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Existence of Adenosine A:/Ra-Receptors in Exocrine
Glands of the Dog Pancreas

Fujio YAMAGISHI
Department of Pharmacology, Shinshu University School of Medicine
(Director: Prof. Shigetoshi CHIBA)

The effects of adenosine and inosine on pancreatic exocrine secretion were investigated in
vascularly isolated and self-hemoperfused dog pancreas. All drugs were injected into tubing
connected to the pancreaticoduodenal and splenic arteries through which the pancreas was
perfused with the animal's own blood. Pretreatment with graded doses of adenosine (0.1-1,0
mg) increased secretin (0.025 clinical units)-stimulated secretory volume dose-dependently, and
this effect was reversed by further pretreatment with theophylline (0. 3mg), which suggested the
existence of Pj-receptors in the exocrine glands. Inosine (1. 0mg) did not affect secretin-stimulated
secretion. Adenosine and inosine left dopamine (3 p¢g)-stimulated secretion unaffected. Since
cyclic AMP is thought to be an important intracellular mediator of hydromineral secretion
induced by secretin, not by dopamine, adenosine probably works through As/Ra-receptors, a
subtype of Pj-receptors, which are linked to the activation.of adenylate cyclase. Next, the
cyclic AMP level of the pancreas was measured by radioimmunoassay. Tissue cyclic AMP incre-
ased significantly after adenosine (1.0 mg) and the increase was inhibited by pretreatment with
theophylline (0.3 mg).

From these results, it is suggested that adenosine acts on Ap/Ra-receptors of the exocrine
glands to enhance secretin-stimulated hydromineral secretion without conversion to inosine.
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Table 1 Criteria for distinguishing two types of purinergic receptors
(Burnstock, 19789))

Receptor Antagonist Agonist potencies Changes in cyclic Induction of
AMP production prostaglandin
synthesis
P, alkylxanthines adenosinez2AMPZ> Yes No
(competitive) ADPZ>ATP
Ps quinidine, ATPZADPZ>AMPZ>
imidazolines, etc, adenosine No Yes

(not competitive)

Subclassification of the P;-receptors into Ra and Ri subtypes (Londos et al., 198010), or into
As and A, subtypes (Van Calker et al., 19791D),

Subtypes of P Agonist potencies Adenylate cyclase Stereospecificity

Ra (Aj) NECA>adenosine >PIA Activation L-PIA=D-PIA
(% 100)

Ri (Ay) PIA>adenosine>NECA Inhibition L-PIA>D-PIA

NECA, 5'-N-ethylcarboxamideadenosine ; L-PIA, NS-L-phenylisopropyladenosine ; D-PIA,
Né-D-phenylisopropyladenosine ; ADP, adenosine 5'-diphosphate ; AMP, adenosine 5'-mon-

ophosphate.

TEREIENBHE A DS % Fi\ T, adenosine, adenosine
5’-triphosphate, inosine % KBICFEHCIES L=
23, Takeuchi Ho#E (1970 X 5z, JEdlEk
ORI B LR A b Rich ol £ 2 TXK
PR g\ Tix, secretin ®° dopamine BB
adenine nucleotide % nucleoside ORERES Wz
B3 HF & AR ORISR % AV CRE Lo o
EHT 5.

¥, 4 2BV, dopamine % secretin & [/
1, AR T, K BIREOSWE IS
50, secretin FHMIRC S Bh 5 fd o cyclic
AMP #ED LR LREIATWE0, &
ik cyclic AMP 2% secretin B IPYIE
FEEHETHBEDD 25 2 & LB CHD, L
7o, secretin & purine (LS4 OMEIEH %
BV % ¢ dopamine & Hhlgd s LinFERL
# %1z, iE4E, adenosine BFEOHHD LT aden-
yvlate cyclase % ¥E#ALT 2 40 L MHT 24 02K
MNERTHBEDID (Table 1), Licdis CTAPGRT
i, BEEHESSRo cyclic AMP % radioimmuno-
assay # W THMEL, adenosine SREOMHEL
LA,

ESERAG R A 2O E Dl RREEAE, 4

214

R Bt 5Bz 5\ Ty, #4A secretin %
dopamine &% LCRE LI WMRIEE R LichD,

I EBRHFE

SRR v 24ms i R & U 7o EREMERRBL A, (9 ~
16kg) =¥ i x— Na (830mg/kg) i
WRBEEE L, LIS EPEIRE Uiz, SRR, Rz AT
METIERE, 1KEHILE_vY A0 EX— 4 Na
(5mg/kg) #ETHSHS L, +2EB2 Ry M
L CEMSHLBTIC A Y =F L VoS = o — U
(OHEL 2mm) A LEE L, F2EBesse
LT, BEE2iRE, L IBME S oMo
AT, ETRIR L B C R R BT LA,
OB, BIEERR LI, REB L XY =51 v
A== VEFIA LTI R Ui, B HM
FRE AR TREBRIENT L T B3 e AT
DB, I~V v Na (500 USP ¥f7/kg)
HHE LI © WU & 1T tco EREHH5IBBINR &
MEIRC A = 0. — LEZHRZE R #F A L Harvard o
peristaltic pump (Model 1210) 12 X - T HE KR
Bl Do R L (Fig. 1. s, MEIR?
5O EMITHICAT 5 © C IRTHIR D FA A 5k
Lize RICTHETZIRIBEIRY R 3R U vee ~20 v
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Fig. 1 Diagram of circuit for the perfusion of the pancreaticoduodenal and splenic
arteries with blood from the femoral artery,at constant perfusion rates. The
perfusion flow rate and perfusion pressure were measured by an electroma-
gnetic flow meter (Nihon Kohden, MF-25) and a transducer (Nihon Kohden,

RP-3), respectively.

Na % 1 ] L1z 2,000 USP Mifir/dog % 38imigE:
L7za

FEROREIIEE N = 2 — VORI Y 1%
drop counter TE =% —1L, £AA¥Y) V& —TE
Lic, BEOBB\BED, vYmE74+7 v
12 LT Bradford ©FED wCHIE L, BRI
EEik Corning o mM¥E#» A4r#rds (Model 165/2) &
Lo TE Lic, BEMR D cyclic AMP, cyclic
GMP @RIATF OB LTI Lic, 3R Lz a st
B WARERICER Ui, SO E OB 2 TS
BL, 50mg PEMCHBELES MY 7 v AR T
KK CER LI BAREY = 74 X Liz, B
wIY, LERCKEM=—F L2 MeTHTAL
Y 2 R AR L, =—TF BRI LA
EEELICHER LT assay kit (Yamasa Cyclic A
MP (GMP) Assay kit, ¥4 it 3 50
& LT, Kit ORI, cyclic AMP o34, 10
~1,000 fmoles/tube TH b, cyclic GMP D45,
5 ~500 fmoles/tube TH 5B,

R 3L, secretin (=—¥' 1, 1mg=
3.75% 10* BEFEMAL), dopamine HCL (ICN), ade-
nosine (F1¥¢), adenosine 5'-triphosphate 2Na
(ATP, Hoechst), inosine (HEI{LAL), papave-
rine HCl (CkE#4), diltiazem HCl (L), dilazep
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(BFm), theophylline (Sigma) T#H %, Wiz~
T0. 9% R AICHED LA, secretin 12 o i 7
T IVDA S0 9% RERKCHEN L (7 & 73

VIR0, 12010, IR 2 K OWIRS = o — viTE
HTAYFERDE A TV F o — T O A FOHH
W4 ol CEINRTES Lo BB ERLIT DS ©
7o teo WRIGMNEET 2 % C secretin (0. 025 faER
Bfr) $54 % dopamine (3 pg) &L bz LT
EHUTHIEE % I 572, (2) Adenosine (0.1-1.0
mg), ATP (0.1-1, 0mg) $ %\ ¥ inosine (1. 0mg)
BHAELCEE, 19BCRLCARED secretin %
ik dopamine W& L7 (purine {LAWITE
FAED BIRRIT»72)s (3) & B 1A theoph-
ylline (0.3mg) #WiLE LTI ¥, WK purine {t
A4 (1.0mg), +0 1 58HicFE UHE O secretin ¥
12X dopamine IS L7,

Adenosine ¥ ATP MW CH Py
WRERAR LD T, ERE T CERRET T
o, WIEIE 100 mmHg ORHE LS5 ErEE
Lize ¥ B, adenosine £ ATP ko TCE|&ER
ZENBUWREDETHRIBR IS Y & 2 T2
R A BET B b, HRM L vy L EEHZET
H5 diltlazem IR I vy 2R H B
dilazep i infusion (Harvard, Model
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Tig. 2 Effects of 1 mg i.a. of adenosine (Ado), ATP and inosine (Ino) on
secretin (0. 025 units, i. a.)-stimulated secretion in three separate
vascularly isolated and self-hemoperfused dog pancreas. Theophylline
(Theo, 0.3mg, i.a.) reversed the effect of adenosine on secretin-

stimulated exocrine secretion,

901D) LTHHREZETFT X ¥ Tk ¥ secretin IKif
T B RGHWE LIz, Infusion rate i% 0. lmg/min
T, BOERAEAT S < 2B O 62 & b 30
cm BERh7cfnic infusion L7z, Papaverine o
infusion % FREZ LTI 7. Fig. 1 i ERIHER &
WHEDONE %R T,

FRTOHWEIL L5 PPICAET Uiz o CRERIE
FIGOIEE 0 BISSHERR Ui, 2 LIEE» = o
- VOTENEER O 5Bt Ok,

WA AP paired ¢-test & unpaired #-
test ZAVCHT, 0. 05RO PEY b » T H &
BHBEHE L.

o # e

A Adenogine, ATP }5J 7' inosine (D secretin
[C&BBREN DK B FR

WAL 100 mmHg OEMED L & T 16.9+1.0
ml/min (meanz=S. E., n=16) 'C*&*Doﬁ:a Adeno-
sine & ATP % IEfilIE: D oW
=23, secretin @ 1*}3‘7}?}0;;]1]%% L“C.?n ¢ & secre-
tin 12 & BA40WELHM &), 1. 0mg © adeno-
sine, ATP ¥ XU inosine DR CD secretin
SR B WMEIEO WG % Fig.2 iR$, Ino-
sine (L 0mg) 3IFHIERIFO LW LT H, secre-
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Fig. 3 Effects of adenosine (Ado, 0.1-1,.0 mg,
i.a.), ATP (0.1-1,0 mg, i.a.) and inosine
(Ino, 1.0 mg, i.a.) on the secretory volume
induced by secretin (0.025 units, i. a.).
Pancreatic juice was collected for 15 min
from the beginning of the secretory res-
ponses, All points indicate the mean values
for the secretory volume in percentage
and vertical bars standard errors from 6
to 7 experiments. *P<0.02, **P<0.01,
#+P<0, 005, when compared with the before
value (100%). Theophylline (Theo, 0.3 mg,
i.a.) significantly reversed the effects of
adenosine (1.0 mg, i.a.) and ATP (1.0 mg,
i.a.): P values in parentheses,
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Table 2 Effects of secretin and dopamine on pancreatic exocrine secretion (n=6)
Protein Bicarbonate
Secretagogues Secretory v‘olume Concentration Concentration
(#1/15 min) (mg/ml) (mmol/litre)
Resting state 68.8+16.3 26.5+1.9 20.3%3.1
Secretin
(units, i.a.) 7.5%107% 78.0£ 16.7 25.4£2,0 31.5:£8,2
2,5%107% 360, 0= 54, 0*FF* 20. 01, 2% 62, 974, 6F**
7.5x1072 1025, 0106, 4*** 17, 40, 7* 93, 09, g*+*
Dopamine
(ng, ia.) 1 122,64 19,2 24,226 23,4+3.8
3 362. 6 34, 5¥F¥¥ 23.6%2.6 52, 1=£2, ph**
10 667, 5 76, 2%** 17, 20, 9¥H* 96. 64, 6F**

Each value is the mean=S, E, Pancreatic juice was collected for 15 min from the beginning

of the secretory responses.

Asterisks indicate statistical significance at *p<C0.02, **p<{0,01 and **p<{0.005, when com-

pared with the resting values.

tin JHGO B b BB Y 5 2 ftdr o7z Theop-
hylline 1255\ phosphodiesterase [HEEIR¢H %1%,
0.3mg CIFFREFO AW b, secretin JIHIC X
HHWE b ey fed otz 0.3mg @ theoph-
ylline % adenosine & ATP ofEfi%fHE L.,
A E% 6 ~ 7l onT#E & T Fig. 3 wmnRd, Ad-
enosine § ATP 4 HAEBAFHIC secretin X 3
SWRERINZ AL, ZOLEMIK0 3mg © theoph-
ylline OHALE R X b FRCIE Shic. HREDH
WH{li% Table 2 /WiRT o 0. 0258470 secretin & 3ug
# dopamine IHIEIFS L WA WIEETH - Foo

B secretin JHICL > THEOLWBIBREDOERE

EREBBECHT S adenosine, ATP 5 k78
inosine O{EH

3fEo purine {b&4%, FERIBIG GREEOWD
OMEDER, BERBREYELS® Lo, L0
mg o adenosine, ATP # L inosine #&%#,
ERSWORROBBRREL ThTh, 20.3£2.2,
25,422, 6, 24.9+2,9mg/ml (mean=S.E., n=6)
THY, HRMBEETTHhER, 16.5£3.5, 2.3 &
3.2, 24.143.6mmol/l (mean=+S.E., n=6) ‘THh
b Table 2 ofif & Wiz LTHEREIL I = o

0.1~1.0mg @adenosine & ATP XAEMKIFN
W2, 0.025BA(> secretin HIWE & % BEW O H R
WEEL RN S R RAWE LW SH T, 6~ 7 HlicD
WTE EDTh D% Fig. 4 WRT,
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Fig. 4 Effects of adenosine(Q, 0.1-1.0mg, i.a.),
ATP (A, 0.1-1.0mg, i.a.)and inosine (], 1.0
mg, i.a.) on the concentrations of protein
(broken linés) and bicarbonate (solid lines) in
the pancreatic juice stimulated by secretin
(0. 025 units, i.a,). Pancreatic juice was colle-
cted for 15 min from the beginning of the
secretory responses. All points indicate mean
values in percentage and vertical bars stan-
dard errors from 6 to 7 experiments, ***P<
0.005, when compared with the previous
value (100%).
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Table 3 Absence of effects of adenosine,
pancreatic exocrine secretion (n=6)

ATP

and inosine on dopamine-stimulated

Secretory volume

Concentrations (%)

Compounds
(%) Protein Bicarbonate
Dopamine (3¢g, i.a.) 100 100 100
After 1 mg ia. of
Adenosine 102, 0£9.7 100.9£7.3 96. 64,2
ATP 101, 4:9.6 99. 45, 3 100.7+4. 6
Inosine 99.143.9 96,5+2.5 99, 3+1.8

Each value is the mean=S. E. in percentage. Pancreatic juice was collected for 15 min from

the beginning of the secretory responses.

Table 4 Effects of adenosine, ATP and inosine on perfusion pressure (n==6)

Maximal decreases in perfusion pressure (mm Hg)

Compounds
Dose (mg, i.a)

0.1 0.3 1.0

Adenosine
ATP
Inosine

12, 4%1.1
27.5:+6.3

35,240, 4
49.9%2.0
7.0%0.8

17.6=£1.8
45.9+4.3

NT NT

Fach value is the mean=+S.E. NT : not tested.

Adenosine 3, ATP ¥ secretin B#z X %95
RN, FICERBRE - BRI W8 L N
Ete, —J7, BAOKAOWMEILER LB e -
7o T, secretin (0.025 Hfr) X 3ESH
SR8, 9840, 71mg/15min (mean==S. E., n=6)
THhH, 1.0mg Dadenosine ¥} L ATP MEEIL
N8, 661,38, 7.34£1, 72mg/15 min (mean
+S.E., n=6) THHAEREIRDOhith o1,

C Adenosine, ATP 5t 7F inosine ¢ dopamine

[CLBBEFREDIICHT R

1.0mg @ adenosine, ATP 3 XU inosine % §ff
JUE L TRWT 3 dopamine (Bug) i X 54,
EA - BERBRECEEY E L oo, 6 HlIRD
Tk Ldieb 0% Table 3 iR, ks, RBMEIX
Table 2 IR Lz,

D Adenosine, ATP # L 7F inosine [c¥{3 31

BRIG

Adenosine & ATP (ZREIRE % i BKEAC IR
¥, Adenosine ® ATP ML T inosine
T HRINENE o te, 6 RIE2WTE LD
D% Table 4 7733, Adenosine (0.1-1.0mg)
R B A R GAS theophylline 12 X o TR
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Dose of adenosine (mg, i.a.)
0.1 0.3 1.0

r T

‘-_?

Y

-20 (n=5~6)

-~60

Maximal decrease in P.P. (mmHg)
A
o
T
+
*

Fig. 5 Dose-response curves of vascular res-
ponses to adenosine (0.1-1.0 mg, i.a.) before
(O) and after theophylline (0.3 mg, i.a., @)
All points are mean values for the maximal
decrease in perfusion pressure (P.P.)and the
vertical bars show the standard errors from
5 to 6 experiments. *P<0. 05, *P<0.02, **P

<0. 01.
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(A) Drops of pancreatic Juice

HTITHn

Ado1mg

AU N R SR N |
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4—————papaverine infusion (0.5mg/min)——s

(B) Tissue cyclic AMP level (%)

o .75

100 125 150

Saline

— %

Theo 0.3 myg) - Ns

Ado 1 mg

Ta
I—p<.oo1
Theo 0.3 mg }Ns

+ Ado 1 mg]

Fig. 6 (A) Effect of adenosine (Ado, 1.0 mg, i.a.) on papaverine (0.5 mg/min, i.a.)-
stimulated pancreatic exocrine secretion, and (B) effect of andenosine (Ado,
1.0mg, i.a ) on tissue cyclic AMP levels with or without theophylline pretrea-
tment (Theo, 0.3mg, i.a.). In the lower panel (B), Theo was injected 1 min
prior to Ado. A piece of the pancreatic tissue was resected 5 min before drug
administrations and 3 min after Ado (saline) or 4 min after Theo, from a random
part-of the pancreas. NS (not significant) and ?P<{0.001, when compared with
the value after saline, Top of the columns indicates the mean value for the
tissue cyclic AMP level in percentage and the bars show the standard errors

from 6 experiments.

o k¥ Fig.5 Wind, Adenosine OfiR%+HL
TRAEEE CRELLr - k0T, HEOHRL
R TH D 0EDIMET X ied - 7028, theophylline
(0.3mg) XEFEER adenosine DFRIGHINHE L7,

E secretin [Z L2 BEEMICHT S 2O HIL S

7 LARREOER

Adenosine & ATP om#IRIEAEMN secretin
e X 2 S R FIE L Cw TR R B
St 2z diltiazem < dilazep % infusion L
THRTERZET IR TEE secretin OfEFYERSH
L, CO2f0H vy A EH#EY 0.1 mg/min
¢ infusion LTI &, WHMEDOWANL diltiazem
CHRWNT47. 72,7, dilazep EWT17.740,. 9mm
Hg (mean=+S.E., n=5) Tdhw-ie LHLEND
infusion OREITH secretin BB X 5 AW R
FlixAbhinhofe, Tl secretin (0. 025 B
i) OB X 50WEY 100 % & +iuf diltiazem
@ infusion DIKF103. 3+5.5%, dilazep D97, 6=
7.5% (mean=S, E.,. n=5; p>0,05) THw-t,

No.-3, 1986

F RE# o0 cyclic AMP & cyclic GMP [=%}%
% adenosine MD{EFH

Fig.6 k‘_ﬁi?;'l 51, xanthine &M T pho-
sphodiesterase RHEH C©H% papaverineldls) %
0.5mg/min ‘T infusion L, 7 - BEESWETHE
SRTEWRET adenosine RS 5 & OWE:
BT TIRH 5 58INT 5 &0 5 ERAE SR,
ZORENL 4 AT o 2, flic—BL THE S h
oo :

wiz, sk cyclic AMP, cyclic GMP %
radioimmunoassay CJIT L7, Fig.6 it
adenosine (1.0mg) HAD 3 5%, ML TEL
BEi HYBR LT, cyclic AMP ®%ET 5 L#37%
BWINLCWwles ~F cyclic GMP 12, HE/cRngy
Aotz (10,715, 3% 0N, mean+S.E., n
=6; p> 0.05)s =@ adenosine DEfiL theophy-
lline (0.3mg) DHAE WK X b BRI S i,

MR ocyclic AMP & cyclic GMP offiiy, 3
YW ERicehEh, 2,550, 47 pmol/mg dry we-
ight L8216 fmol/mg dry weight (mean=+S, E.,
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PSR RS, in vitro DR E R Y RIEER
EHRUVRACRELTEL S LThBHI0,

SEOREBFEER L b 1 X OPESM-E IR adenosi-
ne Ay/Ra SEEDOFEEIRES hic, ML TR

MAFRIT L P FEEOFIERZ I AL subtype

mxﬂ@@ao '

Dopamine i€ & & B0 & AT D cyclic AM
PeoBFEoWTIS ESEAWEND Y, oD
£eiiAidh B , Dopamine 12 X » CHifiocyclic AMP
BT AL Vhbhbsbo e, 7y b OB Gn vi-
vo)ID, 1 2 ORBORE (in vitro)®ix X H#Hd
hT\Wb, —F, in vivo T R dopamme ?gnfr
WRFESH L7 BBk o cyclic AMP@!&‘Q?}H?&:H zsbtmx
27® WS RERDH D, Dopamlne = IBARD .
WesH s, dopamine Dy ZEOFIRIIEERIEC
H5b sulp1r1de19) KXo TH#lsh 220, Lo

T dopamme V’J:Z:Wﬁ'ﬁf%&i A4 2 E VT ‘

adenylate cyclase DRERAR I E el Dy 2
FDENTDEDEELBbRD WD & 5 7x cyclic
AMP Oigna 5 ko3 &\ 5 i, Ml Rk
BOBN Lo TR cE s LBbh%, £ dop-
amine 1% secretin X [EE, K+ FRERDW LRI
520 HHRPIHFREEYE & LC cyclic AMP %
AT E W BTHRR ., S BIC adenosine &
ATP V% secretin OfFfAO &ML, dopamine
DIFRCHEY S 2T 5Tz &\ 5 4 Bl OIZBEER b
bxh b purine {LAMOIERMLL Py ZEED
subtype TH5 Ax/Ra %%k (Table 1) TH2
o ERRENE NS, . s
Theophylline % alkylxanthine 0)—»2’1}3'@ P, & %
BhOFHETHRWD, LrLRBRAWDE
phosphodiesterase (PDE) [SE {’F)EELJZ - TR
WeglEkcd. Alﬁlﬂ%b»;iﬁﬁﬁné%ﬁm 1.0mg @
theophylline *BIRIES T2 LbThTlkH oMY
WESHEMT 5 & ShTuBd, Lo TRBRE Tk
" theophylline {X0.3mg &Vf’jﬁ_’fﬁl%.&ﬁ“«‘fio E
PDE [H%# CH% nicardipine, papaverine 7x&
LA WEIIT B & & B2, cyclic nucle-
otides DHIIAAC I % AEBPFLPIRZE Do
Adenpsine ¥, xanthine Bk c/lnvy PDE [
D papaverine O SWIERLHIRMEI RS &=
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L0 BB IRAMALY Ae/Ra BEMKTH D 2 EMRHEN
ENd,

ot o RV ATP OfEMIL,
T E B O TR PL ZRETHD LEDL
had, ATP A ELTFRL 50N,
sine &Y (ADP, AMP) 233 & LCfEH
LTWa 0 RAcH 520, = nFERT, 0.3mg ©
adenosine ™A1, 0mg OATP X b EAHG &
WO R B (Fig.8)., 2Dz &k Py BAE
@ agonist potency % adenosine Z>AMPZ>ADP>
ATP TH59 (Table 1) = & & F&T2 LEbR
Bo

Inosine % kEWHSEH L Th adenosine £ ATP
DY 5 IefFRANRE IR g »TcZ L b, adenos-
ine % ATP 1%, inosine RIS T B_f’F)H'TZ)

theophylline

adeno-

| oTREVEEL bhB. Ui UiE LRk, b,

inosine 3% purine '*;%%?-WV’ R34 5 L olEliL H

LMD S 0 FB TR 1nos1ne 0.14’-” S EmRE
(£ ARCR

e v o ZE b, AR, TRRHE @Z'Eﬂz
DT R DT % 3| & Js = T HEMEASRIE
ATWLBB, Adenosine % ATP 17 s Iff\’JE
{RA2 S % O TAENLERRMR CRBRT 7. L
s L adenosine % ATP = X B ¥ifE QKT 2 Ak
EDET, bt rwEofE i &k 3
R BRI LR TR DR, o Th vy AR
How 2 FEM L CHERERZET S - Tk &, secre-
tin Wk B AW R TR Ly, ST g
BAa bR oize Lichi - T, adenosine 2 ATP
DAV B ERHIRE K T2 A LT RAT
HOTRIRNEEZ BRD, itélmut@awb
Wi T verapamil DEADEREE LT3
P20, SEEREE T T & 51n b ki B3 - secretin 1
LD HE L L 2 e ol LiediaTha vy
LIEHHYE secretin 23 & LTS 5 lvE g
W UTHEEFRRFRA LW EE LB D, .

Secretin O REELWMERE, -adenosine,, ATP

DWLIE & » THIM Lice: —7J7, secretin &3
ERSWREITIETH » Aaps,, R oRE R

adenosine. % ATP: ORjAEK X - CH B L
oo RUBSD v 20 & A ik IR A B %R
B (BB oMWV TEETH S & L ARS
RT3 ¢, Zh bo- purine k&4,
adenosine DSHIR~D I L& A4 o+ I A 2]
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