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ABSTRACT

AIM: To characterize the subtype of o-
adrenoceptor mediating vasoconstriction in perfus-
ed rat mesenteric vascnlar bed. METHODS:
The potencies { pA2 values determined by Schild
plot )
were determined by isolaled vasoconstrictive

of @;-adrenoceplor-selective antagonists

experiment. The pK, values were determined by
2 1.BE 2254 binding from the cloned a;5-+ ajp--
and a,p-adrenoceptor, stably expressed in hnman
embryonic kidney { HEK) 293 cells. RE-
SULTS: The pA; values for a,-adrenoceplor-
selective antagonists, RS-17053. WB 410tL,
5-methyl-urapidil, and the a;,-adrenoceptor-
selective antagonist, BMY 7378. were 8.98
0.28,9.16 £0.20, 8.69 + 0.02, and 6.03
(.26, respectively, with the slope not different
The pA. values of the above
antagonists correlated well with the binding pAj
values only for a)4-adrenoceptors { r = 0.97},
but not for o;g-adrenoceptors { r = 0.52) and
o p-adrenoceptors ( r = 0.04). The concentra-

from unity.

tion-vasopressor  Tesponse curve for norepine-
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phrine was not affected by pretreatment with
chloroethylclonidine ( Chl) 50 pmol * L™ ' for 30
min. CONCLUSION: Only o 4-adrenoceptors
rmediate the norepinephrine-induced vasopressor
response in perfused rat mesenteric vascular bed .

INTRODUCTION

a;-Adrenoceptors  have been classified on
the basis of pharmacological evidences into 3
subtypes termed aja-, @3-, and ajp-adrenoceptor
subtypes. The heterogeneity of a,-adrenoceptors
is further supported by results of receptor gene
cloning studies which showed that 3 molecular
subtypes {aj4-» ajp-, p-adrenoceptor) existed
and corresponded directly

expressed in intact tissues'!,

o the receptors

Investigations employing functional, radio-
ligand binding, and molecular methods demon-
strated the existence of multiple o;-adrenoceptor
subtypes in vascular smooth muscle of isolated

rat, rabbit, dog. and homan blood vessels, such
as r:lortz-lt[:"J .
a.rteryu“‘] , elc.  These arteries essentially func-
tion as condmi vessels which direct blood flow

into organs; the contractile properties of these

renal artery, and mesentenc

vessels have a minor infhuence on the regulation
of vascular resistance. It is more important to
determine the distribution and function of a)-
adrenoceplor subtypes in vascular bed.

The affimty estimate for both 5-methyl
urapidil and WB 4101 suggested that vasocon-
strictor response to exogenons NE was mediated
via a; 4-adrenoceptor subtypetj]. but it did net
exclude the ojp-adrenoceptor since the two

antagonists had high affmity for ¢p-adrenocept-
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or.  In the present study, subtypes of aj-adreno-
ceptor distributed in rat mesenteric vascular bed
were studied by determining functional potencies
of oy-adrenoceptor subtype selective antagonists
and were compared with binding affinities at
cloned o -adrenoceptor subtypes.

MATERIALS AND METHODS

Drugs {-Norepinephrine bitartrate { NE) ,
yohimbine,  propranolol,
metanephrine, pragosin, indometacin { Sigma
Chemical Co. USA); WB 4101 [2-(2.6- di-
methoxyphenoxyethyl ) aminomethyl-1, 4-benzodi-
oxane |, 5-methyl-urapidil, BMY 7378 {8-[2-
[ 4-( 2-methoxyphenyl )-1-piperaziny! | ethyl }-8-
azaspirol [4.5] decane-7,9-dione | { Research
Biochemicals Inc, Natick MA, USA); RS-17053
{ N-[ 2-(2-cyclopropyl-methoxy-phenoxy ) ethyl |-
5-chloro-a, a-dimethyl-1 H-indole-3-ethanamine
hydrochloride| ( Roche Bioscience, USA); BE
2254 [2-B( 4-hydroxypheny! ) -ethylaminomethyl )-
tetralone ] ( Beiersdorf, Hamburg, Germany);
[B1]Nal (China Tnstitte of Atomic Energy.,
Beijing) .

Isolated vasoconstrictive experiment!®’
Experiments were performed with male, 180 —
200 g Wistar rats (n =32, Grade I . Centificate
Ne 013056 ). Rats were anesthetized with
pentobarbital sedium (60 mg - ke™', ip).
Heparin 1000 U was injected via the femoral

desipramine,  nor-

The superior mesenteric artery was
cannulated with a PE-90 polyethylene cannula,
cotion ties. The

vem.

which was secured with
mesenteric artery was immediately perfused with
modified Krebs® solution. The contents of the
intestine were removed by flushing with Krebs®
solwton .

The preparation was placed on a gauze pad
in a water-jacketed Petri dish, and perfused with
warm oxygenated Krebs’ solution at a constant
rate of 6 mL-min™'.
in a ‘temperaiure-controlled cabinet, and the

Perfusion was performed

arterial perfusion medium was temperature
passage through a heat
exchanger.  The perfusion Kkrebs' solution
contained; NaCl 118, KCl 4.7, CaCl 1.27,
Mg50; 1.2, KHaPO, 1.2, NaHCO; 25, glucose
8.3 mmol-L™", and 2 % hydroxyethyl starch,
pH 7.4 at 28 C. The buffer was filtered under
pressure through a (.45-pm-pore filter before
use. The perfusion solution was saturated with a
mixture of 95 9% Oy +5 % COx.  The perfusion

pressure was monitored through a junction, using

equilibrated by

a pressure transducer connected to a polygraph.
Desipramine 1 pmol*L™" and normetanephrine 1
pmmol * L7 (to block neuronal and extraneuronal
upiake of NE, respectively), indometacin 10
tmol + L' to inhibit prostanoid production ),
propranclol 10 gmol *+ L™ (to block f-
adrenoceptors ), and yohimbine 0.1 pmol « [L7!
{ to block a;-adrenoceptors) were also included in
the perfusion solution, the basal perfusion
pressure was (6.40+0.13) kPa (n =32).
Noncumulative concentration-response cur-
ves { CRC) were obtained to NE by perfusion
preparation with Krebs™ solution containing
agonist until a peak vasoconstrictor response
{ rheasured as an increase i perfusion pressure )
was obtained; at this point the perfusion solution
was switched to one free of agomist. The
perfusion pressure was allowed to return to
baseline before addition of the next ascending
With the exception of
those with Chl, all experiments with antagonists
were petformed as follows. After control NE
CRC was made, the mesenteric vascular bed was
peffused for 30 min with Krebs' solution
containing antagonist {3 different concentrations
with 0.5 lg[ drug ] increments) or vehicle. A

second curve for NE was then made in the

concentration of agorust.

presence of antagonist or vehicle { time control) .
Perfusion pressure was determined from a
calibrated recorder tracing, and CRC was made.
The ECsp of NE was calculated by compuier
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analysis using non-linear regression. The pA,
and slope for the antagonist were determined by
Schild with Chl  were
performed in the following way. After a control
CRC for NE, the mesenteric vascular beds were
perfused with Chl 50umol * L™} for 30 min and
then with Krebs® solution free of Chl for 30 min
before construction of the second CRC for NE
were made.

Radioligand binding assays Cell culre
and membrane preparation were made!”. BE
2254 was rmadioiodinaied by ['Z 1) Nal to a
theoretical radioactivity of 81.4 TBq* mol~ 17
and stored at — 20 “C in methanol.
'51.BE 2254  binding
incubating the tissue preparation with '“I-BE
2254 in PBS in a final volume of 250pL for 20
min at 37 “C in the presence or absence of
competing drugs.  Afier 20 min, the incubation
was terminated by adding 10 mL of Tris-HCI 10
mmol* L™ '(pH 7.4) and the mixture was filtered
under vacuum using a glass-fiber filter. Each
filter was washed with 10 mL of Tris-HCl 10
mmol* L™', dried and its radioactivity (cpm)
was measured ( efficiency 78 % ) . Nonspecific
binding was <15 % . To determine the affimty
of 5-methyl-urapidil, BMY 7378, RS-17053,
prazosin, and WB 4101 1o o;-adrenoceptors, the

plot.  Experiments

Specific

was measured by

potencies of these antagonists for competing for
the specific '“I-BE 2254 binding sites were
determined by incubation of a single
concentration of '* [-BE 2254 (40-50 pnwl-L™")
in the presence or absence of 16 concentrations of
the antagonist. The ICsp values were determined
as the x axis intercept on a Ill plot, and K
values were calculated'®'.

Statistics Data were expressed as ¥ + s
and compared using ANOVA or paired ¢ test.

RESULTS
pA, values of o,-adrenoceptor subtype
selective antagonists Prazosin 1 - 10 nmol -

=" or yohimbine 1 — 10 gmol* L™ competitively
antagonized NE-induced vasoconstriction, with
the pA, values of 9.11 + 0.28. 5.91 + 0.28;
and slope in the Schild plot of 0.82 + 0.18,
0.85+0.25, respectively (Fig 1).

—
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Fig 1. The antagonistic effects of prazosin and
yohimhine against NE-induced contractile
response in rat perfused mesenteric vasculature.
(A) in the absence () and presence of
prazosin: 1 (@), 3 (x ), and 10 nmol - L™'

{C1). (B) in the absence () and presence of
yohimbine: 1 (@), 3 ( x ), and 10 pmeol-L"!
(C1). m=4, xxs. The inset was Schild plot.

In the presence of yohimbine 0.1 prmol L'
1o block a;-adrenoceptors, prazosin (1 — 10 nmol
*L™'), RS-17053 (1 - 10 nmol* L™"), WB
4101 (1 - 10 nmol - L"), 5-methyl-urapidil {3
- 30 nmol-L.™"), and BMY 7378 (0.3 - 3 pmol
*L™") did not reduce the maximal response.
Schild regression analyses vielded lines with
slopes not different from unity. and showed high
potencies for RS-17053, WB 4101, and 5-
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methyl-urapidil, but a low potency tor BMY 7378
(Tab 1).

pK; of a;-adrenoceptor antagonists The
a,-adrenoceplor  subtype-selective  anlagonisis,
WB 4101, RS-17053, 5-methyl-urapidil, and
BMY 7378 concentration-dependently inhibited
binding of '®1-BE 2254 10 o4, ap. oo
adrenoceptors siably expressed in the HEK 293
cell line {Tab 1).

Comparison between pA, for o-
adrenoceptor subtype antagonists and pX; at
cloned a;-adrenoceptor subtypes The
patencies (pAa) for the o -adrenoceplor subtype
seleclive antagonists on the contraclile response 1o
NE in isolated perfused mesentery correlated well
with the binding affinities (pK;) al the cloned
ax-adrenoceptor ( r = 0.97, Fig 2A). In
contrasl, the functional pA, values correlated
poorly with binding pA| values al cloned g-
(r=0.52, Fig 2B) and qp-adenoceplors
(r=0.04, Fig 2C).

Effect of Chl on CRC for NE in rat
perfused mesenteric vascular bed Chl 30
umol*L™! pretreatment for 30 min did not change
the CRC for NE. The ECso [(27£5) us (28+
4) ymol*L™', n=4. P>0.05] and maximal
increase of perfusion pressure [{(11.1+1.8) s
{10.5+1.3) kPa, n=4, P >0.05] were not
significantly different between the Iwo groups
{Fig 3).
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Fig 2, Correlations between the potencies

(pA;) of the oy-adrenoceptor antagomists for
inhibition of NE-induced vasopressor response in
rat perfused mesenteric vasculature and binding
affinities (pX,) at the cloned a;,- (A), ap- (B),
and o;p-adrenoceptor (C}.

DISCUSSION
The present sludy showed that, in perfused

Tab 1. Functional potencies (pA,) of oy-adrenoceptor antagonists and radioligand binding affinities (pX;)

al cloned ©,-, ¢4p-, and o;y-adrenoceptors,

Cloned o 4 Cloned o Cloned o
" P slope n pk, ny n pk, i 7 Pk Ty
Prazosm 4 9.2 +0.5 0.9 +0.4 4 9.34+0.20 0.67+0.08 4 2. 16+0.16 0.92:0.04 4 9.7 0.3 0.78+£0.02
WB4101 4 9.16+0.20 0.9%+0.20 4 9.28+0.26 0.75+0.10 57.3 +0.4 0.85:0.22 4 §.42+0.16 0.55+0.20
R5-17053 4 8.98+0.28 0.96+0.18 4 8.5910.16 0.93+0.16 4 7.06+0.18 0.86+0.10 4 7.40+0.22 0.9 +0.2
MU 4 8.65+£0.02 1.09+0.02 58.24+0.28 0.85+0.23 56.40+0.28 0.75£0.26 4 6.76+0.28 0.9 0.3
BMY 7378 4 6.03+0.26 1.03+0.20 4 6.1120.20 1.10+£0.20 4 6.4 £0.3 1.10z£0.10 4 8.3 =20.3 0.85+0.20

* 5-methyl-urapidil
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Fig 3. The effect of chloroethyclonidine 50
umolL ") pretreatment on NE-induced pressure
response in perfused rat mesenteric vasculature.
{70} Control; (@} Chl 50 pmol-L"'.
Xxty,

n=4.

ral mesenteric vascular bed, the vasopressor
response to exogenous NE was antagonized by
prazosin approximately 1500-fold more potently
than by yohimbine. The pA; values for prazosin
(9.11 = 0.28 » 9.18 = 0.50)
significantly different in the absence and presence
of yohimbine 0.1 pmol - L") to block -
adrenoceptors possibly participating in  NE-
induced wvascular constriction.  These results
indicate  that  the NE-induced
vasopressor response is predominantly mediated
by oy-adrenoceplor in the perfused rat mesenteric
vasculer bed.

The functional experiments of the present
study showed that the o s-adrenoceptor selective
antagonists, RS-17053, WB 4101, and 5-
methyl-urapidil.  inhibited the NE-induced

vasopressor response with high potencies, which

were  not

EXOgenons

are consistent with the K, values reported from
binding assays''® ', The ap-adrenoceptor
also had relatively high affinities for those
antagonists compared with those of the ap-
adrenoceptor. In contract, BMY 7378 has an
approximately 100-fold higher affinity at o4p- than

at oy~ and ¢ B-adrenoceptors“l‘ . In accordance

with this. the pA; value for BMY 7378 obtained
in the present study i3 consistent with its low

affinity at a; 4-adrenoceptor. The fact that slopes
of Schild plot for all antagonists mentioned were
different

supported the assuption that there was a single

not  significantly from unity also
subtype of aj-adrenoceptor existing in rat
mesenteric vascular bed. Further, we performed
radioligand binding assays in subcloned HEK 293
cells stably transfected with o)4-. a3~ or ap-
adrenoceptors to measure A; values of these
compounds, and compared these K| values with
the pA; values obtained from the functional
experiments,  As expected. the results showed
that the correlation was much higher at cloned
a4~ than at the cloned o)y or ¢ p-adrenoceptor.
Another strategy to determine «;-adrenoceptor
subtypes in a tissue is to assess the ability of Chl
to irreversibly inactivate o;-adrenoceptor specific
binding or to block ¢ -adrenoceptor agonist-
Both og- and oyp-
adrenoceptor were sensitive to Chl., while the «; 4-
M.12) I the present study.
preparations were pre-perfused with Chl 50umol -
L~ for 30 min, which should be able to block
most responses induced by either oy- or o p-

induced * responses.

adrenoceptor is not

adrenoceplors according to other reports and our

(13, 14]

OWn experience Under these conditions,

the NE-induced vasopressor response was nol
changed significantly, indicating that the
response was mediated only by o ,-adrenoceptor.

In conclusion, only the «;4-adrenoceptor
contributed to  the NE-induced
vasopressor response in rat mesentery, since the

EX0gENOUs

potencies of 4 sublype selective antagonists
correlated well with their binding affinities only
for the o 4-adrenoceptor but not for oyp- and ap-
adrenoceptors, and the
influenced by Chl pretreatment.

response  was  not

1 Ford APDW, Willams TJ, Blue DR Jr, Clarke
DE. o -Adrenocepior classification; sharpening

Oceam’s razor.
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