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Incubation of rat parotid tissue with 10 mM epineph-
ine resulted in a transient and marked trafficking of
quaporin-5 (AQP5) from intracellular membranes to
he apical plasma membrane (APM) that was maximal
t 1 min. This effect of epinephrine was mimicked by
henylephrine, but not by clonidine, dobutamine, or
albutamol, and it was inhibited by phentolamine, but
ot by propranolol. Furthermore, the epinephrine-

nduced trafficking of AQP5 was inhibited by phospho-
ipase C inhibitor U73122 as well as dantrolene and
MB-8, both of which inhibit the release of Ca21 from

ntracellular stores. Cytochalasin D and tubulozole-C
lso inhibited this action of epinephrine. These results
ndicate that epinephrine, acting at a1-adrenoceptors,
nduces the trafficking of AQP5 to the APM by trigger-
ng the release of Ca21 from intracellular stores
hrough inositol 1,4,5-trisphosphate and ryanodine re-
eptors. In addition, the potent involvement of the
ytoskeleton was shown in the epinephrine-induced
rafficking of AQP5. © 1999 Academic Press

Stimulation of muscarinic acetylcholine, a- or
-adrenergic, or histamine receptors in salivary gland
issue with their respective agonists induces secretion
f saliva (1–7). The release of electrolytes and water
rom salivary acini is also induced by the binding of
eurotransmitters released from autonomic nerve end-

ngs to muscarinic or a-adrenergic receptors localized
n the basolateral plasma membrane (BLM) of acinar
ells. Stimulation of a-adrenergic or muscarinic recep-
ors in rat parotid acinar cells results in copious fluid
ecretion accompanied by little protein secretion (8).
Several aquaporin (AQP) proteins that form water

hannels that selectively transport water across the
lasma membrane have been cloned from a variety of

1 To whom correspondence and reprint requests should be ad-
ressed at Department of Pharmacology, Tokushima University
chool of Dentistry, 3-18-15 Kuramoto-cho, Tokushima 770-8504,
apan. Fax: 181-88-632-0093. E-mail: isikawa@dent.tokushima-
.ac.jp.
94006-291X/99 $30.00
opyright © 1999 by Academic Press
ll rights of reproduction in any form reserved.
ammalian tissues (9, 10). AQP5, one of AQP proteins,
as recently shown to be present in apical plasma
embranes (APMs) and intracellular membranes

ICMs) of rat parotid tissue with the use of a specific
ntiserum generated in response to a synthetic peptide
orresponding to the COOH-terminal 21 amino acid
esidues of AQP5. Furthermore, acetylcholine acting at

3 muscarinic receptors in this tissue was shown to
nduce the translocation of AQP5 from ICMs to the
PM by increasing the cytosolic concentration of Ca21

[Ca21]i) (11). Muscarinic and a1-adrenergic receptors
rigger similar signal transduction pathways that in-
olve the heterotrimetic G protein Gq-mediated activa-
ion of phospholipase C (PLC)-b, which results in the
eneration of inositol 1,4,5-trisphophate (IP3) and a
onsequent increase in [Ca21]i (4, 12). Ryanodine re-
eptor type III (Ry3R) has also been identified in mi-
rosomal membranes of mouse parotid acini and plays
n important role in Ca21 homeostasis in this tissue
13). However, it has not been established whether the
rafficking of AQP5 is induced by epinephrine in rat
arotid tissue.
With the use of the specific antiserum to AQP5, we

ave now investigated the effect of epinephrine on the
ntracellular distribution of AQP5 in rat parotid tissue.

e indicate that epinephrine acting at a1-adrenergic
eceptors, induces the trafficking of AQP5 from ICMs
o the APM, and that this effect appears to be mediated
y the activation of IP3 receptors (IP3Rs) and Ry3Rs
nd the consequent increase in [Ca21]i. We further
howed that epinephrine-induced trafficking of AQP5
as inhibited by cytochalasin D or tubulozole-C, sug-
esting the importance of the cytoskeleton in this ef-
ect.

ATERIALS AND METHODS

Materials. Epinephrine hydrochloride, clonidine hydrochloride,
ohimbine hydrochloride, (1-[6[(17b)-3-methoxyestra-1,3,5(10)-trien-
7-yl)amino]hexyl)-1H-pyrrole-2,5-dione] (U73122), 3,4,5-trimethoxy-
enzoic acid 8-(diethylamino)octyl ester (TMB-8), and cytochalasin D
ere obtained from Sigma (St. Louis, MO); DL-propranolol hydrochlo-

ide was from Nacalai Tesque Inc. (Kyoto, Japan); phentolamine



hydrochloride was from Ciba-Geigy Japan (Tokyo, Japan); and (1)-
e
o
z
a
o
I
D

r
Y
a
1
b
S
w
T
1
g
t
T
e
a
t
p

t
g
p
h
7
m
(
a
w

m
a
s
3
s
w
f
A
o
i
a

p
r
n
b
M
a
t
c
2
l
s
t
o

m
I
a
s
d

leupeptin, 0.7 mg/ml pepstatin A, and 0.1 mM phenylmethylsulfonyl
fl
2
1
a

t
P
t

t
p
f
A
f
E
B
R
(
d
t
a
t

c
f
r
t

a
o
t

R

o
w
r
c
i
e
m
t
a
a
p
(
t
n
t
I

e
o
i
o
s
a
e
i

Vol. 265, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
thyl cis-{4-[2-(2,4-dichlorophenyl)-2-(1H-imidazol-1-ylmethyl)-1,3-di-
xolan-4-yl]-methylthio]phenyl} carbamate monohydrochloride (tubulo-
ole-C) was from Janssen Biotech (Olen, Belgium); 3-[(3-chol-
midopropyl)dimethyl-ammonio]propansulfonic acid (Chaps) was
btained from Dojindo (Kumamoto, Japan), and antibodies to the
P3R and to the Ry3R were from Calbiochem-Novabiochem (San
iego, CA).

Preparation and incubation of rat parotid tissue. Male Wistar
ats (8 weeks old) were provided with laboratory chow (MF; Oriental
east, Tokyo, Japan) and water ad libitum, and were maintained in
temperature-controlled environment (22 6 2°C) with a 12-h-light,

2-h-dark cycle (lights on at 06:00 h). All procedures were approved
y the animal care committee of Tokushima University Dental
chool. Rats were killed by a blow to the head, and the parotid glands
ere rapidly removed and transferred to an ice-cold Krebs-Ringer-
ris (KRT) solution [120 mM NaCl, 4.8 mM KCl, 1.2 mM KH2PO4,
.2 mM MgSO4, 1.0 mM CaCl2, 16 mM Tris-HCl (pH 7.4), 5 mM
lucose] that had been aerated with O2 gas. Tissue slices (0.4 mm in
hickness) were prepared from the parotid glands with a McIlwain
issue Chopper (Mickle Laboratory Engineering, Surrey, UK) and
quilibrated with the KRT solution for 20 min at 37°C with shaking,
s described previously (2, 5–7). The slices (wet weight, 300 mg) were
hen incubated at 37°C in 10 ml of KRT solution in the absence or
resence of epinephrine or other agents as indicated.

Preparation of APM, BLM, and ICM fractions from rat parotid
issue. APM and BLM fractions were prepared from rat parotid
lands as described (14) with a slight modification as described
reviously (11). In brief, tissue slices were homogenized with a glass
omogenizer and Teflon pestle in 20 vol of 5 mM Hepes buffer (pH
.5) containing 50 mM mannitol and 0.25 mM MgCl2, and the ho-
ogenate was filtered through a single layer of nylon bolting cloth

150-mesh). The filterate was subjected to differential centrifugation,
nd the pellet obtained after centrifugation at 35,000g for 30 min
as suspended in the buffer described above.
After the addition of 1 M MgCl2 to give a final concentration of 10
M, the suspension was incubated on ice for 30 min with stirring

nd then centrifuged at 3000g for 15 min. The resultant pellet was
aved as fraction 1 and the supernatant was again centrifuged at
5,000g for 30 min. The new pellet was saved as fraction 2, and the
upernatant was centrifuged at 200,000g for 1 h to yield a pellet that
as saved as fraction 3. The three membrane fractions were assayed

or the activities of g-glutamyltranspeptidase as a marker of the
PM (15) and K1-stimulated p-nitrophenyl-phosphatase as a marker
f the BLM (16) as described. The specific activities of these enzymes
ndicated that fractions 1, 2, and 3 were enriched in BLMs, APMs
nd ICMs, respectively (11).

Preparation of parotid endoplasmic reticulum membranes. Endo-
lasmic reticulum membranes (ERMs) were prepared from rat pa-
otid glands as described (17). In brief, tissue slices were homoge-
ized with a glass homogenizer and Teflon pestle in 5 mM Hepes
uffer (pH 7.0) containing 290 mM mannitol, 10 mM KCl, 1 mM
gCl2, and 1 mM benzamide. The homogenate was filtered through
single layer of nylon bolting cloth (150-mesh), and the filterate was

hen centrifuged at 1000g for 12 min. The resultant supernatant was
entrifuged at 11,000g for 15 min, and the new pellet was mixed with
.0 M sucrose buffer to give a sucrose concentration of 1.25 M,
ayered on top of 2.0 M sucrose cushion, and overlaid with 0.3 M
ucrose. The gradient was centrifuged at 140,000g for 90 min, and
he band enriched in rough ERMs that formed at the lower interface
f the density layers was collected.

Preparation of parotid microsomal membranes. Microsomal
embranes were prepared from rat parotid glands as described (13).

n brief, tissue slices were homogenized with a glass homogenizer
nd Teflon pestle in 10 mM Hepes buffer (pH 7.4) containing 250 mM
ucrose, 1 mM ethylenediamine-N,N,N9,N9-tetraacetic acid, 1 mM
ithiothreitol, and protease inhibitors of 1 mM benzamide, 1 mg/ml
95
uoride. The homogenate was centrifuged at 250g for 5 min. The
50g supernatant was centrifuged at 10,000g for 20 min. The
0,000g supernatant was centrifuged at 100,000g for 1 h. The result-
nt pellet was collected as microsomal fraction.

Preparation of antibodies to AQP5. Rabbit polyclonal antibodies
o AQP5 were generated in response to a synthetic peptide (KGTYE-
EEDWEDHREERKKTI) corresponding to the deduced COOH-
erminal amino acid sequence of AQP5 (18).

Immunoblot analysis. APM, ICM, and BLM fractions were
reated with the solubilizing buffer (19) and subjected to SDS–
olyacrylamide gel electrophoresis (PAGE) on a 12.5% gel. The ERM
raction was subjected to SDS–PAGE on a 2 to 12% gradient gel.
fter PAGE, the separated proteins were electrophoretically trans-

erred from the unstained gel to a nitrocellulose membrane (Hybond
CL; Amersham Pharmacia Biotech UK Limited, Little Chalfont,
uckinghamshire, UK) with the use of a Trans-Blot apparatus (Bio-
ad, Hercules, CA). The blots were probed with antibodies to AQP5

1:1,500 dilution), or with antibodies to either the IP3 receptor (1:250
ilution) or the Ry3R (1:100 dilution). Immune complexes were de-
ected with horseradish peroxidase-conjugated secondary antibodies
nd ECL reagents (Amersham Pharmacia Biotech UK Limited, Lit-
le Chalfont, Buckinghamshire, UK).

The antibodies to AQP5 recognized a single protein with a mobility
orresponding to a molecular mass of 27 kDa in the APM and ICM
ractions, but not in the BLM fraction, consistent with previous
esults (11). Detection of this protein was prevented by preadsorp-
ion of the antibodies to AQP5 with excess immunizing peptide.

Statistical analysis. Data are presented as means 6 SE and were
nalyzed for statistical significance with Student’s t test or analysis
f variance at all time point. P value of ,0.05 was considered sta-
istically significant.

ESULTS

Effect of epinephrine on the intracellular distribution
f AQP5 in rat parotid tissue. Rat parotid tissue slices
ere incubated for 1 min at 37°C with 10 mM epineph-

ine to investigate the effect of this agent on the intra-
ellular distribution of AQP5. The tissues was then
mmediately frozen to stop the reaction before homog-
nization and preparation of membrane fractions. Im-
unoblot analysis with antibodies to AQP5 revealed

hat epinephrine induced a marked increase in the
mount of AQP5 in the APM (233.8 6 21.0% of control)
nd an associated decrease in the abundance of this
rotein in the ICM fraction (80.2 6 3.0% of control)
Fig. 1). Incubation of the tissue did not affect either
he yield of APM, BLM or ICM fraction, or the immu-
oblot analysis per se. These observations indicated
hat epinephrine induces a trafficking of AQP5 from
CMs to the APM in rat parotid cells.

Effects of a- and b-adrenergic antagonists on the
pinephrine-induced trafficking of AQP5. The subtype
f adrenergic receptors responsible for the epinephrine-
nduced increase in the amount of AQP5 in the APM
f rat parotid cells was investigated with the use of
pecific a- and b-adrenergic receptor antagonists. The
-adrenergic antagonist phentolamine (100 mM) mark-
dly inhibited the increase in the abundance of AQP5
nduced by incubation of tissue with 10 mM epinephrine
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or 1 min (Fig. 2). In contrast, b-adrenergic antagonist
ropranolol (100 mM) had a much smaller inhibitory ef-
ect on this action of epinephrine. Thus, the epinephrine-
nduced trafficking of AQP5 in rat parotid cells appears to
e mediated by a-adrenergic receptors.

Effects of a1-, a2-, b1-, and b2-adrenergic agonists on
he alteration of the amount of AQP5 in the APM. To
dentify the specific a-adrenergic receptor subtype re-
ponsible for the epinephrine-induced translocation of
QP5, we incubated rat parotid tissue slices with spe-

ific agonists of a1- and a2-adrenergic receptors (Fig. 3).
xposure of tissue for 1 min to 10 mM phenylephrine,
n a1-adrenergic agonist, induced a 2.2-fold increase in
he amount of AQP5 in the APM. This effect of phen-
lephrine was inhibited by the a1-adrenergic antago-
ist prazosin (100 mM). In contrast, the a2-adrenergic
gonist clonidine (10 mM) had no significant effect on
he amount of AQP5 in the APM, either in the absence
r presence of the a2-adrenergic antagonist yohimbin
100 mM). As additional controls, we showed that nei-

FIG. 1. Effect of epinephrine on the amounts of AQP5 in the
PM and ICM fractions of rat parotid tissue. (A) Rat parotid tissue
lices were incubated in the absence (C, control) or presence of 10 mM
pinephrine (Epi) for 1 min at 37°C, after which APM (5 mg of
rotein) and ICM (40 mg of protein) fractions were prepared and
ubjected to immunoblot analysis with antibodies to AQP5. The
osition of the 27-kDa immunoreactive protein is indicated. (B) Im-
unoblots similar to those shown in (A) were subjected to densito-
etric analysis, and the amount of AQP5 in each fraction, based on

he intensity of the chemiluminescence signal, was expressed as a
ercentage of the value for control tissue. Data are means 6 SE of
ve independent experiments. *p , 0.05, **p , 0.01 versus the value
or control cells.
96
her the b1-adrenergic agonist dobutamine (10 mM), in
he absence or presence of the b1-adrenergic antagonist
tenolol (100 mM) nor the b2-adrenergic agonist salbu-
amol (10 mM), in the absence or presence of the b2-
drenergic antagonist butoxamine (100 mM), had any
ignificant effect on the amount of AQP5 in the APM.
hese observations indicate that epinephrine acts at
1-adrenergic receptors to induce the trafficking of
QP5 to the APM in rat parotid cells.

Effects of U73122, dantrolene, and TMB-8 on the
pinephrine-induced trafficking of AQP5. To investi-
ate the signaling pathway by which the interaction of
pinephrine with a1-adrenoceptors triggers the traf-
cking of AQP5 from ICMs to the APM of rat parotid
ells, we examined the effect of the PLC inhibitor
73122 (10 mM) (20). This agent prevented the

pinephrine-induced increase in the amount of AQP5
n the APM (Fig. 4). Dantrolene (30 mM), a hydantoin
erivative that inhibits Ca21-induced Ca21 release from
he sarcoplasmic reticulum of skeletal muscle and from
nidentified Ca21 stores in other cell types (21), inhib-

ted by ;70% the trafficking of AQP5 from ICMs to the

FIG. 2. Effects of phentolamine and propranolol on the
pinephrine-induced increase in the amount of AQP5 in the APM. (A)
at parotid tissue slices were incubated for 1 min at 37°C in the
bsence (lane 1) or presence of 10 mM epinephrine, either alone (lane
) or in the additional presence of 100 mM phentolamine (lane 3) or
00 mM propranolol (lane 4). The APM fraction (5 mg of protein) was
hen prepared and subjected to immunoblot analysis with antibodies
o AQP5. (B) Immunoblots similar to those shown in (A) were sub-
ected to densitometric analysis, and the amount of AQP5 was ex-
ressed as a percentage of the value for control cells. Data are
eans 6 SE of three independent experiments. *p , 0.05, **p , 0.01

ersus the value for control cells.
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PM induced by 10 mM epinephrine. Finally, TMB-8
30 mM), an inhibitor of Ca21 release from intracellu-
ar compartments, completely blocked epinephrine-in-
uced increase in the amount of AQP5 in the APM.
hese observations suggest that activation of PLC, the
onsequent production of IP3 and Ca21 release medi-
ted by the IP3Rs and Ry3Rs, contribute to the traf-
cking of AQP5 induced by epinephrine.

Effect of epinephrine on the time-dependent changes
n the amounts of AQP5 in APM, IP3Rs in ERMs, and
y3Rs in microsomal membranes. To investigate fur-

her the contributions of IP3Rs and Ry3Rs to the
pinephrine-induced trafficking of AQP5 to the APM,

FIG. 3. Effects of a- and b-adrenergic agonists and antagonists
n the amount of AQP5 in the APM. (A) Rat parotid tissue slices were
ncubated for 1 min at 37°C in the absence (Exp. 1 and 2, lane 1) or
resence of 10 mM phenylephrine (Exp. 1, lane 2), 10 mM phenyleph-
ine and 100 mM prazosin (Exp. 1, lane 3), 10 mM clonidine (Exp. 1,
ane 4), 10 mM clonidine and 100 mM yohimbine (Exp. 1, lane 5), 10
M dobutamine (Exp. 2, lane 2), 10 mM dobutamine and 100 mM
tenolol (Exp. 2, lane 3), 10 mM salbutamol (Exp. 2, lane 4) and 10
M salbutamol and 100 mM butoxamine (Exp. 2, lane 5). The APM

raction (5 mg of protein) was then prepared and subjected to immu-
oblot analysis with antibodies to AQP5. (B) Immunoblots similar to
hose shown in (A) were subjected to densitometric analysis, and the
mount of AQP5 was expressed as a percentage of the value for
ontrol cells. Data are means 6 SE of three independent experi-
ents. **p , 0.01 versus the value for control cells.
97
e examined the effect of epinephrine on the abun-
ance of these receptors in ERMs and microsomal
embranes. Immunoblot analysis with respective and

pecific antibodies revealed that incubation of rat pa-
otid tissue slices with 10 mM epinephrine induced
arked increases in the amounts of IP3Rs and Ry3Rs

n the ERMs and microsomal membranes, respectively
Fig. 5). The increases were transient, with the abun-
ance of IP3Rs peaking at 1 min after exposure to

FIG. 4. Effects of U73122, dantrolene and TMB-8 on the
pinephrine-induced increase in the amount of AQP5 in the APM. (A)
at parotid tissue slices were pretreated for 30 min at 37°C in the
bsence (Exp. 1 to 3, lanes 1 and 2) or presence of 10 mM U73122
Exp. 1, lane 3), 30 mM dantrolene (Exp. 2, lane 3) and 30 mM TMB-8
Exp. 3, lane 3) and then incubated for 1 min at 37°C in the absence
Exp. 1 to 3, lane 1) or presence (Exp. 1 to 3, lanes 2 and 3) of 10 mM
pinephrine in the continued absence or presence of U73122, dan-
rolene and TMB-8. The APM fraction (5 mg of protein) was then
repared and subjected to immunoblot analysis with antibodies to
QP5. (B) Immunoblots similar to those shown in (A) were subjected

o densitometric analysis, and the amount of AQP5 was expressed as
percentage of the value for cells incubated in the absence of

73122, dantrolene and TMB-8. Data are means 6 SE of three
ndependent experiments. **p , 0.01 versus the value for control
ells.
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pinephrine and that of Ry3Rs peaking at 3 min.
hile, incubation of tissue slices with 10 mM epineph-

ine for various times revealed that the amount of
QP5 in the APM increased rapidly. The effect was
tatistically significant at 15 s (147.7 6 3.2% of control)
nd maximal at 1 min (233.8 6 21.0% of control), after
hich the amount of AQP5 in the APM gradually re-

urned toward control values. However, even at 10
in, the amount of AQP5 in the APM was significantly
igher than that of control. These observations suggest
hat IP3Rs and Ry3Rs contribute sequentially to the
ncrease in [Ca21]i induced by epinephrine and then
ead to increase the amount of AQP5 in APM.

Effects of cytochalasin D and tubulozole-C on the
pinephrine-induced trafficking of AQP5. It has been
roposed that membrane traffic in polarized epithelial
ells requires both actin filaments and microtubules. We
herefore tested the effects of cytochalasin D, an actin-
isrupting agent, and of tubulozole-C, a microtubule-
epolymerizing agent, on the epinephrine-induced traf-
cking of AQP5 (22). Both agents inhibited the
pinephrine-induced increase in the abundance of AQP5
n the APM in a dose-dependent manner (Fig. 6); at a
oncentration of 5 mM, cytochalasin D inhibited the effect
f epinephrine by 80% and tubulozole-C inhibited it com-
letely. These results indicate that both actin filaments

FIG. 5. Effect of epinephrine on the amounts of AQP5 in the
PM, IP3Rs in ERMs, and Ry3Rs in microsomal membranes. Rat
arotid tissue slices were incubated for 0, 0.25, 1, 3, or 10 min at 37°C
ith 10 mM epinephrine, after which the APM fraction (5 mg of
rotein) was prepared and subjected to immunoblot analysis with
ntibodies to AQP5. ERMs (40 mg of protein) and microsomal mem-
ranes (40 mg of protein) were prepared and subjected to immunoblot
nalysis with antibodies to IP3Rs and Ry3Rs. Then, immunoblots
ere subjected to densitometric analysis, and the amounts of AQP5,

P3Rs and Ry3Rs were expressed as a percentage of the values for
ero time. Data are means 6 SE of three independent experiments.
p , 0.05, **p , 0.01 versus the values for zero time.
98
nd microtubules are important for the epinephrine-
nduced trafficking of AQP5 in rat parotid cells.

ISCUSSION

We have shown that incubation of rat parotid tissue
ith 10 mM epinephrine results in a rapid and tran-

ient increase in the amount of AQP5 in the APM
raction that is maximal after 1 min (Figs. 1 and 5).

FIG. 6. Effects of cytochalasin D and tubulozole-C on the
pinephrine-induced increase in the amount of AQP5 in the APM. (A)
at parotid tissue slices were pretreated for 30 min at 37°C in the
bsence (Exp. 1 and 2, lanes 1 and 2) or presence of cytochalasin D at
he concentration of 0.5, 2.5 and 5.0 mM (Exp. 1, lanes 3 to 5,
espectively), tubuluzole-C at the concentration of 0.5, 2.5 and 5.0
M (Exp. 2, lanes 3 to 5, respectively) and then incubated for 1 min
t 37°C in the absence (Exp. 1 and 2, lane 1) or presence (Exp. 1 and
, lanes 2 to 5) of 10 mM epinephrine in the continued absence or
resence of cytochalasin D or tubulozole-C. The APM fraction (5 mg
f protein) was then prepared and subjected to immunoblot analysis
ith antibodies to AQP5. (B) Immunoblots similar to those shown in

A) were subjected to densitometric analysis, and the amount of
QP5 was expressed as a percentage of the value for control cells.
ata are means 6 SE of three independent experiments. *p , 0.05,

*p , 0.01 versus the value for zero time.



C
n
a
e
t
o
e
A
a
c
r
t
fi
o
a
A
r

p
d
i
r
A
r
t
a
c
p
A
i

T
e
i
t
a
o
o
i
s
h
(
(
C
t
(
t
a
w
i
o
I
R
i
i
t

p
a
e
t
t
m
t
s
i
r
t
t

c
t
t
t

A

R
t
a

R

1

1

1
1

1

1

1

Vol. 265, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
onversely, prolongation of such treatment with epi-
ephrine for longer than 1 min decreased gradually the
mount of AQP5 in the APM, but still maintained the
levated level of its amount in the APM after 10 min of
he reaction with the agonist (Fig. 5). The identification
f the specific adrenergic receptor subtype involved in
pinephrine-induced trafficking of AQP5 between the
PM and ICMs in rat parotid tissue by using specific
ntagonists directed against a- and b-adrenergic re-
eptors showed that epinephrine acted at a-adrenergic
eceptors and induced the trafficking of AQP5 between
he APM and ICMs in parotid glands (Fig. 2). This
nding was supported by the result that the treatment
f the tissues with phenylephrine, an a1-adrenergic
gonist, induced marked increase in the amount of
QP5 in the APM (Fig. 3). Thus, this effect of epineph-

ine was shown to be mediated by a1-adrenoceptors.
Trafficking from ICMs to the plasma membrane has

reviously been demonstrated for AQP1 in the rat bile
uct cells and for AQP2 in rat renal collecting duct cells
n response to secretin (23) and vasopressin (24, 25),
espectively. The vasopressin-induced trafficking of
QP2 is mediated by binding of the hormone to its

eceptor in the BLM of collecting duct cells, dissocia-
ion of the heterotrimetic G protein Gs, activation of
denylate cyclase, and an increase in the intracellular
oncentration of cAMP (26, 27). The resulting phos-
horylation of AQP2 located in ICMs by protein kinase
then triggers vesicle exocytosis. As the result, AQP2

s inserted into the plasma membrane.
Treatment of rat parotid tissue with U73122,

MB-8 or dantrolene completely inhibited the
pinephrine-induced increase in the amount of AQP5
n the APM (Fig. 4). These observations suggest that
he interaction of epinephrine with a1-adrenoceptor
ctivates PLC-b and subsequent increase the release
f Ca21 from intracellular stores. Two distinct classes
f channels that mediate the release of Ca21 from
ntracellular stores have been identified: One is sen-
itive to IP3, which is produced by PLC-b-mediated
ydrolysis of phosphatidylinositol 4,5-bisphosphate
4, 11, 28), and the other is sensitive to ryanodine
29). In general, IP3-gated channels might release
a21 which would in turn induce Ca21 release from

he Ca21-induced Ca21 release pathway through RyR
30). In the present study, incubation of rat parotid
issue with epinephrine resulted in increases in the
bundance of IP3Rs and Ry3Rs in the fraction that
ere maximal at 1 and 3 min, respectively (Fig. 5). It

s suggested by these findings that the initial phase
f increase in the [Ca21]i is mediated by activation of
P3Rs, whereas the later phase is associated with
y3Rs, contributing sequentially to the epinephrine-

nduced trafficking of AQP5 to the APM. In addition,
t seems that this contribution of IP3Rs is larger than
hat of Ry3Rs.
99
It has been suggested that membrane traffic in
olarized epithelial cells requires both actin filament
nd microtubules (31). Consistent with this hypoth-
sis, we have now shown that cytochalasin D and
ubulozole-C each inhibited the trafficking of AQP5
o the APM by 80 to 100% at the concentration of 5
M (Fig. 6). However, Ribeiro et al. (32) suggested
hat cytoskeletal disruption also affects alters the
patial relation between PLC and IP3Rs, and thereby
mpairs PLC-dependent Ca21 signaling. The precise
ole of the cytoskeleton in the epinephrine-induced
rafficking of AQP5 therefore requires further inves-
igation.

In summary, epinephrine acts at a1-adrenergic re-
eptors in rat parotid tissue and induces the rapid
rafficking of AQP5 from ICMs to the APM via eleva-
ion of [Ca21]i in the tissue. In this process, the cy-
oskeleton may play an important role.
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