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Zona incerta-lateral hypothalamus as an output structure
for impulses involved in neuroleptic drug-induced catalepsy
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Summary. Our previous studies showed that the neuronal
impulses connected with catalepsy, which have their ori-
gin at dopamine D, receptors in the ventro-rostral part
of the nucleus caudatus-putamen in rats, are conveyed to
the zona incerta-lateral hypothalamic region. The aim of
the present study was to investigate the route of the neu-
ronal impulses between these structures. The experiments
were carried out on rats with cannulae chronically im-
planted in the brain structures. We showed that (1) bilat-
eral injection of bicuculline methiodide (5—50ng) into
the ventro-medial part of the globus pallidus (GPv) and
(2) bilateral injection of muscimol (2.5—-25 ng) into the
substantia nigra pars reticulata (SNR) inhibit, in a dose
dependent manner, the catalepsy induced by sulpiride
(1 ug) administered bilaterally into the ventro-rostral part
of the nucleus caudatus-putamen. It was also demon-
strated that muscimol (25 ng), injected bilaterally into the
ventro-medial part of the globus pallidus, induces cata-
lepsy which, in turn, is dose-dependently inhibited by ei-
ther (1) muscimol (5—25 ng) injected into the substantia
nigra pars reticulata, or (2) bicuculline (1.0—2.5 ng) in-
jected into the zona incerta-lateral hypothalamus (ZI-
LH). Moreover, even a dose as high as 50 ng of bicu-
culline, injected into the ventro-medial part of the globus
pallidus, had no significant effect on the locomotor activ-
ity of rats. On the basis of these results together with ana-
tomical considerations it is concluded that GABA-A re-
ceptors in the ventro-medial part of the globus pallidus
and substantia nigra pars reticulata successively convey
neuronal impulses, pertinent to the neuroleptic drug-in-
duced catalepsy, from the nucleus caudatus-putamen to
the zona incerta-lateral hypothalamus.
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Introduction

The catalepsy observed in animals after administration of
neuroleptic drugs is generally accepted as a laboratory
model of the neuroleptic drug-induced parkinsonism in
humans. Our previous studies showed that the catalepsy
evoked by neuroleptic drugs, injected into the nucleus
caudatus-putamen (CP) or peripherally, was dose-depen-
dently inhibited by injections of bicuculline into the zona
incerta-lateral hypothalamus (ZI-LH) (Ossowska et al.
1990a, b; Wardas et al. 1988). Moreover, it was shown
that muscimol, injected into the zona incerta-lateral hy-
pothalamus, evoked catalepsy in a dose-dependent man-
ner (Wardas et al. 1988). Hence we conclude that the im-
pulses connected with catalepsy, which have their origin
at the dopamine D, receptors in the ventro-rostral part
of the nucleus caudatus-putamen of rats, are conveyed to
the zona incerta-lateral hypothalamus. However, it was
not known how impulses generated in the striatum
reached the zona incerta-lateral hypothalamus. Hence
our next task was to investigate the route of the neuronal
impulses connected with the appearance of neuroleptic
catalepsy from the ventro-rostral part of the nucleus
caudatus-putamen to the zona incerta-lateral hypothala-
mus.

In rats, the nucleus caudatus-putamen has three main
GABAergic efferent projections. One projects to the
globus pallidus (GP) (Nagy et al. 1978; Staines et al.
1980), one to the nucleus entopeduncularis (EP) (Nagy et
al. 1978; Staines et al. 1980) and one to the substantia
nigra pars reticulata (SNR) (Araki et al. 1985; Jessel et al.
1978; Nagy et al. 1978; Staines et al. 1980).

All the above mentioned nucleus caudatus-putamen
output structures have been suggested to be involved in
the catalepsy induced by neuroleptic drugs (Kolasiewicz
et al. 1988; Morelli et al. 1981; Ossowska et al. 1984;
Scheel-Kriiger 1986). These structures have direct and/or
indirect projections to the zona incerta-lateral hypothala-
mus (Parent 1990; Ricardo 1981; Scheel-Kriiger 1986;
Shammah-Lagnado et al. 1985; Barone et al. 1981).

However, results of in situ hybridization experiments
have shown that D, dopamine receptors are expressed
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predominantly by striatal neurons which utilize GABA as
a neurotransmitter and which project to the globus
pallidus (Beckstead 1988; Beckstead and Cruz 1986;
Beckstead and Kersey 1985; Gerfen et al. 1990; Le Moine
et al. 1990). Therefore it is assumed that injections of a
substance which specifically inhibits dopamine D, recep-
tors in the nucleus caudatus-putamen may predominantly
affect those axons which form a striopallidal projection.
Moreover, anatomical data suggest that the GABAergic,
striopallidal projection originates in rostral parts of the
nucleus caudatus-putamen (Nagy et al. 1978; Staines et
al. 1980) and we have previously observed catalepsy after
injections into the rostral nucleus caudatus-putamen of
very low doses of sulpiride (Ossowska et al. 1990a, b), a
neuroleptic drug which specifically blocks dopamine D,

receptors. In contrast, it has been postulated that the
neurons of the GABAergic strionigral pathway (on which
D; receptors are located) originate mainly in the interme-
diate parts of the nucleus caudatus-putamen (Araki et al.
1985; Jessel et al. 1978; Nagy et al. 1978; Staines et al.
1980).

It is noteworthy that axons of the striopallidal path-
way, which start from the ventro-rostral part of the nucle-
us caudatus-putamen adjacent to the nucleus accumbens,
reach the ventro-medial part of the globus pallidus (GPv)
(Swanson and Cowan 1975).

The aim of the present study was to find out whether
GABAergic receptors of the ventral part of the globus
pallidus and substantia nigra pars reticulata successively
convey impulses, pertinent to the catalepsy induced by

Fig. 1. Localization of cannula tips (black
dots) on frontal sections of the rat brain num-
bered according to Konig and Klippel (1963).
Left upper section, localization within the nu-
cleus caudatus-putamen (CP): note that the
cannula tips were located only in the ventro-
rostral part of the nucleus caudatus-putamen
(CPvr). Right upper section, localization with-
in the globus pallidus (GP): note that the can-
nula tips were located only in the ventro-medi-
al part of the globus pallidus (GPv). Left low-
er section, localization within the substantia
nigra pars reticulata (SNR). Right lower sec-
tion, localization within the zona incerta-later-
al hypothalamus (ZI-LH). A, Anterior plane;
NA, nucleus accumbens; EP, nucleus en-
topeduncularis
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Fig. 2. Inhibition of the catalepsy in-
duced by sulpiride (SULP; 1 pg) inject-
ed into the ventro-rostral part of the
nucleus caudatus-putamen (CPvr), by
bicuculline methiodide (BIC; 5, 10 or
50 ng) administered to the ventral part
of the globus pallidus (GPv). The cata-
lepsy was measured 1 and 10 min after
the injections of bicuculline were com-
x pleted. SULP was injected 1 h before
bicuculline. Numbers of rats used:

* p<0.01

SULP alone, n = 10; BIC 5, n == 7; BIC
10, n = 10; BIC 50, n = 10. Column
heights show median values. Signifi-
cance of difference from SULP alone:
*P<0.01 by Kruskal-Wallis and Mann-
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sulpiride, from the ventro-rostral part of the nucleus
caudatus-putamen to the zona incerta-lateral hypothala-
mus.

Methods

The experiments were carried out on male Wistar rats, weighing
250—300 g, which were stereotaxically implanted with stainless steel
guide cannulae (0.4 mm o.d.) under pentobarbital (Vetbutal, Poland,
30 mg/kg i.p.) anaesthesia. One week later, bilateral injections were
made using inner cannulae (0.3 mm o.d.), which protruded from the end
of the guide cannulae by 0.6 mm. The injections were directed, in accor-
dance with K6nig and Klippel (1963), to: (1) the ventro-rostral part of
the nucleus caudatus-putamen: A 9410 p, L 2.5 mm, H —5.5 mm; (2)
the ventral part of the globus pallidus: A6790pn, L2.5mm,
H —-6.5mm; (3) the substantia nigra pars reticulata: A 1610y,
L2.4{mm, H —2.5mm; (4) the zona incerta-lateral hypothalamus:
A 4620 u, L 1.3 mm, H —2.3 mm. The following drugs were used for in-
tracerebral injections: (+)sulpiride (base, Sigma, St. Lous, Mo., USA)
dissolved in 0.5 pl of 1% lactic acid, muscimol (base, Sigma, St. Louis,
Mo., USA) and (—)bicuculline methiodide (Sigma, St. Louis, Mo.,
USA), dissolved in 0.5 pl of redistilled water. The doses of sulpiride and
muscimol used in the study refer to bases, whereas the doses of
bicuculline refer to the salt of the drug. Injections, which lasted 2 min,
were made simultaneously on both sides, and the injection cannulae
were left in place for 1 min afterwards. Each rat was used only once for
estimation of either catalepsy or locomotor activity. The catalepsy was
assessed by a ‘9-cm cork test’. The time, up to 300s, of keeping both
forepaws on the cork (descent latency) was measured and median values
were calculated. Catalepsy determinations were carried out at different
times after the drug injections (see Results). The locomotor activity was
measured by two methods: (1) using photoresistor square actometers
with two light beams (for a period of 30 min), and (2) by an open field
test as described by Janssen et al. (1960). In the Janssen open field test,
the rat, after intracerebral injection, was gently placed in the centre of
a black circular platform (1 m in diameter) which was divided into 6
symmetrical sectors. During a S-minute experimental session, the fol-
lowing parameters were estimated: the time spent walking, the number
of sectors crossed (ambulation), and the number of episodes of rearing
and looking under the edge of the platform (peeping). Results quantify-
ing the locomotor activity are presented as mean valuesSEM. After
the experiment, all rats were killed by an overdose of pentobarbital,
their brains were removed, and the localization of all of the injection
cannula tips was checked histologically (Fig. 1). The statistical evalua-
tion was carried out by the Kruskal-Wallis test, the Mann-Whitney U-
test and Student’s ¢-test.

Results

The specific antagonist of dopamine D, receptors sul-
piride, when injected bilaterally, in a dose of 1 pg, into
the ventro-rostral part of the nucleus caudatus-putamen,
evoked catalepsy. Bicuculline methiodide, a GABA-A an-
tagonist (5—50 ng), administered into the ventro-medial
part of the globus pallidus (GPv) 1 h after such an injec-
tion of sulpiride, dose-dependently counteracted the cata-
lepsy 1 min after injection (Fig.2). When the catalepsy
was measured 10 min after bicuculline, only the highest
dose of this drug was effective (Fig.2). The GABA-A
agonist muscimol (2.5—25ng), when injected into the
substantia nigra pars reticulata 1h after sulpiride treat-
ment, antagonized the catalepsy in a dose-dependent
manner 1, 10 and 20 min after injection (Fig. 3).
Muscimol (25 ng), injected into the ventro-medial
part of the globus pallidus, induced catalepsy which was
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Fig. 3. Inhibition of the catalepsy induced by sulpiride (SULP; 1 pg) in-
jected into the ventro-rostral part of the nucleus caudatus-putamen
(CPvr), by muscimol (MUSCI) administered to the substantia nigra
pars reticulata (SNR). SULP was injected 1 h before MUSCI. Numbers
of rats used: SULP alone (n=7), MUSCI 2.5 (n=35), MUSCI 5
(n=T), MUSCI 25 (n = 3). Column heights show median values. Sig-
nificance of difference from SULP alone: *P<0.05 by Kruskal-Wallis
and Mann-Whitney U tests



418

(5]
1004
&
s *p <001
= b0
RTR
¥*
20
*
0 [ 1
MUSC! i 25 28 2 ng/05 pl do GPv
MUSCI - § 1 2 ng/ 05 pl do SNR
Ha0 + - - -

Fig. 4. Inhibition of the catalepsy induced by muscimol (MUSCI; 25 ng)
injected into the ventral part of the globus pallidus (GPv), by muscimol
(5, 10 or 25 ng) injected to the substantia nigra pars reticulata (SNR).
MUSCI was injected simultaneously into both structures. The catalepsy
was measured 1 min after the injections were completed. Numbers of
rats used: MUSCI into the GPv alone, # = 6; MUSCI into the GPv+
MUSCI 5 ng into the SNR, n = 7; MUSCI into the GPv+MUSCI 10 ng
into the SNR, n =5; MUSCI into the GPv+MUSCI 25 ng into the
SNR, n = 4. Column heights show median values. Significance of dif-
ference from MUSCI into the GPv alone: *P<0.01 by Kruskal-Wallis
and Mann-Whitney U tests

inhibited in a dose-dependent manner either by simulta-
neous injections of muscimol (5, 10 and 25 ng) into the
substantia nigra pars reticulata (Fig. 4), or by prior (3 min
earlier) administration of bicuculline (1.0 and 2.5 ng) into
the zona incerta-lateral hypothalamus (Fig. 5). Catalepsy
was measured 1 min after the injections to both these
structures were completed (Fig. 4 and 5).
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Fig. 5. Inhibition of the catalepsy induced by muscimol (MUSCI; 25 ng)
injected into the ventral part of the globus pallidus (GPv), by bicucul-
line methiodide (BIC; 1.0 or 2.5 ng) injected into the zona incerta-lateral
hypothalamus (ZI-LH). BIC was injected 3 min before muscimol. Cata-
lepsy was measured 1 min after the injections of muscimol were com-
pleted. Numbers of rats used: MUSCI alone (n = 10), BIC 1.0 (n = 6),
BIC 2.5 (n = 6). Column heights show median values. Significance of
difference from MUSCI into the GPv alone: *P < 0.05 by Kruskal Wallis
and Mann-Whitney U tests
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Fig. 6. The effects of bicuculline methiodide (BIC; 50 ng) injected into
the ventro-medial part of the globus pallidus (GPv) on locomotor ac-
tivity estimated by two light-beam actometers 10, 20 and 30 min after
drug injections and in the open field test. The time spent walking is giv-
en in seconds (s); the ambulatory activity (assessed as the number of
sectors crossed, and rearing and peeping) is given as the sum of the
numbers in the respective episodes. Numbers of rats used: n = 6—7 for
the open field test and 9—12 for the actometer test: note that none of
the differences between groups was statistically significant (Student’s ¢-
test). Results are presented as mean values+SEM

The locomotor activity, measured in either actometers
or the open field test after bicuculline (50 ng) had been
injected into the ventro-medial part of the globus pal-
lidus, was not significantly changed (Fig. 6).

Discussion

The results obtained show that impulses pertinent to
neuroleptic drug-induced catalepsy, the initiation of
which has its origin at the dopamine D, receptors of the
ventro-rostral part of the caudatus-putamen, are trans-
mitted to the zona incerta-lateral hypothalamus via the
ventro-medial part of the globus pallidus and substantia
nigra pars reticulata (Fig. 7). It has been shown that (1)
inhibition of GABA-A receptors of the ventro-medial
part of the globus pallidus, (2) stimulation of GABA-A
receptors of the substantia nigra pars reticulata, and (3)
inhibition of GABA-A receptors of the zona incerta-
lateral hypothalamus (Ossowska et al. 1990b) prevent the
downstream flow of impulses which are responsible for
the catalepsy induced by sulpiride administered to the
ventro-rostral part of the nucleus caudatus-putamen
(Fig.7). It has also been shown that stimulation of
GABA-A receptors of the ventro-medial part of the
globus pallidus by muscimol opens a pathway for im-
pulses inducing catalepsy which, in turn, is dose-depen-
dently inhibited by (1) muscimol, when used to stimulate
GABA-A receptors of the substantia nigra pars reticulata,
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Fig.7. Neuronal pathways conveying impulses pertinent to catalepsy,
from the ventro-rostral part of the caudatus-putamen (CPvr) to the zo-
na incerta-lateral hypothalamus (ZI-LH) via the ventro-medial part of
the globus pallidus (GPv) and substantia nigra pars reticulata (SNR).
Administration of sulpiride (SULP) into the CPvr induces catalepsy
which is counteracted by injection of bicuculline (BIC) into the GPv
(present results) or into the ZI-LH (Ossowska et al. 1990b), and by in-
jection of muscimol (MUSCI) into the SNR ({ catalepsy) (present re-
sults). Injection of MUSCI into the GPv induces catalepsy which is in-
hibited by administration of MUSCI into the SNR, or by injection of
BIC into the ZI-LH (! catalepsy) (present results) MUSCI injected into
the ZI-LH induces a dose-dependent catalepsy (Wardas et al. 1988).
DA, Dopaminergic nigrostriatal pathway; GABA, GABAergic pathways
or synapses

and (2) bicuculline, when used to inhibit GABA-A recep-
tors within the zona incerta-lateral hypothalamus
(Fig. 7). The sulpiride catalepsy was antagonized by doses
of bicuculline that do not stimulate locomotor activity
(present results, Wardas et al. 1988). This finding proves
that the neuronal impulses connected with catalepsy can
be specifically inhibited in the globus pallidus and zona
incerta-lateral hypothalamus.

The role of GABAergic connections between the nu-
cleus caudatus-putamen and globus pallidus in neurolep-
tic drug-induced catalepsy has been well documented.
Muscimol, when injected into the globus pallidus, in-
duces catalepsy (Matsui and Kamioka 1978; Moroni et al.
1978; Ossowska et al. 1984; Scheel-Kriiger 1986; and the
present results). Picrotoxin, when injected into the globus
pallidus, counteracts catalepsy previously evoked by
systemic injections of neuroleptic drugs (Ossowska et al.
1984; Scheel-Kriiger 1986). These behavioural data sug-
gest that neuroleptic drugs disinhibit the GABAergic
pathway that conveys impulses to the globus pallidus. A
similar opinion was expressed by Amalric and Koob
(1989), who found that disinhibition of the GABAergic,
striopallidal pathway by haloperidol is responsible for the
impairment of motor performance, i.e. response initia-
tion in an operant reaction task in rats. This conclusion
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is further supported by biochemical results which show
that a single, systemic injection of haloperidol increases
the GABA turnover rate in the globus pallidus (Mao et al.
1977; Marco et al. 1976). Therefore it is not surprising
that bicuculline, when injected into the ventro-medial
part of the globus pallidus, inhibits catalepsy previously
evoked by direct injection of sulpiride into the ventro-
rostral part of the nucleus caudatus-putamen.

It is likely that the substantia nigra pars reticulata
transmits impulses coming from the globus pallidus to
the zona incerta-lateral hypothalamus, since it has been
demonstrated that the globus pallidus sends a massive
GABAergic projection to the substantia nigra pars reti-
culata (Araki et al. 1985; Jessel et al. 1978), and that there
is a direct projection from the substantia nigra pars reti-
culata to the zona incerta-lateral hypothalamus (Barone
et al. 1981; Shammah-Lagnado et al. 1985).

The above anatomical data are in line with our results.
However, there are also other possibilities which cannot
be excluded at present. It could be speculated that there
are also other GABA receptors within the above-men-
tioned structures which could be connected with in-
terneurons and/or presently unknown afferent projec-
tions. Moreover, it cannot be excluded that, besides the
substantia nigra pars reticulata, other structures such as
e.g., the subthalamic nucleus or nucleus entopeduncularis
(Scheel-Kriiger 1986), are, although less likely, involved in
mediating the impulses from the ventro-rostral part of
the nucleus caudatus-putamen to the zona incerta-lateral
hypothalamus.

For example, it has already been suggested that the
nucleus entopeduncularis may play some role in the me-
diation of catalepsy (Klockgether et al. 1987; Scheel-
Kriiger 1986). However, our recent unpublished results do
not seem to be conclusive in this respect. Bilateral injec-
tions of 50 ng of bicuculline methiodide into the nucleus
entopeduncularis evoked catalepsy which lasted longer
than 30s only in 9 of the 20 rats examined (none of the
9 rats was cataleptic after 25 ng of bicuculline, and only
2 of the 6 rats injected with 100 ng of the drug were cata-
leptic). After 40 ng of picrotoxin, only 5 of the 14 rats
tested were cataleptic. So far, there has been no explana-
tion for the appearance of catalepsy only in some of these
correctly-injected animals, or for the lack of relation be-
tween the doses of the drugs used and the effect obtained.
Therefore, it seems that it is only the role of the globus
pallidus, and of the substantia nigra pars reticulata, in re-
laying neuronal impulses, pertinent to catalepsy, from the
nucleus caudatus-putamen to the zona incerta-lateral hy-
pothalamus that has been well documented up to now.

Summing up, our results show that the zona incerta-
lateral hypothalamus should be included in the sequence
of brain structures whose dysfunction is likely to play an
important role in neuroleptic drug-induced catalepsy,
which, in animals is a model for Parkinsonism in hu-
mans.
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