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Abstract : This study was carried out to characterize nonadrenergic, noncholinergic(NANC) relaxation of por-
cine retractor penis(PRP) muscle induced by electrical field stimulation(EFS) and to investiate the actions of niric
oxide(NO) and vasoactive intestinal polypeptide(VIP) as candidates for NANC neurotransmitters. Biphasic re-
laxations of PRP muscle were induced by EFS to NANC nerve. Rapid-phase rclaxation was observed at low
frequency(Q.5-16Hz) and slow-phase relaxation followed during high frequency(8-60Hz). Both relaxations were fre-
quency-dependent and TTX(1X 10°M)-sensitive. L-NAME(2X 10°M) inhibited the rapid-phase relaxation, but not
the slow-phase relaxation. The inhibition of the rapid-phase relaxation with L-NAME was reversed by L-arginine
(1X10°M) but not by D-arginine(1X 10°M). Methylene blue(4x 10°M) reduced the rapid-phase relaxation. Ex-
ogenous No(ExoNO, 1X10°-1x10*M) induced dose-dependent relaxations of PR’ muscle. Oxyhemoglobin(5X
1°M) blocked the relaxation induced by ExoNO and inhibited EFS-induced relaxation. Hydroguinone(1X 10*M)
also abolished the relaxation induced by ExoNO, but did not affect EFS-induced relaxation. L-NAME resistant
slow-phase relaxation to EFS was inhibited by e-chymotrypsin(2.5 U/ml). Both methylene blue(4X10°M) and N-
ethylmaleimide(1X 10*M) reduced the slow-phase relaxation by EFS.
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[4-Cl-D-Phe®, Leu]-VIP(3X 10°M) inhibited the slow-phase relaxation by EFS. External applications of VIP
(1X107M) caused relaxations that were simillar to the L-NAME resistant slow-phasc relaxations induced by EFS,
and relaxant effects of exogenous VIP were blocked by a-chymotrypsin(2.5 U/ml).

Key words : porcine retractor penis muscle, NANC neurotransmitter, nitric oxide(NO), vasoactive intestinal polypeptide
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X5 5E] 27 'U7(penile erection) #4zt A=A
slo] §2A g TS HEZ ol WAL &
g fEse T8 o2 oldEx etk 3
27#-2 sacral parasympathetic outflow®} lumbar sym-
pathetic outflow?] z}-& 4173 2w & w3 glov} 27
22§ T B2 oS st 74 U]
E viFlshe A7 S AgEAL HEs] ERldol
UA gt

Gillespie® 3] Klinge®} Sjostrand'= rat anococcygeus
musclei} 4:2] &733Q)ol|lA] nonadrenergic, non-
cholinergic(NANC) inhibitory nerve7} Eallgtcha ¥ 31
s}de}. Liu et al*®} Martin et al>2 rat anococcygeus
muscled} 4 2734214 o]2]gk NANC A7 2=
ol oJ&t o} gk ® o} L-arginineoll 4] F-24% nitric oxide
(NOYY &3l Yolidrtsr sl e, Sheng et al®S &
L7 %91 ollA, Bumett et a2 rat penisol|4] neu-
ronal NOS2| EAE HAzA RN 7oz yio
g4, o] 5 2204 NANC 417 A5l 2J3t o]gte]
L-arginine/NO pathway2] 43 3ol] 2}3] 443E NOel|
710188 ZH5ct. L 9ol Bxlel Ade] 87 =
ZollA acetylcholine 52] °FEF} NANC A7 A=l
2% L73s A2 o] ko] NO = NO-like substance
ol SJghrhe Barge] glolA 7 wWrigh R WY
e} 217494 o]k H4oll L-arginine/NO pathway7}
Hol3hg SHeka Yo

3HH Polak et al''e At §7o] W) =l VI-
Pergic nerve7} Exlste] £ 59 VIP7} iEo]
ASS 3o, Willis et al>SVIP7} AgoilA] w7
22 9] olghg FESTiR YHA AR £7
Z opishe AAZERAZA VIPE ARk Gu
et al*& impotence $HAlo|A] VIP-containing nerve®] 31
7ho] w7} B3 (erectile dysfunction)h W& BAL 3}
chm ¥ s} Takahashi et al*e 7loll4] 2144 VIP
$} acetylcholineg S s Aol FYsteod olE F
okZo) §% AF(synergistic effect)S WAoo g,

7Hel 7 U7IA olF F ofEo] FEHoE A8y
Aoz Akt 2T Dalin?} Martinez " 2] 2]
73 zFlA ot=slddA, FA4 AR ¢ VIP-
immunoreactive nerveZ} 23S ¥l A Sz2] &73
7] 713 ol VIP7E Ak Agksiedct. = 4
Zoll A S7dsHdAlel that VIPS] o]gkAkgo] VIP an-
tiserum'’#} a-chymotrypsin'’ol] 2]all Ab#l| = ojA]x|ut
NANC A7 &0l o4t o]k "4 xphslA] ggsted
£ BuE olF 87 W 24649 W) 7133t 3
7] @4 sl ARAEEA0l e F HolH
(species specific)Q] AAE & HojFEel

¥ AgelAe NANC gPgsloll ) Agxi=ol 24 =
A FAFRNE oltel EAE 3wl L-arginine/NO
pathway] <18k olsk ¥4 Seleh, Uolrt AR
EA 4 NO2| A 3eljol]l BWsled, oxyhemoglobinz}
hydroquinone ol §le] A4 At 2|94 NOol o
& eiA] ST S-S WA vl wsigict. wdk &
oldle A=A = NOS inhibitor-resistant com-
ponentg mi7slE AFAGEHZH VIPrL PEF]of
AEAE dotiy] 9Jste] Addsisict.

Mz W Uy

AY S8 W =3 HEo| Mxt: 24 HFx] A4
RN AHNHE SAFUEE W¥Z Krebs B-Hol) &
of AR SubiSIch 29 A% 24, A% 22 Y
B 248 W), AAsel W REEA 2447
ololl gl AHgBHsich. SAFAZ 29% 27 A
H(1X2X7mm)E Krebs £Y4(35T, pH 7.4)0] &7l
£-7]19] tissue holderol] 1A% ¥ &£ 7}A(95% O,+
5% CO,)E A%H 0.8 Faa3ct

Organ bath systeme] A=A : A7 ¢=(&3F 20ml)
9] Fotol] XD WFW AZ Aol tissue holderE
IRA7) =22 AHe) Xt ESF sldct. =3 AR
A}eh-2- isometric transducer(Narco Biosystem, F-60)1] <A
7dsle] physiograph(Narco)2 H¥*e] 53} o|ghHe
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71585159} Mg ASL electric stimulator(Narco, SI-
10)ell d7dsied AR A58 7Heisict

ZX 9| otys W FeEHe R S9FUT AR
ol 1.0g9] eF83t A2 H-EA1A =i 20% v} 2143
FdFNE T3 A 6077 A3 AZh NANC 3}
e 2487 Heked 994 AZBARAIQ atopine
(1X10°M)#} ol=sid=lAl 2173329 guanethidine
(5X10°M)g AHg3l9ct. Guanethidined #8318
o] S733FUIL m|ofet 7134 473 (tonic contraction)
o} Frte} Al AAE BEch gk 2 Adaie
phenylephrine(5X 10°M)& HA X8 F 408 0|4 7=
o] AeFog FE3 WA FHo] FH3 AR
9 ¥ AYE Fsisct

HEXT Y olete] B : PR 1A Sl §
£ % W4A33) 7 ohEBel €% 0|2 ¥AE 5
HAog 71E3gr). Electric stimulatorg o] 83}
80V, 0.5ms, 0.5-60Hz2] ZAoF 20X £t AAA}
F(electric field stimulation, EFS)}& 7}3}gich. o] k=l
ol A%E FAEe Aol g S2nE
#8em the ARAGE ARigich. 2 obgel &%
ojgk AF-E Udotliy] % AYlAE FUG W
2 AFEE 58 §F 2o ofd o)t s #%
si3ich ARS8 FE2H ol uhdol uidt 7 <
EE9] ANX AE dolBI] A3l ZFEEE A
ARet7] A, Fo] AT o8t ol A E vl
et

ALE g =Mt 2ot - A FEF tetro-
dotoxing salineol], th& FE-2 FF<roll Fof stock
FAE Az, PF B AL wjvlc} Krebs &
Ho g 3]4sled AHgslict. VIPS) VIP antagonist
1% BSA §lol 5o4) A8shgich. Aol A5l 2
YA nitric oxidex acidified sodium nitrite(NaNO,,
pH 2.0) Fel& A=slglon g€ NaNO,9] ¥&
£ 9|94 NO9 s&E& ZAI31¢gt}. Hemoglobind
bovine hemoglobing sodium dithionite(Na,O,S,)&
o]83}o] oxyhemoglobine @ AZAIA Agsigic).
10mM hemoglobin §<43 100mM Na,O.S, 4%
4TollA 3087t Wh3-A17] ¥ cellulose tubeE- 0]-§-3}0d
12217t B¢t T4 481 Na,0S, & A%
F 3F B 149 ool Agsiich Aol
AH83 B oFEe] A F FET organ bathid] %
2 ZARIYen ggHoz ARGE Krebs §o4o] =
AL o83 Z(mM); NaCl 1184, KCl 4.7, KH
PO, 1.2,MgSO, 1.2, NaHCO, 25, CaCl, 2.5, glu-

cose 11.7.

€ Adel A8 482 o Rk atropine
sulfate(Kanto chemical Co), guanethidine sulfate
(Sigma), phenylephrine hydrochloride(Sigma),
tetrodotoxin(Sigma), «-chymotrypsin(Sigma), Nw-ni-
tro- -arginine methyl ester(Sigma), L-arginine
hydrochloride(Sigma), D-arginine hydrochloride
(Sigma), sodium nitrite(Avondale laboratories),
hemoglobin(Sigma), hydroquinone(Sigma), methy-
lene blue(Fluka AG), N-ethylmaleimide(Sigma),vasoac-
tive intestinal polypeptide(Sigma), [4-CIl-D-Phe®, Leu}-
VIP(Peninsula laboratories Inc).

23 BN LB M2l AT 2 4 oFEEel
A& o]t A XL Aol gk WE-g (%)= Alksk
o} mean+SE& e}l N0, rapid-phase relaxationod}
gt 7+ ofEe] AHE AAY uis 0.5-16Hz, slow-
phase relaxationol] tH3} 7} o}Ee] Av-E AR Y wie
4-60Hz2| H7bAl=ol] 23 o]t AAE izl
ol¢t w39} v)sl) e, Student's paired "t" test9}
ANOVA testE o] 83} P<0.05 Folj4 §-2J4S A
A3t

4 o

ATl 28t vlot=ddel, H|EN MAXS
%3} : Atropine(1X10°M), guanethidine(5X 10°M)
3] phenylephrine(5x 10"M)el] 2)8] 2AE NANC %
st AEg F28 97 4 FITAHLe A
AR} (electrical field stimulation, EFS, 0.5-60Hz, 0.
5ms, 80V, 202 )01] thisl o] 34 o] 2H(biphasic relaxation)
< Yezich(Fig 1).

AU E(0.5-16Hz)ol A= AAALZo] 7halAl=
FQ o= A4t o)t Wk} m1ol] W rebound
contractionel] &% whZ 3| H ok4hS Mo|i= rapid-
phase o]gte] Yojyfon], 2}Ful% (4-60Hz)ll4 &
rapid-phase o|boll ddo} ofty} 3% L£E7} 8]
slow-phase o]sto] WA s]glch(Fig 1). |23t o444
o] 2}(biphasic relaxation}2 25 8% o]&H o]
F42 Bl Tetrodotoxin(1X 10°M)E  rapid-
phase o]¢k3} slow-phase o] 2H-g 25 Xjghsigion] N
©-nitro-; -arginine methyl ester(L-NAME, 2 X 10°M )&
rapid-phase ©]12H-& X}xbslgl 21} slow-phase o] 2H-2 X}
e}A] ZslglchFig 1, Fig 2).



051 2 4 8 16 30 60

v A v A v A v v

A. Control(EFS)

05 1 2 4 8 16 30

A ¥ T A A v A

C. Control(EFS)

05 1 2 4 8 16 30

\j v v v v v v

5g
3min
B. TTX pretreatment
4 8 16 30
v A v A\
"‘—""—W .
3min

D. L-NAME pretreatment

Fig 1. Original records showing the biphasic relaxations of PRP muscles induced by EFS, and the effects of
tetrodotoxin(TTX, 1pM) and L-NAME(20pM) on the relaxations.
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r O: Control(Rapid)
A: L-NAME(Slow)
L o: TTX
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Frequency(Hz)

Effects of tetrodotoxin(TTX, 1pM) and L-
NAME(20puM) on the biphasic NANC re-
laxations induced by EFS of PRP muscles.

Rapid-phase o|gtoll Chst 2F8 &2} - AAAF(0.5-
16Hz)ll o8l =% =R S73F022) rapid-phase
olgt ML AU EEH o]gk ofihg BYoH 4-
8HzollA] i o]$t W3-8 RSIrH(Fig 2). L-arginine
analogue 4] nitric oxide synthase(NOS) SA|A|2 <
217 LNAMEE 1X10°M EEolldE Aalal3ol o8
rapid-phase o|¢-& BRAog AAkiglem 2X10°M
EX0ll4= rapid-phase 0]9hg 48] Xl ch(Fig 1,
Fig 2).

L-NAMEo®l| ¢J3} rapid-phase o]} al| #A#}7}
NOSefl tidh 28912 dolr7] $Jsle] L-NAMEo)
2] rapid-phase o]gto] kA 3] AhFE o) NOS 7]
Q) L-arginine(1X 10°M)yg F-oisjo] 1587 wfokdt
* ARAZL 7519}, Larginine(1X 10°M)Ye L-
NAME-®| 2|3}l X}eh=l rapid-phase of & 3 %Xz 0
u}, D-arginine(1X 10°M)2 3] 8-X)7) ) Zs3ch(Fig
3).

ATl 9% NWA S FNE rapid-phase o]
2 A4S uiANsl= AMFEW second messanger A
cGMP7} Fodsl=A] dolR7] st soluble
guanylate cyclase A A|AM2] methylene blue(4X10°M,
308 wllok)e] AAA AN P} Methylene
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E. Methylene blue pretreatment

Fig 3. Original records showing the effects of L-NAME(20puM), L-arginine(1mM), D-arginie(1mM), and methy-
lene blue(40pM) on the rapid-phase relaxations of PRP muscles induced by EFS at low frequency.

bluek: ATl €18 rapid-phase o]%g A
o1 slow-phase o]9-g HEHOZ Al Y4HS
BAck(Fig 3). AHacid)eZ FAHAZ  sodium
nitrite(NaNO,, pH 2.0)9] Jel2 F5] 2]94 NO
(1X1051X10°M)y= EE2ZH o|8g Yozion
oxyhemoglobin¥} hydroquinone 5% 2|4 NO«l
o1g} o]k A Acksigich(Fig 5). whdoll HAAF
oll 2J3} rapid-phase o]t ¥4+2 oxyhemoglobinol] 2]
3 Ae) xt=igl et hydroquinoneo)] siA e 3%k
< 2] ekkch(Fig 4).

L-NAME resistant slow-phase 0|2tof| CH3t & &
I} : L-NAME¢]] )8l xxts]=] oo} tetrodotoxined]
o)) xjehs]= slow-phase o]%he] HAE YotEr] 9

sho] LNAME(2X10°M)& rapid-phase o|2g Xk
A7 % 7} SFBES) KoHE dobrgirh

L-NAME(2X 10°M) A x| 8lol| peptide S8l #4
9] a-chymotrypsin(2.5 U/mi)& A2kl |3k 4
27%9129] slow-phase o] 98 214 41| el Alshs]
}(Fig 6, Fig 8). L-NAME resistant slow-phase o] kol
Bodsl= MFEW second messengerZA] cAMP2}
cGMP9] B4 & Yol 7] 2J3to] soluble guanylate
cyclase 2 A|A|Ql methylene blue(4X 10°M)9}  ade-
nylate cyclase 2 A #)Q) N-ethylmaleimide(1X 10 *M)7}
L-NAME R x| x]s}el] slow-phase o] o] v|x|= # 7}
£ 3¢t} Methylene blue®} N-ethylmaleimidety=
B L-NAME resistant slow-phase ©]$+-8 o Alls} e
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Effects of oxyhemoglobin(OxyHb, 50uM) and
hydroquinone(HQ, 100pM) on the rapid-
phase relaxations of PRP muscles induced by

EFS at low frequency.
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Effects of a-chymotrypsin(a-CT, 2.5U/ml) on
the L-NAME resistant slow-phase relaxations
of PRP muscles induced by EFS at high fre-
quency under L-NAME pretreatment.
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Effects of oxyhemoglobin(OxyHb, 50pM) and
hydroquinone(HQ, 100uM) on the relaxadons
of PRP muscle induced by exogenous nitric
oxide(ExoNO).
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Fig 7. Effects of methylene blue(MB, 40uM) and N-
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ethylmaleimide(NEM, 100uM) on the L-
NAME resistant slow-phase relaxations of PRP
muscles induced by EFS at high frequency
under L-NAME pretreatment.



] (P<0.05), methylene blueol] 2J3F <Ja) &E3}e} N-
ethylmaleimideo)] 23 A A= ZAH 22 }2x
9SkeH(Fig 7). VIP antagonist@) [4-Cl-D-Phe®, Leu]-
VIP(3X10°M)E AAA] s1E ufl, ARl 3t
sHA) &7 391<+9] L-NAME resistant slow-phase o]t
e A4 =Hlen, 60HzollA 39.3%2 2o A
#2378 BlcHFig 8). ¥ tetrodotoxin(1 X 10°M)& A

4 16 30 60
v

v v v

A. Control(L-NAME)

E. Control(L-NAME)

‘ J 5g.

M2 87) A, Foll ol 2|94 VIP(X10°M)= 3
A £AFANA AAAT 28 slow-phase o] 3t
FA Pl olghe $Esigion, ol IUA
VIPe o8 WA SHFAZY olsh HIE o
chymotrypsin(2.5U/ml) Mol sl A=s)gict
(Fig 8).

4 16 30 60
v v

3min

B. o-CT pretreantment

W Jsg

3min

D. a-CT +Exogenous VIP

4 16 30 60
A v v v
W J )
3min

F. [4»C1-D-Phc°, Lcu”]-VIP pretreatment

Fig 8. Original records showing the effects of a-chymotrypsin(e-CT, 2.5U/ml), [4-CI-D-Phe®, Leu"]-VIP(3uM),
and exogenous VIP(ExoVIP, 0.1uM) on the L-NAME resistant slow-phase relaxatins of PRP muscles und-

er L-NAME pretreament.
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o @

A SAFALS vlot=aldd ulEYA (NANC)
A7 Aol 2%t ojshe] 543 o] & eisliel= A3A
FEARA NOS} VIPS] HHA S Yoty SIgt &
Agoll4], guanethidine®} atropine2 2 NANC 3}17¢
ZAJ3}3. phenylephrine o 24 A4&g $53 sz
FAFANTL AAAF(electrical field stimulation)o]]
2] o]4A o] gk(biphasic relaxation}g YoHA, 2=}
RSN o2k} 2] %o] whE rapid-phase o]$ko]
BN TAZAUEAAE 0|97} H235o] -2
slow-phasc o|2to] TTIgLo, oleltt shx) S35l
2] NANC ojgt 842 AZXAAIQ tetrodotoxinol]
o3 Y] XElglomz 217394 (neurogenic) o] %
492 ¢ 4 ok vb, L-arginine analogue 241 ni-
tric oxide synthase(NOS) A4l & 24213 No-nitro-, -
arginine methyl ester(L-NAME):= rapid-phase o] 22
A o1} slow-phase o] xpekslr] Eslgic).
12 Eg, o33t NOS Aol it ukgat A=
Sl whE o]} ko Mol sz LHFTe
NANC o] gholls H4dt F 717] o|4ke] ulol= gl
HEAA 9 AR EERe] Bojslm 92 A=Y
At

NOSl| 2ja) A= NO7} A4 AQALGE-E
Zt&3she of#] 22|l L-arginine analogueol 2]
AL P8z ol AFI} L-arginineol] 2] 32
S, B AgellAE L-NANEo| 23] oAl ra-
pid-phasc o]gko] L-arginineoll o}sto] 3| Ex|glon},
D-arginineol] s #5¥2] ggkct. o] L-ar-
ginineol] 23k 3% #7}7} SFPT M| Xol] e 2 H F
&o] ofuet 1 o]H wAl, & presynaptic FFEoNA]
NOSell that 71A 24 z8-3}7] wjFolc}.

pH 2.022 AFA#A]7] sodium nitrite £94& nj-
trous acid(HONO)E A3 & NOE §-al3lo] 49
FAFUZE o|FARE B3l 9ok’ B Ao
A% acidified sodium nitrite FehI Foixl 2JYA
NOE A S33QUTE $EYEH 2 oM F o
o, I olgk gL HARTFol 2 rapid-phase o]k
B FAstg o], L-NAME 9 tetrodotoxin & %] %] ol]
o8 JgA] ghgto v @ QA NOej| 93t o]ghe
HET AlEo) iyt 2 A 2F8UE ¢ 5 Ut

NOSell 2J8l] BAE NOE A8A9) free radical &
A A X A5-2o] Fosle] T3 MEA solu-
ble guanylate cyclase & 43} A1A AFEW cGMP2)

TEE T2 A whe-g Jehin®, 2
AN E A Foll 23t A S 52129 rapid-
phase o] gto] cGMP 2)EA491A] Lo}l 7] gate] solu-
ble guanylate cyclase 2{#)A)2 <21 % methylene blue
€ AAXB] A2 ol A% rapid-phase o] ko]
AL T AELJellA NOg Ahsled NO
7} EAMYE Edele AL whedkn g ox-
yhemoglobin2 Az}l 24t sz SAFQlTe
rapid-phase NANC o] -2 Alsiglon 21994 NO
ol 9%t olghg Aghsie], & S7FAEH rat ano-
coccygeus muscle”, mouse anococcygeus muscle?, A
F3 E7]9 corpus cagvernosum® 5ol 4] ¥ 5% J &
3 A&}, 3 free radical scavenger2.4] -}
+ hydroquinone-& AAFA}ol o]k rapid-phase o] ¢
ole A&E vIXA ggkor), 2|94 NOedl| 23} o)sh
£+ Asigdel. Gillespie}d Sheng®2  rat  ano-
coccygeus muscle®] NANC o) 22 hydroquinoneed] 2}
vkt AR odAlsEglont & SAFATNE
A4 #Z2} Qlicky Hsslgion), Hobbs et al*e
2|94 NOoll 2%t o]8-2 hydroguinoneol] )& 4]
F| o1} NANC A7AT3} SNPo| o)%} o] 22 of =)
A gsitln Hwsigich =¥ Gibson et a2
mouse anococcygeus muscle®] NANC o]gto] hy-
droquinoneel} ]3| A=A gfgteln B ysie] B A
Hel Aot Yx|#r}. olg} o] YA NOE A
Aol 28 rapid-phase o) gt FAF Fo 2 AL}
o3} 3% 54 Mol 310}, oxyhemoglobind}
hydroquinoneol] tht ¥hg-oll QoA ATl &t
ol Be} FUsIA| ke HAHE Ho|m 2K, bicassay
systemifjoll 4 2] EDRF$} authentic NOof] €]3F HheA
9 Zpo} o 2HebH AAoll gloj A1 2] xjo] Soll A},
EDRF 3 NANC A3AHSEAL NO =2 244 B} S
nitrosothiol#} Z+-2 NO-containing ¥+ NO-releasing &
A 7FsA0) Avks F49) dxjska glo] o] 7L
|t 87

olge T 4oz, NOS A AQ L-NAME
ol 23k o]st oAl L-arginineol] 28 3|8 A3}, 9|9
44 NOol| 218} o] ¢} #3}, cGMP 2] &4 o]st A4 1
oxyhemoglobinel] 2J3t A Foll Al AR
ol 2% A 37 29| rapid-phase o] 2 NOSoll
&l A NO7L ol NgS &le 5= Udch.

A F73FUE AAAFol] 2% L-NAME resis-
tant slow-phase ©]$hol] od3l= NANC A1 7R GE4]
< 37l A A" A4, cyclooxygenase
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2} 41#|Q) indomethacine&- o7l EI-E VFERAA] X
glom, PGE,E AFHA Fo| AA Fozjdx of
23 Hk-go] l9l3, ATPE SR S FUNZA +5
€ Yo ¥ ket o|2-g gozlot o og &
¥ Apao]) o3k 330l vlsle] HABIA gokow,
P,,-purinoceptor antagonist® %% reactive blue 2%
HA] 7% A=2] L-NAME resistant slow-phase ]
& AAlslR X omd ol mliAsl= NANC 417
AFEA 24 prostaglandin T ATPY 74 i
Azt

VIPE 1A FE, Vs 3827 9 4 =4
M2 Zol 4] NANC AAALER R A-gste] FE
ol2g S Eghctn Enslc}. Angel et a2 canine
gastric muscularis mucosaoll4], De Beurme$}
Lefebvre®$= rat gastric fundusel]4] NANC K173 &}-=-3}
2|94 VIPell £J& o] &7} a-chymotrypsinel] 2|3}
A=t 31920, Nurko®} Rattan®2 opossum$]
YjgH s gokzel A, Lig} Rand*3= rat gastric fundusoll
A |QAVIPSY AT ¥t olgke] [4-Cl-D-
Phe®, Leu"]-VIPel] 2]8] A= e} 2 asigich &
AYollME YAVIPE =X SAFUTIAM L
NAME resistant slow-phase o|¢ha} -§-AR} 44h2] o]t
& $%3)903, a-chymouypsin® 2]914] VIPS} NANC
A7l 23t o] 2h-g At £ AR e, [4-Cl-
D-Phe®, Leu"”]-VIPE sA] 2733912 L-NANE resis-
tant slow-phase 0| BEH o2 oAsle] o]4te] B
DEZ Axek Qick 2 B Adell4 B (4
CI-D-The’, Leu”}-VIPol] & 224 A a7= [4-Cl-
D-Phe®, Leu"]-VIP7} VIPel] thdt o]l antagonist7}
o7l wi2e) Aoz AJztsct.

VIPE AlEoll cAMP] FXF F7HIA A=lH
uk-2-g Jehlle AeE ¥eiA 9o} 2y Ratan
I Moummi*E opossum®] lower esophageal sphincter
oA RAAF VIPel] S| o] BAo] methylene
blue®} N-ethylmaleimide 25l 2Jal] Azl z,
VIPE of 2ol o4 ARALEAE Fgi, o
ol second messenger24] cAMPS} ¢cGMP7} 55 &
Axlo] Qb slom ok A4 APALGEA o
BodE P54 E ok 319t Chakders} Rattan®™S
opossum®] UlghEgekZell4l NANC A7#H53 NO
9 VIP7} cAMPS} cGMPE FAloll $71A1%0E& st
o] alA AAALTEAZ NO9} VIP7| 2H84)9, o] &
& AEW ZE9] second messengerS E-3) 2H8-3 Ao]
2kx 3}, Gaw et al**2 sheep cerebral arteryoll 4], Li

8} Rand®¥= rat gastric fundusel}x] VIPol| 2J3F 3 &19]
o] gko] NO/cGMP pathwayell 2|3} si7igictz 3151t
Murthy et al”-& rabbit stomach celloll4] VIP7} cAMPS}
cGMPE FEAd] Z7HX 7o &3 cAMP-kinase$}
cGMP-kinase®] EA1-g F7FA|ZIcksL sl A VIP-spec-
ific 7ol 2l&) oiHE]E G-protein coupled Ca™ in-
fluxol] ]3] Ca”-calmodulin dependent, constitutive type
NOSE #4724 NO9 P45 fF=divie 5
Asigict. o] dat zho| o] =zA A VIPE AEW
CAMP 58 S71A4 #at opJEl A HEE
%8 cGMP 55 Z7H)7]= A28 Bus 3 Qi
E gl NOS JAAQl L-NAMEE X x5}
rapid-phase ©]$-Z X}<lgt F methylene blue®} N-
cthylmaleimideol] tidt ¥H3-& A8l on 2, o]4e]
NOg} VIPZre] 4% 28 o8+ L-NAME resistant
slow-phase ©]$kol] th3led methylene blue®} N-ethyl-
maleimide ¥ 3 257 FAIH o2 Y3 =9
A4 BHE vebd A4 AE FE3 AYE 7 ¢
t}. m1vh NOSE HAIY E¥o g A3 L-NAME
9] FEI} B3Eslo], HAe 71A1MQ o)k HgE
FrEsiAle BAE vhE ARATEL] AT EulE
ZA% 4 & Ao NO7F A4 7 |l olvl A
A%l NO7} S-nitrosothioli#} 7+ NO-§-2] 525 #3k
s elrt A FlEIdAY e ErhkE «GMP 9
EA4 A7AZEA o] VIPS} 7 cotransmission E o} i
HANFENA cAMPS} cGMPE FAlol) 27112 754
& uiAI% 4= Qlc}. L-NAME resistant slow-phasee]] thg}
7224y, VIP inactivating peptidase?] a-chymotrypsined]
2%t 4], VIP antagonistol] 23 24 o4, 2|94
VIPol 2J&t o]9} A} 9 adenylate cyclase & AAljol] 2]
g REA A5l A =HA AFUASY L
NAME resistant slow-phase ©|2+-& §-x3}l= A1 A GE
AL VIPY Aoz AEHY, o= A9 57 23 e
A VIP-immunoreactive nerves?} H-¥3}3 Q)-8-8 48
Dalin®}Martinez'°2] W aol] 2]af) Siabxls|x glc}. o
& A= 71V wachea®} gastric fundus® 3 rat
gastric fundus® 5-oi|4] NO$} VIP7} cotransmission 5o}
NOE 27|19 A3 o|ghe, VIPE 59 AL
o)¢g FEsiiche B Edt A dx)sha k.
ol4el ARERH =R SHFUAT ATl
oJ3k vlot=alldal vlERIA o]fell= NO = NO-
felEds VIPyL FEo g fase] e Aol A
BxlojAlch. 2#u} NANC AQHEEA 24 283t
£ NOg A& 5l Ad Hefol] gk A2 S-ni-
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trosothiols®) 754 b Bolol & Zelm, NOsk
VIP7H AARDSANA ofE 35 4L AHAEA,
AN 47 971E A SAelA ol Al FNola)
2 QA Soll visted B AFslolok & Zoleh.

4 B

nlol=ad HlFHA (NANC) 41739 A=l
ofgt A SHFUL oIkl EAE H3aL o] E uiA
e ARALGELE A7 A% 2 Al o
I e AES dch =HA $AEFAE HHL
NANC A173] 73l 18] 0|44 (biphasic) o]k
& oA, HAFH oA rapid-phase o] o], 512}
IR E slow-phase o] ko] BAEIR e, ol
o] YA o1 5 AAAAR] TTXe ol xiwts]
v}, L-NAMEY: rapid-phase o]$H-g Xpchsilont
slow-phase o] @JAlehA] 9gkom], L-NAMES] of&
rapid-phase ©]ks] @3] HIHE 1-arginine Fofoll ol
3]2¥)9l 01} D-arginineol] oJ3tod= 3| EH%] gt}
Guanylate cyclase AIA]Q] methylene bluex rapid-
phase ©]8k& At 294 NOE =iA 4%
g FEYFEH 0 o]AFir}. Oxyhemoglobind- 2]
A4 NOo| 93 o|hg Rekelgiom gl 9|
%} rapid-phase o]€H-& Z4AAlZrh. Hydroquinone=
1A NOGI 918 o|ghg Aaekglent WAl
<)% o) gholli= FgFS w|X|A] gkgkeh. LNAMER Xt
%] A] 9k= slow-phase o] €2 a-chymotrypsin, methylene
blue, N-etylmaleimide 3 [4-C1-D-Phe®, Leu"]-VIPel] £]
& A=}, 2| ol FoIqt VIPE Aol 23
slow-phase o943} §-ARGH F4te] o]2hg fEsll e,
ol#3t 219943 VIPo| &]%F o]k E I a-chymotrypsinel]
o ksl et

olAte] Az A SAFUATY AAAF &
& wlobrald vEAA 417 w4 o HillA,
rapid-phase o]gtell= NO = NO-f-2]E3 0], slow-
phase o] Stoll= VIP7H NANC AZARSEA S 2Hgs)
= Aoz AR,
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