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Abstract— A comparison was made of the effects of selective a;-adrenoceptor agonist phenylephrine
and selective ay-adrenoceptor agonist clonidine on endothelium-containing and endothelium-denuded
rings of the rat aorta. In the case of phenylephrine, removal of endothelium increased sensitivity 2.5 fold at
ECsy level and maximum contractive response 1.4 fold. In the case of clonidine, which gave only 15% of
maximum contractive response given to phenylephrine on endothelium-containing rings, removal of the
endothelium increased sensitivity 5.6 fold at ECsg level and maximum contractive response 5 fold, which
was about 55% of that given by phenylephrine. In endothelium-denuded ring, phenylephrine-induced con-
traction tended to be more increased in tonic contraction than in phasic contraction as compared to that in
endothelium-containing ring, while clonidine-induced contraction was monophasic and was increased only
in tonic contraction. In the calcium-free solution or in the presence of verapamil, contraction stimulated by
clonidine was almost abolished while that stimulated by phenylephrine produced only phasic contraction.
The depression of sensitivity to these agonists in rings with endothelium appeared to be due to the vasode-
pressor action of endothelium derived relaxing factor (EDRF). because hemoglobin, a specific blocking
agent of EDRF, abolished this depression. It is unlikely that the endothelium-dependent relaxation was
due to stimulation of release of EDRF, because clonidine did not produce endothelium-dependent relaxa-
tion in 5-hydroxytryptamine-precontracted ring even when its contractile action was blocked by the a;-ad-
renoceptor antagonist, prazosin. When the efficacy of phenylephrine was reduced to about the initial ef-
ficacy of clonidine by pretreatment with dibenamine, the contraction-response curves for phenylephrine
became very similar to the corresponding curves obtained for clonidine before receptor inactivation. In the
dibenamine-treated rings, contraction of phenylephrine was abolished in calcium-free solution or in the
presence of verapamil like that obtained for clonidine before receptor inactivation. These results suggest
that EDRF spontaneously released from endothelium depress contraction more profoundly in a case of an
agonist with low efficacy and the phenylephrine-induced contraction was totally dependent on ex-
tracellular calcium as was that obtained for clonidine when tne efficacy of phenylephrine was reduced to
that of clonidine by irreversible inactivation of a;-adrenoceptor with dibenamine.

Keywords O Endothelium, EDRF(endothelium-derived relaxing factor), phenylephrine, clonidine, tonic
contraction, phasic contraction, efficacy, intracellular calcium, extraceltular calcium

Furchgott ¢} Zawadzki 500 E7] of-5Hell4 A W3] A Z (endothelium) 2] A& #3l o=
acetylcholine o] ¥Fo]elulg-g oyl gjo] ko dito|9lE-#E-o] EDRF (endothelium-der-

180



A AF HEHolA - 584 E5%H a- 784 E5oH4 A4

Zah3ol fE WHAEY & 181

ived relaxing factor)?zh= WAL F& o]sial
22 wiAZ Fle] Pijol|ebe-& dogivhn U4
A3 Y}, 310 FH o-48A T duaE
qhgo] WAL 27} gl Pl v]sle] WA L7}
e Bl AP B B ok, v
ol a-48A ook aAeHus-S A
skl Hodsle EDRF 7} WAl 2] 484 =}
Sz fEsEe AdA E=e HFAZeA A
2 fElEe e AglRol dHsle] E=ato]
I gith, Egléme 1178 3z giEsiel W=l A
Z7} 9+ oA clonidine & #a4-ZEukS-o)
norepinephrine ¢ 34l v o} o] Hx|sHA)
AAEE B A =AY IAAEYoA A
21820 g o o] gL 2o A= EDRF 2
off Fodste a-4EA7t glogleln Aojgion,
oj9} A Aslw b ATALE] ddtAME Al
2= gk, 182122 e} olof= WI|ZE, Lues %
Schiimann®& WA L7} e AN a-5-%
A Bsoke] HAFFubZo| a8 Aefal
rauwolscine ZA3lol A5 WA ZE AL o)
of vl R3S vehliA] o AS B
2 DI Lol ap- A7 Uk FA 9
I1718tgiet, 22 Martin 5298 WA 27}
},{% doll4 prostaglandin F,, (PGF,,)2 &
of ®3fed clonidine | o]9hikg-& ERHX]

2319 en], EDRF ¢ 22 xxhsl= hemoglo-
bin(Hb)o] &%5fe] gle AolA=E cGMP %
(basal level)-5 ZaA7the A& RS, a-
T84 55| FAeFu-S A Hos)
£ EDRF & &A% szl felse 2o of
Yz}, WAzl A 74741 freEda s a-
T84 B duFEe-S doved da
3 calcium-2 &EFokil wel AlZedd gle
calcium #} A ZHFo| AA=o] & calcium &
o] &3l HbHd| e Be ®Bur} gl %30
Chiu 520 9J3jed, &5 Z -84 TS
(full agonist) A TUXe] AAs]o] e cal-
cium 3 A LMol glE calcium L =} o]-&3}o]
TR dod|n, 50 B o-F8A &5
ok (partial agonist)& Al L2l =
ghg o] &3le] £HuESS

[ E

IIN

calcium

] o 7ivhw E&3ELgiT,

Vol. 34, No. 3, 1990

2 AFME a-F84 E5U] phenyle-
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&7 isy gHFEe Mxel &Y FH-AF
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T34 UJJJrLH-’MlE* AAANAL, Y HRF L
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(organ bath)ell #x]s}x, 37°CollA 1.5g 2 7183
3 (resting tension)2 #3135t th, Krebs solu-
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CaCl,, 2.5 ; MgS0,,1.2 ; KH,PO,,1.2 ; NaHCQO,,
24 ; glucose, 11 ; Na,EDTA, 0.03 2|2}z, o] oJck
a-S- 95% 0,9 5% CO0.9 &3 gas® T 3AZ
t}, Calcium ©] §1+ 42 Krebs solution <
2o A calcium M- AlLA1A sHESITh 4354t
8-2- physiograph 754l (Narco MK IV)oll <14
¥ Myograph Force Transducer (Narco F-60)%
A-8-3ke isometric tension o2 &A3slgct, g
BES 9087} whAsted HYL FHA|Z] B &%
2k (clonidine, phenylephrine, 5-hydroxytryptam-
ine) 5 & S-S A7l & AHSR o4
6027t sl HPL FAEHA IA), a-58
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7ksted 6000 rpm il 2087 A4 Feld B, A
Sol-g el F o} gl FETE 2m! HIEL o
7ol F54 18miE 78l $2AA, 74 2Ad
o AH8% Hb9 HEFFE+ o 2X107°M ©J3itt,

Data o] 8M—4F4H3-2 A8jo) «“aml”(g)o
24 Ve, HdlgEaee 50%% Heble
B0k 55 (ECop)T FEHNRS FAAIA BIE
Wel osled Fatgch, FAAT FTREIFERA
2 vepliglzn, 94 AAHL Student’st test =
vlasloich, p ol zkol . 05013k of fejAe] e
Roz 7stedet,

AgelE -2 Aol A8d oEe g 2
t} ; acetylcholine chloride, 5-hydroxytryptam-
ine creatinine sulfate, phenylephrine hydrochlor-
ide, verapamil hydrochloride (Sigma Chemical
Co.) : clonidine hydrochloride (Boehringer
Chemical Co.) ; dibenamine hydrochloride
(Tokyo Kasei Chemical Co.) ; prazosin hydroch-
loride (Pfizer Inc.)

Al

a- T2 E5oe HasrSuksd digt oA
Z9 hemoglobin 2 Y&—usAZ7} gl 33
g WHAEE AAT 33 dHeYolr a-
483 3% phenylephrine # a,- +&4 35
o}l clonidine ¢] &35 v|w3lgich, Phenyle-
phrine & $2& Z7iEe] w2t WA 2ot e
43 A2 E AAT A 5= LA
4%u18-¢ el (Fig. 1). Phenylephrine 2
ECsotket Hoiubg-e 47 A2 e PHel
AE 65%x10°*M 7 1.87+0.1g(n=6)o]m, WAl
27} g ol E 26X10°M 3} 2.52+0.19g
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Fig. 1—Effects of the endothelium and hemoglobin (Hb)
on the contraction-response curve to phenyle-
phrine. Curves are for phenylephrine on endo-
thelium-containing rings (O, n=6) and endothe-
lium-denuded rings (®, n=6), and for phenyle-
phrine after pretreatment for 10 min with Hb
(2x10-% M) on endothelium-containing rings
(0, n=6) and endothelium-denuded rings (m,
n=6). Each point is the mean and vertical bars
indicate the S.E. Statistical difference between
endothelium-containing and endothelium-denu-
ded rings: **p<.05, ***p<.01.

< o phenylephrineo] g dHof ZH4-4
(sensitivity)2 <k 2, 5v F7FElom 2
°F 1,49 Z7k=9iH(Fig.1), 28jues "H”Vﬂ
e AL WAAZE AAG ol vzl Pt
TEUEE dov=d o @S phenylephrine %
=7F A8 e vehiz o, WAAZ fel o9
ol (EDRF)9] A==l zpmiekql Hb(2x10-¢
M) 1087 Ax=A535E W, WA z7} s o
oll4l= phenylephrine & Hkg-o] #x8| Frls]
o WAL ZE AAL DAl w5 ue-g 1}
el 213 (ECse, 3.0X10-*M ; maximum ten-
sion, 2.41+0.08g, n=6), WIAHZE A3 d=
|4 phenylephrine &} ®-g-& J3kS- kx| 9kole}
(ECso, 2.9%107®M ; maximum tension, 2.52+0.
0lg, n=6)(Fig.1). Hb ¢ EDRF <4 is= &
FIEL WA Bk AXFe s oA s] 445l
o (A A T 9kgke,
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3k, clonidine & 4] ¥5& Zs)3te)] ulel
HAAZ} gl UJ**-‘Jr WA ZE AAG o)
A == ,]Z:z#o‘l £Zulo o vehie D]—(Flg 2.
Clonidine 2] EC;, % 7L° WM z7} 9= Hate) A
= 20X107M(n=6)°1%x, HIAALSE A
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Fig. 2— Effects of the endothelium and hemoglobin (Hb)
on the contraction-respone curve to clonidine.
Curve are for clonidine on endothelium-contain-
ing rings (O, n=4) and endothelium-denuded ri-
ngs (e, n=4), and for clonidine after pretreat-
ment for 10 min with Hb (2x 10-¢ M) on endo-
thelium-containing rings (0, n=4) and endothe-
lium-denuded rings (m, n=4). Each point is the
mean and vertical bars indicate the S.E. Statis-

e between endothelium-containing

whium-denuded rings: ***p<.01.
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& el A= 0.28+0.03g olglen], HAMZE AA
g Aol AE 1.3940.06g(n=6)°|% o2 W7
AZE AAZ A weh 5982 oF ouf FohE
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A%k daoll A2l clonidine & - d3FS Hbx]
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Fig. 3-—Effects of clonidine on 5-hydroxytryptamine-in-
duced contractions in the endothelium-contain-
ing rings with and without being exposed to pra-
zosin. Rings were first contracted with 5-hydro-
xytryptamine (1x10-5M) and then clonidine
was added. Clonidine failed to induce relaxation
(left). After pretreatment with prazosin (2x10-7
M), clonidine still failed to induce endothelium-
dependent relaxation (right). EC, endothelial cell;
Clon, clonidine; PRAZ, prazosin; 5-HT, 5-hydro-
xytryptamine

ytryptamine (5-HT) 2 2 v|g] 4%4]7] 35 o]
Q41712 £l (Fig.3). =& clonidine 2 a,-

F8A EFoko|Rul, a- A 2§t FF
1;“%\:11 4’,:%_“1.1;}._'17__ 3}'_5_7_54_'11 %lo o _g 36) al_z—[__g_

+
A Apstekel prazosin(2X1077M)S  AA A3l
clonidineo] & F&HU3L AR Tz,
clonidine-& 5-HT of] & da5Fub8-3 o|gH4)
712l %38}t (Fig. 3).

Phenylephrine  clonidine &| = =0 2|
& dHuZub29| djw—Phenylephrine(10-¢ M)
< WA Zs} Qe dat WA ZE AAT P
oA 27| whZ phasic 4ol FHolo] 2l A&
A<l tonic HHgoE2 o]Foial o] 4t4 (biphasic)
5598 do ok, WIAZrL e el &
719] phasic 832 F 45U o 47%0l%2
o], Huje} dolb= tonic ¥ F FEHS-Y]
oF 53%ell et (n=9), WIAAZLE AA
ol AE A2} Sle Fy 8kl vla) &
4393~ ok 66%, phasic -2 oF 61%,
- tonic ¥R~ °f 71% #7 k=9l (n=9) (Fig.
4), o] 35 AvRg WAL e dolA
- phenylephrine & #3432, tonic HFE-°]
phasic ¥Rl ¥]sle] ©] Ho] oAlslE Hi S v
olx 9lr}, 3 clonidine(10-*M)L ulF A £}
P37 HIAZE AAT el =%
tonic ¥Fg-o Zmt o]Fo]z] whAA (monophasic)
PPrEuke-g dozlon, WAARLE AAG &

[SIR=N
AR
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Fig. 4—Total, phasic and tonic component of phenyle-
phrine (1x10-6 M)-induced contraction in the
endothelium-containing rings and endothelium
rings. Columns present the mean (n=9) and ve-
rtical bars indicate S.E. Statistical difference
between-¢éndothelium-containing and endotheli-
um-denuded rings: ***p<.01. E(+), the endo-

* thelium-containing rings; E(-), the endotheli-
um-denuded rings.

ol Aol Hurge WHAZE Y BelA Y
2| t)ukgof ] o 5u) FrhEiich(n=8) (Fig.5).

Phenylephrine # clonidine 2] +=F¢+3oll i
3t calcium O] i PUodo| &2t W calcium 7
@l xjctetol verapamil & &E3—WAZI} Qle
dn7 WA ZE AAT PR, phenyle-
phrine (106 M)ell &g Far-Zub-g-2 G Jok
Ao M o] 44 Hrgolgiort, calcium o] giE %
ofolo A& tonic ¥HEE 7Y kA £AHT
phasic WH3akg Eligle}, o] phasic M- 7
A ojekallef Ae] & 4ZuE-§ 100%2 3t5i-E #,
WA 27} ol Aol E 39.6+4.1%01%%, H
HAZE AAGT AN E 38.1+3.8%0IU, =
& A4 o ddoll calcium $4 2F%heRel verapa-
mil (3x10-¢M)% 7lste] 3087k AAAHE =
o= phenylephrine o &J& 4-%4+¢ % tonic i
2o A9l 4£A=9lx, phasic ¥HRF JERAA
o, o] phasic WHg-& A4} joklolAe] F +5
HF2-S 100%2 3195 = WA 2o} gle Hol
AE 381+4.0%°103L, HAHAZE AAT P
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B EC)  Er) B
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Fig. 5.—Total, phasic and tonic component of clonidine
(1x10-6 M)-induced contraction in the endo-
thelium-containing rings and endothelium-denu-
ded rings. Columns represent the mean (n=6)
and vertical bars indicate S.E. Statistical differ-
ence between endothelium-containing and endo-
thelium-denuded rings: ***p<.01. E(+), the en-
dothelium-containing rings; E(-), the endothe-
lium-denuded rings.

AE 35.3+3.4%0l 2ekdc (Fig.6). 39, s
AZZE Qe st WIAZE AT o)A
clonidine (10 M)ol] 23 HWFEZn}2 o cq.
ciumel & GgAel A}, FA ookl
verapamil (3X10-¢M)< 7}3S wiox 91Add £
A=t (Fig. 7).
HIZIAE o- T84

¥ phenylephrine & #o$Zuol2
vl7td " o 2 B843}4)7]+= dibenamine (2X10-7
M)E 1587 A28 3ol WA ZE AT &
oAl phenylephrine & Houke-2  dibenam-
ine& AA3A %3k& wle  phenylephrine 9
e uh3-of o 50%E =gl on], WAL} 9]
© Ao A9 phenylephrine ¢| 9F$-& i< %]
1A A=l (Fig. 8). Fig.8olA uoAze
A o)A dibenamine S HA33S wiob

A A ks o e v L

)ll

jetekol dibenamine %{%|

—a- ‘T‘%X‘”“a‘

'3

dod+=
phenylephrine ¢] %ol wW& double-reciprocal
plot ol 2 &3k AX X3 (linear curve)d] 7]$7]9}
A9 %,{'__.E_—,—E] AlA¥sts, dibenamine % &
oA BHYUNZ Fololt - 4EA w2
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Fig. 6—Effects of Ca+ +-free solution and verapmil on
phenylephrine (1x 10-¢ M)-induced contraction
in the endothelium-containing rings (A) and en-
dothelium-denuded rings (B). Phenylephrine pro-
duced biphasic responses, initial rapid phasic re-
sponse followed by the slow tonic response in
the endothelium-containing rings and endotheli-
um-denuded rings. The tonic response in the pre-
sence of phenylephrine were completely abolished
in Cat+-free solution or by verapamil (3x10-6
M). PE, phenylephrine; VER, verapamil

Ca**

Ca''—free +
' ) VER )
Clon Clon Clon

_Jro

f Ca
B Ca*'~tyee 4

' i '
Clon Clon Clon

Fig. 7—Effects of Cat++-free solution and verapmil on
clonidine (1x10-8 Myinduced contraction in the
endothelium-containing rings (A) and endothelium-
denuded rings (B). Clonidine produced only tonic
responses in the endothelium-containing rings and
endothelium-denuded rings. Clonidine-induced con-
traction was completely abolished in Ca++-free
solution or in the presence of verapamil (3x
10-¢ M). VER, verapamil; Clon, clonidine

ElE g g2 <F 0,033 th, w2bA dibenamine
@x10"M)& HAL Foltv o-FEA7F oF
97% E¥AstE gt Al EE, =3 phenyle-
phrine-receptor complex 9] g]4 K, & 1.3x
1Mol (“daduy” atw), ol 2o
dibenamine & A3 Fo WA E7} & P
2 A ZE A7 el phenylephrine 9]
F=uh-8-F 42 dibenamine 2 A X5}z oL

clonidine &} F=1H-FAI# ¢ ¥lsEHA Houoh
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30 phenylephrine (10~ M)l ¢13t &i5-35u-52 ©f
25 A4 (biphasic)#-8-& WEpiI S,  dibenamine
5 20l (2x10"M)& A5 Wl vhge]l @A s
z o}As]o] =AM (monophasic)el tonic HM--=FE:
2" JozAnt(Fig.9). °leb 2 tonic W2 cal
"o cium o] gl Rl el £AHYD, 4
0.51 odokollol| calcium F9 A=leRl verapamil € 7
ol | , _ o 3193 wlol = 9A3F 445Ut (Fig.9). olek 3
® ? ¢ 5 & AzdE clonidineo] o3 F3ubgol Hg
. PHENYLEPHRINEL oot calcium °] §lE g a3} verapamil & &

Fig. 8 —~Effects of pretreatment with dibenamine on co- o

ncentration-response curves for phenylephrine
in the endothelium-containing and endothelium-
denuded rings. Curves aren for untreated endo-
thelium-containing rings (0, n=4) and endothel-
ium-denuded rings (@, n=4), and for dibenam-

ine-treatmented (2x10-7 M for 20 min) endo- ~

thelium-containing (0, n=4) rings and endothe-
lium-denuded rings (8, n=4). Each point is the
mean and vertical bars indicate the S.E.

Ca'
\ 0.2uM ; ; ViR
PE PE ™ P PE
__|e
K Smin
s oo /[ e ey
' oym free VER f
PE PE PE PE

Fig .9—Effefcts of Ca++-free solution and verapamil
on phenylephrine (1x10-6 M)-induced contract-
ion after pretreatment with dibenamine (2x 10-7
M) in the endothelium-containing rings (A) and en-
dothelium-denuded rings (B). After pretreatment
with dibenamine phenylephrine-induced contracti-
ons were markedly depressed as compared to tho-
se before pretreatment with dibenamine in the en-
dothelium-containing rings and endothelium-denud-
ed rings and were completely abolished in Ca+ +-
free solution or in the presence of verapamil (3x
10-8 M). PE, phenylephrine; DB, dibenamine;
VER, verapamil.
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