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After menopause the incidence of cardiovascular diseases increases in women. A decrease in nitric oxide (NO)
bioavailability has been pointed out to play a major role in this phenomenon. Since it is believed that L-arginine
administration could improve NO bioavailability, the aim of this study was to examine the effects of acute L-argi-
nine administration associated with aerobic exercise on blood pressure (BP), redox state and inflammatory bio-
markers in normotensive postmenopausal women (NPW). Sixteen volunteers (57 & 6 yr) were subjected to four
experimental sessions (crossover design): arginine + exercise (A-E); arginine (ARG); exercise + placebo (EXE);

Keywords:

- /i’rvginine control (CON). Each session was initiated with either 9 g of L-arginine ingestion (ARG or A-E days), placebo (EXE
Nitric oxide day), or nothing (CON day). The participants performed 30 min of aerobic exercise (A-E and EXE days) or sitting
Menopause rest (CON and ARG days). Blood samples were collected before each session and 45 min after the intervention.

Aerobic exercise Office BP and ambulatory blood pressure monitoring (ABPM) were evaluated. NO/cGMP pathway, redox state
and inflammatory biomarkers were measured. Systolic BP decreased during the 24-hour in A-E and EXE sessions.
However, diastolic BP reduced only in A-E session. No changes were found in the biomarkers concentrations. In
conclusion, the association was effective in lowering diastolic BP in NPW. Additionally, physical exercise alone
promoted a long lasting effect on systolic BP measured by ABPM in this population, although this beneficial effect
was not associated with changes in the cardio-inflammatory biomarkers. Possibly, other factors such as neural
influences could be mediating this effect.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction In vascular endothelial cells NO is synthesized from the amino acid
L-arginine by the enzyme endothelial nitric oxide synthase (eNOS).
NO diffuses to the vascular smooth muscle cells and promotes relaxing
responses regulating blood flow by stimulation of the cytosolic enzyme,
soluble guanylate cyclase, which catalyses the production of cyclic 3’5’-
guanosine monophosphate (cGMP). This lead to an increased extrusion
of Ca?™ from cytosol in vascular smooth muscle, and consequently an

The period after menopause is associated with increased prevalence
of metabolic syndrome and cardiovascular diseases in women [1,2].
Evidence suggests that estrogen deficiency is the primary cause of the
increased cardio metabolic diseases in this population as well as a signif-
icant decline in regular physical exercise practice [1,3]. Data from exper-

imental models of menopause have shown that estrogen deficiency
increases the activity of the renin-angiotensin-aldosterone system, oxi-
dative stress, production of inflammatory mediators, and endothelial
dysfunction [4]. Indeed, it is believed that estrogenic deficiency could
lead to a decrease in nitric oxide (NO) production or its bioavailability
to the cells which, in turn, could explain the high prevalence of cardio-
vascular diseases in women after menopause [5].
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inhibition of the contractile machinery as well as preventing cytokine
formation and platelet aggregation [6].

In addition, it has been reported that administration of exogenous
L-arginine restores NO biovailability [ 7]; however, it is not clear whether

L-arginine administration improves endothelial function [8]. Moreover,
experimental studies have demonstrated the phenomenon named
L-arginine paradox. L-Arginine is a semi-essential amino acid, but
increased concentration of L-arginine by exogenous administration is
required to elicit maximal NO release from cells [9].

It is well known that subjects physically active present lower
prevalence of cardiovascular diseases and the practice of regular physi-
cal exercise might delay the developing of cardiovascular events in
subjects with cardio metabolic disorders [10,11]. The beneficial effects
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of physical exercise are related to the activation of several physiological
systems improving sympatho-vagal balance [12,13], lipid profile, and
increased NO production or its bioavailability [10,14]. Particularly in
endothelial cells, physical exercise is a powerful stimulus to promote vas-
cular shear stress activating mechanosensors. These mechanosensors are
coupled to complex biochemical signal pathways, such as Ras/MEK/ERK,
¢-Src, G proteins, ion channel, VE-cadherin, and PI3K/Akt, which in turn
regulate NO/cGMP pathway [15].

Given that the incidence of cardiovascular diseases in women in-
creases after menopause, pharmacological and non-pharmacological
approaches to control blood pressure or to prevent its complication
are clinically relevant to this population. Therefore, the aim of this
study is to examine the effects of L-arginine administration associated
with a single bout of aerobic physical exercise on blood pressure in
normotensive postmenopausal women. To further evaluate the insight
mechanisms of the association, we measured cardio-inflammatory
biomarkers in plasma.

2. Methods
2.1. Participants

This study was approved by the Ethical Committee of Institute of
Bioscience of the University of Sdo Paulo State (UNESP, protocol number
6817). Sixteen normotensive postmenopausal women were enrolled in
this study. The inclusion criteria for the participants in this study were:
normotensive; body mass index <30 kg/m?; physically inactive
(<150 min of moderate physical activity per week or <60 min of
vigorous physical activity per week). The exclusion criteria were diabe-
tes, smoking, menopausal hormone therapy (MHT) use, presence of
cardiovascular or renal diseases or any orthopedic muscular problems
affecting exercise on the treadmill. Postmenopausal status was deter-
mined as the absence of menses for at least 1 year. The volunteers
were informed about the procedures and risks of the study before
accepting to participate and signed a consent form in accordance with
the Ethical Committee of UNESP.

2.2. Study design

This study was conducted as a double-blinded, randomized,
crossover design. Participants were instructed to maintain their regular
diet and daily activities during the study period. After that, the
volunteers were familiarized with exercise on the treadmill and the
aerobic fitness and exercise intensity were determined using the
maximal lactate steady state (MLSS) test. The exercise intensity
corresponding to MLSS was used during exercise trials, and it was
chosen because it has a better correlation with performance in
endurance exercise. It represents the highest exercise intensity with a
steady state in several physiological parameters such as lactate, oxygen
consumption, carbon oxide output and respiratory exchange ratio [16].
Briefly, postmenopausal women performed two to five tests with fixed
duration (30 min) and walking speed (5.5 km/h) on a treadmill
(Movement RT 250 PRO). The grade of the ergometer ranged from 1
to 15%, and it was used to control the intensity, which was adjusted in
each test according to the aerobic capacity of the participant.
Measurement of the blood lactate concentration was performed at
rest, after 10 and 30 min. MLSS was determined when the difference
of blood lactate concentration between 10th and 30th minutes did not
exceed 1 mM [16].

To check the effectiveness of L-arginine administration and/or
aerobic exercise, all participants completed four acute experimental
trials separated by at least 72 h, with no more than 7 days apart, and
in at random. Participants were instructed to avoid vigorous exercise,
caffeine and alcohol consumption at least for 24 h before the trials.

2.3. Experimental trials

Each experimental trial was performed in the morning, and lasted
about 3.5 h. The experimental trials consisted of: acute L-arginine ad-
ministration and aerobic exercise (A-E); acute L-arginine administration
alone (ARG); aerobic exercise without L-arginine administration (EXE);
and no exercise or L-arginine administration (CON).

The trials started at 7:00 am and the volunteers were instructed to
arrive after eating their regular breakfast. The breakfast was recorded
and did not differ among the four sessions of each volunteer. After
20 min of resting in a seated position, blood pressure and heart rate
were measured, and blood samples were collected (baseline). In A-E
day, 9 g of L-arginine base (acid (2S)-2-amino-5-guanidopentanoic —
Ajinomoto, Japan) was administrated orally, and 45 min after, the
participants performed 30 min of exercise on a treadmill at the MLSS in-
tensity. Given that the bioavailability of L-arginine reaches its peaks
within 1 h, lasting for several hours, both dose and time were chosen
based on pharmacokinetic properties obtained in previous studies
[17-20]. Blood venous samples were collected at baseline, before inter-
ventions and 45 min after the end of the exercise/resting intervention.
Following the exercise, blood pressure was measured every 15 min,
over a 90-minute period. Participants also performed further three dif-
ferent trials in random order: EXE day — (exercise performance
associated with placebo pill intake); ARG day — no exercise perfor-
mance and only L-arginine ingestion; and CON day — no L-arginine
administrated nor exercise performed. Office blood pressure measure-
ments and blood samples were obtained at the same time points in all
experimental trials. Ambulatory blood pressure started 90 min after ex-
ercise/resting intervention had finished (10:15 am). Systolic and dia-
stolic blood pressures were recorded for 24 h as described in Fig. 1.

2.4. Office blood pressure and ambulatory blood pressure monitoring

The volunteers were instructed not to exercise outside the laborato-
ry before cardiovascular measurements. After 15 min sitting rested po-
sition, office blood pressure was measured by auscultation using
aneroid sphygmomanometer (Tycos, Raleigh, NC). All measurements
were performed three times and the average values were used to deter-
mine changes in blood pressure. The delta of both systolic and diastolic
blood pressures was calculated subtracting the blood pressure in each
time point from that measured at baseline. The incremental areas
under the curve (AUC) of blood pressure over time were also calculated
using the trapezoidal method, and compared in experimental trials.

Ambulatory blood pressure monitoring was performed using a non-
invasive automatic device (DYNAMAPA + Cardius, SP, Brazil) with the
cuff on the non-dominant arm fitted during the period of 24 consecutive
hours. The ambulatory blood pressure (ABPM) from all volunteers
starting 90 min after exercise (EXE and A-E experimental trials) or rest-
ing (CON and ARG experimental trials). Measurements were taken
every 15 min during awake time and every 30 min during asleep time.
Awake and asleep times period were done based in their daily activities
reporting. The volunteers were instructed to maintain their normal
daily activities and to avoid vigorous muscular activity performance
during the monitoring period. Volunteers who had an error >20% on
the measurements were reevaluated in the entire experiment.

2.5. Blood samples

Fasting blood samples were collected after 12 h of overnight fast.
Venous blood samples were collected at baseline, before interventions
and 45 min after the end of the exercise/rest intervention. Briefly,
12 mL of venous blood samples were collected using two vacuum
tubes (BD vacutainer tubes®): One for plasma (EDTA K3) and another
for serum (clot activator and gel for serum separation). Plasma tubes
were immediately centrifuged at 3000 rpm, 12 min at 4 °C. Serum
tubes sat for 30 min at room temperature and then centrifuged. After
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Fig. 1. Experimental design. All volunteers arrived at 7:00 am at clinical research unit, remained seated and resting for 20 min, and ingested 9 g of L-arginine or placebo, followed by a
30 min of aerobic exercise performance, 30 min of exercise or sitting rest. Blood pressures (BP) were measured at baseline (7:25 am), pre-exercise or sitting rest (8:10 am) and every
15 min during 90 min at clinical research unit, and during 24 h using ambulatory blood pressure measurement (ABPM). Blood draws were performed at baseline (7:25 am) and

45 min (9:30 am) after exercise performance.

that, the supernatant (plasma and serum) was stored in aliquots
at — 80 °C for future biochemical analyses.

2.6. Biochemical assays

Total cholesterol, high-density lipoprotein cholesterol (HDL),
low-density lipoprotein cholesterol (LDL), very low-density lipoprotein
cholesterol (VLDL), triglycerides and blood glucose were determined
using automated standard methods (Cobas Mira Plus).

Nitrite/nitrate (NOx ) plasma concentrations were measured by a
commercially available kit (Cayman Chemical, Ann Arbor, MI, USA)
and used according to the manufacturer's instructions. Samples were
ultra-filtered through micro filter (Microcon centrifugal filters units,
10 kDa, Milipore, Bedford, MA) before the assays.

Plasma cyclic guanosine monophosphate (cGMP) levels were
measured by ELISA method using a commercially available kit (R&D
Systems, Mineapolis, MN, USA), according to manufacturer's
instructions.

Superoxide dismutase (SOD), catalase activity and malondialdehyde
(MDA) levels were measured by ELISA using a commercially available
kit (Cayman Chemical, Ann Arbor, MI, USA). The SOD's assay detects
superoxide radicals generated by xanthine oxidase and hypoxanthine,
revealing the plasma activity of this enzyme. Catalase's assay is based
on the reaction of the enzyme with methanol in an optimal H,0, con-
centration. MDA levels were determined to evaluate lipid peroxidation
according to Yagi [21].

Interleukin 6 (IL-6) and interleukin 10 (IL-10) plasma levels were
measured by ELISA kits (R&D Systems, Mineapolis, MN, USA).

2.7. Statistical analysis

Data are presented as mean =+ standard error. Biochemical analyses
are present as mean and upper and lower 95% of confidence interval
(95% CI). The Komogorov-Smirnov's test was used to test for the nor-
mality of the data. The effect of the intervention on the ambulatory
blood pressure AUC between the trials was evaluated using one-way
ANOVA. Post hoc comparisons were made with the Newman-Keuls
test when the analysis of variance produced significant interaction.
The effect of intervention over time on blood pressure, inflammatory
and antioxidants makers was evaluated by two-way ANOVA (Time vs
Trial) and post hoc comparison was made using the Newman-Keuls
test when the analysis of variance produced a significant interaction.

Statistical significance was set at p < 0.05. Statistical analyses were
performed using STATISTICA, version 7.0.

3. Results
3.1. Measurements at baseline

All women were overweight, and approximately 56% of the
participants were not on drug therapy, 13% were on hypolipidemic
therapy, 13% were on hypothyroid therapy and 19% were on anxiolytic
drug therapy. The characteristics of the subjects are showed in Table 1.

In order, to examine the NO/cGMP signaling pathway, both bio-
markers were evaluated. Neither NOy nor cGMP levels were different
in any experimental trials at baseline (Table 2). Similarly, inflammatory
biomarkers and redox state were not distinct in normotensive postmen-
opausal women at baseline (Table 3).

Table 1

Characteristics of studied population (n = 16).
Age (yrs) 57+ 6
Time after menopause (yrs) 846
BMI (kg/m?) 27+3
W-C (cm) 86 £ 10
WHR 0.82 + 0.06
Resting SBP (mm Hg) 115 £ 11
Resting DBP (mm Hg) 73+ 8
Resting HR (bpm) 75+ 10
Total cholesterol (mg/dL) 190.8 4+ 29.8
HDL-C (mg/dL) 514 + 138
LDL-C (mg/dL) 1228 £175
Triglycerides (mg/dL) 97.9 + 494
VLDL (mg/dL) 19.6 £ 9.9
Glucose (mg/dL) 87.0 + 10.7
FSH (mIU/mL) 428 4+ 214
LH (mIU/mL) 26.7 £ 13.7
No drug therapy n =9 (56%)
Anxiolytic drug therapy n=3(19%)
Hypolipemiant therapy n=2(13%)
Hypothyroidism drug therapy n =2 (13%)

BMI: body mass index; W-C: waist circumference; WHR: waist-to-hip ratio;
SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate;
HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol; VLDL: very low density lipoprotein; FSH: follicle-Stimulating hor-

mone; LH: luteinizing hormone.
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Plasma NOy (nitrite/nitrate) and cyclic guanosine monophosphate (cGMP) levels in post-
menopausal women at baseline and after 45 min (PE-45") during experimental trials: con-
trol (CON), arginine (ARG), exercise (EXE), arginine + exercise (A-E), n = 16.

Baseline PE-45’
NOx (uM)
CON 6 (4.7-10.4) .7 (4.8-8.7)
ARG .8 (6.4-9.1) .5 (5.2-7.7)
EXE 9.0 (6.7-11.3) .1 (6.0-10.3)
A-E 6 (5.3-12.0) .0 (5.1-11.0)
cGMP (pmol/mL)
CON 104.0 (77.8-130.1) 100.7 (79.0-122.4)
ARG 110.8 (87.3-134.3) 100.7 (77.9-123.5)
EXE 105.0 (82.5-127.5) 110.0 (67.3-152.6)
A-E 111.1 (75.5-146.7) 127.3 (78.6-176.1)

The numbers in parenthesis mean the 95% confidence interval.

3.2. Acute session trials

Average values for exercise intensity, blood lactate concentration,
heart rate, and rate of perceived exertion at the maximal lactate steady
state intensity were 6 4= 2% of treadmill grade (or treadmill inclination),
3.0 £ 1.0 mM, 157 4+ 9 bpm and 13 + 2, respectively. The intensity of
exercise was used during acute experimental trials. Exercise perfor-
mance and the workloads did not differ between tests within the
same volunteer.

Systolic blood pressure measurements (from 15 to 90 min) showed
a significant decrease in all time points in both EXE and A-E trials as
compared with CON and ARG trials, approximately —5 to —9 mm Hg
(Fig. 2A). In contrast, diastolic blood pressure was significantly reduced
after the exercise session only in A-E trial, approximately —2
to —4 mm Hg, as compared with CON and ARG trials (Fig. 2B).

Regarding ambulatory blood pressure, the AUC of systolic blood
pressure was significantly reduced in both EXE and A-E trials comparing

Table 3

Plasma superoxide dismutase (SOD), catalase activity, malondialdehyde (MDA),
interleukine-6 (IL-6) and interleukine-10 (IL-10) in postmenopausal women at baseline,
and after 45 min (PE-45’) during experimental trials: control (CON), arginine (ARG),
exercise (EXE), Arginine + Exercise (A-E), n = 16.

Baseline PE-45’
Superoxide dismutase — SOD (U/mL)
CON 3.5(3.2-3.8) 7 (2.3-3.1)
ARG 3.3(3.0-3.7) 2.7 (2.5-3.0)
EXE 3.3(3.0-3.6) 8 (2.5-3.0)
A-E 3.3(2.9-3.7) 7 (2.5-2.9)
Catalase activity (nmol/min/mL)
CON 38.5 (18.5-58.4) 41.7 (24.5-49.8)
ARG 37.1 (24.5-49.8) 35.9 (27.2-44.5)
EXE 40.3 (29.5-51.0) 36.6 (27.5-45.7)
A-E 404 (29.5-51.3) 32.7 (26.2-39.2)
Malondialdehyde — MDA (uM)
CON 43 (3.6-5.1) 9 (3.2-4.6)
ARG 4.1 (3.6-4.7) .3 (3.6-5.0)
EXE 5.3 (3.7-6.8) 4.1 (3.4-4.7)
A-E 4.2 (3.6-4.8) 9 (3.3-4.5)
IL-6 (pg/mL)
CON 28.4 (22.7-34.1) 28.2 (23.2-334)
ARG 29.3 (25.2-33.3) 28.8 (23.9-33.6)
EXE 30.2 (24.3-36.1) 30.0 (24.2-35.8)
A-E 31.7 (25.5-33.6) 34.0 (22.4-32.1)
IL-10 (pg/mL)
CON 3.3(2.0-4.7) 0(1.9-4.1)
ARG 44 (2.7-6.2) 4(2.4-6.4)
EXE 5.5 (3.4-7.5) 49 (3.5-6.3)
A-E 3.5(2.3-4.6) 8 (2.1-5.6)

The numbers in parenthesis mean the 95% confidence interval.

with CON and ARG trials. No differences were observed in systolic blood
pressure over time when changes were calculated using the differences
between the values (Fig. 3, panels A and B). Diastolic blood pressure
monitoring did not change in any of the trials, either in AUC or in the
differences between the values (Fig. 3, panels C and D). L-Arginine
administration failed to improve or to change ambulatory blood
pressure responses after exercise performance.

3.3. Biochemical analyses

Given that evidence has shown a key role of NO on blood pressure
regulation mainly after physical exercise, NO/cGMP pathway and its
bioavailability were analyzed by measurement of the redox state in all
experimental trials. Neither NOy nor cGMP concentrations were
affected by acute L-arginine administration or a bout of exercise.
Table 2 summarizes these data. Similarly, no changes were found in
the redox state after 45 min of L-arginine administration or a bout of
exercise (PE-45") by measuring the plasma SOD and catalase activity,
as well as lipid peroxidation by measuring the plasma MDA
concentrations (Table 3).

4. Discussion

This study examined whether a single dose of L-arginine associated
with a bout of aerobic exercise would reduce blood pressure. We further
investigated plasma biomarkers in an attempt to detect which one
could be mediating the cardiovascular responses in normotensive post-
menopausal women. The main finding was that L-arginine in association
with aerobic exercise was effective in lowering office diastolic blood
pressure during 90 min in comparison with control and no exercise
day. Additionally, during 24-hour period of blood pressure monitoring,
only exercise was effective in changing systolic blood pressure, no addi-
tional effect of L-arginine over time was seen. Interestingly, the reduc-
tion of office diastolic blood pressure in response to the combination
of the L-arginine plus a bout of exercise was not accompanied by chang-
es in NO/cGMP pathway, redox status or inflammatory biomarkers in
normotensive postmenopausal women.

Several mechanisms have been pointed out to explain the reduction
in blood pressure after a single bout of exercise, such as the hyperemia
derived from exercise performance [22,23], baroreceptor activity [24],
reduction on sympathetic activity [13], reduction of cardiac output by
lowering stroke volume [25] as well as release of vasodilatation
substances, including histamine and NO [10,23]. Despite of the
combination led to a reduction in diastolic blood pressure, we failed in
detecting the any changing in NO/cGMP pathway or any evaluated bio-
markers. Accordingly, previous studies showed no changes in plasma
NOx or cGMP levels in response to acute or chronic L-arginine adminis-
tration even though positive effects in endothelial-derived dilation,
blood flow and peripheral resistance were observed [26-30]. Addition-
ally, no changes in SOD, catalase activity and MDA plasma concentra-
tions were found after aerobic exercise performance or L-arginine
administration alone or in combination. SOD and catalase activity as
well as MDA levels which reflects lipid peroxidation and oxidative stress
have been reported as important biomarkers in several diseases includ-
ing diabetes, arterial hypertension and atherosclerosis [31]. However, it
is not clear yet whether in postmenopausal status could alter the redox
state. In addition, few studies showed positive effects of acute L-arginine
supplementation in redox state and oxidative stress [32,33], as well as
the findings using chronic interventions are not conclusive.

In a similar way, no changes in IL-6 and IL-10 were found after any
interventions. Since diabetes was an exclusion criterion, the lack of
changing in inflammatory mediators might have been due to the ab-
sence of chronic metabolic disorders in the studied population even
though results from experimental models of menopause have found
an increase in pro- and a decrease in anti-inflammatory mediators
[34]. A decrease in pro-inflammatory cytokines such as TNF-a and an



G.M. Puga et al. / Life Sciences 151 (2016) 323-329 327

----i_---I’"'

s S

.-

*

———F
-

* “-;o' * *

*

10 -
5-
.
0-
£ ~ -
E . =
o -5- . * X
m \
w .
% -10 -
< * *
-15.
-20.
Pre Ex. 15' 30'
6-
4-
L
g 27
E .
a 07 BE---
o N
3 .
5 2 Jo
< el A

1
[<;}
L

1
B
1
*
* -
‘ol
[
4_’_', A
'
'
*
\
\
\
)
)
'
<+

45' 60’ 75’ 90’

Pre Ex. 1%’ 30’

-e- CON

-B- ARG -a-

45' 60’ 75’ 90

EXE -v- A-E

Fig. 2. Blood pressure measurements at clinical research unit. Delta of systolic blood pressure (A) and Delta of diastolic blood pressure (B) during 90 min in control (CON), arginine (ARG),
exercise (EXE) and arginine + exercise (A-E) trials. * p < 0.05 in relation to the same time points in CON and ARG days.

increase in anti-inflammatory cytokines such as IL-10 during exercise
performance were shown in previous studies [35,36]. However, these
changes are detected only during exercise performance and can fall
drastically down to rest levels. Another possibility for the lacking of
changes in inflammatory mediators could be the type of exercise. Previ-
ous study has shown that resistance exercise is effective in changing
pro- and anti-inflammatory mediators in obese postmenopausal
women [37]. These findings indicate that different forms of exercise
should be tested in this population.

ABPM is considered a useful tool in clinical trials providing additional
information during daily activities of the patients as well as the behaviour
of blood pressure during night-time [38]. The ABPM has been used in the
last decades, as an important measurement to predict risks in progression
of cardiovascular disease, allowing a better prognosis [39]. In agreement
with office measurements of blood pressure, a significant reduction in
systolic blood pressure during 24 h was found in women who performed

an exercise session. Few studies have examined the effects of exercise on
blood pressure over 24 h in women only. One study showed that normo-
tensive postmenopausal women had increased systolic blood pressure
values as compared with premenopausal women during daytime and
nighttime [40]. Another study showed that exercise training is effective
in promoting beneficial effects on daytime ambulatory BP in healthy
postmenopausal women on estrogen therapy [41]. Thus, this study is
the first to show that a bout of physical exercise is successful in lowering
systolic blood pressure in normotensive postmenopausal women. In con-
trast, L-arginine alone or in combination did not affect the blood pressure
behaviour. Since most of studies using L-arginine or physical exercise in
human population have performed long-term interventions, but with dif-
ferent participants in each group, the crossover format of this study is
fundamental to check the interaction of both interventions in the same
participants because of the variability of human population. Besides,
acute session is more feasible for examining all the measurements in
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the same participants even though physical training is desirable for
health promotion.

In conclusion, the combination of L-arginine plus a bout of physical
exercise was effective in lowering diastolic blood pressure in normoten-
sive postmenopausal women after 90 min of intervention. Additionally,
physical exercise promoted, independently from L-arginine ingestion, a
long lasting effect on systolic blood pressure measured by ABPM in this
population. Intriguing, this beneficial effect was not associated with
changes in the cardio-inflammatory biomarkers. Possibly, other factors
such as neural influences could be mediating this effect.
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