BJCP IR ]oumal of Clinical DOI:10.1111/j.1365-2125.2010.03742.x

Pharmacology

Ate n O I O I b I u n tS b I O Od (D::)é:;éifiri)aol_r?!(\j/fg)(r:jiz, PhD, Avenue Prof

Melo Moraes, 65 - Butanta — Sao Paulo, SP
05508-030, Brazil.

pressu re increase during Tel gl o1 o6
dynamic resistance exercise d
= S eyv:/c:rbIZod pressure, dynamic
I n hy p e rte n S |VeS ?etsi:?anc’e exercise, hypertension,

-adrenoceptor blockers

Ricardo S. Gomides,' Luiz A. R. Costa,’ Dinoélia R. Souza,’ Received

Andréia C. C. Queiroz," Jodo R. C. Fernandes,? Katia C. Ortega,? 12 March 2010
Accepted

Décio Mion Junior,? Tais Tinucci*? & Claudia L. M. Forjaz'
17 June 2010

'Exercise Hemodynamic Laboratory, School of Physical Education and Sport and *Hypertension Unit,
General Hospital, University of Sdo Paulo, Séo Paulo, Brazil

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AIMS

This study was conducted to determine whether atenolol was able to
decrease BP level and mitigate BP increase during dynamic resistance
exercise performed at three different intensities in hypertensives.

METHODS

WHAT THIS STUDY ADDS Ten essential hypertensives (systolic/diastolic BP between 140/90 and
160/105 mmHg) were blindly studied after 6 weeks of placebo and
atenolol. In each phase, volunteers executed, in a random order, three
protocols of knee-extension exercises to fatigue: (i) one set at 100% of
1 RM; (ii) three sets at 80% of 1 RM; and (iii) three sets at 40% of 1 RM.
Intra-arterial radial blood pressure was measured throughout the
protocols.

RESULTS

Atenolol decreased systolic BP maximum values achieved during the
three exercise protocols (100% = 186 * 4 vs.215 *= 7,80% =224 = 7
vs.247 £ 9 and 40% = 223 = 7 vs.252 = 16 mmHg, P < 0.05). Atenolol
also mitigated an increase in systolic BP in the first set of exercises
(100% = +38 = 5 vs. +54 = 9;80% = +68 = 11 vs.+84 = 13 and 40% =
+69 £ 7 vs. +84 £ 14, mmHg, P < 0.05). Atenolol decreased diastolic BP
values and mitigated its increase during exercise performed at 100% of
1RM (126 £ 6 vs. 145 = 6 and +41 = 6 vs. +52 = 6, mmHg, P < 0.05),
but not at the other exercise intensities.

CONCLUSIONS

Atenolol was effective in both reducing systolic BP maximum values
and mitigating BP increase during resistance exercise performed at
different intensities in hypertensive subjects.
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Introduction

Resistance exercise is characterized by an effort made
against a specific opposing force. Dynamic resistance is
when a body part moves against this force during contrac-
tion, and isometric resistance is when a contraction is not
followed by movement [1].Today, dynamic resistance exer-
cise is recommended for hypertensive subjects in conjunc-
tion with aerobic exercise [2]. Nevertheless, during this
kind of exercise, blood pressure (BP) increases sharply and
expressively [3-18], which might represent a risk for hyper-
tensives. It is known that not only BP values but mainly a
sharp rise in BP are risk factors for aneurysm rupture
[19-21], which is especially important for hypertensives,
who are more prone to have aneurysms [22].

In a previous study [23], we measured intra-arterial BP
response to dynamic resistance exercise in hypertensive
patients, and systolic BP achieved values as high as 238 =
12 mmHg. Greater systolic BP levels were reported by Pala-
tini et al.[12]. However, besides the fact that pharmacologi-
cal therapy is recommended for many hypertensive
patients [24], in these previous studies, patients were not
receiving any antihypertensive medications. Thus, it is
interesting to evaluate whether antihypertensive drugs
are able to blunt BP increase during dynamic resistance
exercise.

Atenolol is a specific Bs-adrenoceptor antagonist that
blocks sympathetic activation to the heart, decreasing
heart rate (HR), cardiac contractility, cardiac output and
BP [25]. The use of B-adrenoceptor blockers was the first
line of antihypertensive single-drug therapy for many
years, and even nowadays they are commonly used to
treat hypertension [24] and other cardiovascular diseases
[26], such as coronary artery disease and cardiac heart
failure.

The effects of atenolol during aerobic exercise have
been extensively studied, and it has been shown that
B-adrenoceptor blockade is able to reduce HR and BP
maximum values, as well as their increase during aerobic
activity [27]. Atenolol effects were also investigated during
isometric resistance exercise, and it was shown that
-adrenoceptor blockade decreases maximum BP values
but does not affect the increase in BP [28-34].This absence
of effect is probably because an increase in systemic vas-
cular resistance is the main mechanism for BP increase
during isometric exercise [18, 35].

Nevertheless, during dynamic resistance exercise,
which is the mode of resistance exercise recommended for
hypertensives [2, 36], BP increase might be, at least in part,
due to an increase in cardiac output [17]. The effects of
atenolol during this kind of exercise have been poorly
studied. Therefore, this study was designed to test the
hypothesis that atenolol can decrease not only BP
maximum absolute levels achieved during dynamic resis-
tance exercise, but it can also blunt the increase of BP
during this kind of exercise.

Atenolol and resistance exercise BJCP

We evaluated intra-arterial BP values and increases
during dynamic leg-extension exercises performed to
failure at three different intensities in hypertensive sub-
jects receiving placebo and atenolol.

Methods

Subjects

Subjects with essential hypertension (stages 1 and 2) were
recruited among those treated in the Hypertension Unit of
the General Hospital to participate in this study, which was
approved by the Ethics Committee of the General Hospital,
Medical School, University of Sdo Paulo.

Before enrolment in the study, all subjects underwent
routine screening in the hypertension unit according to
the international guidelines [24]. This screening included
rest and exercise ECG and blood and urine collection.
Patients who were receiving antihypertensive medications
before enrolment maintained their previous medication
during the screening phase. Subjects were excluded from
the study if they had any sign of other cardiovascular dis-
eases besides hypertension, and if they presented associ-
ated cardiovascular risk factors or target organ damage.
None of the subjects was engaged in any regular physical
exercise nor had previous experience with resistance
exercise.

After screening, all subjects received placebo (lactose
40 mg, corn starch 102 mg, cellulose 5 mg,and magnesium
3 mg) twice daily for 6 weeks, and then they received
atenolol therapy (initial dose of 25 mg twice daily, and
increased to 50 mg twice daily if blood pressure was above
140/90 mmHgq) for another 6 weeks. Subjects were blinded
to the therapy in each experiment. Thus, the study was a
crossover, nonrandomized, single-blind clinical trial.

At the third and fourth week of each therapy (placebo
and atenolol), auscultatory BP was measured three times
during two visits to the laboratory, and the mean of these
six measurements was used as the patient’s BP level. The
first and the fifth Korotkoff's sounds were employed,
respectively, to determine systolic and diastolic BP. Sub-
jects continued in the study only if systolic/diastolic BP
values when receiving placebo were between 140 and
160/90 and 105 mmHg. Subjects were excluded and drug
therapy was prescribed if BP levels were above 160/
105 mmHg.

At the fifth week, ECG and respiratory movements were
recorded for 10 min with a frequency rate of 500 Hz
(WinDaq DI-720, Dataq Instruments, Akron, OH, USA) while
the subjects were lying still. A spectral analysis of heart rate
variability was performed as previously described [37].
Briefly, on stationary segments of at least 5 min, autore-
gressive spectral parameters were estimated using
Levinson-Durbin recursion, and the order of the model
was chosen according to Akaike’s criterion (Programma Di
Analisi Lineare 8.0, Universita Degli Studi Di Milano, Milan,
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Italy). The components were assigned as low- (LF = 0.04-
0.15 Hz) and high-frequency (HF = 0.15-0.5 Hz). Both com-
ponents were reported in normalized units (nu),
representing the relative value of each power component
in proportion to the total power minus very low-frequency
component (VLF = 0-0.04 Hz). Normalized LF and HF com-
ponents of R-R variability were accepted, respectively, as
markers of the cardiac sympathetic and parasympathetic
modulations, while the ratio between them (LF : HF) was
accepted as the sympathovagal balance [37].

Measurements
Experiments were conducted at the sixth week of each
therapy, and intra-arterial BP measurement was employed.
During the experiments, BP was measured in the radial
artery of the nondominant arm as previously described
[38]. After subcutaneous administration of local anaes-
thetic (2% lidocaine without vasoconstrictor), a 22-gauge
catheter (BD-Angiocath, Becton Dickinson, Franklin Lakes,
NJ, USA) was inserted into the radial artery, and it was
maintained patent by a constant infusion. All procedures
were performed in the hospital and by a trained physician.
The catheter was connected to a transducer kit (PX-
260, Edwards Life Sciences, Irvine, CA,USA), which was posi-
tioned at the level of the fourth intercostal space. A signal
amplifier was used (KS3800, Gould Instrument Systems,
Valley View, OH, USA), and the signal was acquired on a
computer at a sampling frequency of 500 Hz using a data
acquisition system (WinDaq DI-720, Dataq Instruments Inc,
Akron, OH, USA).

Experiments

In each study phase (placebo and atenolol), all subjects
attended two familiarization sessions prior to the experi-
ment in order to learn the correct execution of the knee-
extension exercise. In each of these sessions, they
performed 10 repetitions of the exercise with the lowest
load allowed by the leg extension machine (Physicus PHA
23, Sao Paulo, Brazil). In addition, 1 week before the experi-
ment, they underwent a 1-repetition-maximum (RM) test
following Kraemer & Fry’s protocol [39].

For the experiments, subjects were instructed to arrive
at the laboratory between 15.00 h and 17.00 h. They were
instructed to abstain from any sporadic exercise for the
previous 24 h and from smoking for at least 3 h. They
ingested a light meal at least 2 h before the experiment,
and products containing caffeine and theophylline were
not allowed for this meal. All subjects received the last
dose of atenolol or placebo in the morning approximately
7 h before the experiments.

After arriving at the laboratory, subjects’ auscultatory
BP was measured,and the experiment only began if BP was
below 160/105 mmHg, which is a secure BP level for begin-
ning exercise, according to the American College of Sports
Medicine [40]. Then subjects rested in the supine position
while the catheter was inserted into the nondominant

666 / 70:5 / Br] Clin Pharmacol

radial artery. Afterwards, they moved to the knee-
extension machine, where they rested for 10 min while
baseline measurements were taken.The subjects then per-
formed, in a random order, three different knee-extension
exercise protocols. Each protocol was executed to fatigue,
and they consisted of the following: (i) one set at 100% of
1 RM,; (i) three sets at 80% of 1 RM, with a 90 s rest interval
between the sets; and (iii) three sets at 40% of 1 RM, with a
90 s rest interval between the sets. A resting period of at
least 10 min and long enough to allow BP to return to
baseline was taken between the protocols. In each proto-
col, intra-arterial BP was continuously measured for 3 min
before the exercise, during all exercise, and during the
3 min recovery period. For each subject, the protocol order
was kept the same in the placebo and atenolol phases.

For each subject, the data collected for 1 min preceding
each exercise protocol were averaged and called the pre-
exercise value. These values were compared with the
highest value achieved during each exercise set (S1, S2,
and S3) and to the lowest value obtained during each
interval period between the sets (I1, 12, and 13), as previ-
ously described [15].

Statistical analysis
Normality and homoscedasticity were checked by
Shapiro-Wilks and Levene tests, respectively (SPSS for
Windows 13.0; Lead Technologies Inc., Chicago, IL, USA).For
each exercise intensity, data were compared by a two-way
ANOVA for repeated measures (Statistica for Windows 5.0;
Statsoft Inc., Tulsa, OK, USA), establishing therapy (placebo
or atenolol) and stages (PRE, S1,11,52,12,S3,13) as the main
factors. The Newman-Keuls post hoc test was employed
when necessary. P < 0.05 was set as significant. Data are
presented as mean * SE.

Considering a power of 80%, an alpha error of 5%, and
a standard deviation of 3 mmHg for systolic BP, the smallest
sample size necessary to detect a difference of 4 mmHg
was calculated to be eight subjects.

Results

Sample

Twenty-eight individuals who met the requirements
signed the consent form to participate in the study. In the
preliminary phase, 11 subjects were excluded because of
hypothyroidism (1), cardiac hypertrophy (1), blood pres-
sure levels inconsistent with the study’s criteria (4), and
personal reasons (5). Thus, 17 subjects fulfilled the inclu-
sion criteria and initiated the study. However, during the
placebo phase, one subject was excluded because his BP
increased above 160/105 mmHg, and another four sub-
jects were excluded because their BP stayed below 140/
90 mmHg. In addition, one subject was not available to
continue the study, and one subject was excluded during



Table 1
Subjects’ characteristics. Data = mean = SE

n 10

Gender, male/female 6/4

Age (years) 46 + 2

Anthropometrics
Height (m) 1.67 =+ 0.03
Weight (kg) 789 = 3.7
Body mass index (kg m2) 28.1 =05

Cardiovascular
Systolic blood pressure (mmHg) 140 = 4
Diastolic blood pressure (mmHg) 97 =1
Heart rate (beats min=") 70 = 3
Sokolow-Lyon Index (mV) 24 +02
Cornell Index (mV) 16 0.2

Metabolic
Glycaemia (mmol I-') 5.16 + 0.14
Total cholesterol (mmol I-") 5.20 = 0.31
HDL cholesterol (mmol I-") 1.43 +0.14
LDL cholesterol (mmol I-) 2.83 = 0.29
VLDL cholesterol (mmol I-') 0.99 = 0.16
Triglycerides (mmol I-") 2.17 = 0.36
Uric acid (umol I") 389.00 + 33.71

Others
Creatinine (umol I-') 77.70 * 4.06
TSH (mlU I) 1.87 = 0.42
T3 (nmol ) 1.56 = 0.27
T4 (nmol I) 90.22 = 15.63
Free T4 (pmol I-") 12.07 = 1.37

the atenolol therapy because BP increased above 160/
105 mmHg. Thus, 10 subjects completed the entire
protocol.

Subject characteristics are shown in Table 1. All sub-
jects had a family history of arterial hypertension, and
three of them were smokers. Six of these subjects were
receiving drug treatment, including renin-angiotensin
system blockers and/or diuretics, before enroling in the
study. The atenolol dose was increased to 50 mg twice
daily in only one patient, but the results did not change
without him.

Atenolol effects at rest

During atenolol therapy, only one subject needed to
increase drug dosage, and the results did not change
without this patient. Resting heart rate decreased signifi-
cantly with atenolol (70 = 3 vs.62 =+ 1 beats min™',P<0.05).
Moreover, resting systolic and diastolic BP also decreased
significantly with atenolol (140 = 4 vs.119 = 2 mmHg and
97 £ 1 vs. 81 £ 1 mmHg, respectively, P < 0.05). Spectral
analysis of resting HR variability was performed in eight
subjects after placebo and atenolol therapy. Atenolol sig-
nificantly increased the normalized high-frequency com-
ponent of HR variability (51 = 7 vs. 28 = 7,nu, P < 0.05),and
decreased the normalized low-frequency component (38
+ 7vs.61 £ 9nu,P<0.05) and low- to high-frequency ratio
(04 = 03vs.0.7 £ 0.5,P<0.05).
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Figure 1

Systolic blood pressure measured for each heartbeat in one hypertensive
patient receiving placebo (solid line with solid circles) and atenolol
(dotted line with open circles). Measurements were made before and
during the first set of knee-extension exercises performed to failure at
80% of 1 RM

Exercise characteristics
Atenolol did not change maximum strength.Thus, exercise
at 100, 80, and 40% of 1 RM was performed, respectively,
with 64 £ 4and 63 = 5kg,51 = 3 and 50 = 4 kg and 27 +
2 and 25 = 2 kg with placebo and atenolol (P > 0.05).
The number of repetitions to failure was also similar
between the two therapies during the exercise protocol at
80%of TRM(S1=10*+1vs.10 = 1,52=8 = 1vs.8 = 1,and
S3 =7 * 1vs.7 = 1 repetitions, P > 0.05). Moreover, the
number of repetitions to failure decreased significantly in
sets 2 and 3 in comparison with set 1 (P < 0.05). On the
other hand, at the exercise protocol at 40% of 1 RM, the
number of repetitions to failure increased slightly but sig-
nificantly with atenolol (S1=20 = 1vs.18 = 1,52=15 %= 1
vs.14 £ 1,and S3 =14 = 1 vs.13 * 2 repetitions, P < 0.05).
Moreover, independent of the therapy, the number of rep-
etitions to failure decreased significantly in sets 2 and 3 in
comparison with set 1 (P < 0.05).

BP responses to exercise

Figure 1 shows a typical tracing of systolic BP measured in
one hypertensive patient during the first set of exercises
performed at 80% of 1 RM to failure with placebo and
atenolol.

Figure 2 shows systolic BP values measured during
exercise in the three intensity protocols (panels A,C and E).
As expected, systolic BP increased significantly during
exercise in all the protocols and returned to pre-exercise
values during the intervals (except for 13 in the 80% of 1 RM
protocol). Moreover, atenolol significantly decreased sys-
tolic BP values measured at all moments (pre-exercise,
during the sets and during the intervals).
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Systolic blood pressure absolute values (SBP) and changes (ASBP exercise — pre-exercise) measured pre-exercise (PRE) and during three sets (S1,52,and S3)
and intervals (11,12,and 13) of knee-extension resistance exercise performed to failure at 100% (panels A and B),80% (panels C and D), and 40% (panels E and
F) of 1 RM.Measures were taken with subjects receiving placebo (solid line with solid circles or black bars) and atenolol (dotted line with open circles or white
bars) in hypertensive subjects. * Significantly different from placebo (P < 0.05). # Significantly different from PRE (P < 0.05). $ Significantly different from S1

(P < 0.05). Data = mean = SE

Figure 2 shows systolic BP changes measured during
exercise in the three intensity protocols (panels B, D,and F).
Atenolol significantly blunted the increase in systolic BP
observed in the first exercise set at the three exercise inten-
sities (100% of 1 RM =+38 = 5 vs.+54 + 9,80% of 1 RM =
+68 = 11 vs. +84 = 13,and 40% of 1 RM =+69 * 7 vs.+84
* 14 mmHg, respectively, P < 0.05). Moreover, it also
blunted the increase of systolic BP during the second exer-
cise set at 40% of 1RM (+77 = 9 vs. +89 £ 16 mmHg,
respectively, P < 0.05).

Figure 3 shows diastolic BP values and changes mea-
sured during exercise in the three intensity protocols. As
expected, diastolic BP increased significantly during the
exercise sets in all the protocols and returned to pre-
exercise values during the intervals. Atenolol did not influ-
ence diastolic BP values nor increments during the exercise
performed at 80 and 40% of 1 RM, but it decreased dias-
tolic BP and mitigated its increase during exercise per-
formed at 100% of 1RM (126 = 6 vs. 145 = 6 and +41 = 6
vs.+52 £ 6 mmHg, respectively, P < 0.05).

668 / 70:5 / Br] Clin Pharmacol

HR responses to exercise

Figure 4 shows the HR values and changes measured
during exercise in the three intensity protocols. As
expected, HR increased significantly during the exercise
sets in all protocols and returned to pre-exercise values
during the intervals. Moreover, atenolol significantly
decreased HR measured at all moments and protocols,and
it blunted exercise-induced HR increases during exercise at
100 and 80% of 1 RM, but not at 40% of 1 RM.

Discussion

The main scientific contribution of the present study is the
description of the selective [B:-adrenoceptor blocker’s
(atenolol) influence on intra-arterial BP responses to differ-
entintensities of dynamic resistance exercise conducted to
failure in hypertensive subjects. The most important find-
ings were that (i) atenolol decreased systolic BP maximum
values achieved during dynamic resistance exercise, (ii)
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atenolol also blunted the increase in systolic BP during the
first set of dynamic resistance exercises of different inten-
sities and (iii) atenolol decreased diastolic BP and miti-
gated its increase during exercise at 100% of 1 RM.

Some studies have already investigated BP responses to
aerobic [41] and isometric resistance exercise [7] in hyper-
tensive patients. However, only two investigations [4, 12]
have studied BP responses during dynamic resistance exer-
cise in these patients. In one of them [4], BP was measured
indirectly and immediately after the end of the exercise,and
in the other [12], intra-arterial BP was measured, but only
three hypertensives were studied. In the present study,
these limitations were minimized, and results showed that
the maximum values of systolic BP achieved with placebo
were 215 = 7 mmHg at 100% of 1 RM, 247 = 9 mmHg at
80% of 1 RM, and 252 = 16 mmHg at 40% of 1 RM. These
increases might represent a risk to hypertensives.

To our knowledge, this is the first study to investigate
the effects of a selective B;-adrenoceptor blocker on BP
responses to dynamic resistance exercise. Previous studies
have only evaluated the effects of atenolol on isometric

resistance exercise [28-34] or the interaction between
atenolol and atropine blockades on BP responses to
dynamic resistance exercise [42]. In the present study,
using only B-adrenoceptor blockade, we demonstrated
that atenolol alone was able not only to decrease the abso-
lute value of systolic BP but also to mitigate its increase
during dynamic resistance exercise.

Systemic haemodynamic mechanisms responsible for
BP increase during resistance exercise are not completely
understood, and an increase in systemic vascular resis-
tance is usually cited as the main determinant [17, 18, 35].
Nevertheless, in the present study, atenolol mitigated the
increase of systolic BP during resistance exercise. Chronic
atenolol use decreases BP mainly by reducing cardiac
output due to the negative chronotropic properties of the
drug [43]. Thus, the results of the present study suggest
that cardiac output might be involved in the increase in BP
during dynamic resistance exercise, independent of its
intensity. However, in the present investigation, BP was
measured on the arm, which would not adequately char-
acterize central pulsatile haemodynamic changes pro-
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duced by dynamic resistance exercise, as exercise can
change arterial compliance [44]. Thus, the possible role of
cardiac output on BP increase during resistance exercise
emerged from the present results as a hypothesis and
should be tested in the future with specific methodologies
for this assessment.

The reduced increases in systolic BP observed with
atenolol during the first set of exercises performed at 100,
80, and 40% of 1RM were accompanied by reduced
increases in HR. However, the magnitude of HR decreases
were approximately 4% lower than the decreases in sys-
tolic BP (30 vs.26%, 19 vs.15%,and 18 vs. 15%, respectively).
These differences might be explained by other effects of
Bs-adrenoceptor blockade, such as the decrease in cardiac
contractility.In fact,atenolol has been shown to have nega-
tive inotropic effects when acutely administered [25, 45,
46]. However, studies employing atenolol in hypertensives
for longer periods (1 to 5 years) did not observe this effect
[47, 48], suggesting that the effect is lost with time, as
observed in heart failure [49]. As the drug was adminis-
tered for 6 weeks in the present study, some of this nega-
tive inotropic effect might be still present.
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Interestingly, atenolol’s influence on the increase of sys-
tolic BP was greater when exercise was performed at 100%
of 1 RM than at 80 and 40% of 1 RM (30% vs. 19 and 18%,
respectively). Similarly, although atenolol decreased sys-
tolic BP increments in the first set of exercises performed at
80 and 40% of 1 RM, this effect was not so evident during
the subsequent sets. These responses suggest that when
dynamic resistance exercise is prolonged (e.g.many repeti-
tions per set - 100% vs. 80 and 40% of 1RM - or in
multiple-set protocols - S1 vs.S2 and S3), the maintenance
of muscular contraction during exercise might increase
isometric components of the exercise, leading to a greater
accumulation of metabolites, which might increase
peripheral sympathetic nervous activity, provoking vaso-
constriction [18, 35]. Thus, under these circumstances,
systemic vascular resistance might contribute more
effectively towards an increase in systolic BP during
dynamic resistance exercise, explaining why atenolol did
not have much effect.

Based on the previous discussion, it is possible to
suggest that during long-term dynamic resistance exercise
(more sets or repetitions), other classes of antihypertensive



medications with major actions on peripheral mechanisms
might have greater hypotensive effects. Furthermore, if
these medications were combined with B;-adrenoceptor
blockers, the hypotensive effect might be even greater.
These two hypotheses were out of the scope of the present
study but should be investigated in the future.

Results from this study might have clinical implications.
Because it is known that a sharp increase in BP is a trigger
for aneurysm rupture [19-21], the fact that atenolol
blunted the increase in BP during resistance exercise sug-
gests that medication (at least atenolol) might decrease
the risk of aneurysm rupture during this kind of exercise.
Moreover, as many daily activities (carrying groceries,
pushing furniture, and so on) have mechanical properties
similar to dynamic resistance exercise, medicated patients
might be less prone to aneurysm rupture during them.
Future studies might investigate these suggestions.

Intra-arterial BP measurement was employed in the
present study because the auscultatory indirect method
was reported to underestimate intra-arterial BP values in
more than 16% during this mode of exercise [13], and
other indirect BP measurement techniques have not yet
been compared with intra-arterial values during resistance
exercise.

The main limitation of the present study was the fixed
order for therapy administration (first placebo and then
atenolol). This strategy was adopted to avoid an unneces-
sary artery puncture in a patient with an acceptable BP
level in the first experiment with atenolol and with an
unacceptable level in the second experiment with
placebo.To minimize any possible influence of the experi-
ment order, some strategies were adopted. The volunteers
were blinded to the drug used in each experiment, and
many adaptation sessions were conducted in both phases
of the study. As the decreases in HR and BP observed in the
study were similar to the ones previously described in the
literature with randomized studies [33], the order of the
experiments might have had minor effect on BP results.

The effectiveness of B-adrenoceptor blockade was
demonstrated by the fact that, as previously described
[32], atenolol decreased resting heart rate by 11% and sys-
tolic and diastolic BP by 15 and 16%, respectively. More-
over, spectral analysis of resting HR variability revealed
alterations compatible with a clear decrease in cardiac
sympathetic modulation [37].

In conclusion, atenolol was effective in decreasing not
only the absolute values but also in mitigating the increase
of systolic BP during the execution of dynamic resistance
exercise performed to failure with different intensities in
hypertensive subjects.
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