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Abstract

Objective—Signaling via p-adrenergic receptors activates heterotrimeric G-proteins, which
dissociate into a and By subunits. In salivary glands, the a subunit of G4 stimulates adenylate
cyclase, increasing cyclic AMP levels and promoting exocytosis. The goals of this study were to
determine Gag localization in salivary glands and whether it undergoes redistribution upon
activation.

Methods—Mouse parotid and submandibular (SMG) glands were fixed with paraformaldehyde
and prepared for immunofluorescence labeling with anti-Gas.

Results—In unstimulated parotid and SMG acinar cells, Gag was localized mainly to basolateral
membranes. Some parotid acinar cells also exhibited cytoplasmic fluorescence. Isoproterenol
(IPR) stimulation resulted in decreased membrane fluorescence and increased cytoplasmic
fluorescence, which appeared relatively uniform by 30 min. Beginning about 2 hr after IPR,
cytoplasmic fluorescence decreased and membrane fluorescence increased, approaching
unstimulated levels in SMG acini by 4 hr. Some parotid acini exhibited cytoplasmic fluorescence
up to 8 hr after IPR. The IPR-induced redistribution of Gag was prevented (SMG) or reduced
(parotid) by prior injection of propranolol. Striated duct cells of unstimulated mice exhibited
general cytoplasmic fluorescence, which was unchanged after IPR.
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Conclusions—Gayg is localized to basolateral membranes of unstimulated salivary acinar cells.
Activation of Gag causes its release from the cell membrane and movement into the cytoplasm.
Reassociation of Gag with the membrane begins about 2 hr after stimulation in the SMG, but
complete reassociation takes several hours in the parotid gland. The presence of Gag in striated
duct cells suggests a role in signal transduction of secretion and/or electrolyte transport processes.
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Introduction

Signal transduction via cell surface -adrenergic receptors involves heterotrimeric guanosine
triphosphate (GTP) binding proteins (G-proteins), which consist of an a-subunit that binds
and hydrolyzes GTP and - and y-subunits that form a stable complex (1, 2). G-proteins are
peripheral membrane proteins associated with G-protein-coupled receptors (GPCRs) and
bound to the inner side of the plasma membrane via covalent lipid modifications (3, 4). In
the inactive state, guanosine diphosphate (GDP) is bound to the a-subunit (Figure 1). Ligand
binding to a GPCR results in exchange of GTP for GDP, activating the G-protein and
releasing it from the receptor. The a-subunit then dissociates from the By complex and
modulates the activity of an effector protein, leading to a change in the concentration of an
intracellular second messenger. In the Gy G-protein family, the Gag subunit activates
adenylate cyclase, which forms cyclic AMP (cAMP) from ATP, initiating cAMP-dependent
signaling cascades. Hydrolysis of GTP due to the intrinsic GTPase activity of Gag allows
reassociation of the a and By subunits and termination of the signal.

Salivary glands have been used extensively to study mechanisms of protein secretion, and
provided early evidence implicating cyclic AMP as a second messenger in the process of
exocytosis (5, 6). In rodent parotid and submandibular (SMG) glands, exocytosis is
stimulated mainly by binding of the sympathetic neurotransmitter norepinephrine to 3
adrenergic receptors, which are GPCRs. Several Ga proteins are present in salivary glands.
Gas, Gajye and Gaiz have been identified biochemically in salivary gland plasma
membranes and secretory granule membranes (7, 8). Transcripts for Gag, Gayy and Gayg,
and their translation products, have been detected in rat SMG by RT-PCR and Western
blotting (9). The a-subunit of Gy has been localized immunocytochemically mainly to duct
cells of rat and mouse parotid and SMG (10).

Previous studies of several cell types in vitro have shown that upon activation and
dissociation from Gpy, Gas is released from the cell membrane and moves into the
cytoplasm (11-17). Initially, the internalized Gag appears to be distributed diffusely
throughout the cytoplasm; at later times it is associated with intracellular vesicles (12, 14).
Release from the cell membrane is thought to be due to depalmitoylation of Gag (12, 18); its
association with vesicular membranes is due to repalmitoylation (19). In these systems, upon
termination of receptor stimulation, Gag reassociates with the plasma membrane.
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The specific localization of Gag in salivary glands, i.e., cell type, membrane domain, etc., as
well as its possible redistribution upon receptor stimulation and G-protein activation, remain
unknown. The goals of this study, therefore, were to determine the localization of Gag in the
cells of the parotid and SMG of mice, and to determine the effect of in vivo B-adrenergic
receptor stimulation on its intracellular distribution.

Materials and Methods

Animals

Nineteen adult male and female B6SJLF1 mice, 3 — 6.5 months old, were used in these
experiments. The mice were housed in plastic cages and provided with standard laboratory
chow and water, ad libitum. Some mice were injected with the norepinephrine analog
isoproterenol (IPR, 10 mg/kg, i.p.; Sigma-Aldrich, St. Louis, MO, USA) 15 or 30 min, or 1,
2,4, 6 or 8 hr prior to tissue fixation. Additionally, some mice were injected with the j-
receptor antagonist propranolol (20 mg/kg, i.p.; Sigma-Aldrich) 30 min prior to IPR. All
animals were anesthetized deeply with a mixture of Ketamine and Xylazine (90 mg and 10
mg per kg body weight, i.p.) prior to tissue collection, and were euthanized by
exsanguination. Housing and care of the mice were carried out according to the Guide for
the Care and Use of Laboratory Animals, and all procedures were approved by the
Institutional Animal Care and Use Committee of the University of Connecticut Health
Center.

Tissue Preparation

The salivary glands were fixed either by immersion or by vascular perfusion with 4%
paraformaldehyde buffered with 0.1 M sodium cacodylate, pH 7.4. For immersion fixation,
the parotid and SMG were excised from anesthetized animals, placed in a drop of fixative
solution, cut into pieces 2-4 mm on a side and placed in fresh fixative solution at 4°C for
16-24 hours. For perfusion fixation, the abdomen and thorax of anesthetized animals were
opened, the right atrium of the heart was cut, a 21-gauge needle connected via tubing to a
reservoir of fixative solution was inserted into the left ventricle, and vascular perfusion of
the fixative solution was carried out for about 5 min. After excision, the parotid and SMG
were placed in fresh fixative solution, as above. The fixed tissues were then stored in 1%
buffered paraformaldehyde at 4°C.

The fixed tissues were cryoprotected with 30% sucrose, embedded in OCT, and rapidly
frozen in isopentane cooled by dry ice. Frozen sections were cut at 10 um in a cryostat and
collected on Super Frost Plus slides (Fisher Scientific, Fairlawn, NJ). The frozen sections
were stored in a tightly closed box at -20°C for a few days prior to immunolabeling.

Immunofluorescence

The sections were rinsed 3 times with phosphate buffered saline (PBS) for 5 min each, then
treated with 1% BSA / 5% normal goat serum in PBS for 30 min to block non-specific
binding. The sections were incubated with an affinity purified antibody made against the 10
C-terminal amino acids of Gag (RM, 3-6 pg/ml; [20]) for 60 min at room temperature; the
antibody was kindly provided by Teresa Jones (National Institutes of Health). After 3 rinses
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with PBS for 5 min each, the sections were incubated with FITC-labeled goat anti-rabbit
1gG (KPL, Gaithersburg, MD) for 30 min at room temperature. After thorough rinsing with
PBS, cover slips were mounted with Vectashield (Vector Laboratories, Burlingame, CA)
and the sections were observed in a Leitz Orthoplan microscope with epifluoresence
illumination. Qualitative assessments of fluorescence distribution were made using images
recorded on Kodak Elite Chrome 200 film. The 35 mm slides were scanned in an Agfa
DuoScan or Epson Perfection V750 Pro scanner; using Photoshop (version 7.0) or CS4
Extended (version 11.0.2) (Adobe Systems Incorporated, San Jose, CA) the overall
brightness of the scanned images was reduced about 30% to approximate the brightness
observed in the microscope.

Fluorescence Intensity Measurement

Results

Membrane and cytoplasmic fluorescence intensities of acinar cells were determined by the
method of Freudzon et al. (15). Images were obtained from the immunolabeled sections with
a Zeiss Pascal LSM5 confocal microscope (Carl Zeiss, Inc., Thornwood, NY) using a 40x
1.2 NA objective lens, with 488 nm dichroic and 515-530 nm emission filters. Membrane-
associated and cytoplasmic fluorescence intensities were measured using MetaMorph
software (Molecular Devices Corp., Downingtown, PA), corrected for background
fluorescence measured on sections incubated with non-immune IgG instead of anti-Gas, and
membrane : cytoplasm ratios were calculated. Thirty-eight to 66 individual measurements
were made on parotid sections, and 12-39 measurements were made on SMG sections. To
determine fluorescence intensities of striated ducts, separate apical (supranuclear) and basal
(infranuclear) areas were outlined in the MetaMorph program, the average fluorescence
intensity was determined for each area, and the apical : basal ratio was calculated for each
pair of measurements. Seven to 24 pairs of measurements were made on parotid sections,
and 7-23 pairs of measurements were made on SMG sections. One-way ANOVA and two-
tailed t-tests were used to assess statistical significance of differences in fluorescence
intensities.

In the mouse parotid and SMG, Gag was mainly localized to the basolateral plasma
membranes of acinar cells (Figs. 2A, 3A, 4A and 4C). The predominant plasma membrane
localization was confirmed by confocal microscopy and fluorescence intensity
measurements (Fig. 5). Rarely, some fluorescence was noted along the luminal membrane.
Gay, fluorescence also appeared to be present throughout the cytoplasm of intercalated,
striated and granular duct cells (Figs. 2A, 3A, 4A, 4E and 4G). Small blood vessels and
some nerves adjacent to acinar and duct cells exhibited relatively bright fluorescence. No
specific fluorescence or significant levels of autofluorescence were observed in sections of
unstimulated (Fig. 2B) or isoproterenol stimulated (Fig. 3B) glands incubated with non-
immune 1gG or BSA/NGS instead of the anti-Gas antibody. Orange autofluorescence of
lysosomes was particularly prominent in these sections.

Stimulation of p-adrenergic receptors by in vivo injection of IPR caused apparent
dissociation of Gag from the acinar plasma membrane and diffusion throughout the
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cytoplasm. This was apparent as an overall increase in cytoplasmic fluorescence, evident in
many cells at 15 min after IPR injection (Fig. 2C), and in essentially all acinar cells by 30
min (Figs. 2D, 3C, 4B and 4D). No fluorescence was observed in the nuclei (insets, Figs.
2C, 2D, 3C and 3E; Fig. 4B and 4D).

In parotid acinar cells, cytoplasmic fluorescence was high at 1 hr (Fig. 2E) and remained
elevated up to 4 hr after IPR injection. At 6 hr after IPR (Fig. 2G) cytoplasmic fluorescence
had decreased and plasma membrane fluorescence was increased, suggesting reassociation
of Gag with the plasma membrane. By 8 hr after IPR (Fig. 2H), the distribution of
fluorescence was similar to that in unstimulated glands.

In the SMG, a reduction in cytoplasmic fluorescence and apparent reassociation of Gag with
the plasma membrane was detectable by 2 hr after IPR stimulation (Figs. 3E and 3F), was
further advanced by 4 hr (Fig. 3G), and appeared to be complete by 6 hr after stimulation
(Fig. 3H).

Pre-injection of the p-receptor antagonist propranolol reduced the dissociation of Gag from
the acinar cell plasma membrane caused by IPR in both the parotid and SMG (Figs. 2F and
3D), although this effect was more evident in the SMG. This indicates that the IPR-induced
redistribution of Gag occurred in response to B-adrenergic receptor stimulation.

To quantify changes in Gag localization, confocal images of section of the glands were
analyzed at various times after treatment by tracing straight lines over regions corresponding
to individual cells (see Figure 5). Fluorescence intensity measurements, expressed as plasma
membrane : cytoplasm ratios, confirmed the dissociation of Gag from, and its reassociation
with, the plasma membrane following IPR stimulation of the acinar cells of both the parotid
and SMG (Fig. 6). One hour after IPR stimulation, the plasma membrane : cytoplasm
fluorescence ratio had decreased 3-fold and 7-fold in the parotid and SMG, respectively.
Eight hours after IPR, the fluorescence ratios had increased and were slightly greater than
control values, ~ 70% and 30% for the parotid and SMG, respectively. The effect of
propranolol treatment was variable: in the SMG, 1 hr after IPR, the fluorescence ratio for
propranolol-treated cells was much greater, although not significantly, than in animals only
injected with IPR; in the parotid, the fluorescence ratio for propranolol-treated cells was
slightly but significantly greater, than in animals only injected with IPR (Fig. 6).

In sections of IPR stimulated glands, an apparent accumulation of Gag in the apical
cytoplasm of striated duct cells was noted, in both the parotid (Figs. 2C, 2D and 4F) and
SMG (Fig. 4H) at early times after stimulation. The intensity of the apical fluorescence was
reduced at later times after stimulation (Figs. 2G and 2H). Fluorescence intensity
measurements of striated duct cells (Table 1) revealed slightly greater fluorescence intensity
in the apical cytoplasm than in the basal cytoplasm. In the parotid gland there was an
increase in the fluorescence of the apical cytoplasm at 1 hr after IPR; however, the changes
in the apical : basal fluorescence ratio were not statistically significant.
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Discussion

The present results show that Gag is associated with the plasma membrane of salivary gland
acinar cells, and is internalized following IPR stimulation. Studies of cultured cells
demonstrated that dissociation of Gag from the plasma membrane occurs rapidly, within 1-2
min following IPR stimulation of 3-adrenergic receptors (12, 13). In parotid and SMG acinar
cells, dissociation was underway at 15 min, the earliest time point examined after IPR
stimulation; by 30-60 min dissociation was essentially complete. This is similar to the time
course of Gas dissociation and translocation in immature mouse oocytes expressing
exogenous By-adrenergic receptors (17). The extent of Gag dissociation at 15 min after
stimulation varied from cell to cell, most likely due to the rate of absorption of IPR from the
peritoneum and its diffusion from blood vessels to the acinar cells. Dissociation and
internalization of Gag is thought to be important for termination of the signal or
desensitization, and/or regulation of other cytoplasmic molecules (3). Gasg interacts with
several cell organelles, including microtubules and endosomes (21), and regulates specific
intracellular transport processes (22, 23). In Xenopus oocytes Gas is associated with yolk
platelet membranes and may have a role in their formation or function (24). Cytochemical
studies of rodent salivary glands have shown the presence of adenylate cyclase at the
luminal membrane in addition to the basolateral cell membranes (25-27). Activation of
luminal adenylate cyclase by Gas released from the basolateral cell membranes could result
in local cAMP generation necessary for exocytosis or endocytic membrane retrieval.

Reassociation of Gag with the plasma membrane is evident, at least in the SMG, as early as
2 hr after IPR, a time frame similar to that observed in vitro (12). Completion of this process
in the salivary glands takes considerably longer, however, possibly due to prolonged
receptor stimulation in vivo, or different rates of receptor internalization. Studies of cultured
cells suggest that plasma membrane reassociation of Gag may occur via binding to vesicular
structures (13, 14, 16); we were not able to determine if a vesicular mechanism is involved
in this process in the salivary glands.

Most models of Gg activation assume that the Gfyand Gy subunits dissociate from one
another. In some cells Gy is known to be released from the plasma membrane (14) and to
interact with several organelles and proteins (21). Our results clearly show that activated
Gay is released from the plasma membrane, but they do not address the fate of GBy or the
possibility that at least some Gafy heterotrimers remain intact. While there is clear evidence
that Ga and GBy subunits do physically dissociate, in some cells intact Gafy heterotrimers
are capable of activating their effector molecules (28).

Gayg also is present in intercalated and striated duct cells. It appears to be diffusely
distributed in the cytoplasm, although striated duct cells exhibited somewhat brighter apical
fluorescence adjacent to the luminal membrane after IPR stimulation. However, a
statistically significant redistribution of Gag in duct cells after IPR stimulation, as assessed
by fluorescence intensity ratios, was not shown by our analysis. Previous studies showed
Ca** oscillations in mouse SMG duct cells in response to IPR stimulation that were
inhibited by antibodies to Gag (29). Both duct cell types contain secretory granules and
release proteins into saliva. Norepinephrine and vasoactive intestinal peptide stimulate
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cAMP production in rabbit SMG striated ducts (30), and sympathetic nerve stimulation
depletes apical secretory granules in cat SMG striated ducts (31). We have shown that the
regulatory and catalytic subunits of type 1l PKA are associated with the luminal membrane
and the small apical secretory vesicles in human striated duct cells (32; Zinn et al.,
manuscript in preparation). Activation of Gag and local generation of cCAMP could activate
PKA, leading to granule exocytosis and/or electrolyte reabsorption, e.g., involving the cystic
fibrosis transmembrane conductance regulator (CFTR; 33), by striated duct cells. Taken
together, these data suggest the presence of a CAMP-mediated signaling complex located in
the apical region of striated duct cells.

In summary, the Ga subunit of the heterotrimeric GTP-binding protein Gg is predominantly
localized to the basolateral plasma membranes of acinar cells of unstimulated salivary
glands. B-Adrenergic receptor stimulation results in activation of Gas, which in turn
activates adenylate cyclase, generating cAMP and leading to PKA activation and exocytosis.
Following activation, Gag dissociates from the cell membrane and diffuses throughout the
cytoplasm, potentially interacting with other intracellular organelles or effector molecules.
The internalization of Gayg is prevented by propranolol, indicating that dissociation occurs in
response to B-adrenergic stimulation. Reassociation of Gag with the membrane requires
several hours, and is apparent earlier in the SMG than in the parotid gland.
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Receptor Activation and G-Protein Cycle

GTP hydrolysis and
g reassociation

Dissociation

Figure 1.
B-Adrenergic receptor activation and the G-protein cycle. In the resting state, the

heterotrimeric G-protein, G, is bound to the 3-adrenergic receptor (BAR), and anchored to
the plasma membrane (PM) via covalently attached lipid molecules. Norepinephrine (NE)
released from sympathetic nerve terminals in the salivary glands binds to the BAR, resulting
in activation of G4. Cytoplasmic GTP is exchanged for GDP on the Ga subunit, causing
release of G from the receptor and dissociation of the Ga and Gy subunits. In salivary
gland acinar cells Ga then activates the effector protein, adenylate cyclase, which forms
CcAMP from ATP. GBy may activate other effector proteins. Hydrolysis of GTP, accelerated
by regulator of G-protein signaling (RGS) proteins, results in reassociation of Ga and Gy,
and subsequent reassociation of Gg with the BAR. (For color reproduction on the Web and
inprint.)
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Figure 2.
Immunofluorescence localization of Gag in mouse parotid gland. Scale bars: main panels, 50

um; insets, 20 um. (For color reproduction on the Web and in print.)

A. Unstimulated control. In the secretory acinar cells (AC), Gas is localized to the
basolateral membranes; minimal cytoplasmic labeling is observed. Cells of the striated (SD)
and intercalated (ID) ducts show strong cytoplasmic fluorescence. Smooth muscle cells
surrounding small blood vessels (BV) also are labeled.
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B. Unstimulated control incubated with non-immune 1gG. Weak non-specific fluorescence
is seen in the acini and ducts. Lysosomes exhibit orange autofluorescence.

C. Isoproterenol, 15 min. Gag fluorescence is seen along the cell membranes and present in
the cytoplasm of the acinar cells (AC). No fluorescence is present in the nuclei. Apical
fluorescence in the striated ducts (SD) appears to be increased.

D. Isoproterenol, 30 min. Most of the fluorescence in acinar cells (AC) is cytoplasmic, and
membrane-associated fluorescence is further reduced. Apical fluorescence is still present in
the striated ducts (SD).

E. Isoproterenol, 1 hr. Acinar cell (AC) cytoplasm remains fluorescent, however, the apical
labeling of striated ducts (SD) appears reduced (inset). A similar distribution of fluorescence
was seen at 2 hr and 4 hr after isoproterenol administration.

F. Propranolol/Isoproterenol, 1 hr. Administration of the [3-receptor antagonist propranolol
30 min prior to isoproterenol reduces redistribution of Gag. Cytoplasmic fluorescence of
acinar cells (AC) is reduced, and some Gag remains associated with the cell membranes.
Striated duct (SD).

G. Isoproterenol, 6 hr. The acinar cells (AC) exhibit decreased cytoplasmic fluorescence and
increased membrane-associated fluorescence. Apical fluorescence of striated duct (SD) cells
is reduced.

H. Isoproterenol, 8 hr. The distribution of fluorescence is similar to that of the unstimulated
control gland. Most acinar cells (AC) show basolateral membrane-associated fluorescence,
and minimal cytoplasmic fluorescence. Intense cytoplasmic fluorescence is seen in striated
ducts (SD);.apical fluorescence is diminished. Blood vessel (BV).
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Figure 3.
Immunofluorescence localization of Gag in mouse submandibular gland. Scale bars: main

panels, 50 pm; insets, 20 um. (For color reproduction on the Web and in print.)

A. Unstimulated control. In the secretory acinar cells (AC), Gas is localized to the
basolateral membranes of the cells; minimal cytoplasmic labeling is observed. Cells of the
striated (SD) and granular (GD) ducts show strong cytoplasmic fluorescence.

B. Isoproterenol, 2 hr; incubated with non-immune 1gG. Weak non-specific fluorescence is
seen in the acini and ducts. Lysosomes exhibit orange autofluorescence.
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C. Isoproterenol, 30 min. Most of the fluorescence in acinar cells (AC) is located in the
cytoplasm; membrane-associated fluorescence is substantially reduced. Some apical
fluorescence is seen in the striated and granular ducts (GD).

D. Propranolol/Isoproterenol, 30 min. Administration of the p-receptor antagonist,
propranolol, 30 min prior to isoproterenol, reduces redistribution of Gas. Most of the
fluorescence in acinar cells (AC) is associated with the cell membranes, similar to the
unstimulated control gland. Only low levels of fluorescence are present in the acinar cell
cytoplasm. Fluorescence is present throughout the cytoplasm of striated (SD) and granular
ducts (GD).

E. Isoproterenol, 1 hr. Fluorescence is present throughout the acinar cell (AC) cytoplasm;
little or no membrane-associated fluorescence is seen. Apical labeling of striated (SD) and
granular ducts (GD) is still apparent.

F. Isoproterenol, 2 hr. The acinar cells (AC) exhibit slightly decreased cytoplasmic
fluorescence and increased membrane-associated fluorescence. Apical labeling of striated
(SD) and granular ducts (GD) is still apparent.

G. Isoproterenol, 4 hr. Cytoplasmic fluorescence of the acinar cells (AC) is reduced, and
membrane-associated fluorescence is increased. Granular duct (GD).

H. Isoproterenol, 6 hr. The distribution of fluorescence is similar to that of the unstimulated
control gland. Most acinar cells (AC) show basolateral membrane-associated fluorescence,
and minimal cytoplasmic fluorescence. Strong cytoplasmic fluorescence is seen in striated
(SD) and granular ducts (GD), but apical fluorescence appears reduced.
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Figure 4.
Distribution of Gag in acinar and striated duct cells. Scale bar = 20 um. (For color

reproduction on the Web and in print.)

A. Parotid acinar cells, unstimulated control. Basolateral membranes of acinar cells are
labeled; intercalated duct cells (ID) show cytoplasmic labeling.

B. Parotid acinar cells, 30 min isoproterenol. Gayg is distributed throughout the cytoplasm of
acinar cells; nuclei are unlabeled.

C. Submandibular acinar cells, unstimulated control. Basolateral membranes of acinar cells
are labeled.

D. Submandibular acinar cells, 30 min isoproterenol. Gas is distributed throughout the
cytoplasm of acinar cells.

E. Parotid striated duct, unstimulated control. Gay is distributed throughout the cytoplasm of
striated duct cells.

F. Parotid striated duct, 30 min isoproterenol. Fluorescence intensity appears greater in the
apical cytoplasm of striated duct cells.

G. Submandibular striated duct, unstimulated control. Gas is distributed throughout the
cytoplasm of striated duct cells.

H. Submandibular striated duct, 1 hr isoproterenol. Fluorescence intensity appears greater in
the apical cytoplasm of striated duct cells.
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Figure 5.
Fluorescence intensity distribution in submandibular acinar cells.

A. Confocal image of a section of an unstimulated submandibular gland labeled with
antibody to Gag. The line a-b indicates the path and length of the intensity scan shown in
panel B. Acinar cells (AC); striated duct (SD).

B. Fluorescence intensity scan across the acinar cell shown in panel A. The beginning of the
scan is indicated by ‘a’, and the end of the scan by ‘b’. The peaks at 4, 20 and 22 pm
represent Gag associated with the plasma membrane.
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Figure 6.
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IPR

Plasma membrane : cytoplasm fluorescence intensity ratios in parotid and SMG acinar cells.
Error bars represent standard error of the mean. Significant difference from unstimulated
controls: *, p<0.05; **, p<0.01; ***, p<0.001. Significant difference from 1 hr IPR: #,

p<0.001.
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Table 1

Apical : basal cytoplasmic fluorescence intensity ratios in striated ducts.”

Parotid Mean + SE (n) SMG Mean + SE (n)

Control 1.040 + 0.052 (10) 1.231 +0.046 (14)
1hrIPR 1.364 + 0.042 (24) 1.227 £ 0.037 (23)
Propranol + 1 hr IPR 1.157 £ 0.038 (9) 1.070 + 0.058 (7)
8 hr IPR 1.045 + 0.069 (7) n.d.2

No significant differences were observed among the various conditions.

2 .
n.d., not determined
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