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1. Acetylcholine ®etujote] witjsde] tisle] ¥xme&xe PPF&weE Yshien,
olg} e wrge HFNHAH LS methylene bluedl] &3] B WAl gtk

2. Acetylcholineol 9§ FEo2HQ Y5-I ML vl HY muscarine F&A FHAY
atropine™ M M,5&4 LA gallamine® A 1 FE7} /Mgl met A 2
z2xoz Hyolugol, MEQ M-8 2 pirenzepined] e 1FE(1X107°M)

oAt ozt o] FHUr.

3. Acetylcholine® #% &I cyclooxygenase JAAQ] indomethacinol &3 o] %<& uz

kTt

4. Acetylcholine®] ¥#+Euhe-e calciumA A A H #3F8RolMe Ao 2452, calcium
#YUEAQ) verapamilol oMy A9 FHFE WA FUAT

olate] A¥ARNA acetylcholinee Yetmlol withEulo] thate] WuAEele F#3A FaT
2a32 YeEhIch Acetylcholineol] &% o] &2 F2 M,subtype] F+&M& vi7ist™recep-
tor-linked Ca’" channel® E8t 48 AEAYS Ca*ol o#f dojdtda AbETh
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Acetylcholined 541737419 L2A7A9] F
8% ARAGEAF shiEA ZF FHe &
YA FgAs Afste FEAVIEZ 3 FEo]
o} thoFslch(Tayer, 1985 ; Wastek and Yama-
mura, 1981).

AF7A AAERA YoM ERFY BE
o=@ gdA ANAAM7E AT WA FFoFo
Ae 94 AR FA Ao A Ut
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(Burnstock, 1969 ; Kirby and Burnstock, 1969).
olu] £oje} BR7H40], A% tie HEHH
th 3t acetylcholine®] FEol&3Q] & #EEI=2
2U4 #4849 EAE 89 v UH(Kirby and
Burnstock, 1969 ; Holmgren and Nilsson, 1974 ;
Klaverkamp and Dyer, 1974), &=§ ©]2{§} acetyl-
choline® &7} atropinecl i3] AP EA o
uk2o] muscarine FEHE WA e o= F
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A8 HKirby and Burnstock, 1969 : Klaverkamp
and Dyer, 1974). HZd] FX7 Fojoll gloiA
HHNHHE EAA] acetylcholined &ukg-o)
calcium jonophore A23187¢] 2Jg§ oj¢ghzgo R
Hase g vehn, o] ¥kg-& cyclo-oxyge-
nase A A9l methylene bluecl &3] AAMA<Q]
FENEo R EE:e Aoz UK Miller
and Vanhoutte, 1986). &k o]&j3 UlMAE
o|&A o8- Guanylate cyclaseZlo] 2ja]
of7h&he, E3 methylene blue®l %7} meclofe-
nateoll &3 Mafjuts Mo 2 Ko} o] ¥hgolE pro-
stanoid®] Aol A&EH Qe A2 AU
%, FA7N %ole] H&EHEA %UoiA methylene
blueol 2}&l 3]E =+ calcium ionophore A231872
o|¢A8-& prostanoid’t B#HFZ2] Guanylate
cyclaseA & ®Aslol & Aoz gAHI(Miller
and Vanhoutte, 1986). 18ju HIolHe 4%
Al 284 M7 #% dFE F2 mus-
carine 8] B 7153 AP I3 Helth
webA $8-H 8] Exjnto] Helso] glg ¥ T84 9
EAdolvt 1 subtyped] EAe gAA ¥ Uk

Muscarine <=8#= dF-(postganglionic) i
227 A/t FEHZ(effect cello] X
Aoz UzA oy, 2ol 2A agonist®} anta-
gonistE2] ¥tg-Ae] ol BAF =FlM mus-
carine Aol 4ol M2 & ZHF subtype©l
EAshe Aoz FP=HYom, J=HHA muscarine
Fg4 2AFAQ pirenzepineo] A7l =t 3
ojx 27}=] o]4+9] muscarine T&H subtype®]
ArH AH Hammer et al., 1980). Muscarine &
&3 % pirenzepineol 917§ 8N E M, FEAZ
TE3L1, fHAde] HA gv FEAE M T
442 FE3l9eni(Hammer and Giachetti, 1982),
ol & subtyped] ¥ EAFZ7 2] FF
et @A zol7t U&= W FHH( Hammer and
Giachetti, 1982 ; Lee et al, 1992 ; Watson et al,
1983). &, i, AgAAH, e F2 M-F

£-H 7} E-X = o] 332 (Watson ef al., 1986a ; Watson
et al, 1986b ; Bloom et al, 1987), A%, FHEZ,
W3, | Eu|dedle F2 M-F847F EX5 0 ok
(Lee et al, 1992 : Watson ef al, 1983 : Brown et
al, 1980 ; Nilvebrant, 1986). Ho| $}A& cardio-
selective muscarine antagonist$! AF-DX 116¢]
BHAo R o] ofEe] RIFF FEH S W] ¥
FEA2 T3 N Giachetti ¢f al, 1986 ; Ham-
mer ef al, 1986). W2tA muscarine F&He M,
M, ¥ M:2 7EY F 3len, o1& pirenzepine,
AF-DX 116, 4-DAMP % Dicyclomine® 47}
Ao g A Zold wel FEY 5 AT
(Doods et al, 1987).

Muscarine 58 X479 44 A2 Ca?*-
channel® Q@50 gle Ao I Aok(Si-
nger ef al, 1982), A& Foll oJME ol BE
AT7 olfojAA gkx Stk ¥ THFY A
oM AEPEE AMEE o ey 9@ AenE
ATF7t o o] Folx glont AFojRFol oiMe
Ao A77F FEF A Uk

oty £ AT detdoH Oreochromis niloti-
cus)9l A% wjtlEdo] HE acetylcholined =L
2% AYAE A3t FUAH T8 =)
o] derg ¥elazt shzdl 1 E3FHol ok

Ag 2 WY

1. 4¥d]

FAEAGEn B ool FHEE B
A Z 800 g < ¢ Y@ eko oW Oreochromis nilo-
ticus) & HTFL 22C, HT &AL 64 ppm,
B pH 749 Askpe] 79 o3 A$AN F
Aol AHEE AT

2. ¥¢ BEAZ
Agole] F2E Felge M A Z| I HES
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F 339 @4 JY#3] Fd e widEAE
Z28¥ch A& T2 AE3] Hd &F89
(mM : NaCl 100 : KC1 20 ; CaCl, 3.0 s MgCl, 3.0 :
NaHCO; 30 ; glucose 5.6)°] 27! petri disho] &7
9 AANZAE 2A2YA AAH F gHe 4]
Wgo g AHE Zolrt 3 mmel ©Hel HA
Hch olF AR YHolAT stainless needle®
g UHe RePA EXEgeERH FBUAE
A A A#HHFurchgott and Zawadski, 1980).

3. 2% 9y

EHEEL 95% 0,-5% CO, £H 7tz ¥
FAIZ A gF8do] F7 20ml §H9] v
(organ bath) W12 &7 30 gauge stainless nee-
dle2 & F7le LA RFY 1l Aleld] ZHoj
FZ Fe A a3sal o $EEL physio-
graph recorder(Narco MK IV) o] 32 ¥ Myograph
force transducer(Narco F-60) ol @28t} &=
el £x& 0TE FX3lL, EBEL 05 g 9
718 28 (resting tension) 3ol 90F F WAH
SBM AN o] 77t F ukgx e 4
3498 158 HHoE wgsAch

M E ¥ FEO oidtd 1X107° M9 acetyl-
cholineS. 2 308 7tFAo g 23 FUYFHE F:=8
F AH¥aigch oA 6027 WX 3t A A o
acetylcholine®] % % olgt &3g 33Nt

Acetylcholine®] o tigt olgy &I}E &FH
&t7] Hel norepinephrine(NE, 1X107° M) o2
olg] $2ZA7] ¥ acetylcholine® 28392,
FH £ ARE BF37] dstdME AA Qo]
acetylcholine’ 3 =& ©9Y & FHOE F7MAA
Yk ¥#W HEo] Ui acetylcholine® 3
¥5— 52983 H(cumulative  concentration-co-
ntractile response curve) & Zt FEo0 thih wkg-o]
HYHo] TP o wE e FEF F 3
A goezA dodch Hul £F ¥ &=
% MHEe] PRFES VIE FFPoE HFAZY

ohe 608 Hde T3 49 vHEEe Ao

olF, AAA FE g FHE BEE U g
ofB-o] EA3A e HHEA dET A3
Uez FE ¥ FHe v W 43 FE9
TE ko] EAdhe AuHE A¥Tel H3HU
& 9FE, F atropine, pirenzepine, gallamine, in-
domethacin®-& acetylcholine] g Fx &
24 87 208 -0 vl vgE Hel HA)
&gk

39, acetylcholine®l ¥# % w-g# Axu
calcium ©o]g7e] BAHE YorRr] A3 DY
%59 acetylcholine(1X107° M)oll &% % vt
22 de 3 607 HEE FAE v calciumE
A A el 38 X2 verapamild 3 X3}
3087 WA § FuA £5 HEE Utk Cal-
cumAlA Al g3gde zAHe FFHI A4
213 gEgde 24 F CaCly AAINAU

4. 4¥ %E
E A%l AHgE GEES SR 2ot Acetyl-

choline chloride, atropine, indomethacin, methy-
lene blue, norepinephrine, verapamil hydrochlo-
ride(Sigma Chemical company, St. louis, MO,
USA) ; gallamine tethiodide, pirenzepine dihydro-
chloride(Research Biochemicals Incorporated, Na-
tick, MA, USA). Norepinephrine® indomethacin$
Ao BE GBS L AL HAd FHRF FoN
AH289 o8, Norepinephrine2 0.IN HCI&-jo]
xo FHFE 4E e A3, indometha-
cin® Y ¥%2| Na,CO 80l HdXM FHRTR
33t AMR-BFAT

5 Ag B4

Acetylcholine 2 ¥xo § v= #& F4&
acetylcholine(1X 107 M) ol 8|3+ Htf & ¥hgol
g gEgaA Jelied, dAd £% Hee
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YEMRE acetylcholine®) ¥%(EC,) & 71708 3
FE SN M B oEe TERD.
Z YA AEE Jehle PA(—logK)E o}
2 & Schild ¥4 (Arunlakshana and Schild,
1959)& o] &3t Fach

log(A’/A—1)=log B—log Kz

o714 Be ZAgA Y Foin, A'St AE #Z
AYA7E & A9} g1€ W9 acetylcholine®] ECs
#olv, Kee d¥A9 s+ Ve, =g
4¥ Ao HIH%+ EF2 A (meant SE)E 1}
B, Aol BAGH KJAL student’s ¢
test® M]3t} po] gro] 0.050151d o KejAol
JE Aoz PFIHH

2 3

1. 8#o ti$t acetyicholine®] A3}

Acetylcholine(3X107*~3X 10" M)& A& €7
Yo} vithE o] it Fx EH] FENES
Yehjon, ol acetylcholined] BRSFS

100}
so
80 -

40 4

Contraction (%)

T Ll T

s 7 '} s .
Acetyicholine {~leg M)

Fig. 1. The concentration-contractile responses to
acetylcholine in tilapia dorsal aorta with(@, n=6)
and without(O, n=6) endothelium, Values are exp-
ressed as a percentage of maximal response to
acetylcholine(1X107® M). Data points are means+
SEM.

g AR ZARTFNE ¥ WA @
AH(Fig. 1. FBFTZ3-o] ¥ acetylcholines)
3 Tt HawFEE 247 1X1077 M} 3X
107° Moli e, EDy#t& 3.8X107" Moj it &3
acetylcholine (1X107® M) norepinephrine(1X
107 M) o2 nlg] %A1 g YojMe A
M X &R fFolle BA RS ol euHe-& YehAA
BT 2318 +HNEE & S Fig 2).
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Fig. 2. The effects of acetylcholine(Ach) on the en-
dothelium-intact and denuded aorta that were pre-
contracted with norepinephrine(NE) in the absence
and presence of methylene blue(MB). All concent-
rations are final bath concentrations and are expre-
ssed as log units. EC+ and EC— signifies endo-
thelium— intact and denuded aortas, respectively.

2. Acetylcholine®] %X 3o th¥ muscarine
& 2d 3

5 el acetylcholined] FHF X 2% #
SH-3-F 4 & ¥ o)A muscarine 483 A QA
atropine(Fig. 3)3% Ae€F<d M, F8F AAY
gallamine(Fig. 4)8] ®=7} 710l wal L%
2.2 HYolERUrt. Arunlakshana®} Schild ¥
o] olsf AGH olE VA FEAN T
2= (pA) 7)€ 7) gk atropine®l B9+ 7.32
+ 037 0.84+ 0.28°1.21, gallamine®] A$- 6.
23+ 0.267% 0.82+ 0.25°]13{tH(Table 1).
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Fig. 3. Cumulative dose-response curve to acetyl-

choline in tilapia dosal aorta under the absence
(@) and presence of increasing concentrations(QO,
107%: A, 3X107%5 [0, 107 M) of atropine. All
responses are expressed as a percentage of the
maximal response to acetyicholine in the absence

of atropine. Data points are given as the meant
SEM. (n=6—12).
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Fig. 4. Cumulative dose-response curve to acetyl-
choline in tilapia dosal aorta under the absence
(@) and presence of increasing concentrations(O,
1073 A, 3X107%; J, 10™® M) of gallamine. All
responses are expressed as a percentage of the
maximal response to acetylcholine in the absence
of gallamine. Data points are given as the
meant SEM.(n=6—12).

Table 1. Effects of muscarinic antagonists on the
contractile response to acetylcholine in isolated
tilapia dorsal aorta

Antagonists pPAZ slope®
Atropine 732+£030 084+0.28
Pirenzepine 502+ 0.25 -
Gallamine 6.23+0.26  082+0.25

Values are given as means+ SEM.
a @ pA; values were calculated from —log{KB]
b : slope of Arunlakshana-Schild plot

wdo] HeAQl M484 A pirenze-
pinee HFRFE F M L FE(AX107° M)
oMt acetylcholineo] 2% #&WH3-IHE 4t
REZ2Z olFHANFig 5).
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Fig. 5. Cumulative dose-response curve to acetyl-
choline in tilapia dosal aorta the absence(@) and
presence of increasing concentrations(O, 1073
A, 3X107%5 [, 107° M) of pirenzepine. All res-
ponses are expressed as a percentage of the maxi-
mal response to acetylcholine in absence of piren-
zepine. Data points are given as the meanS.EM.
(n=6-12).

3. Acetylcholine®] 4% &% o] h§ indometha-
cin®] 4%

Acetylcholine®] FZo&FQ YHEFHFIEL,
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cyclooxygenase® A8l prostaglandins®] 4448
wigtcls deiA 9l indomethacin(1X 107 M)
of o obfd JYL WA WAcHFig 6).

____J[\ ______/‘;\
-7 W 7
Ach -5 Ach
__J 800mg
1Omin

Fig. 6. Effects of indomethacin(IND) on the cont-
ractile response to acetylcholine(Ach) in isolated
tilapia dorsal aorta. Indomethacin(1X10* M) did
not affect the contractile response to acetylcholine.
Indomethacin was treated 30 min before the se-
cond concentration-response curve to acetylcho-
line. All concentrations are final bath concentra-

tions and are expressed as log units.

Co"-tres
Ach %
-y
® J\ I 400mg
Ca" + VER 9
< Ach 1Omin
? -5

Fig. 7. Effects of Ca’*-free solution(A) and vera-
pamil(B) on the contractile response to acetylcho-
line(Ach, 1X107® M) in isolated tilapia dorsal
aorta. Verapamil(VER, 3X107% M) was added
20 min before the second response to acetylcho-
line. All concentrations are final bath concentra-

tions and are expressed as log units.

4. Acetyicholine®] & A 2of] th¥ calcium A
AE)d 9399 calcium #9Y AEAQ verapa-
mile] I

Acetylcholine(1X107¢ M) & A43A A

&89 FolMe AUSdtn AP YEr-ZaAAE
HERR oY, calciumo] HAAE A2d AFgo
ol ME FEAF7 A3 AU 221} ca-
lcium #<9) 2EHZ G232 verapamil(3X107¢ M)
& Axele] gslde 5 EHAd A Y& FX
@ch(Fig 7). 332 A9y 38934
acetylcholine(1X107¢ M) 8} @<F2413-2 100% 2
A& calcium AAE ¥ H &589 dlolre
Y82 oF 17%, verapamil EAsIoIA Y wrge
oF 80%l #F3tYct

o

dRtA O 2 acetylcholine> EWA AZAAEER
24 ERFEES FAHEI gy ANy F
oju} £& #e Folftk ¥E Fod ety 2
(Sakai. 1981 Altiere ef al, 1985 Vanhoutte,
1974 ; Ciba and Tsukada, 1990) £+ ]38 (Fu-
rchgott and Zawadzki, 1980 ; Furchgott, 1983 : Lu-
scher and Vanhotte, 1988)& ueldvin 4aid
Ath Acetylcholine?] ¥ &322 FAYE2Y
muscarine F&Ao] ¥ FPE T2 Uiy
MZo] EE¥ muscarine &4 AFof tEg &
#4%& A (endothelium-derived contracting fac-
tor . EDCH)& vi7idhe A Zgoz 78
®cHLuscher and Vanhoutte, 1986 ; Usui et al.,
1983). ¥ o] &34 YA Y M E9 muscarine
FgAe 2A3E B fElsHe gHolGEA(en-
dothelium-derived relaxing factor : EDRF)& =i
Mgk delA AcK(Cherry et al, 1982 : Chand
and Altura, 1981 : Furchgott, 1984). ZI21\} 2
AP ME acetylcholine2 HE daluo} viuE
ol e HTAHEY ERodRe] FFS LA
e FRYEHY F£EUEE IR (Fig
1), £¥ norepinephrine2 & 1a $&A7] &
getujo}l withE Aol thSAx acetylcholine ©]
SEMEg JERNA gdter 233 ERIFEY
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FENEE TS FTHRIAG olgRe gL W
HHEE AAFAY E-& methylene biue Hgo 2
FFE A gAHFig. 2). ¥HH) acetylcholine2)
F&22-2 ¥)5o|H muscarine T8 2] z}ea|el
atropine® 28 JA = (Fig. 3). o]& ¢ o=
E27840l9] A& BojE 4 (ventral aorta)ol tht
acetylcholine®] 8% & a9}l A3t cH Miller
and Vanhoutte, 1986). 1322 HE dalyo}
it o] thd acetylcholined] ¥# +&2 A=
WA Eoll A Fei=e EDRFY & EDCFs} %
#etA Y PZol EA8= muscarine T
e AFALe ZAaetn AlgHr) olge Ay
Zie A3oRY dAUERINe g8 HEIe
muscarine &M & viZiste ZEg FIA Fw
FEEARE JeEdte AMR AR Reite,
1969 : Wood, 1977).

#A7A g ol 2]8¥ muscarine T&
Feole Hdol Mz & 271 o]d2 subtypeo]
EZAe Aoz FAHT 312 (Goyal and Rat-
tan, 1978 ; Birdsail ef al, 1978), o|F A =&l
muscarine 583 2}eAI¢] pirenzepineol 3|
el & FRA7L M-T8A, 28] He
F A7t M-8 A2 755 JArH(Hammer and
Giachetti, 1982). E&F<9 F@HEZY g
v} 7} &= muscarine 83X 9] subtype2 WFHAE
o)A EDRF #2oll #d3he 312 My-subtypeo]H,
yhel] FEAFET i FAFAHA £ A
e A& M,-subtypeolzt &2 A ltH(Enlen
and whiting, 1985 ; EI-Kasher and Catravas, 1987).
a3y AZojFolMe=l subtypeol oFA7AA T
gxo] A ¥k wEd A& detuor widiF
HER AdhFH] M-+4A4 Z¥A= &3 pi-
renzepine(Brown et al, 1980)3 A&H M-+
24 28A = 433 gallamine(Potter ef al,, 1984)
& AAF3T acetylcholined] F@#FZEHI] v
Ae 98 A8 B YoM gallamine
acetylcholine #+2&3& AAsI¥ed ¥x7t F

7Hgtel et acetylcholine FEXH-F40] L EX
oz HYPolEHAUHFig. 4). ¥, pirenzepineS
HEEr F 7MY & FRIMY FEEIAE
%7t eEZ0Z HHYolFAAKHFig 5). ez
schild plot& ©]&3td AL F& AYAE9
239 (pA;) #& gallamined] 7%, 6.23 + 0.26,
atropine2 7.32 + 0.3, pirenzepine< 5.02 + 0.25&
YERRATH Table 1). webx & detojo} vty
Fdol= F2 Mp-subtyped] F&A7F EX gty
3 7 Uk

ZUA FEAY FAHE & =AM prostagla-
ndin & cyclooxygenase! % arachidonic acid
F2 AR o] FUhEH, o] dAMIEEC]
muscarine T84 8 B¥ acetylcholines] AIE
g d#iA Ach(Singh, 1980 ; EI Kashef
and Catravas, 1985 Usui ef al, 1983 Junstad
and Wennmalm, 1974). 221} 438E cyclooxyge-
nase A A2 indometacin® acetylcholine®] ¥
BrEEHe] o}FH gL AR Y e
Hol(Fig. 6 ) "elvlol A& it E o )3 acety-
Icholine®l FZ&-gol prostaglandin® 7t #oA&

=& ¢ F Uk

dEEEDY FE3N3o] UM HMEAYW cal-
cium ions(Ca?") °| $a4% J¥L ot FHA
Rew, of HEAW Ca’* o M AEojdu Cat
*(extracellular calcium)°]\v} &2 Al3EU endopla-
smic reticulumlo] AZ¥ Ca’ (intracellular cal-
cium)olth Alxejeill Ca*~2 #X=e] voltage-
dependent Ca’" channeloit} &2 receptor-linked
Ca?* channel® %3t} AEXANZ FYLH(Bol-
ton, 1979 Van Breenen ef al, 1979 Triggle,
1981 ; Weiss, 1981). & A oA+ acetylcholinel
o] e FH:urgS Ca¥ AA My ¢34
Ao M= A9l AAEIRoL, Cad FURATAL
verapamiloll &&= ¢F 25% A= A=A HFig.
7). Verapamil2 voltage-dependent Ca’" channel&
gt B E3 JoH(Fleckenstein, 1977 ; Bo-



60 getujol vt Eule] FUA whgo By

lton, 1979). 28lE2 HE Waldo} wjhFAdl
3 acetylcholine®] #&¥H-g-ole A9 AE 9o
Ca*" gt #odste Aoz Yzt o] Ca** 9] X
#%YL voltage dependent Ca®" channel Htle
F2 receptor-linked Ca’*-channel® E3&le] o]
g 3238 4+ ok

olye] dFZAAANN FHild Eu Yoty
vic) 5 2o i acetylcholined &&= Uiy
¥ F@s0, FZ Mysubtyped] F&ME
"i7/}8k] receptor-linked Ca** channel& B3}
FdHE Ca¥rol 2% oz Algdch

i
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The characteristics of cholinergic responses
in tilapia dorsal aorta

Dong Lim Choi * Joon-Ki Chung*

Kunsan Laboratory, West Sea Fisheries Research Institute,
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*Department of Fish Pathology, College of Fisheries Science,
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The present study was undertaken to investigate the physiological characteristics of the cholinergic
responses in the tilapia dorsal aorta. In vessels under resting tension or precontracted with norepine-
phrine, acetylcholine caused only concentration-dependent vasoconstrictions. Contractile response
to acetylcholine was not affected by the removal of endothelium or the application of methylene
blue. Atropine, gallamine or pirenzepine shifted concentration-response curve to the right. However
pirenzepine showed a similar effect on the curve only at high concentration (1X10* M). Acetylcho-
line-induced vasoconstriction was not markedly influenced by indomethacin, or verapamil, but
was almost abolished in the calcium-free physiological buffer solution. These results suggest that
acetylcholine produces only an endothelium-independent vasoconstriction in tilapia dorsal aorta
and that the contractile effect of acetylcholine is mainly mediated by the activation of M, subtype
receptor, which might be associated with the extracellular calcium influx through receptor-linked

calcium channel.

Key words : Tilapia dorsal aorta, Cholinergic receptor, Acetylcholine, Vasoconstriction, Ca** channel



