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Effects of L-citrulline malate oral supplementation on
post‑exercise hypotension
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ABSTRACT

Background: L-citrulline malate supplementation promotes an increase in oxide nitric metabolites, which are considered important
mediators of peripheral vasodilation. Thus, the supplementation with this substance might maximize the duration and magnitude
of post-exercise hypotension. Objectives: To investigate the hypotensive effect of L-citrulline malate supplementation following a
single session of aerobic exercise in normotensives. Methods: Forty adults, normotensives, sedentary, were randomly assigned to
one of the four experimental groups (control-placebo, control-Lcitrulline, exercise-placebo and exercise-Lcitrulline). All participants
ingested a sachet with placebo or L-citrulline with malate (6 grams), both dissolved in water and the ingestion was made 120 minutes
before starting the experimental session. The subjects performed 40 minutes of walk/run at 60-70% of reserve heart rate. For the
control session, they remained seated in rest during 40 minutes. The blood pressure was taken in rest and every 10 minutes until
complete 60 minutes after the experimental session. The ambulatory blood pressure device take the readings every 20 minutes
(awake time) and each 30 minutes (sleep time) over the course of 24 hours. Results: L-citrulline malate supplementation associated
to aerobic exercise promoted significantly reductions on systolic blood pressure when compared with control-placebo at 20 min (net
change[NC]: 9.7 mmHg [P=0.010]), 40 min (NC: 12.7 mmHg [P=0.010]), 50 min (NC: 12.1 mmHg [P=0.012]), 60 min (NC: 9.0 mmHg
[P=0.050]) and overall mean (NC: 7.8 mmHg [P=0.018]) post exercise. Conclusion: Acute L-citrulline malate supplementation might
potentiate the post-exercise hypotension effects in normotensive subjects.
KEYWORDS: Blood Pressure, Dietary Supplements, Ambulatory Blood Pressure Monitoring.

INTRODUCTION
L-citrulline is a non-essential amino acid that has a
key role in the arginine-nitric oxide system, increasing
nitric oxide (NO) biodisponibility(1). Low concentrations of
L-citrulline can be provided by nutritional sources in regular
food, but the main L-citrulline availability is endogenously
produced by means of two differents ways: 1) NO coproduct
(secondary amount) and 2) ornithine carbamylation (principal
amount) by metabolites (glutamine, proline and arginine)
in only two cells types (enterocytes and hepatocytes) (2).
The liver citrulline produce is all channeled to the urea
cycle, thus, small or nothing amount of citrulline is directed
to the circulation (3). On the other hand, the enterocytes
L-citrulline produced enter on circulation system, skip the
liver, and goes to the kidney (and others tissues) to arginine
sinthesys(4,5). For this reason, is suggested that L-citrulline
supplementation can be an efficient strategy to increase the
extracellular L-arginine levels, which is recognized as the NO
synthesis precursor(6). In this line, some studies has indicated

that L-citrulline supplementation increase plasmatic NO
metabolites concentration(7, 8), an important peripheral dilate
mediator. Thus, is possible that L-citrulline supplementation
improve the post-exercise hypotension effects (duration
and/or magnitude).
To our knowledge, there is no other studies investigating
the acute L-citrulline supplementation effects on the
blood pressure, after aerobic exercises. Therefore, the
assessment of this hypothesis can help to improve the
non-pharmacological intervention strategies focusing the
prevention and treatment of hypertension. Accordingly,
the aim of the present study was to investigate whether
L-citrulline supplementation might influence the acute
post‑exercise blood pressure response in normotensive
subjects. We hypothesized that the acute post-exercise
reduction in blood pressure will be more pronounced after
L-citrulline supplementation.
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METHODS

Ambulatory blood pressure monitoring (ambulatory
phase)
The ambulatory blood pressure was measured by an
oscillometric device (Dyna-MAPA – São Paulo, Brazil) attached
on the left arm, always by the same investigator, in accordance
with procedures described by American Heart Association(11).
The participants received instructions to keep the arm stand
during the measures. The device was calibrated by direct
comparison with mercury sphygmomanometer, by trained
technical person, in agreement with recommendations(11).
The monitor was setting to register the systolic and diastolic
blood pressure and heart rate every 20 minutes, except
during nighttime (23h00min to 08h00min) that the readings
were taken every 30 minutes, to reduce sleep disturbs.
The device screen was blinded to the subject to avoid feedback.
All participants were instructed to register and reported their
sleep time in a diary on the day after. The data was recorded in
the device memory then they were send to a computer using
specific software (Aplication Dyna Mapa – Version 5.0.382.12)
for analysis. The average of the valid readings were above 90%
for all participants. The Delta between rest period and mean
of ABPM periods (awake, asleep and 24 hours) was calculated
for analysis.

Participants
After sample size calculation (see statistical analysis
session), 40 normotensives sedentary subjects participated
in the study. The volunteers, both gender, adults, without
osteoarticular disabilities and they had a medical authorization
to practice physical activity. Participants were recruited from
an exercise program project linked to the university that
offered stretching and functional exercises sessions to the
external community. The study followed the Declaration of
Helsinki and approved by the local Institution Ethics Committee
(56500315.6.0000.0108). All participants were informed about
the methods before giving written informed consent. Table 1
shows the basics characteristics of the participants. The weight
was measured by the digital anthropometric scale (Urano, OS
180A, Canoas, Brazil), with accuracy of 0.1kg and height was
measured by stadiometer with accuracy of 0.1cm, accordance
to the procedures described by Gordon et al(9). The body mass
index (BMI) was defined as body mass (kg) divided by the
square of the body height.
Laboratory Blood Pressure (laboratorial phase)
Laboratory blood pressure was measured by using an
oscillometric monitor (Omron MX3 Plus, Bannockburn, EUA)
previously validated for clinic measures in adults(10). Firstly, the
participants remained seated (rest period) in calm, quiet and
thermoneutral (22°-24°C) environment for 20 min. The blood
pressure was measured three times during the rest period
(at 10 min, 15 min and 20 min). The rest blood pressure value
was considered as the average of these three measurements.
Immediately following the sessions (exercise or control),
the blood pressure was measured in a quite environment
during 60 minutes. The blood pressure measurements
were taking according to the American Heart Association
recommendations(11).

Study design
The study was an acute, randomized, double-blind,
placebo-controlled to evaluate the effects of Lcitrulline
malate supplementation on post-exercise hypotension.
The participants were randomly allocated (using a
random number table - https://www.random.org/) in
four different experimental groups (Exercise-Lcitrulline;
Exercise-Placebo; Control-Lcitrulline; Control-Placebo).
The L-citrulline supplementation was done in double-blind
format. The participants ingested a sachet which contained
L-citrulline malate (6 grams) or placebo (6 grams of corn starch)
dissolved in water. The substances were ingested 120 minutes
before the experimental session or control. Anthropometric
measures were taken before the rest period. The exercise

Table 1. Characteristics of participants.
Control-Placebo

Control-Lcitrulline

Exercise-Placebo

Exercise-Lcitrulline

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Age (years)

30.4

(2.5)

27.3

(1.6)

27.7

(2.3)

29.9

(2.4)

Body mass (kg)

68.2

(3.6)

69.7

(3.0)

70.8

(6.1)

76.4

(4.5)

Height (m)

1.68

(0.02)

1.67

(0.02)

1.69

(0.03)

1.71

(0.02)

BMI

23.9

(0.8)

24.7

(0.8)

24.4

(1.4)

25.9

(1.0)

WC (cm)

78.7

(2.0)

80.5

(3.0)

79.2

(4.3)

84.3

(3.5)

SBP (rest)

113.1

(2.6)

116.6

(4.7)

116.3

(5.4)

119.8

(3.6)

DBP (rest)

71.9

(1.4)

75.6

(3.1)

71.5

(3.0)

73.9

(2.5)

Note: SE= standard error; BMI= body mass index; WC= waist circumference; SBP= systolic blood pressure; DBP= diastolic blood pressure.
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session consisted by 5 min to warm up (50% of 65% HRreserve)
and 40 minutes of run/walk at 60-70% HRreserve in a treadmill.
This was followed by a progressive reduction of the speed
until the subject stop walk lasting 5 minutes (cooldown).
In the control session, the participants remained seated for
40 min in calm environment and read was allowed. After the
exercise/control sessions, the blood pressure was measured
each 10 minutes over the course of 60 minutes and the heart
rate variability was recorded continuously for 60 minutes
(laboratorial phase). Then, 15 minutes was given to the
participants to take a shower and change the clothes before
the ambulatory blood pressure device be attached on their
arm. The ambulatory blood pressure was recorded during
24 hours. In the next day, the participants were asked to
return to the laboratory to remove the device. Data collection
occurred between January and July of 2017.

blood pressure. As shown in Table 2, Exercise-Lcitrulline
group showed a significant reduction in systolic blood
pressure when compared with control-placebo at 20 min
(net change: 9.7 mmHg [P=0.010]), 40 min (net change:
12.7 mmHg [P=0.010]), 50 min (net change: 12.1 mmHg
[P=0.012]), 60 min (net change: 9.0 mmHg [P=0.050])
and overall mean (net change: 7.8 mmHg [P=0.018]) post
exercise. Exercise‑Lcitrulline group showed others significant
reductions in systolic blood pressure when compared with
Control‑Lcitrulline at 40 min (net change: 11.6 mmHg [P=0.018])
and 50 min (net change: 9.0 mmHg [P=0.049]) post exercise.
Exercise‑Placebo group showed a significant reductions in
systolic blood pressure when compared with Control‑Placebo
at 20 min (net change: 9.0 mmHg [P=0.015]), 40 min
(net change: 10.6 mmHg [P=0.030]) and overall mean (net
change: 6.8 mmHg [P=0.037]) post exercise. Exercise‑Placebo
group showed other significant reduction in systolic blood
pressure when compared with Control‑Lcitrulline at 40 min
(net change: 9.5 mmHg [P=0.050]). Moment‑by‑moment
changes are show in Table 2.
As we can see in Table 3, no differences were observed to
diastolic blood pressure in either of the groups at any of the
moments. Regarding the pressure values obtained by ABPM,
no differences were observed to systolic and diastolic blood

Statistical analysis
Assuming a standard deviation of 5 mmHg (12) for the
systolic blood pressure, an alpha of 5% and a desired statistical
power of 80%, detecting a minimum difference of 7 mmHg
(12)
required 7 subjects in each group. The data are reported
as mean and standard error. The sphericity Mauchly´s test
was applied. Greenhouse-Geisser correction was used if
necessary. Then, these data were compared with a one‑factor
repeated measures general linear model (GLM). Fisher
multiple comparisons were employed to examine differences
between pairs of trials. The ambulatory blood pressure was
analyzed as awake, sleep and 24 hours of monitoring. Statistical
significance was defined as P<0.05. The statistical analysis
was generated using SPSS, version 20, system for windows
(SPSS/IBM, Chicago, IL, USA).
RESULTS
Participants characteristics and rest blood pressure
values are shown in Table 1. The four experimental groups
were not different for age, weight, height, body mass
index, waist circumference and systolic/diastolic rest

Figure 1: Systolic ambulatory blood pressure monitoring (ABPM) in awake,
asleep and 24 hours periods.

Table 2. Systolic blood pressure post-exercise changes.
Control-Placebo

Control-Lcitrulline

Exercise-Placebo

Exercise-Lcitrulline

Mean

SE

Mean

SE

Mean

SE

Mean

SE

10 min

3.4

(1.9)

0.5

(3.4)

0.3

(2.8)

3.2

(3.2)

20 min

6.4

(1.9)

1.4

(2.8)

-2.6

(3.1)*

-3.3

(1.9)*

30 min

-0.7

(4.0)

0.2

(3.0)

-3.7

(3.6)

-4.6

(2.3)

40 min

6.0

(3.6)

4.9

(3.1)

-4.6

(3.8)*†

-6.7

(2.5)*†

50 min

5.1

(3.7)

2.0

(2.7)

-2.3

(3.2)

-7.0

(3.2)*†

60 min

2.2

(2.9)

-2.1

(4.1)

-5.9

(3.4)

-6.8

(1.8)*

Mean 60 min post

3.7

(1.7)

1.1

(2.3)

-3.1

(3.0)*

-4.1

(1.6)*

Note: SE= standard error. *= P<.05 vs Control-Placebo; †= P<.05 vs Control-Lcitrulline.
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Table 3. Diastolic blood pressure post-exercise changes.
Control-Placebo

Control-Lcitrulline

Exercise-Placebo

Exercise-Lcitrulline

Mean

SE

Mean

SE

Mean

SE

Mean

SE

10 min

2.4

2.2

5.1

3.7

3.5

1.3

8.7

4.3

20 min

1.6

2.1

4.7

3.9

4.4

2.9

2.5

3.1

30 min

-2.5

3.4

-0.8

1.9

0.6

3.7

1.2

2.7

40 min

2.3

1.9

3.4

2.4

0.7

1.4

0.7

2.3

50 min

3.1

3.2

3.0

2.2

1.7

2.4

1.3

2.9

60 min

0.7

3.4

1.6

1.8

-2.3

2.8

3.6

2.2

Mean 60 min post

1.2

1.9

2.8

1.6

1.4

1.6

3.0

2.5

Note: SE= standard error.

To date, only one randomized clinic trial was found(20).
The authors investigated the post-exercise blood pressure
response 10 minutes after resistance exercise with L-citrulline
malate supplementation (8 grams). However, they did not
identified significant changes (20). In the present study, we
observed the hypotensive effects following 20 minutes
post-exercise. Further, on the previous investigation(20), the
participants were submitted to resistance exercise session,
which is an important methodological difference that needs
to be addressed, as in the present study the participants were
asked to perform an aerobic treadmill exercise session. It is
well established that aerobic exercise is an efficient strategy to
reduce blood pressure (5-15 mmHg) comparing to resistance
training (5 mmHg)(21-24), thus, the differences between modes
of exercise do not allow for a direct comparison.
Regarding post exercise hypotension duration the literature
is very divergent. According to some investigators(25, 26), the
post exercise hypotension after aerobic exercise does not
last for 24 hours, even in hypertensives who present greater
post exercise hypotension magnitude(25, 27). Similarly, and as
expected, no differences were identified in the awake, asleep
and over the course of 24 hours periods. Thus, the Lcitrulline
malate supplementation did not change the direction of
what is already identified in the literature. Concerning to
the mechanisms that might be involved in this response, we
hypothesized that the vascular resistance reduction due to
increased nitric oxide concentration could potentiate the
post-exercise hypotension. However, we have not evaluated
the mechanisms at this moment. Independently of the
mechanisms that are involved in this response, the present
study demonstrated that the exercise plus L-citrulline
(intermediate of nitric oxide metabolism) causes a better
consistence hypotensive effect. This finding suggests that the
NO might be involve in this response and it might be over
stimulated by exercise plus L-citrulline.
After these interesting findings with the combination of
L-citrulline and aerobic exercise, it is recommended that future
studies include the measurements of nitric oxide availability,
such as nitrite and nitrate. These measurements associated

Figure 2: Diastolic ambulatory blood pressure monitoring (ABPM) in awake,
asleep and 24 hours periods.

pressure in either of the groups for awake, asleep and 24 hours
periods (Figure 1 and 2).
DISCUSSION
In the present study, we are showing that the post-exercise
hypotension might be pronounced by L-citrulline malate
supplementation in normotensives. The main finding of
this randomized clinical trial was that the L-citrulline malate
supplementation induce consistent post exercise blood
pressure reduction during the first hour. This association
(exercise + L-citrulline malate supplementation) showed
consistent effects immediately after exercise (Table 2). Thus,
based on our findings and previous studies in the literature,
it is possible speculate that a sustained vasodilation in
the L-citrulline-exercise group was caused by nitric oxide
increase(13) and it was the main mechanism of blood pressure
reduction. Unfortunately, in the present study we do not
have evaluated these important biomarkers such as nitrite
and nitrate. On the other hand, these incremental effects
do not last long, like over the course of 24 hours. Studies
involving L-citrulline supplementation are primarily connected
to performance(14-19). Thus, the investigations has shown that
the L-citrulline is related with improving exercise tolerance(14,
15, 19)
. To our knowledge, the purpose of this study appears to
be unpublished, thus, it is difficult compare this findings with
others studies.
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to the evaluation of important mechanisms such as peripheral
vascular resistance and cardiac output might help us to
understand the L-citrulline action. Further, considering this
promising results, others studies can associated L-citrulline
with others potential vasodilators nutrients and exercise
modes enabling the development of adjuvant protocols to
the hypertension treatment.
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