British Journal of Pharmacology (1999) 128, 451-457

© 1999 Stockton Press Al rights reserved 0007 -1188/99 $15.00

http://www.stockton-press.co.uk/bjp

Iodinated radiographic contrast media inhibit shear stress- and
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1 We have used isolated arterial preparations from the rabbit and dog to investigate whether non-
ionic iodinated radiographic contrast media (IRCM) modulate nitric oxide (NO) release. The tri-
iodinated monomers iopromide and iohexol were compared with the hexa-iodinated dimer
iodixanol.

2 The vasodilator effects of iohexol (300 mg mI~") and iodixanol (320 mg ml~') were assessed in
cascade bioassay. Increasing concentrations of iohexol or iodixanol caused concentration-dependent
relaxations of the detector tissue which were insensitive to 100 uM N%-nitro L-arginine methyl ester
(L-NAME) and 10 um indomethacin, whereas viscosity-associated relaxations induced by the ‘inert’
agent dextran (MW 80,000; 1-4%) were attenuated by inhibition of NO synthesis.

3 Relaxations of endothelium-intact rings to acetylcholine (ACh) were attenuated by preincubation
with iohexol or iodixanol, whereas relaxations to sodium nitroprusside (SNP) in endothelium-
denuded rings were unaffected. Inhibitory activity did not correlate with either molarity or iodine
concentration. Mannitol caused inhibition of both ACh- and SNP-induced responses.

4 1In isolated perfused arteries the depressor responses to iodixanol (320 mg ml~') and iopromide
(300 mg ml~") administered as close arterial bolus attained a plateau with maximal dilatations of
~25% and ~60%, respectively. Addition of 100 uM NS-nitro L-arginine (L-NOARG) and/or 10 um
indomethacin to the perfusate had no effect on the responses to either agent.

5 We conclude that IRCM exert direct effects on the endothelium that inhibit NO production
rather than its action on vascular smooth muscle. Shear stress-induced stimulation of NO
production by IRCM is unlikely to contribute to their vasodilator activity in vivo when administered

during angiography despite high intrinsic viscosity.
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Introduction

All types of iodinated radiographic contrast media (IRCM)
cause vasodilatation, regardless of molecular structure,
although it has become apparent both clinically and in animal
models that this phenomenon is less pronounced with nonionic
hexa-iodinated dimers such as iotrolan and iodixanol than
nonionic tri-iodinated compounds at iodine concentrations
that provide equivalent angiographic contrast (for review see
Pugh & Karlsson, 1997). Previous generations of ionic IRCM
often caused severe pain during intra-arterial injection, and the
main factor responsible for vasodilatation was thought to be
the high osmolality of such compounds which can be 7-8
times that of plasma (Almén, 1995). However, vasodilatation is
still observed following intravascular injection of isoosmotic
formulations of nonionic dimeric IRCM, so that such agents
cannot be considered as haemodynamically inert (Pugh &
Karlsson, 1997). Such observations suggest that vasodilatation
may result, at least partly, from intrinsic pharmacological
properties of the IRCM molecule itself. Indeed, as early as
1970, Lindgren questioned whether the vasodilator properties
of IRCM were attributable exclusively to osmotic effects
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(Lindgren, 1970), concluding that vasodilatation was largely
due to pharmacological actions of IRCM on the basis of
pronounced differences in the in vivo vasodilator activities of
diatrizoate and acetrizoate, two agents which have almost
identical osmolalities.

Organ bath experiments have demonstrated that a direct
endothelium-independent action on vascular smooth muscle
plays an important role in the mediation of IRCM-induced
vasorelaxation in rabbit aortic rings (Pugh et al., 1995; Pitman
et al., 1996). However, the development from tri-iodinated
ionic monomers to nonionic monomers and subsequently to
hexa-iodinated nonionic dimers has resulted in increased
viscosity (Almén, 1995), which may be as high as 15 mPa s~'
for clinically-used formulations of some modern IRCM.
During angiography large volumes are administered as a
single bolus at rapid injection rates. In theory, such high
viscosity solutions could therefore stimulate release of NO
from the vascular endothelium which is regulated not only by
activation of specific pharmacological receptors (Furchgott &
Zawadzki, 1980; Ignarro et al., 1987, Palmer et al., 1987,
Moncada et al., 1991) but also by the longitudinal intimal
shear stress that results from fluid flow (Pohl et al., 1986;
Tesfamariam & Cohen, 1988; Hutcheson & Griffith, 1991;
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1994). Cascade bioassay experiments with rabbit aorta,
employing dextran to increase perfusate viscosity, have thus
demonstrated incremental increases in shear stress-induced
NO release from the donor segments until a plateau is attained
at viscosities ca. 2 mPa s™!, which correspond to a mean
endothelial shear stress of ~10 dyne cm~? (Hutcheson &
Griffith, 1994). To determine whether this phenomenon
contributes to the vasodilatation induced by IRCM, in the
present study we have employed cascade bioassay experiments
with perfused rabbit aorta to compare the effects of tri- and
hexa-iodinated nonionic IRCM on NO release with those of
dextran at equivalent viscosities. In parallel experiments,
isolated endothelium-intact rabbit aortic rings were used to
assess the effects of IRCM and mannitol, an agent widely used
to investigate the effects of increased osmolality, on receptor-
mediated NO release evoked by acetylcholine. Finally, isolated
dog ear arteries were used to study the effects of bolus
administration of IRCM on arterial tone under conditions that
mimic those employed during clinical arteriography.

Methods

NO bioassay

A previously described cascade bioassay system was used to
monitor shear stress-induced release of NO (Hutcheson &
Griffith, 1991). Briefly, male New Zealand White rabbits (2.0 —
2.5 kg) were sacrificed by an overdose of sodium pentobarbital
(120 mg kg~'1i.v.) and the thoracic aorta rapidly removed and
placed in Holman’s buffer of the following composition (mMm):
NaCl 120; KCI 5.0; CaCl, 2.5; NaH,PO, 1.3; NaHCO; 25;
glucose 11; and sucrose 10. An 8 cm length of donor aorta
possessing an intact endothelium was perfused at a constant
9 ml min~"' with Holman’s buffer (37°C) containing increasing
concentrations of iohexol 300 mg ml~' (7.8-473 mM) or
iodixanol 320 mg ml™' (4.2-252 mM) or dextran 80 (1-4%
w v~!) in the absence and presence of 100 uM NC-nitro L-
arginine methyl ester (L-NAME) to inhibit NO synthesis by the
endothelium. An endothelium-denuded recipient ring of the
rabbit aorta, constricted by superfusion with 300 nM
phenylephrine (PhE), served to monitor NO release from the
perfused donor aorta. Changes in tension were measured by a
force transducer (FT 102, CB Sciences Inc.) connected to a
Maclab/4e (ADInstruments, NSW, Australia). All experiments
were performed in the presence of 10 uM indomethacin to
inhibit the synthesis of prostaglandins. Viscosity of IRCM and
dextran solutions was measured using a clinical viscometer
(Luckham, U.K.).

Isolated rabbit aortic rings

Two-millimetre-wide isolated rings of rabbit thoracic aorta
were preconstricted with 300 nM PhE and cumulative
concentration-relaxation curves to acetylcholine (ACh;
1 nM—3 uM) and sodium nitroprusside (SNP; 0.1 nM—3 um)
then constructed. In the case of SNP, all rings were denuded of
endothelium by gentle abrasion with a wooden probe,
denudation being confirmed by lack of relaxation to ACh.
Following washout of all drugs and re-constriction, the effects
of IRCM on both ACh- and SNP-induced relaxations were
assessed with iohexol (10 or 30%) and iodixanol (30%) present
in the organ bath. As both agents depress constriction of the
rabbit aorta directly (Pitman et al., 1996), tone was returned to
its original level by increasing the concentration of PhE
administered to 3 uM. The effects of 10, 30 and 50% of a

300 mM solution of mannitol on ACh- and SNP-evoked
relaxations were also investigated. In these studies further
addition of PhE to the organ bath was not required to attain
the initial level of tone.

Perfused dog ear arteries

Dog ears were obtained from mongrel dogs which had been
sacrificed with pentobarbital/KCl. Specimens were immersed
in a Krebs’ buffer solution, of the following composition (mMm):
NaCl 122, KCIl 4.7; CaCl, 2.5; MgCl, 1.2; KH,PO, 1.2;
NaHCO; 15.4; and glucose 5.6. The Krebs buffer was
equilibrated with 5% CO, and 95% O, at 37°C and 2-3 cm
of the central ear arteries were dissected free from surrounding
tissue and cannulated at both ends with thin polypropylene
tubing. The arteries were then mounted in a Radnoti 158730
blood vessel perfusion system (Radnoti, Monrovia, CA,
U.S.A.) containing Krebs’ buffer solution. The perfusion
pressure was measured using a Radnoti 159050 blood pressure
transducer and a Gould Windograph (Gould Inc., Valley
View, Ohio, U.S.A.). Following an equilibration period of 1 h,
PhE (0.3-3 uM) was added to the perfusate and dose-response
curves constructed by adding increasing volumes of iodixanol
320 mg ml~! and iopromide 300 mg ml~' to the perfusate as
boluses. In a separate series of experiments the effects of bolus
injections of 300 ul iopromide and 300 ul iodixanol were
studied, in the presence and absence of 100 uM NC-nitro L-
arginine (L-NOARG) + 10 uM indomethacin, to inhibit synth-
esis of NO and prostanoids, respectively. Addition of 500 ul
ACh (0.1 umM) was used to test endothelium-dependent
vasodilatation.

Drugs

The following agents were employed: iodixanol (Visipaque
320 mg ml~!, viscosity at 37°C=ca. 11 mPa s~', Nycomed
Imaging, Oslo, Norway); iohexol (Omnipaque 300 mg ml™',
viscosity at 37°C=ca. 6 mPas~!, Nycomed Imaging);
iopromide (Ultravist 300 mg ml~!, viscosity at 37°C=ca.
5mPa s™!, Schering AG, Berlin, Germany); acetylcholine,
indomethacin, sodium nitroprusside (SNP), mannitol, dextran
(80,000 MW), N€-nitro L-arginine (L-NOARG) and N-nitro
L-arginine methyl ester (L-NAME) (Sigma Chemical Co., St.
Louis, MO, U.S.A.). Where discussed, increases in molarity
due to IRCM and mannitol are given as additional to the
molarity of Holman’s buffer.

Statistical analysis

Results were expressed as mean +s.e.mean, where n denotes
the number of animals studied for each data point. The
significance of differences between groups in cascade bioassay
and organ bath studies was tested by repeated measures of
ANOVA followed by Bonferroni multiple comparisons test
and for perfused canine ear artery and organ bath studies the
Student’s z-test for paired data was also used. P<0.05 was
considered as significant.

Results
Cascade bioassay
Increments in the concentration of iohexol and iodixanol

present in the perfusate passing through the donor rabbit aorta
resulted in concentration-dependent relaxations of the
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recipient ring that were unaffected by L-NAME (100 um)
(Figure 1). The relaxations obtained with both agents were
similar in magnitude, being of the order of 35-40% at the
highest concentration employed (60% v v~'). In experiments
with dextran, administered in concentrations (1-4% w v~")
that resulted in increases in viscosity that were comparable
with those obtained with iohexol and iodixanol, relaxation of
the recipient ring was significantly attenuated by L-NAME
(100 uMm, P<0.05), although a small L-NAME-insensitive
component remained evident (Figure 1), as previously reported
(Hutcheson & Griffith, 1994). In the absence of L-NAME,
relaxations to dextran were comparable with those obtained
with the iohexol and iodixanol only at concentrations resulting

in a viscosity >2 mPa s,

Effects of IRCM on ACh- and SN P-induced relaxations

Preliminary experiments showed that addition of 10 and 30%
iohexol and 30% iodixanol to the organ bath caused sustained
relaxations of 46+4, 67+4 and 59+5% respectively in
preparations constricted by 300 nM PhE (n=4 in each case).
To determine the effects of these IRCM on responses to ACh,
the concentration of PhE used to generate tone in their
presence was increased in order to achieve levels of tone similar
to the control situation and thus exclude effects attributable to
functional antagonism. Following an increase in the concen-
tration of PhE used to preconstrict the rings from 300 nM to
3 uMm, there was no significant difference in the initial
constrictor tone used to construct the concentration-relaxation
curves to ACh in the absence or presence of 10 and 30%
iohexol (2.840.1g ¢f. 2.7+02¢g, n=4; 32+02¢g cf
3.1+0.3 g, n=4, respectively) or 30% iodixanol (3.2+0.1 g
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Figure 1 Relaxations of the detector ring induced by iohexol,
iodixanol and dextran 80 in cascade bioassay, plotted as a function of
the viscosity of the buffer perfusing the donor rabbit aorta.
Increasing concentrations of each agent evoked progressive relaxation
of the recipient aortic ring. Inclusion of L-NAME (100 um) in the
buffer had no effect on relaxations evoked by iohexol or iodixanol,
but significantly attenuated those induced by dextran. *Denotes
P <0.05 for dextran in the presence and absence of L-NAME.

¢f. 3.4+0.3 g, n=4). Concentration-relaxation curves to ACh
in endothelium-intact rings were markedly depressed by
iohexol and iodixanol with both IRCM causing a shift to the
right from an ECs, of 8147 to 210430 nM for 10% iohexol
(P<0.01, n=4) and from 93+13 to 175+26 nM for 30%
iodixanol (P<0.05, n=4) (Figure 2a). Maximum relaxations
to ACh were equivalently depressed ~30% by concentrations
of 10% iohexol (from 77+ 11 to 54+8%, P<0.05, n=4) and
30% iodixanol (from 75+7 to 51 +4%, P<0.05, n=4). The
inhibition of ACh-induced relaxations did not correlate with
iodine concentration or molarity as 10% iohexol and 30%
iodixanol in Holman’s buffer contain 30 and 96 mg ml~' with
final molarities of 78.8 and 126 mM, respectively. This is
further emphasised by the fact that 30% iohexol in Holman’s
buffer, which has an iodine concentration of 90 mg ml~' and
molarity of 236 mM, depressed maximum relaxation by ~80%
to 174+ 3% (n=4) in association with a further shift in the ECs,
value to 320+ 70 nM (n=4) (Figure 2a).
Concentration-relaxation curves to SNP in endothelium-
denuded rings were unaffected by 10% iohexol with ECs,
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Figure 2 Effects of iohexol and iodixanol on ACh- and SNP-
induced relaxations of isolated rings of rabbit aorta. (a) Pre-
incubation with 10% iohexol and 30% iodixanol attenuated control
ACh-induced relaxations to an equivalent degree. Thirty per cent
iohexol further reduced the ACh-evoked response. (b) Control SNP-
induced relaxations were unaffected by pre-incubation with either
10% iohexol or 30% iodixanol.
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values (control: 80+ 6 nM, iohexol: 120+45 nM, n=4) and
maximum relaxations (control: 106 +4%, iohexol: 102+4%,
n=4) being unchanged (Figure 2b). Similarly, 30% iodixanol
was without effect on SNP-induced responses either in terms of
the ECs, value (control: 7947 nM, iodixanol: 101425 nMm,
n=4) or maximal relaxations (control: 102+4%, iodixanol:
105+1%, n=4) (Figure 2b). There was no significant
difference in the initial tone used to construct the concentra-
tion-relaxation curves in the absence or presence of iohexol
(3.3+05g ¢f. 32+04 g, n=4) or iodixanol (3+0.3 g ¢f.
32+04 g, n=4) as the concentration of PhE used to
preconstrict the rings was again increased from 300 nM to
3 uM.

Effects of mannitol on ACh- and SN P-induced
relaxations

Relaxations to ACh in endothelium-intact rings were
depressed by mannitol in a concentration-dependent fashion
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Figure 3 Effects of mannitol on ACh- and SNP-induced relaxations
of isolated rings of rabbit thoracic aorta. (a) Incubation of the rings
with mannitol at concentrations of 10, 30 and 50% caused
progressive inhibition of control relaxations to ACh. (b) SNP-
induced relaxations were similarly susceptible to concentration-
dependent inhibition by mannitol.

in association with a progressive shift in the response curve to
the right (Figure 3a). Maximum relaxation in the control
situation was 60+ 6%, and was depressed ~15% to 51+4%
(n=3) by 10% mannitol, ~80% to 14+3% (P<0.01, n=3)
by 30% mannitol and almost abolished by 50% mannitol
(molarities 30, 90 and 150 mM, respectively). ECs, values
under these conditions were correspondingly increased from
60+6 to 98+ 16 nM by 10% mannitol and 120+0.03 nM by
30% mannitol. Incubation with 10, 30 and 50% mannitol
evoked relaxations of PhE-induced tone of the order of 1743,
32+5 and 39+ 5% respectively (n=6 for all concentrations).
These relaxations were transient, however, with tone returning
to pre-mannitol values within ~ 10 mins, so there was no
significant difference in tension prior to and following
incubation with 10% (3.7+03¢g c¢f. 3.6+0.2¢g), 30%
(3.6+0.1g ¢ 3540.1g and 50% (3.5+£03g cf.
3.6 +0.2 g) mannitol. It was therefore unnecessary to increase
the concentration of PhE used to determine initial tone.

Relaxations to SNP in endothelium-denuded rings were
similarly depressed by mannitol (Figure 3b). Maximum
relaxation in the control situation was 98+5%, and was
depressed ~15% to 83+7% by 10% mannitol, ~65% to
35+5% (P<0.001, n=3) by 30% mannitol and ~85% to
15+ 5% (P<0.001, n=3) by 50% mannitol, respectively, with
ECs, values being increased from 78 +7 to 100+17, 160+ 60
and 210+ 15 nM, respectively. In this series of experiments
mannitol was again without effect on the steady-state tension
response to 300 nM PhE, this being 3.84+0.4 g ¢f. 3.7+04 g
with 10% mannitol, 4+0.3 g ¢f. 4.24+0.2 g with 30% mannitol
and 4.1+0.4 g ¢f. 4.1+0.2 g with 50% mannitol.

Perfused dog ear arteries

Perfusion of the arteries at a constant rate of 5+ 1 ml min~—!

resulted in a pressure of 69+3 mmHg which increased to
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Figure 4 Depressor responses induced by bolus injections of
iopromide (300 mg ml~') and iodixanol (320 mg mi~') in perfused
(5+1 ml min~!) isolated dog ear arteries constricted by PhE.
Increasing volumes of the IRCM caused dose-dependent reductions
in perfusion pressure, with the responses to both agents approaching
a plateau.
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236+32 mmHg following addition of PhE (3 uMm) to the
perfusate. Increasing volumes of iopromide (300 mg ml~') and
iodixanol (320 mg ml~") caused dose-dependent decreases in
PhE-induced pressure (Figure 4), with iopromide resulting in a
significantly larger depressor response of 69 +9 compared to
36 + 6% with iodixanol, when both IRCM were injected as a
1500 ul bolus (P<0.05, n="06).

In a separate series of experiments the phenylephrine
concentration was titrated over the range 300 nM—3 uM to
increase pressure to the lower level of 142+ 10 mmHg. Bolus
injections of 300 ul iopromide (300 mg ml~') caused a
26+2% (n=15) decrease in PhE-induced pressure which was
unaffected by addition of either 100 uMm L-NOARG
(38.6+3.4%, n=5) or a combination of L-NOARG and
10 uMm indomethacin (32+5%, n=35) (Figure 5). Bolus
injections of 300 ul iodixanol (320 mgml~') caused a
4+0.6% (n=3) pressure decrease in the absence of 100 um
L-NOARG, a 6.3+4.1% (n=3) decrease in its presence, and a
3.340.3% (n=3) decrease in the presence of both L-NOARG
and indomethacin. Figure 5 shows that neither inhibition of
NO synthase nor cyclo-oxygenase affected the vasodilator
activity of iopromide or iodixanol, whereas L-NOARG alone
and L-NOARG and indomethacin significantly attenuated the
vasodilator effect of acetylcholine (from 45+4 to 31+8 and
25+ 11% respectively, P<0.05 and n=>5 for both).

Discussion

The major finding of the present study is that iodinated
radiographic contrast media (IRCM) exert direct pharmaco-
logical effects on the endothelium that depress production of

NO in response to the mechanical stimulus of shear stress and
the endothelium-dependent agonist acetylcholine (ACh). In
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cascade bioassay NO release was enhanced following increases
in the viscosity of the donor perfusate by graded additions of
dextran, whereas a similar phenomenon was absent with
iohexol or iodixanol. In isolated arterial rings both IRCM
inhibited endothelium-dependent relaxations to ACh without
affecting smooth muscle relaxation to sodium nitroprusside, an
exogenous donor of NO. Consistent results were obtained in
experiments with isolated ear arteries in which depressor
responses evoked by close arterial injection of iopromide and
iodixanol were unaffected by inhibition of NO synthesis.
Rocha et al. (1995) have previously suggested that high
molarity solutions inhibit NO production on the basis that the
enhancement of phenylephrine-induced contraction normally
evoked by L-NAME was attenuated by 100 mM mannitol or
sucrose. However, in the present study there appeared to be no
direct correlation between inhibition of NO production and
the ionic concentration of the solutions employed. Buffer
containing 10% v v~! iohexol or 30% v v~! iodixanol, which
differ in molarity by ~ 50 mM, inhibited the response to ACh
to an identical extent, whereas 30% v v~! iohexol exerted
markedly greater inhibition than 30% v v~' iodixanol despite
having a similar molarity. This suggests that IRCM exert
specific effects on the endothelium that are not primarily
related to high osmolality. Previous studies have shown that
concentration-relaxation curves for iohexol, iopromide and
iodixanol in endothelium-intact and -denuded rabbit aorta can
be superimposed if plotted on a molar basis, with ECs, values
for all three agents being in the range 50—60 mM and
maximum relaxations being >50% of developed tone (Pugh
et al., 1995; Pitman et al., 1996). However, a direct relationship
between osmolality and the effects of IRCM was not evident as
mannitol-induced relaxations of the rabbit aorta were
maximally of the order of 10—20%, even at concentrations
of 100 mm (Pitman et al., 1996). The transient nature of the
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Figure 5 The effects of bolus injections of 500 ul ACh (0.1 um) and of 300 ul iopromide or iodixanol (both 100% v v™!) on
perfusion pressure in isolated dog ear arteries constricted by PhE, in the absence and presence of either 100 um L-NOARG alone or
L-NOARG and 10 pum indomethacin (Indo). Bars marked with asterisks differ significantly from their respective controls (P <0.05).
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relaxations observed with mannitol in the present study are
consistent with this conclusion. The effects of IRCM on
intrinsic smooth muscle contractility are not attributable to the
presence of the iodine atom in the IRCM molecule (Pugh et al.,
1995; Pitman et al., 1996). The present results similarly suggest
that iodine concentration is not correlated with the attenuation
of NO production by the endothelium. Although containing
similar iodine concentrations, 30% iohexol exerted signifi-
cantly greater inhibition of ACh-induced relaxations than 30%
iodixanol, whereas 10% iohexol and 30% iodixanol, which
differ in composition by 70 mg ml~!, were equieffective.

Differences between mannitol and IRCM were also evident
in their effects on relaxations evoked by ACh and SNP, with
mannitol markedly attenuating relaxations to SNP in
endothelium-denuded rings as well as responses to ACh in
endothelium-intact preparations. These observations are
consistent with a previous study with canine coronary artery
that demonstrated impaired vasodilatation to the nitrovasodi-
lator glyceryl trinitrate in the presence of mannitol (Krishna-
murty et al., 1978). It is possible that specific chemical
properties of mannitol, such as an ability to modulate free
radical reactions, influence the response to NO as the degree of
inhibition of ACh and SNP relaxations was similar at
equivalent concentrations. Mannitol scavenges the hydroxyl
(*OH) radical, and in common with other compounds that
possess an alcohol functional group (e.g. sorbitol and glucose)
reacts with peroxynitrite which is formed by the reaction of
NO and the superoxide (*O,”) radical (Dowell & Martin,
1997). Although iohexol and iodixanol are ‘sugar-like’ in the
sense that they both contain -OH groups, the present findings
indicate that these moieties do not contribute to the
pharmacological properties of IRCM by interacting with NO
as there was no impairment of relaxations to SNP.
Analogously, Rocha et al. (1995) found that relaxations to
the NO donor 3-morpholinosydnonimine (SIN-1) were
unaffected by 100 mM sucrose.

In theory, in the experiments with ear arteries, which mimic
administration of IRCM during clinical arteriography,
iodixanol (320 mg ml~") might be expected to enhance NO
release to a greater extent than iopromide (300 mg ml™!).
Differences in the viscosity of the parent solutions (ca.
11 mPa s™' ¢f. 5 mPa s™') imply that there will be a ~2 fold
greater peak shear stress with iodixanol following the
administration of equivalent volumes. However, the depressor
responses actually observed were significantly greater with
iopromide. This parallels the greater relaxant effects of
iopromide than iodixanol (up to 3 fold at any given iodine
concentration) in isolated rings of rabbit aorta (Pugh et al.,
1995; Pitman er al., 1996), and suggests that the responses
observed in ear arteries were attributable to direct effects of
IRCM on vascular smooth muscle. This would be expected if
such agents inhibit NO production. These experiments also
showed that the initial level of constriction influences the
magnitude of relaxations to IRCM. Although the differential
potency of iopromide and iodixanol was preserved over a 2
fold range in perfusion pressures under variation in
phenylephrine concentration, on a relative basis depressor
responses were greater at high levels of constriction. This
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