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High-Salt Intake Augments the Activity of the RhoA/ROCK
Pathway and Reduces Intracellular Calcium in Arteries From

Rats

Sandra Crestani,’ Robert Clinton Webb,? and José Eduardo da Silva-Santos3

BACKGROUND

We investigated the influence of salt overconsumption on the function-
ality of the RhoA/Rho-associated kinase (ROCK) pathway and calcium
regulation in arteries.

METHODS

The aorta and small mesenteric arteries from rats fed a chow contain-
ing 2%, 4%, or 8% NaCl were evaluated in organ baths for the activ-
ity of the RhoA/ROCK pathway and intracellular calcium mobilization.
Components of these pathways and intracellular calcium levels were
also assessed in samples from 4% NaCl group.

RESULTS

In arteries from animals fed regular chow, the ROCK inhibitor Y-27632
reduced the responses to phenylephrine, even when the smallest con-
centrations (1 and 3 pM) were tested. However, only higher concen-
trations of Y-27632 (10 and 50 uM) reduced phenylephrine-induced
contraction in vessels from high-salt groups. Immunoblotting revealed
augmented phosphorylation of the myosin phosphatase targeting

Systemic arterial hypertension is often associated with both
genetic and environmental events,! and it is well recognized
that excessive salt intake is a major risk factor for hyperten-
sion.?”> In spite of the wide number of studies in this field,
salt-associated cardiovascular changes and their contri-
bution to the development of primary vascular disorders
remains poorly understood.

Since a Rho-associated kinase (ROCK) was described
and identified as a regulator of vascular smooth muscle con-
traction,®’ the role of the RhoA/ROCK pathway in the car-
diovascular system has been extensively investigated. The 2
known ROCK isoforms (ROCK I and II) are protein serine/
threonine kinases with a Rho-binding regulatory domain,
and binding of the small GTPase-protein RhoA to this reg-
ulatory site increases the inhibitory activity of ROCK on
myosin phosphatase, resulting in physiological calcium sen-
sitization and regulation of the vascular tone.®® Nevertheless,

subunit 1 and increased amounts of RhoA in the membrane fraction of
aorta homogenates from the 4% NaCl group. Under calcium-free solu-
tion, vessels from NaCl groups presented reduced contractile responses
to phenylephrine and caffeine, compared with the regular chow group.
Moreover, decreased intracellular calcium at rest and after stimulation
with ATP were found in aortic smooth muscle cells from 4% NaCl-fed
rats, which also showed diminished levels of SERCA2 and SERCA3, but
not of IP; and ryanodine receptors, or STIM1 and Orai1 proteins.

CONCLUSIONS

Arteries from rats subjected to high-salt intake are unable to properly
regulate intracellular calcium levels and present augmented activity of
the calcium sensitization pathway RhoA/ROCK. These changes may pre-
cede the development of vascular diseases induced by high-salt intake.
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inhibition of ROCK reduces blood pressure in hypertensive
rats,’ and components of the RhoA/ROCK pathway are
highly expressed or more active in vessels from angiotensin
II-infused rodents, 2-kidney 1-clip renal hypertensive rats,
deoxycorticosterone acetate-salt (DOCA-salt) animals, Dahl
salt-sensitive and spontaneously hypertensive rats.”~!!
Notably, in experimental studies investigating salt-
induced hypertension, high blood pressure levels are
reached when elevated dietary levels of NaCl are given to
mineralocorticoid-treated rodents (the DOCA-salt model),
chronically angiotensin II-infused rats, or Dahl salt-sen-
sitive rats,'?"1* since overconsumption of NaCl alone is
not enough to induce hypertension in healthy animals.!
At least to our knowledge, the involvement of the RhoA/
ROCK pathway in the cardiovascular changes induced
by continuous high-salt intake by healthy animals, not
exposed to any additional condition that could contribute
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to increase blood pressure, remains to be investigated. The
main hypothesis of this study was that overconsumption
of NaCl can increase the activity of components of the
RhoA/Rho-kinase pathway, accounting for changes in the
vascular functionality that may precede the salt-associated
hypertensive condition.

METHODS
Animals and experimental groups

All procedures adopted in this study were approved
by the Institutional Ethics Committee for Animal Use
of Universidade Federal do Parand (authorization num-
ber 345), and by the Institutional Animal Care and Use
Committee from Georgia Health Sciences University
(authorization number 2011-0353). Male Wistar
rats (21 days, weighing 50-60 g) provided by either
Universidade Federal do Parana (Curitiba, PR, Brazil) or
Harlan Laboratories (Indianapolis, IN) were used in this
study. The animals were kept under a constant 12/12 hour
light/dark cycle and controlled temperature (22 * 2 °C),
with ad libitum access to food and water. The experiments
were conduct in a control group that received standard rat
chow containing 0.7-1% NaCl, and 3 experimental groups,
which were fed chow containing 2%, 4%, or 8% NaCl (pur-
chased from Quimtia, Colombo, PR, Brazil; or Envigo,
Madison, WI). The high-NaCl or regular diet was started at
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Aortic rings from all groups, and second order small mesenteric
arteries from regular chow and 4% NaCl groups were evaluated for:

i) Contractile responses to 120 mM KCl and phenylephrine;

ii) Acetylcholine and Y-27632-induced relaxation;

iii) Contractile responses to CaCl,;

iv) Phenylephrine- and caffeine-induced contraction in Ca?*-free
nutritive solution;

v) Inhibitory effect of Y-27632 against phenylephrine.

Thoracic aortas from regular chow and 4% NaCl groups were
subjected to immunoblotting and probed for:

i) RhoA, ROCK |, ROCK II, total and phosphorylated MYPT 1;
ii) SERCA2, SERCAS, IP; and rianodine receptors, STIM1 and
Orai1 proteins.

Smooth muscle cells from aortas of the regular chow and 4% NaCl
groups were subjected to fluorimetric detection of intracellular Ca?*

Figure 1.

(b)

weaning and maintained for 6 weeks, when the animals (9
weeks old, weighing 250-300 g) were euthanized by anes-
thetic overdose (ketamine/xylazine, 200 and 40 mg/kg, i.p.,
respectively) and the thoracic aorta or second order small
mesenteric arteries (external diameter: ~250 pum) were
mounted in organ baths for evaluation of vascular reactiv-
ity, processed to western blotting analyses or used as source
of smooth muscle cells that were subjected for analysis of
intracellular calcium levels. The experiments using aortic
rings were performed at Universidade Federal do Parana
(Curitiba, PR, Brazil), and all additional studies were con-
ducted at Augusta University (Augusta, GA). The detailed
methods, experimental protocols, and composition of the
diets are available as Supplementary Material. A summary
of the experiments performed, including typical tracings
obtained in organ baths is presented in Figure 1.

Statistical analysis

The results show the mean + SEM of 5-6 experiments
using samples from different animals from each group,
unless otherwise specified, such as in the western blotting
and intracellular calcium analyses. Statistical significance
was determined through 1- or 2-way analysis of variance,
both followed by Bonferroni correction. The Student’s ¢-test
was used when applicable. A value of P <0.05 was accepted
as statistically significant.
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Summary of experimental design (a) and trace recordings in second order mesenteric arteries from rats subjected to regular chow (b) and 4%

NaCl diet (c), showing the contractile responses induced by cumulative concentrations of phenylephrine (PE) in vessels previously incubated during 15
minutes with either vehicle (physiological nutritive solution, PSS), or the ROCK inhibitor Y-27632 (30 uM).
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RESULTS

Lack of changes in vascular responsiveness to
vasoconstrictors and vasodilators in vessels from high-salt
diet-fed rats

The experiments performed with endothelium-denuded
aortic rings obtained from rats fed a high-salt diet did not
reveal any significant change in the contractile responses
induced by 120 mM KCl solution (modified PSS; Figure 2a),
or cumulative concentrations of PE (Figure 2b), a selective
al-adrenergic receptor agonist. The effects of KCI (data not
shown) and PE also remained unchanged in endothelium-
intact aortic rings from the 2%, 4%, or 8% NaCl groups
(Supplementary Material, Figure SIA-D, open circles). The
relaxation induced by the muscarinic receptor agonist ace-
tylcholine or the selective ROCK inhibitor Y-27632 in aortic
rings from the high-salt groups presented the same potency
and maximal effect observed in preparations from the con-
trol groups (Figure 2¢ and d, respectively).

Reduced inhibitory effect of Y-27632 on PE-induced
vasoconstriction in aortas from high-salt diet-fed rats

Incubation of endothelium-denuded aortic rings with
the ROCK inhibitor Y-27632 for 15 minutes significantly
reduced responses to PE in preparations from control rats,
even when the smallest concentration adopted in this study
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(1 uM) was tested (Figure 3a). On the other hand, only the
highest concentration of Y-27632 (10 uM) was able to signif-
icantly reduce the effects of PE in aortas obtained from high-
salt diet-fed groups (2%, 4%, and 8% NaCl, Figure 3b-d,
respectively). Similar results were found in endothelium-
intact aortic rings (Supplementary Material, Figure S1A-D).

High-salt diet increases activation of the RhoA/ROCK
pathway

The data obtained from 2%, 4%, and 8% NaCl groups
did not disclose any difference among the groups, regard-
ing the reduced sensitivity of aortic rings to the inhibi-
tory effect of Y-27632 on PE-induced tension generation.
For this, the experiments to explore the protein levels of
components of the RhoA/ROCK pathway were performed
only in vessels from rats fed regular (control group) or 4%
NaCl chow.

Western blot analyses revealed no differences between
the levels of total RhoA, ROCK I, or ROCK II in the aortas
of the control and 4% NaCl groups (Figure 4a). However,
despite the total MYPT1 remained unchanged (Figure 4b),
the amounts of phosphorylated-MYPT1 were significantly
increased in aortas from 4% NaCl group (Figure 4b and c).
Moreover, aortic homogenates from the 4% NaCl group pre-
sented an increased proportion of RhoA in the membrane,
both at rest and under stimulation by PE (Figure 4d).
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Figure 2. Aortas from rats fed a chow containing high NaCl show unaltered reactivity to vasoactive agents. The vascular reactivity to 120 mM KCl (a),
cumulative concentrations of phenylephrine (PE, b), acetylcholine (c), or Y-27632 (d) were recorded in aortic rings from rats subjected to regular chow
(also indicated as “RC"), 2%, 4%, or 8% NaCl diets. The results show the mean + SEM of 5-6 preparations from different animals per group. No statistical

differences were found.
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Figure 3. Aortas from rats fed a chow containing high NaCl are less sensitive to the inhibitory effect of Y-27632 on phenylephrine-induced contraction.
The inhibitory effect of the ROCK inhibitor Y-27632 (1, 3, or 10 uM) on PE-induced contraction is shown in aortic rings from animals subjected to regular
chow (a), 2% (b), 4% (c), and 8% (d) NaCl diets. The results show the mean + SEM of 5-6 preparations from different animals per group. *P < 0.05 compared

with control (vehicle).

High-salt diet reduces calcium-dependent contraction

When maintained in calcium-free and depolarizing PSS,
aortic rings from 2%, 4%, and 8% NaCl-supplemented
groups did not demonstrate altered contractile responses to
cumulative amounts of CaCl, (Figure 5a). However, when
a calcium-free nondepolarizing PSS was used, the aorta
obtained from high NaCl groups presented reduced reactiv-
ity to PE (Figure 5b) and caffeine (Figure 5¢), compared with
control preparations.

High-salt diet reduces intracellular calcium levels

Smooth muscle cells freshly isolated from aortas of the 4%
NaCl group presented diminished amounts of cytosolic cal-
cium at rest (Figure 5e), as well as a 50% and 80% reduction
in their ability to release calcium from intracellular stores
in response to ATDP, after the first and second stimulation,
respectively (Figure 5f), compared with cells obtained from
rats receiving regular chow. Typical recordings of these
experiments are shown in Figure 5d.

High-salt diet decreases the expression of SERCA

Aortas of the 4% NaCl group presented reduced amounts
of both SERCA2 (~28%) and SERCA3 (~50%), compared
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with samples from control animals (Figure 6a and b, respec-
tively). Nonetheless, compared with controls, the expres-
sion levels of IP,R (Figure 6c), RyR (Figure 6d), STIM1
(Figure 6e), and Orail (Figure 6f) remained unchanged in
the aorta of rats exposed to the high-salt diet.

High-salt diet increases the activity of ROCK and reduces
calcium-dependent contraction in small mesenteric arteries

To evaluate if our findings were not restricted to large
conductance vessels such as aorta, we also measured the
vascular reactivity of small mesenteric arteries from both
control and 4% NaCl groups. Our experiments revealed
no differences in the effects of 120 mM KCI solution
(Figure 7a), PE (Figure 7b), acetylcholine (Figure 7¢), and
Y-27632 (Figure 7d) in small mesenteric arteries isolated
from animals fed the 4% NaCl diet, compared with vessels
from animals that received the control diet. Moreover, the
reduced ability of Y-27632 to inhibit PE-induced contraction
was fully reproducible in small mesenteric arteries from the
4% NaCl group (Figure 7e and f), as illustrated in the trace
recordings presented in Figure 1b and c.

As found in experiments using aortic rings under depo-
larizing conditions, there were no differences between the
reactivity of small arteries from control and 4% NaCl groups
in response to CaCl, (Figure 8a). In addition to reduced
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Figure 4. Increased phosphorylation of MYPT1 and translocation of RhoA to the membrane in the aorta of rats subjected to a high-salt diet. The levels
of RhoA, ROCK | and ROCK Il (a), total and phosphorylated-MYPT1 (b and c), and membrane and cytosolic fractions of RhoA (d) were measured in aorta
homogenates from rats fed regular chow (RC) or 4% NaCl chow. In panel d, the results also show the quantification of RhoA in the membrane and cytosol
of aortas stimulated by phenylephrine (PE, 1 uM). The results show the mean + SEM of densitometric analyses of 3-5 samples per group, all obtained from
different animals. *P < 0.05 compared with the respective control column (RC group).

reactivity to caffeine (Figure 8b), small mesenteric arteries
from the 4% NaCl group maintained in nondepolarizing
calcium-free PSS also showed decreased responses to PE
(Figure 8c), which was normalized by incubation with the
inhibitor of sarcoplasmic reticulum Ca?*-ATPase (SERCA),
thapsigargin (Figure 8d). We also found that, compared with
vessels from control animals, small mesenteric arteries from
the 4% NaCl group, maintained in regular PSS, presented
enhanced tone when the medium was overloaded with
100 mM CaCl, (Figure 8e). Interestingly, addition of thap-
sigargin increased the sensitivity of preparations obtained
from control animals to CaCl,, but failed to further increase
the effects of high CaCl, in vessels from the 4% NaCl group
(Figure 8f).

DISCUSSION

Using vessels obtained from Wistar rats subjected to
a high-salt diet for 6 weeks, our experiments showed that
overconsumption of NaCl did not change the in vitro vas-
cular reactivity to high KCI solution, phenylephrine, and
acetylcholine (Figure 2a-c, respectively), classical tools used
to explore contractility and endothelial function. Notably,
high-salt intake is expected to result in impaired vascular

reactivity to vasoactive agents and increased blood pressure
in rats, but the majority of the studies showing such find-
ings have been conducted with DOCA-salt or Dahl salt-
sensitive rats,'>!17 instead of animals under high-salt intake
only. Our study used healthy, normotensive rats that did not
develop hypertension (Supplementary Material, Figure S2),
even after a period of exposure of 6 weeks to high-salt levels.

In spite of the lack of changes in vascular reactivity, the
high-salt diet rendered aortic rings less sensitive to the
inhibitory effects of Y-27632 on phenylephrine-induced
contraction, in both endothelium-denuded (Figure 3) and
endothelium-intact arteries (Supplementary Material,
Figure S1). Given that RhoA is physiologically activated by
several G-protein coupled receptors (GPCRs), including the
a, ,-adrenergic receptor,'® (leading to activation of ROCK),
and that Y-27632 is a highly selective inhibitor of both
ROCK I and II isoforms,!® the reduced potency of Y-27632
to inhibit PE-induced contraction in aortas from the NaCl-
supplemented groups was taken to indicate that, in spite of
the normal reactivity to vasoconstrictors and vasodilators,
the functionality of the RhoA/ROCK pathway was enhanced
by high-salt intake. Notably, this finding was seen in aortic
rings from animals subjected to chow containing 2%, 4%,
and 8% NaCl, showing that even a slight (2%), or moderate
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Figure 5. Aortas from rats fed a chow containing high NaCl maintained in calcium-free solution show reduced contractile responses and decreased
intracellular calcium levels. The contractile responses to cumulative concentrations of CaCl, (a), phenylephrine (PE, 1 uM; b), and caffeine (1 mM; c) were
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(4%) increase in salt intake may influence the vascular biol-
ogy, even in the absence of detectable changes in vascular
reactivity or blood pressure levels. For this reason, most of
the subsequent experiments were performed using vessels
obtained from the 4% NaCl group only.

Previous studies have associated the increased activity of
the RhoA/ROCK pathway with augmented protein levels of
RhoA and ROCK in the vasculature.?’ We did not find any
change in the levels of total RhoA, ROCK I, or ROCK II, but
our experiments revealed that aortas from animals fed chow
containing 4% NaCl present higher levels of membrane-
bound RhoA than aortas from control animals, under both
basal and phenylephrine-stimulated conditions (Figure 4d).
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Activation of RhoA by GPCRs involves translocation of
RhoA from the cytosol to the plasma membrane, allowing
its interaction with downstream effectors, such as ROCK.*"*?
Once stimulated by RhoA, ROCK phosphorylates the myosin
phosphatase target subunit 1 (MYPT1), a regulatory subunit
of myosin phosphatase, inhibiting the activity of this enzyme,
and favoring smooth muscle contraction mediated through
Ca**-calmodulin-dependent myosin light chain kinase.??
Indeed, the analysis of MYPT1 phosphorylation at Thr696
has been employed as a direct indicator of ROCK activ-
ity,** and we detected augmented levels of phospho-MYPT1
in aortas of the 4% NaCl group (Figure 4b and c). Taking
these results together with the reduced effects of the ROCK
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Figure 6. Reduced levels of SERCA in aorta homogenates from rats subjected to a high-sodium diet. The levels of SERCA 2 (a), SERCA 3 (b), IP, receptors
(IP5R, ©), ryanodine receptors (RyR, d), STIM 1 (e), and Orai1 (f) were measured in aorta homogenates from rats fed with regular or 4% NaCl chow. Results
show the mean + SEM of densitometric analyses of 3-5 samples per group, all obtained from different animals. *P < 0.05 compared with the respective

control column.

inhibitor Y-27632 against phenylephrine-induced contrac-
tion, and the augmented translocation of RhoA to the mem-
brane, the increased degree of phosphorylation of MYPT1
indicates that the RhoA/ROCK pathway is more active in
aortas from animals subjected to a high-salt diet. Importantly,
the increased activity of this pathway has been related to sev-
eral pathological conditions, including hypertension,” but at
least to our knowledge, this is the first study demonstrating
that an augmented activation of the RhoA/ROCK pathway
takes place in vessels from animals subjected to a high-salt
intake, without any coexisting condition (i.e., angiotensin II
infusion or deoxycorticosterone administration).

Because we found substantial evidence of enhanced
activation of ROCK, but the vessels did not display any
change in vascular reactivity (i.e., unaltered responses to

phenylephrine), and because the RhoA/ROCK pathway
mediates calcium sensitization, we investigated whether
either calcium influx or calcium mobilization from intracel-
lular stores could be impaired in vessels from high-salt diet-
fed groups. Using a depolarizing calcium-free PSS, we found
that aortas from rats fed chow containing 2%, 4%, or 8% NaCl
did not present any change in calcium-induced contraction
(Figure 5a), a finding that clearly indicated that calcium
influx by voltage-activated membrane calcium channels, as
well as the cellular contractile machinery, were not impaired
by high-salt intake. However, these same vessels displayed
reduced reactivity to phenylephrine and caffeine, when eval-
uated in nondepolarizing calcium-free nutritive solution
(Figure 5b and c, respectively). Since phenylephrine- and
caffeine-induced contraction in calcium-free medium are
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Functional evidence of augmented activity of the RhoA/ROCK pathway in resistance arteries from rats subjected to a high-salt diet. The vascu-

lar reactivity of small mesenteric arteries to 120 mM KCl (a), phenylephrine (PE, b), acetylcholine (c), and Y-27632 (d) were measured in arteries obtained
from regular chow and 4% NaCl diets. The inhibitory effect of the ROCK inhibitor Y-27632 (3, 30, or 50 uM) on PE-induced contraction was evaluated in
small mesenteric arteries obtained from control (regular chow diet, ) and 4% NaCl group (f). The results presented are the mean + SEM of 5-6 prepara-

tions per group. *P < 0.05 compared with the regular chow group.

fully dependent on calcium release from the sarcoplasmic
reticulum, through activation of inositol 1,4,5-trisphosphate
receptors (IP;R) and ryanodine receptors (RyR), respec-
tively, these results suggested that aortas from the high
NaCl groups present disrupted control of intracellular cal-
cium release or storage. Indeed, using the fluorescence dye
FURAZ2, we were able to show that fresh smooth muscle cells
isolated from aortas of 4% NaCl-supplemented rats display
reduced free intracellular calcium at rest, as well as after
stimulation by ATP (Figure 5e and f, respectively). Notably,
these cells presented even lower calcium release after a sec-
ond stimulation by ATP, suggesting an inability to properly
reload its intracellular stores.
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It is well known that the sarcoplasmic reticulum is the
major intracellular structure involved in calcium stor-
age in smooth muscle cells, providing a quick and strictly
controlled regulation of cytoplasmic free calcium con-
centration. The release of calcium from the sarcoplasmic
reticulum is primarily mediated by IP,R and RyR,* while
calcium uptake and reticulum reload occurs mainly by
SERCA, and the interaction between the sensor stromal
interacting molecule 1 (STIM1) and the Orai calcium
release-activated calcium modulator 1 (Orail) present in
calcium release-activated calcium channels.?” Importantly,
western blot analyses revealed that aortas from the 4% NaCl
group did not show any difference in protein levels of IP;R,
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Functional evidence of decreased mobilization of intracellular calcium in resistance arteries from rats exposed to a high-salt diet. Compared

with responses obtained in vessels from the regular chow (also indicated as “RC"), the small mesenteric arteries from 4% NaCl group maintained in
calcium-free nutritive solution presented unaltered responses to CaCl, (a), but were less reactive to caffeine (b), and phenylephrine (PE, c), which was
prevented by thapsigargin (d). Panels e and f show the increase in the vascular tone evoked by CaCl, overload in small mesenteric arteries from regular
chow and 4% NaCl groups before (e) and after (f) incubation with thapsigargin. The results are the mean + SEM of 5-6 preparations from different animals
per group. *P < 0.05 compared with the respective control (regular chow group, RC).

RyR, STIM1, or Orail, but presented diminished amounts
of both SERCA2 and SERCA3 subtypes (Figure 6). Thus,
taking into account the reduced responsiveness to PE and
caffeine presented by aortas maintained in calcium-free
PSS, the reduced levels of SERCA proteins found by west-
ern blot analysis, and the reduced ability of fresh isolated
smooth muscle cells to increase their intracellular concen-
tration of free calcium, mainly after a second round of stim-
ulation by ATP, it is reasonable to conclude that high-salt
intake compromises the ability of vascular smooth muscle
cells from rats to regulate intracellular calcium concentra-
tion, which appears to be, at least in part, associated with
reduced SERCA pump expression leading to reduced filling
of the sarcoplasmic reticulum.

Although widely used and accepted in experimental
studies, the aorta is a large conductance vessel with minor
influence in the systemic arterial pressure. To circumvent
this limitation of our study, most of the functional proto-
cols evaluated in the aortic rings were also investigated in
small mesenteric arteries, which are resistance vessels closely
related with maintenance of blood pressure and tissue per-
fusion. The small mesenteric arteries also did not present
impaired reactivity to high KCI, phenylephrine, or acetyl-
choline and, despite the lack of data regarding the levels of
components of the RhoA/ROCK pathway, these resistance
vessels also showed reduced sensitivity to the inhibitory
effect of Y-27632 against phenylephrine-induced force gen-
eration (Figure 7), as well decreased reactivity to caffeine and
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phenylephrine when maintained in calcium-free solution
(Figure 8b and c, respectively). Interestingly, the blockage
of SERCA by thapsigargin normalized the reactivity to phe-
nylephrine in small mesenteric arteries from the 4% NaCl
group, compared with preparations from control animals
(Figure 8d). In addition, thapsigargin increased the contrac-
tion induced by calcium overload in small arteries from the
control group, but had no effect on the already enhanced
responses to calcium obtained in preparations from the 4%
NaCl group (Figure 8e and f, respectively), suggesting that
overconsumption of salt also disrupted the functionality or
expression of SERCA in resistance arteries from the mes-
enteric vascular bed. Importantly, the involvement and role
of such changes in other vessels potentially involved in the
control of blood pressure, such as renal microcirculation,
deserves further investigation.

In conclusion, the results presented here reveal that, in
spite of the lack of hypertension and the absence of meas-
urable changes in vascular reactivity, vessels from rats
subjected to a 6-week period of high-salt intake in their
chow display augmented activity of the RhoA/Rho-kinase
pathway. This was accompanied by reduced intracellular
calcium levels, which appear to be associated with the ina-
bility of the sarcoplasmic reticulum to be reloaded with cal-
cium. Although our data do not allow us to state whether
such changes result from a counterbalance to maintain
vascular reactivity, neither of which is the first to be initi-
ated, this study clearly demonstrates a significant change in
vascular biology, even before the development of changes
in vascular reactivity. In addition to calcium sensitization
and vascular constriction, the RhoA/ROCK pathway has
been implicated in several biological events in the vascular
system,”®?® and calcium plays a number of roles in healthy
and diseased cells. Although we have not further explored
the consequences of our findings for other functions of
vascular smooth muscle cells, and additional studies using
in vivo approaches remain to be carried out, the knowl-
edge regarding the effects of high-salt intake on both the
RhoA/Rho-kinase pathway and calcium homeostasis may
contribute to the development of innovative strategies in
the management of vascular diseases associated with NaCl
overconsumption.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of
Hypertension online.
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