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ABSTRACT

Exercise-induced adaptations of the modulating mechanisms that influence the angiotensin (Ang II)
responses assume different features depending on the venous bed. In femoral veins, exercise mobilizes
vasodilator prostanoids to cooperate with NO in order to maintain reduced Ang Il responses. On the other
hand, exercise’s influence on the Ang Il responses in veins that drain blood from the mesenteric region
has been poorly described. Therefore, the present study aimed to identify the effects of a single bout of
exercise, as well as exercise training, on the Ang Il responses in mesenteric veins. The present study also
aimed to investigate the involvement of prostanoids, NO and ET-1 in eventual exercise-induced modifi-
cations in these veins. To this end, mesenteric veins taken from resting-sedentary, exercised-sedentary,
resting-trained and exercised-trained animals were studied in organ baths. In addition, the mRNA expres-
sion of prepro-endothelin-1 (ppET-1), as well as that of the ETs and ETg receptors, were quantified by
real-time PCR in these veins. The results show that, either in absence or in presence of L-NAME, the Ang II
responses were not different between groups. In the presence of indomethacin, higher Ang Il responses
were observed in the resting-trained animals than in the resting-sedentary animals. This difference,
however, disappeared when L-NAME, BQ-123 or BQ-788 were added during incubation. In addition, no
differences in ppET-1, ETa or ETg mRNA expression were observed between groups. Furthermore, in the
presence of PD123,319, the Ang Il responses in the exercised-sedentary animals were higher than those in
the resting-sedentary animals. In conclusion, exercise training mobilizes endothelin-1 (ET-1) to reinforce
the Ang Il-induced responses mainly through ET, activation. On the other hand, vasodilator prostanoids
are mobilized to act in parallel with NO in order to counterbalance the Ang Il responses that have been
potentiated by ET-1 in these trained animals.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

is one of the most important. However, depending on the vascular
territory, Ang Il responses may be modulated by other local media-

The renin-angiotensin system (RAS) may participate in the
active modification of vascular tonus, thereby contributing to
exercise-induced circulatory redistribution [1]. In order to exert
this role, the RAS may work independently or in association with
the sympathetic nervous system [2]. The RAS controls vascular
tonus through their effectors, among which angiotensin II (Ang II)

* Corresponding author at: Laboratory of Pharmacology, Marilia Medical School,
Av. Monte Carmelo, 800, Fragata, 17 519-030, Marilia, SP, Brazil.
E-mail address: agnaldochies@hotmail.com (A.B. Chies).

http://dx.doi.org/10.1016/j.peptides.2016.12.013
0196-9781/© 2016 Elsevier Inc. All rights reserved.

tors such as prostanoids, nitric oxide (NO) and endothelin-1 (ET-1)
[3-5]. These local mediators may modulate Ang Il responses not
only in arteries but also in veins. However, these local mechanisms
are currently better understood in the arterial bed than they are in
the venous bed.

The modulating mechanisms that influence Ang II responses
may be modified by exercise. However, in the venous bed,
such exercise-induced adaptations may assume different features
depending on territory. For example, Ang Il responses are changed
by exercise exposition in the portal vein, but notin the vena cava[6].
It was also observed that a single bout of exercise, as well as exercise
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training, mobilize vasodilator prostanoids to cooperate with NO in
order to maintain reduced Ang Il responses in femoral veins [7].
Notably, femoral veins mobilize blood flow from the musculocuta-
neous territory where the absence of appreciable venoconstriction
may actually be beneficial because it impedes an uncontrolled
increase in the resistance to centripetal flow [8]. On the other hand,
little is known about the influence of acute and/or repeated exercise
exposition on the Ang Il responses in veins that drain blood from the
mesenteric region. This lack of knowledge limits our understand-
ing of the physiology of venous return because there is a relative
consensus that active vasoconstriction in the mesenteric territory
contributes to blood mobilization during exercise.

Therefore, the present study aimed to identify the effects of a
single bout of exercise, as well as exercise training, on the Ang
Il responses in mesenteric veins. It also aimed to investigate the
involvement of prostanoids, NO and ET-1 in eventual exercise-
induced modifications of contractile responses evoked by Ang Il
in these veins.

2. Material and methods
2.1. Animals

One hundred forty-six male Wistar rats (350-450g) were
housed in plastic cages (50 x 40 x 20cm) with five animals per
cage. Food and water were available ad libitum. During the exer-
cise protocol, rats were maintained in the training room under a
12 h light-dark cycle, with lights on at 07:00 h. Room temperature
was maintained at 25 °C.This study was approved by the Research
Ethics Committee of Marilia Medical School (Protocol n° 351/09).

2.2. Exercise protocol

The exercise protocol used was based on a previous study [9]. In
short, the animals were subjected to the maximal exercise test on a
treadmill (Movement Technology LX 170) to determine their ability
to run on the treadmill. Based on the results of this test, the ani-
mals were randomly assigned to sedentary or trained groups with a
similar average of maximal exercise capacity in both groups. Then,
the animals designated as trained were exercised 5 days per week
for 1h per day for 10 weeks. The exercise intensity was progres-
sively increased by a combination of time and velocity, attaining
1 h per day at a velocity correspondent to 60% of maximal exercise
by the third week. This protocol has been defined as constituting
low-intensity exercise training [9,10]. All of the animals used in
the present study increased their maximal exercise capacity from
the first to the sixth week, when the maximal exercise tests were
repeated. This improvement of exercise conditioning was consid-
ered an indirect indication of the efficacy of the exercise training.

Two groups of sedentary and two groups of trained animals
were subjected in parallel to organ bath experiments or mesen-
teric veins samples harvest (for RNA analysis through Real-time
PCR). One group of sedentary and one group of trained animals,
designated respectively as resting-sedentary and resting-trained,
were submitted to these procedures at rest. The other two groups
of sedentary and trained animals, designated respectively as
exercised-sedentary and exercised-trained, underwent a bout of
exercise immediately before the organ bath experiments/samples
harvest. Notably, the resting-sedentary animals were submitted to
shorter bouts of exercise (15 min).

2.3. Organ bath studies

Animals were killed in a CO, chamber and exsanguinated. The
mesenteric veins (3-4 mm; two rings per animal) were prepared

and set up in 2mL organ baths. Rings were fixed to a stainless-
steel hook attached to a stationary support, as well as to a hook
connected to an isometric force transducer. Rings were bathed in
Krebs—-Henseleit solution (composition in mmol/L): (NaCl 130; KCl
4.7, CaCl, 1.6; KH3PO4 1.2; MgSO4 1.2; NaHCOs3 15; glucose 11.1).
The solution was kept at pH 7.4 and 37°C and bubbled continu-
ously with a mixture of 95% O, and 5% CO,. Tension was monitored
continuously and recorded using a force transducer (5mg-25g)
coupled to a Powerlab 8/30 data-acquisition system (ADInstru-
ments, Castle Hill, NSW, Australia). Prior to administering drugs,
rings were equilibrated for 60 min at a resting tension of 0.5g.
The time frame from the end of the exercise bouts to the begin-
ning of the Ang Il cumulative concentration-response curves was
approximately 90 min.

The responses (g) evoked by cumulatively adding Ang I1 (10~ 11M
to 10~7M; Sigma) directly into the organ bath were plotted to obtain
concentration-response curves. The actions of Ang Il were also
evaluated in pretreated rings for 20 min with 10~ mol/L L-NAME
and/or 10~ mol/L indomethacin, non-selective nitric oxide syn-
thase and cyclooxygenase inhibitors (Sigma), respectively. Some
mesenteric veins were also studied in the presence of 10~ mol/L
indomethacin plus 10-6 mol/L BQ-123 (antagonist of endothelin
receptor type A — ETa; Sigma) or 10-¢ mol/L BQ-788 (antagonist
of endothelin receptor type B —ETg; Sigma). Mesenteric veins were
also challenged with Ang Il in the presence of 10~¢ mol/LPD123,319
(antagonist of AT, receptors — AT, ). All drugs were administered
directly to the organ bath. Non-linear regressions (variable slope)
for these curves revealed the Rpnax (maximal response; highest
point of each concentration-response curve) and the pECsg (nega-
tive logarithm of the concentration that evoked 50% of the maximal
response). The pECsq is indicative of the sensitivity of the system
to the drug studied.

2.4. RNA extraction and cDNA synthesis

Sedentary and trained animals were exsanguinated, while
at rest or shortly after exercise, and mesenteric vein samples
were collected. The samples were then immediately transferred
to RNAlater” (cat # AM7020 — Ambion, Inc.). In the case of
exercised-sedentary and exercised-trained animals, there was an
interval of approximately 10min between the termination of
exercise (exercised-sedentary and exercised-trained animals) and
immersion in RNAlater”. In accordance with the manufacturer’s
instructions, the samples were immersed in RNAlater” for 24h at
8°C, and then kept at —20 °C until RNA extraction was performed.

Total RNA was extracted from these frozen mesenteric vein
samples using TRIZOL (Life Technologies, Gaithersburg, MD, USA),
following the manufacturer’s instructions. Total RNA was quanti-
fied using a NanoDrop Spectrophotometer — 2000 (NANODROP,
USA). The concentrations were adjusted, and the samples were
stored at —80°C until use. cDNA synthesis was carried out
using High-Capacity cDNA Reverse Transcription Kits (Applied
Biosystems™, USA), following the protocol provided by the
manufacturer. All cDNA was quantified using a NanoDrop Spec-
trophotometer - 2000 (NANODROP, USA). The concentrations were
adjusted, and samples were stored at —80°C.

2.5. Gene expression analysis

All gene expression was measured by qRT-PCR on the
Applied Biosystems 7500 Fast Real-Time PCR system (Applied
Biosystems™, USA), using the cycling conditions recom-
mended by Applied Biosystems. We used the following assays:
preproET-1 (ppET-1)-Assay ID: Rn00561129_m1%, ET, - Assay Id:
Rn00561137_.m1%* ETg - Assay Id: Rn00569139_m1* and GAPDH -
Assay ID: Rn99999916_s1.
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Fig. 1. Angll concentration-response curves determined in circular preparations of the mesenteric veins taken from resting-sedentary (RS), exercised-sedentary (ES), resting-
trained (RT) and exercised-trained (ET) rats, treated with saline (A), 10~ mol/L L-NAME (B), 10~-° mol/L indomethacin (INDO;C) or 10~* mol/L L-NAME and 10~> mol/L INDO
(D). Points represent the mean + SEM, and the number of independent determinations is in parentheses. " indicates a significant difference (P<0.05) in relation to the RS

animals (two-way ANOVA followed by Tukey’s post-hoc test).

The threshold values set were standardized for all assays. All
reactions were performed in duplicate. Replicates with standard
deviations (SD) higher than 0.5 for the cycle threshold (CT) value
were repeated or excluded from the analysis.

The amplification curve of each group was determined, and the
CTvalues were obtained for all genes (ppET-1, ETa, ETg and GAPDH).
We used the comparative CT method (A ACT method), where we
first calculated ACT = CT(target) — CT (endogenous controls) to nor-
malize the target gene to the endogenous controls. Notably, the
Relative Quantification (RQ) of ppET-1, ET5 and ETg genes was
calculated using the control group as a reference and using the
2-AACT formula, which provides the percentage change, or how
much more one gene is expressed in one group relative to another.
All CT values were obtained using 7500 software 2.0, and these
data were exported to Microsoft Excel (Microsoft, USA) to calculate
2-ACT and RQ.

2.6. Statistical analysis

The data are presented as the mean + SEM. The Ryax and pECsg
values were compared by two-way ANOVA followed by Tukey’s
test, because one variable was exercise training and the other was
exposure to a single exercise session. To ensure homoscedasticity
of the data, the log of Rhax values was used in comparisons. Values
of P<0.05 were considered statistically significant.

3. Results

Ang Il promoted measurable contractile responses in mesenteric
veins, which allowed us to obtain sigmoid concentration-response
curves. The Ang Il Rmax values were similar between sedentary
and trained animals, whether studied at rest or after a single bout
of exercise (Fig. 1A). However, the analysis of pECsy determined
in these concentration-response curves revealed a significant
(P<0.05) interaction between “exposition to a session of exercise”
and “exercise training”. Thus, Ang Il pEC50 values were higher in
trained animals than in sedentary animals when they were studied
at rest [9.734+0.10 (n=12) and 9.22+0.14 (n=11), respectively].
In addition, sedentary animals exhibited an increased Ang Il pECsq
immediately after a session of exercise [from 9.224+0.14(n=11) to
9.53+0.26 (n=11)] while the opposite occurred in trained animals
[from 9.734+0.10 (n=12) t0 9.134+0.27 (n=10)].

The Ang Il responses obtained in all studied groups were slightly
elevated in the presence of L-NAME, although no differences in
Rmax or pECsg values were observed between them (Fig. 1B). In
the presence of indomethacin, the Ang Il responses in exercised-
sedentary animals were slightly elevated in comparison to those
in resting-sedentary animals, however without significant changes
in Rmax or pECso. Nevertheless, the Ang Il concentration-response
curves determined in preparations taken from resting-trained ani-
mals were higher compared to those determined in preparations of
resting-sedentary animals, which resulted in higher Rpyax but not
PECso values. Interestingly, the exposition of trained animals to
another bout of exercise did not evoke further elevations of Rmax



70 A.B. Chies et al. / Peptides 88 (2017) 67-73

1.57 INDO+BQ123 A
-©- RS(08)
- ES(08)
S 104 & RT09)
~ | ET(07)
C
S
(7]
C
2 051
0.0 T T 1
15 13 11 9 -7 5
Ang Il log [M]

1.57 INDO+BQ788 B
-5 Rs(07)
& ES(06)
S 104 B RTO9)
s W ET(08)
K]
(7]
C
2 051
0.0 e ]

15 13 -1 9 -7 5
Ang Il log [M]

Fig. 2. Angll concentration-response curves determined in circular preparations of the mesenteric veins taken from resting-sedentary (RS), exercised-sedentary (ES), resting-
trained (RT) and exercised-trained (ET) rats, treated with 10-4 mol/L indomethacin (INDO) plus 10~ mol BQ-123 (A) or 10~* mol/L INDO plus 10-6 mol/L BQ-788 (B). Points
represent the mean + SEM, and the number of independent determinations is presented in parentheses.

(Fig. 1C). Furthermore, the Ang Il responses determined for resting-
sedentary animals were increased slightly in the presence of both
L-NAME and indomethacin, thereby suppressing the difference in
Rmax observed in the presence of indomethacin alone (Fig. 1D).

When BQ-123 was added to the incubation together with
indomethacin, the Ang II responses determined in preparations
taken from exercised-sedentary, resting-trained and exercised-
trained animals were reduced at the same level of those obtained
from resting-sedentary animals studied in the presence of only
indomethacin. In this manner, no difference in Ang Il Ryax or
PECso were observed between groups in the presence of both
indomethacin and BQ-123 (Fig. 2A). On the other hand, co-
treatment with indomethacin and BQ-788 slightly elevated the
Ang Il curves in mesenteric vein preparations taken from resting-
sedentary animals, when compared to those obtained in the
presence of indomethacin alone. Thus, no differences in Ang Il Rpax
or pECso were observed between groups in the presence of both
indomethacin and BQ-788 (Fig. 2B).

PPET-1 mRNA expression in mesenteric veins was not modified
either by a single bout of exercise or by exercise training (Fig. 3A).
Moreover, neither exercise training nor a single bout of exercise
significantly modified ET4 mRNA (Fig. 3B) or ETg mRNA (Fig. 3C)
expression in mesenteric veins.

Finally, the presence of PD123,319 evidenced a significant
increase in Ang Il Rpax, without modification of pEC50, mainly in
sedentary animals exposed to a single bout of exercise (Fig. 4).

4. Discussion

The role of active venoconstriction in venous return during exer-
cise is still poorly understood. Some authors suggest that active
venoconstriction is essential to providing the end-diastolic volume
seen during exercise [11]. Others argue that it would cause a pro-
portionally much larger elevation in resistance to flow, thereby
impairing venous return [8,12]. Since these disagreements are
sharper in venous beds belonging to musculocutaneous circula-
tion, in a previous study we investigated the effects of exercise
upon the Ang II responses in femoral veins [7]. In this study, the
Ang II responses were very discreet in femoral veins. Moreover,
it was observed that exposure to either acute exercise or training
enables vasodilator prostanoids to start cooperating with NO, in a
redundant fashion [13], to maintain reduced Ang II responses in
femoral veins. This exercise-induced adaptation in femoral veins is
apparently essential to ensure an appropriate venous return, pri-
marily during intense locomotor activity. Indeed, it may prevent an
uncontrolled increase in resistance to blood flow coming from the
hindlimb, even if the mechanisms related to NO fail.
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Fig. 3. Relative expression of ppET-1 (A), ETA(B) and ETg(C) mRNA detected in portal
veins taken from resting-sedentary (RS), exercised-sedentary (ES), resting-trained
(RT)and exercised-trained (ET) rats. Bars represent the mean + SEM, and the number
of independent determinations is presented in parentheses.
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Fig. 4. Ang Il concentration-response curves determined in circular preparations of
femoral vein taken from resting-sedentary (RS), exercised-sedentary (ES), resting-
trained (RT) and exercised-trained (ET) rats treated with 10-% PD123,319. Points
represent the mean + SEM, and the number of independent determinations is pre-
sented in parentheses. " indicates a significant difference (P <0.05) in relation to the
RS animals (two-way ANOVA followed by Tukey’s post-hoc test).

On the other hand, there is agreement in the literature that the
active venoconstriction may be involved at least partially in the
venous return from splanchnic circulation during exercise. How-
ever, the local modulating mechanisms involved in vasomotor
tonus regulation in the splanchnic veins is still little understood.
In the present study, the Ang II responses were much higher
in mesenteric veins than those previously obtained in femoral
veins [7], thus permitting us to obtain sigmoidal concentration-
response curves. Apparently, the Ang Il responses in mesenteric
veins must be stronger than in femoral veins in order to facilitate
the blood displacement from splanchnic circulation. However, even
in mesenteric venous circulation, local mediators keep the Ang II
responses under control. In fact, previous studies have suggested
that Ang Il responses in the mesenteric venous bed are essentially
modulated by NO in Wistar rats [14] or by vasodilator prostanoids
in spontaneously hypertensive rats [4].

Either in arteries or in veins, local mechanisms may modu-
late Ang Il responses during exercise and, at the same time, they
may be influenced by exercise exposition. In the present study,
although L-NAME slightly increased the Ang Il responses in mesen-
teric veins taken from animals exposed or not exposed to exercise,
such modifications of response were not significant. However, the
presence of indomethacin elevated the Ang Il responses in mesen-
teric veins taken from resting-trained animals, but not in those
preparations obtained from resting-sedentary animals. In addi-
tion, the presence of both indomethacin plus L-NAME slightly
elevated Ang Il responses only in the mesenteric veins taken from
resting-sedentary animals. In this manner, the Ang Il responses in
mesenteric veins of resting-sedentary animals were of similar mag-
nitude with preparations taken from trained animals. Together,
these data suggest that NO is able to maintain reduced Ang Il
responses in the mesenteric veins of sedentary animals. How-
ever, inasmuch as the animals are submitted to exercise training,
vasodilator prostanoids are mobilized to act in parallel with NO in
order to counterbalance the Ang Il responses in their femoral veins.

The presence of vasodilator prostanoids in the femoral veins of
animals exposed to exercise training may be necessary to coun-
terbalance the influence of vasoconstrictive substances upon Ang
Il responses. In these preparations, the Ang Il responses may have
been reinforced by ET-1 released from the endothelial cells. In fact,
the Angll-induced release of ET-1 from endothelial cells has already
been suggested in the literature [15-17]. Notably, the increase in

Ang Il responses, evidenced by indomethacin in preparations taken
from animals exposed to exercise training, were completely pre-
vented when BQ-123 was added to the incubation. Therefore, in
these preparations, Ang Il probably released ET-1 from the endothe-
lial cells that, in turn, reinforced the Ang II contractile responses
by acting on ET, located in smooth muscle cells. This synergism
may also justify, at least partially, the higher sensitivity of mesen-
teric veins to Ang II in resting-trained animals that was observed
in experiments performed in the absence of either L-NAME or
indomethacin. However, this higher sensitivity to Ang Il was no
longer observed in the presence of NOS or COX inhibitors, as it
was probably masked by the changes in Ang Il Rmax. Interest-
ingly, the elevations in Ang Il responses observed in the absence
of prostanoids reached statistical significance only in trained ani-
mals. This indicates that the synergism between ET-1/ET, and Ang
Il observed in these mesenteric veins is the result of a long-term
exercise adaptation. Moreover, similar patterns of Ang Il responses
were observed in trained animals, either at rest or after a bout of
exercise, suggesting a lasting adaptation.

When BQ-788 was added to the incubation together with
indomethacin, the differences in Ang Il responses seen between
groups also ceased to be significant. Under these conditions, the
mesenteric veins of resting-sedentary animals presented Ang Il
responses slightly greater than those obtained in the presence of
indomethacin alone. These data suggest that Ang II releases ET-1
in the mesenteric veins of resting-sedentary animals; ET-1 which,
in turn, maintains a reduced Ang Il response, most likely through
the ETg-mediated release of NO. Indeed, the stimulation of ETg
present in the endothelium may induce vasodilation through the
release of NO, as well as other vasodilator substances [18-20]. On
the other hand, preparations taken from animals submitted to the
different exercise protocols, in the presence of both indomethacin
and BQ-788, presented slightly lower Ang Il responses than when
in the presence of only indomethacin. This apparent reduction of
Ang Il was more evident in resting-trained animals. Indeed, in
these preparations, the Ang Il-induced responses may have been
reinforced by the activation of ETg. Notably, there are reports of
ETg-mediated vasoconstriction in several vascular beds [21-23].

The apparent increase in the participation of ET-1 in the Ang
[I-induced contraction of mesenteric veins, observed in trained
animals, was not accompanied by an increased expression of ppET-
1, ET, or ETg mRNA. This suggests that the presence of ET-1, as
well as its receptors, were not modified by exercise training in
the mesenteric veins. These data were unexpected since exercise
training reduces the mRNA expression of ppET-1 in femoral veins
[7]. However, it is important to note that Real-time PCR evaluated
gene expression but not protein synthesis. Actually, Real-time PCR
was chosen to investigate the local expression of ppET-1, ET, and
ETg because rat mesenteric veins are too small to employ direct
methods to quantify peptides. Nevertheless, since the expression of
neither ppET-1, ETs nor ETg mRNA were modified by the employed
exercise protocols, it is very likely that the proteins produced from
these mRNAs are also present in equivalent amounts across the
groups.

Since ET-1, ET, and ETg are apparently present in equivalent
amounts across the groups, the observed reinforcement of the Ang
Il effects on preparations taken from trained animals may be a
consequence of an increment of downstream signaling mecha-
nisms activated by ET, stimulation. In this way, it was observed
that exercise training enhances theET-1 contractile responses in
porcine collateral-dependent small coronary arteries, most likely
viaincreased ET,/PKC-mediated Ca(?*) sensitization [24,25]. On the
other hand, one also cannot rule out an increase in the release
of preformed ET-1, from Weibel-Palade bodies [26,27], in these
animals subjected to physical training. Notably, Ang Il-induced
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WPB exocytosis has already been evidenced in cultures of human
endothelial cells [28].

In order to better understand the pathway by which Ang II
releases the aforementioned modulating substances, mesenteric
veins were also challenged in the presence of PD123,319. Indeed,
since the late 1990s it has been suggested that the AT2 may release
several endothelium-derived vasodilating substances and, thus,
partially counterbalance its vasoconstrictor effects on AT1 [29,30].
However, in the presence of this AT, antagonist, only preparations
taken from exercised-sedentary animals presented increased Ang
Il responses. In disagreement with these data, Ang Il responses
did not increase significantly after treatment with L-NAME or
indomethacin in these exercised-sedentary animals. This suggests
that other relaxing substances beyond NO or prostanoids may per-
haps be released by AT, activation, therefore contributing to the
modulation of Ang Il responses in these preparations. On the other
hand, the mobilization of vasodilator prostanoids that occurs in
preparations of trained animals - the focus of the present study
- does not appear to involve AT,. Therefore, this Ang Il-induced
prostanoid mobilization may possibly occur through AT; stimu-
lation. In this regard, there is evidence that stimulation of AT,
present in either the endothelium or subendothelial tissues may
release vasodilator prostanoids [31]. Nevertheless, further studies
are required to identify the receptor involved in this modulation.

The present study would be improved if experiments were also
performed on preparations without endothelium, in order to con-
firm the endothelial origin of substances that modulate Ang II
responses. However, it was not possible to remove the endothe-
lium from the mesenteric veins due to their small size and fragility.
Moreover, the effectiveness of the endothelial removal could not
be ascertained because, like the femoral veins, these prepara-
tions do not exhibit enough stable precontractions to study their
acetylcholine-induced relaxation.

Finally, the presented data suggest that exercise training mod-
ifies the secretor capacity of the endothelium in the mesenteric
veins studied, but the way in which it does so remains uncertain.
The studies suggesting exercise-induced modifications in endothe-
lial function point to shear stress as the main factor that triggers
such adaptations. In fact, shear stress may induce the produc-
tion of nitric oxide (NO) [32-34] and/or prostanoids [35,36]. Shear
stress also may increase or decrease ET-1 production, depending
on its intensity and duration [37,38]. With this in mind, regu-
lar elevations of shear stress during the exercise training period
may have induced the modifications observed in the local mod-
ulating mechanisms in the present study. Coincidentally, it has
been demonstrated that exercise-induced circulatory changes may
increase shear stress upon the endothelial layer of veins [39]. How-
ever, it is important to make clear that this is only the most widely
accepted explanation for this phenomenon, which does not exclude
the need to investigate other mechanisms.

5. Conclusions

In conclusion, the present study suggests that exercise training
mobilizes ET-1 to reinforce the Ang II-induced responses mainly
through ETp activation. On the other hand, vasodilator prostanoids
are mobilized to act in parallel with NO in order to counterbal-
ance the Ang Il responses that have been potentiated by ET-1 in the
mesenteric veins of these trained animals.
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