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Motor Activity Induced by Substance P in Rats 
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RONDEAU, D. B., F. B. JOLICOEUR, F. BELANGER AND A. BARBEAU. Motor activity induced by Substance P in 
rats. PHARMAC. BIOCHEM. BEHAV. 9(6) 769--775, 1978.--The effects of intraventricular injections of various doses 
(20.00, 5.00, 1.25, 0.30 and 0.07/.tg) of synthetic Substance P on motor activity in rats were investigated. Activity scores as 
determined by photocell counts recorded for a 15 min test period were significantly increased in animals injected with 0.30 
and 1.25 txg/rat Substance P. The other doses examined did not affect activity. Doses in the range of 40-80/~g produced 
immobility, rigidity and barrel rotations. Hypersalivation as indicated by a wet fur following an episode of grooming was 
observed in several animals. Administration of Substance P, in a dose of 0.60/.tg, in combination with or 30 min after 
injections of 2 mg/kg d-amphetamine and 1 mg/kg apomorphine did not potentiate or reduce the increased activity and 
stereotypy induced by these two drugs. 
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THE influences of brain peptides on physiological functions 
and on behavior challenge classically held views concerning 
the relationship between the endocrine and central nervous 
systems and the functioning of  the brain, more specifically 
regarding chemical transmission between nerve cells [2, 24, 
32, 43]. The evidence that a number of  peptides present in 
the brain have direct actions on the central nervous system 
and play physiological roles in neuronal function has been 
reviewed recently [1, 2, 41, 43]. Neuropeptides,  such as 
TRH (thyrotropin releasing hormone), a-  and fl-MSH 
(melanocyte stimulating hormone), vasopressin,  somatosta- 
tin, fl-endorphin and a few others, have behavioral effects 
and are candidates for neurological functions. The recent 
characterization of Substance P as an undecapeptide having 
the sequence H-Arg-Pro-Lys-Pro-Gln-Phe-Phe-Gly-Leu- 
Met-NH2 [6] and the realization of  its definite involvement in 
some biological activities have generated considerable ef- 
forts to determine its role in the nervous system [41]. 

Neural and nonneural activities of  Substance P (SP) and 
its possible roles in the nervous system have been examined 
comprehensively [27]. Electrophysiological and neurochem- 
ical evidence is accumulating that SP acts as a transmitter or 
modulator of some but not all primary sensory neurons. This 
hypothesis is based on the localization of the peptide in small 
sensory neurons in the spinal cord, on the release of im- 
munoreactive SP-like material from slices of  the spinal cord 
as well as on the motoneurons depolarizing properties of the 
peptide [27]. Peripheral and intracerebral injections of  SP 

produced analgesia in mice; the analgesic effect was pre- 
vented by naloxone, a presumed specific antagonist of mor- 
phine [14,37]. However,  hyperalgesia has been reported fol- 
lowing administration of  higher doses of SP, alone [28] or in 
combination with naloxone or baclofen [14], and it has been 
suggested that the peptide may be a natural antagonist of 
morphine in the central nervous system [37]. SP also 
abolished the so-called abstinence syndrome usually 
provoked by nalorphine injection in morphinized mice [36]. 
These findings suggested a possible relationship between SP 
and the recently discovered brain opiate peptides, 
enkephalins and endorphins [14]. 

The distribution of SP in the brain is widespread and un- 
even. SP is found in high concentrations in the hypothalamus 
and preoptic area [3], two regions of  the brain involved in 
neuroendocrine and neurovegetative functions. Moreover,  
release of immunoreactive SP-like material from rat 
hypothalamus slices upon application of a depolarizing 
stimulus has been demonstrated [20]. Intracerebral adminis- 
tration of SP and eledoisin, a peptide which shares a similar 
amino acids sequence at the C-terminal, elicited drinking in 
the pigeon; this behavioral response also followed injections 
of  the peptides into the lateral hypothalamus and preoptic 
area [12]. However,  these two peptides did not cause drink- 
ing in rats and were found to depress angiotensin and car- 
bachol induced drinking in this species [13]. The difference 
in response to SP and eledoisin between rat and pigeon as 
well as the significance of these observations in relation to 
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body fluid regulation are unclear at the present time [12,13]. 
The influence of SP on the release of pancreatic and anterior 
pituitary hormones has been reviewed recently [27]. 

High levels of SP have been detected within the mesen- 
cephalon in the interpeduncular nucleus and in the pars re- 
ticulata of the substantia nigra [3]. Also, it has been estab- 
lished that the habenulointerpeduncular and striatonigral 
pathways include SP-containing cells [26]. A series of  exper- 
iments using selective knife cuts and kainic acid lesions of  
brain structures has indicated that 90% of the SP in the pars 
reticulata of the substantia nigra comes from the anterior 
striatum via the striatonigral pathway [4,19], probably in 
neurons other than those containing GABA [15]. 

The possible functional relationships between SP and the 
monoamines also present in the hypothalamus and substan- 
tia nigra in high concentrations have been investigated. It has 
been shown that SP stimulated both synthesis and utilization 
of dopamine, noradrenaline and serotonin in whole rat brain; 
the increasing effects of intraventricular injections of the 
peptide on dopa and 5-hydroxytryptophan formation were 
observed at a different dose range [5]. Dopamine turnover 
was accelerated and serotonin turnover was retarded in mice 
striatum following peripheral injection of a low dose of SP 
[33]. Moreover,  administration of the undecapeptide into the 
substantia nigra resulted in the in vivo release of dopamine in 
the caudate nucleus [7]. This finding was indicative of an 
excitatory action of SP-containing neurons on dopaminergic 
cells in the substantia nigra and was in agreement with elec- 
trophysiological data which showed that SP produced a slow 
and small excitation of the neurons in this region [10]. Indi- 
rect evidence that SP may exert an excitatory action on nig- 
rostriatal dopaminergic neurons was provided by the obser- 
vation that intranigral application of SP in rats caused con- 
tralateral rotations [21,29], a behavior primarily but not 
solely attributed to an asymmetric activation of the 
dopaminergic nigrostriatal pathway [16,39]. Circling was ob- 
served also following injection of a six amino acids eledoisin 
fragment into the substantia nigra [29]. Moreover,  adminis- 
tration of SP produced tight head to tail ipsilateral rotations 
in animals with unilateral 6-hydroxydopamine lesions of the 
nigrostriatal tract at the level of the lateral hypothalamus 
pretreated with either amphetamine or apomorphine [8]. 
This finding suggested that SP, as well as TRH which pro- 
duced similar effects, may regulate circling behavior by indi- 
rectly releasing dopamine. Those two peptides produced 
barrel rotations in non-lesioned animals without pretreat- 
ment [8]. Administration of high doses of SP into the right 
ventricle of naive rats induced within a few minutes horizon- 
tal rotations to the left, and then, rotations along the length 
axis of the body which were followed by a period of general 
excitation; the rotations were not observed at doses around 
10/xg/rat [5]. Much lower doses of the peptide administered by 
this route depressed operant responding in rabbits [18,25]. 
Doses ranging from 0.1 to 3.0/~g/rabbit caused restlessness 
and increased locomotion [25]. Recently, intraventricular in- 
ject ions of the C-terminal hexapeptide of SP, SP~; ~, in a 
dose of 500 pmol, have been reported to produce an increase 
in locomotor activity in rats [22]. The purpose of the present 
experiments was first to establish the dose related effects of 
intraventricular administration of synthetic SP on motor ac- 
tivity in rats (Experiment 1) and then to examine the possible 
interaction of the peptide with amphetamine and apomor- 
phine (Experiment 2). Results demonstrated that synthetic 
SP, in doses of 0.30 and 1.25/xg/rat, produced a significant 
increase in motor activity. Synthetic SP did not potentiate or 

inhibit the increased activity and stereotypy induced by am- 
phetamine and apomorphine. 

EXPERIMENT 1 

METHOD 

Animals 

Male Sprague-Dawley rats obtained from Canadian 
Breeding Farm (St-Constant, P. Qurbec) were used. They 
were housed in a colony under constant conditions of tem- 
perature, humidity and a 12 hr light/dark cycle. Food (Purina 
Rat Chow) and water were available ad lib. Rats, 275-300 g, 
were anaesthetized with sodium pentobarbital (60 mg/kg, IP) 
and chronically implanted with a cannula into the left ven- 
tricle according to the published procedure from this labora- 
tory [11]. They were then placed in individual cages. Behav- 
ioral testing and drug treatment took place at least 24 hr after 
surgery. 

Procedure 

Motor activity was measured using a circular (70 cm in 
dia.) activity meter (Lehigh Valley Electronics) comprising 
six photoelectric cells. Activity scores were recorded for 
periods of 5 min. Animals were observed during these 
periods and the number of rearings and the time in seconds 
spent grooming and/or scratching were recorded. Rats were 
first placed in the apparatus for a 5 min adaptation period and 
then returned to their individual cages. After 10-20 min, 
animals received an intraventricular injection of synthetic SP 
and were placed immediately in the activity meter for 15 min. 
Behavioral measures were obtained at 5 min intervals. Six 
groups of 8 rats were tested. 

Synthetic SP (Peninsula Laboratories,  San Carlos, Cali- 
fornia) was dissolved in a 0.01 N acetic acid solution pre- 
viously buffered with NaOH to pH=6.2.  One group of ani- 
mals was injected with the vehicle only and served as a con- 
trol group. The other groups corresponded to the following 
doses of SP: 20.00, 5.00, 1.25, 0.30 and 0.07 p.g. The injection 
volume was 20 p.1; it was administered over a 2 min period 
via a 50/xl Hamilton syringe. 

RESULTS 

Three separate one-way analyses of variance [42] on data 
collected during the 5 min adaptation period revealed no 
significant difference between groups for activity scores, 
number of rearings, and time spent grooming. Therefore, 
groups were equivalent in terms of  the behavioral measures 
taken prior to intraventricular administration of SP. 

The results of the experiment are based on the total activ- 
ity scores, total number of rearings and total time in seconds 
spent grooming during the 15 min test session in the activity 
meter immediately after injection of the peptide. Mean ac- 
tivity scores were significantly different as revealed by a 
one-way ANOVA, F(5,42)=2.81, p<0.05. A post hoc Dunnett 
test [42] indicated that activity scores for the two groups 
which received, respectively, the 0.30 and 1.25/xg doses of 
SP were significantly greater than that of the control group. 
This is illustrated in Fig. 1 in which mean total activity scores 
during the 15 min test session are plotted for each dose of SP. 
Although elevated, activity scores for the groups which re- 
ceived the higher doses of the peptide did not differ signifi- 
cantly from that of the group injected with the vehicle only. 
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FIG. 1. Mean total activity scores during the 15 min test session 
following intraventricular administration of Substance P. Eight rats 

per group. 

Mean activity scores for 5 min bins of the test session are 
presented in Fig. 2. An examination of the data indicated that 
activity scores of  the groups which received injections of 
0.30 and 1.25/~g SP were increased during all three 5 min 
intervals of  the session. Differences relative to the control 
group were greater in the first 5 min of the test session for the 
0.30 p,g group and in the second 5 min period for the 1.25 fig 
group. Also, it should be noted that the mean activity score 
of animals injected with 20.00/zg SP was lower than that of  
the control group for the first 5 min of the test session. Most 
rats in this group were completely immobile for 3-4 min after 
administration of  the peptide. 

A one-way ANOVA revealed that mean total number of 
rearings was significant, F(5,42)=2.85, p<0.05.  A post hoc 
Dunnett test indicated a significant difference between the 
0.30/zg and the control groups. Mean total number of rear- 
ings during the 15 min test session is presented in Fig. 3 in 
which it can be seen that the group injected with 0.30/zg SP 
displayed this behavior much more frequently. The distribu- 
tion of the number of rearings in 5 min bins parallelled 
closely that of activity scores for each dose of SP. Another 
ANOVA indicated no significant difference between groups 
in total time spent grooming. Mean time in seconds spent 
grooming during the test session is presented in Table 1 in 
which it can be noted that, although SP treated animals ap- 
peared to spend more time grooming and/or scratching than 
the control group, the very high variability and the fact that 
the four higher doses of SP produced similar effects pre- 
cluded a significant observation. It was noted on several 
occasions that the fur of some animals was wet. This wet fur 
was used as a crude indication of hypersalivation. The 
number of rats in each group which displayed hypersaliva- 
tion is given in Table 1. Hypersalivation possibly occurred in 
other animals without being detected visually. 

~E MJ 
u~ 
4.8 

0:. 
0 (J 

>,. 
I... 

I.- 
(J  

tu 
3E 

160 - 

120 - 

8 0 -  j 

4 0 -  ~ 
I I 

VEHICLE 0.07 

O-Srnin 

5-10rain 

e ~ 4  10-15 rain 

I I I I 

0.3 L25 5 20 
DOSE (l gJ 

FIG. 2. Mean activity scores for each 5 min intervals of the test 
sessions. 
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FIG.  3. Mean total number of rearings during the 15 rain test session 
following intraventricular administration of Substance P. Eight rats 

per group. 

EXPERIMENT 2 

METHOD 

Animals 

As in Experiment 1, male Sprague-Dawley rats, 275-300 
g, implanted with a cannula into the left ventricle were used. 
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T A B L E 1  

Mean time in sec 
Doses of spent grooming Number of rats showing 

Substance P _+ S.E.M. during hypersalivation 
(/xg) the 15 min session (N =8/group) 

Vehicle 79.3 _+ 31.8 0 
0.07 136.1 _+ 42.8 1 
0.30 206.6 _+ 27.9 4 
1.25 213.3 _+ 46.2 8 
5.00 207.3 _+ 38.7 7 

20.00 208.6 _+ 49.0 6 

Procedure 

Motor activity was measured in four groups of 6 rats 
placed in the apparatus described above for periods of 5 min 
at 10 min intervals. During the 10 min intervals animals were 
removed from the activity meter and placed singly in circular 
wire-mesh cages. The groups corresponded to the following 
experimental treaments: IVT injection of 0.60 txg SP and IP 
injection of 2 mg/kg d-amphetamine (d-amphetamine sul- 
phate, Smith, Kline and French Ltd.); IVT injection of 0.60 
/xg SP and IP injection of 0.9~ NaC1; IVT injection of the 
vehicle for SP and IP injection of 2 mg/kg d-amphetamine; 
IVT injection of the vehicle for SP and IP injection of 0.9% 
NaCI. The injection volume for intraventricular administra- 
tion was 20/zl. Activity scores were obtained on three occa- 
sions before any experimental treatment was applied. Rats 
received an IVT injection of SP or its vehicle followed by an 
IP injection of either d-amphetamine or 0.9% NaC1 im- 
mediately prior to the fourth test session in the activity 
meter. Motor activity was then recorded at 10 min intervals 
for seven 5 min test sessions, i.e., sessions 4-10. Upon re- 
moval from the apparatus after completion of a test session, 
animals were placed in individual wire-mesh cages and ob- 
served for stereotypy during the following 5 min. Stereotyped 
behavior was rated according to the scale used by Costall et 
al. [9]: 0---no stereotyped behavior; l--periodic sniffing 
and/or repetitive head and limb movements; 2---continuous 
sniffing and/or repetitive head and limb movements; 
3--periodic gnawing, biting or licking; 4---continuous gnaw- 
ing, biting or licking. 

Two more groups of 6 animals were tested according to 
the procedure described above. One group received an IVT 
injection of 0.60/zg SP followed by a SC injection of I mg/kg 
apomorphine (apomorphine HCI, MacFarlan-Smith Ltd.) 
immediately prior to the fourth test session in the activity 
meter while the other one was injected with the vehicle of SP 
before apomorphine administration. 

RESULTS 

Results on motor activity are based on the photocell 
counts obtained during the first five 5-min sessions in the 
apparatus which followed the combined administration of SP 
and d-amphetamine or their vehicles, i.e., test sessions 4-8. 
A 4×5 repeated measures ANOVA [42] was carried out on 
the activity scores for each drug treatment and for each of 
these five sessions. Significant differences were found be- 
tween activity scores during the test sessions, F(4,80)=5.21, 

p<0.01, and more importantly between scores of the various 
groups of rats, F(3,20)= 13.36, p<0.01. The drug treatment 
by test sessions interaction was found also to be significant, 
F(12,80)=4.20, p<0.01. An analysis of the simple main ef- 
fects of the factor drug treatment revealed that activity 
scores were significantly different between the groups for all 
five sessions, F(3,65)=3.7, 9.5, 16.6, 7.9 and 5.6, all p<0.05. 
A post hoc Dunnett test indicated that activity scores in the 
fourth test session were significantly greater for the group 
which received IVT 0.60/zg SP and IP 0.~Tb NaCI than for 
the control group injected with the SP vehicle and 0.9% 
NaCI. This significant difference, which was found only dur- 
ing the fourth test session, i.e., immediately after adminis- 
tration of the peptide, is illustrated in Fig. 4 in which mean 
activity scores of the four groups are presented for several 
sessions. Therefore, the increase in motor activity produced 
by SP did not persist and could not be observed beyond the 
first test session after intraventricular administration of the 
peptide. Post hoc Tukey (a) tests revealed no significant 
difference between the SP-d-amphetamine and vehicle-d- 
amphetamine groups in all five sessions examined. This re- 
sult demonstrated that SP did not reduce or potentiate the 
effects of d-amphetamine on motor activity. All the differ- 
ences found to be significant by the Tukey (a) tests in- 
volved comparisons between the two d-amphetamine treated 
groups and the two groups injected with 0 . ~ .  NaC1. 
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FIG. 4. Mean activity scores of the four groups for several test 
sessions in the activity meter. Arrow indicates moment of injection 

of SP, d-amphetamine and/or their vehicles. Six rats per group. 

An identical statistical treatment of the data obtained for 
the animals injected with 1 mg/kg apomorphine demon- 
strated that SP did not affect the increase in activity pro- 
duced by this drug. There was no significant difference be- 
tween the activity scores of the SP-apomorphine and 
vehicle-apomorphine groups compared by Tukey (a) tests for 
all five sessions. Mean activity scores of the latter two 
groups and of the other two groups, the SP-0.9% NaC1 and 
vehicle-0.9% NaCi groups, during the first test session after 
administration of the peptide, i.e., Session 4, are presented 
in Fig. 5. 

Mean stereotypy scores for groups of animals treated 
with 2 mg/kg d-amphetamine IP and I mg/kg apomorphine 
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TABLE 2 
MEAN STEREOTYPY SCORES 

Treatment 

Time After Injections 

N 0-5 15-20 30-35 45-50 60-65 

Vehicle + Amphetamine 6 1.0 1.6 1.6 1.0 0.5 
SP + Amphetamine 6 0.8 1.0 1.5 1.1 0.6 

Vehicle + Apomorphine 6 2.3 2.6 2.3 0.6 0.0 
SP + Apomorphine 6 2.3 2.3 2.0 0.6 0.0 

SP: 0.60/~g; Amphetamine: 2 mg/kg; Apomorphine: 1 mg/kg. 
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FIG. 5. Mean activity scores during the fourth session. Substance P: 
0.60/zg IVT. Apomorphine: 1 mg/kg. Six rats per group. 

SC are presented in Table 2. Results demonstrated that 
intraventricular administration of SP, in a dose of 0.60 fig, 
did not modify latency, intensity and duration of the 
stereotyped behavior induced by the two drugs. 

Data obtained on 24 additional rats tested under similar 
conditions with the exception that IVT injections of 0.60/zg 
SP or its vehicle were given 30 rain after administration of 
d-amphetamine or apomorphine confirmed that SP does not 
significantly affect the stereotypy and the increase in motor 
activity induced by these two drugs. 

DISCUSSION 

The results of Experiment 1 demonstrated that infusion of 
synthetic SP, in doses of 0.30 and 1.25/~g, into the left ven- 
tricle caused an increase in motor activity in rats tested for 
15 min in an activity meter. Higher activity scores were re- 
corded during all three 15 min bins of the session for these two 
groups. Observation of the animals indicated that the in- 
creased activity consisted of well coordinated locomotion, 
frequent rearings and, in some cases, vigorous episodes of 
grooming. In Experiment 2, an intermediary dose of SP, 0.60 
p,g, also produced an augmentation in activity scores for a 5 
min period immediately after administration of the peptide. 
In the latter case, the effect did not persist during the next 
test session, 10 rain later. 

The behavioral changes observed in the present experi- 
ments are in agreement with those reported in rabbits follow- 
ing intraventricular injection of  similar doses of  synthetic SP 
[25] and in rats after injection by this route of 500 pmol of 
SPr-H, the C-terminal hexapeptide of SP [22]. However,  it 
should be mentioned that peripheral administration of syn- 
thetic SP produced behavioral depressant effects in mice [33, 
35, 36]. A dose of 5 /~g decreased locomotor activity and 
counteracted amphetamine-induced hyperactivity in mice 
[33]. Moreover,  it abolished the motor hyperactivity induced 
by the neurolathyrogen/3-fl '- iminodipropionitrile (IDPN) in 
mice, presumably by raising glycine levels in the spinal cord 
[35]. The depressant effects of  SP administered peripherally 
in mice have been confirmed in this laboratory (unpublished 
data). 

Circling behavior and barrel rotations were not observed 
at any of the doses examined in the present experiments.  
However,  most animals which received injections of  20.00 
/xg SP were completely immobile for 3-4 min. Moreover,  a 
rigid posture with extension of the limbs, interrupted by sev- 
eral barrel rotations, as described by others [5, 8], was a 
characteristic behavioral response to intraventricular infu- 
sion of  SP in the 40-80/xg dose range (unpublished observa- 
tions). Such high doses of the peptide have been reported to 
depress self-stimulation in rats [17]. 

Copious secretion of saliva in anesthetized rats was the 
biological activity used to isolate and characterize SP from 
bovine hypothalamic extracts [23]. It is interesting to note 
that hypersalivation, for which a wet fur after an episode of 
grooming was a crude index, was seen in several rats follow- 
ing intraventricular injections of synthetic SP at different 
doses. 

Injection of 0.60 /zg SP, a dose which significantly in- 
creased motor activity, did not potentiate or reduce 
stereotyped behavior and increased activity induced by 2 
mg/kg d-amphetamine and 1 mg/kg apomorphine. The nega- 
tive results were obtained both when the peptide was ad- 
ministered in combination with and 30 min after peripheral 
injections of the drugs. This finding contrasts with the obser- 
vations that intramuscular administration of synthetic SP 
abolished tremors in mice treated with 5 mg/kg amphetamine 
[34] and that IP injections of  a low dose of the peptide coun- 
teracted amphetamine-induced hyperactivity in this species 
[33]. SP concentration in the rat striatum, but not in the 
substantia nigra, was lowered significantly after injection of 
10 mg/kg d-amphetamine; this reduction in striatal levels of 
the peptide did not occur before 2 hr following treatment 
with d-amphetamine [30]. Therefore, it can be assumed that 
there were no decreases in SP concentration in these two 
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regions o f  the brain when  rats were  tes ted  in E x p e r i m e n t  2. 
The di f ference  in r e sponse  to SP be tween  mice and rats pre- 
t rea ted  with amphe tamine  is unclear  at the p re sen t  t ime. It 
should be men t ioned  that  SP was  found to show little activity 
in the Dopa  Potent ia t ion Tes t  in mice [31]. Since single doses  

o f  SP, d -amphe tamine  and apomorph ine  were  examined ,  it 
canno t  be ruled out that  the lat ter  two drugs may interact  
with SP at some o the r  doses .  The resul ts  o f  the p resen t  ex- 
pe r iments  suppor t  the hypothes i s  that  SP may be involved in 
the control  o f  motor  funct ions.  
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