Previous studies with another D,
blocker, sulpiride, suggest that D, blockade causes little or
no catalepsy [8,15].

It also seemed important to compare molindone and halo-
peridol for their cataleptogenic effects when they are com-
bined with apomorphine. We have recently shown that
apomorphine, given at the same time as haloperidol, mark-
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edly potentiated the degree of catalepsy caused by haloperi-
dol alone [13]. If differential receptor action is involved in
catalepsy, apomorphine should be tested in combination
with a selective D, blocker such as molindone.

METHOD
Subjects

Experiments were conducted on male outbred Swiss
white mice, weighing 35-45 g. Mice were housed in an air-
conditioned vivarium, grouped 5 per standard plastic cage
with bedding. The light cycle was 12 hours light, 12 hours
dark. Mice had been habituated to their room and to human
contact for at least one month, and had continuous access to
food and water. All testing was conducted during their light
cycle, between 0900 and 1300 hours.

Induction of Catralepsy

As in a previous study [13] mice were tested for catalepsy
by the common method of placing them head down, approx-
imately midway on a 39-cm tallx 25 cm wide sheet of hard-
ware cloth (5 sq cm grid) that was braced at a 45° angle. At
the top of the grid, a vertical panel prevented mice from
walking over the top of the grid; they could not leave the
sides without falling to the floor. Access off the grid was via
the bottom, which led to a plastic ‘‘*home cage”’ containing
the bedding to which they were accustomed. Mice were
gently removed from their home cage by their tail and placed
midway on the grid.

Under these conditions, normal undrugged mice quickly
scurried down to the ‘*home cage’’ at the bottom of the grid
usually within 1-2 sec. Drug-induced catalepsy was scored in
terms of the number of seconds mice stayed on the grid and
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FIG. 1. Cataleptic dose responses of mice to various doses of halo-
peridol and molindone, with mice tested at 30 and 60 min after a
single injection of a given dose of each drug (n=10 for each drug at
each dose). Data are expressed in terms of the median time of im-
mobility on the wire grid for each group of mice. Both drugs were
clearly cataleptogenic at both 30 and 60 min, with haloperidol being
distinctly more potent, especially at 30 min.

in terms of the % of the mice tested which reached a criterion
level of staying on for more than 60 sec.

Mice were considered cataleptic rather than simply
akinetic because they typically clutched at the wire with
their claws and sustained abnormal postures in which the
limbs were displaced variously in all directions.

Drugs and Experimental Design

Molindone was prepared fresh daily in sterile saline in a
concentration that permitted the same small volume of drug
solution (0.1 ml/10 g) to be injected as was injected with the
saline control injection and with the commercially available
injectable haloperidol (Haldol, McNeill). All injections were
intraperitoneal.

Dose-response comparisons were made at 30 and 60 min
post injection between molindone and haloperidol, and both
drugs were compared for the time course of their effects. In
addition, another set of experiments compared the effects of
molindone and haloperidol in mice that were given apomor-
phine at the same time. Each drug was injected via separate
syringe and needle; apomorphine solutions had ascorbic acid
added (1 mg/ml) to minimize decomposition.

Ten mice were used in each dose or treatment group.

Five repeated tests during 60 min of the same 10 mice aftera
saline injection produced essentially the same scores of time
on the grid (1-3 sec). Thus, there was no indication of a
“‘training’’ effect, and therefore, the same experimental mice
were used at four-day intervals for up to three drug treat-
ments, selected randomly.
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FIG. 2. Comparison of the duration of cataleptogenic effect of the

two drugs in mice that were repeatedly tested at successive times after

the injection. Repeated testing of saline controls disclosed no signs of

catalepsy at any time. Molindone’s effect abated after 5-10 min,

whereas haloperidol catalepsy became progressively pronounced

(more so than when the same dose was given to mice that were not
repeatedly tested——see Fig. 1).

Statistical Analysis

Because the drugs caused some mice to remain cataleptic
longer than the arbitrary cut-off time of 300 sec, non-
parametric statistics were used (SAS software). Data were
recorded in terms of the time spent immobile on the grid and
the % of mice that remained immobile there for more than 1
min. Comparisons were evaluated by the Kruskal-Wallis
test.

RESULTS
Dose-Response Data

Both molindone and haloperidol were cataleptogenic, in
terms of the percentage which stayed on for longer than |
min and in terms of the median length of time mice stayed on
the grid (Fig. 1). Saline-injected mice that were tested this
same way remained on the grid with median times of 1 sec,
both at 30 and 60 min post-injection; no control mice reached
the 60-sec criterion of catalepsy.

Both in terms of median catalepsy times and percentage
of mice that were cataleptic, the results were highly signifi-
cant statistically (p<<0.0001), even for the 60-min molindone
data. Moreover, haloperidol was more potent than molin-
done, in terms of mg/kg, both in terms of median catalepsy
time and percentage reaching the cataleptic criterion. The
apparently deviant data point after 20 mg/kg of haloperidol is
probably misleading; several of these mice had low catalepsy
scores because they slid off of the grid, rather than walking
off quickly as normal mice do.
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FIG. 3. Potentiation of haloperidol-. but not molindone-induced
catalepsy by concurrent injection of apomorphine. Both doses of
apomorphine caused a pronounced enhancement of haloperidol-
induced catalepsy, but there was no sign of any potentiation of
molindone. Control values for when haloperidol and molindone
were used alone can be seen in Fig. 1.

Time Course

The duration of molindone’s cataleptogenic effect was
relatively short, compared to haloperidol, even though the
molindone dose used was twice as large. The molindone
catalepsy was mostly limited to the first 10 min post injection
in terms of median time on the grid (Fig. 2) and to the first 30
post injection min in terms of the percentage of mice that met
the 60-sec criterion (p <0.0001). Haloperidol's cataleptogenic
effect was more prolonged than that of molindone, by both
measures. There is a strong indication of a “‘training effect’
with haloperidol, but not saline or molindone, in that halo-
peridol caused maximum catalepsy (>300 sec median at 30
min post injection) (Fig. 2) when the same mice were tested
repeatedly, whereas when mice were tested for the first time
at 30 min after the same 5 mg/kg, the median No. sec was
less than 50 (Fig. 1). This training effect is reminiscent of a
report that rats that were repeatedly tested in separate ses-
sions for haloperidol-induced catalepsy had much higher
catalepsy scores than when control rats were tested only
once [21].

Interactions with Apomorphine

The 5 mg/kg dose of haloperidol used produced a mild
degree of catalepsy when mice were tested only twice at 30
and 60 min (Fig. 1). As expected, when apomorphine was
given alone (paired with a saline control injection), there was
no obvious cataleptic effect (Fig. 3). But when either dose of
apomorphine was given at the same time as haloperidol,
there was a marked potentiation of catalepsy, both at 30 and
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60 min post injection (30-min data shown in Fig. 3). Notably,
this potentiation did not occur when molindone was the si-
multaneously administered neuroleptic (p<0.0003).

DISCUSSION

Molindone was definitely cataleptogenic, due presumably
to its preferential blockade of D, receptors. It should be
noted that previous reports [9.15] have indicated that D,
blockers such as molindone or sulpiride have little or no
cataleptic effect. Whether this reflects a species difference or
methodological differences is unclear; sulpiride’s weak abil-
ity to cause catalepsy appears to be due to poor penetration
of the blood-brain barrier {8]. The important point demon-
strated by these present data is that a relatively pure D,
blocker is cataleptogenic.

Molindone was much less cataleptogenic than haloperi-
dol, both in terms of magnitude and duration of effect.
Perhaps this resulted because haloperidol apparently has a
much greater binding potency for D, receptors than do drugs
like molindone (7,10].

Conclusions about the dopamine receptor which mediates
catalepsy need to be assessed in light of the potentiation of
haloperidol catalepsy by concurrent administration of
apomorphine. Apomorphine’s potentiation of haloperidol-,
but not molindone-induced catalepsy, is very difficult to ex-
plain in terms of D, and D, receptors, as they are presently
understood. One might have explained the apomorphine
potentiation of haloperidol catalepsy on the basis that
agonist action on D, receptors is cataleptogenic; this large
dose of apomorphine could have gained access to D, recep-
tors because they were only partially blocked. Although
apomorphine’s potency for D, receptors is only in the mi-
cromolar range [1], we were using large doses of apomor-
phine. But molindone, has even less blocking ability for D,
receptors than haloperidol, yet apomorphine did not poten-
tiate molindone catalepsy.

Apomorphine is only a partial agonist and has some
antagonist properties, particularly for D, receptors. For
example, at high concentrations, which were probably
achieved by the large doses that were used here, apomor-
phine does not stimulate and may even block D, receptor-
mediated adenylate cyclase responses in striatum [11] and in
bovine parathyroid preparations [3]. This implies that block-
ade of D, receptors also contributes to catalepsy. This could
also explain why haloperidol is more cataleptogenic than
selective D, blockers because it blocks both D, and D, recep-
tors. The role of D, blockade should be tested with a selec-
tive D, blocker.

We have shown that a /low dose of apomorphine (0.3
mg/kg, IP) can by itself cause a short-lasting post-injection
period of catalepsy in mice [13]; a similar finding has also
been reported in rats [2]. Bromocriptine, a selective D,
agonist, is apparently not cataleptogenic, and we have found
that it does not potentiate haloperidol catalepsy [13]. Nota-
bly, in the rat experiments referenced above, low doses of
molindone (0.45 or 0.8 mg/kg, IP) blocked rather than en-
hanced the apomorphine-induced catalepsy, and that paral-
lels our demonstration here that apomorphine does not cause
catalepsy in molindone-treated mice. A finding that is prob-
ably related is the report that molindone, but not sulpiride,
also failed to antagonise the locomotor inhibition that was
produced by low doses of apomorphine in mice [12].

Molindone has some characteristics that are not shared
by D, and D, blockers such as haloperidol. For example,
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molindone does not increase the firing rate of nigrostriatal
DA neurons as does haloperidol [4,5]. Chronic administra-
tion of molindone apparently does not promote striatal DA
receptor supersensitivity, as does chronic haloperidol [20]. In
rats given 2.5 mg/kg. molindone reportedly acts like a typical D,
blocker (activation of tyrosine hydroxylase, increased DA
metabolite levels), but at 40 mg/kg it had opposite effects
which lasted up to 72 hr. Intermediate effects were seen at 10
mg/kg; note that 10 mg/kg for a rat is metabolically a larger
dose than 10 mgkg for a mouse. At the higher doses
monoamine oxidase was inhibited [17].

Evidence for molindone’s low potency for blocking D,
receptors includes observations, for example, that it is sev-
eral hundred times less active than most phenothiazines in
inhibiting striatal DA-sensitive adenylate cyclase [l14].
Molindone’s lack of D, potency is comparable to that of
metoclopramide and sulpiride [9]. Another study showed
that molindone in concentrations of 10 mM was totally in-
sensitive in displacing spiroperidol binding (to D, receptors),
whereas micromolar concentrations of haloperidol were very
effective in displacing spiroperidol [22].

In vitro binding studies have their problems, and unfortu-
nately too many of our concepts are based exclusively on
such data. We need more functional in vitro studies of the
kind recently reported which showed that apomorphine had
much greater postsynaptic receptor potency (inferred from
inhibition of acetylcholine and glutamate release in striatal
slices), while bromocriptine had a much greater potency for
autoreceptors (depression ot DA synthesis) [24].

The present results may have been influenced by the fact
that haloperidol (in doses >0.8 mg/kg in rats) has effects on
other neurotransmitter systems, such as decreased serotonin
in the raphe nuclei; apomorphine increases serotonin
fluorescence and S-HIAA levels in the dorsal raphe and
striatum [16]. Molindone also has some other transmitter
effects; for example it blocks the cyclic AMP response to
norepinephrine in limbic forebrain [18].

Proper interpretation of these present results must await a
better understanding of the different kinds of DA receptors
in the brain. A complication is that dopaminergic autorecep-
tors are not well understood in the D,/D, classification
scheme [1]. There is still controversy over whether these are
a form of D, receptor, or another undiscovered class of DA
receptor [24]. Recent binding affinity studies have led to the
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suggestion that autoreceptors are D, receptors with espe-
cially high affinity for dopamine and apomorphine; D, recep-
tors may exist in either a high- or a low-affinity state,
which differ on the order of 200-fold in binding affinity for
apomorphine [19]. The comparative potency of molindone
and haloperidol on these two binding states has not been
fully evaluated.

One assay for autoreceptor activity indicated that molin-
done was more effective in blocking autoreceptors (high-
affinity D, receptors?) than postsynaptic (low-affinity D,?)
receptors [1]. If autoreceptors are of high-affinity D, type,
then it would indicate that molindone has low blocking po-
tency on low-affinity receptors. Low blocking potency has
also been inferred from studies which tested various
neuroleptics for ability to induce supersensitivity to
dopamine agonists in mice. Haloperidol, as expected. ele-
vated binding after 21 days of chronic administration; clini-
cally equivalent doses of molindone did not produce super-
sensitivity [20].

If we assume that catalepsy is mediated by agonist bind-
ing at high-affinity D, sites (autoreceptors), then several of
these present results can be explained. Low doses of
apomorphine could preferentially bind high-affinity sites,
thus causing catalepsy. Higher doses would load the low-
affinity D, sites as well, which if they mediated a conflicting
behaviour of movement, would obliterate any cataleptogenic
effect mediated by the high-affinity D, sites. Haloperidol
should be more cataleptogenic than molindone, if haloperi-
dol were more potent at low-affinity D, sites, leaving some
high-affinity D, sites free to respond to endogenous
dopamine. Molindone, by selectively blocking high-affinity
D, sites, would thus prevent the enhancement of catalepsy
normally caused by apomorphine. Bromocriptine's apparent
lack of cataleptogenic effect under any circumstances might
indicate that it has a very low capacity for binding high-
affinity D, receptors.

ACKNOWLEDGEMENTS

The author wishes to thank Dupont Pharmaceuticals, Garden
City, NY, for the generous supply of molindone. Thanks are also
given to Drs. Robert Matthews and Michael Trulson for their critical
review of early drafts of the report.

REFERENCES

1. Alander, T., M. Grabowska-Anden and N. E. Anden. Physi-
ological significance of dopamine autoreceptors as studied fol-
lowing their selective blockade by molindone. J Pharm Phar-
macol 32: 780-782, 1980.

2. Balsara, J. J., T. R. Bapat, V. P. Gada and A. G. Chandorkar.
Small doses of apomorphine induce catalepsy and antagonize
methamphetamine stereotypy in rats. Psychopharmacology
(Berlin) 78: 192-194, 1982.

3. Brown, E. M, R. ]. Carroll and G. D. Aurbach. Dopaminergic
stimulation of cyclic AMP accumulation and parathyroid hor-
mone release from dispersed bovine parathyroid cells. Proc
Natl Acad Sci USA 74: 4210-4213, 1977.

4. Bunney, B. S., R. H. Roth and G. K. Aghajanian. Effects of
molindone on central dopaminergic neuronal activity and me-
tabolism: similarity to other neuroleptics. Psychopharmacol
Commun 1: 349-358, 1975.

5. Bunney, B. S. Antipsychotic drug effects on the electrical ac-
tivity of dopaminergic neurons. Trends Newrosci T 212-215,
1984.

6. Calne, B. Dopamine receptors in movement disorders. In:
Movement Disorders. edited by C. D. Marsden and S. Fahn.
London: Butterworth, 1982, pp. 348-355.

7. Creese, 1., D. R. Sibley, M. W. Hamblin and S. E. Left. The

classification of dopamine receptors. In: Ann Rev Newrosci, vol
6. edited by W. M. Cowan ¢1 al. Palo Alto: Annual Rev. Inc.,
1983, pp. 43-71.

8. Honda, F., Y. Satoh, K. Shimomura, H. Satoh, H. Noguchi.
S.-1. Uchida and R. Kato. Dopamine receptor blocking activity
of sulpiride in the central nervous system. Jpn J Pharmacol 27:
397-412, 1977.



MOLINDONE AND HALOPERIDOL CATALEPSY

9.

. Meller, E.

Hyttel, J. Effects of neuroleptics on (3H)haloperidol and
(3H)ciz(Z)-fluphenthixol binding and on adenylate cyclase ac-
tivity in vitro. Life Sci 23: 551-556, 1978.

. Kebabian, J. W. and D. B. Calne. Multiple receptors for

dopamine. Nature 277: 93-96, 1979.

. Kebabian, J. W., G. L. Petzold and P. Greengard. Dopamine-

sensitive adenylate cyclase in caudate nucleus of rat brain, and
its similarity to the ‘*dopamine receptor.”’ Proc Natl Acad Sci
USA 69: 2145-2149, 1972.

. Kendler, K. S., H. S. Bracha and K. L. Davis. Dopamine au-

toreceptor and postsynaptic receptor blocking potency of
neuroleptics. Eur J Pharmacol 79: 217-223, 1982.

. Klemm, W. R. Experimental catalepsy is both enhanced and

disrupted by apomorphine. Psyvchopharmacology (Berlin), in
press, 1985.

. Koe, B. K. Biochemical assessment of the neuroleptic activity

of molindone. In: Catecholamines: Basic and Clinical Fron-
tiers, vol 1, edited by E. Usdin, I. J. Kopin and J. D. Barchas.
Oxford: Pergamon Press, 1979, pp. 740-742.

. Kohler. C., S. O. Ogren, L. Haglund and T. Angeby. Regional

displacement by sulpiride by [*H] spiperone binding and be-
havioural evidence for a preferential action on limbic and nigral
dopamine receptors. Neurosci Letr 13: 51-56, 1979,

. Lee, E. H. Y. and M. A. Geyer. Indirect effects of apomorphine

on serotoninergic neurons in rats. Newroscience 11: 437-442,
1984.

and E. Friedman. Differential dose- and time-
dependent effects of molindone on dopamine neurons of rat
brain: mediation by irreversible inhibition of monoamine
oxidase. J Pharmacol Exp Ther 220: 609-615, 1982.

20.

21.

23.

915

. Robinson, S. E., S. Berney, R. Mishra and F. Sulser. The rela-

tive role of dopamine and norepinephrine receptor blockade in
the action of antipsychotic drugs: metoclopramide, thiethyl-
perazine, and molindone as pharmacological tools. Psycho-
pharmacology (Berlin) 64: 141-147, 1979.

. Seeman, P., S. R. George and M. Watanable. Presynaptic

dopamine receptors operate in the high-affinity state for
dopamine. Postsynaptic ones work in low-affinity state. Soc
Neurosci Abstr 10: 278, 1984.

Severson, J. A., H. E. Robinson and G. M. Simpson.
Neuroleptic-induced striatal dopamine receptor supersensitivity
in mice: relationship to dose and drug. Psychopharmacology
{Berlin) 84: 115-119, 1984.

Stanley, M. E. and S. D. Glick. Interaction of drug effects with
testing procedures in the measurement of catalepsy.
Neuropharmacology 15: 393-394, 1976.

. Stoof, J. C. Dopamine receptors in the neostriatum: biochemi-

cal and physiological studies. In: Dopamine Receptors, edited
by C. Kaiser and J. W. Kebabian. Washington: American
Chemical Society, 1983, pp. 117-145.

Thal, L. J.. M. H. Makman, H. S. Ahn, R. K. Mishra, S. G.
Horowitz, B. Dvorkin and R. Katzman. *H Spiroperidol binding
and dopamine-stimulated adenylate cyclase: evidence for mul-
tiple classes of receptors in primate brain. Life Sci 23: 629-634,
1978.

. Westfall, T. C. and L. Naes. Comparison of dopamine agonists

in autoreceptor postjunctional receptor function in rat striatum.
Soc Neurosci Abstr 10: 952, 1984.



