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FIELD, R. B., S. J. CHIRTEL AND R. S. REDMAN. Effect of substance P and receptor antagonists on secretion of lingual
lipase and amylase from rat von Ebner’s gland. PEPTIDES 18 (2 ) 277–285, 1997.— Substance P (SP, 1 mM) when
incubated with minced von Ebner’s glands for 15, 30, and 60 min, stimulated secretion of lingual lipase (12.14%{0.90)
and amylase (8.30%{0.42) . Only 10 mM of the SP receptor antagonist CP-96,345 significantly inhibited SP-evoked secre-
tion. D-Pro 2-D-Phe 7-D-Trp 9-SP ( Ia ) , D-Pro 2-D-Trp 7,9-SP ( Ib ) , D-Arg 1-D-Trp 7,9-D-Leu 11-SP ( Ic ) , or 1 mM CP-96,345 were
not effective, suggesting that the SP receptor of von Ebner’s gland might be an isoform. Propranolol and timolol, b1 /b2-
adrenergic receptor antagonists were not effective and the cholinergic receptor antagonist, atropine, was effective in only
slightly reducing amylase secretion but not lingual lipase. Differential secretion of the two enzymes was observed for basal
and stimulated secretion. Thus, exocytosis may not be the only pathway involved in SP-evoked protein secretion. Published
by Elsevier Science Inc.
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SUBSTANCE P (SP), a undecapeptide, is a member of the ta-
chykinin family of peptides that share a common carboxyl-ter-
minal sequence, Phe-X-Gly-Leu-Met (30). It was originally iso-
lated from brain and tissue extracts by von Euler and Gaddam
(55) and characterized by Chang and Leeman (8). SP modulates
a variety of biological responses including vasodilation, hypo-
tension, contraction of nonvascular smooth muscle, and secretion
from exocrine glands (30,34). SP stimulates salivary flow from
the rat parotid (29,56) and submandibular glands (56). SP also
evokes amylase release from isolated parotid cells (29), parotid
slices (36,40), guinea pig pancreas (43), and in vivo from rat
parotid gland (56). In addition, SP stimulates phosphoinositol
turnover in the parotid (24,39), submandibular (24,31), and sub-
lingual glands (24). Thus there are considerable data on the ef-
fects of SP on the pancreas and major salivary glands. However,
no studies of the effects of SP on protein secretion from minor
salivary glands have been reported.

Von Ebner’s glands are minor exocrine salivary glands that
are embedded in muscle fiber beneath and anterior to the circum-

vallate papilla and medial to the foliate furrows in the posterior
and pharyngeal portion of the tongue (22,50). They contain se-
rous acinar cells that are morphologically similar to those of the
parotid gland and exocrine pancreas (9,22,28,50) and are thus a
good model system for studying secretion from exocrine glands.
These serous glands of the tongue are the sole source of an im-
portant digestive enzyme, lingual lipase (21), as well as amylase
(11–13,19). Lingual lipase, which hydrolyzes triacylglycerols
to fatty acids and partial acylglycerols in the stomach at an acid
pH (18,20,21), is the enzyme responsible for the first step in fat
digestion. The optimal pH for enzyme activity by lingual lipase
is a broad range from 4.0 to 6.5 (14). The activity of lingual
lipase was not decreased after incubations with pepsin at pH 2-
6 for up to 1 h (37). In addition, the secretions of von Ebner’s
glands bathe the taste buds that are found in the troughs of the
circumvallate and foliate papillae, and thus they play a role in
the perception of taste (48). Recently, a putative tastant carrier,
MWrÅ18,000, was found in rat von Ebner’s glands and in hu-
man von Ebner’s gland saliva (3,27,42,49).
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FIG. 1. Percentage secretion above basal of lingual lipase and amy-
lase activity, showing dose responses when minced von Ebner’s
glands were incubated for 60 min with 0.01 ( n Å 1) , 0.1 (n Å 3) ,
1.0 (n Å 3) , 10 ( n Å 3) , or 100 (n Å 1) mM SP. Data points are the
mean { standard error, and n is the number of experiments, each
using the pooled glands of 8 rats according to the analytical and sta-
tistical methods described.

FIG. 2. Percentage basal secretion of lingual lipase and amylase activity
after 15, 30, and 60 min incubations of minced von Ebner’s glands in
DMEM, n Å 43. Data points are the mean { standard error, and n is the
number of experiments, each using the pooled glands of 8 rats according
to the analytical and statistical methods described. Secretion of both en-
zymes increased with time, p Å 0.0001, secretion of amylase was greater
than lingual lipase, p Å 0.0001, and the time courses of the enzymes and
the curvature of the curves differed, p Å 0.0102 and p Å 0.0001, re-
spectively.

FIG. 3. Percentage secretion of lingual lipase and amylase activity
above basal after stimulation of minced von Ebner’s glands with 1.0
mM SP for incubations of 15, 30, and 60 min, n Å 39. Data points
are the mean { standard error, n is the number of experiments, each
using the pooled glands of 8 rats according to the analytical and sta-
tistical methods described. The secretions of lingual lipase and am-
ylase were different from zero, p Å 0.0001, the curvature of the lin-
gual lipase and amylase curves differed, p Å 0.0001, and * signifies
the difference between the enzymes, p Å 0.0001, seen only at 60 min,
by paired Student t-test.

The b-adrenergic and cholinergic regulation of protein secre-
tion from von Ebner’s glands is particularly interesting because
it is much more like that of the pancreas than that of the of the
major salivary glands. Protein secretion from the parotid gland
is mediated mainly by the b-adrenergic receptor and fluid secre-
tion is mediated by the cholinergic receptor (1) . However, lin-
gual lipase and amylase are secreted from von Ebner’s gland
mainly in response to cholinergic stimulation (12). To a lesser
extent protein secretion from von Ebner’s gland is evoked by b-
adrenergic stimulation but not by a-adrenergic stimulation (12).
Histamine also stimulates protein secretion from von Ebner’s
gland (10).

The present study was undertaken to determine whether SP is
a secretagogue for the secretion of lingual lipase and amylase
from minced rat von Ebner’s glands. Antagonists of the SP re-
ceptor (analogs of SP and a nonpeptide compound) and b-ad-
renergic and cholinergic receptor antagonists were evaluated for
their effects on secretion evoked by SP.

METHODS

Chemicals

SP and the SP analogs (SP receptor inhibitors ) , D-Pro 2-D-
Phe 7-D-Trp 9-SP ( Ia ) , D-Pro 2-D-Trp 7,9-SP ( Ib ) , and D-Arg 1-D-
Trp 7,9-D-Leu 11-SP (Spantide, Ic ) , the b-adrenergic receptor
antagonists, timolol maleate and propranolol, and the cholin-
ergic receptor antagonist, atropine, were purchased from
Sigma, St. Louis, MO. A nonpeptide inhibitor of SP receptors,
CP-96,345 {(2S,3S) -cis-2- (diphenylmethyl ) -N- [ (2-meth-
oxyphenyl ) methyl ] -1-azabicyclo [2.2.2 ] octan-3-amine} ,
was kindly provided by Dr. R. Michael Snider of Pfizer, Inc.,
Groton, CT. Dulbecco’s modified Eagle’s medium (DMEM)
was obtained from Gibco Laboratories, Grand Island, NY. The
radioisotopes used in the lingual lipase assay, tri [9,10-3H]
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FIG. 4. Effect of 1.0 mM SP receptor antagonist Ia ( D-Pro 2-D-Phe 7-
D-Trp 9-SP) on the percentage secretion of lingual lipase and amylase
activity evoked by 1.0 mM SP. Minced von Ebner’s glands were in-
cubated with SP, n Å 3, or Ia, n Å 2, alone or preincubated with Ia
for 20 min and then incubated with 1.0 mM SP combined with 1.0
mM Ia, n Å 3, for 15, 30, and 60 min. Data points are the mean {
standard error, and n is the number of experiments, each using the
pooled glands of 8 rats according to the analytical and statistical
methods described. Ia did not elicit secretion nor did it have any
effect on SP-elicited secretion.

FIG. 5. Effect of 1.0 mM SP receptor antagonist Ib ( D-Pro 2-D-Trp 7,9-
SP) on the percentage secretion of lingual lipase and amylase activity
evoked by 1.0 mM SP. Minced von Ebner’s glands were incubated
with SP or Ib alone or preincubated with Ib for 20 min and then
incubated with 1.0 mM SP combined with 1.0 mM Ib for 15, 30, and
60 min, n Å 5. Data points are the mean { standard error, and n is
the number of experiments, each using the pooled glands of 8 rats
according to the analytical and statistical methods described. * sig-
nifies the difference between secretion above basal of amylase elic-
ited by Ib alone and basal, p õ 0.05, by paired Student t-test. Ib did
not elicit secretion of lingual lipase and had no effect on SP-elicited
secretion.

oleoylglycerol and [9,10- 3H] oleic acid, were from Dupont
NEN Research Products, Boston, MA. Chemicals needed for
lingual lipase and amylase assays, L-a-Phosphatidyl choline,
type III-E, taurodeoxycholine, trioleoylglycerol (99%) , and
starch were also from Sigma. All other chemicals were reagent
grade.

Solutions of Substance P and Receptor Antagonists

DMEM that had been previously gassed with 95% O2, 5%
CO2 was used to prepare stock solutions and dilutions except for
preparations of SP, SP analogs, and CP-96,345.

Stock solutions of SP, Ia, Ib, and Ic were prepared in 0.05
M acetic acid and aliquots were stored under nitrogen at
0707C. Dilutions were made with DMEM that had been
gassed with nitrogen. DMEM buffered the acid pH of the stock
solutions so that the pH of the final solutions was the same as
DMEM. CP-96,345 was prepared in and diluted with DMEM
previously gassed with nitrogen. Stock timolol was prepared
in saline.

Tissue Preparation

These experiments were carried out as previously described,
with some modifications (10,12). Sprague–Dawley male rats,
200 { 30 g, were obtained either from Charles River Laborato-
ries, Raleigh, NC, certified free of sialodacryoadenitis and rat
corona viruses or from their progeny in the breeding colony at
the DVA Medical Center. They were housed under controlled
lighting conditions (12 h off and 12 h on) with unlimited access
to water and a commercial pelleted diet. Rats were fasted over-
night, anesthetized with nembutal (50 mg/kg, IP) , and exsan-
guinated prior to removal of the tongues. Von Ebner’s glands
were dissected from the tongues with the aid of a dissecting mi-
croscope. Care was taken not to include any mucous glands that
are located posterior and lateral to von Ebner’s glands. For most
experiments, the glands of 8 rats were dissected, minced, and

pooled in 1.33 ml DMEM, previously gassed with 95% O2, 5%
CO2. The glands were gassed after each addition of tissue and
gently shaken in a water bath at 377C. When the dissection was
completed, DMEM was added, and the tissue was randomly di-
vided into eight 50 ml round-bottom, screw-capped, polycarbon-
ate tubes.

Incubation of Tissue with Substance P and Receptor
Antagonists

Incubations were done as described previously (10,12) with
some changes. The tubes were centrifuged to 240 1 g and the
media aspirated and discarded. One ml DMEM or 1 ml of a
DMEM solution of a receptor antagonist was added to the tubes
for preincubation. The tubes were gassed and incubated for 20
min at 377C in a water bath shaker at 90 cycles /min. The media
were aspirated and discarded and 1 ml of DMEM alone (basal
secretion) or DMEM solutions of the agonist, antagonist, or a
combination of agonist and antagonist solutions were added to
the tissue. The incubation was carried out on duplicate samples
with gassing every 15 min. Each experiment included untreated
samples (controls ) , to determine basal secretion. Two 0.l ml
aliquots were removed from each sample at 15 and 30 min as
indicated, and the volume was immediately replaced with the
appropriate solution. These aliquots were stored in cryogenic
tubes in liquid nitrogen. At 60 min, the final time interval, all
the media were aspirated and stored in 2 cryogenic tubes /sam-
ple in liquid nitrogen. The tissue was washed with DMEM,
frozen on dry ice, and homogenized with a Polytron (Brink-
mann Instruments) for 30 sec in Tyrode’s solution (glucose
free) . A total volume of 4 ml Tyrode’s solution was used to
homogenize the tissue and rinse the Polytron generator. The
homogenates were centrifuged for 15 min at 850 1 g , and the
supernatants were measured and then stored in two cryogenic
tubes /sample in liquid nitrogen. Using concentrations of 0.01,
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FIG. 6. Effect of 1.0 mM (A) or 10.0 mM (B) SP receptor antagonist Ic
(D-Arg1-D-Trp7,9-D-Leu11-SP, Spantide) on the percentage secretion of
lingual lipase and amylase activity evoked by 1.0 mM SP. Minced von
Ebner’s glands were incubated with SP or Ic alone or preincubated with
Ic for 20 min and then incubated with 1.0 mM SP combined with 1.0 mM
(A) or 10.0 mM (B) Ic for 15, 30, and 60 min, n Å 4 (A), n Å 6 (B).
Data points are the mean { standard error, and n is the number of ex-
periments, each using the pooled glands of 8 rats according to the ana-
lytical and statistical methods described. * signifies the difference be-
tween secretion above basal of amylase elicited by 1 mM Ic alone and
basal, p õ 0.05, by Student t-test. Neither concentration of Ic elicited
secretion of lingual lipase or had an effect on SP-elicited secretion.

FIG. 7. Effect of 1.0 mM (A) or 10 mM (B) of a nonpeptide inhibitor of
SP receptors, CP-96,345, {(2S,3S)-cis-2-(diphenylmethyl)-N-[(2-
methoxyphenyl) methyl]-1-azabicyclo [2.2.2] octan-3-amine}, on the
percentage secretion of lingual lipase and amylase activity evoked by
1.0 mM SP. Minced von Ebner’s glands were incubated with SP or CP-
96,345 alone or preincubated with CP-96,345 for 20 min and then in-
cubated with 1.0 mM SP combined with 1.0 mM (A) or 10 mM (B) CP-
96,345 for 15, 30, and 60, n Å 7 (A), n Å 5 (B). Data points are the
mean { standard error, and n is the number of experiments, each using
the pooled glands of 8 rats according to the analytical and statistical
methods described. (A) 1 mM CP-96,345 did not elicit secretion of either
enzyme, nor did it have an effect on CP-96,345-elicited secretion. (B)
10 mM CP-96,345 did not elicit secretion of either enzyme, but was very
effective in inhibiting secretion elicited by CP-96,345. *, represent**, ** *
differences between secretion evoked by SP alone and SP/10 mM CP-
96,345 at 15, 30, and 60 min, respectively. For lingual lipase, pÅ 0.0116,
0.0001, and 0.0189 at 15, 30, and 60 min, respectively. For amylase, p
Å 0.0337, 0.0135, and 0.0050 at 15, 30, and 60 min, respectively, by
Student t-test.

0.1, 1.0, 10.0, and 100 mM SP, the optimal dose for SP was
determined to be 1.0 mM. For the other experiments, the con-
centration used for Ia and Ib, was 1.0 mM, for Ic and CP-96,345
the concentrations were 1.0 and 10 mM and the concentration
for atropine, propranolol, and timolol was 10.0 mM. Preliminary
experiments (data not shown) were done with 0.1, 5.0, and 10
mM Ia and 5 mM Ib, but no differences were seen in the results
when compared to 1 mM.

Enzyme Assays

All media and supernatants of tissue homogenates were as-
sayed for amylase activity the next day by the method of Bern-

feld (2 ) and for lingual lipase activity the following day by
the method of Field and Scow (14) . A unit of amylase activity
is defined as a milligram equivalent of maltose formed in 3
min at 307C. A unit of lingual lipase activity is defined as a
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FIG. 8. Effect of 10.0 mM of a cholinergic receptor antagonist, atropine
(Atr) , on the percentage secretion of lingual lipase and amylase activity
evoked by 1.0 mM SP. Minced von Ebner’s glands were incubated with
SP alone or preincubated with Atr for 20 min and then incubated with
1.0 mM SP combined with 10.0 mM Atr for 30 and 60 min, n Å 4. Data
points are the mean{ standard error, and n is the number of experiments
each, using the pooled glands of 8 rats according to the analytical and
statistical methods described. SP-evoked lingual lipase secretion was not
inhibited by atropine. For SP-evoked amylase secretion, although atro-
pine did not cause significant differences at the individual time points,
there was a significant overall combined effect (sum of 30 and 60 min)
of atropine on SP-evoked amylase as determined by repeated measures
ANOVA, p Å 0.0298.

FIG. 9. Effect of 10.0 mM of a b1 / b2-adrenergic antagonist, pro-
pranolol ( Pro ) , on the percentage secretion of lingual lipase and
amylase activity evoked by 1.0 mM SP. Minced von Ebner’s glands
were incubated with SP alone or preincubated with Pro for 20 min
and then incubated with 1.0 mM SP combined with 10.0 mM Pro for
30 and 60 min, n Å 6. Data points are the mean { standard error,
and n is the number of experiments, each using the pooled glands
of 8 rats according to the analytical and statistical methods de-
scribed. Pro alone had no effect on secretion of either enzyme or
on SP-elicited secretion.

FIG. 10. Effect of 10.0 mM of a b1 / b2-adrenergic antagonist, timolol
(Tim) , on the percentage secretion of lingual lipase and amylase ac-
tivity evoked by 1.0 mM SP. Minced von Ebner’s glands were incu-
bated with SP alone or preincubated with Tim for 20 min and then
incubated with 1.0 mM SP combined with 10.0 mM Tim for 15, 30,
and 60 min, n Å 3. Values are the mean { standard error, and n is
the number of experiments, each using the pooled glands of 8 rats
according to the analytical and statistical methods described. Tim
alone had no effect on secretion of either enzyme or on SP-elicited
secretion.

micromole of fatty acid produced per minute at 377C. Since
samples were stored in two cryogenic tubes / sample, each as-
say could be performed on samples that had been thawed only
once.

Calculations

The data were expressed as percentage secretion, which
was calculated by dividing the enzyme activity secreted at
each time interval by total activity in the sample. The units of
enzyme activity were calculated for media samples at each
time interval and homogenate samples at the conclusion of the
experiment. Appropriate corrections were made for the en-
zyme activity in the volume of sample removed at each time
interval. The total enzyme activity was the sum of the units in
the media and in the tissue homogenates at the final time in-
terval. Secretion that resulted from the treatment alone was
expressed as percentage secretion above basal and was deter-
mined by subtracting the percentage secretion of the controls
(basal secretion ) from the total percentage secretion.

Statistics

All the analyses were performed on percentage secretion
above basal data. The data were examined to ensure that the
assumptions of normality and homoscedasticity were justified.
Normality was checked by analyzing the residuals from the
ANOVA with the Wilk-Shapiro statistic. The group variances
were examined visually with residuals plots. These assumptions
were violated in one group of experiments involving SP and pro-
pranolol. Nonparametric Wilcoxon two-sample tests were done
separately for 30, 60 min values for this group of experiments.
The other data were analyzed using the repeated measures pro-
cedure in the SAS Proc GLM statistical software package (SAS
Institute, Cary, NC). Main effects and interactions were tested

using the Geisser-Greenhouse corrected F-values. The nature of
the time course differences was examined using the orthogonal
polynomial contrast option in PROC GLM (23,41). Differences
were considered statistically significant when p õ 0.05. Statis-
tical analyses, using Student’s t-tests, were done on the data re-
sulting from incubating the tissues with receptor antagonists
alone to determine whether secretions elicited by these com-
pounds were different from zero.
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RESULTS

To determine the optimal dose of SP, preliminary experiments
were conducted in which minced von Ebner’s glands were in-
cubated with 0.01 (n Å 1), 0.1 (n Å 3), 1.0 (n Å 3), 10 (n Å
3), and 100 (n Å 1) mM SP. The percentage secretion was de-
termined at 15, 30, and 60 min. Figure 1 shows the dose response
curve at 60 min expressed as percentage secretion above basal.
Very little or no secretion was evoked by 0.01 mM, somewhat
more by 0.1 mM, and the maximal secretion by 1 mM SP. The
percentage secretion evoked by 10 mM was almost the same as
by 1 mM, and 100 mM evoked very little secretion. The curves
in Fig. 1 show that the percentage secretion above basal for lin-
gual lipase tends to be greater than for amylase, except for the
100 mM dose. Statistical analyses were not performed on these
preliminary data.

Figure 2 shows the basal secretion of lingual lipase and
amylase that occurred when minced tissue was incubated in
DMEM for 15, 30, and 60 min. Repeated measures ANOVA
revealed that the percentage basal secretion of lingual lipase
was significantly lower than the percentage basal secretion of
amylase, p Å 0.0001, n Å 43. The time courses of lingual
lipase and amylase basal secretion were significantly different
from each other, p Å 0.0102. Secretion of both enzymes sig-
nificantly increased with time, p Å 0.0001. The nature of the
difference between the time courses was analyzed using or-
thogonal polynomial contrasts. The two enzymes did not dif-
fer in the linear component of their time course, p Å 0.91131.
There was a significant difference in the quadratic component
or curvature, p Å 0.0001. An examination of the graph shows
that by 15 min basal amylase secretion was much greater than
basal lipase secretion. The slope of the curve for amylase se-
cretion decreased between 30 and 60 min, but the slope of the
lipase curve remained constant.

SP-elicited secretion of lingual lipase and amylase is
shown in Fig. 3. The percentage secretion of both enzymes
increased with time. The slopes of both curves decreased with
time, but the decrease in the slope of the amylase curve was
greater. This observation was confirmed by statistical evalu-
ation. The quadratic components of the time courses of the
two enzymes were statistically different, p Å 0.0001, while
the linear components were not. The differences between the
two enzymes were significant only at 60 min, p Å 0.003. The
15, 30, and 60 min values for percentage secretion of lingual
lipase and amylase were all statistically different from zero, p
Å 0.0001. The maximum percentage secretion above basal of
lingual lipase was 12.14 { 0.90 and for amylase, 8.30 { 0.42,
n Å 39.

The mechanism of stimulation of secretion by SP was inves-
tigated by preincubating the tissue with the following SP receptor
antagonists: the SP analogs, D-Pro2-D-Phe7-D-Trp9-SP (Ia) , D-
Pro2-D-Trp7,9-SP (Ib) , and D-Arg1-D-Trp7,9-D-Leu11-SP (Span-
tide, Ic) , and a nonpeptide inhibitor of SP receptors (kindly pro-
vided by Dr. R. Michael Snider of Pfizer, Inc.) , CP-96,345,
{ ( 2S,3S ) - cis -2- ( diphenylmethyl ) - N- [ ( 2-methoxyphenyl ) -
methyl]-1-azabicyclo[2.2.2]octan-3-amine}.

Figures 4–6 show the results of treating the tissue with the
SP analogs that are known to be SP receptor antagonists (26) .
One mM Ia (Fig. 4 ) had no significant effect on enzyme se-
cretion when incubated with the tissue alone. When combined
with SP, 1 mM Ia did not have any effect on SP-evoked en-
zyme secretion. Neither 1 mM Ib (Fig. 5 ) nor 1 or 10 mM Ic
(Fig. 6 ) had statistically significant effects on secretion
evoked by SP. However, 1 mM Ib, when incubated with the

tissue (Fig. 5 ) stimulated secretion of amylase at all time in-
tervals, p õ 0.05. One mM Ic alone stimulated secretion of
amylase at 30 and 60 min, p õ 0.05, but 10 mM Ic alone did
not significantly stimulate secretion of either enzyme. In pre-
liminary experiments, inhibition of SP-evoked stimulation
was not observed using 0.1, 5.0, and 10 mM Ia and 5 mM Ib
(data not shown) .

CP-96,345 is an inhibitor of SP receptors that is not a peptide
or an analog of SP (45). Figure 7A shows the results of seven
experiments in which 1 mM CP-96,345 was preincubated for 20
min with minced tissue and was then incubated with 1 mM SP
and CP-96,345 for 60 min. Although, when combined with SP,
a trend was seen towards inhibition of SP-evoked secretion, there
were no statistically significant changes in the time courses of
SP-evoked secretion of lingual lipase or amylase in the presence
of CP-96,345 (p Å 0.0587 and 0.0671 for lingual lipase and
amylase, respectively) . CP-96,345 (1 mM) alone did not signif-
icantly stimulate secretion of either enzyme at this concentration.
However, with 10 mM CP-96,345 (Fig. 7B), there was inhibition
of SP-evoked secretion. The percentage reduction in lingual li-
pase secretion was 79.5 { 18.0, 84.9 { 4.8, and 47.0 { 12.3 at
15, 30, and 60 min, respectively and for amylase the percentage
reduction in secretion was 48.3 { 15.2, 56.3 { 13.3, and 58.5 {
10.5 at 15, 30, and 60 min, respectively. The differences between
SP and SP/CP were statistically significant with p values for
lingual lipase of 0.0116, 0.0001, and 0.0189 at 15, 30, and 60
min, respectively and for amylase the p values were 0.0337,
0.0135, and 0.0050 at 15, 30, and 60 min, respectively. Secretion
of neither enzyme was statistically significantly different from
basal secretion when the tissue was incubated with 10 mM CP-
96,345 alone.

Since SP-analog receptor antagonists did not inhibit SP-
evoked secretion of lingual lipase or amylase, the effects of
antagonists to other receptors were investigated. The effects
of SP on major salivary glands involved the phosphoinositol
pathway mediated by cholinergic stimulation (24) . Cholin-
ergic stimulation is the major effector of protein secretion
from von Ebner’s gland (12) . Therefore, the cholinergic re-
ceptor antagonist, atropine, was used to inhibit any cholinergic
responses that could possibly be due to SP. Figure 8 shows
the effects on secretion of lingual lipase and amylase elicited
by SP after preincubation of minced von Ebner’s gland tissue
with atropine followed by incubation with SP and atropine.
Statistical analyses did not demonstrate a significant effect of
atropine on the SP-evoked secretion of lingual lipase. There
was no significant difference between atropine and atropine /
SP on amylase secretion at the individual time points, how-
ever, statistical analysis by repeated measured ANOVA re-
vealed an overall effect ( sum of 30 and 60 min) of the atropine
treatment, p Å 0.0298. Thus, there was some evidence of cho-
linergic mediation of SP-evoked amylase secretion, but not
lingual lipase secretion. Two b-adrenergic receptor antago-
nists, propranolol (Fig. 9 ) and timolol (Fig. 10) , having both
b1 and b2 activities had no significant effect on SP-evoked
secretion, nor did they evoke secretion when incubated alone
(data not shown) .

DISCUSSION

Our experiments showed that SP stimulated secretion of both
lingual lipase and amylase from von Ebner’s gland in a dose-
and time-dependent manner. In addition, recent histochemical
studies of rat von Ebner’s glands revealed degranulation of acinar
cells in response to SP (53) and the presence of SP immuno-
reactivity in selective cells (38) and neuronal elements (33).
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SP-evoked responses are mediated by NK-1 receptors (6,45) .
Receptors for SP have been implicated in the secretory responses
of the submandibular (4,15,24,56), parotid (17,24,32,56), and
sublingual glands (24), and of the exocrine pancreas (26,47).
Although most tissues have distinct types of receptors for a va-
riety of tachykinin peptides, there is a lack of specificity among
the tachykinin receptors, making it difficult to find specific an-
tagonists (5,6,30) .

In order to characterize the SP receptor in von Ebner’s glands,
three SP analogs (Ia, Ib, and Ic) known to antagonize SP recep-
tors were tested. None of these analogs significantly inhibited
secretion evoked by SP at concentrations of 1, 5, or 10 mM.
However, two SP-analogs stimulated secretion of amylase, 1 mM
D-Pro2-D-Trp7,9-SP (Ib) alone stimulated amylase secretion at all
time intervals and 1 mM D-Arg1-D-Trp7,9-D-Leu11-SP (Spantide,
Ic) alone stimulated secretion of amylase at 30 and 60 min, but
none of the SP-analog inhibitors alone evoked secretion of lin-
gual lipase. However, in other exocrine glands, investigators
found that these compounds could inhibit SP-evoked secretion.
In superfused segments of isolated parotid glands, Ib (10 mM)
reversibly inhibited SP-induced amylase secretion (17) and Ia,
Ib, and Ic also reversibly inhibited amylase release from dis-
persed pancreatic acinar cells (26).

CP-96,345, an SP receptor antagonist that is not a peptide,
also was used to characterize the SP-induced secretion The evi-
dence is very strong that CP-96,345 is an antagonist of the SP
receptor, NK-1, in exocrine glands. In vivo, CP-96,345 has in-
hibited salivation elicted by SP in rats (46) and has been shown
to be an antagonist of SP receptors in pancreatic acinar cells of
the guinea pig (44). The current experiments did not reveal any
statistically significant effects of 1 mM CP-96,345 on the secre-
tion evoked by SP, nor did 1 mM CP-96,345 evoke any secretion
alone. However, 10 mM CP-96,345 did inhibit SP-evoked secre-
tion as shown in Fig. 7B. While a concentration of CP-96,345
that is equimolar with SP did not interfere with the effects of SP
on the SP receptor, a 10-fold concentration of CP-96,345 was
effective in reducing SP-evoked secretion.

One possible explanation for these differences can be drawn
from reports that the SP receptor has species and organ specific-
ity. Thus, the SP receptor in von Ebner’s gland could be an is-
oform of the receptor found in other organs and this receptor
does not bind the above mentioned SP analogs as strongly as it
binds SP. Species specificity of the NK-1 receptor was revealed
when CP-96,345 was found to be a more potent inhibitor of the
human than the rat NK-1 receptor (16). A minor change in the
structure of the receptor could increase the binding of one class
of antagonists while decreasing another (16). A species differ-
ence was also observed in the affinity of the nonpeptide NK-1
antagonist, CP-96,345, between rat and guinea pig brains (35).
In addition, in contrast to the rat, SP had no effects on parotid or
submandibular secretion in the mouse, but the responses to car-
bachol and isoproterenol in the mouse were similar to those in
the rat (51) . An example of organ specificity was found between
rat submandibular glands and the pancreas (52). Inhibitory ef-
fects of SP on [3H]myoinositol transport were mediated through
NK-1 receptors in rat submandibular glands, but not in rat pan-
creas that also have NK-1 receptors.

The effects of cholinergic and b-adrenergic receptor antago-
nists were investigated to determine whether the SP effects could
possibly be cholinergic or b-adrenergic mediated. The lack of
effect of propranolol or timolol, b-adrenergic receptor antago-
nists, on SP-stimulated secretion, indicated that the effects of SP
were not mediated by b-adrenergic receptors. However, although
atropine, a cholinergic receptor antagonist, had no statistically
significant effect on the SP-stimulated secretion of lingual lipase,
it did show an overall effect on SP-stimulated secretion of am-
ylase (Fig. 8) . Thus indicating the possibility of a cholinergic
response that resulted from SP stimulation of protein secretion
that was differential between the two enzymes. Using the same
methods, propanolol and atropine were shown to inhibit secretion
of both enzymes when the tissue was stimulated by isoproterenol
and carbachol, respectively (12).

Another interesting finding was that there was differential se-
cretion of lingual lipase and amylase in both basal and SP-stim-
ulated secretion. During basal secretion more amylase than lin-
gual lipase was secreted in the first 15 min. Significant
differences were found between the curvatures of the lingual li-
pase and amylase secretion time courses (Fig. 2) . The slope of
the amylase time course decreased after 30 min, whereas the
slope of the lingual lipase curve remained the same. If exocytosis
was the only pathway of secretion, these slopes should have been
identical. Similar differences were also seen when the secretion
was stimulated by carbachol (12), isoproterenol (12), and his-
tamine (10). The only explanation for these findings is that fac-
tors other than exocytosis may be involved in basal or stimulated
secretion of these enzymes. These factors include unstimulated
or constitutive secretion (7) , and the maturative secretory path-
way. This pathway is postulated to exist between the trans-Golgi
network and the mature secretory granule and to provide a con-
tinuous delivery of protein to the cell surface (54). It has been
suggested that this pathway accounts for differences observed
between the patterns of proteins secreted from the exocrine pan-
creas of conscious hogs when secretion is blocked by atropine as
compared to regulated (cholinergic) secretion (54). It is possible
that the constitutive, maturative, or another as yet unknown path-
way that operates in addition to exocytosis is responsible for the
differential secretion of lingual lipase and amylase. In a recent
review article (25), it was suggested that processes, in addition
to exocytosis, for the secretion of digestive enzymes would be
important to allow for modulation of the amounts of different
enzymes secreted depending upon the content of the food in-
gested. Whereas, exocytosis allows for the secretion of stored
enzymes that have been previously synthesized, other means of
secretion could modulate the synthesis and independent, imme-
diate secretion of enzymes needed to digest a meal that required
more of a particular enzyme.
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