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Two experiments were undertaken to investigate the effects of the neuropeptide Substance P 
(SP) on habituation performance in rats. Habituation was measured in an open field by record
ing the number ofrearings during 2 min offree exploration. Training and test sessions were iden
tical and 24 h apart. The animals were injected i.p. immediately after the training trial in doses 
of 0.5, 1, 5, 50, 100, or 250 "g/kg SP; control animals were injected with diluent vehicle or were 
not injected at all. The 50 "g/kg SP treatment group showed significantly better performance 
than the other groups. In the second experiment, 50 "g/kg SP or vehicle was injected either im
mediately or 5 h after training. Only the group in which SP was injected immediately after the 
training trial showed significantly better performance when tested 24 h later. These results sug
gest that SP does not exert its effect by a long-lasting proactive action on performance during 
the testing trial. 

Recent evidence points to a functional mnemonic role 
for the neuropeptide Substance P (SP). It has been shown 
that in certain regions of the brain, microinjection of SP 
mimics the effects of posttrial electrical stimulation on 
learning and memory. For example, posttrial injection of 
SP into the substantia nigra (Huston & Stiiubli, 1978) and 
amygdala (Huston & Stiiubli, 1979) disrupted performance 
of avoidance tasks, whereas injection of SP into the lateral 
hypothalamus/medial forebrain bundle (Stiiubli & Huston, 
1979), the septum (Stiiubli & Huston, 1980), and the 
nucleus basalis magnocellularis (Kafetzopoulos, Holz
hauer, & Huston, 1986) facilitated such performance. 

Systemically applied, SP also seems to influence the 
performance of rats and mice on learning tasks. Intraperi
toneal (Lp.) administration of SP in rats before training 
did not influence the learning of an active avoidance task 
(Hecht, Oehme, Poppei, & Hecht, 1979), whereas SP ad
ministered i.p. immediately after training facilitated the 
retention of a shock-motivated brightness discrimination 
(Wetzel & Matthies, 1982). We have been able to show 
that posttrial i.p. administration of SP improves retention
test performance of single-trial inhibitory-avoidance tasks 
in a dose-dependent way (Tomaz, Aguiar, & Nogueira, 
in press; Tomaz & Huston, 1986). Posttrial subcutane
ous administration of SP enhanced the retention-test per
formance of avoidance conditioning and reversed the am
nestic effects of cycloheximide and electroconvulsive 
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shock in mice (Schlesinger, Lipsitz, Peck, & Pelleymoun
ter, 1983; Schlesinger, Lipsitz, Peck, Pelleymounter, 
Stewart, & Chase, 1983). 

As can be observed, most of the learning tasks studied 
are aversively motivated. Since SP appears to be involved 
in the transmission of pain (Henry, 1980), it is difficult 
to be sure that performance is not indirectly influenced 
by changes in pain mechanisms. Therefore, in the present 
study, we examined the effects of peripheral SP adminis
tration on habituation, since this form of learning does 
not involve either positive or negative reinforcers. 

MEmOD 

Subjects and Apparatus 
The experiments were performed on 120 male Wistar rats weighing 

between 180 and 200 g. They were housed individually, under a 12: 12 h 
light:dark cycle with lights on at 7:00 a.m., at an ambient temperature 
of 21 0 -24 0 C, with food and water available ad lib. 

Behavioral observations were carried out in a circular open field (60 em 
in diameter and 30 cm high). An S-W light bulb hanging from the lid 
at the midline provided constant illumination. 

Drug Regimen 
The SP peptide was dissolved in physiological saline containing 0.01 M 

acetic acid (PH 4.0), deep frozen and diluted shortly before use. Con
trol animals received this diluent vehicle. SP was injected Lp. at doses 
ranging from 0.5 to 250 ~ in a volume of 0.5 mlIloo g body weight. 
The same volume was used for control animals that received the diluent 
vehicle. All vessels and syringes were acid-washed. 

It is important to point out that all solutions were blind-coded to avoid 
bias. The person performing the experiment did not know whether the 
SP or the vehicle had been injected. The drug code was not broken un
til the experiments had been completed. 

Procedure 
Habituation was measured in the open field by recording the num

bers of rearings (standing on the hind feet while performing orienting 
movements with the head). Two identical sessions were carried out. The 
first will be called the training session and the second one the test ses-
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sion. In the training session, the rats were taken directly from their home 
cages to the open field, placed on its center, and left to explore the arena 
for 2 min during which the incidence of rearing responses was mea
sured. Immediately thereafter, the animals were removed from the open 
field and injected i.p. with the solution. In the second experiment, ad
ditional groups were injected 5 h after the training session. 

Twenty-four hours after this session, the animals were again placed 
in the center of the open field and the incidence of rearing responses 
was measured. Training and testing sessions were carried out between 
1 ()()() and 1400 h. 

Statistical Analysis 
Comparisons of the performance of rearing responses among groups 

were by way of the Mann-Whitney U test for large samples with ap
proximately normally distributed test statistics (Krauth, 1983) . In order 
to avoid a Type I error, which is known to vary with the number of 
tests conducted (SaJcoda, Cohen, & Beall, 1954), the "reduced alpha 
method" (Lunney, 1969) was used to adjust the significance level (5%, 
two-tailed) for the number of tests conducted. 

RESULTS 

In the first experiment, SP was injected immediately 
after the training session in doses ranging from 0.5 to 
250 p.g/kg; control animals were either injected with 
diluent vehicle or were not injected at all (handling-control 
group). The results obtained with the diverse posttrain
ing treatments are shown in Figure 1. 

Only the group that received the 50 p.g/kg SP injection 
showed significantly better habituation performance than 
the vehicle-control group (p = .014). These results sug
gest that SP injected immediately after the training ses
sion at a dose of 50 p.g/kg enhances habituation. 

The purpose of the second experiment was to determine 
whether posttrial injection of SP 5 h after the training ses
sion would also have a facilitatory effect on performance. 
The results showed that, unlike immediate posttrial in
jection, the delayed SP treatment did not facilitate 
retention-test performance. Comparison of the number of 
rearings in the test session showed no significant differ
ence between the SP-delayed and the vehicle-delayed 
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Figure 1. Effects of Substance P administered immediately after 
training. Habituation was measured in an open field by recording 
the number of rearings during 2 min of free exploration. Retention 
is expressed as the mean (± SEM) performance of rearing responses 
measured 24 h after training. VEH = vehicle control, HANDL = 
handling control, • = signif'JCaIlt difference_ The numbers in the 
columns indicate the number of animals used in each treatment 
group_ 
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Figure 2. Effects of posttraining administration of Substance P 
(SP) on habituation measured in an open field by recording the num
ber of rearings during 2 min of free exploration_ Either 50 !'Ifkg 
SP or vehicle (VEIl) was adminMtered either Immediately after train
ing or 5 h later_ Retention is expressed as the mean (± SEM) per
formance of rearing responses measured 24 h after training_ • = 
significant difference. 

groups (p = .595). However, improved performance was 
observed for the group treated with SP immediately after 
training, as in the first experiment. Statistical compari
sons revealed significant differences between the SP
immediate and the vehicle-immediate groups (p = .016) 
as well as between the SP-immediate and the SP-delayed 
groups (p = .027). Figure 2 summarizes the results of 
this experiment. 

DISCUSSION 

The main result of the present study is that peripheral posttrial ad
ministration of SP enhances between-triaJ habituation in a dose-<lependent 
way. Only 50 "g/kg SP improved performance of the habituation task; 
lower and higher doses were ineffective. In addition, the results of the 
second experiment indicate that the facilitatory effect of SP treatment 
on performance was not due to a long-lasting proactive influence on 
performance 24 h after the injection. These results are in agreement with 
those in which similar dose-response effects of central and peripheral 
administration of SP have been reported for the facilitation of perfor
mance of various learning tasks (Huston & Stiiubli, 1981; Schlesinger, 
Lipsitz, Peck, Pelleymounter, Stewart, & Chase, 1983; Tomaz et al., 
in press; Tomaz & Huston, 1986). 

Habituation carried over into the test session has been considered a 
measure of memory (Izquierdo, 1979; Thompson & Spencer, 1966). 
Thus, the results obtained in the present study provide further evidence 
for a role of SP in mnemonic processes. 

Regarding the possible site of action of SP, some studies (Banks & 
Kastin, 1985; Stem & Hadzovic, 1973) have shown that this neuropep
tide can cross the blood-brain barrier. Thus, it is thought that the ef
fects on learning obtained with peripheral administration of SP might 
be due in part to a central action of the neuropeptide. This is all the 
more likely since anatomical localization of SP-containing fibers has 
been demonstrated in all regions of the brain where learning- and 
memory-modulating effects of SP were found (Cuello & Kanazawa, 
1978; Ljungdahl, Hokfelt. & Nilsson, 1978). If these effects are cen
tral, it remains to be determined where and in interaction with what 
neurotransmitters SP is active. It is possible that the effects of SP may 
be due, for example, to an interaction of SP with dopaminergic neu
rons in the lateral hypothaiamus/mediaJ forebrain bundle, with cholinergic 
neurons in the nucleus basalis magnocellularis, and/or with endogenous 
opioids. However, it is also possible that a direct peripheral effect of 
SP could be responsible for the facilitation of learning observed in var
ious learning tasks. 
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In conclusion, the present results show that SP facilitates not only 
aversive or positively motivated learning tasks, but habituation as well , 
which is a form of learning that does not involve either positive or nega
tive reinforcers. Thus, our results, taken together with data from the 
literature, strongly suggest a role for SP in mnemonic processes. 
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