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Vasomotor Regulation of the Israeli Carp
(Cyprinus carpio) Ventral Aorta by Cholinergic and
Adrenergic Neurotransmitters

Kwan Ha Park

Department of Marine Biomedical Sciences, College of Ocean Science & Technology,
Kunsan National University, 1044-2 Soryong-Dong, Kunsan City, Chonbuk 573-703, Korea

Depending on the fish species the vascular tone is distinctively regulated by numerous
vasoactive substances. In most fish species the regulatory role of autonomic neurotransmitters
and other vasoactive substances are not well defined. This research was designed to delineate
the regulatory role of various endogenous autonomic neurotransmitters known to be important
in mammalian vascular systems on isolated Israeli carp ventral aorta. Acetylcholine (ACh)
contracted the aorta regardless of the pre-existing level of vascular tone, and the contraction
was almost completely abolished by a cholinergic-muscarinic antagonist atropine. Endogen-
ous, multiple receptor (o and f)-acting adrenergic agonist epinephrine (Epi) relaxed the vessel
in the presence and absence of the pre-existing tones. Another endogenous multiple receptor-
acting agonist norepinephrine (NE) weakly contracted the aorta in non-preconstrcted state,
but the response was reversed to relaxation when preconstricted. Isoproterenol, o. p adrenergic
receptor agonist, was a potent vasodilator whereas an a; agonist phenyephrine was a
contractor. The a; adrenergic receptor agonist clonidine has not any significant effect in alter-
ing the vascular tone. The vasorelaxing action of Epi, NE and isoproterenol was significantly
attenuated by p receptor antagonist propranolol. These results imply that ACh may primarily
play a contractor role vie muscarinic receptor activation while adrenergic agonists, Epi and
NE, are relaxants through activation of B adrenergic receptors in vivo.

Key words : Israeli carp (Cyprinus carpio), ventral aorta, cholinergic neurotransmitters,
adrenergic neurotransmitters

ol AA W& $ur)5e §AEE: 7o

M B o179 VAVYE (2 =x olghe] 28E 2847

A ARRZFEA Y HYA autacoidEell 2)3led

o] Fo AL YA S Fo Yxzzoz He ZAez FAH3 Qo) (Burnstock, 1969). o F2)
ookl T WAt A YAE o]Aldwrie} o o= 2T F T/ 474A, & acetylcholine

—_— 38—



o|2atueol SU xFLH HEEA 39

(ACh)°] 28] &34 417 (cholinergic neuron)2}
norepinephrine (NE)o| £u]5H¥= of=gdAAAA
(adrenergic neuron)o] ®x3]| glelr] HAZAEL o
£ F A7AA 93¢ W= Aoz nyEHy Q4
(Kirby and Burnstock, 1969; Reite, 1969; Stray-Peder-
sen, 1970). S FH BN 2] olefqt = AAAS dge
FANE, Ao, dF, WA, ¥l 7], Hlo], skate, o] F
59 A41¥ W4 (Randall and Stevens, 1967; Johansen
and Reite, 1968; Reite, 1969; Vogel et al., 1969; Woed
and Shelton, 1975; Chan and Chow, 1976), A} 5% (Keys
and Bateman, 1932; Smith, 1977), 2%+ (Olson and
Villa, 1991; Evans and Gunderson, 1998), AME=)
(Small et al., 1990; Farrell and Vavie, 1991; Farrell and
Johansen, 1995) =3+ B.7}%9 (Holmgren and Nilsson,
1974y A dFH o] §te}. 28l obA] AFuiAtes Ab
< olFo] AT glon YREY o) Fel HAE
A3 g vl gl B9 ole), RN E £87)
AE)7)52 2] A1F Y 7ol AR A HAN =
2 AA3 92 A7) 4ot

FHAAN FAHT Qe HEAQ] FeolFa oj2g
dejelolMe FRANAE AR HHAE o] o
T Bv7F A g7] dEo), & 97F 3 A&AA
A AAAD B4 AL A &L F
Pt A Al =sige) o] BHE BAEy] s U
9 otz AAA AgshE ookd FREA
9 ZAFEAES Mgl e APAAst YAl
A &ujsh= ARl oog wAsgT

e W Uy
L3g

Aol Abgxl olxelde] e (Cyprinus carpio, 1.0~
1.6 kgl AlFellAM T3l AN 1597 ¢
A7) F Alfell AMEETE £XFelE ool 4 wiAL
58 FEdhden F83] F715HA £28 2043°C
2 f73kde

2. 55 FYBeAA ] AR EY 34

ojxgtd oJolg A F FHE I3 EUE
€ H2dgct E2E 2mm Ze)o $oz A T )
2] stainless steelZ %l stirrupA}ele] A1 =
organ bath®] 7]|* Xl = 3}Z-2- jsometric transducer
(Hugo-Sachs, March—Hugs;tetten, Germany)ol] <723}
4t} Double jacketz % 15ml2} organ baths Krebs—
Henseleit (pH 7.4, NaCl 118, KCl1 4.7, CaCl, 2.5, MgSO,

1.6, NaHCO; 24.9, KH;PO, 1.2, glucose 11.0 mM)Z )
+3 ¢3% waler bath& o] &3} 25°C2 -§-x]s}gdc).
Organ bath 2] &2 0,-CO;(95~5%)&E8} gasE
Q4 oz FFH TR YR £2HL pre-
amplifier (Coulbourn, Allengtown, PA, USA)& o]4&3}
o} dual-pen chart strip recorder (BAS, West Lafayette,
IN, USA)z. 7| &3l 832 05g9) 7|2 ¥ 7}
3} Krebs-Henseleit -2 ¢ 2 33 ul2A4s1HA 14]
2 54 g3 AR

3. %

Algell AF4-3F acetylcholine chloride (ACh), atropine
sulfate, L-epinephrine hydrochloride (Epi), L-norepine-
phrine bitartrate (NE), clonidine hydrochloride, pheny-
lephrine hydrochloride, DL-isopreoterenol hydrochl-
oride, propranolol hydrochloride ¥ Krebs-Henseleit2)
ZAo] Al4-3 HHFE= Sigma (St. Louis, MO, USA)ol|A]
Fshgie.

4. FAAE

EE data¥ HFLEFQIHSEME =83} A
HE7ZE 2ho]9) 24 € student’s t-test& ARg3}e] 7
Ashgon p el 0.05 o3 A$ F 29 FFA
FAH o2 selv} Ackz BHHY.
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Fig. 1. Vascular responses of the non-preconstricted

Israeli carp ventral aorta to a cholinergic agonist
acetylcholine (ACh).
ACh was cumulatively applied to aortic rings in
the presence or absence of the selective muscari-
cnic receptor antagonist atropine (1 uM). Atropine
signifincantly blunted ACh-induced contraction
in the whole concentration range (p<0.05 with
paired t-test). N=5-8.
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AEA4E ol Fel FIAAAANM RelHe B
ACh¥ HEEYFHe 7llg e o o] 23
ZHg-ol bttt (Figs. 1, 2). A4 H (v]8] o8 o=
FEATNA @ AE)elM Y $Hubg-2 0.03uME B
B veh}r] Ajztete] 10 uM7bA] kB H4A Fot
o wet Adde] F7hhe& BAF9cH(Fig 1). o] 4
2 YWY P I &A% FI A -muscarine’
sgAo| gt Z3EA<l atropineol] 23] Ao 2y
8lA] 2= giv). 88 phenylephrineo 2 vle] H#-2
5 (145133 mge] °]v] $&% Al Fo] ACh
& 713 ASelE 0.3uM AEMRE F713He] 2
wkg-o] vteht7] Alxtbsle e (Fig. 2).
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Fig. 2. Vascular responses of the preconstricted Israeli
carp ventral aorta to acetylcholine (ACh). ACh was
applied to rings preconstricted with 3 uM of phen-
ylephrine. The resting tension following phenyle-
phrine pre-treatment was 145+33 mg. N=5-8.
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Fig. 8. Vascular responses of the non-preconstricted Israeli carp ventral aorta to adrenergic agonists. A: endogenous
non-selective adrenergic (a; +ay+p) agonist epinephrine (Epi), B: endogenous non-selective adrenergic (o; +og+p)
agonist norepinephrine (NE), C: selective adrenergic a, receptor agonist clonidine (Clon), D: selective adrenergic o,
receptor agonist phenylephrine (PE). ACh was cumulatively added. Statistical analysis was not performed because
of the apparent trend in each agent. N =4-6 in each experiment.
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T3] 3t o {2 el=aAlgRA AR A NN ¥A
5 EAENE, Epi) ¥ 79 $4Alo A 2}
4ol St HFPEES 4L vg £HAFA G2 A
AR el A 23l (Fig. 3).

A1 744 (interrenal gland)2] chromaffin cello|v} of=
BN AA AN EriHe] duby o2 NEF FAHY
ZHg-o] 9l EAQ Epid A3 BE Fxor R
& oA FIE= e UHF T (Fig. 3A). 1BV o}
=GN AN FEEE AHAEEAA NEL

£ FEANME olFd A4& UHIA RIHod
A4xxrt FolAd vgsA +531%o (Fig. 3B). &
H ol=HdAA $E4AF oy £EA ] M AYH
¢l FRztLo] 3): clonidined 0.01~10puM2] Y&
WA = AR e ubgo] vehdAl gt
(Fig. 3C). 18\} o, $&Alo] A=Ale] 31+ phenyle-
phrine2 A A|§ oA AL 4331 (Fig. 3D).
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3. ¥lE] £33 YBAA ol=AdIA
AZRALELY 9%

A7t AEH U AHAME YWl ox Ax
Z50] 9l7] Wil B3 4] R A= o™
wepoz zad Z/ME oMy HME vlg 4
A o] fEo] FUE AuolM e ofENEEe] &
AElAQl oulg zZtet o]y E3 02 phenylephrine
& AMgste] HIE A AN otz
44 ALEHEE 715t WH-E B9k (Fig. 4).

Epi2 0.01~10uM®] A el o]ghxta-& d# s}
dov 1 H=rt g £%EA 42 AR (Fig.
3A0)3% wlwsle] w735} (Fig 4A). 38 NEx
A4 B (Fig. 3B)ol| A 2= ui 2 o]¢t 2H§-& fus}
At (Fig. 4B). ol =804 ppg-Ale] FEEAHQ iso-
proterenol= °]¢hzh4-& '## 3+ Epiolvt NEX

B. Norepinephrine
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Fig. 4. Vascular responses of the preconstricted Israeli carp ventral aorta to adrenergic agonists. A: endogenous non-
selective adrenergic (a; +02+p) agonist epinephrine (Epi), B: endogenous non-selective adrenergic (o +0p+f)
agonist norepinephrine (NE), C: selective adrenergic oy receptor agonist clonidine (Clon), D: selective adrenergic
receptor agonist isoproperenocl (Iso). When phenylephrine-induced contraction (119414 mg) was stabilized
agonists were applied in a cumulative manner. Statistical analysis was not performed because of the apparent

trend in each agent N =5-6 in each experiment.
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Fig. 5. Blockade by propranolol of adrenergic agonist-
induced vascular relaxation in the ventral aorta
of Israeli carp. When phenylepherine-induced
contraction (137 +26 mg) was stabilized agonists
at 1 uM was applied to induce vasorelaxation.
After sufficient washouts, the § receptor antago-
nist propranolol (1 uM) was added for 5 min before
repetition of the same experiment. N =5 in each
experiment. The difference between “Relaxant-
only” and “Propranol +Relaxant” was analyzed
by paired t-test (p<0.05).

o WA B (Fig. 4D). Tt AYHQ o 8
A F3EAQ clonidine® YFYRAAsh o] o} 32
A4-g UH8A 2o} (Fig. 40).

4. ol=d gAY AAALELS olg3Ed U
B84 ZaAe 4%

ol dElAl HIGE2 ZF Epi, NE ¥ isoproterenol
& ujg 2247 GBI WAL R sy
718 vie} o) dubd o2 Pyl o) pEAL
25 ZASAT pgAT Fooke EAe) isopro-
terenolo] 7} a} o|hEA Q] A, &= apell AHH £
¥4 £33l clonidine ¥#-E 71A =] & v]x
A ow o, A=< phenylephrine 4>&2h-g1k
& R4317] dfol o]shabg-2 pgAe] R 7]l
@ 7bsAol e = o AYANE olF s
3% sdo= 484 Z3-EAQ] propranclol: E#
& AAAY o o @ee W I 28 PEshalch

Fig. 50| 4] B3 u}e} 7to| propranonol-®- 3%9] ¢}jx=
#'d34 HIGEA = Epi, NE ¥ isoproterenolel £]3|
29 o) 9ee AN Ashich

utast

Table 1. Comparison of regulatory activity of cholinergic
and adrenergic neurotransmitters on vascular

tone
Vascular responses
Neurotran- Mainmals
smitters l}gfl?l"tgﬁs Israeli carp (Gilman et al.,
(and neurons) 1990)
ACh .. . .
(cholinergic) muscarinic contraction relaxation
a weak contraction
! contraction (predominant)
Epi, NE, ag no response  contraction
(adrenergic)
relaxation .
B (predominant) relaxation
n &

2 dFelMe 94 AAAGEAT ol=dddA
AAALEA, £ 282 e A 75E JAse
zZhg-o] 3l ZEFEAEL A3l oliEidele] By
TN FHAFAAL R £&5& F=2 v
b otz g 4173-L o|ghztgo] ASAFE Z23)
A FHA44473A ] 3223 AChE ¥He] n)E]
YA A= £&H x BolAY 1¥A g F
8 &3 5% fistds ey ot=ddyA
A7 Aol 3 WA (endogenous) FH-EAE<¢ NEZH}
Epi uj2] £2A12] AN 434 slE oldzt4-¢
H 3 vbd A M E B3HQ ubge] #
E e ®EbA in vivo AE]S] Pl AFSEle 27
A vE o= Ax 25 Ao dRANAE W
AL o|t# o] o] AEAQ ou|g Z:= 7)5Y
HAew FAEch 3 AChel 2§ $34ur$o] atro-
pinecl| 2J3], = ofzadWUA 2H4-EA o7 o3
el propranololsl| 2j8j z}zt b= ¢l7] Wl A
2 $8AH7F 27 FHA 5271 (muscarine)d] 4
A R ool A pyEAd Aoz g,

ojagtale)ele] HE HujFa-2 AChe] o3& =
JEAH o £ AL HAsg £3 o] £33
A& Hfe] miE] £2Eo] YAV 23X 4t A
o] Yepton FHA-FA7A Ao dg A
)2 Z8A|Ql atropines] o3 1 -] xdEE ¥
Aol v Fo] FAIIA 439 o] o]2utd B
T2 fo FARGT B 4 ok AChe HAEH
Avt A& o] H4310E o ¥ A =+ 83
&3k g-o] ekt o FolA #<lF7] Wil (Johansen
and Reite, 1968; Holmgren and Nilsson, 1974; Smith,
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1977; Wood, 1977; Small et al., 1990; Farrell and Vavie,
1991; Olsson and Villa, 1991; Farrell and Johansen,
1995) o|xgdo)eo| ] Hbg® OE o] FoX2} #
AgE o2 wleh =3 AChel] 93 o|Actd Euy%
2] 4&0| atropineS 2 AIEHE YA Tx]s) 4o
9] %9+ (Klaverkamp, 1975)|A] ©& o FA171 2)3)
Bug 7143 fAFsi). 89 Wi ke] (Chan and Chow,
1976y} 7] (Vogel et al., 1969)ell ACh& Fojsld &
%] sttt Bas QAT o] &9 QAFoM Alg
® A AR-AANME AChe] AHHo s A
o A= J3gE T3 9l7) WEo 1 A ¥
Hell g AFgake FesA 22877} o)

W Fujzd AL BE ZHFEY FRACdNE
ol el ] ACh: W&l 7= PdholgA
EAolgl: A4l ot} (Moncada et al., 1991). £-5-5-E-9)
XA TAlA fEle AChr) E#e )M 2]
] nitric oxide (endothelium-derived relaxing factor;
EDRF)E AAdsl3 nitric oxider} 2x}8 o2 P
EE o|9AFI7] WRel o|ghztgo] YehlE HAte)
Z 835l 9o AChel| 2] nitric oxide?] M4 3
o|gzt-go] YR ojF FHA A ¥ (Hylland and
Nilsson, 1995; Mustafa et al., 1997)5 31 ¢J o} oy i
9] o FH A M E LASA ¢k=r} (Miller and Van-
houtte, 1986; Olson and Villa, 1991; Farrel and Johan-
sen, 1995; Evans and Gunderson, 1998).

oA oh=d gDy e Hed WS g
At Wee) DU oW pT FRIY olE g
Ag Moz FEAINAY Asle GEEo] 4
A QM ol felAe] HAAgeldTFo) FLHT Yt
o]F2 Al FA=E NE Y Epit o ¥ g
o =% g3t ZZe $4AE FEANIE AsEE
] Ffo wet UAA gt 2By dubHess
NEo] as&A o, Epizt g5~8He] of AspAe] Qe
Aoz od2x 3lo}t(Furchgott, 1967). Phenylephrine--
F %9 a54A%F a clonidine o,7H¢ AYdo=
FTEAIE FEEE 4¥A e 4bg, isoproterenol-2
B-&A| (B1+PB)E THA|71™ propranolol p4=g-3] ol
e R apA) o]t

NEZ F= ol=3H g4 %A 8] TdolM = Epit
A17+9] chromaffin cell2 R¥| Zt7t &3l o] Fol
AY o] = B F oW EA-o] A A E 2AHo|
o F28vlel M Aol dRFHA gz
(Wood and Shelton, 1975; Miller and Vanhoutte, 1986).
NE3} Epie] o] F2] 3ol w|X= kel s A
2 AEe A7 237t Bas 3 9ld. NEY Epizt &

e FeolAY FHE £33 Aol 947 0% A
Al¥#A (Keys and Bateman, 1932; Randall and
Stevens, 1967; Reite, 1969; Vogel et al., 1969; Helgason
and Nilsson, 1973; Chan and Chow, 1976) 9 A28 %
(Holmgren and Nilsson, 1974; Olsson and Viﬂa, 1991)e)
A RnH e W2 NE9} Epit 34 wetys
o]¢zH4-= F48t) (Keys and Bateman, 1932; Randall
and Stevens, 1967; Johansen and Reite, 1968; Wood,
1974; Small et al., 1990; Farrell and Vavie, 1991). 28|
4 93 WRAGNE bR e UHA 2o
£ A= 23¥3 9]oH(Smith, 1977; Olsson and Villa,
1991). o]} ZFe] AR AYAFE o]F Y }olely
FeAHE Aol FbE AR A9E Yde) 24, o
9 BE &P F IR At wEselor ¥ Rels,
ool Epit} NEe| sl ¥de) 9¢ 2o 4
Yyl e GEER Augess 2y nde
2298 4 slen geld AHd) AT ARe ox 3
= 7besbl Bk 2 AT oh=ARA ad i
£ d¥He=z FFAF): phenylephrineo] H#e 4
2948 U5 Aos vlRe] NEoI} Epish 2&
FAEE ¥EHost adsiE Aoy W
& 2% 4 3lg Aoz vl oacido)o]s) ¥
TYAMAY p5gH 2 F-E2U< isoproterenolE
£ o#9 ¥#A = o]t (Johansen and Reite, 1968;
Helgason and Nilsson, 1973; Wood, 1974; Chan and
Chow, 1976; Small et al., 1990)A) 7)™ o] 4t=2}4-& g8
Al A3 A Ql propranolol® A gt} (Johansen and
Reite, 1968; Helgason and Nilsson, 1973). €3] o+ %
FR| 7 40]2] A2 celiac artery”} isoproterenol2. o]}
Hel oA =st viE £33 BN WA 73}
(Helgason and Nilsson, 1973)5|7] wj&o)] o] o)A
= 7% olgtyiAde] Y Aoz B W of=
A 289 el axsgAe] $ES TR
9 ¥#e) £2¢ fUsl:= Zle= B 7 (Kobinger,
1979)5)0) AAT oI FYRIMS] gL obx] AFd
v} gleh 2 Aol A a,galel] g 3-8k
&4l clonidine® ¥ Aol AFadglol A= ¥
g F=3A 4%7) W Helx ojxeld BoF
el A HH2 Ax 2A-ole dpgArt Bz
U= Aoz Adgd ‘
AL AA4E FEHYE, THFEAH A2zt
o] 738 ol=# A4 AAAHLEAQ Epis} NEx o
2ehadejeid] 7123 e 1A =7} ol AE #A
H1 de AN E 8] 1F=E A (e]ghHAF]
t 2H4-& 3w, FRAAAETERY AChe ¥
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& ¢ago=En UARE F7HEDA e zHeol
AuiA Aoz Bgich FBelA o) ojghztgL J|E
A AR A A= E2AF do #AHA Jehin
o] W] wkg-o] invivo 27N WAL < 4
J3l}. Epi¢l NE 59 of=ddA EAE9 ojghz}
4] vlg] &3 27AM o2 AT AFLL o)2E)
U Jolr} Arolli Aueln oh=ANUR WLEAUE
£ =S Ashe A4e B3 Y Aoz 349
o}k )9 A9} 22 g v o FEME FF
S92 2 AshE AN dol e 9ole
TR APAE o1 sdgich et 2 ATl e
Hhe} o] R oy YHE RIS BH 43
482 v)e 58 Fueldl debdeh olfel Sl
ZA) 3= NE# Epi®) ¥%7} 0.2~0.5 ng/ml (Nakano
and Tomlinson, 1967)Q] FHol| v]do] B A AR
H s= HF 32 =0 dF ukge] o YA
d 997t sl dAdelsa § 4 UE Aot mheby
o|xgtdoleo M of=d A HEEA Epi ¥
NE, = E3A4xDGE2< ACh/t AT QA7 o
Ahbel § Fo] AEEAEe] R A=E 2}
' 93kl M Z2HEES A3 AR TS5
&3 glvtx #Ee. 2] NEW Epid] R-EHe2 o
FEE 58 £33k8o| T ozt gl REAoR
T AHET s Aoz FAHRG.

Az TFHE THFEH 2 AFE 53 2o 2
#E nigtoz ojaglalojeldA2] -&AAANM
2= B4 A= 2H7)%e| 2le]E Table 1
A ¥l - Akt

5 2

o} Fo] wet d#e| A= 2L qoFd AAAD
Ao 23l 2AFHT Ut 2= o] dREe of
FollM AgA173A AAAEERN € A= 24
2] 7hgol k] A FEH A @
AT oby AFFHA G Fopdl oletdalofoM g
AEAAA AAALEAEY AR E - 9
AL A HEENEHE o438t AP
o} o] HEPRAM oML EA (ACh)E A4E &= 1)
g dASE 2R R 2R $£5E FUsd
on] $&2h4-8 FAHRIA A Q) olE2 e 23
A2 s AU o4 A ot=#HEAA £
£AE FA FEATIE WA EE Cv=l
(Ep)S o] =71 AAgle] b2 fFEsldl
o 28 fARE WA B 263 ZH (NE)2

uhast

BBl E vt 5L, veesd RN E
ol¢zt4-& frEstyleh A o ok=H I F44)
FEAQ Hde =R 5L, pa8A AL ol
Z2HHed oE 47 e pfiA B
Ald E2Yd2 ofFd W& HLEA otk Epi,
NE 9 olazzH#wel A8 49 Rl whg2
pot=dgiy £44 AAA zZezetegd 2
Fo 8 QA=A wetA Aelgles Ao o)At
oJelolME AChe F2 F2710A4 843 FAH
% d#E #53ke 7% S, Epidt NEx p5-8A &
Roll 2% ojetatg-& 7H W3 Aoz Addo.

A A}

o] &2 20009 TANG R PAFHTA T LA &
d el st ATFHAL
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