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Activation of Neostriatal Dopaminergic System
in Rats Prevents Toxic Effects of Picrotoxin
Administered into Globus Pallidus
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Multiple bilateral microinjections of Sug picrotoxin (antagonist of chloride channels coupled
with GABA, receptors) into the globus palhdus induced lethal seizures in some rats and
impaired conditioned avoidance responses in survivors. Administration of 15 ug amphetamine
into the rostral neostriatum prevented picrotoxin-induced lethal seizures and reduced its nega-
tive effects on active avoidance behavior. Activation of the neostriatal dopaminergic system
in animals receiving no intrapallidal picrotoxin promoted recovery of conditioned responses

after implantation procedure.
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Subcortical nuclei of the extrapyramidal motor system
(neostriatum and paleostriatum) play an important role
in the pathogenesis of various motor disorders. Chro-
nic experiments on rats with multiple picrotoxin mi-
croinjections into the globus pallidus (GP) showed
that the paleostriatal GABA-ergic system is involved
in choreomyoclonic hyperkineses [3]. The inhibitory
effects of the neostriatum on nigral and pallidal struc-
tures are mediated by GABA [1,5]. There is evidence
that both the development and severity of paleostriatal
dystonia [4] and seizures (including convulsions in-
duced by the blockade of the GABAergic pallidal sys-
tem) depend on functional activity of the neustriatum.

In this study we investigated the effects of acti-
vation of the neostriatal dopaminergic system on mo-
tor abnormalities induced by intrapallidal microinjec-
tions of picrotoxin.

MATERIALS AND METHODS

The study was carried out on 24 male Wistar rats (200-
250 g) preliminary trained an active avoidance task in
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a shuttle box. Polyethylene cannulas filled with ster-
ile apyrogenic saline, amphetamine, and picrotoxin
(Sigma) were stereotactically implanted in the rostral
neostriatum (RN) and GP under hexenal anesthesia
(75-100 mg/kg). Implantation coordinates for RN were
1.0-1.5 rostral to bregma, 2.0-2.5 mm lateral to mid-
line, 6.0-6.5 mm below the surface of the skull and the
coordinates for GP were 0.8-1.0 mm, 1.8-2.8 mm, and
7.0-7.5 mm, respectively. Microinjections into RN (0.75
ul) and GP (0.5 pl) were performed as described earlier
[2]. Single doses of amphetamine and picrotoxin were
15 and 5 pg, respectively. The rats of the control group
received saline into RN and GP. Group 1 received intra-
striatal amphetamine and intrapallidal saline, group 2 —
intrastriatal saline and intrapallidal picrotoxin, group
3 — intrastriatal amphetamine and intrapallidal picro-
toxin. Each group consisted of 5-7 animals. The experi-
ments started 2-3 days after implantation. The drugs
were injected daily into both structures simultaneously
for 3 weeks. Behavioral tests were performed 3 times a
week with 1-2-day intervals: 15-20 min after microin-
jections spontaneous activity in an open field was recor-
ded and then active avoidance behavior was evaluated
for 5 min. Behavioral tests were continued for 2-3 weeks
after cessation of microinjections, then the animals
were sacrificed for histomorphological verification.
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The data collected from animals with accurate bi-
lateral injections into RN and GP were analyzed sta-
tistically using Student’s ¢ test.

RESULTS

Abnormal motor activity in control rats and group 1
animals manifested in impaired active avoidance per-
formance. This effect was more pronounced in the
control group, especially on days 1-5 of microinjec-
tions (Fig. 1, /, 2). These findings agree with previous
observations [3] and can be attributed to surgical trau-
ma. Activation of the neostriatal dopaminergic system
partially reversed these negative effects of implanta-
tion procedure. Controls and group 1 rats showed no
significant changes in the latency of conditioned avoi-
dance. In group 1 rats spontaneous activity significant-
ly (7-8-fold) surpassed the initial level after days 12-13
of microinjections. Hyperactivity with elements of
exploratory stereotypes (sniffing) persisted after ces-
sation of microinjections.

In group 2 animals, motor abnormalities such as
skeletal muscle seizures (appeared 4-6 min postinjec-
tion) were observed against the background of disor-
ganized ambulations and jumps. Four of 7 rats died
during the first week of treatment, while in survivors
conditioned responses were absent (Fig. 1, 3) during
treatment and only partially recovered after termina-
tion of treatment (the mean number of correct respons-
es did not exceed 20-25%). The latency of conditioned
avoidance exceeded the control value. Intrastriatal in-
jections of amphetamine completely prevented neuro-
toxic effects of picrotoxin: group 3 rats showed no
convulsions or impulsive movements and no lethal
seizures. Avoidance behavior was impaired compared
to the control, but exceeded that in group 2 (Fig. 1,
4). The latency of avoidance responses varied conside-
rably. Spontaneous activity in the open field test in-
creased only on days 1 and 3 of microinjections; ex-
ploratory stereotypiecs were absent.

These data show that activation of the neostriatal
dopaminergic system significantly affects motor be-
havior. Intrastriatal injections of amphetamine abol-
ished the negative effects of surgery and bilateral in-
tracercbral (RN and GP) injections of saline on active
avoidance behavior. Activation of the neostriatal do-
paminergic system prevented convulsions and lethal
seizures caused by inactivation of the pallidal GABA-
ergic system with picrotoxin. These phenomena can be
explained by direct effects of amphetamine on strio-
pallidal interactions blocking the effects of picrotox-
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Fig. 1. Effect of multiple injections of amphetamine (15 pg) and
picrotoxin (5 pg) into the rostral neostriatum (RN) and globus pallidus
(GP). 1) control (saline into RN and GP); 2) amphetamine into RN,
saline into GP; 3) saline into RN, picrotoxin into GP; 4) amphetamine
into RN, picrotoxin into GP. Ordinate: number of avoidance reactions
(% of trials). 1-17 days: daily microinjections; 18-30 days: after
cessation of microinjections. *p<0.01, **p<0.05 in comparison with the
control. ’

in. However, they can also be due to more complex
rearrangements of the intrastriatal relationships. For
instance, intrapallidal picrotoxin can affect GABAer-
gic pathways from GP to the neostriatum [5]. Inacti-
vation of this GABAergic pathways can be compen-
sated by activation of the neostriatal dopaminergic
system. It is noteworthy that the blockade of pallidal
GABA, receptors reduced the efficiency of intrastria-
tal amphetamine: under these conditions amphetamine
did not induced stereotypes. Our findings and pub-
lished data suggest close and complex interrelations
between the neo- and paleostriatum, which are largely
mediated by dopamine- and GABA-ergic systems.
Coordinated activity of the neostriatum and GP is an
important factor of resistance to motor dysfunction.
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