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MATTIOLI, R., C. AGUILAR AND L. VASCONCELOS. Reinforcing properties of the neuropeptide substance P in
Carassius auratus: Evidence of dopaminergic system involvement. PHARMACOL BIOCHEM BEHAV 50(1) 77-81,
1995. —The aim of the present study was to investigate whether neuropeptide substance P (SP) has reinforcing effects in
Carassius auratus and whether this effect could be related to dopaminergic neurotransmission. For this purpose fishes were
put in a three-compartment box in which one compartment gave access to two others that did not directly link. The time spent
in each compartment was registered for 10 min to determine a possible preferred compartment. Twenty-four hours later, the
fish were given one of the following intraperitoneal treatments: a) Group VEH, injected with the vehicle of substance P; b)
Group SP25, injected with SP, 25 ug/kg body wt.; ¢) Group SP50, injected with SP, 50 ug/kg; or d) Group HALO, injected
with haloperidol (2 mg/kg) 30 min before an injection of SP (50 ug/kg). Immediately after the treatment the fish were kept
for 30 min in the compartment preferred least the day before. On the next day the fish were retested for 10 min to verify the
time spent in each compartment. The results indicate that SP at the dose of 50 ug/kg enhanced the time spent on the paired
compartment, and that the pretreatment with haloperidol abolished this enhancement. It is suggested that SP has reinforcing
effects in C. quratus that may be mediated by the dopaminergic system.
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THE NEUROPEPTIDE substance P (SP) is largely related
with learning and memory processes in mammalians. When
injected into the lateral hypothalamus and septum, SP facili-
tated the retention of a previously learned task (39,40); but
injected into the substantia nigra or amygdala, it impaired a
previously learned task (12,13,39). Peripherally injected SP
also improved learning and memory (1,21,22,29,30,43-45).
These effects were dose-dependent with an inverted U-shape
and occurred only when the injection was made immediately
after the training session.

Reinforcing properties of SP have also been postulated.
Staubli and Huston observed a preference in a T-maze for the
arm in which the rats previously received SP injection in the
lateral hypothalamus and medial septum (41). Using the place-
preference test, Huston and Oitzl observed reinforcing proper-
ties of SP after intracerebral and intraperitoneal (IP) injec-

tions (14). In a further study, using both the traditional place
preference and the corral quadrants test, it was demonstrated
that SP and its C-terminal have reinforcing effects, whereas
its N-terminus does not (22).

A recent study found that IP injections of SP increase the
extracellular concentrations of dopamine (DA) in the neostria-
tum and nucleus accumbens (3). Moreover, dopaminergic ago-
nists lose their reinforcing effects in rats after the lesion of the
nucleus accumbens or DA-antagonists injections into this area
(15,34,36). Thus, it is conceivable that the reinforcing effect
of SP may be related, at least in part, to the increase of extra-
cellular concentration of dopamine.

As in mammals, there is a wide overlay of dopaminergic
cell bodies and SP terminals in the nervous system of Caras-
sius quratus (goldfish). This overlay is more evident in the
central and medial portions of the telencephalon (11,26,32).
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These telencephalic areas in goldfish are thought to be homol-
ogous to the striatum of terrestrian vertebrates (8). Neverthe-
less, little is known about the functional significance of these
areas in teleosts. Lett and Grant were able to show reinforcing
effects of amphetamine injections in teleosts from the species
C. auratus using a place preference test, suggesting that the
reinforcing neural system in fishes and mammals have the
same evolutionary origin (16).

The place preference paradigm has been widely used to
establish reinforcing effects of drugs in many species including
the goldfish (16), and was first tested with substances that
presented positive reinforcing effects on self-administration
studies (5,10,23). In this paradigm the reinforcing effect of a
treatment is indicated in two ways: by increasing the amount
of time spent in the compartment in which the animal pre-
viously was confined after treatment or by a reversal of the
place preference shown before the treatment (14).

Considering the overlay between the dopaminergic and
SPergic systems in C. auratus and the reinforcing effects of
dopaminergic agonists in this species, the aims of this work
were determine whether SP has reinforcing properties in gold-
fish, and whether administration of the dopamine antagonist
haloperidol (HALO) blocks this effect.

METHOD

Animals

We used 64 experimentally naive Carassius auratus (3.5-
8.0 g), obtained from a standard source and maintained at 18-
22°C in continuously filtered and aerated aquaria of 301 with
10 fish each. The fish were kept under natural light conditions
and fed with basic fish flakes mixed with vegetal fish flakes,
50% each.

Apparatus

A rectangular, three-compartment box was used for the
place preference procedure. One white and one black box (22
X 13 ¢m) were separated by a wall that extended to a gray
compartment (8 X 26 cm) that gave access to the other two.
The box was filled with 6 cm water at the same temperature as
the maintenance aquarium.

Drugs and Treatment

Substance P acetate (Sigma Chemical Co., St Louis, MO)
and Haloperidol (Sigma) were dissolved in 6% saline and ad-
ministered IP in a volume of 0,5 ml/kg body wt. Four treat-
ment groups were formed as follows:

Vehicle (n = 12). Fish were treated with saline just before
they were being put into the less-preferred compartment on
day 2.

SP 25 (n = 12). Fish were treated with substance P at a
dose of 25 ug/kg body wt. on day 2.

SP 50 (n = 18). Fish were treated with substance P at a
dose of 50 pug/kg body wt. on day 2 (n = 10), or injected with
saline 30 min before the substance P injection (n = 8). The
fish pretreated with saline and those treated only with SP were
grouped in the same group after we observed that there were
no statistical differences between the two groups.

HALO (n = 22). Fish were treated with haloperidol, 2
mg/kg body wt., 30 min before an injection of substance P
(50 ng/kg).

Procedure

After an adaptation period to laboratory conditions of 3
weeks, each fish was habituated to the experimental box for
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30 min, during two consecutive days. On experimental day 1,
each fish was put in the gray compartment and kept in the box
for 10 min with free access to all compartments. The time
spent in each compartment, as well as the number of entries in
each compartment, were recorded. An entry was recorded
when the base of the tail crossed the separation line between
compartments. Twenty-four hours later (experimental day 2),
the fish received the drug treatment, and after 2 min, were
put on the less-preferred compartment for 30 min. For this
purpose, the compartment was closed with a door that had the
same color as the compartment walls. Between injection and
placement in the less-preferred compartment, the fish were
kept for 2 min in the maintenance aquarium, separated from
the others by a Plexiglas wall to reduce stress signs, particu-
larly acceleration of respiratory frequency. This procedure
was used to prevent the fish from associating the negative
stress state with the compartment. Twenty-four hours later,
the fish were tested for place preference. For this purpose,
each was put into the gray compartment with free access to
the two others and allowed to explore for 10 min; the time
spent in each compartment and the number of entries were
recorded.

Statistical Analysis

The time spent in each compartment and the number of
entries were analyzed using Kruskal-Wallis analysis of vari-
ance, with treatment as a factor. Mann-Whitney U test was
used for posthoc comparison between treatments. The signifi-
cance level (5%) was adjusted according to the number of tests
used by the “reduced a-method” (17).

RESULTS

The fish showed no initial preference for the black or white
compartment before the treatment; 38 preferred the black
one, and 25 the white one.

After the treatment and the pairing procedure, the data of
the testing day (Fig. 1) indicated that peripheral injection of
substance P enhanced the time spent in the previously paired
compartment (Kruskal-Wallis, p = 0.0006). The time spent in
the paired compartment during the test after the SP injection
(50ung/kg) was significantly higher for this group than for the
vehicle group (Mann-Whitney U test, p = 0.0072).

The group that was pretreated with haloperidol did not
differ from the vehicle group (p = 0.4600) or the group trated
with 25 ug/kg SP (p = 0.3122).

The number of entries in each compartment did not differ
in any of the groups.

DISCUSSION

The aims of the present study were investigate whether SP
had reinforcing properties in goldfish, and whether this effect
could be blocked by pretreatment with haloperidol.

The results indicate that SP has reinforcing properties in
goldfish at the dose of 50 ug/kg body wt., indicated by a
reversal of the initial place preference. Fig. 1 shows an in-
crease in the time spent in the initially less-preferred compart-
ment (paired) with a concomitant decrease in the time spent
in the initially preferred compartment (unpaired). Previous
studies have indicated that SP at this dose has reinforcing
effect in rats, changing the initial preference in a three-
compartment-box (14) or increasing the time spent in the drug-
paired quadrant in a corral-preference test (9,22). It is difficult
to establish homologies between characteristics of two distant
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FIG. 1. Mean time (s) spent in each compartment (+ SEM). Top left: Paired compartment before treatment. Top right: Unpaired compart-
ment before treatment. Bottom left: Paired compartment after treatment. Bottom right: Unpaired compartment after treatment. *p < 0.05,

Mann-Whitney U test.

species on the evolutionary scale. Striedter and Northcutt re-
cently proposed that the hypothesis of homology may be ar-
gued when there is evidence of similarity in different biologic
hierarchic levels, which is strengthened with the addition of
new similarities in other hierarchical levels (42). The present
results suggest similarities in neural mechanisms underlying
learning in fish and rats on two different hierarchic levels, the
behavioral and pharmacologic; this supports the hypothesis of
homology proposed by Lett and Grant for the central reward
system (16). Thus, it is plausible to argue that the basic neural
system involved in reward is localized mainly in ancient areas
of the central nervous system.

The results of the present study show that pretreatment
with haloperidol suppresses the preference for the compart-
ment paired with SP. A role of the mesotelencephalic dopa-
minergic system in rats has been demonstrated using the place
preference paradigm. Various studies indicate that DA-
agonists have reinforcing properties (28,33,35), and that the
DA-antagonist, haloperidol, widely used for the establishment
of DA-mediated behaviors, blocks these effects (6,18,20,27,
31,35,36,37). Regarding haloperidol treatment, it appears that
this compound does not disrupt associative processes. Ben-

ninger provided considerable evidence that neuroleptics do not
block sensory-associative learning (2). In addition, it has been
demonstrated that neuroleptics, particularly haloperidol, do
not produce conditioned place aversion (5,38). Intraperitio-
neal injections of SP, as well as its C-terminal sequence, have
been shown to increase the extracellular concentrations of do-
pamine (DA) in the neostriatum and nucleus accumbens (3,4),
and chronic treatment with substance P has been shown to
counteract the effects of lesions to neurons containing dopa-
mine in the substantia nigra of rats (19). Thus, it is possible
that the reinforcing property of substance P, blocked by halo-
peridol, could be mediated at least in part by dopaminergic
systems. Because only one dose of substance P was tested after
haloperidol treatment, a shift on the dose-response curve can-
not be ruled out. Additional studies may be needed to clarify
this issue.

Evidence shows that substance P in its original or frag-
mented form can cross the blood-brain barrier in goldfish;
furthermore, the blood-brain barrier of the goldfish is similar
to that found in higher vertebrates (24). In rats, two fragments
of substance P, the N- and C-terminals, seem to be involved
in different plastic processes. Oitzl, et al. presented evidence
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for a positively reinforcing action for substance P and its
C-terminal sequence when administered systemically, but not
for its N-terminus (22). Otherwise, it seems that the effects of
SP on mnemonic processing are mediated by its N-terminal
part (25). Although no data are available on the stability of
substance P on fish, it was found that in rat blood plasma,
50% of substance P is inactivated in 12 min (7). Therefore, it
is possible that the reinforcing effect of SP in fish observed in
this study mainly results from the effects of its C-terminal.
Further research is needed to isolate the relative contribution
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of SP fragments to the reinforcing mechanisms in goldfish. In
addition, selective lesions of brain areas of goldfish containing
SP terminals and DA cell bodies could indicate phylogenic
ancient circuits of reinforcement, learning, and memory.
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