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The ¢ffects of adenosing triphosphat{ATP) on salivary
glands have been recognized singe 1982, The presence of
purinergic reccpetors{ P2Rs) that mediate the effects of ATP
in various tissues including parotid and submandibular
salivary gland. has been supported by the cloning of
regeptor ¢DNAs and the expression of the receptor proteins,
P2Rs have many subtypes. and the activation of these
reoeptor subtypes increase intracellular Ca®'s a key ion in
the regulation of the secretion in the salivary gland, The
apical pores of taste buds in circumvallae and foliate
papilla¢ are surrounded by the saliva from von Ebner
salivary gland(vEG ). Thus. it is important how the secretion
of vEG is controlled. This study was desighed 10 elucidaw
the roles of P2Rs on salivary secretion of vEG Male
Sprague-Dawley rats (about 200 £y were used for this
experiment, vVEG-rich tissues were obtained from dissecting
S00-1.000 pm thick posterior xongne slices wind er stereomicno-
seope view, P2ZRs mRNA in vEG acinar oells were identified
with RT-PCR. To obscrve the change in intracellular Ca™
activity.we emploved Ca” -ion specific fluorescence analysis
with fura-2, Single acinar cells and cell clusters were isolated
by a sequential trypsin/eollagenase treatment and were
loaded with 10 M fura -2 AM for 60 minutes at room
CHPCEATLRe, Sevieral Agonists and antagonists were used to
test a receptor specificity, RT-PCR. revealed that the
mRNAs of P2X, P2Y| P2Y;and P2Y,are expressed in vEG
acinar o¢lls, The intracellular calcinm activity was inercased
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in response to 1) uM ATP, a P2Rs agonist, and 2-MeSATP, a
P2Y, and P2Y,R agonist. However, M) pM oF-Me¢ATP, a
P2X, and P2X:R agonist. did not <licit the responsc, The
responses ¢licived by 10 uM ATP and UTP.a P2Y;R agonists.
were maintained when extraccllular ¢alcium was nemoved.,
10 uM suramin. a P2XR antagonist. and reactive blue 2. a
P2YR antagonist. partially blocked ATP-induced response,
However when extracellular calciums were removed,
suramin did not abolish the responses elicited by ATP, These
results suggest thar P2Rs play an important role in salivary
secretion of vEG acinar ¢¢lls and the effects of ATP on vEG
salivary secretion may be mediawed by P2X, P2Y . P2Y,
and/or P2Y,

Kevwords: von Ebner salivary gland. ATP, P2Rs. RT-
PCR.Ca™ imaging
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#71. vasoactive intestinal peptide( VIP) £wo] <24 g
th, o] 8719 gss AR W Ca ol cAMP
o] AL AT Jﬁ_"‘i‘*-i";"i‘aﬁ’f] 2T TP,
Elele|ul whialel ZEal2 gzl A)zich, Bleld AT M7
ol Bl EnlE TR TR 87 4R HAA
437, gollEEldal A A7), 2T substance PR
%71 ?]-_L‘” wop7|ElEH], olE 437171 AAlskEl A
F el Geprotein} phospholipase C(PLCYE 14
oz 8291 PLCE obAl phosphatidyl inositol-3.
4-diphosphate=~~E1 [, 4. S-trisinositolphosphate( [P, )91
diacvlglveerol=® & EoV‘]?]T’_ P ohAl A5 ) Ca &
2T FRIFIE Aem delA glehSugivash Furmama
1989} o]g‘ Ll-g] ]oﬂ ] r_.hrﬂxl —.—H]o [}_O]L
Rl 52 VIP ‘:'“7] =7l 4h G-proteint] ademylyd
cvelase?] 415715 VElAA, ok o] cAMPSl cAMP-
dependent protein kinase(PKAYE 3-45H417| 7, A
PRAT 5P el Fodsls A5 ) b <1t
ggke 24 lal] izl gl Quissell. 1993; Takuma
2] Ichida, 1994),

Bl AT AFel g 5 5EA 4871 A

& Gallachen(1982)7} A1z 2] olfld AT AHFolA] #
RACICIN Nk ]‘iifl'ﬂ adenosine tri p phata( ATPy= 't
A T_"] 5 ZAEE-

A8, ¥Rb &, 2|7 oldalH
FHasled BElE T, Bumstocks] Kennedw( 1985y Al
78] wER5E] o] He G-protein coupled(PZY) 2]
il |.=,and-,_.,ated(r=zxy =871 olals HAFg), o) %
g7l T AT olFA EL R "’ﬂ Bl
AellA 71935l l?-’ﬁ% ol &g Hel HlN-Lolal ok
Luo 541999y <IZnlAle 54l A% ] el Al
7o8he FEElREs 1— ZIRFa] AT A Tl A
o s VehicA] Alaske] gl v ook, Al 5.9
ATP =l 1 F el 5 Ag7e] e AlE W
Ca #HeF F7M7Ickn S92 r(Dehaye £ 1999),
MeMillian 5+(1 98?}L ATP7l F9| o];aﬂ 1A A5 R
Ca A#4Toel 9gks- Fri, o7l P2Y 4§77} 3
elxle} glrkm BFEET AT 210N ATP7E P2X 48
715 AT W 5014 kol ERel ol Cp &
fale] Foksle We S P%if?} AgAA ekt M5
2] FAeA PZRs.‘*ﬂ it <A77k ol®AT glom. o

= /‘LF A 52l 23t ATl

Sle et vBGl AT AT debirel <
f-roll TAFE peri-receptor 7175 ©]@ls
= sl ollg), Hallda] Elella] o] FRAg ] 7]Fel

g} olsfell w25 = Aow Alvkwc},
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£ ol oAk SRk G Reverse transeription

pohvmerase chain reaction. RT-PC‘R}% ol &35l VLG

AT AFold P2Rse] o<l =gk 111RNA"1 ZAled
X2 slelFaw, —:v'l-.]q-__r‘= o]o].& & A S Bgle] yEG
AT AFel] ofxigh P2Rs7} el 71 E“g 7H2leA
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AlmlE Flol A C?]*MM TAl BT BAIESL BT
T Al 100% AkrkAR FERAEIR ae s st
A7 Na2=hydroxy-ethypiperazine-N-2-ethane-sulfonic acid
(HEPES) Ske-Tyrode 820(140mM NaCl. 5 mM KCl
I mM MgCl.. I mM CaCl.. 3 mM D-Glucose. 10 mM
HEPES. and 3 mM Pyruvic acid. pH 74 with NaOH)
o B3Faly, o Azl AR r‘%"] ZHL 5
S00-1.000°Ce] b S Al 75le] ]H Arld e J&’%ﬂ-
M vEGE T TREAel geisielct

FERELEE
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ol FA 1000 4lirlkem FEATIT a0 m Wikl

HEPES ¢ Tyrode &2l 23135 Oﬂﬂ}. 21200002 H
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2] trypsin inhibitor (2 mgmly £33l 2007k 37TC
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Corezol total RNA p-reparatic-n ki 7ol wiol g, AlEl,
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7 primers %t Gene Amp PCR system 9700 (PE
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Table 1. RT=-PCR primers and reagtion condition for purinergic receplors,
Primer Reaction condition Expected size
PaX forward : TGOOTQOOTCTT TOTCTATO 3006
reverse : TGAAGTTGAAGCCTGGAGAC P
P2X, forward : TOCATCATCACCAAACTCAA 20b
reverse : TTGGGGTAGTGGATGCTGTT P
P2X; forward : TTOAQGOTAGGOGOATOTOOT S00b
reverse : GCTGATAATGGTGGGGATGA ~Aop
PIX, forward : GCTTATACAGTGTGAGCGTATGGAGGTAGGAAG ﬁgjgs 2600
reverse : TTTAATGTTTGGTCCY TAGGTCATTTCAACACAG e P
PIX, forward : TGAAGGGTGGTGTGATAGGA o 26sh
reverse : GTTOQATGACTGTGGGGATGA op
P2X, forward : CTGTOOOATCTGOCTGACTT ss8b
reverse ; TCAAACQTOOCCTOCAGTCAT >osbp
P2X- forward : TOAACGCCACCTCTOTAAA 235b
reyerse D CCTCCAGTOCCAAAAACCAG -bp
P2y forward : TCAGGTAACAAGAGGTCTAGCAAGTC 240b
reverse : TTCTTGTGACCATGTTACAAACTGAG Albp
P2Y, forward : GCTTCAACQAGOACTTCAAGTATOTOC 300b
reverse : AGGTGAGGAAGGAGGATGCTGCAGTAG P
P2Y, forward : TOCTCTTCCTCACCTGCATCAG e 613b
reverse : GCTGTTCATGCTGGCAAAG ﬁgj{ ° P
P2Y, forward : ACCCTGGGATGCAACAGCCAC C min 500b
reverse : GGGTGATGTGGA AAGGCAC P
P2y, forward : TOCTCTTCCTCACCAGCATCAG 3006
reverse ; GOOTOATGTOOAAAGGCAC P
P2Y,, forward : COACCACATOAGCTCOCTAC 210
reverse : GTGAGCTTCTGGGTCCTGTG P
Applied Bicﬁvstems. T yes ARGl 42CelA GO, th] Akgelld mlk wiekale] AlFaNe] fira-2 AMO]
95°Celld st AMAl S g &, 9ol 45® fura-27 A%ksEE F9rt, Furg-27F Tl AT A%
45°CollA 43&_. T2CeNA 1] H S 40T71E *&&— = Cel-TakiBD Biosciences. "= )% 254 Az}
et © 2o 7 AAF T8 88 ALEEL cover glassE o] g5kl MAGE ¢4 200 ulel &7l &
ek, 2 Algdell A8=l primers Table [ Y459t A AF(TpE ik §714 pvtel] SalsE R s g
%ledz ¢DNAZ- pH 832 Tris-Acetate TDTA 2158 i v A(TE-2000, Nikon, 22 ye- AR§5le] FHasleict,
(Bioneer. ¢kl 0.1 ug/ml ethidim  bromide( Bioneer, Fura-2¢] &3S $2)717] 9]5ke] Xenon 75
ghryt T35l 2% agarose gel(Bioneer, bl o] oz g #s w4 Ad7DG4 Sutter. TS A&
sub-cell GTiBio-rad. 7172 PowerPac basic(Bio-rad. slo] 340 mn&] 380 nm7l 60 HzE vz 3oz AlE
i SR ] 401 50 mV‘r_ b e P o St B S wE Eet, o] =LAl 2iEle] il 3535 S10mm
MHoz 73S 2kelFlr ol =ol CCD camera(HQ. Roper, 31207 9d4ke- of

1
o} 22 A5

AZ A F4EAEE ol 43 ot A= 23 2 A4 <’~7l zH TER ATPSigma. "17). of-

Telgl A5 A7 EnRREA s ks A5 meth}-'leneadenomne S-triphosphate{cf-MeATPR. Sigma.
F oolde] e HEE Hudslolnt, el weel g 7% % 2-methyithioadenosine  triphosphate(2-MeSATPE,
Aol &3S T fura-2 acetoxymethyl esten(fura-2 AM. Toeris. 7177y 23 uridine S-triphosphatel UTP. Sigma.
Molecular Probe. "F)e ©1851iet, Lol A5 fura- rlEye AHEER T AYHEE suramin(Toeris. 715

2 AME- 1) uMEER 2] 500 ulel HEPES k= Tyrode reactive blue 2(Sigma. 7158 ARESLETH Table 2). 91o]
gallol] W3 Ak (2'0 25CpIA Bt 40812 ETiA 2l & od4kE MetaFluon(version 3,0, Universal Imaging
Fls) ijr 60 A F9E segeler 38 AAsw Corporation, ™15¥5 AF&5le] 5o,
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Table 2. Agonists and antagonists acting on purinergic receptors
used in the present experiment.

Drugs Functions
Agonist ATP Universal
ap-MeATP P2X,
UTP P2Y 6
2-MeSATP P2Y 6
Antagonist Suramin P2XRs
Reactive blue2 P2YRs
A

&8 Aok 5We] WAk AeE AlLskr vlE
Slgma/‘H AL o ol Ae ARSI

Al

S=REc R,

]]9'.'

RT-PCR 43

269 bp9] P2XRs RT-PCR producte} 243 bp, 300 bp,
J2]iL 643 bp2] P2YRs RT-PCR product’} vEGE] Al
E AZoA FEs]o], VEG AE AlXell= P2X, P2Y,,
P2Y, 283 P2Y 2] mRNAZ} S5 RS 3eld &
AsicHFig. 1). VEG T Z8=2lelx= P2X, P2Y,,
28]3 P2Y, RT-PCR product’} "A=glom | oshadol
A= vEG AE AE$} vlabiAE P2X,, P2Y,, P2Y,

M P2X, P2X, P2X, P2X, P2X; P2X; P2X, M

2 P2V, §7]¢] mRNAZ} WE=lE Aoz 2l=g)
th(Fig. 2).

AZ W FFEAYE o] 4T " FAU=E 2
RT-PCR Aoz 3lolg p2 870 thal ZH2ke] =;

T obEst AdA(Table 2% AESle] VEG AE A

Ca? %/\41:4 Z7} oJHE slolslgdet. AEZ W Ca®'
o) PAEL P2 497lo) wEelA A kil 10 pM
[<]

TE ATPOﬂ ofslo] H=ls] %7?0}0304(1:15; 37} Fig.
4), P2X 7 P2X; 8719 A= o<l 300 uM F=]
af-MeATPE 713} 790l AlZd Ca® A= Z7}
= A vEhA ekehFig. 4). ATPe] =] 23

Ca’" free tyrode

w10 M ATP —
0.9

0.8

0.7

F 340 nm/F 380 nm

»

Fig, 3. The responses elicited by ATP, a P2R agonist. The responses
were maintained when extracellular calcium was removed.

0.6

2 min

P2y, P2Y, P2Y, P2Y, P2Y; P2Y,

Fig. 1. nRNAs of P2X,, P2Y,, P2Y,, and P2Y, receptor were detected in VEG acinar cells(M : marker; arrow heads: expected size).

oM P2, P2X,

M P2X, P2X, P2X, P2X, P2X; P2X; P2X

Fig. 2. P2 receptor mRNAs from muscle(A) and submandibular gland acinar cells(B)M : marker; arrow heads : expected size).

200 bp [ P

P2X, P2X, P2X; P2X; P2X, M

P2Y, P2Y, P2Y, P2Y, P2Y, P2Y,

M P2Y, P2Y, P2Y, P2Y, P2Y, P2Y,




Purinergic Receptors Play Roles in Secretion of Rat von Ebner Salivary Gland 145

s 9kS-& HEPES < Tyrode S-loll4] Ca™'2 A
A Aol = FH=HAHFig. 3). P2Y 2 P2Y, 5871
9] &5 FEql 2-MeSATPE= 10 uMe] Fxoil4] A2
Ca® ZAEZ Z/An(Fig 5), P2Y, 8719 ==+
oFE-2 A8l 10 uM UTPE Ca’2 #1743 HEPES <
% Tyrode &9lollA] AZFW Ca’" BA=E F7HZ
(Fig. 6). ATPZ fd=lE AZW Ca’' 7} "4 P2X
8719 ZAFAQ] suramin P2Y 8719 AAQ
reactive blue 20l 2J3l| 10 pM2] F=ollH FE=loz 3}
k=] Auk(Fig. 73 Fig. 8), Ca’'o] A% HEPES <

0.65

10 uM ATP 300 uM aB—MeATP
g
o
o
o0
o
a
~ 0.55
g
=
(el
%
™
o5
0.45 2 min

Fig. 4. The intracellular calcium activity was increased in response
to 10 uM ATP, a P2R agonist. However, 300 uM a-MeATP, a
P2X, and P2X, agonist, did not elicit the response.

10 uM ATP 100 uM 2-MeSATP

0.45

F 340 nm/F 380 nm

2 min

0.4

Fig. 5. 2-MeSATP, a P2Y, and ,R agonist, increased the intracellu-
lar calcium activity.

Ca”" free
0.6
10 uM ATP 10 yM ATP 10 uM UTP 10 uM ATP 10 uM ATP
g - -— - - -—
o
9]
3]
jad)
~ 0.5
£
=
o
<+
o3
e
5 min
0.4

Fig. 6. UTP, a P2Y R agonist, elicited increase of intracellular cal-
cium activity in Ca”* free bath solution.

10 uM suramin

w10 uM ATP — —

g 075
[}
o0
o
23
E
S o6
i
o
69

A5

0.45 5 min

Fig. 7. Suramin, a P2XR antagonist, partially blocked the Ca’*
activities evoked by ATP.

10 gM reactive blue2

o —100 M ATP f— —_—
£
=1
2 0.6
o™
f
=
g
S 05
a2}
CL

5 min

0.4

Fig. 8. Reactive blue 2, a P2YR antagonist, partially blocked the
Ca”" activities evoked by ATP.

Ca2+ free tyrode

10 pM suramin
=10 uM ATP — —
£ 09
o
[o o)
o
=3
~ 0.8
£
=1
o
=3
o 0.7
0.6
5 min

Fig. 9. When extracellular calcium had been removed, suramin did
not abolish the responses elicited by ATP.

% Tyrode 8-<ollA= suraminol] 2|5k A o] A
== ekchFig. 9).
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Gall=le] mlbAl Tl A-glelobit 01—L1—(Sp|elman 1900,

Lmdemann. 1996), nl-&- 1—7;] puﬂ R0 ]2
TART T nlhEe a]— o sle] 8al T]Z] 7
glord, &gl nlEewS ) ;q 7ol e ""1%%

(fungiform pllla} < ] F(foliate papillax, A1
(circumvallate pap-:lla}? gt HAHET S SRR 3L
= gele] AL <A Ak AT "EM*‘FH—:
‘—-4);.] i ?A‘ Q_.oﬂo] A]pLg]. 1240 1:-1;] “*1\11- ““o]
r] ofrlii o] - A vEGHTA EAlEl Elel el gl
= AeR )‘L’ tehSpielman. 1990; Lindemann. 1996).

Elellg] Enl ZEAAAR] e A-Tes 4]’”01‘"4
ol Falelv) o=, substance B VIR X 7
oo T AR 7 ARG}, 4 A 61; R

=
< ademylyl cyvelased] 73 thida}l Ayso A3d
48715 ZP—; ] HF W cAMPE] S EelAvV
,z.”_;{ LH -7] -I‘J_‘i _7],{]7-] L-]]rﬂzl HH] ] ]oﬂc:] I]\'__
HE ‘3{?_-‘5—7]1_ ol&2] o558 -FiHcHPutney, 1986).
P2Rst P2X2| P2Y 8717 s}, p2X ”Lﬂ
ligand-gated ion cham]el aEor, kS slRARE
el A4 Hqd s 7]11 Logich o] AR A Al
i ghiale] TR olug 7] AF 4] H“’i‘“ﬂ] il
Axle] glom, ﬁﬂ?’; el #1AFR gloh P2X 8
7171 ATP=| Z3fsl. o 2540 sio 58 &= o
o] opEAs- o) TS Y4dt }(Fr&lhc-lm R

1994, 2]k Ulcﬂlﬂ pzx 4~g71% =T E - ATP
of=MeATR. p-MeATP. 2-MeSATE, ﬂl?_ BzATPﬂ-
thBuell -, 1996; North, 1996; Evans S-. 1997), PZY

S = G protem-couplaj g7l AL et o

2 oolFo] Hrf, o] 87l PLCS A RS- o] 7, o]
: %101 e ¥ s o} AT W e Bes)l A

Z-MeSATP UTP. ATPS P2Y &7l fapdal 2-3E
zhr_ olel4 glery P2y “Qﬂlo} ol&l = p2y, =87
uridine D-dlphosphate(UDPH 2] "dL—“"i‘.‘L Al
-LHEH]—]ardeI] <~ 1997 Communi %= 1997; Weisman
S 1997, A4 eR P2Rst pyrimidine®]H purine
nucleotide] tﬂ%’l‘ 43772 AggchFredholm 4. 1994),
o] ¢] 04": ClAells P2X 2 P2X., ZE| T P2Y,

—

10
|'LIC»

- p2Y. 8717 FA43 ‘":] O]E a7)2] -3 A5
W s %] A7 P— b i%ict, =g P2Rse Z
b olie) st 0 A e b AT A
Fol o), i sleelc) sl a3 2, A

=
- =
FEA DR Bl MY A4S T A%
o] ot el drhTumer 5. 1999) Bo 5419993 ﬁﬂ
L) ATP7) 33 mliew] AlFela A Ak A
rgﬁ;ﬂz}wﬂ 7155 S, ATP?L P2X.8l P2X, <’~7l
o] 31 A-]C’ ].01 ]2 kA /_10 R A o= /HLLQ]-L]-_F
w2, Ban'shmk-ov L2003 ATP7} P2Y 5871 °]
ol ey A7 lEew] ATold AT W 2

i

FAgEn 3 Rsln), o

L]~ ATPE <] %P P2 ——% l I :
ek vEGEF P2 g7l 3 T oFA )
'/go]u]-_

B of 72| RT-PCR 43 A} vEG AFAH Tl P2X,.
P2Y|. P2Y. 2|3 P2Y, 4-8712] mRNAZl A5
S ElElEh, A5 Wlel] EAEs P2 e
mRNA ol T&"%’l‘ ol o] of ol e w3t A
ol Al Al2] P2ZXR (P2X,. PZX,. P2X.p} Wl A2
P2YR (P2Y,. P2Y. P2Y. P2Y.) “=&7]2 <slidelld
pzx\ P2X.. sz“ PXX,. P2Y, F8719 FA7) 4o

#erdiLuo - 1999, 5k H fﬂﬂ ol P2X 8l P2X,
-|—'Q—7] d: ‘1—]_’7551 jobs Bl glthTenneti <+ [99%),
2 7 Luo 5419993 ‘ﬂ Tol 594 primers AF
ol et o] F ol 7e) ebslAdellad e g7 P2X.
pzx P2X. P2X,. P2Y )2l B Ald2] alslidel ””ﬂ

P2 F87I(P2X,. P2Y,. P2Y.. P2Y.0l ofizAl o
"LL]- 0]-— PCR 4 F annealing 221 7| Od"é‘“ﬂ
whE Apeols Alkglcl, ghdl, Park £41997)e] ol TellAd
© FFe sl o] Algs P2Y| 47
mRNAZ] FAF #lske ludell uhel p2y, S-87]¢]
—6"-*401 %oi "—ZM mMRNA 9% £0157] °‘~—r~ S

Ak, g o1 gl Tl A PRy, SR
T‘“r%‘; 1 3 zH —m] £ o Tella] g P2Y~ <’~7l~—

2Rl W, A%, A el TR Aes Lee

dH(Webb - 1996), Li 519081 =F2| P2y, 9_7]

9]- :,7-1‘1-"__‘1—_3,"—0] szh JLQ_7] ] 7]_ -,eﬂo S 2 'I.L.— /:-'lo]
= Ao B Fednh, B Alde] ofsl4a) vEGE RT-

PCR Zxfolld vlEld P2Y, “=87]12] mRNAL ZFl
FAldE Aer wei pzy. FE77E AR A

- — il

N mAe Tl s AlAKEh Chou (2001

|

Aol el 5l ddel 2Rl synaptic ATPS
ﬁl’é 4‘-—{‘% -‘i'ﬁ]-‘ﬂ acel:\-'lcholinei'] '7?4] i =,

Eil ‘”401 e el o&. AERSL Uo1 s LN P2Y|
g7y ATl TAde e ek £ Algss el
7] 3= \DG T 28 A P2 428712 mRNA
7} el A P2 “17171- =5 Bl AT
Ak 4= gler] RNA =55 #1@& vEG = A
of Ao} =8 FEe] Fakd 4= gl T—‘* Al F o
vEG2] RT-PCR 7ol vel} P2 4-87]12] mRNAZ}
T B sl A9 AhsAE HHAﬂ g L =

v} vEGE RT-PCR 7Zifel o}sla RT-PCR 417}

2
Algzgh e ZH0ke RT-PCR &6~ «l P2Y:2] mRNA
7F AR Mrr_ m|FolRe) yvhG AFAT
P2X,. P2Y. P2Y. ¥, P2YS WS gl Aoew 3
Zxlet,

RT-PCR Al&e] #1524 vlexk P2X,. P2Y,. P2Y-
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2ET P2Y, 8719 VvEG AR AT W 7l 3k
AN-Z 2halF7] 9)Ele] Zhr Eojo)LalHR AW L A

AFAr, P2X, TE7eNE Selder Agsle ATE
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