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LAL H., M. A. CARINO, R. SPERRY AND A. HORITA. Effects of thioridazine on apomorphine-elicited stereotypic
hehavior and motor activity. PHARMAC. BIOCHEM. BEHAV. 13(3) 397401, 1980.—Bilaterally injected thioridazine (10
ue) into the striata of rats augmented the stereotypic behavior elicited by apomorphine. The enhancing effect was at-
tenuated by pretreatment with e-methyl-p-tyrosine. At 48 hr postinjection of thioridazine (1.0 mg/kg, IP), motor suppres-
sion from a low dose of apomorphine (0.2 mg/ke, IP) was enhanced; however, motor response to a high dose of apomor-
phine (1 me/ke, SC) was not affected. Possible mechanisms of action of thioridazine are discussed.

Thioridazine Striatum Apomorphine

THIORIDAZINE has been used in the therapeutic treatment
of schizophrenia. Its potency in suppressing psychotic symp-
toms and improving motor behavior, affect, and speech has
been reported to be similar to that of chlorpromazine. Extra-
pyramidal side-effects, such as Parkinsonism and induction
of tardive dyskinesia, are significantly less than those
produced by other neuroleptics, such as chlorpromazine and
haloperidol [10,27]. Many reported findings suggest that
thioridazine may exert its neuroleptic effects by blocking
dopamine receptors in the brain. Like other dopamine
antagonists, it increases accumulation of HVA in the
striatum and the limbic system [3, 22, 29)]. It can also dis-
place *H-haloperidol from binding sites on calf caudate tissue
[7] and inhibit dopamine-sensitive adenylate cyclase [14,19].
Furthermore, chronic treatment with thioridazine enhances
apomorphine-induced stereotypic behavior in rats, appar-
ently owing to the development of supersensitivity in the
dopaminergic system [25].

In this paper we report (1) the effects of direct microin-
jection of thioridazine into the striata of rats on apomor-
phine-elicited stereotypic behavior; and (2) the effects of
thioridazine on hypoactivity and hyperactivity elicited by a
low and a high dosage of apomorphine, respectively.

METHOD

Male Sprague-Dawley rats (250-300 g) obtained from Ty-
lers Lab, WA, were used in these experiments. They were
housed in a temperature-controlled vivarium maintained
under 12-hr light-dark cycle and provided with food and
water ad lib. All experiments were run between 10 a.m. and 4
p.m.

Microinjection of Drugs into the Brain

Rats were anesthetized with sodium pentobarbital (30-40

Stereotypic behavior

Motor activity

mg/kg, IP). Guide cannulae (23 ga) were then stereotaxically
implanted bilaterally in the skull with the tip 1 mm below the
surface of the cortex. Five to seven days after implantation
to allow recovery from surgery, thioridazine HCI (Sandoz)
dissolved in physiological saline was injected with a 30 ga
cannula into the striatum (2 ul) at the rate of 2 wl/min. The
injection cannula was held in place for an additional 30 sec in
order to minimize backflow of the drug solution. The coordi-
nates of injection were A-P 7.4 mm; L + 2.0 mm and
DV + 2.0 mm for the striatum [11]. In some experiments,
animals were pretreated with o-methyl-p-tyrosine methyl
ester (-MT, 250 mg base/kg, IP) 2 hr before the
intracerebral injection. Control animals were injected with
physiological saline. Five minutes after intrastriatal injection
of thioridazine, apomorphine (1 mg/kg, solution contained 1
mg/ml of L-ascorbic acid) was injected subcutaneously in the
flank of the animal. The animal was then put in a sound-proof
box and behavior was observed through a one-way mirror
starting 5 min postinjection of apomorphine. Stereotypic be-
havior was scored by an experienced experimenter unaware
of the treatment of the animals at 0, 5, 30, 45 and 60 min. The
scoring system modelled after Iversen’s [13] was as follows:
0—asleep; 1—awake, but largely immobile; 2—moving with
short bursts of sniffing; 3—moving over the area of the cage
with continuous sniffing and rearing; 4—some/no movement
and continuous sniffing with head directed down; 5—as 4,
but licking, biting and gnawing.

Stereotypic behavior for each animal is reported as the
sum of the scores of the five observations.

Effects of Thioridazine on Apomorphine-Elicited
Motor Activity

Rats were injected with either thioridazine (1.0 mg/kg, IP)
or an equal volume of physiological saline. At 10 min or 48 hr
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FIG. 1. Stereotypic behavior in different drug-treatment conditions.
SC=Subcutaneous injection; IC=Intracerebral injection. *Signifi-
cantly different from control (IC-saline; SC-saline) at p<0.01.

later, each rat was injected with either apomorphine (1 mg/kg
SC or 0.2 mg/kg, IP) or physiological saline. All injection
solutions contained 1 mg/ml L-ascorbic acid. Motor activity
was measured with a Stoelting Activity Meter (No. 31400M)
for 30 min beginning 5 min after the apomorphine injection.
Thus, there were three treatment variables and 12 treatment
groups in this experiment.

Pretreatment: Thioridazine 1.0 mg/kg, IP; saline. Time
after pretreatment: 10 min; 48 hr. Drug injection before
motor activity measurement: 1.0 mg/kg SC apomorphine; 0.2
mg/kg IP apomorphine; saline.

Data Analysis

Motor activity was analyzed by analysis of variance and
difference between groups was determined by the
Newman-Keuls Multiple Range Test. Stereotypic behavior
was analyzed by the 2-tailed Mann-Whitney U-test.

RESULTS
Microinjection of Thioridazine into the Striatum

The effects of the different drug treatments on stereotypic
behavior are graphed in Fig. 1. Injection of apomorphine (1
mg/kg, SC) significantly increased stereotypic behavior (cf.
bar B with bar A). Bilateral injection of thioridazine (10 ug)
into the striata resulted in further enhancement (cf. bar C
with bar B). However, injection of thioridazine into the
striatum without subcutaneous injection of apomorphine did
not change the averaged total stereotypic behavior score as
compared with contro! (saline-injected) animals (cf. bar D
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FIG. 2. Percent of observations in each stereotypy rating under
different drug-treatment conditions. SC=Subcutaneous injection;
IC=Intracerebral injection.

with bar A). Pretreating the animals with «-methyl-
-p-tyrosine (a-MT) also significantly enhanced the effect of
apomorphine (cf. bar E with bar B) but attenuated the effect
of intrastriatally injected thioridazine (cf. bar E with bar F).
The effects on the different categories of stereotypic be-
havior under different drug treatment conditions are shown
in the distributions graphs in Fig. 2. Apomorphine injection
resulted in the occurrence of more ‘‘intense’’ stereotypic
behavior (cf. Fig. 2b with 2a). Intrastriatal thioridazine in-
jection augmented stage 4 stereotypy (cf. Fig. 2c with Fig.
2b). However, «-MT pretreatment with thioridazine injec-
tion into the striatum eliminated stage 4 stereotypic behavior
(cf. Fig. 2d with Fig. 2e). When thioridazine was injected
bilaterally into the striatum without subcutaneous injection
of apomorphine, stage 3 stereotypic behavior was aug-
mented but stage 1 was decreased (Fig. 2f with 2a). Under
this experimental condition, stage 3 behavior always oc-
curred at the beginning of the session (i.e., at 0 time).

Effects of Thioridazine on Apomorphine-Elicited
Motor Activity

Figure 3a and b show the effects of thioridazine 10 min
and 48 hr postadministration, respectively. Figure 3a shows
that 1.0 mg/kg of apomorphine significantly enhanced motor
activity whereas 0.2 mg/kg of apomorphine reduced motor
activity, compared with that of animals injected with saline
(i.e., saline pretreatment +saline injection). Thioridazine at 1
mg/kg decreased spontaneous and also apomorphine-elicited
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FIG. 3. (a) Motor activity in different drug-treatment conditions
measured 10 min after thioridazine pretreatment. (b) Motor activity
in different drug-treatment conditions measured 48 hr after
thioridazine pretreatment. *Significantly different from control
(saline pretreatment+saline injection) p<0.01.

motor activity. However, pretreatment with thioridazine (1
mg/kg) did not result in further reduction of motor activity
caused by 0.2 mg/kg of apomorphine injection. Figure 3b
shows the effect of thioridazine 48 hr postadministration.
The responses of animals pretreated with thioridazine to 1.0
mg/kg of apomorphine were similar to those of control
animals (i.e., animals pretreated with saline injection). How-
ever, the animals pretreated with thioridazine 48 hr previ-
ously showed an enhanced response to 0.2 mg/kg of apomor-
phine (i.e., greater reduction in motor activity) when com-
pared with the animals pretreated with saline (p<0.05).

DISCUSSION

Although it has been reported that thioridazine inhibits
certain dopaminergic functions (see introduction), it has also
been reported that thioridazine given systemically has only a
minimal effect on the nigrostriatal dopaminergic system. It
has been shown that thioridazine cannot block dopaminergic
drug-induced turning behavior in unilaterally nigral-lesioned
animals [8,15] and it is not very effective in blocking
apomorphine- and amphetamine-elicited stereotypic behav-
iors [6]. Therefore, one would expect that thioridazine injec-
tion into the striatum would either attenuate or not affect
apomorphine-elicited stereotypic behavior. We found, how-
ever, that intrastriatally injected thioridazine actually en-
hanced apomorphine-elicited stereotypic behavior (Fig. 1).
The mechanism of this enhancement can only be speculated.
One possible explanation is that it is due to the anticholiner-
gic property of the drug, since it is well known that
thioridazine blocks muscarinic receptors and has a relatively
high affinity for cholinergic receptors [6,18]. Furthermore,
systemic injection of anticholinergic drugs to animals can
actually enhance apomorphine-elicited stereotypic behavior
[23], and cholinergic drugs can inhibit amphetamine-induced
stereotypic behavior [1].

The effect of direct injection of anticholinergic drugs into

the striatum on stereotypic behavior is not clear. It has been
reported [5] that anticholinergics directly injected into
striatum have no effect on amphetamine-induced stereotypic
behavior and therefore it was concluded that the enhanc-
ing effect of systemic-administered anti-cholinergics on
stereotypic behavior is due to their effect on non-striatal sites
in the brain. A recent paper [31], however, reported that
atropine injected into the striatum could induce stereotypic
behavior. In this instance, rearing behavior was the pre-
dominant behavior observed.

To test this hypothesis, we also injected atropine (10 ug/2
ul) bilaterally into the striata of rats but observed no
enhancement of apomorphine-elicited stereotypic behavior.
The stereotypic behavior score was 12.2 + 1.3, which is not
significantly different from that of animals injected with
apomorphine alone. However, we observed an intense in-
crease in motor activity and rearing behavior when atropine
(IC) alone was administered. It is significant that the behav-
ior elicited by intrastriatal-injected atropine was quite differ-
ent from that elicited by injection of thioridazine. Moreover,
the hypothesis that thioridazine enhances apomorphine-
elicited stereotypic behavior owing to its anticholinergic ef-
fect cannot account for the fact that the enhancing effect can
be blocked by pretreatment with o-MT. The attenuation of
the effect of thioridazine by a-MT could not be due to its
sedating effect on the animals since pretreatment with a-MT
actually enhanced the apomorphine-elicited stereotypic be-
havior (Fig. 1, cf. bar B with bar E). It would appear that
release of dopamine is required for the enhancement of
stereotypic behavior by intrastriatally injected thioridazine.

An alternative explanation for our results is that
thioridazine can block presynaptic dopaminergic receptors
(autoreceptors) on the nigrostriatal dopaminergic nerve
terminals. Interactions of neuroleptics with presynaptic
dopamine receptors have been reported. Low dosages of
benzperidol, droperidol, haloperidol, pimozide and sulpiride
can reverse the hypoactivity and brain DOPAC decrease
produced by a low dose of apomorphine [9]. Supersensitivity
developed in the presynaptic receptors in the striatal and
mesolimbic dopaminergic systems in rats after chronic
treatment with fluphenazine decanoate [21]. Haloperidol,
clozapine and fluphenazine can further enhance the increase
in tyrosine hydroxylase activity in response to supermaximal
electrical stimulation of the nigrostriatal tract [20]. Many
neuroleptics, including haloperidol, chlorpromazine and
thioridazine, can reverse the dopamine synthesis blocking
effect of apomorphine in the nigrostriatal system of animals
treated with gamma-butyrolactone [20,28]. However, the ef-
fect of chlorpromazine and thioridazine are less potent than
the butyrophenones [20]. Blockade of the presynaptic recep-
tors causes increase in dopamine synthesis and release [12,
24, 30]. Release of dopamine in the striatum by thioridazine
would enhance the stereotypic behavior elicited by apomor-
phine. The fact that stage 3 stereotypic behavior was ob-
served when thioridazine alone was injected bilaterally into
the striatum (Fig. 2f) may also be due to an increase in re-
lease of dopamine in the striatum. Little stage 3 behavior was
observed when saline was injected into the striatum (Fig.
2a). However, a necessary condition of this hypothesis is
that the dopamine released should be more than enough to
counteract the postsynaptic blocking effect of thioridazine
[14,19]. Other direct proofs e.g. to show that injection of
thioridazine into the striatum increases release of dopamine
or production of dopamine metabolites, are required to
prove this hypothesis.
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Furthermore, it is significant to point out here that pre-
treatment with «-MT has also been reported to potentiate the
thioridazine-induced cataleptic response in rats [6] as well as
the neuroleptic effect of thioridazine in chronic schizo-
phrenics [4]. In both cases, it seems that a process involving
the release of dopamine counteracts the postsynaptic effects
of thioridazine. This effect of thioridazine may explain the
low incidence of extrapyramidal side effects observed in pa-
tients treated with thioridazine [10,27]. The blocking effect
of thioridazine on the striatal dopamine postsynaptic recep-
tors is counteracted by its indirect agonist effect acting on
the presynaptic sites. A similar view has been proposed for
the action of clozapine [2], another neuroleptic that causes
relatively less extrapyramidal syndromes. It has been pro-
posed that clozapine causes an enhanced release of
dopamine via a neuronal feedback mechanism that reverses
its blockade of postsynaptic dopamine receptors in the
striatum.

The hypothesis that thioridazine acts on presynaptic
dopamine receptors can also explain our finding that 48 hr-
thioridazine pretreatment enhanced the motor suppression
effect of a low dose of apomorphine (Fig. 3b). It has been
suggested that the motor suppression effect of apomorphine
is due to its action on the presynaptic receptors [9,26]. The
effect of 48 hr-thioridazine pretreatment could not be due to
a blockade of postsynaptic dopamine receptors by residual
thioridazine left in the brain, since 10 min-thioridazine pre-
treatment did not affect the motor response of the animals to
a low dose of apomorphine (Fig. 3a). A possible explanation
of the results is that supersensitivity developed in the
presynaptic receptors after the thioridazine pretreatment. In
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our case, the dosage of thioridazine injected (1 mg/kg) prob-
ably also blocks the postsynaptic receptors since 10 min after
the injection of thioridazine both spontaneous and
apomorphine-elicited motor activities were attenuated (Fig.
3a). However, the fact that response to a high dose of
apomoprhine was not affected by the 48 hr-thioridazine pre-
treatment (Fig. 3b) suggests that the pretreatment did not
cause a long-lasting effect on the postsynaptic dopamine re-
ceptors.

Changes in receptor sensitivity after a single injection of a
dopaminergic drug is well documented. Injection of a single
dose of haloperidol is followed 2 days later by an increased
behavioral responsiveness to apomorphine and a decrease in
the level of HVA [17]. These changes are interpreted to be
due to a development of supersensitivity in the postsynaptic
cells. Similarly, a single injection of apomorphine also
causes a marked elevation in behavioral response to low
dosages of apomorphine [17]. The latter effect is suggested to
be due to the development of a state of hyposensitivity in the
presynaptic receptors. In both instances described above,
the effects from a single-dose treatment develop fast and
follow a long (10-14 days) time course of recovery. In our
case, the supersensitivity to a low dose of apomorphine was
seen at least 2 days after the acute thioridazine treatment. It
may be interesting to see how long this state of supersen-
sitivity lasts.
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