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Sensitization to the behavioral effects produced by repeated 
injections of kainic acid (KA) into the mouse spinal cord area 
has been previously shown to be abolished by pretreatment 
with capsaicin, a neurotoxin of substance P (SP)-containing 
primary afferent C-fibers. While SP has a variety of well 
characterized biological actions that are mediated by inter- 
actions of its COOH terminus with neurokinin receptors, more 
recently we have characterized an amino-terminally directed 
SP binding site. The present studies were initiated to de- 
termine whether behavioral sensitization to repeated injec- 
tions of intrathecally administered KA is mediated by the 
COOH or NH, terminal of SP. In the present studies, pretreat- 
ment with SP( l-7), an NH,-terminal fragment of SP, but not 
SP(5-1 l), a COOH-terminal fragment, potentiated KA-in- 
duced behavioral activity in mice. Pretreatment with [D-Pro2, 
D-Phe’]SP( l-7), an inhibitor of SP NH,-terminal binding, 
blocked the potentiative effect of SP(l-7) as well as the 
sensitization to repeated injections of KA. In contrast, [D- 

Pro*, D-Trp7-g]SP, a neurokinin antagonist, had little effect on 
behavioral sensitization to KA. The present study suggests 
that SP has an important modulatory role on excitatory amino 
acid activity in the spinal cord that is mediated by an action 
of the NH, terminal of SP at a non-neurokinin receptor. 

Substance P (SP) and endogenously occurring excitatory amino 
acids (EAAs), such as glutamate and aspartate, have been pro- 
posed to mediate pain transmission in the spinal cord (Lembeck, 
1953; Salt and Hill, 1983; Besson and Chaouch, 1987). Im- 
munohistochemical studies have shown that both glutamate- 
and SP-like immunoreactivity are colocalized in small-diameter 
primary afferent neurons (De Biasi and Rustioni, 1988). Further, 
nociceptive stimulation evokes the release of both EAAs in the 
spinal cords of conscious, freely moving rats (Skilling et al., 
1988) and of SP in the spinal cords of decerebrate rats (Takagi, 
1984). If both SP and EAAs are important mediators of pain 
transmission at the level of the spinal cord, the possibility exists 
that nociceptive activity is mediated by an interaction between 
SP and EAA neural circuits. 

Substantial evidence exists for an interaction between SP and 
EAAs in the transmission of noxious stimuli (Dougherty and 
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Willis, 199 1) as well as spinally mediated motor activity (Sun 
and Larson, 199 1). EAAs and SP each produce caudally directed 
biting and scratching (CBS) behavior when injected intrathecally 
in mice (Hylden and Wilcox, 198 1; Piercy et al., 198 1; Aanonsen 
and Wilcox, 1987). Using this approach, injections of SP at 2 
min intervals result in a decreased responsivity to the behavioral 
effects of SP (Larson, 1988). In an identical injection protocol, 
kainic acid (KA), a non-NMDA EAA, produced behavioral re- 
sponses of progressively greater intensity after repeated injec- 
tions (Sun and Larson, 1991). While repeated injections of SP 
resulted in an attenuated behavioral response, pretreatment with 
SP significantly enhanced the behavioral response to a subse- 
quent injection of KA. In contrast, depletion of SP in primary 
afferent fibers of the spinal cord using capsaicin prevented the 
development of sensitization to repeated injections of KA (Sun 
and Larson, 1991). Pretreatment with capsaicin does not alter 
the magnitude of response to a single injection of KA, suggesting 
that SP mediates the increase in CBS behaviors after repeated 
injections of KA, but not the response to a single injection of 
KA (Sun and Larson, 1991). 

The ability of SP to induce CBS behaviors through interaction 
of its COOH terminus with neurokinin receptors is widely rec- 
ognized and is readily antagonized by neurokinin antagonists 
(Sakurada et al., 1989). NH,-terminal fragments of SP are in- 
active at neurokinin receptors but have been found to be active 
in the CNS (Stewart et al., 1982; Hall and Stewart, 1983, 1984) 
and bind to high-affinity binding sites in the mouse brain and 
spinal cord (Igwe et al., 1990~). The effect of SP NH,-terminal 
fragments on EAA-induced activity has not been previously 
explored. The present studies were initiated to determine wheth- 
er SP facilitates KA-induced behavior by an action at either the 
neurokinin or SP NH,-terminal receptor and to test the hy- 
pothesis that behavioral sensitization to KA is mediated by such 
an action of SP. We examined the ability of COOH- and NH,- 
terminal fragments of SP to potentiate the behavioral action of 
KA, as well as the ability of selective blockers either of neu- 
rokinin receptors or of SP NH,-terminal binding sites to prevent 
potentiation of KA-induced CBS behavior in mice. 

Materials and Methods 

Animals. Male Swiss-Webster mice (20-25 gm; Bio-Lab, White Bear 
Lake, MN, and Sasco Inc., Omaha, NE) were housed four per cage and 
allowed to acclimate for at least 24 hr prior to use. Mice were allowed 
free access to food and water and used strictly in accordance with the 
Guidelines of the University of Minnesota Animal Care and Use Com- 
mittee and those prepared by the Committee on Care and Use of Lab- 
oratory Animals of the Institute of Laboratory Animal Resources, Na- 
tional Research Council [DHEW publication (NIH) 78-23, revised 19781. 

Drug administration. Mice were injected intrathecally as described 
previously (Hylden and Wilcox, 1980) into the subarachnoid space at 
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Figure 1. Intensity of KA-induced behavioral responses in mice after 
pretreatment with SP, KA, or NMDA (A) and after pretreatment with 
SP peptide fragments (B). Data summarizing CBS responses throughout 
represent the mean number (-tSEM) of behaviors produced during a 2 
min interval immediately following an intrathecal injection of KA. Pre- 
treatment denotes the compound injected intrathecally three times at 2 
min intervals prior to KA. Effects were compared to those in vehicle- 
injected mice tested on the same day. Drugs were administered in the 
following doses per injection: 7.5 pmol of SP, 200 pmol of NMDA, 25 
pmol of KA, 7.5 pmol of SP peptide fragments. Numbers at the base of 
each bar are the number of animals used in each group. Throughout 
the figures, asterisks indicate a significant difference between the test 
and vehicle-injected control groups (*, p < 0.05; ***, p < 0.001) using 
the Student’s t test. 

Figure 2. Behavioral sensitization to the CBS effects produced by 25 
pmol of KA injected intrathecally at 2 min intervals and the ability of 
three intrathecal injections of either 7.5 pmol of SP( l-7) (A) or 7.5 pmol 
of SP (B), at 2 min intervals, to potentiate KA responses compared to 
vehicle-injected control mice. Each point represents the mean number 
(+SEM) of behaviors from six mice in each group. t, a statistically 
significant effect of peptide pretreatment on KA responses using ANO- 
VA and p < 0.05 as the level of significance. 

approximately the LS-L6 intervertebral space of the spinal cord. Injec- 
tions were accomplished using a needle inserted into PE- 10 tubing about 
20 cm long, fitted with a second 30-gauge needle tip that is ultimately 
inserted into the subarachnoid space, which allows repeated delivery of 
drug into the same spinal area (Larson and Beitz, 1988). The cannula 
is completely filled with drug solutions prior to injection to avoid in- 
jection of air. 

pmol in a 5 ~1 vol, which produced CBS behaviors that are similar to 
those observed after intrathecally injected SP. The intensity of the be- 
havioral response, in terms of number of caudally directed head pokes, 
bites, or scratches or continuous caudally directed grooming, at a rate 
of one count per second, was quantified over a 2 min interval imme- 
diately following injection of KA. Injections of acidified saline or SP( l- 
7) elicited no CBS behaviors and appeared to have no effect on the 
normal exploratory behavior in mice. All observations were made dur- 
ing the 12 hr light cycle of the mouse facility. 

Drugs. Kainic acid and NMDA were purchased from Sigma (St. Louis, 
MO). Substance P (SP), SP(5-1 l), SP(l-7), phosphoramidon, and 
[D-Pro”, ~-Trp’,~]sP (DPDT-SP) were purchased from Peninsula Lab- 
oratories (Belmont, CA). [D-Pro2, D-Phe’]SP(l-7) [D-SP(l-7)] was syn- 
thesized by the University of Minnesota Microchemical Facilities (Min- 
neapolis, MN). All drugs were dissolved in acidified saline composed 
of 0.85% NaCl containing 0.0 1 N acetic acid, pH 2.0 (Hall and Stewart, 
1986), except KA and NMDA, which were dissolved in normal saline. 
Acidified saline was also used for vehicle-injected controls for each drug 
where appropriate. 

Statistics. Group averages and SEM are reported. Statistical analysis 
of the results was performed using Student’s t test for unpaired or paired 
samples or using ANOVA, as indicated. In each analysis, the control 
and test groups were considered to be significantly different when P 
values were less than 0.05. 

Results 

Experimentalprotocol. After insertion ofthe intrathecal cannula, mice 
were observed for 1 min prior to drug injection to assess normal ex- 
ploratory behavior and locomotion. KA was injected at a dose of 25 

Selectivity of SP-mediated potentiation of KA. The behavioral 
response to a single injection of KA, SP, NMDA, or SP(5-1 l), 
at the doses administered, is immediate in onset and lasts for 
less than 2 min. As reported previously (Sun and Larson, 199 l), 
repeated injections of KA resulted in a progressive increase in 
the intensity of behaviors elicited in response to each subsequent 
administration of KA at 2 min intervals (Fig. 1A). Enhancement 
of KA activity was also produced by pretreatment with three 

100 

75 

2 50 

t 
5 25 
.E 
E 
cu 
t; 0 

2 100 
.o 
5 
c 

g 75 
Z 

t 

2 
z 

50 

25 

0 

A 

- KA after SP(l-7) 

o-2 2-4 4-6 6-8 

B 

- KA after vehicle 

- KA after SP 

I  I  I  I  

o-2 2-4 4-6 6-8 



The Journal of Neuroscience, December 1992, 12(12) 4907 

60 .- 
----..---- KA after vehicle 

- KA afler SP(l -7) l 

60 - 

l 

10 100 

Dose of SP(l-7) (pmol) 

1000 

Figure 3. The effect of a single bolus injection of SP(l-7) on CBS 
behaviors induced by KA. Values indicate the mean number (GEM) 
of CBS behaviors produced over a 2 min interval following the in- 
trathecal injection of 25 pmol of KA 30 min after either vehicle or 
various doses of SP(l-7). Values obtained from control mice injected 
with vehicle rather than SP( l-7) are also shown for comparison as 
indicated by the broken line. A minimum of six mice were used in each 
group. 

injections of 7.5 pmol of SP at 2 min intervals immediately 
prior to IL4 (Fig. 1A). The ability of SP to enhance KA-induced 
behaviors was selective among excitatory compounds, as pre- 
treatment with three injections of 200 pmol of NMDA failed 
to alter the behavioral response to KA (Fig. 1A). 

To ascertain the portion of the SP peptide necessary to en- 
hance KA-induced activity, the potentiative effect of SP itself 
was compared to the effect of COOH- and NH,-terminal hep- 
tapeptide fragments of SP (Fig. 1B). Pretreatment with three 
injections of 7.5 pmol of SP(5-1 I), a COOH-terminal fragment 
that retains its behavioral activity at neurokinin receptors (Hall 
and Stewart, 1983, 1984), resulted in short episodes of CBS 
behavior immediately following each injection of SP(5- 1 l), which 
subsided prior to injection of KA. While SP( l-7) produced no 
behavioral response when injected alone, pretreatment with SP( l- 
7), but not SP(5-1 l), potentiated the behavioral response to 
subsequent injection of KA. 

Additivity of SP- and U-induced potentiation of KA. Pre- 
treatment with three injections of 7.5 pmol of either SP( l-7) or 
SP 2 min prior to four injections of KA each enhanced the 
intensity of behavioral responses to each injection of KA (Fig. 
2). The enhancement of KA-induced activity due to pretreat- 
ment with either SP or SP( l-7) resulted in a parallel shift in the 
intensity of behavioral responses over time after SP and after 
SP( l-7) compared to those after vehicle. 

Time course and dose-response characteristics of potentiation 
of KA by SP(l-7). When injected at various intervals prior to 
KA administration, the effect of a single bolus injection of 22.5 
pmol of SP( l-7) was to enhance the behavioral response to KA 
injected 15-90 min after SP( l-7). Response to KA 2 hr after 
this dose of SP( l-7) did not differ from that after vehicle (data 
not shown). When injected 30 min prior to KA, a time at which 
potentiation is observed, doses of SP( l-7) ranging from 10 to 
1000 pmol of SP( l-7) resulted in an inverted U-shaped dose- 
response curve for potentiation of KA (Fig. 3), suggesting the 
recruitment of an additional, unidentified action produced by 
high doses of SP( l-7). 
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Figure 4. D-SP(l-7) inhibits whereas DPDT-SP does not affect the 
ability of SP(l-7) to potentiate KA-induced behavioral activity. The 
effect of DPDT-SP or D-SP( l-7), an SP( l-7) antagonist, on the ability 
of SP( l-7) to potentiate the behavioral response to a single intrathecal 
injection of 25 pmol of KA was examined 30 min after the intrathecal 
injection of 22.5 pmol of SP( l-7). A dose of 1.1 nmol of D-SP( l-7), 
0.74 nmol of DPDT-SP, or vehicle was injected intrathecally 5 min 
prior to KA. Neither antagonist significantly altered the basal activity 
produced by the injection of KA alone. 

Eflect of COOH- and NH,-terminal antagonists of SP. DPDT- 
SP, a neurokinin antagonist (Engberg et al., 198 l), and D-SP( l- 
7) a compound that inhibited [3H]SP( l-7) binding in mouse 
brain membranes (Igwe et al., 199Oc), were used to assess the 
influence of the two SP receptors on the development of be- 
havioral sensitization to KA. DPDT-SP and D-SP( l-7) were first 
tested by assessing their degree of selectivity on SP-induced CBS 
behavior caused by activation of neurokinin receptors, com- 
pared to their effect on the ability of SP( l-7) to potentiate KA- 
induced CBS behavior. The average number of CBS behaviors 
induc$d by 11.25 pmol of SP 5 min after vehicle (63.3 f 1.2; 
n = 6) was inhibited by pretreatment (5 min) with 0.74 nmol 
of DPDT-SP (25.7 f 3.9; n = 6). In contrast, 1.1 nmol of 
D-SP(l-7) had no effect on the intensity of SP-induced CBS 
behaviors (63.5 f 1.8; n = 6), indicating that D-SP( l-7) is devoid 
of neurokinin antagonistic activity. While D-SP( 1-7) had no 
effect on SP-induced behaviors, pretreatment of mice with 
D-SP( 1-7) (1.1 nmol, 5 min) completely blocked the potentiative 
effect of SP(l-7) (22.5 pmol, 30 min prior to testing) on the 
behaviors elicited by KA (Fig. 4) without altering the response 
to KA itself (not shown). Pretreatment with 0.74 nmol of DPDT- 
SP 5 min prior to testing with KA (not shown) did not signifi- 
cantly alter either the behavioral effect of IL4 or the potentiative 
effect of SP( l-7) on KA-induced activity (Fig. 4). 

Pretreatment of mice with 0.74 nmol of DPDT-SP, 5 min 
prior to challenge with repeated injections of KA, inhibited the 
development of sensitization to the behavioral effects of KA to 
a small but significant degree (Fig. 5). In contrast, the effect of 
1.1 nmol of D-SP( l-7) 5 min prior to KA was a complete block- 
ade of the development of sensitization to repeated injections 
of KA (Fig. 5). The injection of these SP antagonists, either 
alone or in combination with other drugs, did not impair motor 
activity at the doses used. 

Inhibition of endopeptidase activity. Pretreatment of mice with 
3 nmol of phosphoramidon, an endopeptidase inhibitor, in- 
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jetted slowly over an 8 min interval immediately prior to in- 
jection of KA, resulted in an enhancement of KA-induced 
activity (Fig. 6). Pretreatment with either 0.74 nmol of DPDT- 
SP or 1.1 nmol of D-SP( l-7) immediately prior to phosphor- 
amidon and 8 min prior to injection of the first challenge with 
KA potentiated the response to KA after phosphoramidon in a 
fashion identical to that in the absence of peptidase inhibitors, 
described above. Just as in the absence of phosphoramidon, 
after phosphoramidon there was a small inhibition ofbehavioral 
sensitization after DPDT-SP and a dramatic inhibition of the 
development of sensitization to repeated injection of KA after 
D-SP( l-7) (Fig. 6.). 

Discussion 

The present data support the hypothesis that endogenously re- 
leased SP facilitates KA-induced behavioral activity by an ac- 
tion mediated primarily by the SP NH, terminus and only to a 
minor extent by an action of the COOH terminus at neurokinin 
receptors. The ability of SP to potentiate KA-induced activity 
can be mimicked by exogenously administered SP or SP( l-7) 
but not SP(5- 11). 

The ability of capsaicin pretreatment to inhibit the devel- 
opment of behavioral sensitization to KA (Sun and Larson, 
199 1) suggests mediation of this phenomenon by SP. This pos- 
sibility was recently supported by the observation that KA is 

Figure 6. Potentiation of the behav- 
ioral response to four injections of 25 
pmol of KA by pretreatment with 3 
nmol of phosphoramidon injected 
slowly over an 8 min period immedi- 
ately prior to the intrathecal injection 
of KA. D-SP( l-7) and DPDT-SP were 
administered as described in Figure 5. 
Each point represents the mean number 
(+SEM) of CBS behaviors from groups 
ofat least six mice, analyzed and pooled 
as indicated in Figure 5. t, a significant 
inhibition of behaviors in phosphor- 
amidon-injected mice by D-SP( l-7) and 
DPDT-SP. 
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viva microdialysis (Murray et al., 1990). The ability of DPDT- 
SP to inhibit the development of sensitization to the behavioral 
effects of KA to a small but significant degree (Fig. 5) suggests 
that a small component of the enhanced response to KA may 
be mediated by activity at neurokinin receptors. In contrast, 
injection of D-SP( l-7), which selectively inhibited the ability of 
the exogenously administered SP NH,-terminal fragment to po- 
tentiate KA but not the neurokinin behavioral activity elicited 
by SP, completely blocked the development of sensitization to 
repeated injections of KA. These data support the concept that 
sensitization to the behavioral effects of repeated injections of 
KA appears to result primarily from activation of receptors 
selective for the NH,-terminal portion of the SP peptide. 

If the mechanism underlying behavioral sensitization to KA 
is the same as that mediating the enhancement of KA activity 
by either SP or SP( l-7), the two effects would be expected to 
produce a potentiation of KA-induced behavior that is no great- 
er than the sum of each potentiative effect alone. If behavioral 
sensitization to ISA results from a distinct mechanism from that 
underlying the potentiation of KA by pretreatment with SP( l- 
7), their combined potentiative effects may enhance the response 
to KA to a greater degree than that produced by pretreatment 
with either KA or SP( l-7) alone. To test these possibilities, we 
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measured the effect of pretreatment with SP( l-7) on the devel- 
opment of behavioral sensitization to four injections of KA. 
Our results suggest that either SP or SP( l-7) is capable of en- 
hancing KA-induced activity, resulting in a parallel shift in the 
intensity of response to each injection of KA (Fig. 2). The degree 
of behavioral sensitization to KA, measured by the average 
increase in the intensity of behaviors from the first to the fourth 
injection of KA, was not affected by either peptide. These data 
are consistent with a simple additivity of the effects of pretreat- 
ment with KA or SP(l-7) and suggest a common mechanism 
mediating their potentiation of KA activity. 

In a variety of species, SP is metabolized rapidly in the ex- 
tracellular space by endopeptidases (Nyberg et al., 1984; Sak- 
urada et al., 1985; Igwe et al., 1990b), which are sensitive to 
nonspecific peptidase inhibitors, such as phosphoramidon. If 
behavioral sensitization to KA is mediated primarily by the 
intact, nonmetabolized SP molecule, pretreatment with pepti- 
dase inhibitors would be expected to potentiate sensitization. If 
sensitization is mediated exclusively via the generation of NH,- 
terminal metabolites of SP, the addition of peptidase inhibitors 
should attenuate sensitization to KA. Our data show that pre- 
treatment of mice with phosphoramidon resulted in an en- 
hancement of behavioral activity after the first injection of KA 
(Fig. 6), consistent with a role for endopeptidase-sensitive pep- 
tides in the mediation of the behavioral effect of KA. The failure 
of phosphoramidon to block the development of sensitization 
to KA also suggests that metabolism of the intact SP molecule 
to SP NH,-terminal peptide fragments is not necessary to po- 
tentiate KA-induced activity. That DPDT-SP and D-SP( l-7) 
affected the enhanced response to KA after phosphoramidon in 
a fashion identical to that in the absence of peptidase inhibitors 
(Fig. 6) suggests that potentiation by phosphoramidon is brought 
about by the same peptide as that mediating sensitization to 
KA in the absence of the peptidase inhibitor. Together, these 
data support the importance of the NH,-terminal amino acid 
sequence of the intact SP molecule in the facilitation of KA 
activity. 

The prevention of behavioral sensitization to KA by pretreat- 
ment with capsaicin initially suggested that sensitization to KA 
is brought about by the release of an endogenous transmitter 
contained in primary afferent C-fibers (Sun and Larson, 199 1). 
Based on the ability of SP, like KA, to evoke CBS behavior in 
the mouse spinal cord, it seemed reasonable to hypothesize that 
the behavioral sensitization was a simple additive effect of non- 
NMDA receptor activity and neurokinin activity. The present 
results suggest, however, that an action of the NH, terminus of 
SP, which induces no CBS behavioral response by itself, is a 
more likely mediator of behavioral sensitization to KA. The 
ability of NH,-terminal SP fragments, like SP( l-7), and the NH,- 
terminal amino acid sequence of the intact SP peptide to po- 
tentiate KA-induced activity is a novel action that may prove 
to be important in a variety of systems throughout the CNS. 
One might speculate that the NH, terminus of SP may be re- 
sponsibie for activity evoked by SP in areas of the CNS, such 
as the substantia nigra, that contain low concentrations of neu- 
rokinin receptors but high densities of SP-immunoreactive nerve 
terminals. 

The ability of capsaicin to inhibit behavioral sensitization to 
KA (Sun and Larson, 199 1) suggests an involvement of the same 
pool of SP as in nociceptive processing, which is also sensitive 
to capsaicin. The hyperalgesic activity of SP on mechanically 

reversal by DPDT-SP (Matsumura et al., 1985) suggesting that 
the role of SP in nociception may not be completely dependent 
on neurokinin receptor activation. One might speculate that 
facilitation of EAAs by the NH,-terminal portion of SP plays a 
role in nociceptive processing. Injection of SP( l-7), however, 
has been shown to produce both antinociception (Hall and Stew- 
art, 1986), which appears to be mediated by activation of 
F-type opioid receptors (Goettl and Larson, 1991) as well as 
hyperalgesic activity (Cridland and Henry, 1988). While the 
variability of effects produced by SP( l-7) may reflect differences 
in species, doses, routes of administration, or time of testing, 
our dose-response data suggest the possibility of a dual action 
of SP( l-7) on KA-induced behavioral responses. A similar im- 
pact on the ability of SP( l-7) to alter nociceptive activity may 
result in the enhancement of nociceptive activity at lower doses 
of SP( l-7) and the inhibition of nociception by higher doses. 

SP NH,-terminal activity has been previously reported to 
consist primarily of inhibitory effects. Behavioral desensitiza- 
tion to repeated injections of SP, for example, may be brought 
about by an accumulation of NH,-terminal metabolites of SP 
(Larson, 1988) based on (1) the inability of repeated injections 
of SP(3-11) to exhibit behavioral desensitization (Igwe et al., 
1990a), (2) the ability of SP( l-7) to inhibit the excitatory effects 
of SP (Igwe et al., 1990a), and (3) the strong correlation between 
the accumulation of NH,-terminal fragments of SP and devel- 
opment of desensitization (Igwe et al., 1990b). The major me- 
tabolite of SP appears to be the NH,-terminal heptapeptide 
SP( 1-7) (Nyberg et al., 1984; Sakurada et al., 1985). High-affinity 
binding of 3H-SP( l-7) in mouse brain and spinal cord tissue 
preparations suggests the existence of a non-neurokinin SP re- 
ceptor that may account for the activity of SP NH,-terminal 
fragments (Igwe et al., 1990~). 

Together, our data support the hypothesis that SP is released 
in response to KA activity in the mouse spinal cord, and that 
endogenously released SP then facilitates subsequent KA-in- 
duced behavior by an action mediated primarily by the SP NH,- 
terminal receptor and only to a minor extent by the neurokinin 
receptor. While the NH,-terminal fragment of SP is sufficient 
to eli& the potentiative effect, metabolism of SP to NH,-ter- 
minal peptide fragments does not appear to be necessary for the 
production of NH,-terminus-mediated effects. We propose that 
this modulation of EAA-induced activity and the NH, terminus 
of SP may prove to be important in a variety of systems in- 
cluding pain transmission. 
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