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ABSTRACT

Responsiveness of muscarinic and alpha adrenoceptor activation on endothelial cells was studied
in isolated canine renal artery rings. Ach (10-100 nM), dose dependently, relaxes endothelial intact
rings precontracted with phenylephrine (IC,, of Ach was 34.5 nM). Selective mechanical destruction
of the endothelium transformed the activity of this substance from vasodilatation to vasoconstriction.
Acetylcholine induced relaxations could be selectively inhibited competitively by atropine, but could
not be inhibited by cyclooxygenase inhibitor. Methylene blue, however, an inhibitor of soluble
guanylate cyclase activity, inhibited Ach as well as sodium nitroprusside (SNP) induced relaxation.
Relaxation produced by prostacyclin was not modified by methylene blue.

On the other hand, alpha adrenoceptor agonist did not relax but contract canine renal artery
rings possessing an intact intima precontracted with U-46619. Clonidine, however, selective alpha-2
adrenergic agonist, is more susceptible than phenylepherine, selective alpha-1 adrenergic agonist, to
the inhibitory effect of contraction.

These results suggest that in canine renal artery rings, 1) muscarinic receptor is responsible for
releasing endothelium dependent relaxation factor (EDRF). 2) alpha-1 and alpha-2 adrenergic
receptors are present in canine renal artery. 3) relaxation via EDRF is antagonized by methylene
blue, providing further evidence that EDRF acts through a cGMP mechanism.
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INTRODUCTION

The relaxing effect of acetylcholine (Ach) on
rabbit aorta was mediated indirectly by a nonpros-
tanoid substance released from the endothelial
cells was first demonstrated by Furchgott et al in
1980. Similar endothelium-dependent mechanisms
have subsequently been shown in other arteries
and for other vasodilator compounds (Cherry et
al, 1982, De May et al, 1981, Singer et al, 1983).
However, only recently has the idea that vasocon-
strictors, such as norepinephrine, serotonin and
thrombin etc. (Cocks et al, 1983, Cohen et al,
1983, De May et al, 1983) also release endo-
thelium-dependent relaxation factor (EDRF) and
vascular endothelial lining does modulate alpha
adrenergic agoinist-induced vasoconstriction

(Egleme et al, 1983, Lues et al, 1981) started to
attract more interest to the role of this factor in
both normal and diseased blood vessel. Even
though many attempts have been made to elucidate
the nature of EDRF (Chand et al, 1981, Forster-
mann et al, 1984, Griffith et al, 1984, Singer et
al., 1984), the chemical nature of this factor, how-
ever, is still unknown. Furthermore, the fact that
species-as well as site dependent differences of the
factor exist (Angus et al, 1986, Forstermann et
al, 1984) seems to make matters more compli-
cated. On the other hand, considerable portion of
hypertension secondary to renovascular disease is
attributable to renal arterial stenosis due to is-
chemia and atherosclerosis of renal artery (Ste-
phen, 1984). To test the possible etiology of the
increased renal resistance observed in renal hyper-
tension might be damage to arterial endothelium,
we wish to know the following things in this study.



(D Do the canine renal arteries respond to release
EDRF ? (@ If so, for what kind of receptors is
responsible ? Will it be a muscarinic cholinergic
and/or alpha adrenoceptor. Finally, 3 what is
the mechanism of action of EDRF ?

METHODS AND METERIALS
Preparation of renal arterial ring

Healthy mongrel dogs of either sex (25~ 35 kg)
were anesthetized with phenobarbital sodium (20
~30mg/kg) and the renal artery and some of its
side branches were dissected out and rinsed with
Krebs-bicarbonate solution to remove remaining
blood. The arteries were cleaned from connective
tissue and special care was taken during the prepa-
ration not to damage the endothelium of the blood
vessels. Endothelial cells were removed from some
rings by gently rubbing the intimal surface, with a
wooden stick. The cleaned canine renal artery
(CRA) was then cut into 2.5 mm wide transverse
rings, using a specially designed razor blade slicing
device.

Isometric tension recording

Rings were mounted horizontally onto two
L-shaped hooks in tissue baths containing 10 mL
Krebs solution at 37°C of the following composi-
tion (mM): NaCl 118.5, KCl 4.74, NaHCO, 1.18,
MgSO, 1.18, CaCl, 2.5, Glucose 10, and EDTA 0.
1; and bubbled with 95% O,~5% CO,. Rings
were mounted under an optimal resting tension of
2 g and allowed to equilibrate for more than 90
min before the experiment. During the equilibra-
tion period, the tissue bathing solution was chan-
ged every 20 min. After the initial equilibration
period, the artery preparations were exposed to
maximally effective concentrations of one of the
agonists to ensure stabilization of the muscles.
After a stable plateau tension had developed, the
agonist was removed by several washes with fresh
buffer solution. A period of 30 to 45 min was
elapsed for equilibration, after the agonist was
added at EC;, level (PE 10-5M, U-46619 10-"M)
to the medium. U-46619 was used only in experi-
ment as to whether alpha adrenoceptor activation
releases EDRF. Tension was measured
isometrically using Narco F-60 transducers and
was displayed on Narco physiographs.

Histological examination

To ascertain that the mechanical rubbing
applied to the canine renal rings had successfully
removed the endothelium, control and rubbed
rings were incubated for 2 hour in Kreb-
bicarbonate solution at 37°C. They were sectioned
horizontally and stained in vitro with Hematox-
ylin and Eosin. Light microscopic examination of
the intimal layer of the control rings revealed
endothelial cells (Fig. ! A). However, endothelial
cells was not seen in arteries where the intimal
layers has been rubbed mechanically (endothe-
lium-denuded ring Fig. 1 B) indicating the proce-
dure had removed the endothelial layer.

Drug

Phenylephrine hydrochloride, Acetylcholine
chloride, Atropine sulfate, Indomethacin, Pros-
tacyclin, Propranolol hydrochloride, Sodium
nitroprusside, Clonidine were purchased from
Sigma Chemical Co. U-46619 was kindly gifted
from the Upjohn Company (Kalamazoo, MI).
Methylene blue was obtained Fluka AG (Switzer-
land). All other solutions were freshly prepared
immidiately prior to use. All working solutions
were stored on ice throughout the experiment.

RESULTS
Endothelium dependent vasodilatation

In order to investigate action of Ach on the
endothelium preserved CRA rings precontracted
with 10-°M phenylephrine, their rings were cum-
latively exposed to Ach 10-% to 10~°*M, which
results in concentration dependent relaxation. On
the other hand, in endothelium depleted CRA
rings of contracted with phenylephrine, cumulative
addition of Ach (10-*M~10-°M) causes no
change or rather increases tension. The IC;, of
Ach on the endothelium preserved CRA rings was
34.5nM (Fig. 2).

Ach stimulate release of EDRF via muscarinic
receptor

As to whether relaxation induced by Ach is an
event through muscarinic receptor, .after prein-
cubating of 1077 M of atropine for 15 min, expo-



Fig. 1. Histological examination of the intimal surface (Hematoxylin-Eosin staining), Light microscopic examina-
tion of the intimal layer of the control rings revealed endothelial cells (arrow, A). However, endothelial cells
was not seen in arteries where the intimal layers has been rubbed mechanically (B), indicating the procedure

had removed the endothelial layer. Left (X 10) Right (X 200)

sure of phenylephrine precontracted endothelium
preserved CRA ring to 107 M Ach resulted totally
blocking of relaxation effect (Fig. 3A). These
results confirm the relaxation of isolated CRA
rings to Ach is endothelium dependent, involves a
muscarinic receptor.

EDRF are not inhibited by cyclooxygenase
inhibitor

There are some reports that intact endothelium
releases vasodilating substance such as PG I, after
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Fig. 2. Tracing of isometric tension recording of isolated canine renal artery. Phenylephrine (PE) added to the
organ bath causes a contraction. In rings that have been rubbed of endothelium, cumulative addition of
acetylcholine (Ach) causes no change in tension, whereas in rings with endothelium, concentration
dependent relaxation results. Summary data of experiments are presented in the right side of tracing. W
indicates wash out of preparation. All concentrations are expressed as logarithms of molar concentrations.
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Fig. 3. Tracing of isometric tension of isolated rings of canine renal artery with before and after addition of
atropine and indomethacin. Panel A illustrates acetylcholine (Ach) induced relaxation was competitively
inhibited by pretreatment of atropine. Panel B illustrates acetylcholine (Ach) induced relaxation was not
attenuated with presence of indomethacin. Summary data of experiments are presented in the right side of
tracing.



Ach —5
-7
el
-65
4g[
Clonid i
w 10 min
N

U46619 -7

151 B
=
wi
w
S 10} ~log, M
10
Q
z
) I
@ 5F e
z L1l]5.5
= | 16
16_5\
Al
0
PE. Clonid.

Fig. 4. Tracing of isometric tension of isolated rings of canine renal artery. Panel A shows clonidine fails to relax
endothelial intact renal artery. Rings were contracted by U-46619 (100 nM) in the presence of propranolol
(3nM). Endothelial integrity was checked by adding acetylcholine (10 nM). Panel B illustrates dose-
dependent tension increment of alpha-adrenergic receptor mediated response in canine renal artery with
endothelium. Data represent mean s.e.m of 4 to 6 preparations.

Ach treatment (Jaun, 1981, Moncada et al., 1977).
To test these possibilities after 25 min preincuba-
tion of cyclooxygenase inhibitor, indomethacin
(1073M), Ach (10~° M) introduced to the vessels
precontracted with 107>M phenylephrine (Fig.
3B). Action of EDRF are not inhibited by cycloox-
ygenase inhibitor. These result confirm the hypoth-
esis that EDRF is not a prostanoid substances.

Effects of alpha adrenoceptor activation on
EDREF release

After testing with acetylcholine for relaxation
as proof of intact endothelium, CRA rings were
washed with normal Krebs solution 4 to 5 times
and allowed to re-equilibrate for 45 minute. Rings
were then preincubated with 1077 M U-46619, a
stable analog of PGH, and mimic of the activity of
TXA,, and at peak contraction, exposed to
clonidine, selective alpha-2 adrenergic agonist,
from 10-7 M to 1075 M. Clonidine caused a dose-
dependent constriction (Fig. 4A). Phenylephrine,
selective alpha-1 adrenergic agonist, also increased
in tension dose dependently in endothelium intact

CRA rings precontracted with U-46619. Fig. 4B
shows tension increment of alpha-adrenceptor
mediated responses in CRA rings with intact
endotelium. However, maximum developed ten-
sion to clonidine was 47.6% to that of phenyle-
phrine.

Action mechanism of EDRF

Methylene blue is known to an inhibitor of
soluble guanylate cyclase (Cherry et al, 1982,
Miller et al, 1984, Rapopport et al, 1982) and
Ignarro et al. (1987) have postulated that it is the
inhibition of this enzyme which antagonizes en-
dothelium dependent vasodilator responses of
Ach. Preincubation with 10-°* M methylene blue
completely blocked the action of Ach in relaxation
of endothelium preserved CRA rings which was
precontracted with 10-°*M phenylephrine (Fig.
5A). Preincubation with methylene blue (107 M
-10-* M) also antagonized sodium nitroprusside-
induced relaxation in the present experiment (data
not shown). It is implying that relaxing effect of
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Fig. 5. Tracing of isometric tension of isolated rings of canine renal artery with endotelil.lm before and after
addition of methylene blue. Panel illustrates acetylcholine (Ach) induced relaxation was corr'lpletely
inhibited by pretreatment of methylene blue. Panel B illustrates Prostacyclin (PGI,) induced relaxalflon vYas
not attenuated with presence of methylene blue. Summary data of experiments are presented in the right side

of tracing.

Ach in this experiment is through cGMP

Prostacyclin-induced relaxation are not inhib-
ited by methylene blue

In other experiments, 10~ M concentration of
PGl, was found to induce relaxation in endoth-
elial intact CRA rings precontracted with 10-5 M
phenylephrine. These relaxation are not inhibited
by preincubation for 15 min with 10-> M meth-
ylene blue (Fig. 5B).

DISCUSSION

The present results provide further evidence for
the hypothesis that relaxation of isolated CRA
rings to Ach is endothelium-dependent, involves a
muscarinic receptor and is antagonized by meth-
ylene blue. Furchgott and collegues (1980)
pioneered to uncover the existence of an EDRF in
intact vascular smooth muscles.

This factor is obviously not prostaglandin
(Furchgott ez al,, 1980) which is confirmed here by

the ineffectiveness of indomethacin against the
relaxation (Fig. 3B). Methylene blue has become a
valuable pharmacological tool since it antagon-
ized the increase in cGMP as well as the relaxant
effect of various nitrosocompound (Holzmann et
al, 1982, Miller et al., 1984, Rapopport et al,
1982). Juan (1981) reported that Ach dose depen-
dently released PGI, in the isolated perfused rabbit
ear (Moncada et al, 1977) which, however, was
not the case in the present experiment since in-
domethacin did not inhibit Ach-induced relaxa-
tion (Fig. 3B). The data from this experiment show
that EDRF-mediated relaxation is inhibited by
addition of methylene blue, providing further
evidence that EDRF acts through a cGMP mecha-
nism (Holzmann et al, 1982, Ignarro er al, 1984,
Miller et al, 1984, Rapopport et al, 1982). The
stimulus for the production of cGMP is probably
EDRF. Since the relaxation of arterial prepara-
tions to prostacyclin was not inhibited by meth-
ylene blue, the antagonism of Ach induced relaxa-
tion by methylene blue was not nonspecific but
more likely due to the inhibition of cGMP produc-
tion.



On the other hand, it is now generally accepted
that alpha-1 and alpha-2 adrenoceptors coexist
postjunctionally in vascular beds of many mam-
malian species (Ruffolo er al, 1984) and .both
subtypes mediate vasoconstriction (Scarborough
et al, 1984). The present experiment showed that
both phenylephrine, alpha-1 adrenergic agonist
and clonidine, alpha-2 adrenergic agonist caused
vasoconstriction (Fig. 4) which confirms that
alpha 1 and alpha 2 adrenergic receptors are
present in canine renal arteries. In our experiment,
alpha receptors mediated responses in CRA ring
preparation were vasoconstriction regardless of its
subtype. It should be noted, however, maximal
constriction effect of phenylephrine was greater
than that of clonidine. At the present time the
underlying mechanism of this difference is not
known. One possible explanation for this apparent
difference is that alpha -2 selective agonists can be
taken up to endothelium with high affinity more
than alpha 1 selective agonists resulting in dimini-
tion of agonist concentration at the biophase. On
the other hand, there is a possibility that alpha
receptor of endothelium of CR A might be an alpha
2 subtype so that EDRF release via this receptor
partly countracts contractile effect of clonidine.
Further investigation is required to resolve this
difference. Damage or loss of th endothelial layer
in CRA is one of possible mechanism in increasing
renal resistance, which may also contribute to
renovascular disease such as renal hypertension.
The present results clearly demonstrate that mus-
carinic receptor is responsible for releasing EDRF
and stimulation of endothelial alpha receptor of
CRA caused vasoconstriction rather than vasor-
elaxation. However, alpha 2 subtype is more sus-
ceptible than alpha 1 subtype receptor. Cyclic
GMP increment might be the action mechanism of
EDREF.
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