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Regulatory Role of Cyclic Nucleotides in Non-Adrenergic Non-Cholinergic Relaxation of Lower
Esophageal Sphincter from Dogs. Young Tae Kim and Byung Yong Rhim Department of Pharmacology,
College of Medicine, Pusan National University, Pusan 602739, Korea

The role of the lower esophageal sphincter(LES) is characterized by the ability to maintain tone and to relax
allowing the passage of a bolus. It is known that LES relaxation during swallowing may be induced by the
cessation of the tonic neural excitation and the activation of non-adrenergic, non-cholinergic(NANC) inhibitory
neurons. Furthermore, it is generally accepted that the relaxation of the smooth muscle is mediated primarily
by the elaboration of adenosine 3°,5’-cyclic monophosphate(cyclic AMP) and guanosine 3°,5’-cyclic mono-
phosphate(cyclic GMP) via activation of adenylate cyclase and guanylate cyclase, respectively. It is thus possible
that cyclic nucleotides might be a second messenger involved in neural stimulation-induced relaxation of LES,
although a relationship between relaxation and changes in cyclic nucleotides after neural stimulation has not
been established. The present study was performed to define the participation of cyclic nucleotides in the relaxation
of LES of dog in response to neural stimulation. Electrical field stimulation(EFS) caused relaxation of the canine
‘isolated LES strips in a frequency-dependent manner, which was eliminated by pretreatment with tetrodotoxin(1
UM), but not by atropine(100 uM), guanethidine(100 gM) and 1nd0methac1n(10 UM). The nitric oxide synthase
inhibitors, N®-nitro- -L-arginine, N®-nitro- -L-arginine methyl ester and N°-monomethyl-L-arginine inhibited EFS-
induced relaxation. Additions of sodium nitroprusside, a nitrovasodilator and forskolin, a direct adenylate cyclase
stimulant, caused a dose-dependent relaxation of LES smooth muscle. Effects of sodium nitroprusside and forskolin
were selectively blocked by the corresponding inhibitors, methylene blue for guanylate cyclase and N-
ethylmaleimide(NEM) for adenylate cyclase, respectively. Dibutyryl cyclic AMP and dibutyryl cyclic GMP caused
a concentration-dependent relaxation of the LES smooth muscle tone, which was not blocked by NEM or methylene
blue, respectively. However, both NEM and methylene blue caused significant antagonism of the relaxation in
LES tone in response to EFS. EFS increased the tissue cyclic GMP content by 124%, whereas it did not affect
the tissue level of cyclic AMP. Based on these results, it is suggested that one of the components of canine
LES smooth muscle relaxation in response to neural stimulation is mediated by an increase of cyclic GMP

via the activation of guanylate cyclase. Additionally, an activation of cyclic AMP generation system was, in
part, involved in the EFS-induced relaxation.
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M = 59 915 sl AR HEAE A= A
Z\AREC G4 22 E e FATZH Y HEEol
74 ZZ ok (lower esophageal sphincter, LES)& 4] Axg odfeles A& WA, A o] A& &
H wjoll = ol o TN AT BE 2] FAF
AR WL, @ 602-739 A AT obu]E 17} 10 o]4-g folaAl sl EAL 7HA T 9)ch(Biancani et al,
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1976), 714} X173 5B (tonic neural excitation)®] ©J A
(Miolan & Roman, 1987) % wulojTa|gelAl ujZally
(non-adrenergic non-cholinergic, NANC) A7 A £.9] 24
3H(Goyal & Rattan, 1975) So] dg] <A i}, ®nk
ot e} & FEQ LESE A 02 AV|AFS 7}
e W ol A4S JIAE 1S (Christensen,
1970)0] G 7] L&A 224 LESY o]gtel] NANC A7
wi7Hell 213t olk J)Ho] A FeAEH T gtk

AR 52 o|g VA Bodale FH A Al

ARAZAZAE NANC AR A7} 83 J33 e =
A 8}+= ulo]th(Burnstock & Costa, 1973; Burnstock, 1981).
o]&] g NANC A3 AG7} LESol = Eajgto] Zmix)g)
31(Abrahamsson, 1986), o] 2] Z-t.ol| 9]&lo] LES7} o] g+
g3 42 A vk NANC AR AL wisfsts A73A
9EA 2= vasoactive intestinal polypeptide(VIP, Alumets
et al, 1979; Bitar & Makhlouf, 1982; Zimmerman et al, 1989),
ATP(Bumstock et al, 1978; Burnstock, 1979; Bitar & Makhlouf,
1982; Frew & Lundy, 1982), calcitonin gene-related peptide
(CGRP, Rattan et al, 1988) B} nitric oxide(NO, 3+l g} &

RET 1994) Sol i etAl dAS T et 3 e
3] o8} of 7 H(ileocecal junction)2] NANC A4 X734
9 £ 2 4] y-aminobutylic acid (GABA, Burnstock, 1986)
7} Foddichkn Had % gleh 22y obF7kA] LES
oll L0141 1414 NANC A4 R 22 2] At Aol
etels =gl olAvh Bk,

FR FEe] o] S-S UXFA o & adenylate cyclase
9} guanylate cyclased] ¥A3}9] =7}l u}lE adenosine
3’,5’-cyclic monophosphate(cyclic AMP)%} guanosine 3°,5°-
cyclic monophosphate(cyclic GMP) £ nucleotide 2] 7))
SJeted oiAICHE A2 o3| FelA glrkdanis & Dia-
mond, 1979; Kukovetz et al, 1981; Ohlstein & Berkowitz,
1985; Murad, 1986). w}2}A] cyclic nucleotide} od& £

BEZoNA o8] 714 L7 A o] 4-_51 o] g} kg ol 9
g o ghibgoll thisto] AE 22 AL EAZA oJ3te
goe A A4 QA %lt‘r-

Tl Torphy 5(1986)-& LES =29 & 7]|z-Fo|u}
VIPol] &}3t o] huh-Z-ollA] cyclic nucleotide®] T A of]
Balo] THslo] o]k o] 2huk-S3t 2 A cyclic AMP
$} cyclic GMP % cyclic nucleotide®} A4 AEL Az
LA ke ‘:b_ Bty Yolr} Moummi & Rattan
(1988)2 opposums] WEHE Bk L o] $3 A4

HARZ o] S8 o] 9ol cyclic GMP7} HAH L 1

TSI 3, B3t B(1994)2 AAAR o) ol A

LES9] o] E‘}%% HSHG S, NANC 2173 9] 1o ¢

sto] A AR AL EAQ NO7L QA E I ]9 w7
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ol Jste o]eldt o|ghutgo] UojuhS w3l wh et
B Aol e M LESQ o|ghuk-g-oll gt cyclic
nucleotide & FEE9] 28-S A Mel 3 Yo7} cyclic
AMP g cyclic GMPS] 449l WE-S FHsto] LESS
&4 &4 53 NANC olshih-go glojA9 cyclic
nucleotlde«] AE-g w3 a2t 3}

NEmE @ gy

-1 x}ed_@_l =X
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AT 515 kel FENE Sk Fagle] Agsieiet
09 AIE 20T FAN F FRLE Aol
AEUE ANt EEAA F F8 9 54 AFA
< ANele] B -‘r—%/‘]ﬂi =9 A8 HEsd
th A& A% 9 9E 9o A4urZ(lesser curvature)o]

wat Aste] 9 WEEE AL F 95% 0-5% COE
E3MAI7] Ael® o gk (physiological salt solution, PSS)
o] &7l & 15—%01] Ao g At F fFe Hups
gl 2% o] A& AA vl skl A ulA] e TR
A Z2A LA AAS T LES= A =9} 99 AR el
8~12 mm 72} v]ZHthickened circular smooth muscle) .
A AL T AT FHH ] 10~15 mm, & 2 mm)<
THESl o] 2F X HE-S PSS7F ©7l 4 ml £3ko] A
(muscle chamber)ol] AXxjgt Wit AF Aolol sty
o} olul] 229 3F - T4 vpdoll AXH 1ol
AR} chEE E2 force displacement transducer(FT03,
Grass)ell A3} 2 g9] 7] A9 3 7HE ¥ 1208 B
HEE FASAT 24U 25E 37°CE fA81
I, 95% 0:-5% COE FF3lglon UH 158 v} 21431
PSSE ulio] F9 B} Force-displacement transducerol] <]
sto] &4 42 Polygraph(7E, Grass)oll 7] 5-s}¢]c}.

Aol A8sl= PSSE NaCl 130, KCl 4.7,
NaH,PO, 1.18, ngSO4 1.17, CaCl, 1.5, NaHCO; 14.9 9
dextrose 5.5 mMo| 31 95% 0,-5% CO.E E3}A]F7|w 37 °Coll
49| pHE 745 BRI olzald ey =14 A
73 AZEA 9] wislE wiAs} 7] $lstod atropine(l uM)2}
guanethidine(5 uM), prostaglandin®] 2 AL v 2|3} 7] 9
¥}od = indomethacin 0.5 pM-& PSSol] A 7}sle] 831
t}. A 7] 2=-2 stimulator(Narco Bio-Systems, SI-10)& A¢
£3}o] field stimulation®} 2.2 7}8}9 3L supramaximal
voltageol] 4] 2 msec duration® & A= U128 HEA]7|9
A 2% HAe R 527 ATk 2E AHA GBS
W72 10~208 A0l AHASHAT
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LES Z=& 9| cyclic AMP ¥ cyclic GMP2] &£&: LES =
2 AHE TAAA A AT w9t FY3 o
224 T BHE SANH Y. FAEAY F B
FARI AIAFE 71 & 24L& FA] A ALE
o &4 W& FAAZL YE=24E ¥ 6% trich-
loroacetic acid(108}] 8-2F)E- 78}t 4°Col|A] Polytron ho-
mogenizer(Brinkmann) & w}sfjsled 10 % wive] FAML
et whal] 22& 4°CollA] 2000 x g2 1587 YA
EelAFIL F5HE Heldeh 4SS 5ule] water
saturated diethyl etherZ Ab-£3lo] 4¥] M3 AF=Ho]
ether 52w A7 sto] olgle HA Ael9) extractE
60°CellA] lyophilizeA|Zt}. o] cyclic AMPS} cyclic GMP
EAA ] A A8 oF] assay bufferE o]-g-sto] SaiAIZ ).

cyclic AMP2] ZX: Sample 500 gloj] acetic anhydride9}
tricthylamine- 1 : 22 &34} acetylation reagent 25 ulS
Arbste] & £33 9, 100 4 E 23ted [“Tcyclic AMP
9} antiserum-$- Z+7} 100 plE 3 7}skod parafilm© £ tube
£ B3to] & 2313 5 4°C 15~184)7F Z-<9} incubates}
%t} o] second antibody reagent 500 pl& A 7}lsted A
goto] AL NGNS ghE 3 AL 10259 9
AEelste] A2 NG AAT pelletsS o] gamma
scintillation counter(Packard, TriCarb) 2 157} radioactivity
£ FA459

cyclic GMP2| &3: Sample 500 ylol] acetic anhydride$}
triethylamine$- 1 : 282 £33t acetylation reagent 25 ulS
A7bslol A 343t 5, 100 1E- Z4e}o] antiserum 100 15
Artste] & e ¥ Ao FAT incubates} i)
[*Teyclic GMPE 100 412 Y& & wheE B3jo] & &
3 5] 4°Coll A 15~ 1841 7F Z-9F incubated} ¢ T}, Second
antibody reagent 500 ulE “d7}slo] Zgkat 3 A2
1027 A3 & 1,500 x g o] gholl Al 1055k AR
2l3lo] AE g AAST pelletsE 9lo] gamma scin-
tillation counter(Packard, TriCarb)Z 137} radioactivity S
A=

St EH: 27 o] childlek-> Bradford(1976)71 A4-&-3)
W ol wlel protein assay kit(Bio-Rad)& Ap-g-shed 2%
813, ZF W cyclic AMPS} cyclic GMP2] 3teke zbzh
pmoles/mg protein ¥l fmoles/mg protein©. 2 FA|s}¢ic),

Argerg

Tetrodotoxin, guanethidine, atropine, indomethacin, N-
ethylmaleimide(NEM), methylene blue, N6,2’-O—dibutyryl-
adenosine 3°,5’-cyclic monophosphate(dBcAMP) and N*2’-
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O-dibutyrylguanosine 3°,5°-cyclic monophosphate(dBcGMP),
soduim nitroprusside, forskolin, N -nitro-L-arginine(L-NNA),
N®-nitro-L-arginine methyl ester(L-NAME) % N°-monomethyl
-L-arginine(L-NMMA) 5 Sigma Chemical Co.3 X-E]
THHE BE AFES FFHTE 3 4sto] stock &
H-& wrE9ith DBcAMPY dBcGMP 3] AAld|E 02%
bovine serum albuming g7}sled 34 A8}

sHXE|

BE AYAE FEALHTAY EEOAZ EA
AL, F Al FAAL Sudent’s ttest A tol
Pzol 005 olstel 2 felsithn B

LESe| Aetd ZIFTol wi

LES 24¢ 40l ¥dsiol BYE §AAZ 247
£k Azbo] Aol wheh Aoz 2o} 7gEst
L7k oled e REE 2Ae WEY
¥ 153 7ol Z7k87) Axkie] 247 B ST oz

S7hekglch(Fig. 1).
HI1 A=oll oFt o2t ghgel E4

e LBS SE& a2 Aot 274 el
A A7) A531998 ol AF WX (frequency)ol] 2] Eslod
o]k Hh3-o] ok7|H Y ch(Fig. 2). 10 Hz9] A 7|4 9]
sto] Ag 24 W% A AHe Qg Zoba
ZIAA BEE o] SEAIZTH >90%). Fig. 30| 4] Hi= ule}
ol A7I1AFoll o8k o] Shuk-3-2 atropineS 100 uM7}
A E%E Fhst] AR XS5 g WA o sty
, guanethidine(100 uM)& A X5l & wfol| = Fgke
A ohu}s}sich. 28k obvek prostaglandin Aol
&}t cyclooxygenase A 4|21 indomethacin(10 pM)e]
KA ol oslol & kg WhA] ol sl gl th(Fig. 3). o] 4
AR Kol /Mo LESoA A7 2ol &t o] st
2 NANC 4173 ¢} S8l 9fste] mildS & 5 99l
W2 A4 prostaglanding] F4o] FeleiA] 2o
ek, webd ol ol9 BE AGelAL of=a]
A g F94 A3 A3 o9} prostaglandin®] 7F
A2 wiAlEE7] $1310d atropine(l ©M), guanethidine(5 uM)
indomethacin(0.5 uM)e] 3% PSSE AL-83}4c).
g tetrodotoxin(l pM)& X X613 & wloll= A7
5ol oJgt o] ghut-g-o] A SAs}A LA chFig.
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Fig. 1. Resting tension development of isolated canine lower
sphincter (LES) strips. A: Representative tracing shows time
course of tension development during 120-min equilibration

_period. B: Time cource of mean tension development. Each
point represents mean+S.EM. from 27 experiments. The
strips were initially stretched 2 g of resting tension to bring
it near conditions of optimal tension development.

4). Tetrodotoxin®} AR X|ol] Jeke] 7)Aol ej4 o)
ShiEg-o] 241 ol2]gk M7l A Toll o3k olshukgo] A
AT ALEAY felo] 7198 At

NO synthase H|H|2| &1}

£ Aol A& oz 3t NANC A7 7ol &gk A 7|z
= ojghuk3o] miNEAZA NOO| #HAE Elstn
24 &4k olol wel NO synthase A4l N°-mono-
methyl-L-arginine(L-NMMA), N°-nitro-L-arginine(L-NNA) =
NC-nitro-L-arginine methyl ester(L-NAME) $-9] A X %] &
HE s chFig. 5). ZF FEE 10 M FEE HH A
3} & ol L-NNAS} L-NAME o]4 oA 2377} &%
9] 2 (p<0.05 vs. control), L-NMMA &2 %] A of| = 3}
2=A) ol 3l3ict. NO synthase A #)9] ‘$%5 100 M E
F7HAA AAX SRS diodle AVtA FE 2F 80%
ol4ol ol%t oA A7E Vehldy, 2 A& AEE
L-NNA >L-NAME >L-NMMA <=o]git}. o]&83 Axg
Kol A7|A}Fol| 93t o] shub-g-2 NO2Q| 4] 9] wf7Hol]
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Fig. 2. Frequency-dependent relaxation of LES to EFS. A.
Actual recording from iypical experiments showing fall in
resting of LES smooth muscle in response to stepwise increase
in frequency from 0.5 to 10 Hz. B. Frequency-dependent
responses were obtained from 8 different animals. All data
are expressed as meanstS.E.M. EFS parameters: 2 msec
pulse duration at supramaximal voltage for 5 sec.
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Fig. 3. Effects of 100 uM atropine, 100 gM guanethidine
and 10 M indomethacin on EFS-induced relaxations of the
isolated dog LES strips. Each bar represents mean+ S.E.M.
from 4~6 experiments. EFS frequency: 5 Hz
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Fig. 4. Inhibitory effect of tetrodotoxin (TTX, 1 M) on
relaxation of LES strips in response to EFS. Each bar
represents mean+S.EM. from 4 experiments. **, P<0.01
vs. the corresponding control. ’
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Fig. 5. Effect of NO synthase inhibitors on relaxations of
LES in response to EFS. Each bar represents mean+S.E.M.
from 5 ~7 experiments. *, P <0.05; **, P<0.01 vs. the corre-
sponding control. NO synthase inhibitors were administered
20 min piror to EFS.
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Sodium nitroprusside®} forskolin®| o|2tHtSof thst oy-
clic AMPS} cyclic GMP Al x| otE9| &3}

B Aol A= olef gt AU A=l &3t o] Shlk-5-ol] vl
3tod cyclic AMPS} cyclic GMPS] A4 el A& 7 A4s)
E Y3lo g4 $4l nitrosovasodilator2. 44 glew
A4 NOE AAslte] HET o|$hE ¥2o7]& sodium
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Fig. 6. Effect of N-ethylmaleimide (NEM, left panel) and
methylene blue (MB, right panel) on relaxation of LES by
soduim nitroprusside. Each point represents mean+ S.E.M.
from 4 ~6 experiments. *, P <0.05; **, P<0.01 vs. control.
See others in Fig. 5.

nitroprusside®} adenylate cyclase® E-A4J3Fslo] cyclic
AMP AA-& Z71A17] forskolinel] &3t o] $Hilk-5-& I
Hsla olol] digt cyclic AMP A4 A FE<Q N-
ethylmaleimide(NEM)3} cyclic GMP A34J &} Al 2F&-9] me-
thylene blue®] X% &3-& zH2} FF31¢ich. Sodium
nitroprusside - 3uis= £k 8 82F (10 nM~10 gM)
o2 2olol e &3 JEAHOR oGS B
FIL 10 uM F-ojAloll= Al o] ghik-Zo] A2l 100%0l
S s}l chFig. 6).

0] 2]} soduim nitroprussideo]] 23} o] $hut-3-ol] i3} o]
NEM2] Axjx& A3 odgrg vlxA] ohslgict. 22
1} methylene blue2] A X Aolle $3F 2JFEH O so-
duim nitroprussideol] 2} o] gukg- ZAE $H2Z o]
= A7 tHFig. 6). Methylene blueol] £]3t o]l oA A%
£ sodium nitroprusside®] EDsp FAXZ 8] 23819-& ol
th=F2) 400 nMo] 30 uM methylene blue Z1 24 %] A] of] =
2 yMZ Z7HE L, A o]k E =] 100%
A oF 65% WelZ AA=AG.

23] forskolinol] ] 3k o] $hil-g-9] 7-§-oll = NEM # %]
ol &% JFEHE A AE-& oA olgh kg &
o] $Zo 7 o3l r). EDwXE vl ZAl ol =7
2] 700 nMo] 10 M NEM A XX Adll= 1.5 pMEZE, 100 uM
NEM2] 7]9-of| = forskolin(10 yM) X Ao % o] Hk-2
o] 50%0l] =317 o} slgd . e U methylene blue?]
AR Aol forskolin®] o] i3 Agkg A3 WA
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Fig. 7. Effect of N-ethylamaleimide. (NEM, left panel) and
methylene blue (MB, right panel) on relaxation of LES by
forskolin. Each point represents mean+S.EM. from 3~4
experiments *, P<0.05; **, P<0.01 vs. the corresponding
control. See others in Fig. 5.

ofstgich(Fig. 7).

F24 cyclic nucleotide L] 2| 0|2+t ol CHst NEM
I methylene blueo MX x| &1}

£ Ao A AR= dibutyryl cyclic AMP(BcAMP)QF
dibutyryl cyclic GMP(dBcGMP)2} o|94a7}& 7s}]
t}. dibutyryl cyclic nucleotide f-S4%= cyclic AMPS} cyclic
GMPo}= 2] FAAEA FHAE 71 AEHZE
o]0l 7Hsstch

DBcAMPS} dBcGMP 25 &-#Foll &]&3}o] o] ghul-e-
= Yo 7 kB 374 EDsoXE 22 2 mM | 0.4 mM
ot} whekA] dBcGMPE] o] ghut-S-0] dBcAMPS] o] 2}
Hhg-oll vlstod suj sbek ZbelglchFig. 8).

o]2]3 dBcAMP % dBcGMPo| 2]3t o] shutk-g-oll dis}
o] NEM3#} methylene blue®] HAX x| &HE 7}z dats}
Y ub F FE 5 dBcAMPS} dBcGMPS] o] 9hut-S-of
S5 GEE v]XA ohlsigle

HIIR=of o3t oft whEo| St methylene blueet
NEM2| A% &1}

B Aol A= A7\ AFell 23 o] hub-Sof] idt meth-
ylene blue?} NEMS] A2 &3+E w)zsigch 10 UM
methylene blue- 7|24l 2]3t o] 9 uI-& Ae] %
H3lA] Fslgdont, 30 M methylene blueol} 2Jslod = o]
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0
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Fig. 8. Effect of N-ethylmaleimide (NEM) and methylene
blue (MB) on dibutyryl cyclic AMP (dBcAMP) and dibutyryl
cyclic GMP (dBcGMP)-induced relaxation of LES, respec-
tively. Each point represents mean+S.EM. from 3~4 expe-

riments.

or *k o
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=
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© 40 I - o ox
]
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P
80 Ocontrol - O Control
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A 100 1M NEM A30ummB T
100 B L.__A_‘::u.u.i_;_a_n_uud - | ST T A AN
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Fig. 9. Effect of N-cthylmaleimide (NEM) and methylene
blue (MB) on relaxation of LES in response to EFS. Each
point represents mean+S.EM. from 4~5 experiments. **
P<0.01 vs. the corresponding control.

kg0l AAE G o] G o) ghaho] AAaHE A
7125 W=7} 2, 5 9 10 HzYd o) B} A slede}.
31 10 uM NEM2 A 7] 2}-Fo)] 23 o] hul-Lof] o}
9 gk w XA Fsl9) 3, 100 uM NEMO] 7 $-olji= A
Z17b=oll o138t o] ghubeg BE AR 4] A 44l

Al Z cHFig. 9).
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Fig. 10. Effect of the EFS on cyclic AMP (left panel) and
cyclic GMP (right panel) generation in the LES strips from
cats. Each bar represents mean+S.EM. from 4 experiments
in duplicate. EFS parameters: 2 msec pulse duration, 20 Hz
for 2 min at supramaximal voltage. *, P<0.05 vs. basal.

LES =E cyclic nucleotide gfate| #E

Py

G o]} atk A7) 2HTell &2 o] Fukgoll thek cyclic
nucleotide®] #elA)-g G o g 3Halsly] 9Jsle] LES
Z2 9] cyclic AMP$} cyclic GMPS] kS diza-3 &
NAS & 23 oA Zh7t wl s skl o (Fig. 10). Fig.
10014 H.i= wke} 7ol cyclic AMP 3Heg Z£A31%&
o A71ZFE 7FekA] obug =79 A pelle 321+
0.43 pmoles/mg protein®] ¢} 3L supramaximal voltageoi] 4] 2
msec pulse duration© £ 20 Hz & 208-7F A 7| A435 73t
29| gekl 4514025 pmoles/mg protein® & Z7}5L9
o BAEAHE §4L glch A cyclic GMPE]
ASolle thzFollA 166+35 fmoles/mg proteino] ¢ 3L,
A7 A Tl 372439 fmoles/mg protein® & -§-21s}
AP <0.05) =7V atsict.

i &

ARAR 54 2460 AAG A7 o] oot A4
o] 9 7] Bumstock G(1966)0l| o}sle] HFox Hug
ol fjATe] EEA 2A oA AR o7 A 3F
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