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Abstract

The interactions between substance P and f-adrenergic agonists such as isoprenaline,
dobutamine and terbutaline in the control of the secretion of fluid and protein from the rat
submandibular gland have been examined.

Substance P elicited large volumes of saliva whereas isoprenaline, dobutamine and
terbutaline elicited small volumes only. The secretion of fluid in response to substance P
was markedly enhanced when substance P was administered in combination with isoprena-
line or dobutamine but not when it was administered in combination with terbutaline.
Isoprenaline elicited large amounts of protein, whereas substance P elicited small amounts.
The secretion of protein in response to isoprenaline did not change when isoprenaline was
administered in combination with substance P. The secretion of fluid and protein induced
by substance P in combination with isoprenaline was antagonized by metoprolol and by
spantide, but it was unaffected by pretreatment with ICI118551.

These results suggest that in the rat submandibular gland stimulation of 8;-adrenoceptors
but not of S,-adrenoceptors potentiates the secretion of fluid that is induced by stimulation
of tachykinin receptors, whereas stimulation of tachykinin receptors does not enhance the

secretion of protein that is induced by stimulation of f;-adrenoceptors.

Substance P is a tachykinin that is widely distributed
in the central nervous system and in the peripheral
fibres that innervate many tissues, including the
salivary glands (Hokfelt et al 1977; Pernow 1983).
When injected into rats this peptide induces secretion
from the salivary glands of a large volume of saliva
containing a relatively low concentration of protein
(Martinez & Martinez 1981; Ekstrom et al 1983;
Iwabuchi et al 1986; Ekstrom 1987).

The substance P-mediated secretion of fluid from
rat submandibular glands is enhanced by pretreat-
ment with calcitonin gene-related peptide (CGRP)
(Ekstrom et al 1988), vasoactive intestinal poly-
peptide (VIP) (Iwabuchi & Masuhara 1994) and
secretin (Iwabuchi & Masuhara 1994), all of which
elevate intracellular levels of cAMP. However, the
mechanism responsible for the modification of the
effect of substance P by cAMP-elevating agents is
unknown.

Correspondence: Y. Iwabuchi, Department of Dental Phar-
macology, School of Dentistry at Niigata, The Nippon Dental
University, 1-8 Hamaura-cho, Niigata 951, Japan.

Some information is available about the secretion
of fluid and protein from rat submandibular glands
in response to selective 3; agonists (Ekstrém 1979;
Schneyer et al 1985; Iwabuchi et al 1988) and
selective 8, agonists (Thulin 1972; Abe et al 1985;
Schneyer et al 1985; Iwabuchi et al 1988). How-
ever, to the best of our knowledge there has been no
systematic study of the effects of sequential sti-
mulation of tachykinin and f;- or f,-adrenergic
receptors on the secretion of fluid and protein.

This study was designed to examine the interac-
tion between the selective f; agonist dobutamine,
the selective f3, agonist terbutaline, and the non-
selective f-agonist isoprenaline and the effects of
substance P in the modulation of the secretion of
fluid and protein from the rat submandibular gland.

Materials and Methods

Animals

The study was performed with ten-week-old male
Sprague-Dawley rats. A standard pellet diet
(Oriental MF; Oriental Yeast, Osaka, Japan) and
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water were freely available. The animals were
fasted for 24 h before experimentation.

Drugs

Substance P and spantide were from The Peptide
Institute (Osaka, Japan), (—)-isoprenaline hydro-
chloride from Sigma (St Louis, MO), dobutamine
hydrochloride from Shionogi (Osaka, Japan),
ICI118551 [erythro-DL-1-(7-methylindan-4-yloxy)-
3-isopropylaminobutan-2-ol] from Zeneca (Mac-
clesfield, UK), and terbutaline sulphate and meto-
prolol tartrate from Fujisawa (Osaka, Japan). All
drugs were dissolved in physiological saline solution.

Evaluation of secretory response

Each animal was anaesthetized by intraperitoneal
injection of pentobarbital sodium (50 mg kg™ .
The trachea was cannulated with a polyethylene
tube (MRC; 2 mm id.x2-7 mm; Makiguchi
Gomu, Tokyo, Japan). The submandibular glands
were exposed and separated from the adherent
sublingual gland, the duct of which was ligated.
Substance P (0-5 ug kg™ ') was injected intrave-
nously. (—)-Isoprenaline, dobutamine or terbuta-
line (each 0-1 mg kg~ ') were separately injected
intravenously. In some experiments, (—)-iso-
prenaline, dobutamine or terbutaline was injected
intravenously 1 min before injection of substance
P. Blocking agents, namely, the f,-adrenergic
antagonist metoprolol (1 or 5 mg kg~ ") or the f5,-
adrenergic antagonist ICI118551 (1 or 5 mg kg™,
were injected intravenously 20 min before injection
of substance P and p-adrenergic agonists. The
substance-P  antagonist  spantide (100 or
500 ug kg~ ') was injected intravenously only 30 s
before injection of substance P. Submandibular
saliva was collected with a capillary micro-pipette
(Microcap; 20 puL; Drummond Scientific, Broo-
mall, PA) from the oral opening of the sub-
mandibular ducts over intervals of 1 min for
10 min. Saliva from the parotid glands was absor-
bed with cotton. At the end of each experiment the
submandibular glands were carefully removed and
weighed. Flow rates were calculated from the
volume of fluid per 100 mg wet weight of each
gland. The submandibular saliva elicited during the
10-min period was pooled and the protein content
was determined by the method of Lowry et al
(1951) with bovine serum albumin as the standard.

Statistical analysis

Experimental data are expressed as means =+
s.e.m. of results from eight animals. The sig-
nificance of differences was determined by use of
Student’s t-test for unpaired observations.

Results

Sialogogic responses to substance P and to
B-adrenergic agonists alone

The secretory response to intravenous injection of
substance P at 0-5 pug kg~ started after 10 s and
lasted for approximately 3—4 min. The flow rates of
saliva from rat submandibular glands during the first
3 min, from 0-1 min, from 1-2 min and from 2-
3 min, after intravenous injection of substance P
(0-5 ug kg™ "), were 6-06+£0-64, 0-69+0-08 and
0-10 £ 0-04 uL per 100 mg wet weight, respectively
(Figure 1). The total volume of saliva secreted in a
10-min period from the submandibular glands was
40-33 £4-66 uL (Table 1). Intravenous administra-
tion of (— )-isoprenaline, dobutamine or terbutaline
(0-1 mg kg ") elicited secretion of saliva during the
first minute. However, the time courses of the
secretion of saliva differed significantly. The flow of
saliva produced after administration of (—)-iso-
prenaline continued for 9-10 min, but secretion
of saliva in response to dobutamine and to terbuta-
line ceased within approximately 2-3 min and
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Figure 1. Effects of substance P (a) and fi-adrenergic agonists
(b) on flow rates of saliva from rat submandibular glands.
Dobutamine (— — —P, terbutaline (- —-— ) and isoprenaline
( ), 0-1 mg kg~ ', were separately injected intravenously
| min before intravenous administration of substance P
(0-5 ug kg™ '). Data are the mean values of results from
eight animals.
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Table 1.

Effects of dobutamine, terbutaline and isoprenaline on substance P-

stimulated secretion of saliva by rat submandibular glands.

Treatment

Dose (ug kg™ ")

Total volume (uL in 10 min)

Substance P
Dobutamine
+substance P
+substance P
Terbutaline
+substance P
+substance P
Isoprenaline
+substance P
+substance P

—
<

— .
(] [e=]
codocdoodo

NS ShhdSh

40-33 £ 4-66
299 +0-47
53554790
43.32%
2:07£0-19
37.29+4-28
42.40*
28.06 +2-03
12408 £8-73
68.39*

Data are means =+ s.e.m. Dobutamine, terbutaline and isoprenaline were injected
separately, intravenously 1 min before intravenous administration of substance P.
*The theoretical additive value is also shown for each experiment.

3—4 min, respectively (Figure 1). The total volumes
of saliva secreted after administration of (— )-iso-
prenaline, dobutamine and terbutaline were 28-06 &
2-03, 2.99+0-47 and 2-07 £ 0-19 ulL, respectively
(Table 1).

Fluid secretion induced by the combination of
substance P and f-adrenergic agonists

When rats were pretreated with (—)-isoprenaline,
dobutamine or terbutaline at 0-1 mg kg™ ', saliva-
tion from the submandibular glands in response to
substance P at 0-5 ug kg™ ' was observed for 7-
8 min, 3—4 min and 2-3 min, respectively. Sig-
nificant increases in the flow rate of saliva were
noted with substance P and (—)-isoprenaline in
combination from 0 to 3 min (data not shown).
When rats were pretreated with ( — )-isoprenaline or

dobutamine the total volumes of saliva secreted
from the submandibular glands after administration
of substance P were 3.08-fold (P <0-001) and
1-33-fold, respectively, greater than the volume
secreted after administration of substance P alone.
These volumes of fluid were greater than the
volumes calculated as the theoretical additive
responses. However, when rats were pretreated
with terbutaline, the total volume of saliva secreted
in response to substance P was similar to that
secreted in response to substance P alone (Table 1).

The effects of various antagonists on the secretion
of fluid induced by the combination of substance P
and f-adrenergic agonists

The effects of metoprolol, ICI118551 and spantide
on the volume of saliva induced in response to the

Table 2. Effects of metoprolol, ICI118551 and spantide on the secretion of fluid by
rat submandibular glands in response to a combination of substance P and isoprena-

line.
Treatment Dose (ug kg™ ) Total volume (uL. in 10 min)
Isoprenaline 100-0

+ substance P 0.5 12408 £8.73
Isoprenaline 100-0

-+ substance P 05

+ metoprolol 1000-0 94.08 £+ 14437

+ metoprolol 5000-0 3152 +£2-89%
Isoprenaline 100-0

+ substance P 05

+ICI118551 1000-0 12592 £ 6-31

+ICI118551 5000-0 145-56 £+ 12-70*
Isoprenaline 100-0

+ substance P 05

+ spantide 100-0 108-32 £4-12

-+ spantide 5000 5339+ 4-09%

Data are means £s.e.m. Metoprolol or ICI118551 was injected intravenously
20 min before intravenous administration of substance P and isoprenaline. Spantide
was injected intravenously 30 s before intravenous administration of substance P.
*P <005, tP <0-01, P <0-001, significantly different from the results obtained
with the combination of substance P and isoprenaline alone.
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combination of substance P and (—)-isoprenaline
are shown in Table 2. After pretreatment with the
f-adrenergic antagonist metoprolol at doses of 1
and 5 mg kg~ ', the volumes of saliva evoked by
the combination of substance P and (— )-isoprena-
line decreased by 24-2% (P <0-01) and 74-6%
(P < 0-001). In contrast, the volume was increased
by 1-5% and 17-3% after pretreatment with
ICI118551 compared with the volume secreted in
response to the combination of substance P and
(—)-isoprenaline alone. Rats were then pretreated
with spantide at 100 and 500 ug kg~ '. After pre-
treatment with spantide at 100 ug kg !, the
volume of saliva evoked by the combination of
substance P and (— )-isoprenaline was significantly
different, but the volume decreased by 57-0%
(P <0-001) when spantide was administered at
500 ug kg '. The effects of metoprolol and
ICI118551 on the volume of saliva induced by the
combination of substance P and dobutamine and by
the combination of substance P and terbutaline are
shown in Table 3. The volume of saliva evoked by
the combination of substance P and dobutamine
was reduced by 54-5% (P <0-01) by pretreatment
with metoprolol at 5 mg kg~'. However, the
volume of saliva evoked by the combination of

substance P and terbutaline was unchanged by
pretreatment with ICI118551 at 5 mg kg ™"

The secretion of protein induced by the
combination of substance P and ( — )-isoprenaline
When rats were administered substance P (0-5 ug
kg_l) alone and (—)-isoprenaline (0-1 mg kg‘l)
alone the concentrations of protein in saliva
secreted during a 10-min period were 2-39 £ 0-28
and 50-39 +3-09 mg mL ™!, respectively (data not
shown), and the total amounts of protein secreted in
the saliva were 0-09+0-01 and 1-401+0-13 mg,
respectively (Table 4). The concentration of protein
in the saliva secreted in response to the combina-
tion of substance P and (—)-isoprenaline was
1052 mg mL~'. The total amount of protein
secreted in response to the combination of sub-
stance P and (— )-isoprenaline was 1-29 +0-11 mg
(Table 4). This amount was lower than the calcu-
lated theoretical additive response.

Effects of various antagonists on the secretion

of protein induced by the combination of
substance P and (— )-isoprenaline

The concentration of protein in saliva elicited by
the combination of substance P and (— )-isoprena-

Table 3. Effects of metoprolol and ICI118551 on the secretion of fluid by rat
submandibular glands in response to the combination of substance P and dobutamine

or of substance P and terbutaline.

Treatment Dose (ug kg™ ') Total volume (uL in 10 min)
Dobutamine 100-0

+ substance P 0-5 53-55+790
Dobutamine 100-0

+ substance P 0-5

+ metoprolol 5000.-0 2434 £2.05%
Terbutaline 100-0

+ substance P 0-5 37291+ 4.28
Terbutaline 100-0

+ substance P 0-5

+ ICI118551 5000-0 44.80 + 3-65

Data are means+s.e.m. Metoprolol or ICI118551 was injected intravenously
20min before intravenous administration of substance P. *P < 001, significantly
different from the result obtained with the combination of substance P and
dobutamine.

Table 4. The total amounts of salivary protein secreted by rat submandibular
glands in response to substance P and isoprenaline alone and in combination.

Treatment Dose (ug kg™") Total amount (mg in 10 min)
Isoprenaline 100-0 1-40£0-13
Substance P 0-5 0-09 £0-01
Isoprenaline 100-0

+ substance P 05 1-29+0-11

Data are means +s.e.m. Isoprenaline was injected intravenously 1 min before
intravenous administration of substance P.
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Table 5.

Effects of metoprolol, ICI118551 and spantide on the total amount of

salivary protein secreted by rat submandibular glands in response to the combination

of substance P and isoprenaline.

Treatment Dose (ug kg™ 1) Total amount (mg in 10 min)
Isoprenaline 100-0

+ substance P 05 129 +0-11
Isoprenaline 100-0

+ substance P 0-5

+ metoprolol 5000-0 0:18 £0-02%*
Isoprenaline 100-0

+ substance P 0-5

+ ICI118551 5000-0 1-01 £0-10
Isoprenaline 100-0

+ substance P 0-5

+ spantide 500-0 0-70 £ 0-04*

Data are means + s.e.m. Metoprolol or ICI118551 was injected intravenously
20 min before intravenous administration of substance P. Spantide was injected
intravenously 30 s before intravenous administration of substance P. *P < 0-001,
significantly different from the result obtained with the combination of substance P

and isoprenaline.

line decreased by 45-1% (P < 0-01) after pretreat-
ment with metoprolol at 5 mg kg~ ' and by 34.0%
(P <0-01) after pretreatment with ICI118551 at
5mg kg '; it did not change significantly after
pretreatment with spantide at 500 ug kg~ '. The
total amount of protein in saliva elicited by the
combination of substance P and (—)-isoprenaline
was reduced by 86-0% (P <0-001) after pretreat-
ment with metoprolol and by 45-7% (P <0-001)
after pretreatment with spantide, but it did not
change significantly after pretreatment with
ICI118551 (Table 5).

Discussion

In this study we found that the secretion of saliva
from rat submandibular glands in response to sub-
stance P was markedly enhanced by pretreatment of
the rats with the non-selective f-adrenergic agonist
isoprenaline. The modulation by isoprenaline of the
response to substance P was rapid, and significant
increases in the flow rate of saliva were noted
during the first minute of measurements. Martinez
& Martinez (1981) showed that substance P inhibits
the secretion of saliva in response to isoprenaline in
the rat submandibular gland. These authors also
showed that substance P does not block the binding
of specific radioligands to fi-adrenergic receptors in
the submandibular gland. The potentiation by iso-
prenaline of the effect of substance P might,
therefore, not be caused by interaction of the
receptor level. We also found that the enhanced
response was inhibited by pretreatment of rats with
metoprolol and spantide but not by pretreatment
with ICT118551. Metoprolol has been characterized

as a f;-adrenoceptor antagonist (Ablad et al 1975)
and ICI118551 as a f,-adrenoceptor antagonist
(Bilski et al 1980). Spantide, (D-Arg', D-Trp””,
Leu'")-substance P, has been shown to be a potent
antagonist of tachykinin receptors and to inhibit the
secretory responses induced by substance P alone
in the rat submandibular gland (Bobyock et al
1986). These results suggest that, in respect of
secretion of fluid, previous activation of f-adre-
nergic receptors increases the response mediated by
the activation of tachykinin receptors.

The sialogogic activity of dobutamine, which has
been characterized as a selective f;-adrenoceptor
agonist (Ruffolo et al 1981), was considerably
lower than that of isoprenaline. In assays of ;-
adrenoceptor-mediated responses, such as assays of
inotropic effects in the guinea-pig heart, the
intrinsic activity of dobutamine was approximately
100-fold lower than that of (—)-isoprenaline
(Maccarrone et al 1984). Thus, the smaller effect of
dobutamine on the substance P-stimulated secretion
of fluid might be attributable to its low intrinsic
activity. In this study we found that the secretion of
fluid in response to substance P was markedly
enhanced by pretreatment of the rats with dobuta-
mine, and the enhanced response was inhibited
by pretreatment with metoprolol. However, the
response to substance P and dobutamine was lower
than that observed with the combination of sub-
stance P and isoprenaline. The total volume of
saliva elicited in response to terbutaline, which has
been characterized as a selective f,-adrenoceptor
agonist (Bergman et al 1969), was smaller than that
elicited in response to dobutamine; this result is
consistent with other reports (Schneyer et al 1985;
Iwabuchi et al 1988). In binding studies butox-
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amine, a selective antagonist of f,-receptors, was
found to have a lower capacity to antagonize
binding of [*H]dihydroalprenolol to a preparation of
submaxillary gland membranes than the selective
fi-receptor antagonists butoxamine (Pointon &
Banerjee 1979) and atenolol (Schneyer & Hum-
phreys-Beher 1987). We also observed that terbu-
taline did not modify the secretion of fluid in
response to substance P. In addition, the response to
a combination of substance P and terbutaline was
not inhibited by pretreatment of rats with
ICT118551. It is possible that terbutaline has both
Bi-adrenergic and f,-adrenergic action in the rat
submandibular gland, as indicated by observations
of the release of amylase from the rat parotid gland
(Suzuki & Ohshika 1985) and the secretion of fluid
from the rat submandibular gland (Schneyer et al
1985; Iwabuchi et al 1988). Our results suggest that
some f,-receptors in the submandibular gland
might not play a role in potentiating the substance
P-mediated secretion of fluid. The potentiating
effects of the three agonists tested were consistent
with those reported by Miyamoto & Ohshika (1984)
and Suzuki & Ohshika (1985), who found that the
potency of f-adrenergic agonists with regard to the
production of cAMP in rat parotid tissue was iso-
prenaline > dobutamine > procaterol. Larsson &
Olgart (1989) reported that forskolin, which
increases levels of cAMP via its action on adenylate
cyclase, augments the carbachol-evoked secretion
of fluid from the rat parotid gland. Thus, the
potentiating effects seem to be mediated by intra-
cellular messengers, such as cAMP.

The total output of protein from submandibular
glands in response to isoprenaline was significantly
higher than that in response to substance P. We also
found that when isoprenaline was administered
1 min before substance P the amount of protein
secreted in the saliva from submandibular glands
was similar to that secreted after administration of
isoprenaline alone. This observation is consistent
with the report by Fleming et al (1984) that the
secretion of mucin from dispersed cells of the rat
submandibular gland in response to the combina-
tion of substance P and isoprenaline was identical
with that in response to isoprenaline alone, when
isoprenaline was added to the incubation medium
30 s before the addition of substance P. In the
current study the secretion of protein induced by
the combination of substance P and isoprenaline
was significantly inhibited by spantide and meto-
prolol but not by ICI118551. Therefore, these
results suggest that the stimulation of tachykinin
receptors during activation of f;-adrenergic
receptors did not have any additive effects in terms
of the secretion of protein.

Acknowledgements

This study was supported in part by a Grant-in-Aid
for Scientific Research (No. 07672031) from the
Ministry of Education, Science and Culture of
Japan. The authors are grateful to Fujisawa Phar-
maceutical Co. Ltd (Osaka, Japan) for the generous
gifts of terbutaline sulphate and metoprolol tartrate
and to Zeneca (Macclesfield, UK) for the generous
gift of ICT118551.

References

Abe, K., Inoue, H., Yokota, Y. (1985) Effects of the selective
f>-adrenergic agonists, procaterole and terbutaline, on pro-
tein secretion by rat submandibular glands. J. Dent. Res. 64:

, 886-890

Ablad, B., Borg, K. O., Carlsoon, E., Ek, L., Johnsson, G.,
Malmfors, T., Regéardh, C.-G. (1975) A survey of the
pharmacological properties of metoprolol in animals and
man. Acta Pharmacol. Toxicol. 36: (Suppl. V) 7-23

Bergman, J., Persson, H., Wetterlin, K. (1969) Two new
groups of selective stimulants of f-receptors. Experientia
25: 899-901

Bilski, A., Dorries, S., Fitzgerald, J. D., Jessup, R., Tucker, H.,
Wale, J. (1980) ICI118551, a potent /3, adrenoceptor antago-
nist. Br. J. Pharmacol. 69: 292-293

Bobyock, E., Barbieri, E. J., Chernick, W. S. (1986) Effects of
substance P and substance P antagonists on rat salivary
secretion. J. Dent. Res. 65: 1427-1431

Ekstrom, J. (1979) Salivary secretion evoked by H80/62, ( £ )-
1-(4-hydroxyphenoxy)-3-isopropylamino-2-propranol, a new
f1-selective adrenoceptor agonist. Acta Pharmacol. Toxicol.
45: 325-328

Ekstrom, J. (1987) Neuropeptides and secretion. J. Dent. Res.
66: 524-530

Ekstrom, J., Minsson, B., Tobin, G. (1983) Relative secretory
contributions of the three major salivary glands of the rat in
response to substance P and super-sensitivity. Arch. Oral
Biol. 28: 859-863

Ekstrom, J., Ekman, R., Hakanson, R., Sjogren, S., Sundler, F.
(1988) Calcitonin gene-related peptide in rat salivary glands:
neuronal localization, depletion upon nerve stimulation, and
effects on salivation in relation to substance P. Neuroscience
26: 933-949

Fleming, N., Bilan, P. T., Graham, K. W. (1984) Effect of
substance P on exocrine secretion by rat submandibular
gland cells. J. Dent. Res. 63: 1022-1027

Hokfelt, T., Johansson, O., Kjellert, J. O., Ljungdahl, A,
Nilsson, G., Nygards, A., Pernow, B. (1977) Immunohisto-
chemical detection of substance P. In: von Euler, U. S,
Pernow, B. (eds) Substance P. Raven Press, New York, pp
117-145

Iwabuchi, Y., Masuhara, T. (1994) Effects of vasoactive
intestinal peptide and its homologues on the substance P-
mediated secretion of fluid and protein from the rat sub-
mandibular gland. Gen. Pharmacol. 25: 705-711

Iwabuchi, Y., Aoki, C., Masuhara, T. (1986) Effects of
substance P on glycoprotein secretion from acinar cells
of the rat submandibular gland. Jpn J. Pharmacol. 42:
453-456

Iwabuchi, Y., Aoki, C., Masuhara, T. (1988) Effects of
dobutamine and terbutaline on the secretion of glycoproteins
from the acinar cells of the rat submandibular gland. Jpn J.
Pharmacol. 47: 301-310



INTERACTION BETWEEN SUBSTANCE P AND B-AGONISTS 341

Larsson, O., Olgart, L. (1989) The enhancement of carbachol-
induced salivary secretion in rat parotid gland by VIP and
CGRP is mimicked by forskolin. Acta Physiol. Scand. 137:
231-236

Lowry, O. H., Rosebrough, N. J,, Farr, A. L., Randall, R. J.
(1951) Protein measurement with the Folin phenol reagent.
J. Biol. Chem. 193: 265-275

Maccarrone, C., Malta, E., Raper, C. (1984) f-Adrenoceptor
selectivity of dobutamine: in vivo and in vitro studies. J.
Cardiovasc. Pharmacol. 6: 132-141

Martinez, J. R., Martinez, A. M. (1981) Stimulatory and
inhibitory effects of substance P on rat submandibular
secretion. J. Dent. Res. 60: 1031-1038

Miyamoto, A., Ohshika, H. (1984) f;-Adrenergic regulation of
cyclic nucleotide levels and potassium fluxes in rat parotid
gland. Jpn J. Pharmacol. 36: 100-103

Pernow, B. (1983) Substance P. Pharmacol. Rev. 35: 85-141

Pointon, S. E., Banerjee, S. P. (1979) Alpha- and beta-adre-
nergic receptors of the rat salivary gland. Elevation after

chemical sympathectomy. Biochim. Biophys. Acta 584:
231-241

Ruffolo, R. R., Spradlin, T. A, Pollock, G. D., Waddell, J. E.,
Murphy, P. J. (1981) Alpha and beta adrenergic effects of
the stereoisomers of dobutamine. J. Pharmacol. Exp. Ther.
219: 447-452

Schneyer, C. A., Humphreys-Beher, M. G. (1987) f-Adrener-
gic and muscarinic receptor densities of rat submandibular
main duct. Proc. Soc. Exp. Biol. Med. 185: 81-83

Schneyer, C. A., Yu, J.-H., Jirakulsomchok, D. (1985)
Modification of dobutamine- and terbutaline-induced
calcium and fluid secretion from rat salivary glands
by atenolol and butoxamine. J. Auton. Nerv. Syst. 13:
275-285

Suzuki, Y., Ohshika, H. (1985) f;-Adrenoceptor-mediated
amylase release and cyclic AMP accumulation in rat parotid
gland tissue. Jpn J. Pharmacol. 37: 212-214

Thulin, A. (1972) On the f-adrenergic receptors in salivary
glands of rat and dogs. Experientia 28: 420421



