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The aim of the present work was to study the effects of neurotensin on the behavior of rats with neuro-
toxic lesions to the serotoninergic structures of the substantia nigra of the brain. Changes in the repro-
duction of conditioned passive avoidance reactions were analyzed, as were changes in the effects of pain
stimulation on the activity of rats in the open field. Administration of 5,7-dihydroxytryptamine into the
substantia nigra was found to impair the reproduction of passive avoidance reactions and to weaken
the suppressive effects of pain stimulation. Administration of the serotonin 5-HT;, receptor antagonist
p-MPPF into the substantia nigra had similar effects on the effects of pain stimulation. Administration of
neurotensin into the caudate nucleus before application of pain stimulation prevented the toxin-induced
impairment to defensive behavior and its effects on motor activity. Administration of neurotensin into the
substantia nigra 24 h after pain stimulation had no marked effect on the passive avoidance reaction but
increased motor activity during its reproduction. The effects of giving neurotoxin into the substantia nigra
were linked with weakening of the action of pain stress on motor activity. Prevention of the development
of this effect in rats after microinjection of neurotensin into the caudate nucleus may be due to recovery
of neurotoxin-impaired reproduction of passive avoidance and can be explained by normalization of the
balance of interactions between the serotoninergic (5-HT) and dopaminergic systems of the brain.
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The function of neurotensin in the CNS is linked with
regulation of the motivational, emotional, and motor
aspects of adaptive behavior. Neurotensin-producing neu-
rons and their projections are widely represented in the
CNS, which explains the wide range of effects of this pep-
tide [10]. The highest neurotensin concentrations are seen
in areas associated with dopaminergic projections, such as
the caudate nucleus, putamen, and nucleus accumbens [20].
In the average brain, the largest numbers of neurotensin-
positive cells are found in the ventral tegmental area and
substantia nigra [20].
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The role of the dopaminergic systems in the mecha-
nisms of memory are well known [17]. Decreases in cate-
cholamines in the brain after acquisition of conditioned
reflexes have been shown to lead to deficiencies in their
execution, and this is regarded as a manifestation of retro-
grade amnesia [8]. It is also known that passive defensive
behavior in animals is mediated by fear mechanisms and
reflects the state of anxiety [2, 4].

In addition to the widely studied interaction of neu-
rotensin with the dopaminergic system, there are as yet few
data evidencing its interaction with 5-HT neurons in the
raphe nuclei [21, 24, 27]. The functional role of neurotensin
in the raphe nuclei may be linked with modulation of sev-
eral of the known functions of the 5-HT system, such as
stress reactions. We have previously shown that administra-
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tion of neurotensin into the nucleus accumbens weakens the
differently directed effects of lesions to 5-HT structures in
the dorsal raphe nuclei and periacqueductal gray matter of
the brain and, depending on the lesions induced, that neu-
rotensin can have a normalizing influence on reproduction
of passive pain stimulus avoidance reactions [3]. Admi-
nistration of neurotensin into the central nucleus of the
amygdala also increases the ability of rats to learn these
reactions [22].

The aim of the present work was to explain the char-
acteristics of the influences of neurotensin on the behavior
of rats with neurotoxic lesions to serotoninergic structures
of the substantia nigra of the brain. Changes in the repro-
duction of conditioned passive avoidance reactions and the
effects of pain stimulation on motor activity in rats in an
open field were studied.

METHODS

Experiments were performed on 47 white male Wistar
rats weighing 250-300 g, kept in animal-house conditions
with free access to food and water and with a natural
sequence of daily illumination. Animal keeping and experi-
mental manipulations were performed in compliance with
the international guidelines “Guide for the Care and use of
Laboratory Animals.”

Using stereotaxic coordinates [26], metal guide cannulae
were implanted bilaterally into the caudate nucleus (AP —1.0,
L 2.5, V 4.5) and substantia nigra (AP 4.2, L 1.9, V 7.0).
Cannulae were fixed to the skull with two screws and dental
cement. Surgery was performed under anesthesia with i.p.
ketamine (50 mg/kg) and benzodiazepine (5 mg/kg). Lesions
to serotoninergic structures were produced by local adminis-
tration of the selective neurotoxin 5,7-dihydroxytryptamine
into the substantia nigra at a dose of 7 pg in 0.7 ul of 0.05%
ascorbic acid solution.

The experimental apparatus for studying passive
defensive behavior was a rectangular chamber with a metal
floor, divided into two sectors (a dark sector and a brightly
illuminated sector) by a vertical partition with an opening
near the floor. Rats were initially familiarized with the
apparatus. The animals were placed in the illuminated sec-
tor and the latent periods of their transfers to the dark sector
were measured. These transfers were not accompanied by
pain stimulation. After repeated placing of the rat in the illu-
minated sector, transfers to the dark sector were accompa-
nied by presentation of an unavoidable pain stimulus, which
consisted of application of a direct electric current shock
(2 mA, 3 sec). During electrical stimulation, the access to
the light sector was closed and immediately after termina-
tion of the stimulus, the rats were removed from the appa-
ratus and returned to the home cage. Reproduction of the
passive defensive reaction was assessed in terms of the latent
period of transfer of the rat from the brightly illuminated
sector of the chamber to the dark sector in which the animal
had received the electric shock. Immediately after entry
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into the dark sector or at 3 min of failure to enter it, the rat
was returned to its cage. Testing of these reactions was per-
formed for three days after presentation of the electric stim-
ulus: at 24, 48, and 72 h. Assessment of the influence of
intracerebral microinjections of neurotensin on acquisition
of the passive avoidance reaction used doses of peptide
given 10 min before or 24 h after presentation of the elec-
tric stimulus.

The experimental procedure was as follows: bilateral
microinjections of 2.5 g of neurotensin in 0.7 pl of physi-
ological saline were given into the caudate nucleus or sub-
stantia nigra. Some animals were given the serotonin
5-HT;, receptor antagonist p-MPPF (4-(2’-methoxy)-
phenyl-1-[2°-(N-2’-pyridyl)-p-fluorobenzamido]ethylpip-
erazine) into the substantia nigra at the same dose [30].
Control animals received the same volume of physiological
saline only. Microinjections were given using a metal nee-
dle positioned 1 mm from the tip of the guide cannula and
connected to a microsyringe via tubing. Injections were
given by hand at a rate of 1 pl/min. The needle was left in
the guide cannula for 2 min and then removed and replaced
with a metal mandrel. The latent period of entry of animals
into the dark sector of the experimental apparatus was mea-
sured before application of pain stimuli. The passive avoid-
ance reaction was tested before and 24, 48, and 72 h after
pain stimulation.

The rats’ motor activity was tested in an open field.
The open field was a square box with sides of 105 cm,
35 cm high. The floor area was divided into 36 squares. The
test lasted 3 min and horizontal motor activity was deter-
mined; the total number of squares crossed was counted,
along with the number of internal squares of the open field.
Testing was performed immediately after pain stimulation
and at 24, 48, and 72 h.

Experiments were performed on seven groups of ani-
mals: three groups were controls and consisted of six rats
each (group 1 received physiological saline into the sub-
stantia nigra and caudate nucleus; groups 2 and 3 received
physiological saline into the substantia nigra); group 4
received toxin into the substantia nigra (10 rats), group 5
received neurotensin into the caudate nucleus (seven rats),
and group 6 received p-MPPF into the substantia nigra (six
rats); group 7 received neurotensin into the substantia nigra
24 h after pain stimulation (six rats).

Once behavioral experiments were complete, cannula
tip positions in the rats’ brains were confirmed morpholog-
ically (Fig. 1). Statistical analysis was performed using the
Wilcoxon—Mann—Whitney U test for unlinked sets. Differ-
ences were regarded as significant at p < 0.05.

RESULTS

Pain stimulation in the dark sector of the chamber in control
animals induced stable passive avoidance reactions where-
by the animal either did not enter this sector from the illu-
minated sector or entered it with longer latent periods on all
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Fig. 1. Morphological verification of cannula tip positioning (arrows) in the substantia nigra (A) and caudate nucleus (B) of the brain.

experimental days (Fig. 2, A). Pain stimulation was accom-
panied by suppression of motor activity in the open field in
control rats, with subsequent recovery after testing the
avoidance reaction (Fig. 2, B).

Lesioning of serotoninergic structures of the substantia
nigra by local administration of the selective neurotoxin
5,7-dihydroxytryptamine impaired reproduction of the pas-
sive avoidance reaction. This impairment was apparent as a
reduction in the latent period of transfer of rats from the
illuminated sector into the dark sector, where the rats had
received painful electrical stimulation the previous day
(Fig. 2, A). Impairments persisted during the three days of
observations and were accompanied by retention of a high
level of motor activity in the open field after presentation of
pain stimulation (Fig. 2, B). Control animals mainly moved
around the perimeter of the open field and rarely entered the
internal squares (Fig. 3), while operated rats mainly moved
within the internal squares of the apparatus.

Neurotensin microinjections into the caudate nucleus of
operated rats prior to presentation of pain stimulation led to
partial recovery of the reproduction of avoidance reactions,
which was apparent as a significant increase in the latency
of entry into the dark sector of the chamber (Fig. 2, A).
Administration of neurotensin also led to recovery of the
suppressive effect of pain stimulation on motor activity and,
thus, brought values in operated animals closer to those in
controls (Fig. 2, B).

Figure 4 shows results obtained from studies of the
effects of administration of the serotonin 5-HT;, receptor
antagonist p-MPPF into the substantia nigra on the effects
of pain stimulation and reproduction of the passive avoid-
ance reaction on motor activity in the open field. These
results show that control rats displayed a decrease in motor
activity immediately after application of the pain stimulus,
followed by increases at 24 and 48 h, as compared with
baseline. Administration of p-MPPF was followed an
increase rather than suppression of motor activity.

Figure 5, A and B show changes in the reproduction of
the avoidance reaction and motor activity after microinjec-
tions of neurotensin into the substantia nigra given 24 h
after pain stimulation before the first test of the avoidance
reaction. Figure 5, A shows that this neurotensin treatment
had no marked effect on the latent period of excursions to
the dark sector of the chamber. Rats of both groups showed
persistence of the suppressive effect of pain stimulation on
motor activity (Fig. 5, B), while neurotensin administration
was followed by increases.

DISCUSSION

These studies showed that lesioning of 5-HT structures
of the substantia nigra by local administration of the selec-
tive neurotoxin 5,7-dihydroxytryptamine led to impaired
reproduction of a passive avoidance reaction. This impair-
ment was accompanied by behavioral activation in operated
animals, apparent as retention of a high level of motor activ-
ity in the open field immediately after presentation of the
pain stimulation; operated animals differed from controls in
that they moved less around the perimeter of the open field
than in the internal squares of the apparatus. This effect of
toxin administration may be linked with activation of
dopaminergic neurons as a result of weakening of the recip-
rocal influences of 5-HT structures. This appears also to be
supported by evidence that after administration of the sero-
tonin 5-HT , receptor antagonist p-MPPF into the substan-
tia nigra, the suppressive effect of pain stimulation on motor
activity was replaced by an increase.

Avoidable/controllable and unavoidable/uncontrol-
lable stresses are known to elicit opposite responses from
the dopaminergic system. This is indicated, for example, by
the fact that presentation of series of controllable or condi-
tioned reflex electrical stimuli to the feet of mice increased
dopamine release in the nucleus accumbens, while presen-
tation of uncontrollable stimulation decreased dopamine
release [11]. The importance of the dopaminergic system
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Fig. 2. Reproduction of passive avoidance reactions (A) and motor activity in the open field (B) in control (Control) rats, rats after admin-
istration of 5,7-dihydroxytryptamine into the substantia nigra (Toxin), and after administration of neurotensin into the caudate nucleus
in rats with toxic lesions to the substantia nigra (Toxin + NT). A) Latency (sec) of transfer of rats from the light sector to the dark sec-
tor during training (Baseline), before presentation of pain stimulation (Shock), and 24, 48, and 72 h after pain stimulation (24 h, 48 h,
72 h). B) Numbers of squares crossed in 3 min during training (Baseline), immediately after presentation of pain stimulation (Shock),
and after presentation of pain stimulation at 24 and 38 h (24 h, 48 h). *Significant differences from baseline; *significant differences

between groups, p < 0.05.

for reproduction of the passive avoidance conditioned reflex
is evidenced by results of studies of neuropharmacological
actions on dopamine D, receptors [1].

We have previously demonstrated [6] that impaired
reproduction of passive avoidance reactions occurs in rats
after administration of neurotensin into the substantia nigra.
This impairment is also accompanied by weakening of the
suppressive effect of pain stimulation on motor activity. On
the other hand, recovery of passive avoidance reactions in
operated rats after administration of neurotensin into the

caudate nucleus was accompanied by a decrease in motor
activity to the level seen in control animals.

The differences in the effects of neurotensin can be
explained on the basis that its effects at different levels of the
brain are mediated by different synaptic mechanisms [9, 23].
In the striatum, the action of neurotensin is associated with
increases in the efficiency of the negative feedback mecha-
nism mediated by presynaptic inhibition of dopaminergic
neurons. Apart from the presynaptic influence at the level of
dopaminergic terminals, neurotensin can also increase gluta-
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Fig. 3. Effects of pain stimulation and reproduction of the passive avoidance reaction on horizontal motor activity in the internal
squares of the open field in control rats (Control) and rats after administration of toxin into the substantia nigra (Toxin). The vertical
axis shows the number of internal open field squares crossed (relative units) in relation to the baseline value in control rats. For further

details see caption to Fig. 2.
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Fig. 4. Effects of pain stimulation and reproduction of the passive avoidance reaction on horizontal motor activity in the open field in
control rats (Control) and rats after administration of p-MPPF into the substantia nigra. The vertical axis shows the number of squares

crossed in 3 min. For further details see caption to Fig. 2.

mate release in the striatum and gamma-aminobutyric acid
release in the substantia nigra [16]. At the level of the sub-
stantia nigra, the effect of neurotensin is associated with
both the stimulatory action on dopaminergic neuron bodies
and blockade of somatodendritic dopamine D, autorecep-
tors, leading to increases in the synthesis and release of
dopamine from terminals [15, 23]. On behavioral testing,
local administration of neurotensin into this area in our

experiments induced increases in motor activity. In addition,
administration of neurotensin into brainstem structures
increased the reinforcing properties of psychostimulators
[28], promoting weakening of the negative emotional state
of rats in conditions of defensive behavior.

In addition, the effects of neurotensin may be associat-
ed with actions not only on dopamine structures, but also
5-HT structures. Data have been reported [4, 5] providing
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Fig. 5. Reproduction of passive avoidance reactions (A) and motor activity in the open field (B) in control (Control) rats and rats
after administration of neurotensin into the substantia nigra (NT). Vertical axes: A) Latency of transfer of rats form the light sec-
tor, sec. B) Number of squares crossed in 3 min. For further details see caption to Fig. 2.

evidence of the involvement of dopamine and serotonin in
regulating two different processes mediating reproduction
of conditioned passive avoidance reactions. It is suggested
that the involvement of dopamine is more linked with the
neuronal mechanisms of the information process determin-
ing the behavioral strategy, while serotonin is more
involved with emotiogenic memory mechanisms. The role
of serotonin in the mechanisms of stress resistance in ani-
mals is well known [13, 19]. According to published con-
cepts, reproduction of uncontrollable defensive reactions
and their behavioral effects are due to hypersensitivity of
serotoninergic neurons in the dorsal raphe nucleus [18, 29].
Studies of neuron activity showed that unavoidable electri-

cal stimulation of the tail in rats led to impairment of
5-HT, 5 receptor-mediated inhibition of neuron spike activ-
ity in the dorsal raphe nucleus. These effects were seen only
during the behavioral effects of uncontrollable stress.

Our previous experiments [7] showed that administra-
tion of the serotonin 5-HT;, receptor agonist 8-hydroxy-
2(di-n-propylamino)tetralin (8-OH-DPAT) into the substan-
tia nigra, like administration of neurotensin, induced sharp
weakening of avoidance reactions, while administration into
the dorsal raphe nucleus produced the opposite effects. It
was also shown that animals given neurotensin into the sub-
stantia nigra at the beginning of the training process showed
increases in the concentrations of serotonin and its metabo-
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lite 5-hydroxyindoleacetic acid in the caudate nucleus of the
brain [7]. Published data [4] indicate that these differences in
the effects of neurotensin can be explained by the fact that
its influence in the substantia nigra can be mediated by
actions at the postsynaptic level, while actions in the dorsal
raphe nucleus are on somatodendritic 5-HT; 5 autoreceptors.

According to published data, the passive defensive
behavior of animals is mediated by fear mechanisms and
reflects the state of anxiety. Studies reported in [2] showed
that each level of anxiety corresponds to a particular
dynamic of the extinction of passive avoidance reactions.
Highly anxious animals were characterized by the absence
of extinction of reactions and stable reproduction of memo-
ry traces. On this basis it can be suggested that impairments
to the reproduction of passive defensive reflexes after
lesioning of serotoninergic structures of the substantia nigra
appear to reflect weakening of anxiety. This is also indicat-
ed by weakening of the suppressive influence of painful
electrical stimulation on the motor activity of rats in an
open field. Administration of neurotensin into the caudate
nucleus before application of pain stimulation countered the
effects of the toxin, thus restoring the animal’s reaction to
pain stimulation.

On the other hand, an important effect of central
administration of neurotensin is its antinociceptive action
[14], which can occur without involvement of the opioid
system of the brain. Thus, it can be suggested that impair-
ment to reproduction of avoidance reactions may result
from this action of neurotensin. However, as shown by our
previous data [6, 7], impairment to avoidance reactions
occurred after administration of neurotensin both before
and after pain stimulation. In other words, the antinocicep-
tive action of neurotensin is not a leading factor in the
induced impairment to defensive behavior.

In addition, the present study showed that administra-
tion of neurotensin into the substantia nigra 24 h after pain
stimulation and before testing the avoidance reaction had no
significant effect on reproduction of the reaction. These
data appear to provide evidence that the effect of neu-
rotensin on the reproduction and suppression of avoidance
reactions are determined by the characteristics of its action
on emotional status dominant in animals during application
of pain stimulation.

According to the hypothesis that serotonin has a dual
role, this monoamine increases anxiety by acting on fore-
brain structures, but suppresses it via actions in the periac-
queductal matter [18, 25]. This leads to the suggestion that
the normalizing effect of neurotensin administration on pas-
sive avoidance behavior may be associated with selective
actions on these 5-HT projections.

CONCLUSIONS

1. Administration of the neurotoxin 5,7-dihydrox-
ytryptamine, selective for 5-HT structures, was found to
impair the reproduction of passive avoidance reactions and

weakened the suppressive effects of pain stimulation.
Administration of the serotonin 5-HT 5 receptor antagonist
p-MPPF into the substantia nigra had a similar influence on
the effects of pain stimulation.

2. Administration of neurotensin into the caudate
nucleus of the brain before application of pain stimulation
prevented the toxin-induced impairment to passive defen-
sive behavior and its effects on motor activity.

3. Administration of neurotensin into the substantia
nigra 24 h after pain stimulation had no marked effect on
the passive avoidance reaction but increased motor activity
during reproduction.

4. The effect of giving neurotoxin into the substantia
nigra of the brain was associated with weakening of the
effects of pain stress on motor activity in the animals. The pre-
vention of this effect in rats after neurotensin microinjections
in the caudate nucleus may be due to recovery of the neu-
rotoxin-impaired reproduction of the passive avoidance
reaction and is explained by normalization of the balance of
the interaction between the serotoninergic and dopaminer-
gic systems of the brain.
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