ENDOTHELIAL NITRIC OXIDE CONCENTRATIONS IN THE
SALIVA OF JIU-JITSU ATHLETES

CONCENTRACOES DE OXIDO NITRICO ENDOTELIAL NA SALIVA DE ATLETAS DE JIU-JITSU
CONCENTRACIONES DE OXIDO NITRICO ENDOTELIAL EN LA SALIVA DE ATLETAS DE JIU-JITSU

Nestor Persio Alvim Agricola’
(Physical Education Professional)

Lidia Andreu Guillo?
(Chemist)

1. Universidade Federal de Jatai,
Academic Unit of Health Sciences,
Department of Physical Education,
GO, Brazil.

2. Universidade Federal de Goias,
Institute of Biological Sciences,
Department of Molecular Biology,
GO, Brazil.

Correspondence:

Nestor Persio Alvim Agricola.

Rua Voluntarios da Patria, 1132, Vila
Fatima, Jataf, GO, Brazil. 75803-100.
nestoralvim@hotmail.com

298

ORIGINAL ARTICLE
ARTIGO ORIGINAL
ARTicuLo ORIGINAL

ABSTRACT

Introduction: This article discusses the production of nitric oxide under the influence of sport-specific
physical training, measured by the salivary nitrite of Jiu-Jitsu athletes. Objectives: To verify the potential of
the sport to produce optimal levels of nitric oxide stimulated by exertion, and to quantify training-related
nitric oxide concentrations. Method: The study participants were 14 volunteer athletes from the Tatame
project (extension project), who were monitored for nine months in their training routine, providing
samples of unstimulated saliva. Samples were collected each month, in three periods of the day: in the
morning upon waking, immediately before training, and immediately after training. Salivary nitrite was
quantified by the colorimetric Griess assay. Training heart rates were also monitored in order to establish
training intensity. Results: Mean monthly salivary nitrite levels showed a significant correlation with
mean monthly heart rates, suggesting that salivary nitrite responds to training. However, salivary nitrite
concentrations measured immediately after training were always lower than in the pre-training period.
Conclusion: The post-training reduction in concentrations was due to the nature of the sport studied,
since because it involves a fight, the intense sympathetic stimulation inhibited salivary gland activity
and irrigation, preventing salivary nitrite from producing an increase in circulating nitric oxide. Level of
evidence IV; Case series.

Keywords: Nitric oxide; Physical exertion; Saliva; Health.

RESUMO

Introdugdo: Este artigo discute a producdo de éxido nitrico sob interferéncia do treinamento fisico esportivo,
medida pelo nitrito salivarem atletas de Jiu-Jitsu. Objetivos: Verificar as potencialidades da modalidade na produ¢éo
de niveis ideais de 6xido nitrico estimulado pelo esforco e quantificar as concentracdes de éxido nitrico relacionadas
com o treinamento. Métodos: O estudo teve a participagdo de 14 atletas voluntdrios do Projeto Tatame (projeto de
extensdo), que foram acompanhados por nove meses em sua rotina de treinamento e forneceram amostras de saliva
ndo estimulada. Foram coletadas amostras a cada més, em trés periodos do dia: pela manha ao acordar, imediata-
mente antes do treino e imediatamente apds o treino. O nitrito salivar foi quantificado pelo método colorimétrico de
Griess. Também foram monitoradas as frequéncias cardiacas de treinamento a fim de se estabelecer a intensidade do
treinamento realizado. Resultados: As médias mensais de nitrito salivar demonstraram correlagdo significativa com
as médias mensais de frequéncia cardiaca, dando indicios de que o nitrito salivar responde ao treinamento. Contudo,
as concentracées de nitrito salivar medidas imediatamente apds o treinamento sempre eram menores com relagéo
ao periodo anterior do treino. Conclusdo: A reducdo da concentra¢do depois do treinamento deveu-se a natureza
da modalidade estudada, visto que, por ser uma luta, a forte carga de estimulacéo simpdtica inibiu a atividade das
glandulas salivares, bem como sua irriga¢do, impedindo que o nitrito salivar produzisse aumento do éxido nitrico
circulante. Nivel de evidéncia IV; Série de casos.

Descritores: Oxido nitrico; Esforco fisico; Saliva; Saude.

RESUMEN

Introduccidn: Este articulo analiza la produccién de éxido nitrico bajo la influencia del entrenamiento fisico
deportivo, medida por el nitrito salival de atletas de Jiu-Jitsu. Objetivos: Verificar el potencial de la modalidad
en la produccidn de niveles ideales de éxido nitrico estimulado por el esfuerzo y cuantificar las concentracio-
nes de éxido nitrico relacionadas con el entrenamiento. Métodos: El estudio contd con la participacion de 14
atletas voluntarios participantes del Proyecto Tatame (proyecto de extensidn) a quienes se les dio sequimiento
durante nueve meses en su rutina de entrenamiento y proporcionaron muestras de saliva no estimulada. Se
recolectaron muestras cada mes, en tres periodos del dia: en la manana al despertar, inmediatamente antes
del entrenamiento e inmediatamente después del entrenamiento. El nitrito salival se cuantificé por el método
colorimétrico de Griess. Las frecuencias cardiacas de entrenamiento se monitorearon para establecer la intensidad
del entrenamiento realizado. Resultados: Los promedios mensuales de nitrito salival mostraron una correlacion
significativa con los promedios mensuales de frecuencia cardiaca, lo que indica que el nitrito salival responde
al entrenamiento. Sin embargo, las concentraciones de nitrito salival medidas inmediatamente después del
entrenamiento siempre fueron mds bajas en comparacion con el periodo anterior al entrenamiento. Conclusion:
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La reduccidn de la concentracion después del entrenamiento se debid a la naturaleza de la modalidad estudia-
da, ya que, por ser una lucha, la fuerte carga de estimulacién simpdtica inhibid la actividad de las gldndulas
salivales, asi como su irrigacion, evitando que el nitrito salival produjera aumento de dxido nitrico circulante.
Nivel de evidencia IV; Serie de casos.

Descriptores: Oxido nitrico; Esfuerzo fisico; Saliva; Salud.

DOI: http://dx.doi.org/10.1590/1517-869220202604218318

INTRODUCTION

Nitric oxide (NO) is an inorganic, gaseous molecule with a short half-life,
which has an unpaired electron in its last layer, making it a highly reactive
ionic molecule that combines with oxygen and some transition metals. It
is a free radical that can serve as both an oxidizing and reducing agent.!

The investigation into a determinant vasodilator factor in the relaxa-
tion of the smooth muscles of the vascular endothelium led to the hypo-
thesis of the existence of Endothelial-Derived Relaxing Factor (EDRF).?
It was later discovered that the mechanism whereby EDRF produced
muscle relaxation present in the endothelium was mediated by cyclic
guanosine monophosphate (cCGMP),? and this led to the conclusion that
NO was the molecule common to vasodilator processes.*

NO is involved in a range of reactions in the human body and has
the ability to be both beneficial and potentially toxic. It is produced en-
dogenously by different types of cells. It is the main cytotoxic mediator
of immune cells, and the precursor to nitrites and nitrates excreted by
macrophages in specific immune responses.® The cytotoxic potential
of NO appears timely as it is produced in significant amounts during
the immune response and causes lethal oxidative damage to target
cells® Besides acting directly on vasodilation, it also has the property of
inhibiting platelet aggregation, preventing thrombi formation.”

Synthesis and action

Nitric oxide is produced by the nitric oxide synthase (NOS) enzy-
mes, which are hemeproteins divided into three isoforms that have
the same catalytic mechanism and use the same substrates, cofactors,
and cosubstrates. Isoform 3 is endothelial nitric oxide synthase (eNOS),
which produces NO continuously in the endothelium under baseline
conditions. By producing greater friction (shear stress), the increased
blood flow prompts eNOS to increase NO production.®

After being produced in the endothelial cells, NO migrates into the
smooth muscle cell, where it will exert vasodilator action. The action
of NO in the vasodilation process involves interaction with guanylate
cyclase (GC), thereby activating this enzyme. The activated GC will
catalyze the guanosine triphosphate (GTP) molecule, causing it to lose
two phosphate groups and become cyclic guanosine monophosphate
(cGMP). The increase in the amount of cGMP will lead to muscle cell
relaxation through the increase in intracellular calcium concentration.’

After the reaction, the remaining NO leaves the muscle cell and
migrates into the bloodstream, where it will penetrate platelets and
red blood cells. NO that penetrates red blood cells is eliminated in the
form of nitrate and nitrite.

Nitric oxide and exercise

The number of weekly exercise sessions, exercise time and intensity
interfere with the hypotensive effects.!%'" However, it appears that the
effect of blood pressure control occurs more markedly in exercise of
moderate intensity, around 50 to 65% of maximum intensity,'> and
that physical activities involving large muscle groups also stand out in
comparison to more localized exercises."?
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According to a recent study,' NO acts on the activation of mito-
chondrial biogenesis of the skeletal muscle, thereby improving myocyte
respiration, and interferes directly in the supply of nutrients and oxygen
of the myocyte through blood flow regulation. Long-term exposure of
muscle cells to NO triggers mitochondrial biogenesis involving cGMP
activation.'* Aerobic physical exercise activates the release of neutro-
phic factors and promotes angiogenesis, facilitating neurogenesis and
synaptogenesis, which in turn improve cognitive functions.'

In the field of physical activity, saliva is used in the effort to establish a
safe and reliable protocol for testing the body's physiological responses to
exertion, and defining exercise control parameters that are non-invasive.'s

Some research studies report that physical exercise does not produce
significant variations in salivary nitrite concentrations, claiming that there is
no association between these two variables.'”'? Conversely, other studies
report significant variations in salivary nitrite concentrations from physical
exercise.2*?? These studies report an increase in salivary nitrite concentrations
after exercise, corroborating the hypothesis that exercise, by potentiating
the production of circulating NO, also expresses this production in saliva.

Jiu-Jitsuis a sport that requires considerable endurance capacity, but also
pure explosive power. We must bear in mind that the biochemical effects
of exertion, and more specifically, those related to the control of blood
pressure and the cardiovascular and immune systems, constitute a fertile
field of study. Thus, the study of specific characteristics of a sport that has not
yet been studied in depth was the main motivating force behind this work.

NO has been considered a factor of athletic sports performance as
it improves the blood supply to the muscles, boosting the delivery of
nutrients and gas exchanges. Accordingly, the objective of this study is
to discuss nitric oxide in the human body based on the variations of this
compound induced by Jiu-Jitsu training, in its particularities of exertion
and intensity, and to test the viability of saliva as a safe quantification
marker that can express variations in endothelial nitric oxide.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of Uni-
versidade Federal de Goids under opinion 692.581. All the volunteers
signed the Informed Consent Form (ICF).

The study is of the longitudinal measurement type, and involved
the participation of 14 volunteers, Jiu-Jitsu athletes with at least two
years of experience, competitors in regional and national events, with
an average age of 27 (+ 4.56) years. The athletes were monitored for nine
months in their annual training cycle. A single day was chosen in each
month of follow-up for the collection of saliva samples. Salivation was
not stimulated, and samples were collected in the morning (morning),
before the training session (afternoon), and after the training session
(evening). Each sample consisted of 2 ml of saliva in cryosterilized tubes.

The dosage of nitric oxide was obtained through the Griess reagent
system. The nitrite detection kit produced by Molecular Probes® (Eugene,
USA), was used in the study. A 96-well flat-bottomed microplate was
used to quantify duplicate samples. Standards were obtained by diluting
sodium nitrite in five different concentrations: 150 uM, 100 UM, 50 UM,
10 uM and 5 UM, to obtain the standard curve and the linear regression
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equation. The reading of the microplates with a 550 nm wavelength filter
provided absorbance values that were applied to the linear regression
equation of the standard curve to obtain nitrite concentration values.
A total of eight microplates were produced. After the experiment, the
samples were discarded as biological material.

Throughout the monitored training period, the athletes’heart rates
were monitored in order to reach a conclusion on training intensity.
Every week, on a specific day, training was carried out using a heart rate
monitor that provided the mean individual heart rate in the training
session. This data was used to calculate the mean monthly heart rate.

Statistical analysis

The data obtained underwent statistical analysis.”>* The tests used were:
Shapiro-Wilk test for normality, Pearson's correlation test, one-way analysis of
variance (one-way ANOVA) with Tukey's post-hoc test, and the Kruskal-Wallis
test for comparison of data groups that did not show normal distribution.

RESULTS

The salivary nitrite concentration values found were obtained from
the arithmetic mean among the samples tested in duplicate. The accept-
able experimental error was approximately 15% of variation between
duplicates. The data obtained were grouped and treated statistically
in two ways:

1. Grouped month by month and expressed as a single monthly mean;
2. Grouped in the morning, afternoon and evening, expressing overall
mean and month-to-month mean.

In Table 1, the data are expressed in mean + standard error with
unit of measurement in micromoles (Table 1). The table expresses the
mean of the group of athletes participating in each sample collection.

The result of the ANOVA test was significant with a p-value of 0.0208.
The Tukey post-hoc test, between months, showed significance only
between months 6 and 9, with a p-value of 0.00246. The monthly mean
nitrite concentrations presented two peaks, in month 2 and in month 6
(Figure 1), showing similarity with mean monthly heart rates, indicative
of training intensity. (Figure 2)

Table 1. Mean nitrite concentrations of the group of athletes in uM.

Collections Morning Afternoon Evening Mean
Month 1 3199+829 | 5623 +1631 | 3562+578 | 4291769
Month 2 49.10 £ 1567 | 66.10 £ 1046 | 4259 £12.20 | 52,60 = 7.72
Month 3 3062 +872 | 58541526 | 409+838 43.36 = 838
Month 4 1931 £13.15 | 57.14 £ 1493 | 4593 £9.53 | 40.80 = 846
Month 5 2924 £1294 | 5707 £130 | 3893 £11.99 | 4168 £9.32
Month 6 30.57 + 1441 | 8944 £ 1857 | 80.54 +26.09 | 6890 + 134
Month 7 3003 +£1223 | 4717 £1515 | 41.78 £993 | 3966 + 850 t
Month 8 3153 +£18.16 | 4805+ 1127 | 3142+ 140 | 37.70£7.92
Month 9 1154 £667 | 23355101 2959+£865 | 21.64 £451

Mean 2914 £413 | 5575 +4.77*% | 4265+4.17 | 4252+ 436

*Significant difference in comparison to the morning with p <0.05. 1 Significant difference with p <0.05.

Mean nitrite (uM) per month
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Figure 1. Mean monthly salivary nitrite concentrations.
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Figures 1 and 2 show the relationship between salivary nitrite and
training intensity. The monthly means of nitrites had a strong correlation
with the heart rate data. Pearson’s correlation test was 0.7409 with a
p-value of 0.0379, showing that variations in salivary nitrite throughout
the training year are influenced by the intensity of the training performed.
During the follow-up period of the group of athletes, there were two
competitions in which part of the athletes participated. The competi-
tions were in the last week of month 2, and in the last week of month 6.

The mean of each period depicts a specific graph that is repeated
month by month. Lower and more homogeneous values were expected
for the morning collections, due to low activity, with an increase in values
for the afternoon before training, and an even greater increase for the
evening, in response to training.

In observing the data grouped in morning, afternoon and evening,
we noted a specific behavior. As shown in Figure 3, the distribution of
data forms a pattern that varies little from month to month, and that
amounts to low values in the morning, high values in the afternoon
before training, and a drop in values right after training.

Variation in training heart rate
190
170
150
130
110
9
70

50
Month 1 Month 2 Month 3 Month4 Month5 Month6 Month 7 Month 8 Month 9

Figure 2. Mean monthly training heart rates.

Overall mean of all the collections

Morning Afternoon Evening

* Significant difference with p-value <0.05; ANOVA one-way test with Tukey post hoc.

Figure 3. Overall mean morning, afternoon, and evening collections.

DISCUSSION

Salivary nitrite is a compound that is susceptible to a series of va-
riables which can interfere with its concentration, making the task of
associating it with a specific variable somewhat difficult. The intriguing
fact present in the data obtained was that, contrary to expectations,
nitrite concentrations decreased after the training session.

The month-by-month follow-up of Jiu-Jitsu athletes for nine months
enabled us to verify the statistical evidence that salivary nitrite is influenced
by physical training and accompanies variations in intensity, as shown by
Figures 1 and 2. Based on these data, it can be concluded that salivary nitrite
expresses the intensity of the training performed, following its variations.

Another factor that indicates the susceptibility of salivary nitrite to
physical training was the acute response to training shown in the com-
parison between pre- and post-training results. The response to training
verified by a drop in salivary nitrite concentrations was repeated in eight
of the nine months of follow-up, as shown in Table 1.
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The increase in NO production by eNOS, after physical exercise, is an
automatic mechanism whose main factor is shear stress. NO circulating
in the bloodstream relaxes the smooth muscles of the endothelium.
Part of this substance penetrates hemoglobin and reacts with iron, is
converted to nitrite, and spreads throughout the body. The salivary gland
receives nitrite from the bloodstream, along with water, and excretes
it2%22 Therefore, it should express an increase in concentration and not
a decrease, as was the case here. As can be seen, other arguments are
needed to explain salivary nitrite variations in athletes.

Salivation is regulated by neural stimuli, mainly parasympathe-
tic signals. Sympathetic stimulation reduces glandular activity and
salivary volume. The parasympathetic signals that induce salivation
also act on the vasodilation of the glandular region. The aqueous
portion of saliva originates from local capillary irrigation, passing from
the bloodstream to the secretory cells by diffusion.’® Nitric oxide in
saliva is rapidly reduced to nitrite by the action of the enzyme nitrate
reductase.? Nitrite can also originate from the bloodstream together
with the aqueous component of blood, which reaches the secretory
cells of the salivary glands, expressing, in saliva, the variations that
this compound has in the bloodstream.'®

Studies have shown that NO production is largely influenced by
predominant nerve stimulation, in which parasympathetic activity
stimulates production, whereas sympathetic activity is associated
with low production of NO.6 Predominantly sympathetic stimulation
tends to reduce endothelial NO concentrations and even cause an
increase in blood pressure.?

The autonomic nervous system is composed of the parasympathetic
branch and the sympathetic branch, whose messengers are acetylcholine
and norepinephrine, which transmit messages throughout the body.
Sympathetic action enables the body to respond to situations of stress
and tension such as fight or flight reactions, and is accompanied by ef-
fects such as heart rate acceleration and increased blood pressure.?’ This
action modulates the blood flow distribution, directing a greater flow to
the organs and systems involved in the body’s generic alarm reaction.

Jiu-Jitsu training sessions always end in an actual fight. Athletes face
their opponents in matches lasting six to eight minutes. These matches are
accompanied by stress and anxiety, since they are real fights. Significant
sympathetic stimulation occurs at this time. The production of saliva by
the salivary glands is inhibited, as is the blood supply to these glands.

Feelings of anxiety about the fight lead to significant sympathetic
stimulation in athletes, which causes transitory inhibition of gland ac-
tivity, producing a decrease in nitrite concentrations. The same effect
was confirmed in students preparing for their school exams.?® In the
study mentioned here, it was ascertained that the sympathetic tonic
response to school test/examination anxiety brought about a reduc-
tion in glandular activity with a decrease in salivary volume and in NO
concentrations, an effect that was normalized 24 hours after the exam.

CONCLUSION

Studies on nitric oxide are varied, divergent, and largely inconclusive,
showing the need to study this compound further and in depth. Salivary
nitrite responds to Jiu-Jitsu sports training, and promotes sufficient shear
stress to generate an increase in NO production. This increase is expressed
in saliva, butis influenced by other factors that may mask this expression.
As the sport is accompanied by a state of stress and anxiety, like in fights,
the quantification of salivary nitrite concentrations is compromised by the
sympathetic stimulus and, in this situation, the salivary nitrite does not
express the acute increase in the production of circulating NO.

Other protocols could potentially provide values that express an
increase in circulating NO. Although the objective of this study was
to quantify the influence of specific Jiu-Jitsu training on nitric oxide
concentrations, the finding is deemed important, since we verified
the decisive interference of a variable in this quantification. However,
further studies are required in order to establish the interactions of NO
with the different systems of the human body and with external stimuli.
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