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Reversal of Haloperidol-Induced
Extrapyramidal Side Effects in Cebus Monkeys
by 8-Hydroxy-2-(di-n-propylamino)tetralin

and Its Enantiomers

Curt L. Christoffersen, B.A., and Leonard T. Meltzer, Ph.D.

(+)-8-Hydroxy-2-(di-n-propylamino)tetralin (§-OH-
DPAT), (+)-8-OH-DPAT, and (—)-8-OH-DPAT
produced dose-related reversals of haloperidol-induced
extrapyramidal side effects (EPS) in cebus monkeys, with
all compounds producing similar almost complete reversals
at 0.1 mg/kg IM. These compounds were more potent than
apomorphine, which reversed haloperidol-induced EPS at
0.3, but not 0.1, mg/kg IM. The data indicate that the

reversal of haloperidol-induced EPS by (*)-8-OH-DPAT
and its enantiomers is mediated via effects at 5-HT,,
receptors, not dopamine D, receptors. Thus, inclusion of
5-HT, 4 agonist activity in novel antipsychotics may reduce
EPS liability. [Neuropsychopharmacology

18:399-402, 1998] © 1998 American College of
Neuropsychopharmacology. Published by Elsevier
Science Inc.
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Alterations in serotonin (5-HT) neurotransmission has
been hypothesized to modulate both the therapeutic and
extrapyramidal side effect (EPS) liability of antipsychotic
agents (Meltzer 1995). In studies in rats, the 5-HT;, ago-
nist (*)-8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-
DPAT) potentiated the antiavoidance and reduced the
cataleptic effects of the dopamine (DA) antagonist raclo-
pride (Wadenberg and Ahlenius 1991). The reduction of
haloperidol catalepsy by (*)-8-OH-DPAT was postulated
to be due to inhibition of 5-HT release by stimulation of
somatodendritic 5-HT,, receptors on raphe neurons (In-
vernizzi et al. 1988). Thus, a functional reduction of 5-HT
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neurotransmission has been suggested to underlie these
effects. These data suggest that concurrent treatment with
5-HT,, agonists, or the inclusion of 5-HT,, activity in an
antipsychotic agent, may improve the efficacy/side effect
ratio of standard antipsychotic treatment.

Modulation of the dystonic effects of haloperidol has
been used as a model for assessing ways to reduce EPS
in humans. In the present studies, we evaluated the role
of 5-HT, receptors in modulating EPS by assessing the
ability of (=)-8-OH-DPAT and its enantiomers to reverse
haloperidol-induced EPS in cebus monkeys that had
been sensitized to the dystonic effects of haloperidol. A
goal of this study was to examine compounds with dif-
ferent degrees of intrinsic activity at 5-HT 5 receptors for
their ability to reverse halperidol-induced EPS.

MATERIALS AND METHODS

Two adult female and one male cebus monkeys (Cebus
apella; 2.0-4.0 kg) were housed singly. Animals were
maintained under a 12-h light-dark cycle with free ac-
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cess to standard chow and water. Animal care was in
accordance with guidelines established by the National
Institutes of Health and the American Association for
the Accreditation of Laboratory Animal Care. All exper-
imental protocols were approved by an Animal Care
and Use Committee.

Cebus monkeys were sensitized to neuroleptic-
induced EPS by once weekly dosing with haloperidol (1
mg/kg PO) for 8-12 weeks. Signs of EPS included: in-
voluntary twisting of the neck or torso, protrusion of
the tongue, tonic extension of the limbs and pressing of
the body against cage walls. During the sensitization
period, animals were rated weekly for the appearance
of EPS. Once EPS appeared, the monkeys exhibited
acute dystonias after administration of lower doses of
haloperidol or in response to the administration of
other DA antagonists that produce EPS in humans. A
subjective rating scale was used to estimate the inten-
sity of the EPS. Individual signs of EPS were rated as
being absent (0), weak (1), or strong (2).

In sensitized cebus monkeys, haloperidol-induced
EPS has an onset of approximately 1-2 h postinjection
and has constant intensity from hours 2-6, although the
intensity at a fixed dose varies among monkeys. To con-
duct the present experiments, it was first necessary to
screen monkeys to identify those that had stable EPS
signs that were not disrupted by the injection proce-
dure at 3 h posthaloperidol. It was observed that the
handling necessary to administer an intramuscular in-
jection would sometimes disrupt the EPS at the 15- and
30-min observation times. From a group of eight mon-
keys, three monkeys were identified that were suitable
for testing.

To study the reversal of haloperidol-induced EPS,
haloperidol, 0.5 mg/kg PO, was administered at time
zero, and 3 h later monkeys were injected IM with vehi-
cle or test drug. Observations were made at 1-h inter-
vals post-haloperidol and then at 15-min intervals for 1
h after administration of the reversal agent or saline.
For graphic display of the time course of effect, at each
time point, for each individual monkey, the scores for
all signs present were totaled, and group means + SEM
were derived. For data analysis, the cumulative EPS
scores for the first hour postinjection were calculated
and the haloperidol-vehicle group was compared with
the haloperidol-treatment groups by one-way repeated
measures analysis of variance with Bonferroni’s method
used to compare vehicle and individual drug treat-
ments. Each time a different compound was tested,
haloperidol-vehicle and the different haloperidol-drug
conditions were run in a randomized order.

Drugs

(*¥)-8-OH-DPAT HBr, (+)-8-OH-DPAT HBr and (—)-
8-OH-DPAT HBr were purchased from Research Bio-
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chemicals International (Natick, MA). Haloperidol and
apomorphine HCl were purchased from Sigma Chemi-
cals (St. Louis, MO). Haloperidol was dissolved in lactic
acid, the pH adjusted to 6.0 with NaOH, and adminis-
tered PO in water at 1 cc/kg. Other compounds were dis-
solved in 0.9% saline and administered IM at 0.1 cc/kg.

RESULTS

(*)-8-OH-DPAT, (+)-8-OH-DPAT and (—)-8-OH-DPAT
produced dose-related reversals of haloperidol-induced,
0.5 mg/kg PO, EPS (Figure 1 and Table 1). A represen-
tative time course of the effect for (+)-8-OH-DPAT is
shown in Figure 1. For all three compounds, 0.01 mg/
kg had no effect, whereas 0.03 and 0.1 mg/kg IM re-
versed the haloperidol-induced EPS. For all com-
pounds, analysis of variance revealed a significant ef-
fect of treatment condition on the haloperidol-induced
EPS ((+)-8-OH-DPAT, F = 5.0, p < .05 (+)-8-OH-
DPAT, F =79, p < .05; (—)-8-OH-DPAT, F = 5.3, p <
.05). Bonferroni’s method was used to delineate indi-
vidual treatment differences versus haloperidol-vehi-
cle (Table 1). As another way of examining the data, a
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Figure 1. Reversal of haloperidol-induced EPS by (+)-8-

OH-DPAT. Haloperidol was administered at time zero. EPS
signs were rated at individual time points and group means
determined. Saline or (+)-8-OH-DPAT was administered IM
at 3 h posthaloperidol. Data are the mean of three monkeys.
SEM has been left out for clarity.
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Table 1. Apomorphine and (*)-, (+)-, and (—)-8-OH-DPAT Reversal of Haloperidol-

Induced EPS in Cebus Monkeys

Cumulative EPS Score”

# Animals
Reversed by >50%

Treatment (mean = SEM) # Animals Tested
Hal + Veh 306

Hal + Apo 0.1 30+5 0/3
Hal + Apo 0.3 9+ 6 2/3
Hal + Veh 26 =3

Hal + (*)-8-OH-DPAT 0.01 29 +7 0/3
Hal + (*)-8-OH-DPAT 0.03 17+5 1/3
Hal + (£)-8-OH-DPAT 0.1 7+3 3/3
Hal + Veh 30+ 6

Hal + (+)-8-OH-DPAT 0.01 26 + 8 0/3
Hal + (+)-8-OH-DPAT 0.03 11+1 2/3
Hal + (+)-8-OH-DPAT 0.1 3+1b 3/3
Hal + Veh 24+ 6

Hal + (—)-8-OH-DPAT 0.01 23+7 0/3
Hal + (—)-8-OH-DPAT 0.03 16 =4 0/3
Hal + (—)-8-OH-DPAT 0.1 4 + Db 3/3

Animals were injected (IM) with test reversal agents 3 h posthaloperidol (0.5 mg/kg PO).
*Cumulative EPS score for the four rating sessions at 15-min intervals posthaloperidol.

Up < .05 versus Hal + Veh by Bonferroni method.

50% reduction in the cumulative EPS score for each ani-
mal for 1 h postinjection was chosen as a way of com-
paring the efficacy to reverse EPS. When compared by
this method, (*)-8-OH-DPAT, (+)-8-OH-DPAT and
(—)-8-OH-DPAT all reversed the haloperidol-induced
EPS by greater than 50% in all monkeys tested at 0.1
mg/kg, whereas there was a small distinction among
the three compounds at 0.03 mg/kg, with the (+)-, ()-
and (—)- reversing 2 of 3, 1 of 3, and 0 of 3 monkeys, re-
spectively. The EPS reversal produced by (*)-, (+)- and
(—)-8-OH-DPAT, 0.1 mg/kg, was similar to that pro-
duced by apomorphine, 0.3 mg/kg (see below).

Administration of (*)-, (+)- and (—)-8-OH-DPAT to
haloperidol-sensitized monkeys was sometimes accom-
panied by tremors and prostration. However, the ap-
pearance of these signs was not correlated with the EPS
reversal. In the monkeys used in the halperidol/8-OH-
DPAT interaction studies, (=)-8-OH-DPAT, 0.03 mg/kg
IM alone, did not induce any EPS signs.

Tremors were observed in one and two monkeys at
0.1 and 0.3 mg/kg IM, respectively. No signs similar to
those produced by DA agonists, such as apomorphine
(see below) were observed.

Apomorphine reversed the haloperidol-induced EPS
at 0.3, but not 0.1 mg/kg, IM (Table 1). The overall
treatment effect was significant (ANOVA, F = 9.2, p <
.05). In a separate group of haloperidol-sensitized ce-
bus monkeys, apomorphine, 0.3 mg/kg IM, produced
mild signs of stimulation, such as scratching and check-
ing in four and three, respectively, out of six monkeys
tested.

DISCUSSION

The present data demonstrate that (*)-8-OH-DPAT
and its enantiomers can reverse haloperidol-induced
EPS in cebus monkeys. This reversal is postulated to oc-
cur by stimulation of 5-HT,, receptors and not DA re-
ceptors and is based on the following observations and
lines of reason: (1) *)-, (+)- and (—)-8-OH-DPAT have
potent 5-HT, , agonist effects and weak DA partial ago-
nist effects; in binding assays (*)-, (+)- and (—)-8-OH-
DPAT are over 100-fold selective for 5-HT;, versus D,
or D; receptors and are over 1,000-fold more potent at
inhibiting serotoninergic dorsal raphe versus dopamin-
ergic ventral tegmental neurons (Arvidsson et al. 1981;
Ahlenius et al. 1989, 1990; Lejeune et al. 1997); (2) apo-
morphine is more potent and efficacious as a DA ago-
nist compared with (*)-, (+)- and (—)-8-OH-DPAT
(Skirboll et al. 1979; Meltzer et al. 1992; Lejeune et al.
1997); and (3) in the present experiments, (*)-8-OH-
DPAT and its enantiomers were more potent than apo-
morphine in reversing haloperidol-induced EPS. In
contrast, in a prior study in squirrel monkeys (Liebman
et al. 1989), it was postulated the DA agonist properties
of (+)-8-OH-DPAT mediated the reversal of haloperi-
dol-induced EPS; however, no comparison to apomor-
phine was conducted. Interaction studies with selective
5-HT,, antagonists will be necessary to firmly conclude
the role of 5-HT, ; receptors.

What 5-HT) , intrinsic activity is necessary to reverse
haloperidol-induced EPS? Although (*)-, (+)- and (—)-
8-OH-DPAT are equipotent in receptor binding studies
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(Cornfield et al. 1991; Lejeune et al. 1997), in in vitro tests
that reflect intrinsic activity at 5-HT,, receptors, relative
to 5-HT, (£)-8-OH-DPAT, and (+)-8-OH-DPAT have
approximately 90-100% intrinsic activity whereas (—)-8-
OH-DPAT has approximately 50-60% intrinsic activity
(Cornfield et al. 1991; Fowler et al. 1992; Lejeune et al.
1997). In addition, (*)-8-OH-DPAT and (+)-8-OH-
DPAT appear to be twice as potent as (—)-8-OH-DPAT
in these functional studies. A similar functional relation-
ship is observed in in vivo tests that reflect efficacy at
5-HT) 5 receptors, e.g., inhibition of 5-HTP synthesis, in-
hibition of raphe neuronal activity and induction of the
5-HT;5 behavioral syndrome (Arvidsson et al. 1981;
Lejeune et al. 1997). Based on the number of animals
that showed a greater than 50% reduction in the halo-
peridol-induced EPS, the rank order of potency is (+)- >
(%)- > (—)-8-OH-DPAT, in agreement with the intrinsic
activity at 5-HT 5 receptors. However, the small sample
size and the steepness of the dose-response curve miti-
gates against making firm conclusions. In contrast, bus-
pirone, which has DA antagonist activity and is a partial
5-HT, 5 agonist with weaker intrinsic activity than (—)-8-
OH-DPAT (Hjorth and Carlsson 1982; McMillen et al.
1983; Fowler et al. 1992), produced EPS in haloperidol-
sensitized cebus and squirrel monkeys (Downs et al.
1985; Liebman et al. 1989; Christoffersen and Meltzer,
unpublished observations). These data suggest that an
intrinsic activity of at least 50% is necessary to reverse
haloperidol-induced EPS. It is unclear from the data if 5-
HT, autoreceptors or postsynaptic receptors mediate
the reversal of the haloperidol-induced EPS.

In prior studies in the rat, the (*£)-8-OH-DPAT-
induced reversal of raclopride catalepsy was accompa-
nied by impairment of treadmill performance, suggest-
ing nonspecific effects on muscle tone and/or motor
coordination (Wadenberg and Ahlenius 1991). How-
ever, the present observations that (*)-8-OH-DPAT re-
versed the haloperidol-induced EPS without inducing
adverse effects alone suggests that the EPS reversal is
not due to nonspecific effects.

The present conclusions support the hypothesis that
the combination of 5-HT) 4 agonist activity and D, antag-
onist activity may yield an antipsychotic agent with an
improved profile of efficacy to EPS. An intrinsic activity
that is at least similar to that of (—)-8-OH-DPAT may be
required to reduce EPS liability. It will be necessary to
study a complete dose range, in both efficacy and EPS
tests to determine if 5-HT; 5 activity reduces EPS liability
relative to DA antagonists such as haloperidol.
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