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Resumo — A hipotensdo pds-exercicio tem um importante papel no tratamento nfo-
farmacolégico da hipertensdo. Ela é caracterizada por reduc@o na pressdo arterial apds
uma tnica sessio de exercicio em rela¢do aos valores basais. Esse estudo analisou os efeitos
da intensidade do exercicio e da suplementagdo de creatina na hipotensio pés-exercicio,
assim como, o provavel papel do lactato sanguineo nessa resposta. Participaram do estudo
dez individuos normotensos que realizaram sessdes de exercicio resistido (ER) antes (AC)
e ap6s (PC) suplementagio de creatina: 1. Resisténcia muscular (RM) — 30 repeti¢des a
30% de 1 repeticio maxima; 2. Hipertrofia (HP) — 8 repeticdes a 75% de 1 repeticio ma-
xima. A pressdo arterial foi mensurada antes e apds o exercicio. O lactato sanguineo foi
mensurado no periodo pds-exercicio. As sessdes de RM e HP promoveram diminui¢io da
pressdo arterial sistdlica (A -19 + 1,0 mmHg; A -15 + 0,9 mmHg, respectivamente, P<0,05)
a qual foi atenuada apés suplementagio de creatina (A -7,1 = 1,0 mmHg; A -11 + 1,0 mmHg,
respectivamente, P<0,05). O pico de lactato foi atenuado ap6s suplementagio de creatina
na sessio HP (AC 19 + 0,4 mM; PC 15 + 0,4 mM, P<0,05) e permaneceu inalterado apds
suplementacio de creatina na sessio RM (AC 16 + 0,8 mM; PC 14 + 0,4 mM, P>0,05).
Concluiu-se que a intensidade do exercicio resistido ndo influenciou a hipotensdo pés-
exercicio. A suplementac¢do de creatina atenuou a redugio dos valores presséricos pds-
exercicio resistido. Além disso, os resultados sugerem a participagio do lactato sanguineo
na hipotensio pds-exercicio resistido.
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Abstract — Postexercise hypotension plays an important role in the non-pharmacological treat-
ment of hypertension and is characterized by a decrease in blood pressure after a single exercise
bout in relation to pre-exercise levels. This study investigated the effects of exercise intensity and
creatine monohydrate supplementation on postexercise hypotension, as well as the possible role of
blood lactate in this response. Ten normotensive subjects underwent resistance exercise sessions
before (BC) and after (AC) creatine supplementation: 1) muscle endurance (ME) consisting of
30 repetitions at 30% of one-repetition maximum; 2) hypertrophy (HP) consisting of 8 repetitions
at 75% of one-repetition maximum. Blood pressure was measured before and after the exercise
bout. Blood lactate was measured after the exercise bout. The HP and ME sessions promoted a
decrease in systolic blood pressure (A -19 £ 1.0 mmHg; A -15 + 0.9 mmHg, respectively, P<0.05),
which was attenuated after creatine supplementation (A -7.1 + 1.0 mmHg; A -11 + 1.0 mmHpg,
respectively, P<0.05). Peak blood lactate was attenuated after creatine supplementation in the
HP session (BC: 19 + 0.4 mM; AC: 15 + 0.4 mM, P<0.05) and remained unchanged after
creatine supplementation in the ME session (BC: 16 + 0.8 mM; AC: 14 + 0.4 mM, P>0.05).
In conclusion, resistance exercise intensity did not influence postexercise hypotension. Creatine
supplementation attenuated the decrease in blood pressure after resistance exercise. The results
suggest the involvement of blood lactate in post-resistance exercise hypotension.

Key words: Blood pressure; Exercise; Lactic Acid; Creatine.
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INTRODUCTION

Recently, attention has been focused not only on the
cardiovascular benefits of physical training, but also
on the effects of one acute exercise session. After an
acute exercise bout, blood pressure (BP) levels are re-
duced for minutes or hours in relation to pre-exercise
levels"? This phenomenon is called postexercise
hypotension (PEH) and has been widely investiga-
ted because of its importance for the treatment and
prevention of arterial hypertension’*

The possible mechanisms underlying PEH in-
clude a reduction of sympathetic nerve activity and
decreased vascular responsiveness to a-adrenergic
receptor activation, which elicit a sustained reduc-
tion of peripheral vascular resistance’ Taking into
account vasorelaxation effects, local substances
released by exercising muscles may also be involved
in PEH. Hussain et al.® investigated the effects of
circulating metabolites such as blood lactate on
alterations in femoral artery blood flow and vascular
tone during recovery from high-intensity exercise
(Wingate test). The authors demonstrated that blood
lactate levels remained elevated during the period of
persistent vasodilatation after the exercise bout.

Supplementation with creatine monohydrate
can increase intramuscular phosphocreatine stores
by about 25%, thus optimizing the resynthesis of
adenosine triphosphate by the anaerobic alactic
system’ In addition, creatine supplementation
results in intramuscular water retention, causing
hypertrophy, and in increased protein synthesis,
improving contractile capacity and performance
during short-term high intensity exercise’® Cre-
atine supplementation has also been associated
with lower blood lactate accumulation during high-
intensity exercise’ However, the effects of blood
lactate and creatine supplementation on the BP
response after a single bout of resistance exercise
are unclear. Moreover, the influence of resistance
exercise intensity on PEH is controversial'® !

Therefore, the objective of the present study
was to investigate the effects of exercise intensity
and creatine supplementation on PEH. Since cre-
atine supplementation may decrease blood lactate
accumulation, we also measured this metabolite
after exercise and evaluated the putative role of

blood lactate in PEH.
METHODOLOGICAL PROCEDURES

Subjects
Ten healthy men (23.0 + 1.9 years, 175.3 = 5.3 cm,
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784 + 6.3 kg) volunteered to participate in the study.
All subjects received detailed information about the
procedures, risks and benefits of the study, and signed
an informed consent form previously approved by
the Local Ethics Committee for Human Research.
All participants were experienced body builders.

Exercise protocols

All participants underwent four exercise sessions
as follows: 1) hypertrophy session before supple-
mentation with creatine monohydrate (HP BC); 2)
hypertrophy session after creatine supplementation
(HP AC); 3) endurance session before creatine
supplementation (ME BC); 4) endurance session
after creatine supplementation (ME AC). The
hypertrophy session consisted of 3 sets of 8 repe-
titions at 75% of one-repetition maximum (1RM),
whereas the endurance session consisted of 3 sets of
30 repetitions at 30% of 1RM. The following types
of exercise were performed: straight supine, leg
press, stand-up-rowing in the low, knee extension,
knee curl exercise, and elbow curl. The exercise
sessions were performed randomly at intervals of
48 h between sessions.

TRM test

The 1RM test was performed in the following se-
quence for all exercises: straight supine, leg press,
stand-up-rowing in the low, knee extension, knee
curl exercise and elbow curl. Three trials were per-
formed for each exercise at intervals of 3-5 minutes.
An initial load (kg) lower than that usually used for
training was determined for the IRM test. Next,
two sets of exercise were performed and the load
was progressively increased in subsequent sets. The
subject was allowed to rest for 3-5 minutes between
sets. The IRM was defined as the maximum weight
that could be lifted only once.

Creatine supplementation

The subjects ingested 5 g creatine mixed with 40
g sucrose diluted in 300 ml water, 4 times a day for
5 days (loading phase). Previous results from our
laboratory demonstrated that this supplementation
evoked a significant increase in muscle mass.

Blood pressure and blood lactate
measurement

Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured by the indirect
auscultatory method using a sphygmomanometer
and stethoscope. BP was assessed at 5-minute
intervals for 20 minutes before the exercise bout



and at 15-minute intervals for 90 minutes after the
exercise bout. Baseline BP was calculated as the
average of pre-exercise measurements. During the
measurements, the volunteers remained seated on a
comfortable couch in an environment without noi-
se or variations in temperature. All measurements
were performed by the same researcher.

For the determination of blood lactate con-
centration, 25 pl capillary blood was drawn from
the ear lobe after asepsis and transferred to an
Eppendorf tube containing 50 ul 1% NaF. Blood
samples were collected before the beginning of
the sessions, at 3-minute intervals during the first
15 minutes of recovery, and 30, 45, 60, 75 and 90
minutes after exercise. Blood lactate was measured
by an electric enzymatic method.

Statistical analysis

The results are reported as means # standard error of
the mean (SEM). BP was compared before and after
exercise by two-way ANOVA for repeated measures.
Absolute changes in BP from pre-exercise levels
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and peak blood lactate were analyzed by two-way
randomized ANOVA. When significant differences
were detected, post hoc analyses were performed
using Tukey’s least significant difference test. A P
value < 0.05 was considered to be significant.

RESULTS

Postexercise blood pressure responses

Figure 1 shows the mean SBP and DBP values
before and after the exercise bout obtained for the
HP BC, HP AC, ME BC and ME AC sessions. A
decrease in SBP was observed after the HP BC
session throughout post-exercise bout (P< 0.05),
which was abolished after creatine supplementa-
tion. A similar response was observed after the ME
sessions, i.e., creatine supplementation abolished
hypotension. After the HP BC and ME BC ses-
sions, DBP decreased during the first 30 minutes
in post-exercise bout. The changes in SBP from
baseline (pre-exercise) to 90-minute postexercise

were A -19 + 1.0 mmHg (P < 0.05) for HP BC, A
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Figure 1. A: Systolic blood pressure (SBP) before (PE) and at 15-minute intervals after the resistance exercise bout for hypertrophy
sessions before (HP BC) and after (HP AC) creatine supplementation. B: SBP before (PE) and at 15-minute intervals after the exercise
bout for endurance sessions before (ME BC) and after (ME AC) creatine supplementation. C: DBP before (PE) and at 15-minute
intervals after the exercise bout for HP BC and HP AC sessions. D: DBP before (PE) and at 15-minute intervals after the exercise
bout for ME BC and ME AC sessions. Data are reported as means + SEM. *P < 0.05 vs PE; +P < 0.05 HP BC vs HP AC and ME
BC vs ME AC. §P < 0.05 vs PE for HP BC; 8P < 0.05 vs PE for ME AC; tP < 0.05 vs PE for ME BC.
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7.1 + 1.0 mmHg (P < 0.05) for HP AC, A -16 +
0.9 mmHg (P < 0.8) for ME BC, and A -9.3 + 0.9
mmHg (P < 0.05) for ME AC (Figure 2).
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Figure 2. Mean absolute change (A) in systolic blood pressure
(SBP) from pre-exercise (20 minutes) to 90-minute postexerci-
se bout obtained for sessions of hypertrophy before (HP BC)
and after (HP AC) creatine supplementation and sessions of
endurance before (ME BC) and after (ME AC) creatine supple-
mentation. Data are reported as means + SEM. *P < 0.05 vs
before creatine supplementation.

Blood lactate

Creatine supplementation attenuated peak blood
lactate after the HP session (P < 0.05). No change in
blood lactate concentration was observed after creati-
ne supplementation for the ME session (P > 0.05).
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Figure 3. Peak blood lactate after sessions of hypertrophy
before (HP BC) and after (HP AC) creatine supplementation
and sessions of endurance before (ME BC) and after (ME AC)
creatine supplementation. Data are reported as means + SEM.
*P < 0.05 vs HP BC.

DISCUSSION

This study investigated the effects of resistance
exercise of high (HP) and low (ME) intensity as-
sociated or not with creatine supplementation on
PEH. The HP and ME sessions elicited a similar
PEH response, but creatine supplementation atte-
nuated the hypotensive effect of resistance exercise.
We also evaluated the influence of blood lactate
on PEH and the results obtained suggest a possible
role of this metabolite in this response.

376

Moreno et al.

Despite controversies regarding the occurrence
of a decrease in resting BP after acute resistance
exercise’!* the hypotensive response observed in
the present study agrees with some results reported
for humans and animals"*° The effect of exercise
intensity on PEH is also controversial®"' Most
studies investigating the effects of exercise intensity
have used aerobic exercise, and reports evaluating
the influence of this parameter on the BP decre-
ase after acute resistance exercise are scarce. In
the present study, exercise performed at different
intensities caused a similar decrease in BP during
recovery. This finding agrees with Brown et al.'¢
who observed no differences in PEH after resistance
exercise performed at 40% and 60% of IRM.

Creatine supplementation is an ergogenic
aid widely used to boost exercise performance by
improving the tension capacity of skeletal mus-
cle, resulting in lower metabolic stress, i.e., lower
local metabolite production” It has been well
established that local metabolites and substances
released in the vascular bed of exercising muscles
mediate important vasodilatation during and after
an exercise bout. Our results showed that creatine
supplementation abolished PEH in both exercise
sessions. Based on this finding, our hypothesis is
that local metabolite release might be reduced
after creatine supplementation, with consequent
lower vascular relaxation and abolishment of PEH.
Supporting this mechanism, the present results
also demonstrated that creatine supplementation
attenuated peak blood lactate after the HP session.
These findings are in agreement with previous
studies” showing that creatine supplementation is
associated with lower blood lactate accumulation
during high-intensity exercise. Moreover, Hussain
et al.® demonstrated that an increase in blood lac-
tate after exercise was associated with a decrease
in femoral artery vascular resistance. Lactic acid
dissociates to H* ions and these ions may activa-
te ATP-sensitive K* (K, ;) channels present in
vascular smooth muscle. The activation of these
channels may lead to smooth muscle hyperpola-
rization and, consequently, to vascular relaxation
and a decrease in BP. K, channels may also be
activated by other endogenous vasodilators such as
prostacyclin, adenosine and nitric oxide” Since a
good part of the blood flow is deviated to skeletal
muscle during and postexercise, metabolite-induced
vascular resistance decreases at this site and might
affect systemic BP. Thus, our results suggest that
PEH was abolished after creatine supplementation
because blood lactate was reduced during the HP



session. However, although the BP decrease obser-
ved after the ME session was abolished after crea-
tine supplementation, peak blood lactate remained
unchanged. The mechanism involved in the BP
decrease after HP sessions seems to be an increase
in blood lactate; however, this mechanism does not
explain the hypotension observed after exercise
sessions of lower intensity. Since high-intensity
exercise elicits higher blood lactate accumulation
than exercise of lower intensity, different factors
might be responsible for the decrease in BP. In
view of the increase in blood volume and, con-
sequently, in cardiac output, the water retention
caused by creatine supplementation™® may also
be related to the attenuation of PEH. However,
Powers et al.”? observed that, although creatine
supplementation caused significant body water
retention, it did not affect body fluid distribution.
Other studies found no change in resting BP after
creatine supplementation when compared to a si-
milar situation without supplementation*** Since
creatine supplementation decreases the release of
several local metabolites, other mediators may be
involved in PEH during the ME session. Nitric
oxide is an important vasodilator that seems to
exert an influence on PEH as demonstrated in a
previous investigation*® Further studies are neces-
sary to determine which metabolites are influenced
by creatine supplementation.

CONCLUSION

The present results demonstrated an important
decrease in resting BP after acute resistance
exercise. This response was not influenced by
exercise intensity, but was abolished after creatine
supplementation. Since peak blood lactate was
attenuated after creatine supplementation in the
high-intensity session, this metabolite might be
involved in PEH. Thus, this study suggests that
creatine supplementation abolishes the beneficial
effects of acute resistance exercise on BP.
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