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Effects of Adenosine on the Mechanical and Electrical Activities of Guinea-pig Stomach

Heui Jeen Kim*, Kwang Wook Ko*, In Suk So** and Ki Whan Kim

Department of Physiology and Pediatrics*®, College of Medicine, Seoul National University and **In Ha University

The effects of adenosine on the mechanical contractions and electrical activities were investigated in
guinea-pig stomach. Spontaneous contractions of the antral region were recorded with force transducer,
and the phasic contractions of fundic region were induced by electrical field stimulation. Electrical
responses of smooth muscle cells were recored using glass capillary microelectrodes filled with 3M-KCI1.
Field stimulation was applied transmurally by using a pair of platinum wire (0.5 mm in diameter)
placed on both sides of tissue. All experiments were performed in tris-buffered Tyrode solution which
was aerated with 100% O, and kept at 35C.

The results obtained were as follows.

1) Adenosine suppressed the spontaneous contractions of antrum in a dose-dependent manner.

2) The inhibitory effect on antral spontaneous contractions was not influenced by the administration
of guanethidine (5 X 10°¢ M) and atropine (107® M), or in the presence of dipyridamole (1077 M).

3) The phasic contractions of fundus induced by electrical field stimulation, which disappeared
rapidly by the addition of tetrodotoxin (3 X 10~7 M), were potentiated by adenosine in the presence of
guanethidine.

4) Adenosine decreased the amplitude and the maximum rate of rise of slow waves, and the
increased amplitude and rate of rise evoked in the high calcium solution or in the presence of TEA were
decreased by adenosine.

5) The non-adrenergic, non-cholinergic inhibitory junction potential (IJP) was inhibited by
adenosine in the antral region, while the excitatory junction potential (EJP) in the fundic region was
potentiated.

From the above results, the following conclusions could be made.

1) Adenosine suppresses the spontaneous contractions of antrum strip by the decrease in amplitude
and rate of rise of slow waves.

2) The release of neurotransmitter(s) from non-adrenergic, non-cholinergic nerve terminals is inhib-
ited by adenosine.

Key Words: Guinea-pig’s gastric circular smooth muscle, Slow waves, EJP, 1JP, Adenosine
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A =

ofdl| 4] (adenosine) o] A] Aol chdle] AA1H
3F-S- u| Xt} Drury & Szent-Gyorgyi (1929) 2] 3
Z 13 olef B APr st ALY, o] Wial
A AL Auteg A4 n, AZ4SHE o3
A71E 45 7R Yok Aol & A Q)
t} (Drummond & Severson, 1979; Burnstock, 1980;
Kim & Ho, 1984), o] £4-& =38 73 345
B3Nz A0 755 2§32 v} (Berne, 1963),
ol kAl A Aol oo x T, vtz o, A
#, FAZ, d82A Y JARS A8 2HlA &
okslA Ag3sta glgol 315 = o] et (Hedquist et
al,, 1976; Verhaeghe et al., 1977; Hedgqvist et al.,
1978; Gustafsson et al., 1978; Hedqvist & Fredholm,
1979). 9} 434ol] R otdll=Ale] ae sV
(guinea-pig) 3] 7ol A A7 Ut 25 opAEE
Z (acetylcholine) 2] & A7 thE L7t Y=t
(Gustafsson et al., 1978; Fredholm et al., 1983), =}
8- A1 73 A ol = o] £ 4 o] adrenergic nerve?} choliner-
gic nerve ©]#]ol] non-adrenergic, non-cholinergic
nerves7} ¥ 37 % ¢t} (Burnstock et al,, 1963), o]&]
g FF9 AL B HE5E59 A S
gho] Hu Qs =3 o, ¢33, 7=, Ax,
anococcygeus, seminal vesicles & =314 o 2= 7|
A% 215 9g) t}(Burnstock, 1981), o]
adrenergic, non-cholinergic nervest £ 3l o] A
SAEY FATTH #3H, F Ao T
Fop e WAk B, Ao 484 ol W AFE
ZA FEZE o)A S HAste ZAeg Belt)
(Burnstock & Costa, 1973), 7jUs2 o= =1 Al
7ol &Age] el r}(Komori & Suzuki,
1986) .

obeliAlel 247142 B AR 3 Pl
o g 1w, ATAZEE TU Ca HI¢
Aghed A2 4382 ANk 4 (Schrader et
al,, 1975) 3} w717 wetoll 2-E3fe] rotzdld
2 (noradrenaline) -] & A3lA]A 71AHH ez 4+
=288 A3 7thE Aol Ut} (Hedquist & Fred-
holm; 1979), & shalr|A o 2 ol Al S 3] 2t

non-
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<)

/45 (intramural coronary artery)of] 283}
—\»H 7 % (Ca?*-inward current)E x}tls}
Ay 71k A (harder et al, 1979) 3} A
A8}k 7Elo] oJul oA x AW @A A
colsaldal fel 2 AAA 24
ez SFuARHE Aol st
(Verhaeghe et al, 1978), o]Ake] o] AgR 7 &
FYoo] & of ol AL AL 53 Ca o

Fol JAld e ¥z 98e ¢ 4 Ush
Z ol A

principal trans-

Q

o
[N}
+

ooty 2 & e
T
A,
lo
e
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Non-adrenergic, non-cholinergic nerves
adenosine triphosphate (ATP) &
mitter2 0] L3} }§A173& purinergic nerve
(Burnstock, 1971) 2} wwslgd o], 0 o]F Be
ATz Al 9idE v}, o]9o] % serotonin, GABA,
dopamine, ¥ & polypeptides (enkephalin/endor-
(VIP),

neurotensin.

phin, vasoactive intestinal polypeptides
Substance P, bombesin, somatostatin,
cholecystokinin (CCK) S-o| 8-t &4 2 A2 5]
L 9l t} (Burnstock 1986),

Aol Al obel A2 ATPZ 2] Ahabs] &, 4
L_Oﬂ/‘if— J Aol A . ofsl Al o] Al Z ol 4 A
AtE]o] zhz ol %s&ouoi Zx 3, E3] AL
Folvh At s wol 2 sl ARelA e vE B
£ 49 ofulliAle] AZAZ HollA ATPRF-F A
AbElo} ZhAH o Fe|vhel TabFo] g3}
i doA AALFE Yele 2HERE
}E} o} (adenosine hypothesis. Berne, 1963), =.2]
1} Burnstock (1981) o] 2t} purinergic nerve2| 7
$olt o] Aol TR AA BRI ATPS} §
2=z A3 A oA 5-nucleotidased]] £]3}od
oelxAlel A4l AAEE 23elA (neur
omodulator) 2 z&£3tcln FASLT ),

£ AFE YR Y £ B obl Al 2
£/ BH2TA, AAH £33 2714 ¥5
(53 Asheh A3 Aol A& obl xS 23t
2 242480 o8 22 ol AlY AE3H
9} non-adrenergic, non-cholinergic nerveel] &k =

Holzz Ao g Tk
Aoy

A% 300g ol =& 752 $FEE Bebal
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2 ASUE Asel AYAA FAAZ A A%

T Azagch ALl 100% 0.2 WAL
o] 21 9]x phosphate-2}3& Tyrode €< (NaCl
147, KC1 4, MgCl, - 6H,0 1.05, CaCl, - 2H,02, NaH
PO, - 2H,0 0.42, Na,HPO, - 12H,0 1.81, glucose
5.5mM, PH 7.35) 0.2 2] 9] 21 Zu] 27| ol 4] -3
% (antrum) 2} 1A (fundus) ¥-§ F2]A A5l
Q291 2} BAhan do) 2 AA e
AZch el el AnEe elsel 4
(circular muscle) o] ¥ 0.8 =S EAE 7|32s}A
2elagieh, 24 AT 2 500k 7] W3 2ol 4
&5 Beldle ¢& 9
[e]

2 7o] 10mm, 5 o] 2

B

rH o Proe

mm (wet weight 5mg|¢]) Ax 2 wtEx 1RX]7A
53 Fop A Aol A 3 &A1 7,
5k A (RUA 42 o [l

3 2% 2 e LYo

5 o
Aoz 4947 %)L FoE A5 ug
28 A e B £33 A4 87| (vertical cham-

g 8o 35°C 14 SAH ol 9k
A7 AR E 147k o4 ARGl 34417 A A
9 Aegch, APEAL 35 A 100% Oz
HEYL o2 gt tris-2tE Tyrode £ (NaCl
158, KCl 4, CaCl, - 2H,02, MgCl, - 6H,0 1.05, tris -
HCI 10, glucose 5.5 mM, PH 7.35)& A}-&-3}9ich,
42349 7138 252479} 334 B| (Gress
FT-03)& AAA|7#H 574 42 (isometric contrac-
tion) A€ 7] %-7) (Device physiograph)¢j 7} &3}
ek, A
$25 2498 #3055 uFE QR )
dof, 25 Aol dAACR Fo Hol]-HY F
Al (length-tension curve)-2 2] & & 7] o] (optimal
length) & A 3, o] Aolol4 LT AW=AE 7}
Asich 22l AwA +300 A gAY, e
= oh ope YAl sl 2 ek A
AL FoAY 4FAZL F5el AR (electrical
field stimulation)S- 7}sled YA 43 (phasic
contraction) & S-4AI 718 A, wHEAIA 2 22 Aol
5 7§ A¥Ss AYARH,
A A7 EEE 71537 Hste] &7 2ml
& Al 81 871 (horizontal chamber) &
st ch &7 el Ax1E nF-ghol 22 AA

=3
& 4-Z (spontaneous contraction)-2- 3=

nE

2 e
QRN
<

L)
=

e g o2 nAHAA H 35CelA 100% O,%
$Ye o2 gt wis-%3 Tyrode §o4g 2~3
mi/min £5 8 1A 7ke] Al FFA]A AshzdelA] ¢
Ao 58I =2 g $4HBT AIUE
e 3MKCZ A% fe ol A7 (glass mi
croelectrode) 2 A1tz o g Mg A Z N AF)3}o]
3 71-€-7] (pen recorder) ol 7|25, AZFL
=) g} (tip resistance) o] 40~80 M Q & = 7=k
A ALgsiglct, 22 FHo WG ASH =S (
0.5mm)g A x3}x, A7) (Grass S88) &5 %
AAAFE heked Tl ARTE F ool A% -2
o] A4 A3t (junction potential) & 7|53},
2ol hE5lo] ZATHE AATE 437 4
ko] ARE-El AFals 73 3} (square pulse) 247,
Z(717F) o] 50~100 xs(0.05~0.1 ms)o]jxz 7=}
10~50V =& A Wi T ASH o2 43S}
Seleh, olah Aol HE A FAFE AT T
296 300 pm o] vlo] A3z APREL 7S
sieh,

Ayl A obge (Sigma),
Aminophylline (Sigma), Atropine sulfate (Sigma),

i
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Adenosine

Dipyridamole (Persantin, Boehringer-Ingelheim),
(Tokyo Kasei),

ylammonium chloride (Merck),
(Sankyo) Solck,

Guanethidine sulfate Tetraeth-

3] Tetrodotoxin

4 8 4 3
L Zo1H @89 #e vlm

o]e] HouwE A7)z FE (electrical activity) g
24¢ 29 1o Yehisich $EF $AelAE o
Aokl AA 22 #74e FLE Lol 291 A
3} (slow wave) 7} 7] &5 1 9l o1}, YA F N = A
Shoh As) $AHA A Qs 2 2705} 3
%eH(a® 2, A), AAAT 2 f2) vlAATo) 3
3 AT dohE v, AAFolME A Y
4 A} (excitatory junction potential, EJP) o] 7} 2
HPewt FEFAAE A4 HEF At
(inhibitory junction potential, IJP)e] =) 5] o)
(=& 2, B),
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Fig. 1. Schematic diagram of experiment.
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Electrical activities (slow waves, junction potentials) recorded from smooth muscle cells in the
regions shown in the schematic representation of guinea-pig stomach. (A) Slow waves recorded
with slow tracing speed. (B) Junction potentials with fast tracing speed. Note that the smooth
muscle cells in the fundic region show electrically quiescent responses and excitatory junction

potentials (EJP), whereas those in the antral region show regular slow waves and inhibitory jun-
ction potentials (IJP).
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1 min

CONTROL

Fig. 3. Slow wave-contraction coupling without Ca?” action potentials in guinea-pig stomach. Spon-
taneous contractions developed by slow waves recorded from the antral region in the absence
of TEA (left control tracing). The contractions potentiated by changes in slow waves in the
presence of TEA (5 mM).

Adenosine

U -

5 min
Washout with Normal Tyrode
{ W/NT)

Fig. 4. Effects of adenosine on the spontaneous contractions recorded from antral region of guinea-pig
stomach. Adenosine suppressed the antral spontaneous contractions in a dose-dependent
manner. The inhibitory effect appeared at the concentration of 107 M and increased in parallel
with the increase in adenosine concentration.

= (K-conductance) § 7:A171E 2482 710 Ao & Foldle] AR DRl 558 5Y A4
2 94# A tetraethylammonium (TEA) 5 mM-2- £ of, £Z37|7} B50 vlasly ZtLHE AL 2
=2

shel whA gle] ozl A WA A zhe] gl s & 4ol el olulxAl FE71 1077 MY =)
71 H R S0 T 29 ARG & HE A gled, 100 MEE £330 o
(abortive spikes) o] e} & B 4 Qi (2@ 3 & AHYL FEE FYFE JAA L) 7} s glon
£2), A0 7129 $334% AaAel vishd A4 Tyrode $902 FolFR £3HE WE &
Astel b WE9} g} SAAEY AA 9& R SEAY, 28 ol oAl A 43
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ZPLA 4Zol] A3 obell Al o] A gH-Go], A1H
= AFY FEA AA F ofzada A}
whA]Ql guanethidine (5X 107 M) 3} ol A|ElEd] =}

(%)

}"\
s \JD Wl#’\
k]
& °
2
9
K] ®
£ S50 :
o \‘
°
- ® [ ]
1% .\‘
= L4
k]
U
[e 4

U L} ’l’L 1 1 1 J
o 107 108 1670 1074

Adenosine concentration( M}

©hA| Q] atropine (1076 M) & -2 o)) Fofs}o] A 3%
2 ol A S Fol HEAY AL, AA
e 7HE 2% 6(A)e] EABGT AU 432
¥} AhA] FodAlolx 2 wisho} glgla, o
71l ot Al (1075 M)§ S0 3l} £1] 4327
b asigien, A4 S MHFA S3HL
24 S3Eet, ol2lq WAL A So] 2
4 4d (myogenic origin) ¢ 2 WAE| 3w g3, ofd
A9 B ¥97 HBE QS P Y, 1
2 6(B)ol oplAle] ALY S A Ao
ot2] 4l dipyridamole (1077 M) &) A] v}eli}iz o}
$A E3HE depiglch, ok xAlS £39 oA
< dipyridamole E Aol = M2 o 3-g wk=x] of
2 e AR Bol, ojrlieAle HPZ Alxus}
ohizh AlZatel o} H4IE AA T Yt Ao

Fig. 5. Dose-dependency of the effects of ade- 2 AelE o},
nosine on spontaneous contractions in
the antrum of guinea-pig stomach. Ade- 4. HMI|X13F Fe H44Y 5ol it ole|
¢ nosine decreased the amplitude of spon- &5
taneous contraction dose-dependently
from the concentration of 10°°M and AR 2AAH AT o2 YA 422
I1Cs5o was about 5 x 107°M.
Adenosine
|
Adenosine
Digvri
ipyri darrnole —
B
(8) NG 1 100 mg
77 5 min
W/NT
Fig. 6. Effect of neurotransmission blockers (A}, dipyridamole (B) on the inhibitory effect of adeno-

sine in the antrum of guinea-pig stomach. Spontaneous contractions were not influenced by
the addition of guanethidine (5 x 10*M) and atropine (10 M) and even in the presence of
blockers (A), or dipyridamole (107" M) (B), adenosine (107° M) supressed spontaneous contra-

ctions in a similar manner.
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+ Adenosine
| — s
— Guanethidine

(A)
100 mg

—d
10 min

~—— Tetradotoxin
Aminophylline

Adenosine

Guanethidine

(B)
]lOO mg

| I—
10 min

Fig. 7. Effects of adenosine on the phasic con-
tractions induced by electrical field
stimulation in the fundus of guinea-
pig stomach. Adenosine increased the
amplitude of contractions to trans
mural stimulation (20 Hz, 100 pulses,
1 ms, supramaximal voltage) at 1 min
interval (A). The reponses to transmural
electric stimulation, which disappeared
rapidly by the addition of TTX (3 x
10" M), were suppressed by aminophy-
lline (107*M) and fast recovered by ade-
nosine (5 x 107* M) (B).

Caz"'. 2 mM

I

A

Fundus

S A, ARAFTL Hoevtet 524 20 Hyel T
35} Foe] WEAFE Sk shetgled. T4
g}e} E (/)71 1 ms, 27] (7% )= supramaximal
intensity & A+&-3tgich, ol 27, F AT
o] Zo] ge T2 AFE s 2 A
S AFatod F3o] fibEo] 2y 7(B)el Eh
Ut F AlZEE AAIAQ  tetrodotoxin
(TTX) € 3X107"M Fof F4] fidgFo] & A=t
e dabo] o] & Sy siFa Yok 2 7(A)
o4 3w, guanethindine(5x107% M) x| 3}oj|A
ol AL (105 M) & 59 2715 2388 F714)
7)1 ol =8 3=t (B)ol|Al = aminophylline (10
“SM) 2 2 Ags] AAHUR FFo] obel A4l (5X
105M) Zo1EelZ Az, oH® AWAHE
(A B)e obdlxAlel =AW AAF
non-adrenergic, non-cholinergic nerveol] 2-&-3}¢f
FEADEAS 52T dAADe2A $22717)
Z7}5] 9l 11, aminophyllines} ofr xAl-& o] 174
Bolq Az AGA T LT UL PATD

oz 84,
5. s Hetel £4

AR 2sh $2F Felola A% 24 Y
3 A (EJP) 3 o3 A4 B A (IRl A A
29) Ca** £34& 19 83 2% %ol episich

ca®* & mM

A

Antrum

1hooae
5 sec

Fig. 8. Effect of high Ca?** (6 mM) on junction potentials recorded from the fundus and antrum of
guinea-pig stomach. Transmural nerve stimulation by a single pulse (0.1 ms in duration and 30
V in intensity) evoked EJP in the presence of guanethidine (5 x 107 M) at fundus, and IJP in
the presence of guanethidine (5 x 10°M) and atropine (107 M) at antrum respectively. The
amplitudes of EJP and IJP were increased in high Ca’ * solution.
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‘Washout with Normal Tyrode

5 sec

Effects of amplitudes of the slow waves and IJP induced by transmural stimulation in the

antrum of guinea-pig stomach. Slow waves disappeared gradually in Ca®*-free Tyrode solution,
and IJP was also not evoked by the same transmural electrical stimulation in Ca?”*-free solu-

tion (lower middle tracing).

a7 82 AHE Ca*t FEE 24 2mMZXE 6
o vhehik W3hE HolE Aoz
Ay, & Hol A= guanethidine (5 106 M) o 2 m
A7 A3 R A2 Aol 4 Car E7HE
B33, 5% 2Z o+ ¥E guanethidine (5% 1078
M) 7} atropine (107 M) & $4]o] RAA3}e] 77}
A7 Fa734A7 A EAE A2 Aeol A
T AFEA eI, AV AL 0.1ms, 30V @Y

T2 AAE AFA
of Ziloll4] ®wd 259 EJPr} fE52 P
A717k Ca™* Fx Frtol whel 25 FobEE e
2 Hol, 343 Ca*to] Al delol A FEALE
Al

Aol %215 270 2H P Aol A4 2

mME ::Ma7é!

Qi) 2 Al Z 9] Ca*rg glof Ca?*-A| A Tyrode &
doz 2Ag BHAZ ALY AHE 12 9ol 1}
Epligicl, & 2mM Ca?*& 2] A4l Tyrode %°“
o] A] T2 A o} x-]J_]._. ZpHA o 7 al.xu,q 7] 3=
% £4% Ca¥-A7 Tyrode &40 2 HAFA 7]
A 2Rl gfel A4 m A3l 2715 AA BaH g
21}, A4 Tyrode f-ollo 2 ZolFEn] wlE &£x 32
A3l 3853 98-8 wolFn gk, 2 sheo]
)2 4] (Ca?* 2mM), Ca?*-a]# Tyrode £ Ca?*
0mM) 4 158%F, aeja A4l a4 1583
o 7129 1JPel M&E vrhiglie] Carr-nl7

(A) Centrol (Guanethidine, 5x105 M )

e homy

(B) Atropme 10_6 M

(C) Atr.& TTX(3x107M)

5 sec

Fig. 10. Effects of atropine and TTX on jun-
ction potentials recorded from the fun-
dus of guinea-pig stomach. In the pre-
sence of guanethidine (5 x 107 M), tran-
smural nerve stimulation evoked EJP
(A), and the EJP was blocked by at-
ropine (B). Additional application of
TTX into the atropine-containing solu-
tion inhibited the IJP (C).

CE-0
EA] A 23]

Tyrode &l 4]0 E [JP7} Aram%
o} A AEA FelBHol =
Cat*o] Lo gg o + ok,

A B4 7|25 EJPe] S0l B3 AgA
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FE 27 100 e} v}, Guanethidine £ 2jj 5}o))
A 71555 EJP (2.8 10 A) 7} atropine 571504 4]
[JP(=® 10B)E W3dls Aoz Hol xPoE
cholinergic EJP 28} non-adrenergic, non-cholinergic
UP7h EAe 2L & 4 ek cizlel oA
tetrodotoxin (TTX 3x 107" M)& Fojsls IJP (=
2 10C) = Az gl

A Aol ARAFl ool 442 AAE
+ A =-Z7 (neurotransmitter) o] 2§24 24]& o
| gl wolFE AYATE 23 1ol ehigieh,
TTX Sold %ol $E5014 7155 & UP 9
¢ v, dizA] (TTX Fo44)9] [JP7} TTX
of 104-Fol= hA3] glojAle Aoz Bot 7|5
[JPE 843 A7 o] eiAslo] vettes Aol
I Ao,

>

om0 N

6. #2& AMutoll ci#t oiclcdl Hxf

FEFAA 7155 E AR Aol B ofelx
AL(5X 1072 M) o E348 27 120 vhehhgie,
ol =l Fedd P24} FeiF 158 vhehd 4
sk} W Eopae A9, Aske) 27]%E 255004

(A) Control

Tetrodotoxin , 3107 M
r—*

(A} Before TTX administration

S A Y A N Jlomv
= S P AVl

| I— |

5 sec

(B} After TTX administration,

o "m""""‘ - ““‘.“‘T"“'f\;j T T T U
I3,
N
7 N
- N
Fig. 11. Effects of TTX on the slow waves and

injection potentials recorded from the
antrum of guinea-pig stomach. Slow
waves were not affected by TTX, while
the IJP was not induced by transmural
nerve stimulation in the presence of
TTX.

M]mmv

-
1 min

— 1
5 sec

(B)+Adenosine, 5x 105 M

WM

Fig. 12. Effects of adenosine on slow waves recorded from.the antrum of guinea-pig stomach. Adeno-
sine decreased the amplitude and maximum rate of rise of slow waves : comparing those ob-
tained before and after adenosine addtion, the slow wave amplitude from 25.5 to 22.0 mV,
and the maximum rate of rise from 26 to 18 mV/sec.
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+ 26004 18 mV/secZ. 4§ 7H4AE Bgch Als)
d EGINFAA 50%AET 7]7 (slow wave
duration, SD ) 3 90% A & < 7] 7} (slow wave
duration, SD;,)-& ¥] 2L 3}o] B SD;& 2.70] 4 2.
8sec, SDy& 7.6¢]4] 7.8secE & Wi £ &£
Hsih = ol xAls] Astel A TG LAE
Asazish @23 4ol 2az Qo4 4 9o,

A 29 Ca’t 258 2mMo4 8mME Fof A
92715t 9EF 45E A7 Asel A ofdlx
A (5X10-5M) 8] Aol A3 L 2o} Fols
A ¢4 YEL A= AYAHE 27 136 e}
ek AIEAAFE Aalzy) .(slow wave ampli-
tude, SA), 2|t} B2 —éﬁ—&.(%) max, SDg, 3 SD
oo Ca?* 2mM (28 13 A), Ca?* 8mM (¥ 13
B ) Ca** 8 mM+adenosine(1%] 13 C)oj|A] |
Sod ul,

SA(mV)X 16.0, 23.5 & 23.50] %

(%%)max(mV/sec)—‘& 6.7, 50.0 3 30.00]5]

SD;, (sec)2 3.1, 1.0 & 0.9 o} 1.

SDy, (sec)2 7.0, 4.0 % 4.0 o]},

Ashol % Cat*s} £ H3he A % ()
maxs] 2719} Sy SDy®] ZHAZ S04D &+ )
T, %% Caatol A obul Al e %) max
o FoE Ax2 Uehe ¢ 4+ gsi,

A5t 24 s BAsn TEAZ A%)2rls)
RET 428 2702 AeolA ofdlxAle) Ea
£ Wy AHE 28 o] ehigich (A)el o}
el ZAA 2 A3+  guanethidine (5X 107 M),
atropine (107 M) % TTX(3Xx 107" M) &) A%
A4 Aoz dAEE oz Hol YA
AAIGL DL, chxAsh obl Al Foi % 15
#(2% 14B)ol] Azjo] vhehd B4€ vlased x
=, SAg} %%) max 18,504 11.5mVZ, 12.5]
A samVjsecs 77t A% BeUAE ¥ 4+ 33
21} SDgo} SDgol 2.900 4] 34sec o 6.2secE 2

L—— 5 min

+Adenosine, 5x10° M

s MMM NN NN
" WM AN e

|
1 min

Fig. 13.

Effects of adenosine on the slow waves in high Ca

5 sec

2* solution recorded from the antrum of

guinea-pig stomach. (A) Control slow wave tracing at Ca?* 2 mM. (B) The slow wave tracing
at high Ca?* 8 mM. (C) The slow wave tracing in high Ca®* solution containing adenosine.
The amplitude and maximum rate of rise of slow waves were increased in high Ca?" solution,

and the increased rate of rise was decreased obviously by adenosine :

the maximum rate of

rise was changed from 6.7 at control to 50 in high Ca®*, and 30 mV/sec in high Ca?* + adeno-

sine respectively.
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Fig. 14.

A 9 39 AU o BT AAR o A7H BFel W oAl EI—

(A) Control ( GED, Atr., TTX & TEA )

|

(S
30 sec 5 sec

(B)+Adenosine, 5x10° M

min .

15
min

Effects of adenosine on the slow waves in the presence of neurotransmission blockers, TTX
and TEA recorded from the antrum of guinea-pig stomach. Slow waves were not influenced
by the application of guanethidine (5 x 107 M), atropine (10 M), and TTX (3 x 107" M) (A).
Adenosine decreased the potentiated amplitude and maximum rate of rise of slow waves in
the presence of TEA (2 mM) (B) : the amplitude and rate of rise decreased from 18.5 to 11.5

mV, and from 12.5 to 5.2 mV/sec respectively.

{A) Controt

{B) Guanethidine & Atropine

(C} GED, Atr., & Adenosine{107> M)
Fig. 15. Effects of adenosine on the non-adre-

nergic, non-cholinergic IJP recorded
from the antrum of guinea-pig stomach.
The IJP recorded from the antrum was
not blocked by adrenergic or cholinergic
receptor antagonists, guanethidine (5 x
10¢M) and atropine (10 M) (B). Non-
adrenergic, non-cholinergic IJP was in-
hibited from 4.5 to 3.5 mV by adeno-
sine (107 M).

43k gigde,
7. ets Hedol che ofuiiAl B

Al7gabetoll A Al EF A2 0) | Ao of
% olvlAlel BEFAE TR 3hod, Y
Astoll et o}l =Ale] FAAAE v HAE A
HFE 278 15, 2% 16 9 28 170 Jepuigic), o
g I5BE 29, fEFolA 71Fsw [P
guanethidine (5 107 M) % atropine (107% M) Z&z)|
Aol E 2] 2 vjel}bE 7 2.8 ¥ o} non-adrenergic,
non-cholinergic IJPa}lx Sglxic}, o] 2] 3l &7 3)o]
A obd| 2 A1 (107° M) & £33 A3, [JParE of
ZA)2] 45014 3.5mVE ZH4AHE BodFm gt
(2¥® 15C),

o)o} & ofliAle] P 4AHAE Lo} ol
Al B7] 3ted A F Ca’*g 6mME =9l A
Bl A oAl (1075 M) Fod A abg VAT A
z L}E}q.]_\;l_o] A o) A1) 150]1:]. Z 24 IJP&=
45mVo| 3, Ca?* 6mMojAl: 10mVE & 2718
Bot of 7o) oprl| e Alg Foiq A3 6.5mVE
AR FLEAE YRR, old A¥A e
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(A) Control { Guanethidine & Atropine)

R
5 sec

(B) GED, Atr., & c.az*(smM)

(c) + Adenosine (l()5 M)

Prominent inhibitory effects of adeno-
sine on the non-adrenergic, non-choli-
nergic IJP in the antrum of guinea-
pig stomach. The increased amplitude
of IJP in high Ca?* solution was inhi-
bited prominently by adenosine : the
amplitude of IJP in high Ca®* was de-
creased from 10 to 6.5 mV by the
adenosine application.

Fig. 16.

Single stimulation Repetitive stim.

(A) Control {+Guanethidine)

S N \—

: Imm u Jio mv

(B)+Adenosine, S5x 105 M

A
u

'\‘W/-\J]O mv

| S

—
5 sec 20 sec
Fig. 17. Effects of adenosine on the EJP in the ‘

presence of guanethidine recorded from
the fundus of guinea-pig stomach. The
EJPs evoked by transmural single or
repetitive stimulation were potentiated
by adenosine : the amplitude of EJP
induced by single stimulation increased
from 10.5 to 13.5 mV by adenosine.

olul| ;= Al o] non-adrenergic, non-cholinergic nerve
terminalo]] 2}-&5)of A4 EH AtHEAH] 2|5 o
AA 7= Aoz A,

A Holl 4] 7] 5] & EJPol] sk o} 1241 (53X 10

(#2191 A 2 & 1987—

SM) 38 23 174 Vel Guanethidine
(51070 M) ZRjA]2] EJPE 105 mVelglo, o
7o ofell Al Fof4] 13.5mVE FE g FI7HE B
ol gon] MEATANE FHEAE £ 4 ek,
o|2igt EJP F7FA & ofvl =4l ¢] non-adrenergic,
non-cholinergic nerveol] 2}-2-3lo IJPE A 4] 7] 0.
2 EJPE 232 thzA ek 3bslof dekd A
oz Bud

z &

71U s ol A
F AAFolME 91“}3} -r7] 74 F:J: A ‘”P
7b A E 2] gAY et a2 2] 7]- 249k w (3~5
mV), o] u[dle] FEF FHolAE A 2
o Ashh FAA o2 A%AYeHaT 2). $EF
B9o] fAT Aol A 7] EH A5}e] 4L
v 277} 15~30mV (B F 20mV AE)o]z, Z
L 2~10secEA] Ao Aatdct okt A3}
o] vkl % = 35°Cel| 4] 6/min A % 2.4 Komori &
Suzuki(1986) 9] ¥ 2.9} T 5ol a)ch, o) BE S
&5 (d—: max+ 10~40mV/sec A G = (1
712, 27 13, W 23 14), 9& 582 A 7
%9 A#E Awum moololdE 8mV/sec
(Papasova et al., 1968), 7ol A= 0.5~2 V/sec, A}
2ol Al & 0.1~0.6 V/seco] ¢} o} (EL-Sharkawy et
al, 1978), Ashr} AAHE FAE 2o B
ARTHE AL 2 AYAAE (2 14) Saldgl
o Asteh £32 SAol /%% (23 3) AL
W, f2E Relold AsE FAH Ak g
A 425 $E-43 ol 2 HlL Yee noiF
Siet, ApAlA ol WAlsl A ghrichs 2 219 4
FolR gk Aglel] osle] FUHE & F U, 4
oA ol B A= 5L YbH o2 A
kol 4R W) A AA T, Hsbrke 2% 271 2
Ak A S%o] ok 2 Bk )
9] 3] (Sanders, 1983), /N9 FE%¥ EFZ 9 &
A} (Szurszewski, 1975; El-Sharkawy et al, 1978;
El-Sharkawy & Szurszewski, 1978) o]l 4 7] &35}o] X
a3k 9l

AT A 55

}a]_.__

=)

™

ek 49 Asg

T FA1Z

— 236 —



—284 9 3% 8 BE2Y AAH U WA FFol Y okl EH—

o8& S sAA gk Ca?*-7kA] A g
(Ca spike) 7 Badslo] glA] o] & Ca’*-channels
o|i} Ca?t $32)7]|A (Ca**-release mechanisms) o]
g Aolehe 228 54 ek, olsh Bzl A
PlgE Aguanzd neol F72ol4
Mangel et al., (1982) & A £ Ca?* 557} A|3}e}
duslel FHHoz Fadte A4S 2IaY
.

A5}e AA A o8] 27 sl A 4 st 371
Hioz FAso]l gthn 2233 e} (Tomita,
1981), & 7|32 FAZAA 715 Ak £ A
ol Ao} o] AIAE, A24E o sHAAYLE
(first component, second component & spike compo-
nent) & 2 F-A o) glEd, AlGE2 Azt 8
& FAstz Agh ¥dEA  FHA (potential-
independent process) & 2 A UA Al E
$-3t2 3ok, ©) AR olekE A4¥P A Na-Ca
8714 (electrogenic Na-Ca exchange mechanism)
o &g Ao &5, o /AL At H|YE
A Hgo 2 A7sim ek, oo Wt A28 £
A 14 Hol] ol sled fbsl £ Aok 24 AEe2A
AN E 'rEFo 2 AbE & Ca’*-channelo] &
Agslol rle Aoz B3 ik, A24E Hei7)
o] A7) 7}A) A gk A &2 Ca spike action potential
< FiA9)e Ag &4 Ca’'-channelo] #4438
5o} A71E v} Calt-Z &A| &} o &2 Ca’* spiked]
7t 73esiet,

ol Al e FFF AU AdH £55 10
“EMEE Fxo ulet gAH R e ey 4
Zulsole Wi Jdg mNA Rageds (2d
4), olglg oldlxAle AUH £5 JAZEL
dipyridamole ] A|ol| = A|< &A= et (27 6),
olg| g AYAAEL oluldl A9} HET
A Z&o] opd Al Tl Q& Ao AnE T gl
olell Al Mutell &t e’ Ad= Agte] 27
S i3 4 a2 s0g F Yod (2d 12,
27 139 27 14) Aghe] P4 E 94 3
87} gict, ol ge A e ofdAle] Azt A
14 Eolle F3e FAL A24¢e H=id A
gk &]& A Ca?*-channelo]l % 3F-& FA] 95 A2

4%

s}o] Aelw At o]&A Ca?*-channelo]] 438 F+
of Cat* §Ug BAEATNOZA A%H £59 2
77k #oldl Aoz AAsT,

A7 o7 Fgo] vlsiAY Z&ate] AW
£20) A9 e B A4 24 A7)
AZog YA 5 FEAZ F Sle H, A7
AZEAE FE E(1ms)e) FYoHE o $eH =
g0 A7AHE AFAL & ek, 27 78] A3
% 37 TTX(3X107M) 24 %A #7732
AR A F5o] F At A2 Ho}
NAg ez fuE £HYE & F U
Guanethidine (5X 107* M) & 5}ol| 4] o] 4] (10
SM)& 29 Z7E FUHAFIL Yo, olH
442 aminophylline(10-° M) 3} 234 d4-¢ &
A}, o2 d AFEL oA AEIAA,
59 Atd 59449 ¢, AAFdAE
AAYDE 52 Aol 238 A5 A%
=

AU Age 240 A4E ATl AAEE
AGEA] e 71E8E Agezs ZRF
A42 AYTAME 3FEAH FeE 3

cholinergic excitatory, adrenergic inhibitory %

i

>

non-adrenergic non-cholinergic junction potentials
Z-o}c} (Burnstock, 1981), 7|Vs 1 §] HEZd=
TAAA 34 adrenergic JP w1247 A3A
cholinergic EJP, 23] ZAAH-E AAAFA
non-adrenergic, non-cholinergic I1JP 7} ¥ A3sich
(Komori & Suzuki, 1986), =8 2BolA & FH
Ak = guancthidine (5X 1078 M) & 3}of| A
AT T AHTAAE 1A FEE Ao,
282 FE5 FHNE JA4Q AYF Aol 7
E=gled oo o] AYF Agte] £ Aol
acetylcholine 4-£-a (ACh 4&a|)o] i Z=
(sensitivity) 7} -4 2 A}o] 7} glEw] 711t
3323t ¢t} (Komori & Suzuki, 1986), & 7}%.
9] ¢4 Holl A& cholinergic EJPE, Y& Ach 4&
A =& Ad FEFolA+ non-adrenergic,
non-cholinergic IJP7} 7| &5 cta B 23l g, £ 4
Ho A5 (2 8, 28 9% 27 10)& 2 v}
WA A4e BUT 4 AT, o F FUFY A
ol MZ9 Catg £ A% 2707 345 3
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o2 ol AAREZFAEE 44 7k 449 A=
2 459, Az Cattg YelA (27 9),
TTX Fo44] (27 11)°] & 7@‘{}—‘?-7&° < fFHE A
otalr} 9z HojA] & guanethidine Zx]slolA] 1.
o]%] cholinergic EJP~} atropine (1076 M) Z7} %o
A JPE H3tsE o Mol o] FHol= 15
of| 4]} 7te] non-adrenergic, non-cholinergic IJP7}
dAEE AE 4 ¢ A= 10),
FFEFAA 1=
cholinergic IJP2] Z7|7} oful|l =4l (1075 M) Fof 2.
a5z (ad 15), olald dAeL
s50] Ca® Aol U Fg 4 (23 16)
0% wo}, ohlxAle] of A% Wwkol 2g3He] A
AZEALEAY FE AT, ol T AA
Z1AE A7 alol A Ca?t §90& &I 24
< oz FEdAge] dehd Aoz ol
o}, 2] A o)A guanethidine (5X 1078 M) Zxj 5}l
A 71%= & EJP 27]7} olulliAlel &fde] FE135}
A #2748 AR} (2y 17)%, otulile] HAFd
X Z&2)3l+ non-adrenergic, non-cholinergic nerve
terminalol 2}£8-513 1JPE AR 7224 EJP= &
33 dzAluch 43s Aoz LA,

non-adrenergic, non-

=4 g

| g

Weld 244l olullnAle) 5ol et Zapot
2 B4 AL §317) $isted, o7 22 A
71Ul ge) NAH 453 A71H EFol AT of
deAls) A LAE ol ZEAT,

7ol AH4H 42 £5
Astsh 30] 2 LolA]
4714 $5¢ AYE AT
o2 %3] o3t DL ARE

1) AAE% FEE 299 A 2 874 2
Fae] Aolt, $EFolAE THA Aol w2t 2
WA 2ol WA e watel SANolAE A3
A A gAY QHehE 277 B AT A
4 4% wg vlesas,

2) AAAToZ A AAE Lol et BBE A
ZoA 71 EHE AP AUE FAYE AolH =
Barc, Z xR A& cholinergic EJP2}

DA21E A 25 1987—

non-adrenergic, non-cholinergic IJP7} 248 5] =4
) 3t F F 5ol A+ non-adrenergic, non-
cholinergic IJP7} 7] &5 i},

3) AL S3e] A okl xS AAHEL 2
AAdal Aglel] vl ofel|Ale] EellH A-FH

Aoz A48 Z Astel 277 Badn A
REF 45 ot B4R £327] AL

7b FE o] I

4) FEEAA FEHE
cholinergic IJPo]l f3}e] ofefieAl-2 A EI}E 2
ATt

5) ARATo2 A AT A 5
of g ob Al E2 482 97139 EJP} of
txzAlo] o 3le] el Aoz A E + YU,

)49 AYARE Hel ohxAlE

1) 9 BEE A Zoto] AEstel Azt 2722

$3 453 220 2A ALR £33 o3}
Al7| 3,

2) =g =AW ARLRF
non-cholinergic nerve terminalol] 2}-&3}od A7 Z4
ALEAY F23F A9 Az 23R,

non-adrenergic, non-

£-3] non-adrenergic,

REFERENCES

Berne RM (1983). Cardiac nucleotides in hypoxia: Pos-
sible role in regulation of coronary flow. Am J
Physiol 204, 317-322

Burnstock G, Campbell G, Bennett M & Holman ME
(1963). Inhibition of the smooth muscle of the taenia
coli. Nature (London) 200, 581-582

Burnstock G (1971). Neural nomenclature. Nature (Lon-
don) 229, 282-283

Burnstock G & Costa M (1973). Inhibitory innervation of
the gut. Gastroenterology 64, 141-144

Burnstock G (1980). Purinergic receptors in the heart.
Circ Res (Suppl. 1) 46, 175-182

Burnstock G (1981). Neurotransmitters and trophic fac-
tors in the autonomic nervous system (review lec-
ture). J Physiol 313, 1-35

Burnstock G (1986). The changing face of autonomic
neurotransmission. Acta Physiol Scand 126, 67-91

Drury AN & Szent-Grorgyi A (1929). The physiological

activity of adenine compounds with especial refer-

— 238 —



—AHA 9 30 MF2 9 HG2 AAHE g AsH SEel AG oblxAl BH—

S

ence to their action upon the mammalian heart. [
Physiol 68, 213-237

Drummond GI & Severson DL (1979). Cyclic nucleotides
and cardiac function. Circ Res 44, 145-153

El-Sharkawy TY, Morgan KG & Szurszewski JH (1978).
Intracellular electrical activity of canine and human
gastric smooth muscle. J Physiol 279, 291-307

El-Sharkawy TY & Szurszewski JH (1978). Modulation
of canine antral circular smooth muscle by acetyl-
choline, noradrenaline, and pentagastrin. J Physiol
279, 309-320

Fredholm BB, Gustafsson LE, Hedqvist P & Sollevi A
(1983). Adenosine in the regulation of neurotrans-
mitter release in the peripheral nervous system. In:
Berne et al. (ed) Regulatory Function of Adenosine.
Martinus Nijhoff, The Hague, p 479-495

Gustafsson L, Hedqvist P, Fredholm BB & Lundgren G
(1978). Inhibition of acetylcholine release in guinea
pig ileum by adenosine. Acta Physiol Scand 104, 467
-478

Harder DR, Belardinelli L, Sperelakis N, Rubio R &
Berne RM (1979). Differential effects of adenosine
an nitroglycerin on the action potentials of large and
small coronary arteries. Circ Res 44, 176-182

Hedqvist P & Fredholm BB (1979). Inhibitory effect of
adenosine on adrenergic neuroeffector transmission
in the rabbit heart. Acta Physiol Scand 105, 120-122

Hedgqvist P, Fredholm BB & Olundh S (1976). Adenosine
as modulator of adrenergic neurotransmission in the
rabbit kidney. Acta Physiol Scand Suppl 440, 163-171

Hedqvist P, Fredholm BB & Olundh S (1978). Antago-
nistic - effects of theophylline and adenosine on
adrenergic neuroeffector transmission in the rabbit
kidney. Circ Res 43(4), 592-597

Kim KW & Ho WK (1984). Effects of adenosine on the
action potentials of rabbit SA nodal cells. Kor J

Physiol 18, 19-35 (in Korean)

Komori K & Suzuki H (1986). Distribution and prop-
erties of excitatory and inhibitory junction potentials
in circular muscle of the guinea-pig stomach. J
Physiol 370, 339-355

Mangel AW, Connor JA & Prosser CL (1982). Effects of
alterations in calcium levels on cat small intestine
slow waves. Am J Physiol 243 (Cell Physiol. 12), C7
-C13

Papasova MP, Nagai T & Prosser CL (1968). Two
component slow waves in smooth muscle of cat
stomach. Am J Physiol 214, 695-702

Sanders KM (1983). Excitation-contraction coupling
without Ca?* action potentials in small intestine. Am
J Physiol 244 (Cell Physiol. 13), C356-C361

Schrader J, Rubio R & Berne RM (1975). Inhibition of
slow action potentials of guinea pig atrial muscle by
adenosine: A possible effect on Ca®*-influx. J Mol
Cell Cardiol 7, 427-433

Szurszewski JH (1975). Mechanism of action of pentagas-
trin and acetylcholine on the longitudinal muscle of
the canine antrum. J Physiol 252, 335-361

Tomita T (1981). Electrical activity (spikes and slow
waves) in gastrointestinal smooth muscles. In: Bitlbr-
ing E, Brading AF, Jones AW &Tomita T. (ed)
Smooth Muscle-an  assessment of current  knowledge.
Edward Arnold, London, p 127-156

Verhaeghe RH, Lerenz RR, McGrath MA, Shepherd
JT & Vanhoutte PM (1978). Metabolic modulation
of neurotransmitter release-adenosine, adenine nu-
cleotides, potassium, hyperosmolarity and hydrogen
ion. Fed Proc 37, 208-211

Verhaeghe RH, Vanhoutte PM & Shepherd JT (1977).
Inhibition of sympathetic neurotransmission in
canine blood vessels by adenosine and adenine
nucleotides. Circ Res 40, 208-215

— 239 —



