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Abstract: This study, employing an exercise versus 
control crossover design, was conducted to investi-
gate the influence of acute high-intensity exercise on 
salivary nitric oxide (NO) levels. Nine healthy males 
(aged 23.8 ± 1.4 years) performed ergometer exercise 
at 80%V

●

O2peak for 60 min, whereas controls sat at rest 
for 60 min. Saliva samples were collected before (Pre: 
0800 h) and after (Post 0-h: 0900 h, Post 1-h: 1000 h, 
Post 2-h: 1100 h, Post 3-h: 1200 h) the interventions. 
Salivary NO levels were determined by colorimetric 
assay. It was found that the salivary NO levels in 
controls were decreased (P < 0.05) at Post 0-h (−94 
± 15), Post 1-h (−80 ± 20), Post 2-h (−92 ± 34) and 
Post 3-h (−145 ± 39) relative to the Pre values. Under 
exercise conditions, salivary NO levels did not change 
after high-intensity ergometer exercise relative to the 
Pre values. Thus, the response of salivary NO levels 
appeared to differ between high-intensity ergometer 
exercise and inactivity, that exercise-related stress 
induces the production of salivary NO.

Keywords: salivary nitric oxide; high-intensity exercise; 
oral immunity.

Introduction
Nitric oxide (NO) is synthesized from l-arginine by 
nitric oxide synthase (NOS), which has three isoforms: 
neuronal NOS (nNOS or NOS1), inducible NOS (iNOS 
or NOS2) and endothelial NOS (eNOS or NOS3) (1). 
Among these NOS isoforms, iNOS is reported to be 
induced by lipopolysaccharide and various cytokines 
secreted by macrophages (2). In humans, iNOS is reported 
to be expressed at a significantly higher level in diseased 
that in healthy periodontal tissues (3). In addition, NO is 
associated with nonspecific immunity, and is produced 
in large quantities during host defense and immunologic 
reactions (4). Excessive production of NO in the salivary 
glands is reportedly associated with the development 
of various diseases, such as Sjögren’s syndrome (5,6). 
NO generated by activated macrophages has cytostatic 
properties (7) and it is likely to have a role in nonspecific 
immunity (8). Thus, salivary NO may reflect nonspecific 
immunological reactions in the oral cavity.

Repetitive intensive exercise has been reported to 
induce a number of disorders such as infections, over-
training syndrome, and chronic fatigue syndrome (9). 
Salivary secretory immunoglobulin A (SIgA) plays a 
role in specific immunity against upper respiratory tract 
infections (URTIs). Intense exercise reduces SIgA levels 
(10) for up to two hours after exercise (11). Low levels of 
SIgA are associated with a high risk of URTIs (12-14). As 
an index for monitoring physical condition, differences 
in SIgA and NO levels in saliva may indicate specific and 
nonspecific immunological reactions.
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Salivary NO levels are reported to increase during and 
after exercise (4,15), and also to vary with training inten-
sity and load (16). However, the influence of exercise 
that leads to a decline of immune function on salivary 
NO level is still unknown. On the other hand, SIgA has 
an important role in the prevention of acute illnesses, 
including URTIs in the oral cavity. Assessment of 
changes in both salivary NO and SIgA levels during and 
after exercise might therefore help to clarify the immune 
response to exercise-related stress. Although previous 
studies have reported that salivary NO levels increase as 
a result of exercise (4,15), no previous study has inves-
tigated this issue using a random crossover design in 
subjects at rest. As some saliva components show diurnal 
variation (17,18), it is necessary to considered changes at 
rest when assessing the influence of acute exercise.

The differences in the response of salivary NO levels 
to resting and exercise conditions remain unknown. In 
order to investigate this issue, the present study using a 
random crossover design employed both high-intensity 
exercise and resting conditions. It was hypothesized that 
the results of this study might help to clarify whether 
measurement of salivary NO would be useful in the 
management of medical conditions. 

Materials and Methods
Subjects
Nine healthy male subjects volunteered to participate in 
this interventional study (Table 1). The eligibility criteria 
for the subjects were that none of them smoked, or had any 
diseases or injury. This study was approved by the Ethics 
Committee of the Faculty of Health and Sport Sciences 
of the University of Tsukuba (#Tai 27-99, year 2015) and 
was conducted in accordance with the principles outlined 
in the Declaration of Helsinki, all subjects providing 
written informed consent before inclusion (19). 

Design
Employing a crossover design, participants were evalu-
ated under two conditions: sitting at rest (control) and 
while performing acute high-intensity exercise at 80% 
VO2peak with a bicycle ergometer (75XL3; Combi Well-
ness Co., Ltd, Tokyo, Japan). Under both conditions, 
subjects were instructed to refrain from alcohol, caffeine, 
smoking, and intense physical activity on the day before 
the start of the experiment up to three hours post-
intervention until sampling was completed. On the day 
of the experiment, all subjects arrived at the laboratory 
by 0730 h after an overnight fast. Before the interven-
tions, subjects performed an incremental cycling test for 
measurement of peak oxygen consumption (VO2peak). 

During the test exercise, expired gases were collected via 
a facemask, and the oxygen uptake and carbon dioxide 
exhaled were calculated by the breath-by-breath method 
(AE310S; Minato Medical Science Co., Ltd, Osaka, 
Japan). The acute high-intensity exercise intervention 
was performed at least four days after the first exercise 
test, but within two weeks. After a 10-min warm-up, 
subjects cycled for 50 min at 80% VO2peak. During the 
intense exercise, the workload was controlled at a peak 
oxygen uptake of 80%. Every 5 min during the exercise 
test, the subjects were asked for their rating of perceived 
exertion (RPE) using the Borg category scale (20).

Sample collection
Saliva samples were obtained before (Pre) and after 
the interventions and at every hour until 3 h after each 
intervention (Post 1-h, 2-h, and 3-h) for measurement 
of salivary NO levels, SIgA and total protein. Saliva 
samples were collected as described previously (21) after 
each participant’s mouth had been rinsed thoroughly 
with distilled water. Saliva production was stimulated by 
chewing a sterile cotton swab (Salivette; Sarstedt Inc., 
Nümbrecht, Germany) at a frequency of 60/60 s, and 
saliva was separated from the cotton swab by centrifu-
gation at 3,000 rpm for 15 min. After measurement of 
the sample volume (saliva flow rate), saliva samples 
were frozen at −80°C and stored until the end of the 
analyses. Blood samples were collected for measure-
ment of reactive oxygen metabolite-derived compounds 
(d-ROMs) from a fingertip into a 300-µL micro tube 
(DI-002-06, Wismerll Co., Ltd., Tokyo, Japan) using a 
lancet (DI-003b, Wismerll Co., Ltd.) before and after 
each intervention (Pre, Post).

Assay of saliva
The salivary level of NO was assessed as the nitrate 
concentration using a commercially available colorimetric 
assay kit (Nitric Oxide detection kit #ADI-917-010, 
Enzo Life Sciences, Inc., Farmingdale, NY, USA), in 
accordance with the manufacturer’s instructions. Total 

Table 1  Characteristics of subjects
Variable (n = 9) Mean ± SD
Age (years) 23.8 ± 1.4
Height (cm) 174.9 ± 3.2
Body weight (kg) 68.4 ± 5.8
Body mass index (kg/m2) 22.3 ± 1.8
VO2peak (mL/kg/min) 49.0 ± 4.6
HRmax during exercise (bpm) 183 ± 12
Values are mean ± SD. 
VO2peak: peak oxygen uptake per minute; HRmax: maximal heart rate.
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protein in saliva was also measured by colorimetric assay 
(Pierce 660 nm Protein Assay kit #22662, Thermo Fisher 
Scientific Inc., Waltham, MA, USA), in accordance 
with the manufacturer’s instructions. The salivary SIgA 
concentration was measured by enzyme-linked immu-
nosorbent assay (ELISA), as described by Akimoto et 
al. (21). All samples were assayed in duplicate, and the 
average of the two absorbance values was used as the 
representative value. 

Assay of blood
d-ROMs were measured using a free radical and anti-
oxidant potential determination device (Free Carrio Duo; 
Free Radical Elective Evaluator, Diacon International 
Co., Grosseto, Italy). In the d-ROMs test, the hydroper-
oxides in a 20-µL blood sample react with a chromogen 
substrate at 37°C to yield a colored derivative, the inten-
sity of which is directly proportional to the concentration 

of ROMs, in accordance with the Beer-Lambert law 
(22). This color intensity is quantified and the results are 
expressed in Caratelli Units (U.Carr.), where 1 U.Carr. 
is equivalent to 0.08 mg/100 mL hydrogen peroxide. 
The normal range for d-ROMs is between 250 and 300 
U.Carr. (23).

Statistical analysis
Data were expressed as mean ± SE. For all analyses, 
statistical significance was defined as P < 0.05. The 
effects of the high-intensity exercise intervention on all 
outcome measures, except for d-ROMs, were subjected to 
two-way repeated (Time*Conditions) measures analysis 
of variance (ANOVA), followed by Dunnett’s post hoc 
test. The d-ROMs were subjected to the Bonferroni post 
hoc test. All calculations were performed using SPSS 
software (ver. 24) (IBM Co., Armonk, NY, USA).

Table 2  Change of d-ROMs test, nitrate concentration, SIgA/total protein, SIgA concentration, total protein, saliva flow 
rate, and fatigue scale

Variable (n = 9) 0800 h
Pre

0900 h
Post 0 h

1000 h
Post 1 h

1100 h
Post 2 h

1200 h
Post 3 h Interaction

d-ROMs test Control 278 ± 12 278 ± 10   -  -  -  
0.019

(U.CARR) Exercise 265 ± 10 289 ± 13**   -  -  -
Nitrate concentration Control 447 ± 65 353 ± 57** 367 ± 56* 355 ± 49** 303 ± 44**

0.005
(µmol/L) Exercise 388 ± 82 380 ± 76 389 ± 66 401 ± 63 365 ± 53
SIgA / total protein Control 0.14 ± 0.03 0.16 ± 0.04 0.12 ± 0.03 0.11 ± 0.03 0.09 ± 0.02*

0.000
Exercise 0.17 ± 0.05 0.06 ± 0.01** 0.07 ± 0.02** 0.07 ± 0.01** 0.08 ± 0.02**

SIgA concentration Control 43 ± 13 30 ± 7 29 ± 6 30 ± 6 26 ± 3*
0.153

(µg/mL) Exercise 33 ± 8 32 ± 6 22 ± 4* 22 ± 3* 29 ± 6
Total protein Control 341 ± 70 218 ± 45 285 ± 56 308 ± 46 380 ± 80

0.049
(µg/mL) Exercise 220 ± 31 733 ± 143** 390 ± 62 380 ± 63 406 ± 74
Saliva flow rate Control 1.381 ± 0.316 1.464 ± 0.341 1.492 ± 0.358 1.550 ± 0.254 1.449 ± 0.246

0.136
(mL/min) Exercise 1.268 ± 0.285 1.056 ± 0.238 1.354 ± 0.308 1.360 ± 0.271 1.397 ± 0.253
Fatigue scale Control 20 ± 3 20 ± 3 19 ± 3 17 ± 3 17 ± 2

0.000
(mm) Exercise 21 ± 4 76 ± 7** 43 ± 6** 36 ± 6 27 ± 4
Values are mean ± SE. The single asterisk * indicates P < 0.05 vs Pre (0800), the double asterisks ** indicates P < 0.01 vs Pre (0800) in the Dunnett’s 
post hoc test.
SIgA: secretory immunoglobulin A; d-ROMs: reactive metabolites-derived compounds.

Fig. 1   Changes in (∆) salivary nitrate concentration and SIgA corrected with total protein 
between 0800 h and 1200 h under exercise (black) and control (white) conditions. Values 
are presented as mean ± SE. *P < 0.05 Pre (0800) vs. each Post (0900, 1000, 1100, 1200), 
**P < 0.01 Pre (0800) vs. each Post (0900, 1000, 1100, 1200).
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Results
Figure 1 shows the changes in the subjects’ salivary 
NO levels (nitrate concentration) and SIgA/total protein 
(SIgA/TP) before and after the control and exercise 
interventions. At the baseline (Pre) there were no signifi-
cant differences in the salivary NO levels and SIgA/TP 
between the exercise and the control groups, whereas 
after the interventions significant differences were evident 
(interaction; Time*Condition: P < 0.01). Under control 
conditions at rest, salivary NO levels were significantly 
decreased (P < 0.05) at Post 0-h (−94 ± 15), Post 1-h 
(−80 ± 20), Post 2-h (−92 ± 34) and Post 3-h (−145 ± 39) 
in comparison with Pre. Under exercise conditions, the 
SIgA/TP levels were significantly decreased (P < 0.01) at 
Post 0-h (−0.12 ± 0.04), Post 1-h (−0.10 ± 0.03), Post 2-h 
(−0.11 ± 0.04) and Post 3-h (−0.09 ± 0.04) in comparison 
with Pre.

Table 2 shows the changes in the values for d-ROMs, 
salivary NO levels, SIgA/TP, SIgA concentration, total 
protein, saliva flow rate, and the fatigue scale before and 
after the control and exercise interventions. Before the 
interventions, there were no significant differences in the 
values for d-ROMs, salivary NO levels, SIgA/TP, SIgA 
concentration, total protein, saliva flow rate, and the 
fatigue scale between the conditions. Significant interac-
tion (Time*Condition) was observed for the d-ROMs 
value (P < 0.05), salivary NO levels (P < 0.01), SIgA/TP 
(P < 0.01), total protein (P < 0.01) and the fatigue scale 
(P < 0.01), whereas there was no significant interaction 
for the SIgA concentration and saliva flow rate. The post 
hoc test revealed a significant change in the d-ROMs 
value, SIgA/TP, SIgA concentration, total protein and 
fatigue scale under exercise conditions. On the other 
hand, salivary NO levels decreased significantly under 
the control conditions. 

Discussion
The present study investigated the influence of acute 
high-intensity exercise on salivary NO levels using a 
crossover design involving exercise and control arms in 
healthy male subjects with a sedentary lifestyle. It was 
found that (1) under exercise conditions, salivary NO 
levels did not change significantly, and that (2) under 
control conditions, salivary NO levels showed a signifi-
cant decrease. These results revealed a difference in the 
response of salivary NO to high-intensity exercise and 
sitting at rest. 

Several previous studies have shown that the salivary 
NO level increases with exercise, but none of them 
compared the levels with those under control condi-
tions at rest (4,15). As the levels of several salivary 

components are reported to show a circadian rhythm 
(17,18), the present study investigated differences in the 
salivary NO responses to control and exercise employing 
a random crossover design. Although high-intensity 
exercise did not elicit an increase in salivary NO levels, 
a significant decrease in salivary NO was observed under 
control conditions. These results partially support those 
of Gonzalez et al., who reported that salivary NO levels 
did not change after exercise (24). Another study has also 
reported that salivary NO levels were increased by exer-
cise, although no comparison with a resting control was 
performed (15). Rahman et al. (15) employed Bruce’s 
protocol, which is an “all-out” exercise regime inducing 
extreme fatigue within a short period. As previous 
studies did not employ a constant level of exercise diffi-
culty, differences in the salivary NO response may have 
arisen. However, since salivary NO levels do show some 
fluctuation (Fig. 1), it can be assumed that differences in 
response to different interventions would occur.

The present study also demonstrated that salivary 
NO levels decreased under control conditions at rest. 
SIgA, which is a specific immune marker for URTIs, 
shows circadian variation (17,18). The level of sali-
vary alpha-amylase (sAA) activity also varies between 
morning and late afternoon (17,18), and has been used 
as a stress indicator and/or biomarker for evaluation of 
immune function (25), as sAA has both digestive and 
antibacterial activity (26). Thus, the level of salivary 
NO may also show daytime changes similar to those of 
other salivary components. A previous study that exam-
ined the circadian rhythm of salivary nitrate and nitrite 
found that the level of nitrite rose at night (27). In the 
present study, the level of salivary NO was assessed as 
the salivary nitrate concentration, which may also have 
a circadian rhythm and increase at night, as both nitrate 
and nitrite are metabolites of salivary NO (28). In the 
present study, as the experiments were started early in the 
morning, the salivary NO levels may have reflected the 
increased concentration of nitrate accumulated during 
the night, as measured under resting conditions before 
the intervention. Considering this possibility, it might 
have been informative to have asked the subjects about 
their sleeping time using a questionnaire. The role of NO 
in the oral cavity as an antimicrobial reagent has been 
discussed (29,30). It is well known that many bacteria 
are present in human saliva upon waking. Therefore, the 
decrease of salivary NO observed under control condi-
tions may have been attributable to its active antibacterial 
action in the oral cavity during the morning. 

This is the first study to have investigated the response 
of salivary NO to high-intensity exercise, which non-
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specifically attenuates immune function, as reflected in 
a decreased SIgA level. Based on data from a previous 
study (31), the intensity of the exercise was set at a 
level known to induce a decrease in SIgA, and indeed 
a corresponding decline in SIgA due to the exercise 
was observed. Furthermore, the data obtained using a 
visual analog scale (VAS) to assess the subjective degree 
of fatigue and d-ROMs as an index of oxidative stress 
indicated that exercise-related stress had indeed been 
induced. The most important finding of this study was 
that salivary NO appeared to be affected by high-intensity 
exercise, thus decreasing the level of immune function. 
The low level of SIgA found in this study is known to 
be related to a high risk of URTIs (12-14). Although the 
level of SIgA may be associated with general suppression 
of immune function, the possibility that NO secretion is 
more directly responsible for preventing infections at 
the early stage of pathogen contact has been reported 
(32). The expression of IgA has also been shown to be 
dependent on iNOS activity (33) in dendritic and T cells 
(34). NO activity may be a factor that impacts a range of 
aspects of innate mucosal immunity (35). Hence, situ-
ations associated with a high risk of developing URTIs 
may be characterized by a change in salivary NO levels. 
As this study did not investigate URTIs’ symptoms, a 
further detailed study of the association between salivary 
NO levels and diseases including URTIs in the context 
of oral health will be necessary. In addition, it has been 
reported that high salivary NO levels are associated with 
the development of various diseases (5,6). Although 
fractional exhaled NO (FeNO) has a reference range for 
respiratory diseases such as asthma, salivary NO has no 
reference value for diseases including those affecting the 
oral region. Therefore, it will also be necessary to set a 
cut-off value for salivary NO in the context of disease.

Although the Pre levels of salivary NO appeared to 
differ between the two conditions, the difference was not 
statistically significant. One limitation of this study was 
that the meals taken by the subjects on the day before the 
experiment were not regulated, and thus differed among 
individual. All of the study subjects were asked to refrain 
from ingesting anything except mineral water from 2100 
h on the night before the experiment. Additionally, the 
subjects were instructed to eat their usual meals, as sali-
vary NO, especially salivary nitrate and nitrite, is known 
to be affected by diet (36). Therefore, future studies of 
changes in salivary NO level in response to exercise will 
need to employ a precisely controlled diet.

In conclusion, the data obtained in this crossover study 
indicate that the response of salivary NO differs between 
high-intensity ergometer exercise and control conditions 

at rest in healthy male subjects with a sedentary lifestyle. 
The level of salivary NO did not change with exercise, 
but was decreased under control conditions. These 
findings suggest that salivary NO may be affected by 
exercise-related stress.
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