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Abstract
Glial cell line derived neurotrophic factor (GDNF) is present in adult gut although its role in the
mature enteric nervous system is not well defined. The aim of the present study was to examine
the role of GDNF as neuromodulator of the ascending phase of the peristaltic reflex. Colonic
segments were prepared as flat sheets and placed in compartmented chambers so as to separate the
sensory and motor limbs of the reflex. Ascending contraction was measured in the orad
compartment and mucosal stroking stimuli (2-8 strokes) were applied in the caudad compartment.
GDNF and substance P release were measured and the effects of GDNF and GDNF antibody on
contraction and release were determined. Mice with reduced levels of GDNF (Gdnf+/-) and wild
type littermates were also examined. GDNF was released in a stimulus-dependent manner into the
orad motor but not caudad sensory compartment. Addition of GDNF to the orad motor but not
caudad sensory compartment augmented ascending contraction and substance P release.
Conversely, addition of GDNF antibody to the orad motor but not caudad sensory compartment
reduced ascending contraction and substance P release. Similarly, the ascending contraction and
substance P release into the orad motor compartment was reduced in Gdnf+/- mice as compared to
wild type littermates. The results suggest that endogenous GDNF is released during the ascending
contraction component of the peristaltic reflex where it acts as a neuromodulator to augment
substance P release from motor neurons thereby augmenting contraction of circular muscle orad to
the site of stimulation.
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Glial cell line derived neurotrophic factor (GDNF) has a key role in the formation of the
enteric nervous system of the fetal gut. In the absence of GDNF or its receptor complex, the
enteric nervous system is absent from the small bowel and colon (reviewed in Burns et al1,
Kapur et al2 and Young et al3). GDNF and its receptors GFRα1 and RET, are also present in
the mature mammalian gut in a variety of cells including smooth muscle, enteric neurons,
and glial cells4-9. This localization of GDNF in the mature gut suggests that it might play a
role in the maintenance of the enteric nervous system in adults or that GDNF may have
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actions in the adult unrelated to its role as a neurotrophic factor, such as a neuromodulator.
This latter notion has been demonstrated for another neural growth factor brain-derived
neurotrophic factor (BDNF) which augments 5-HT and calcitonin gene-related peptide
(CGRP) release during peristalsis10 and increases synaptic transmission and calcium release
in cultured enteric neurons11.

In the central nervous system, GDNF has been strongly associated with expression and
release of several neuropeptides, including substance P. Thus, GDNF increased the survival
and number of substance P-containing neurons, increased expression of substance P and
mRNA of its precursor preprotachykinin A, and increased release of substance P initiated by
other stimuli12-16. The expression and actions of GDNF in the central nervous system has
mainly been associated with sensory neurons; however, in the gut, substance P is released
from both sensory neurons and excitatory motor neurons. In the latter case, these motor
neurons partly mediate the contraction of circular muscle that compromises the ascending
contraction component of the peristaltic reflex17-19. Previous studies have demonstrated that
in mice with a disruption of members of the GDNF family of ligands (GFL), either GDNF
(GDNF+/-) or neurturin (NTN-/-) or in which there was a reduction in the GDNF receptor
complex (Ret+/-,GFRα1+/-, GFRα2+/-), there is a reduction in electrically-stimulated
contraction of gut circular muscle, reduction in electrically-stimulated release of substance
P, reduction in substance P protein or mRNA levels, and reduced intestinal transit 7,20-23.
This raised the possibility that GDNF might play a role in regulating gut motility by
influencing the ascending contraction component of the peristaltic reflex.

In the present study, we tested the hypothesis that endogenous GDNF is released during the
peristaltic reflex and that endogenous GDNF acts as a neuromodulator of substance P
release during the peristaltic reflex to enhance the ascending contraction component of the
reflex.

Materials and Methods
Measurement of the peristaltic reflex in rats and mice

The peristaltic reflex was measured in a 3-cm segment of distal colon of rat, opened to form
a flat sheet and pinned mucosal side up in a two-compartment organ bath as described in
detail previously10,17, 24-27. The compartments were isolated by vertical partitions sealed
with vacuum grease and containing Krebs-bicarbonate medium containing in mmol L-1: 118
NaCl, 4.8 KCl, 1.2 KH2PO4, 2.5 CaCl2, 1.2 MgSO4, 25 NaH2CO3, and 11 glucose. In
addition the medium contained the peptidase inhibitors 10 μmol L-1 amastatin and 1 μmol
L-1 phosphoramidon, and 0.1 % bovine serum albumin. The peristaltic reflex was initiated
by stroking the mucosa in the caudad compartment with a fine brush (2 to 8 strokes at a rate
of 1 stroke sec-1). Previous studies26,27 using this preparation demonstrated that mucosal
stroking activated a CGRP-containing intrinsic primary afferent neuron (IPAN) with
mucosal projections since removal of the mucosa by blunt dissection abolished the CGRP
release and peristaltic reflex elicited by mucosal stroking but did not affect the peristaltic
reflex induced by muscle stretch in the circular direction. However, the ascending
contraction elicited by mucosal stroking and muscle stretch was similar in magnitude and
was mediated by release of substance P and acetylcholine. Ascending contraction of circular
muscle was measured in the orad compartment using force-displacement transducers
attached to the circular muscle layer. All preparations and experimental protocols were
approved the Institutional Animal Care and Use Committee of the Virginia Commonwealth
University.

Following a 60 minute equilibration period, the medium in each compartment was removed
and replaced with fresh medium for a 15 minute basal period. At the end of this period, the
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medium was collected, aliquoted and stored at −80°C for subsequent measurement of
GDNF and substance P. Each compartment was refilled with medium, and a mucosal
stroking stimulus was repeated at one level of stroke stimulus 5 times at 3 minute intervals
over a 15 minute period. At the end of this period, the medium was collected and stored at
−80°C for subsequent measurement of neurotransmitters. Separate preparations were used
for each level of stimulation. Experiments were repeated in the presence of 10 nM GDNF or
a 1:200 dilution of GDNF antibody added to either the central sensory compartment or the
orad or caudad compartment. In the case of GDNF there was a 10 minute pre-exposure
period and in the case of the GDNF antibody, there was a 30 min pre-exposure period.

The experimental protocols and preparations were identical for rats and mice. The GDNF+/-

mice were backcrossed two to four generations to C57BL/6 mice; we have previously
described and characterized these mice22. The adult mice were used at 14-20 weeks of age.

Measurement of GDNF and substance P
GDNF was measured by sandwich ELISA kit following manufactures instructions
(Promega; Madison, WI). The bathing medium was treated with 1N HCl for 15 min
followed by neutralization with 1N NaOH to free bound GDNF. The assay is linear between
16 and 1000 pg ml-1 and the sensitivity was 30 pg ml-1. The antibody has been demonstrated
to be specific for GDNF in Western blot, immunohistochemistry, and ELISA28-30. There
was no cross-reactivity with vasoactive intestinal peptide, substance P, calcitonin gene-
related peptide, nerve growth factor, neurotrophin-3, neurotrophin 4, brain derived
neurotrophin, or neurturin. In addition in initial control studies, the GDNF antibody had no
effect on the contraction of circular muscle strips of rat colon elicited by exogenous
substance P or Ach.

Substance P was measured by RIA according to the directions of the manufacturer (Bachem-
Peninsula; Torrance, CA) as described previously10, 17, 22-25. The sensitivity was 3 pM and
the EC50 was 20 pM. There was no cross-reactivity with vasoactive intestinal peptide,
somatostatin, calcitonin gene-related peptide, nerve growth factor, neurotrophin-3,
neurotrophin 4, BDNF, GDNF, or neurturin.

Statistical analysis
The data were expressed as mean ± SEM. Determiniation of statistically significant
difference between control and experimental groups were determined by ANOVA followed
by Students t test.

Materials
GDNF, GDNF Antibody (#2791) and GDNF ELISA were purchased from Promega
(Madison, WI). Substance P radioimmunoassay kit (#7451) and substance P were purchased
from Bachem-Peninsula (Torrance, CA). All other chemicals and reagents were purchased
from Sigma Chemicals (St. Louis, MO).

Results
Release of GDNF during ascending contraction

Basal release during the period immediately prior to stimulation was similar in the orad
motor and caudad stimulation compartments. Release ranged from 1.0±0.3 fmol 100mg-
min-1 in the orad motor compartment to 1.2±0.2 fmol 100mg-min-1 in the caudad sensory
compartment (n=3-6). Application of mucosal strokes to the caudad sensory compartment
had no effect on the release of GDNF into that compartment (range of Δ fmol 100mg-min-1

above basal: 0.10±0.05 at 4 strokes to 0.03±0.04 at 8 strokes; Fig. 1)). In contrast, mucosal
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stroking applied to the caudad sensory compartment cause a significant and stimulus
dependent increase in GDNF release into the orad motor compartment (Fig. 1). The increase
ranged from 0.38±0.05 fmol 100mg-min-1 increase above basal (p<0.01) at 2 strokes to
1.40±0.13 fmol 100mg-min-1 increase above basal (p<0.001) at 8 strokes.

Effect of exogenous GDNF on ascending contraction and concomitant release of
substance P

Addition of GDNF (10 nM) to the orad motor compartment resulted in a significant increase
in ascending contraction in response to mucosal stroking in the caudad sensory compartment
as compared to the ascending contraction elicited in the absence of GDNF (Fig. 2 & 3). The
increase in ascending contraction ranged from 192±18 % (p<0.01) at 2 strokes to 13±4%
(p<0.05) at 8 strokes (n=4-5). In contrast, addition of GDNF to the caudad sensory
compartment had no effect on the ascending contraction measured in the orad motor
compartment (data not shown).

In the control rats in the absence of added GDNF, ascending contraction was accompanied
by release of substance P. The release of substance P induced by mucosal stroking ranged
from 0.35±0.05 fmol 100mg-min-1 above basal at 2 strokes to 2.20±0.06 fmol 100mg-min-1

above basal at 8 stokes; the basal level of release was 2.8±0.4 fmol 100mg-min-1. (N=4-5).
Consistent with the effect of exogenous GDNF on ascending contraction of circular muscle,
GDNF (10 nM) added to the orad motor compartment resulted in a significant increase in
the release of the contractile transmitter substance P during ascending contraction in
response to mucosal stroking in the caudad sensory compartment (Fig. 3). The GDNF-
induced increase in substance P release accompanying ascending contraction ranged from
65±9 % (p<0.01) at 2 strokes to 16±5% (p<0.05) at 8 strokes. In contrast, addition of GDNF
to the caudad sensory compartment had no effect on the release of substance P into the orad
compartment during the ascending contraction measured in the orad motor compartment
(data not shown).

Effect of GDNF antiserum on ascending contraction and concomitant release of substance
P

Addition of GDNF antibody (1:200 dilution) to the orad motor compartment resulted in a
significant decrease in ascending contraction in response to mucosal stroking in the caudad
sensory compartment as compared to the ascending contraction elicited in the absence of
GDNF antibody (Fig. 2 & 4). The decrease in ascending contraction ranged from 14±8 %
(NS) at 2 strokes to 30±6% (p<0.05) at 8 strokes (n=4-5). The inhibition was significant at
all levels of stimulation except at 2 strokes, where it was previously demonstrated17,24,25

that ascending contraction is largely mediated by acetylcholine. In contrast, addition of
GDNF antibody to the caudad sensory compartment had no effect on the ascending
contraction measured in the orad motor compartment (data not shown).

As noted above, substance P is released from motor neurons and is a partial mediator of
ascending contraction, especially at higher levels of stimulation. In the control rats in the
absence of GDNF, the release of substance P induced by mucosal stroking ranged from
0.30±0.06 fmol 100mg-min-1 above basal at 2 strokes to 2.00±0.12 fmol 100mg-min-1

above basal at 8 stokes; the basal level of release was 2.4±0.5 fmol 100mg-min-1. Consistent
with the effect of GDNF antiserum on ascending contraction of circular muscle, GDNF
antibody added to the orad motor compartment resulted in a significant decrease in the
release of substance P during ascending contraction in response to mucosal stroking in the
caudad sensory compartment (Fig. 4). The decrease in substance P release accompanying
ascending contraction ranged from 12±7 % (NS) at 2 strokes to 28±5% (p<0.05) at 8
strokes. In contrast, addition of GDNF antibody to the caudad sensory compartment had no
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effect on the release of substance P into the orad compartment during ascending contraction
(data not shown).

Ascending contraction and concomitant release of substance P in GDNF+/- and wild type
mice

The physiological role of GDNF in the ascending phase of the peristaltic reflex was also
evaluated by examining mice heterozygous for GDNF in which the levels of GDNF are
reduced (GDNF+/-) as compared to wild type littermates22. In the GDNF+/- mice, the
ascending contraction elicited by mucosal stroking was reduced at all levels of stimulation
(Fig. 2&5). The inhibition ranged from 20±7% (NS) at 2 stokes to 32±6% (p<0.05) at 6
stokes (n=3-4). The inhibition was statistically significant at all levels of stimulation except
2 strokes.

As in the rat, substance P also mediates, in part, the ascending contraction phase of the
peristaltic reflex. In wild type animals, mucosal stroking cause an increase in release of
substance P above a basal level of 3.2±0.04 fmol/100mg-min. The increase ranged from
0.45 fmol 100mg-min-1 above basal at 2 strokes to 2.6 fmol 100 mg-min-1 above basal at 8
strokes. Consistent with the reduced ascending contraction in GDNF+/- mice, there was a
significant decrease in the release of substance P into the orad motor compartment during
ascending contraction in response to mucosal stroking in the caudad sensory compartment
(Fig. 5). The decrease in substance P release accompanying ascending contraction ranged
from 25±8 % (NS) at 2 strokes to 43±7% (p<0.01) at 6 strokes. There was no difference in
the basal level of substance P release in the GDNF+/- mice (3.0±0.05 fmol 100mg-min-1) as
compared to wild type.

Discussion
The peristaltic reflex is composed of a primary circuit of key neurons which are generally
similar between species and experimental approaches. As enteric sensory neurons do not
reach the lumen of the gut, the initial event requires that the luminal stimulus causes release
of an agent from mucosal enteroendocrine cells, most commonly 5-HT. This agent then acts
on terminals of an enteric afferent neuron which, in turn, activates ascending and descending
interneuronal pathways comprised of a variety of transmitters. Ultimately, the reflex
terminates by activating motor neurons orad and caudad to the site of luminal stimulation.
The orad motor neurons cause contraction of circular muscle as a result of the release of
acetylcholine and tachykinin, mainly substance P. The caudad motor neurons cause
relaxation as a result of the release of multiple transmitters including vasoactive intestinal
peptide, pituitary adenylate cyclase-stimulating peptide, nitric oxide and adenosine
triphosphate. These myenteric motor neurons are the primary mediators of ascending
contraction and descending relaxation regardless of whether the stimulus is of mucosal
origin or due to stretch/distension of the muscularis26,27. At each point in this circuit, a
variety of endogenous and exogenous neuromodulators can affect neurotransmission and
release of key transmitters thereby augmenting or blunting one or more of the components
of the reflex. In the present study, we have examined a neurotrophin, GDNF, to determine if
it might be such an agent and have focused on the ascending contraction response to a
mechanical mucosal stimulus. The results demonstrate the GDNF is released selectively in
conjunction with the ascending contraction component of the reflex where it acts to enhance
substance P release and thereby augment contraction of circular muscle.

There is ample reason to suspect that GDNF might play a role in the adult enteric nervous
system (ENS) beyond its role in the fetal ENS. In cultures of postnatal rat myenteric ganglia,
GDNF has been shown to promote neurite growth, although the effect decreases with
advancing age31,32. A role in adult is also suggested by the presence of GDNF in adult gut.
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In intestine and colon of adult human and rat, GDNF is present in smooth muscle and glial
cells4,6. These two studies suggest however, that there may be species differences in that
intestinal levels of GDNF increased from fetus to adult in rat whereas in human intestine
adult and fetal levels were identical. By contrast, in mouse intestine GDNF levels are
highest in embryo and fall in the adult5. In this study, the levels of the related neurotrophin,
neurturin (NTRN), showed the opposite pattern with increasing levels from fetal to adult
intestine. The presence of GDNF in the adult gut is consistent with the present study where
release of endogenous GDNF was demonstrated in response to mucosal stimulation (Figure
1).

Consistent with the effect of GDNF on enteric neurons, components of the receptor complex
are present in adult enteric neurons from human, mouse, and rat4,5,7,20,21,33,34. Although
GDNF primarily interacts with GFRα 1, it can also interact with the NTN- preferring GFRα
2 receptor, albeit with lower affinity. While we did not determine which of the GFRα
receptor mediated the response to GDNF in the present study, it is possible that GDNF acted
additionally via the GFRα 2 receptor as it is also present in adult mouse and rat
intestine7,20,21,34. This possibility is further supported by studies in mice in which either the
GFRα 1 or GFRα 2 receptor component was knocked out. In either case, there is a decrease
in release of substance P from enteric motor neurons and decrease in intestinal motility
7,20,21-23.

The use of the compartmented preparation allows the mucosal stimulus to be applied in one
compartment and the motor response to be recorded in a separate compartment. In the
present study, we have used this advantage to identify the possible site of action of GDNF
within the reflex circuit of the ENS. Most studies of the central nervous system have focused
on the dorsal root ganglion and other sensory neurons and have shown that GDNF acts to
reduce substance P expression and release in response to electrical and chemical (e.g.
capsaicin) stimulation12-15. In contrast, the results of the present study strongly suggest that
GDNF acts on the motor limb rather than sensory limb of the ascending contraction phase of
the peristaltic reflex to augment substance P release and enhance peristalsis. This notion is
supported by several findings.

First, although the mucosal stroking stimulus was applied to the sensory compartment,
endogenous GDNF is released only into the orad motor compartment. In previous studies
using this type of preparation, we have demonstrated that release of components of the
sensory limb such as serotonin, CGRP, and BDNF are detected exclusively in the
compartment where the sensory stimulus was applied10,17,24.

Second, addition of exogenous GDNF to the orad compartment caused an increase in
ascending contraction and substance P release (Figure 2&3); however, addition to the
caudad compartment where the stimulus was applied had no effect on ascending contraction
or substance P release. This supports a site of action in the motor limb rather than sensory
limb of the reflex. This is in contrast to another neurotrophin BDNF which augments the
sensory limb of the reflex, exclusively10. In this case, BDNF enhances the activation of the
CGRP-containing sensory neurons by augmenting serotonin release. Similarly, BDNF has
been shown to enhance synaptic transmission in enteric neurons cultured from adult
myenteric plexus by enhancing on-going calcium responses in enteric neurons rather than
initiating responses11. Thus, where examined, neurotrophins appear to act as
neuromodulators that augment activity rather than initiators of activity.

In this study, we used a concentration of 10 nM GDNF to identify the property of exogenous
GDNF. While it is not possible to know the concentration of endogenous GDNF at its site of
action, an estimate can be made based on the measurement of GDNF overflow into the
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bathing medium in the present study. The actual concentration in the bathing medium
ranged up to 100pg/ml. If release into the space between the motor neurons and muscle cells
where it likely acts to augment substance P release is estimated to be 1000-fold higher, then
the measured overflow would extrapolate to about 3nM at tissue level. This suggests that the
actions of exogenous GDNF at 10nM accurately reflect a physiological action. This notion
is supported by the studies with GDNF antibody as outlined below.

Third, addition of GDNF antibody to the orad compartment caused a reduction in ascending
contraction and substance P release (Figure 2&4); however, addition to the caudad
compartment where the stimulus was applied had no effect on ascending contraction or
substance P release. This strongly suggests that the endogenous GDNF released during
peristalsis (Figure 1) acts at a site in the motor limb rather than sensory limb of the reflex.
Although not able to elucidate the site of action, the studies in mice with reduced levels of
GDNF (Gdnf+/-) also support a functional role of endogenous GDNF as a neuromodulator of
ascending contraction and substance P release (Figure 2&5). This is consistent with previous
studies using these mice demonstrating decreased levels of GDNF and reduced electrically-
induced contraction and substance P release22.

One noteworthy aspect of the effect of GDNF antibody and the studies in GDNF+/- mice is
the differential effect at high and low levels of stimulation. Previous studies had shown that
the response to low levels of stimulation are largely mediated by acetylcholine whereas the
role of substance P becomes more evident at higher levels of stimulation17,19,24,25.
Consistent with this notion, the inhibitory effects of the GDNF antibody on ascending
contraction and substance P release were most pronounced at the higher levels of stimulation
whereas the inhibition at the lowest level of stimulation did not achieve statistical
significance. Similarly, the reduction in ascending contraction and in substance P release in
the Gdnf+/- mice was also most pronounced at the higher levels of stimulation. Although
these do not rule out an effect of GDNF on acetycholine, they do suggest that the substance
P component is strongly augmented by GDNF. Alternatively, it is possible that since there is
much less GDNF released at the lower levels of stimulation as compared to higher levels of
stimulation (Figure 1), the role of GDNF is less at these lower levels or that there is less
GDNF for the GDNF antibody to neutralize. The fact that Gdnf+/- mice demonstrate
decreased substance P release in response to electrical stimulation suggests that it is most
likely that the GDNF-induced augmentation of substance P release during ascending
contraction is mediated by a direct effect of GDNF on tachykinin neurons22. It is also
possible that there is secondary indirect augmentation of substance P release via the
ascending interneuron circuits. GDNF has been shown to increase expression of
neuropeptide Y (NPY) in enteric neurons and the survival promoting effects of GDNF are
reduced in NPY-/- mice35. NYP has also been shown to be present in ascending interneuronal
pathways where it acts to enhance release of substance P from enteric motor neurons and
thereby augment the ascending contraction36. Thus, GDNF may also act by increasing the
NYP component of the ascending pathways which, in turn, would augment substance P
release and the ascending contraction component of the peristaltic reflex.

In summary, GDNF is released in response to mucosal mechanical stimulation in association
with the motor but not sensory limb of the peristaltic reflex. Exogenous GDNF was shown
to augment the ascending contraction of circular muscle and to augment the release of
substance P that accompanies ascending contraction. A physiological role for GDNF was
supported by the demonstration that (i) GDNF antiserum reduces ascending contraction and
substance P release in rat colon, and (ii) the ascending contraction and release of substance P
is blunted in mice in which GDNF levels are reduced (Gdnf+/-). Thus, the present study
demonstrates that the neurotrophin, GDNF, acts as an endogenous neuromodulator of the
ascending contraction component of the peristaltic reflex.
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Figure 1. Release of GDNF from rat colon preparation
GDNF release into the caudad sensory compartment and the orad motor compartment was
measured as fmol 100mg-min-1 increase above basal levels which were 1.2±0.2 and 1.0±0.3
fmol 100mg-min-1 respectively. Mucosal stroking in the caudad sensory compartment
caused stimulus-dependent increase in GDNF release into the orad motor but not caudad
sensory compartment. Values are mean±SE from 3-6 experiments.
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Figure 2. Sample tracings of ascending contraction in response to 6 strokes
Typical tracing of ascending contraction induced by 6 strokes in rat (upper panel) and in
mouse (lower panel). Exogenous GDNF (10nM) augmented (upper center) and GDNF
antibody reduced (upper right) response to 6 strokes in rat. Reduction in the expression of
GDNF (Gdnf+/-) in mice resulted in decreased response to 6 stroke stimulus (lower right).
Vertical bar indicates 1 gram force and horizontal bar indicates 30 seconds.
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Figure 3. GDNF-induced increase in ascending contraction and concomitant substance P release
in rat colon
Mucosal stroking in the caudad sensory compartment caused stimulus-dependent contraction
of circular muscle (left panel) and release of substance P (right panel) in the orad motor
compartment. GDNF (10 nM) caused a significant increase in both ascending contraction of
circular muscle and concomitant substance P release. Basal release of substance P in the
orad motor compartment was 2.8±0.4 fmol 100mg-min-1. Values are mean±SE of 4-5
experiments. Asterisks indicate significance of at least p<0.05.
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Figure 4. GDNF antibody-induced decrease in ascending contraction and concomitant substance
P release in rat colon
Mucosal stroking in the caudad sensory compartment caused stimulus-dependent contraction
of circular muscle (left panel) and release of substance P (right panel) in the orad motor
compartment. GDNF antibody (1:200 dilution) caused a significant decrease in both
ascending contraction of circular muscle and concomitant substance P release. Basal release
of substance P in the orad motor compartment was 2.4±0.5 fmol 100mg-min-1. Values are
mean±SE of 4-5 experiments. Asterisks indicate significance of at least p<0.05.
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Figure 5. Decrease in ascending contraction and concomitant substance P release in Gdnf+/-

mouse colon
Mucosal stroking in the caudad sensory compartment caused stimulus-dependent contraction
of circular muscle (left panel) and release of substance P (right panel) in the orad motor
compartment in mice. The contraction of circular muscle and release of substance P was
significantly less in mice in which levels of GDNF were reduced (Gdnf+/- mice). Basal
release of substance P in the orad motor compartment was 3.9±0.4 fmol 100mg-min-1.
Values are mean±SE of 3-4 experiments. Asterisks indicate significance of at least p<0.05.
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