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Abstract

Gadolinium (Gd) blocks intra- and extracellular ATP hydrolysis. We determined whether Gd affects vascular reactivity to con-
tractile responses to phenylephrine (PHE) by blocking aortic ectonucleoside triphosphate diphosphohydrolase (E-NTPDase).
Wistar rats of both sexes (260-300 g, 23 females, 7 males) were used. Experiments were performed before and after incubation
of aortic rings with 3 yM Gd. Concentration-response curves to PHE (0.1 nM to 0.1 mM) were obtained in the presence and
absence of endothelium, after incubation with 100 uM L-NAME, 10 uM losartan, or 10 uM enalaprilat. Gd significantly increased
the maximum response (control: 72.3 + 3.5; Gd: 101.3 + 6.4%) and sensitivity (control: 6.6 £ 0.1; Gd: 10.5 + 2.8%) to PHE. To
investigate the blockade of E-NTPDase activity by Gd, we added 1 mM ATP to the bath. ATP reduced smooth muscle tension
and Gd increased its relaxing effect (control: -33.5 + 4.1; Gd: -47.4 + 4.1%). Endothelial damage abolished the effect of Gd
on the contractile responses to PHE (control: 132.6 £ 8.6; Gd: 122.4 + 7.1%). L-NAME + Gd in the presence of endothelium
reduced PHE contractile responses (control/L-NAME: 151.1 + 28.8; L-NAME + Gd: 67.9 + 19% AUC). ATP hydrolysis was
reduced after Gd administration, which led to ATP accumulation in the nutrient solution and reduced ADP concentration, while
adenosine levels remained the same. Incubation with Gd plus losartan and enalaprilat eliminated the pressor effects of Gd. Gd
increased vascular reactivity to PHE regardless of the reduction of E-NTPDase activity and adenosine production. Moreover,
the increased reactivity to PHE promoted by Gd was endothelium-dependent, reducing NO bioavailability and involving an
increased stimulation of angiotensin-converting enzyme and angiotensin Il AT receptors.
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Introduction

Gadolinium (Gd) is a trivalent lanthanide cation able at
10 uM to block stretch-activated calcium channels (1) and
to attenuate post-ischemic myocardial stunning (2). It is
currently used as a magnetic resonance contrast medium,
gadobenate dimeglumine (Gd-BOPTA) (3), but concern for
contrast-induced nephropathy has been reported (4). Ad-
ditionally, Gd interacts with pathways involved in intra- and
extracellular adenosine-5'-triphosphate (ATP) hydrolysis
(5). Escalada et al. (6) showed that 3 yM Gd has a potent
inhibitory action on ectonucleoside triphosphate diphos-
phohydrolase (E-NTPDase) activity in the electric organ
of Torpedo marmorata. When used as a chelator, Gd can

also affect the activity of angiotensin-converting enzyme
(ACE) via a transmetallation effect with zinc (7).
Extracellular nucleotides, ATP, adenosine diphosphate
(ADP), uridine triphosphate (UTP), and uridine diphosphate
(UDP) are involved in the regulation of different biological
processes in distinct tissues. Thus, extracellular ATP exhibits
opposite effects depending on the concentration and on the
cells and the receptors on which it acts. In the vasculature,
ATP is released as a neurotransmitter from sympathetic
nerves and binds to P2X receptors of smooth muscle cells,
producing vasoconstriction. When released from endothelial
cells, itbinds to P2Y receptors and initiates vasodilation (8).
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The activity of extracellular nucleotides is terminated by a
subset of enzymes called ectonucleotidases. Among them,
the E-NTPDase family seems to be the most important. E-
NTPDase1 is the major ectonucleotidase expressed in the
vasculature (9) and its activity limits platelet activation by
hydrolyzing ADP (10). It has been recently demonstrated
that the modulation of the expression level and activity of
E-NTPDase1 in vascular smooth muscle cells (VSMCs)
influences the constrictor effect of nucleotides (11). The
same group has also shown that this enzyme controls the
relaxation dependent on nucleotide receptor activation (12).
E-NTPDase2 hydrolyses nucleoside triphosphates more
rapidly than nucleoside diphosphates. E-NTPDase1 is
predominantly expressed by endothelial and VSMCs, while
E-NTPDase?2 is associated with the adventitial surfaces
(13). Together with the E-NTPDases, ecto-5-nucleotidase
is also responsible for the end of nucleotide signaling by
converting adenosine monophosphate (AMP) to adenos-
ine (14). However, the putative effect of Gd on vascular
reactivity by inhibiting ectonucleotidase activity has not
been studied. Thus, the present study was undertaken to
investigate whether Gd might alter vascular reactivity to
phenylephrine by blocking E-NTPDase activity as well as
by affecting the renin-angiotensin system.

Material and Methods

Chemicals

L-phenylephrine hydrochloride (PHE), acetylcholine
chloride (Ach), L-NAME (Nw-nitro-L-arginine methyl ester
hydrochloride), enalaprilat, and gadolinium chloride were
purchased from Sigma (USA). Sodium pentobarbital was
obtained from Fontoveter (Brazil). These chemicals were
dissolved in distilled water. All other reagents were also of
analytical grade.

Animals

Wistar rats of both sexes (260-300 g, 23 females and
7 males) were used in the present study. The care and
use of laboratory animals were in accordance with NIH
guidelines. All rats had free access to tap water and were
fed rat chow ad libitum. All experiments were conducted
in compliance with the guidelines for biomedical research
as stated by the Brazilian Societies of Experimental Biol-
ogy and approved by the Institutional Ethics Committee,
Escola Superior de Ciéncias da Santa Casa de Misericordia
(CEUA-EMESCAM).

Tissue bath studies

Animals were anesthetized with sodium pentobarbital
(35 mg/kg, ip) and killed by exsanguination. Asection of the
thoracic aorta was removed and placed in cold oxygenated
Krebs-Henseleit bicarbonate buffer of the following composi-
tion: 131 mM NaCl, 4.7 mM KCI, 18 mM NaHCO3, 2.5 mM
CaCly, 1.2 mM KHoPOy4, 1.2 mM MgSQyq4, 11 mM glucose,
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and 0.01 mM EDTA. The buffer was kept at 36.5°C and was
gassed with 95% O and 5% CO» to maintain the pH at
7.4.The aorta was cleaned of fat and connective tissue and
cutinto 4-5-mm long rings. Four to five rings were obtained
from each aorta. Rings were mounted between parallel
wires in tissue baths (5 mL volume). Rings were stretched
to an optimal resting tension of 1 g. Resting tension was
maintained at this values and no changes were observed
after incubations with Gd or drugs. Isometric tension was
recorded using an isometric force displacement transducer
(GRASS® FT03, RI, USA) connected to a data acquisition
system (MP100 Biopac Systems, Inc., USA).

Experimental protocols

After 30-45 min of equilibration, each aortic ring was
exposed twice to 75 mM KCI to determine its maximum
contractility. Each ring was washed three times sequen-
tially, re-equilibrated and allowed to relax to baseline.
Thirty minutes later, the rings were contracted with 0.1 yM
PHE, and 10 uM ACh was added to assess the integrity
of the endothelium. A relaxation of 90% or more indicated
the functional integrity of the endothelium. Each ring was
washed sequentially, re-equilibrated and allowed to relax to
baseline. After 30 min, cumulative concentration-response
curves were generated for PHE (0.1 nM to 300 uM). In other
experiments, the PHE concentration-response curve was
constructed in endothelium-denuded rings. The endothelium
was removed by gently rubbing the intimal surface with a
stainless steel rod. The effectiveness of endothelium remov-
al was confirmed by the absence of the relaxation induced
by 10 uM ACh in aortas pre-contracted with PHE.

After stabilization and completion of the endothelial in-
tegrity test, a concentration-response curve to PHE (ranging
from 0.1 nM to 300 uM) was constructed in the presence
and absence of 3 yM Gd (30-min incubation). The ability
of Gd to reduce ATP/ADP metabolism by E-NTPDase
inhibition was checked using precontractions with 0.1 uM
PHE followed by the addition of 1 mM ATP. The amount of
relaxation in response to ATP was measured before and
after incubation with Gd.

To determine if adenosine production and the involve-
ment of nitric oxide (NO) are endothelium-dependent,
cumulative concentration-response curves were generated
for PHE (0.1 nM to 300 uM) under control conditions, after
100 uM L-NAME, and afterincubation with 100 uM L-NAME
plus Gd administration. Also, to test whether Gd affects the
generation of angiotensin Il, AT1 receptors were blocked
with 10 uM losartan, and ACE activity was blunted with 10
UM enalaprilat.

Biochemical studies

To determine the ability of Gd in blocking E-NTPDase
activity, we used a modified preparation of thoracic aorta
previously reported by Levitsky et al. (15). Briefly, about 50
mg thoracic aorta was dissected out and the fat and connec-
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tive tissue were removed with a microscissor. The aorta was
then manually processed with a motor-driven Teflon-glass
homogenizer in 0.7 mL medium containing 100 mM KClI,
30 mM Tris-HCI, pH 7.4, and 5.0 mM sodium azide. Each
homogenate was transferred to an Eppendorf tube (1.5
mL) and centrifuged at 1250 g for 2 min (Centrifuge 5402,
Eppendorf). The supernatant (S1) was collected, and the
pellet (P1) was rehomogenized in 0.5 mL of the isolation
medium. The second homogenate was centrifuged under
similar conditions as described above and the extraction
procedure was repeated. The pellets (P1 to P3) were dis-
carded, and the supernatants (S1 to S3) were pooled and
used for further determination of E-NTPDase activity.

E-NTPDase activity in aorta preparations was deter-
mined at 37°C using a reaction mixture containing 45 mM
Tris-HCI, 0.1 mM EDTA, 2.0 mM CaCl,, 0.5 mM KCI, and 10
mM glucose + 210 mM sucrose, pH 8.0, in a final volume of
200 pL. About 10 pg aorta protein, measured by the method
of Bradford (16), was added to each tube and the enzyme
reactions were initiated by the addition of substrates (ATP or
ADP) at a final concentration of 2.0 mM. Gd was added to the
reaction mixture from water solution at a final concentration of
75 or 100 uM, and E-NTPDase activity was measured in the
presence or absence (control group) of Gd. These concentra-
tions, although higher than the one used in vivo, were selected
since the sensitivity of enzymes to inhibitors is reduced in in
vitro experiments carried out to assess enzymatic activities
(17). After 8 min of incubation, the enzyme reactions were
stopped with trichloroacetic acid (TCA, 5% final concentra-
tion). Incubation time and protein concentration were chosen
in order to ensure linearity of the enzymatic reactions. The
amount of inorganic phosphate (Pi) released was determined
colorimetrically as described by Chan et al. (18). Controls
to correct for non-enzymatic hydrolysis of substrates were
obtained by adding aorta preparations after the reactions
had been stopped with TCA. All experiments were performed
in triplicate, and enzyme activities are reported as nmol Pi
released per minute per milligram of protein.

The metabolism of nucleotides was also checked by
high performance liquid chromatography (HPLC). We
determined if the concentration of the hydrolysis products
of E-NTPDase activity would change in the nutrient solu-
tion after the addition of 1 mM ATP, either in the absence
or in the presence of Gd. After incubation with ATP, the
supernatant sample of aortic rings in different conditions
(with or without Gd and/or PHE) was collected and cen-
trifuged (14,000 g for 10 min). Fifty-microliter aliquots of
each supernatant were applied to a reverse-phase HPLC
system using a 25-cm C4g Shimadzu column (Shimadzu,
Japan) at 260 nm, with a mobile phase containing 60 mM
KH2POy4, 5.0 mM tetrabutylammonium chloride, pH 6.0, in
30% methanol, according to the method of Voelter et al.
(19). Purine peaks (ATP, ADP, AMP, adenosine, and inosine)
were identified by their retention times and quantified by
comparison with standards. The results are reported as the
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amount of purines in nmol/mL.

Statistical analysis

Contractile responses are reported as a percentage of
the maximum response to 75 mM KCI. Relaxation responses
to ACh are reported as the percentage of relaxation of the
maximum contractile response. For each concentration-re-
sponse curve, the maximum effect (Enax) and the concentra-
tion of agonist that produced 50% of the maximal response
(log EC5q) were calculated using non-linear regression
analysis (GraphPad Prism Software, USA). The sensitivity
of the agonists is reported as pD» (-log EC5p). Results were
analyzed by the Student t-test and by analysis of variance
(ANOVA) followed by the Fisher post hoc test (GB-STAT,
version 4.0, Dynamic Microsystem Inc., USA). Differences
were considered to be statistically significantwhen P <0.05.
To compare the effects of L-NAME on contractile responses
to PHE, the results were reported as “differences” in the area
under the concentration-response curve (dAUC) to PHE in
control and in experimental situations. AUC was calculated
from the individual curve plots (GraphPad Prism Software),
and the difference was reported as percentage of the AUC
of the corresponding control situation. These values give
information about whether the magnitude of the effect of
L-NAME is different in control or after incubation with Gd.
Data are reported as means + SEM with the exception of
E-NTPDase activity, which is reported as means + SD.
Differences were analyzed by the Student t-test or one-
way ANOVA followed by the Bonferroni test. P < 0.05 was
considered to be significant.

Results

Figure 1 shows that after incubation with Gd for 30
min, there was an increase in the contractile responses to
PHE. The concentration-response curves show that Eyax
(control: 72.3 + 3.52; Gd: 101.3 £ 6.40%; P < 0.05) and the
sensitivity (control: 6.6 £ 0.16; Gd: 10.5 £ 2.81%; P < 0.05)
to PHE increased after incubation with Gd.

As the E-NTPDase and ecto-5-nucleotidase cascade
metabolizes ATP to adenosine, we tested the inhibitory ac-
tion of Gd on these enzymes after the addition of 1 MM ATP
to the tissue bath. Figure 2 illustrates the action of Gd on
the ATP hydrolyzing activity of E-NTPDase. It can be seen
that after incubation of intact rings (with endothelium) with
Gd there was anincrease in the vasorelaxation produced by
ATP (control: -33.5 +4.10; Gd: -47.4 + 4.12%), suggesting
that less ATP hydrolysis occurred.

Toinvestigate the endothelial dependence of the actions
of Gd, the same protocol was repeated with endothelium-
denuded aorticrings. Figure 1B shows that, after endothelial
damage, the leftward displacement of the concentration-
response curve to PHE was eliminated. No changes in Ejax
(control: 132.6 £ 8.60; Gd: 122.4 + 7.16%) or pD> (control:
8.47 + 0.11; Gd: 8.17 + 0.26%) were observed. Since the
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action of Gd is dependent on the presence of a functional
endothelial layer, and the increased reactivity might result from
the inhibition of vasorelaxation or from the stimulation of the
release of a vasoconstrictor, we tested the putative role of NO
using 100 uM L-NAME. Figure 3 shows %dAUC changes
suggesting that Gd reduced the effects of L-NAME (control/L-
NAME: 151.1 +28.8; L-NAME + Gd: 67.9 + 19% AUC; Emax:
L-NAME: 143.6 + 6.2; L-NAME + Gd: 142.9 + 7.3%, or pDo:
L-NAME + Gd: 7.13 = 0.1; L-NAME: 6.99 + 0.23%).

These observations could result from the blockade of
adenosine production, which is a final product of the action
of ectonucleotidases that exhibits vasodilator properties.
Figure 4 shows that E-NTPDase activity was inhibited by 75
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UM Gd (ATP hydrolysis) and by 100 uM Gd (both ATP and
ADP hydrolysis) in aorta homogenates. Table 1 shows that,
after ATP administration, Gd reduced ATP breakdown and
ADP generation, but the final concentration of adenosine
was similar to that in the control condition. To determine
whether PHE could affect these results a similar protocol
was used in the presence of PHE. Similar results were
obtained (data not shown). According to these results, Gd
might modulate extracellular ATP concentration but the
increased vascular reactivity to PHE could not be explained
by a reduction in adenosine production.

Since we knew that metals such as mercury at low
concentration stimulate ACE activity (20) and Gd can take
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Figure 1. A, Concentration-response curves to phenylephrine (PHE) in control (Ct) rat aortic rings and in rings
incubated with gadolinium (Gd) for 30 min. An increased vascular reactivity was observed in rings with intact en-
dothelium (E+) after Gd administration. An increase of the maximal response (Emax) and sensitivity to PHE also
occurred (*P < 0.05). B, Concentration-response curves to PHE in control rings (Ct E-) and in rings with damaged
endothelium (E-) incubated with Gd for 30 min (Gd E-). Results are reported as means + SEM. The maximal
response (Emax) and sensitivity to PHE did not change (P = 0.05; Student t-test).

ATP (N =8) ATP + Gd (N = 8) Figure 2. Relaxation (%) in response to 1 mM
0 ATP after precontraction with phenylephrine
(PHE) before (ATP) and after incubation with
gadolinium 3 uyM (ATP + Gd). An important in-
20 — crease in relaxation was observed after incuba-
tion with Gd (N = 8; *P < 0.05, Student t-test).
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the place of zinc in the ACE molecule by transmetallation
(7), we investigated whether Gd could produce a similar
effect. Figure 5 shows that the action of Gd was blocked by
both losartan, an AT4 receptor blocker (Emax: losartan: 63.6
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1 11.3%; losartan + Gd: 67.6 + 8.10%), and by enalaprilat
(Emax: enalaprilat: 69.7 + 6.24%; enalaprilat + Gd: 70.3 +
8.15%), an ACE inhibitor. Also, the sensitivity (pD2) to PHE
was not altered suggesting that Gd stimulates ACE.
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Figure 3. Concentration-response curves to phenylephrine
(PHE) in control rat aortic rings (Ct), and in rings incubated for
30 min with 100 pM L-NAME (L-NAME; A) and with gadolinium
+ L-NAME (L-NAME + Gd; B). Panel C shows the difference
in area under the concentration-response curve (dAUC) before
and after L-NAME in control and Gd-incubated rings. *P < 0.05
Ct/L-NAME vs L-NAME + Gd (Student t-test). Data are reported
as means *+ SEM.
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Figure 4. Effect of gadolinium chloride (GdClI3) on ATP (A) and ADP (B) hydrolysis by aortic rings. Data are reported as means + SD
of three independent experiments. C = control (with no gadolinium chloride); Pi = inorganic phosphate. *P < 0.05 for enzyme activity

compared to control (Student t-test).
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Table 1. Effect of gadolinium (Gd) on purine metabolism in rat aortic rings.

ATP ADP AMP ADO INO
Control 0 8.50+450 3.25+1.00 1.75+0.50 0
Gd 1.75+£0.25 425+1.00 295+0.73 1.50+£0.75 0
ATP 291.75+53.75 2025+225 3.00+£050 1.25+1.00 1.00+0.75
ATP + Gd 666.25+5.25* 4.00+x7.25* 3.50+1.75 1.00+0 2.50 £ 1.50

ATP = adenosine triphosphate; ADP = adenosine diphosphate; AMP = adenosine
monophosphate; ADO = adenosine; INO = inosine. Data are reported as means + SEM
(nmol/mL). *P < 0.05 ATP vs ATP + Gd (Duncan test).
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Figure 5. Concentration-response curves to phenylephrine (PHE)
before and after 3 uM gadolinium (Gd) in controls (Ct), after 10
UM enalaprilat (Panel A) or after 10 uM losartan incubation (Panel
B) in aortic rings with intact endothelium. Data are reported as
means + SEM. *Enax P < 0.05 - Gd vs Ct, enalaprilat and losar-
tan, enalaprilat + Gd and losartan + Gd (Student t-test).
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Discussion

The results presented here show that Gd, in addition to
blocking ATP and ADP hydrolysis, increased the vascular
reactivity of rataortic rings to PHE by a mechanism involving
the stimulation of angiotensin Il AT receptors and reduced
NO bioavailability. Gd had no effect on the concentration-
response curves to PHE when the endothelial layer was
removed, suggesting dependence on the endothelium for
the increase in vascular reactivity induced by Gd.

Gadolinium is a potent inhibitor of E-NTPDases at the
concentration of 3 yM in the electric organ of Torpedo
(6). However, the role of E-NTPDases in the regulation
of vascular tone is not completely understood. Since the
enzymes that generate adenosine are expressed in the
vessel wall, we performed experiments to investigate the
efficiency of Gd in blocking NTPDase in the rat aorta to
determine whether this inhibition could affect the vascular
tone. Gd proved to be a potent inhibitor of NTPDase in
the rat aorta. Since adenosine is a vasodilator molecule in
several vascular beds (21), the blockade of its generation
by inhibiting E-NTPDase activity should increase vascular
reactivity.

To confirm if Gd interacts with ATP breakdown, we
used another protocol measuring the aortic ring relaxation
by ATP before and after incubation with Gd. Rings were
precontracted with PHE and ATP was added to the bath. An
enhanced relaxation effect was observed after incubation
with Gd. Assuming that ATP degradation was reduced after
incubation with Gd, our results suggest that Gd blocked
E-NTPDase activity at the endothelial level.

Indeed, our findings showed that, in the presence of
endothelium, incubation with Gd caused an upward dis-
placement of the concentration-response curves to PHE.
The finding that Gd increased the contractile responses to
PHE supports the idea that the diminished generation of
adenosine could participate in a mechanism to regulate
vascular tone.

In order to test whether the increased reactivity to PHE
induced by incubation with Gd could have been produced

www.bjournal.com.br
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by reducing the release of endothelium-derived relaxing
factor, we performed a pharmacological blockade of these
pathways. According to our results, incubation with L-NAME
in the presence of Gd potentiated the vasoconstrictor re-
sponse to PHE, but to a lesser extent than in the control
group. These findings suggest that the effects of Gd were
dependent on the endothelium and NO.

The next protocol was performed to assess E-NTPDase
activity in aortic homogenate preparations in the presence
or absence of Gd. Several studies have reported the ability
of Gd to decrease nucleotide hydrolysis (6,22,23). In the
present study, we observed that Gd was capable of inhibit-
ing both ATP and ADP hydrolysis. This result supports the
idea that the effect of Gd regarding vascular reactivity was
dependent on the inhibition of ATP breakdown, which in
turn could reduce adenosine production.

To clarify this issue, we performed experiments to mea-
sure ATP breakdown to ADP and adenosine. Surprisingly,
as shownin Table 1, ADP formation was reduced by Gd, but
adenosine concentration was unaffected. As seen in Table
1, ATP concentration increased after Gd administration,
suggesting that Gd was an effective inhibitor of ATP hydro-
lysis. The reduction of ATP breakdown explains our results
showing that the vasodilator effect of ATP increased after
incubation with Gd. However, Gd also inhibits permeable
ATP channels in rat hepatocytes and HTC hepatoma cells
(24), suggesting that ATP transfer through the sarcolemma
could be affected, possibly resulting in the maintenance
of higher extracellular ATP concentration. As expected,
ADP formation was reduced by Gd. However, adenosine
concentration was unaffected. This finding ruled out the
possibility that Gd was increasing vascular reactivity by
reducing adenosine generation.

Metals such as mercury, at low concentrations stimulate
ACE activity (20) and Gd can take the place of zinc in the
ACE molecule by transmetallation (7). We investigated
whether Gd could produce a similar effect. ACE is a metal-
lopeptidase that converts angiotensin | to angiotensin |l,
which has different biological actions and is considered
to be the major effector of the renin-angiotensin system
(25). Angiotensin Il acts mainly through the AT1 receptor
that is expressed in many tissues, including adrenals,
kidneys, heart, aorta, lungs, liver, testes, pituitary gland,
and brain. When binding to the AT receptor, angiotensin Il
promotes vasoconstriction and pressor effects, also caus-
ing thrombosis, inflammation and vascular and myocardial
hypertrophy (26).

We used losartan to block angiotensin Il AT4 receptors
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and enalaprilat to block ACE, and both pre-incubations
blocked the effects of Gd on vascular reactivity. These
results suggest that Gd was able to increase the produc-
tion of angiotensin Il by stimulating ACE. A previous report
showed that Gd might affect ACE activity via a transmetal-
lation effect with zinc (7) and we recently demonstrated that
another metal, mercury, at low concentration, is capable of
stimulating ACE (20). Moreover, studies have shown that
at lower concentrations (6 nM and 0.5 to 10 mM), mercury
induces vasoconstriction in rat caudal arteries (20,27).
Part of these effects are mediated by the increase in the
production of reactive oxygen species and of prostanoids
via cyclooxygenase (20,27). This finding clarified one of
the mechanisms of increased vascular reactivity produced
by Gd, which depends on an increased production of an-
giotensin Il and an enhanced stimulation of AT receptors,
similar to the effects reported for low concentrations of
mercury (20,27).

Potential limitations of the study

In the present study, we used aortic rings knowing that
adenosine is more important for the regulation of tone in
small arteries. However, other reports have shown that
the aorta has adenosine receptors. We then decided that
for a first approach the use of aortic rings would be better
for us to evaluate the actions of Gd. Moreover, the main
goal was to show that E-NTPDases could play a role in the
control of vascular tone modulating NO release, and since
NO plays an important role in the modulation of aortic tone
we chose aortic rings. However, according to our findings,
we believe that the results obtained in the present study
are acceptable.

Our results show that Gd promoted an increase of vas-
cular reactivity to PHE. They did not support the idea that
the action of Gd depends on the reduction of adenosine
production by the inhibition of E-NTPDase activity. However,
the present results show that the in vitro exposure to 3 yM
Gd induces endothelial dysfunction in aortic segments of
rats since Gd increased the release of vasoconstrictors
from the endothelium through ACE activation and reduced
bioavailability of NO. Based on these findings, we suggest
that Gd might have toxicological consequences and might
be considered to be a health risk factor.
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