
INTRODUCTION
Mercury has historically been used in a wide variety of

human activities that significantly increased its emission into the
atmosphere. After the disasters in Minamata (1) and Iraq (2)
numerous studies highlighted the toxic effects of mercury in
different organs and systems (3-5). In addition, during the last
years adverse effects of mercury on the heart and vessels have
been outlined (6-10) and it has been shown that mercury exposure
increases the risk of hypertension, carotid atherosclerosis and
coronary heart disease (11-13). It was demonstrated in animal and
human studies that mercury increases free radical production and
oxidative stress (10, 14-17), affects antioxidant defences (18, 19)
and increases lipid peroxidation (20), among others. Recently, we
have demonstrated that both acute and chronic administration of
low doses of mercury increased phenylephrine-induced

contraction in different vascular beds (9, 10) and elicited
endothelial dysfunction (10) as a result of the decreased NO
bioavailability induced by oxidative stress increase.

Cyclooxygenase (COX) catalyzes the conversion of
arachidonic acid to prostanoids, known as important inflammatory
response mediators. In addition, endothelial prostanoids production
contributes to the regulation of vascular tone. In healthy blood
vessels, most prostanoids are formed by the constitutive isoform of
COX (COX-1). However, these mediators may also be synthesized
by the inducible isoform, COX-2, that can be induced by
inflammatory agents such as lipopolysaccharide or cytokines (21-
23). In fact, increased vascular COX-2 expression has been
reported in pathological conditions associated with inflammatory
processes, such as atherosclerosis or hypertension (24-26).
Moreover, some authors have suggested a role for contractile
COX-2-derived products in both the endothelial dysfunction (27-
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We have previously demonstrated that chronic exposure to low-dose of mercury induced endothelial dysfunction and
increased vasoconstrictor responses. The aim of this work was to investigate if mercury exposure alters contractile
prostanoids production from cyclooxygenase-2 (COX-2) and its contribution to phenylephrine responses. For this, aortic
segments from 3-month old Wistar rats daily treated with HgCl2 (1st dose 4.6 µg/kg, subsequent dose 0.07 µg/kg/day,
i.m.) or vehicle for 30 days were used. Mercury treatment did not affect systolic blood pressure but increased
phenylephrine-induced vasoconstriction. The non selective COX inhibitor, indomethacin (10 µmol/l) reduced the
response to phenylephrine more in aortic segments from mercury-treated than control rats. The selective COX-2
inhibitor NS 398 (1 µmol/l), the thromboxane A2/prostaglandin H2 receptor (TP) antagonist SQ 29,548 (1 µmol/l), the
TXA2 synthase inhibitor furegrelate (1 µmol/l), the EP1 receptor antagonist SC 19220 (1 µmol/l) and the AT1 receptor
antagonist losartan (10 µmol/l) reduced phenylephrine response only in vessels from mercury-treated rats. TXA2 and
PGE2 levels were greater in the incubation medium of vessels from treated than untreated rats; NS 398 decreased these
levels only in the mercury group. COX-2 protein was localized in adventitial and endothelial cells. Aortic COX-2
mRNA expression and plasma angiotensin converting enzyme activity were greater in mercury-treated rats. These
results suggest that treatment with low doses of mercury increases the release of COX-2-derived vasoconstrictor
prostanoids and its participation in phenylephrine responses. The increased activation of the renin-angiotensin system
after mercury treatment might be associated to this increased COX-2 activity.
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29) and in the vascular contractile responses (24, 25, 30) observed
with hypertension or ageing. Acute mercury exposure resulted on
angiotensin converting enzyme (ACE) activation (9). In addition,
we have recently demonstrated the participation of angiotensin II
via AT1 receptors in the increased participation of COX-2-derived
contractile mediators in phenylephrine responses in aorta from
hypertensive rats. Interestingly, angiotensin II induces COX-2
expression and prostanoid production in vascular smooth muscle
cells (31, 32) and adventitial fibroblasts (33).

Different chemical forms of mercury have demonstrated
contradictory effects on prostanoids production in different cell
types. Thus, methyl mercury reduces PGE2 and PGF2α
production in rabbit kidney medulla slices (34), while HgCl2
increases PGE2 production in rat glomeruli and glomerular cells
(35). Phospholipase A2 activation has been reported to be
involved in the effect of methyl mercury on vascular endothelial
cells cytotoxicity (36) as well as in increased platelet
aggregation (37). Moreover, the perfusion of the rat tail vascular
bed with HgCl2 produces vasoconstriction mediated by COX-
pathway products (17). The purpose of the present study was to
investigate whether the chronic exposure to low doses of
mercury, which approaches the human exposed mercury levels
in blood (38, 39), alters contractile prostanoids production from
COX-2 and its contribution to phenylephrine responses in aortic
rings. In addition, the role of ACE activation in the increased
phenylephrine responses observed after low-doses mercury
exposure was also investigated.

MATERIALS AND METHODS

Animals
Three-month-old male normotensive Wistar rats were

obtained from colonies maintained at the Animal Quarters of the
Universidad Autonoma de Madrid. During treatment, rats were
housed at a constant room temperature, humidity, and light cycle
(12:12-h light-dark). Rats had free access to tap water and were
fed with standard chow ad libitum. All experiments comply with
the current Spanish and European laws (RD 233/88 Ministerio
de Agricultura, Pesca y Alimentacion and 609/86). Rats were
divided into two groups: control (vehicle - saline solution, i.m.)
and rats treated with mercury chloride for 30 days (1st dose 4.6
µg/kg, subsequent dose 0.07 µg/kg/day, i.m. to cover daily loss).
The mercury levels in acid-digested samples of whole blood at
30 days of treatment were measured in duplicate by atomic
fluorescence spectrometry (PSA Analytical, Model 1025
Millenium System) in the Centro de Espectrometria Atomica
(Universidad Complutense de Madrid), as described (10).

Rats were euthanized by decapitation and thoracic aorta was
then carefully dissected out and cleaned of connective tissue. For
reactivity experiments the thoracic aorta was divided into
segments of 2 mm in length. For analysis of mRNA expression,
arteries were rapidly frozen in liquid nitrogen and kept at -80°C
until the day of analysis.

Reactivity experiments
For isometric tension recording, each aortic segment was set

up in an organ bath containing 5 ml of Krebs-Henseleit solution
(KHS, in mM: 115 NaCl, 25 NaHCO3, 4.7 KCl, 1.2 MgSO4
7H2O, 2.5 CaCl2, 1.2 KH2PO4, 11.1 glucose and 0.01 Na2EDTA)
at 37°C continuously gassed with a 95% O2-5% CO2 mixture
(pH=7.4). Two horizontally arranged stainless steel pins (75 µm
in diameter) were passed through the lumen: one was fixed to the
organ bath wall and the other one was vertically connected to a
force-displacement transducer (LETICA TRI 011) and to a

recorder (MacLab/8e ADI instruments; Cast Hill, Australia).
Aortic segments were subjected to a tension of 1.5 g which was
readjusted every 15 min during a 60 min equilibration period
before drug administration.

Vessels were initially exposed to 75 mM KCl to check their
functional integrity and the presence of endothelium was
confirmed by the ability of 10 µM acetylcholine (Sigma
Chemical Co., St. Louis, Missouri, USA) to relax segments
contracted with phenylephrine (Sigma Chemical) at a
concentration that produces close to 50% of the contraction
induced by 75 mM KCl. After 60 min of washout, a single
concentration-response curve to phenylephrine was performed.
The effects of losartan (Merck & Co., Inc, Rahway, NY, USA),
indomethacin (Sigma Chemical), NS398 (Calbiochem-
Novabiochem GmbH, Gad Soden Germany), SQ 29,548 (ICN
Iberica, Barcelona, Spain), SC 19,220 (Cayman Chemical, Ann
Arbor, Mitchigan, USA) and furegrelate (Sigma Chemical) were
investigated by their addition 30 min before phenylephrine.

Measurements of thromboxane A2 and PGE2 production
The measurements of PGE2 and the metabolite of

thromboxane A2 (thromboxane B2) were determined in the
incubation medium after phenylephrine concentration response
curves were performed, using enzyme immunoassay commercial
kits (Cayman Chemical). The medium was frozen in liquid
nitrogen, kept at -80°C until analysis and processed following
the manufacturer’s instruction.

RT-PCR real time assay
COX-2 mRNA was determined in aortic segments obtained

immediately upon removal from the animal. Segments were
frozen in liquid nitrogen and stored at -80°C until analysis.
Total RNA was obtained by using TRIzol (Invitrogen Life
Technologies, Carlsbad, CA, USA). A total of 1 µg of DNAse I
treated RNA was reverse-transcribed into cDNA using the High
Capacity cDNA Archive Kit (Applied Biosystems, Foster City,
CA, USA) in a 20 µl reaction. PCR was performed in duplicate
for each sample using 0.5 µl of cDNA as template for COX-2,
1 x TaqMan Universal PCR Master Mix (Applied Biosystems)
and 10 x of Taqman Gene Expression Assays (Applied
Biosystems, Rn00568225_m1) in a 20 µl reaction. For
quantification, quantitative RT-PCR was carried out in an ABI
PRISM 7000 Sequence Detection System (Applied Biosystems,
from the CAT of Universidad Rey Juan Carlos) using the
following conditions: 2 min 50°C, 10 min 95°C and 40 cycles:
15 s 95 °C, 1 min 60°. As a normalizing internal control we
amplified β2 microglobulin (Rn00560865_m1). To calculate the
relative index of gene expression, we employed the 2-∆∆Ct

method (40) using the untreated samples as calibrator.

Immunofluorescence
Aortic segments were fixed with 4% phosphate-buffered

paraformaldehyde (pH=7.6) for 2 h and washed in three changes
of phosphate-buffered saline solution (PBS, pH=7.4). After
cleaning, arterial segments were placed in PBS containing 30%
sucrose (as a cryoprotectant) for ~2 h. Segments were then
transferred to a cryomold containing Tissue Tek OCT
embedding medium for 20 min (Sakura Finetek Europe, The
Netherlands) and frozen in a beaker of isopentane that had been
cooled in liquid nitrogen. Tissues were kept at -70°C until the
day of the experiments. Frozen transverse sections (14 µm) were
cut onto gelatine-coated slides and air-dried for at least 60 min.
After blockade, sections were incubated with a polyclonal
antibody against COX-2 (1:200, Cayman Chemical) in PBS
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containing 2% bovine serum albumin for 1 h at 37°C in a humid
box. After washing, rings were incubated with the secondary
antibody donkey anti-rabbit IgG conjugated to Alexa 594
(Molecular Probes, Leiden, The Netherlands) at a dilution 1:200
for a further 1 h at 37°C in a humid box. After washing,
immunofluorescent signals were viewed using an inverted Leica
TCS SP5 confocal laser scanning microscope with oil
immersion lens (x40). Alexa 594 labelled antibody was
visualized by excitation at 543 nm and detection at 600-700 nm
and Hoechst-labelled nuclei were visualized by excitation at 351
and 364 nm and detection at 400-500 nm.

The specificity of the immunostaining was evaluated by
omission of the primary antibody and processing as above. Under
these conditions, no staining was observed in the vessel wall of
either control or mercury treated rats. To assess the presence of the
three vascular layers, the sections were stained with the nuclear
dye, Hoechst 33342 (0.01 mg/ml, Sigma Chemical).

Measurement of plasma ACE activity
ACE activity was measured by a fluorimetric method adapted

from Friedland and Silverstein (41). Briefly, triplicate plasma
samples (3 µl) were incubated for 15 minutes at 37°C with 40 µl
of assay buffer containing the ACE substrate 5 mM Hip-His-Leu
(Sigma Chemical). The reaction was stopped by addition of 190 µl
of 0.35N HCl. The generated product His-Leu, was measured
fluorimetrically following 10 minutes incubation with 100 µl of
2% o-phatal-dialdehyde in methanol. Fluorescence measurements
were carried out at 37°C in a Fluostar Optima plate reader (BMG
Labtech, Offenburg, Germany) with 350 nm excitation and
520 nm emission filters. The fluorescence plate reader was
controlled by the Fluostar Optima Software. Black 96-Well
polystyrene microplates (Biogen Cientifica, Madrid, Spain) were
used. A calibration curve with ACE from the rabbit lung (Sigma
Chemical) was included in each plate.

Data analysis and statistics

All values are expressed as mean±SEM of the number
animals used in each experiment. To normalize forces obtained
from each preparation, vasoconstrictor responses were
expressed as the % of contraction induced by 75 mM KCl. To
compare the effect of indomethacin on the response to
phenylephrine in segments from both treatments groups, some
results were expressed as ‘differences of area under the
concentration-response curves’ (dAUC) in control and
experimental situations. AUCs were calculated from the
individual concentration-response curve plots; the differences
were expressed as a percentage of the AUC of the
corresponding control situation. Results were analyzed using
either Student’s t-test, two-way ANOVA for comparison
between groups or Mann-Whitney non-parametric test. When
ANOVA showed a significant treatment effect, Bonferroni´s
post hoc test was used to compare individual means.
Differences were considered statistically significant at P<0.05.

RESULTS
Rats exposed to mercury chloride show increased blood

mercury concentration, attaining blood mercury level at 30 days
of ≈8 ng/ml, as described (10). Rats had similar body weight and
systolic blood pressure, as previously described (10).

Effect of mercury treatment on vasoconstrictor response
Vasoconstrictor responses to 75 mM KCl, were similar in

aorta from mercury-treated rats compared to controls (mercury:
2.72±0.5, control 2.9±0.39 g, n=28 and 36, respectively, P>0.05).

Treatment with mercury for 30 days increased the
vasoconstrictor responses induced by phenylephrine in
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Fig. 1. Effect of (a)
indomethacin (10 µmol/l)
and (b) NS398 (1 µmol/l)
on the concentration-
response curve to
phenylephrine in aortic
segments from control and
HgCl2 treated rats. Results
(mean±SEM) are expressed
as a percentage of the
response to 75 mmol/l KCl.
Number of animals used is
indicated in parentheses.
Insert graph in (a) shows
differences in area under
the concentration-response
curve (dAUC) in the
presence and the absence of
indomethacin. *P<0.01 vs.
control.



endothelium-intact aortic rings, as previously described (10).
Thus, mercury treatment increased Emax (Control: 87.8±2.4 %,
n=36 vs. HgCl2: 115±3.9 % of vasoconstrictor responses to KCl,
n=28; P<0.001) but did not modify pD2 (Control: 6.68±0.06 vs.
HgCl2: 6.64±0.07, P>0.05).

Effect of mercury treatment on COX pathway
Previous findings of our group suggest that COX-2-derived

products are involved in phenylephrine vasoconstrictor responses
in aorta (25). Indomethacin (10 µmol/l), a non selective COX
inhibitor, reduced the response to phenylephrine in aortic segments
from both groups (Fig. 1a); however, this reduction was greater in
segments from mercury-treated than control rats, as shown by the
comparison of the dAUC values (Fig. 1a insert). The selective
COX-2 inhibitor NS 398 (1 µmol/l) diminished phenylephrine
contractile responses in vessels from mercury-treated but not from
control rats (Fig. 1b). These results suggest the participation of

COX-2 derived contractile prostanoids on phenylephrine responses
only in vessels from mercury-treated rats.

To identify the contractile prostanoid involved in
phenylephrine responses, aortic rings were incubated with the
TP receptor antagonist SQ 29,548 (1 µmol/l), the TXA2 synthase
inhibitor furegrelate (1 µmol/l) and the EP1 receptor antagonist
SC 19,220 (1 µmol/l). As shown in Fig. 2, all treatments reduced
the response to phenylephrine only in aortic rings from mercury-
treated rats, suggesting that TXA2 and PGE2 participate in
phenylephrine responses only in mercury-treated rats.

Effects of mercury treatment on COX-2 activity and expression
The levels of both TXA2 and PGE2 in the incubation medium

of aortic segments were significantly higher in samples from
treated than untreated rats (Fig. 3). When vessels were incubated
with NS 398 (1 µmol/l), a reduction of the production of the two
prostanoids was observed only in samples from the mercury
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group. In these conditions, PGE2 and TXA2 release reached
similar levels in both groups (Fig. 3).

COX-2 protein was essentially localized in adventitial and
endothelial cells of aorta from treated (Fig. 4a) and untreated
(results not shown) rats. COX-2 mRNA expression was greater
in vessels from mercury-treated rats than control rats (Fig. 4b).

Effect of mercury treatment on renin angiotensin system activity
We have previously demonstrated that acute mercury

administration induces serum ACE activation (9). Then, we tested
whether mercury induces similar effects in chronically-treated rats.
Plasma ACE levels were greater in mercury treated than control
rats (Fig. 5a). To check whether this increased ACE activity has a
role on the increased vasoconstrictor responses induced by
phenylephrine after mercury treatment, vessels were incubated
with losartan (10 µmol/l). This drug had no effect on the
vasoconstrictor responses induced by phenylephrine in aortic rings

from control rats. However, in mercury-treated rats, a reduction of
phenylephrine vasoconstrictor responses was observed (Fig. 5b).

DISCUSSION
Results presented here demonstrate that exposure to low dose

of mercury chloride increases the participation of COX-2-derived
TXA2 and PGE2 on vasoconstrictor responses to phenylephrine.
This participation might help to explain the greater phenylephrine
responses observed in aorta from HgCl2 treated animals. A
possible role for angiotensin II is also suggested.

Mercury has been identified as a hazard and a risk factor for
cardiovascular diseases in humans (13). The US Enviromental
Protection Agency’s recommended the reference blood
concentration of mercury of 5.8 ng/ml. Below this concentration,
mercury exposure is considered to be without adverse effect (42-
44). The dose of mercury chloride used in the present study
attained a blood mercury concentration of around 8 ng/ml, close to
the levels of exposed humans (38, 39, 45). During the last years,
adverse effects of mercury on the heart and vessels have been
described (6-10). Specifically, an association between mercury
exposure and hypertension in humans has been shown (14, 46-48).
Moreover, in rats chronically treated with a high dose of mercury
(0.5 mg/kg body wt/day or 200 µg/ml of HgCl2 in drinking water
for 180 days) an increase in blood pressure has been reported (49,
50). However, we have previously described that chronic (30 days)
exposure to low HgCl2 concentrations does not induce changes in
blood pressure despite the endothelial dysfunction and augmented
vasoconstrictor responses found in both aorta and mesenteric
resistance arteries (10), suggesting the existence of compensatory
autonomic reflexes, as has been previously shown (8).

In a previous report we have shown that HgCl2 treatment
increases oxidative stress that reduces NO bioavailability, leading
to endothelial dysfunction and increased phenylephrine responses
(10). Herein, we evaluated the participation of prostanoids, known
regulators of vascular tone, in the increased vascular contractile
responses to phenylephrine observed in rat aorta after mercury
treatment. In vitro exposure to mercury chloride or methyl mercury
induces activation of arachidonate cycloperoxidation (51) and the
production of PGE2 in rat glomeruli and glomerular cells (35). The
perfusion of the rat tail vascular bed with HgCl2 produces
vasoconstriction mediated by COX-pathway products (17). In
addition, mercury induces the release of arachidonate and its
metabolites from human platelets (52), and increases the
biosynthesis of TXA2 and PGI2 in the heart (37). Those effects
were described to occur after acute exposure to mercury
compounds and in the micromolar range. However, to our
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Fig. 4. (a) Representative
photomicrographs of COX-2
immunofluorescence (arrow) in
aortic rings from HgCl2 treated
rats. Image size 387x387 µm.
n=3 animals. (B) Quantitative
RT-PCR assessment of COX-2
mRNA expression in aorta
from control (n=7) and HgCl2-
treated (n=9) rats. Results
(mean±SEM) are expressed as
the relative expression of
mRNA in HgCl2-treated
compared to control rats.
Mann-Whitney test: *P<0.05.
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knowledge, there are no studies analyzing the participation of
COX-derived products in a rat model of chronic exposure to low
doses of mercury chloride. The larger reduction of the increased
vasoconstrictor response to phenylephrine by the COX blockade
with indomethacin in mercury-treated rats suggests that
arachidonate vasoconstrictor metabolites were playing a role on the
mercury actions. This effect was specific for conductance arteries,
since no differences in indomethacin effects were observed in
mesenteric resistance arteries (unpublished observations).

Vascular COX-2 expression has been reported in pathological
conditions associated with inflammatory processes, such as
atherosclerosis or hypertension (24-26). COX-2- derived
prostanoids contribute to the endothelial dysfunction observed in
hypertensive or aged animals (27-29). In addition, these
prostanoids greatly contribute to the vasoconstrictor responses
observed in hypertensive rats (24, 25, 30). In the last years, it has
become evident that prostanoids production by COX-2 is also
involved in the modulation of vascular and endocrine responses in
physiological conditions (24-26, 53). We and others have
described COX-2 expression in endothelial and adventitial cells of
unstimulated arteries (23, 25, 54). In agreement, in the present
study we found that COX-2 was localized essentially in adventitia
and endothelial cells. To investigate the participation of COX-2
derived products on phenylephrine we used the COX-2 inhibitor
NS 398. This drug reduced the vasoconstrictor response to
phenylephrine in the chronic mercury-treated animals and not in
controls, suggesting the participation of contractile prostanoids
from COX-2 only in that group. The greater participation of COX-
2 derived products that occurs after mercury treatment could be
associated to the upregulation of this isoform. Thus, we found
greater mRNA levels of COX-2 protein expression in segments
from mercury treated than untreated rats. We then investigated the
participation of the COX-derived vasoconstrictor metabolites
PGE2 and TXA2 on phenylephrine responses. The TP receptor
antagonist SQ 29,548, the thromboxane A2 inhibitor furegrelate

and the EP1 receptor antagonist SC 19,220 diminished
phenylephrine responses only in mercury treated animals, thus
demonstrating the participation of both TXA2 and PGE2 on
mercury actions. Moreover, PGE2 and TXA2 production was
larger in aortas from chronic HgCl2-treated rats; these prostanoids
were derived from COX-2 since selective COX-2 blockade
abolished prostanoids production. All together these results
suggest that chronic mercury exposure induces the release of
vasoconstrictor prostanoids from COX-2 that affects vascular
contractile responses to phenylephrine, although we can not
discard an effect of Hg treatment reducing the involvement of
vasodilator prostanoids, such as PGI2, on phenylephrine responses.

The renin-angiotensin system is a central component of the
physiological and pathological responses of cardiovascular
system (55, 56). Angiotensin II modulates prostaglandin
production by activating phospholipase A2 or regulating COX-2
expression, although contradictory results have been reported
depending on the cell type or stimulus (31-33, 57, 58). In cultured
rat vascular smooth muscle cells (31, 32) and in adventitial
fibroblasts (33) angiotensin II induces COX-2 expression. In
aortic segments we have shown that the incubation of aortic
segments with angiotensin II increased the inhibitory effect of NS
398 in phenylephrine responses (32). Moreover, losartan
treatment decreased the increased production of COX-2-derived
products and their participation in contractile responses in
hypertension (32). However, it also has been described that COX-
2 products were not involved in the angiotensin II-dependent
endothelial dysfunction in hypertensive rats (59). We have
previously described that small concentrations of mercury
induces serum ACE activation (9). Herein, we observed that after
chronic low dose mercury exposure the plasma ACE activity
were increased. Moreover, losartan decreased phenylephrine
responses only in aorta from mercury-treated rats suggesting
increased local angiotensin II effect after mercury exposure.
Since endothelial cells are a major source of ACE (60, 61) it is

34

Control HgCl
2

2500

3000

3500

*

m
U

 
A

C
E

/
 
m

l
 
p

l
a

s
m

a

Control

-9 -8 -7 -6 -5 -4

0

50

100

150

Losartan (12)

Control (9)

Phenylephrine (log mol/l)

C
o

n
t
r
a
c
t
i
o

n
 
(
%

)

HgCl
2

-9 -8 -7 -6 -5 -4

0

50

100

150

Losartan (16)

Control (8)

ANOVA:

P<0.001

Phenylephrine (log mol/l)

C
o

n
t
r
a
c
t
i
o

n
 
(
%

)

(a)

(b)

Fig. 5. (a) Angiotensin
converting enzyme (ACE)
activity (mU/ml) in plasma
of Control and HgCl2
treated rats *P<0.01 vs.
control. (b) Effect of
losartan (10 µmol/l) on the
concentration-response
curve to phenylephrine in
endothelium-intact aortic
segments from Control and
HgCl2 treated rats. Results
(mean±SEM) are expressed
as a percentage of the
response to 75 mmol/l KCl.
Number of animals used is
indicated in parentheses.



possible the participation of the endothelial layer in the
production of angiotensin II in vessels from mercury treated rats.
Based on our findings and the extensive reports showing that
angiotensin II increases COX-2 expression in different cell types,
we might hypothesize that the increased local angiotensin II
levels might be responsible, at least in part, for the increased
COX-2 activity after chronic mercury exposure. Additional
studies will be needed to address this possibility.

In conclusion, we demonstrated for the first time, that
treatment with small doses of mercury increases the release of
COX-2 derived vasoconstrictor prostanoids and its participation in
vasoconstrictor responses. The increased activation of the renin-
angiotensin system after mercury treatment would be associated
with this increased COX-2 activity. These mechanisms would
contribute to explain the endothelial dysfunction and the increased
vasoconstrictor responses induced by mercury exposure (10).
These observations also offer further evidence that chronic
mercury exposure, even at small concentration, is hazardous and
it is an environmental risk factor for cardiovascular disease.
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