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HALL, M. E. AND J. M. STEWART. The substance P fragment SP(1-7) stimulates motor behavior and nigral dopamine re-
lease. PHARMACOL BIOCHEM BEHAV 41(1) 75-78, 1992.—Earlier studies have shown that the undecapeptide substance P
(SP) alters motor behavior and dopamine metabolism following injection into the substantia nigra (SN) in rat, even though the SN
appears largely devoid of SP-specific (NK-1) receptors. In this report, intra-nigral injections of the amino-terminal SP fragment
SP(1-7) enhanced rearing, sniffing and locomotor activity, and increased the nigral DOPAC-to-DA ratio. In addition, SP(1-7)
increased *H-DA release from the SN in vitro. These findings suggest that some of the effects of nigral SP on motor behavior and

dopamine release are mediated by amino-terminal fragments of SP.
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THE peptide neurotransmitter substance P (SP) is widely distrib-
uted within the mammalian nervous system (1). SP is a member
of the tachykinin family of peptides, all of which share a similar
carboxy-terminal sequence that is both necessary and sufficient
for tachykinin-like activity (6). As with other peptide transmit-
ters, the actions of SP are thought to be terminated by enzy-
matic cleavage (12). Several peptidases have been shown capable
of cleaving SP, and various metabolites have been demonstrated
in vivo. The most common metabolites in CNS are the N-termi-
nal fragments SP(1-6), SP(1-7) and SP(1-9), which are pro-
duced by the action of peptidases such as endopeptidase 3.4.24.11
(15, 16, 24).

In recent years, there has been a growing awareness that
some of these ‘‘metabolites’’ of SP also have biological effects,
and that these effects must be considered when attempting to
understand the actions of SP in the CNS. There is increasing
evidence that SP(1-7), and closely related N-terminal fragments,
may mediate some of SP’s effects in the CNS. In mice, intra-
ventricular (ICV) injections of SP significantly elevated specific
components of motor behavior, specifically grooming, scratch-
ing, hindlimb rearing, and locomotion (8). SP also appeared to
increase dopamine (DA) release in the substantia nigra (SN),
since the amount of the DA metabolite 3,4-dihydroxyphenylace-
tic acid (DOPAC) present, relative to DA, was significantly ele-
vated (7). Similar ICV injections of SP(1-7) likewise elevated
rearing and locomotion, but not grooming and scratching. SP(1-7)
also elevated the DOPAC-to-DA ratio in the SN (7). In contrast,
ICV injections of C-terminal fragments of SP elevate grooming
and scratching, but depress rearing and sniffing (8).

The effects of SP in mice, described above, are basically the
same as seen in rats following SP microinjections into the SN.
Several studies have shown that intra-nigral injection of SP en-

hances the same components of motor behavior, specifically
hindlimb rearing, sniffing, locomotion and, in some cases, groom-
ing (4,11). Such injections are also reported to enhance activity
in the nigro-striatal dopaminergic system, resulting in enhanced
levels of DA metabolites in the striatum (27). These similarities
in behavioral effects, coupled with the similar elevations of
DOPAC/DA ratios in the SN, suggest that the SN is also the
site of action for SP and SP(1-7) given ICV. The following
experiments were performed in order to determine whether
SP(1-7) alters motor behavior and DA metabolism via an action
on the SN.

METHOD
Animals

Male Sprague-Dawley rats (250-350 g; Charles River) were
used in all experiments. They were housed 2-3 per cage, with
ad lib access to food and water, under controlled light-dark
cycle.

Chemicals

The peptide SP(1-7) was synthesized by the solid phase
method (26) and purified by countercurrent distribution. Purity
was determined by paper electrophoresis and thin layer chroma-
tography, and composition was determined by amino acid analy-
sis after hydrolysis. Doses were calculated using the found
molecular weight for each batch.

In Vivo Experiments

Stainless-steel guide cannulae (23 gauge) were implanted bi-
laterally with their tips positioned above the SN (3 mm posterior
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to bregma; *=2.5 mm from the midline; 7.5 mm below the dura;
incisor bar 5.0 mm above the inter-aural line) (17) under pento-
barbital anesthesia. One week later, rats were infused bilaterally
(2 pUside; at 1 pl/min plus 30 s for diffusion) with SP(1-7) (0.2
or 2 nmol/side) or vehicle (phosphate-buffered saline; PBS) us-
ing stainless-steel needles (30 gauge) inserted 1 mm beyond the
tip of the guide cannulae. Infusion was performed in the home
cage of the conscious, unrestrained rat and was followed imme-
diately by transfer to the open-field test box. The box (70X
50 X 50 cm) was internally illuminated (20-watt bulb). An observer,
viewing through a one-way window, recorded the frequency and
cumulative duration of specific behaviors (grooming, scratching,
hindlimb rearing and sniffing) by depressing specific keys on a
hand-held keyboard. Each keypress activated a counter and a
cumulative timer, which remained activated as long as the key
remained depressed. Locomotion was measured in terms of the
number of 18 X 18 cm square floor areas traversed. Behavior was
recorded continuously for 5 min immediately after injection. All
testing was done ‘‘blind.”’

Dye injection experiments were used to determine the extent
of peptide diffusion. In most cases, the injectate remained within
the SN, where it spread to both the pars compacta and pars re-
ticulata.

Brain Amine Analyses

At the end of observation, all rats were killed by decapita-
tion. Brains were quickly removed on ice and sliced into 500
pm coronal sections at —20°C with a cryotome. A portion of
the SN was removed from brain sections using a 16-gauge cir-
cular punch tool. Dopamine and DOPAC were separated from
brain homogenates using reverse-phase HPLC and quantified by
electrochemical detection, as described in detail elsewhere (18).
Group differences were analysed by ANOVA and post hoc com-
parisons made using Duncan’s multiple range test (2).

In Vitro Release Experiments

Otherwise untreated rats were decapitated and their brains
quickly removed. The SN were removed by dissection from
coronal sections and incubated in 1 ml of modified Krebs-bicar-
bonate (MKB) buffer (bovine serum albumin, 0.06%; ascorbic
acid, 170 pM; EDTA, 27 pM; composition in mM: NaCl, 134;
KC15.0; CaCl,, 2.0; KH,PO,, 1.0; NaHCO,, 16; glucose, 10.2;
pH 7.4) containing 10 uCi of *H-DA (New England Nuclear) at
37°C for 15 min. The tissue was oxygenated by continuous bub-
bling with 98% 0,/2% CO,. After rinsing with MKB, the tissue
was transferred to a nylon mesh screen in a perfusion vessel and
superfused continuously (I ml/min) with oxygenated MKB at
37°. After a 30-min wash-out period, superfusate exiting the
vessel was collected at 1-min intervals for 10 min. During the
5th and 6th min, the tissue was superfused with MKB contain-
ing SP(1-7) at 10~° M. The *H-DA in 0.5 ml aliquots of each
sample was determined by liquid scintillation counting. The tis-
sue was then solubilized and the *H-DA remaining was deter-
mined by scintillation counting. Tritium release was expressed
as a percent of the total tissue content at that time.

RESULTS

Intra-nigral infusion of SP(1-7) led to a significant increase
in both the number of times hindlimb rearing occurred, F(2,56) =
4.0, p<<0.025, and in the total duration of rearing behavior,
F(2,56)=6.66, p<<0.005, within the first 5 min after injection
(Fig. 1). SP(1-7) also significantly decreased the number,
F(2,58)=4.23, p<0.02, but increased the duration, F(2,58)=
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FIG. 1. The effects (mean=S.E.M.) of bilateral intra-nigral injections
of SP(1-7) on (A) the number of episodes, and (B) the total duration of
selected components of spontaneous motor behavior. Behaviors were re-
corded as described in the text during the first 5 min postinjection.
*p<<0.05 and **p<<0.01, compared to vehicle (PBS) injections.

8.16, p<<0.001, of sniffing events. Square-crossing (locomotor)
behavior was significantly, F(2,57)=3.78, p<0.03, increased
by both doses. SP(1-7) had no statistically significant effects on
grooming (Fig. 1) or scratching behavior (data not shown).
Infusion of SP(1-7) also produced a significant, F(2,29)=
4.73, p<<0.02, elevation of the DOPAC/DA ratio of the SN from
brains removed 5 min after infusion (Fig. 2). SP(1-7) had no
statistically significant effects on DA or DOPAC levels.
Superfusion of SN tissue with SP(1~7) in vitro resulted in a
significant increase in the release of *H-DA (Table 1). Tritium
efflux increased from about 0.4%/min before exposure, to about
0.6%/min in the presence of 10~% M SP(1-7). No correspond-
ing increase in release was seen in control tissue continuously
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FIG. 2. The effects (mean = S.E.M.) of intra-nigral injections of 2 (light
bars) of 0.2 (dark bars) nanomoles (nmoles) of SP(1-7) on the levels of
DA, DOPAC and the DOPAC/DA ratio in the substantia nigra measured
5 min after injection. Levels of all amines are expressed as percent of
control levels. *Indicates p<<0.05 and **indicates p<<0.01, compared to
the PBS-treated control group.
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TABLE 1

THE EFFECTS (MEAN = S.E.M.) OF SP(1-7) (10~ ° M) ON THE SPONTANEOUS RELEASE OF *H-DA FROM SN SLICES IN VITRO,
EXPRESSED AS THE PERCENT OF TOTAL TISSUE *H-DA CONTENT AT THAT TIME

Fraction: 1 2 3 4 (5) (6) 7 8 9 10
Control  0.43 + 0.01 042 + 0.01 042 = 0.01 041 = 0.01 0.41 *= 0.01 038 £0.02 037 +002 0338 =002 038 +002 038 =% 0.02
SP(1-7) 0.44 £ 0.01 042 £ 0.02 043 £ 002 043 = 0.01 0.60 = 0.03* 0.56 + 0.03* 0.44 = 002 0.43 = 0.02 0.42 =+ 0.02 0.41 = 0.02

SN slices were superfused with a separate MKB solution containing 10 ~° M SP(1-7) during minutes S and 6 of the collection period. Control
slices were exposed to a MKB solution not containing peptide. (*p<0.01, compared to the corresponding control fractions.)

superfused with MKB not containing SP(1-7).

DISCUSSION

These results show that the N-terminal, nontachykinin frag-
ment SP(1-7) can, like SP itself, significantly enhance rearing,
sniffing and locomotion in rats after infusion into the SN.
Grooming, which may (4) or may not (12) increase following
intra-nigral SP, was certainly not increased by SP(1-7). These
effects are largely consistent with the effects of intraventricular
injection of SP and SP(1-7) in mice, where both peptides in-
crease rearing and locomotion, but only SP also increases groom-
ing (8). Grooming, on the one hand, and rearing and locomotion,
on the other, seem to form two distinct sets of behaviors. Starr
and Starr (25) suggested that, in mice, DA agonists may enhance
grooming via D1 receptors, while increasing rearing and loco-
motion via D2 receptors.

SP(1-7) significantly elevated nigral DOPAC/DA ratios in
vivo, suggesting that SP(1-7) increased nigral DA release. This
interpretation was supported by the direct demonstration that ex-
posure to SP(1-7) significantly increased *H-DA release from
SN tissue in vitro. Other investigators have also reported that
intra-nigral injections of SP(1-7) can alter both motor behavior
(9) and striatal DA release (9,23), as measured by in vivo mi-
crodialysis in anesthetized rats.

In spite of the volume of evidence of significant effects of

intra-nigral SP, receptor binding studies have consistently failed
to demonstrate SP (NK-1) receptors in the rat SN (3, 14, 21,
22). While there are several plausible explanations for this, one
possibility is that the effects of SP are mediated by N- and
C-terminal fragments, acting via binding sites that do not recog-
nize intact SP. SP(1-7) reproduced all of the effects seen with
SP, except for enhanced grooming and scratching, which other
studies have demonstrated are mediated by C-terminal SP frag-
ments (5,19). Endopeptidase 24.11, an enzyme capable of gen-
erating SP(1-7), is highly localized in the striato-nigral pathway
(16,20), and the production of SP(1-7) from SP within the SN
has been demonstrated (9). The recent demonstration of specific
binding sites for *H-SP(1-7) in brain and spinal cord (10) also
supports this interpretation.

In conclusion, the present study shows that the N-terminal
SP fragment SP(1-7) can alter motor behavior and DA release
via an action on the SN. These findings further support the view
that SP(1-7), produced in vivo from endogenous SP, mediates a
subset of the actions attributed to SP itself, and that the process-
ing of SP into N- and C-terminal fragments is an integral step in
the biological actions of SP.
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