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Abstract

Background: Saliva has many properties and the buffering aapecimportant for the neutralization of oral iffis. It
is unclear whether stressful conditions directlfectf salivary buffering capacity, and we investegghthe impact of
physical stress on salivary buffering capadif\ethods: Twelve participants were subjected to the physstadss of
jogging and running. The salivary buffering capgaeihd flow rate of the participants were measureiie and after
exposure to stressful conditions. Salivargmylase activity was measured as a quantitatidexiof stressResults: No
change in buffering capacity was detected among &ate point during the whole course under physicsiressful
conditions. Next, we examined the change in buftgGapacity after jogging compared to baseline. fiticipants
showed an increase in buffering capacity (Groupwijile the other six participants showed a decressgo change
(Group B) after jogging. Group B showed a decreéagtow rate and increases iramylase activity and protein level
after jogging, whereas Group A showed no changekese propertie€onclusions: The results suggest that salivary
buffering capacity changes following exposure tggitally stressful conditions, and that the charagesdependent on

the stress susceptibility of individuals.
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I ntroduction

People living in rapidly changing societies ardlgato
suffer from physical and psychological stress. Stre
signals activate the hypothalamus-pituitary-adréH&lA)

axis and the sympathetic nervous system, triggering
physical responses involving the endocrine, neryous
and immune systemsStressful experiences increase
HPA activity and are associated with depressiontaad
risk of substance use disordeAlso, the stimulation of
sympathetic nerves can increase the number of
granulocytes, which induce tissue damage leading to
collagen diseases, inflammatory bowel disease, and
cancer by producing superoxiti&tress can also impact
the oral cavity via immune suppression, promote the
onset and progression of diseAdeurthermore, stress
signals affect health behaviors, such as smokioghal
consumption, and physical exercisthus, coping with
stress is important to maintain human health.

Saliva has many properties that keep the oral yavit
healthy; in fact, it is said that saliva refledte tstatus of

the body. Leeet al.° reported that saliva reflects the
tissue levels of natural substances and a largetyaof

molecules introduced for therapeutic, dependency, o
recreational purposes, an individual's emotional,
hormonal, immunological, or neurological statusd an

57

nutritional and metabolic influences. The use divaa

to monitor the health status of an individual ikighly
desirable goal for health promotion and health care
research.

Salivary buffering capacity is important for the
neutralization of oral fluids, and previous repdnsve
demonstrated that a high buffering capacity
advantageous for the prevention of dental cdffegor
this reason, utilizing saliva as a prediction tfaslcaries
activity is recommende?f? Previous studies have shown
that the salivary flow rate tends to decrease due t
stimulation of the sympathetic nervous system under
stressful conditions and that the salivary buffgrin
capacity tends to decrease as the flow rate decline
However, it is unclear whether stressful conditions
directly affect salivary buffering capacity. Inighstudy,

we investigated the impact of physical strasduding
jogging and running on salivary buffering capacity.
Jogging is a form of running at leisurely pacertcréase
physical fitness. Many reports have demonstrated th
physical activities such as jogging and other kiodls
sport are advisable and have a positive effect an o
body®*2According to the changes in buffering capacity
detected after physical exercise of jogging, weadsis

the study participants into two groups and examithed
relationship to other saliva properties includingwf

is
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rate,a-amylase activity, and protein content. Our results
reveal an interesting relationship between physitaks
and saliva properties.

Methods

Participants. Twelve healthy adults (6 males and 6
females; 29.2 + 11.4 years of age) participatedhia
study. They completed a test to induce physicasstr
Approval for this study was obtained from the ethic
committee of the Kagoshima University Graduate
School of Medical and Dental Sciences.

Physical exercise and saliva collection. Before starting
experiments, participants were kept relaxed without
stressful condition possibly. To induce physicakss,
the participants completed 10 min of jogging (8
min/km) and 10 min of running (6 min/km) accordiag
the exercise protocol shown in Figure 1. Salivagam
were collected before jogging (Baseline), aftergjog
(Jog), after resting (Rest), just after running r{RL),
and 5 min after running (Run 2). Stimulated whole
saliva was collected at each time point by chewang
piece of gum with no taste (GC Corporation, Tokyo,
Japan). After chewing the gum and swallowing saliva
for the first 30 s, the whole saliva was expectxtanto

a tube on ice for 2 min.

Saliva analysis. The salivary flow rate (ml/min) was
determined by weighing the collected saliva. Saliva
buffering capacity was measured by using a handheld
pH meter (Laqua twin model B-712, Horiba Ltd.,
Kyoto, Japan) according to a previous stddwith
modifications. An aliquot of each sample (0.5 mBswv
applied to the pH sensor to determine the origptal
value (a). After reading (a), 50 pl of 0.1 N HClswva
titrated into the saliva sample and gently shakemit
until the value stabilized (b). The buffering capagvas
determined by calculating the inverse of [value {a)

The intensity of physical stress was monitored
according to the level ofi-amylase activity. Saliva
samples kept in an icebox were carried to the ktboy

to measure the level ofi-amylase activity using a
commercial kit ¢-Amylase Measuring Kit; Kikkoman,
Tokyo, Japan). In the assaygamylase in the saliva
sample reacts with the substrate, yielding 2-chibro
nitrophenol, which is yellow in color and can be
detected using a spectrophotometer at 405 nm. The
protein content in each sample was determined dicpr
to the method of Lowrgt al.**with bovine serum albumin
as a standard.

Data analyses. At first, changes in saliva properties
following the complete course of physical exercisze
examined. Next, we examined the change in buffering
capacity after jogging compared to baseline, anildd
participants into two groups (A and B) accordinghe
results. Group A included six participants showang
increase in buffering capacity, while Group B irugd

six participants showing a decrease or no change af
jogging. Other saliva properties were examinecefch
group. Regarding statistical analyséiferences among
time points were analyzed using Friedman test,
Wilcoxon signed-rank test, and sequential step-down
Bonferroni as appropriate. Statview version 5.0 $SA
Institute, Inc., Cary, NC, USA) was used and the
significance level was set at < 0.05.

Results

Figure 2 shows the changes in buffering capadiyy f
rate, and a-amylase activity for the participants
following the complete course of physical exercise.
change in buffering capacity was detected among eac
time point during the whole course under physically
stressful conditions (jogging and running). Thererav
significant differences among several time points

value (b)]. regarding flow rate; however, no differences were
— Jogging H— Resting Running H- Resting H
] 10min | 4 35min i 10min| ¢4 [ 5min | 1
Collect After After Just after After
<liva Baseline jogging resting running running
(Jog) (Rest) (Run 1) (Run 2)

Figure 1. Protocol for Collecting Saliva after Physical Exercise. Participants Practiced Jogging and Running, and Stimulated

Whole Saliva was Collected at Each Time Point
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Figure 2. Changes of Salivary Buffering Capacity (a), Flow
Rate (b), and a-amylase Activity (c) after taking
Physical Exercise. The Results are presented as
Box Blots (n = 12). The Boxes extend from the
25th Percentile to the 75th Percentile, with a
Horizontal Line at the Median. Additional
Symbols Indicate the 10th and 90th Percentiles
(bars) and Outliers (circles). *p < 0.05 Compared
with Basdline. Satistical Analysis was Perfor med
usng Friedman Test Followed by Wilcoxon
Signed-rank Test and Sequential Step-down
Bonferroni

Table 1. Changes of Salivary Flow Rate, a-amylase Activity, and Protein Concentration in Group A and B

Flow rate (mL/min) a-amylase activity (U/mL) Protein concentration (mgJ)
Baseline After jogging Baseline After jogging Basel After jogging
Group A 21+£13 1.7+0.8 17.5+11.7 91¥.11.0 22+0.8 26+1.0
Group B 22+11 1.9+1.0* 25.2+19.8 B2 31.3* 24+09 3.0+1.7*

Data represent means * standard deviations oft®ipants in each group.p*< 0.05 compared with baseline using Wilcoxon sigrenk test
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baseline. Next, we examined the buffering capaatty
two time points (Baseline and Jog) and divided the
participants into two groups (A and B) as descrilred
the materials and methods section. Participantthén
Group A showed an increase in buffering capacityijev
participants in the Group B showed a decrease or no
change after jogging (Figure 3). Regarding othdéivaa
properties, Group B showed a decrease in flowaate
increases ini-amylase activity and protein level after
jogging, whereas Group A showed no changes in these
properties (Table 1).

Discussion

In this study, jogging and running were used toutel
physical stress. No significant changes compared to
baseline were observed in buffering capacity owflo
rate during the whole course of physical exercise.
Therefore, we picked two time points and examired t
changes in buffering capacity after jogging comgae
baseline, and divided the participants into twougs In
Group A, the buffering capacity increased signifita
whereas other saliva properties including flow rate
amylase activity, and protein concentration showed
changes after jogging. In Group B, both the buffgri
capacity and flow rate decreased, whiteamylase
activity and protein concentration increased sigaitly.
The observed effects of physical exercise on saliva
properties are not consistent with those in previou
reports. Ljungbergt al.'® found no significant changes
in buffering capacity, a decrease in salivary stémme
and an increase in amylase activity after a maratho
race. Nakanoet al.” reported decreases in buffering
capacity and flow rate after treadmill running.
Ligtenberget al.*” demonstrated increases in salivary
flow rate and amylase activity after 20-minute rmgn
with moderate or high intensity. The salivary floate

is affected by the autonomic nervous syst&nif
sympathetic stimulation occurs due to physicalsstre
the salivary flow rate decreases. Prolonged eeltitie
marathon may induce strong stress and dehydration,
which result in a decrease in salivary secretione T
differences observed in these studies may be waithtiibe

to differences in the type of physical stress-indgc
activity. In our study, participants practiced joug for
only 10 min, and the stress level under the circantes
seems not strong. Actually, the participants in upré
were not obviously affected by jogging. Tea@mylase
activity level in the participants in Group A dicbtn
change, indicating that jogging was not stresstul f
them. In contrast, the level afamylase activity increased
significantly in Group B after jogging compared to
baseline. Several participants in Group B looketk pa
and exhausted, indicating that the stress intensiy
enough to increasei-amylase activity. It has been
reported that jogging has a stress-relieving e$fecf
Interestingly, jogging was apparently sufficienjaeding
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intensity to induce stimulation of the sympathetic
nervous system for participants in Group B, but foot
those in Group A. Individual differences in respsns
might be due to their susceptibility to stress.

A positive association between salivary buffering
capacity and flow rate has been repofted.In this
study, the buffering capacity and flow rate deceeais
Group B. However, the buffering capacity increaaad
salivary flow rate did not change in Group A. Plgsi
stress might affect buffering capacity and flowerat
independently.

To clarify the level of physical stress, we meadure
amylase activity as a stress markdPrevious studies
have reported that salivary-amylase is an effective
stress marker of the autonomic/sympathetic nervous
systent® and associations of salivargamylase with
cardiovascular function, wide range of behaviors
including infant attachment, academic performaacel,
adolescent aggregation have been demonstfatedias

also reported that the response of salivagmylase to

a stressor occurs more quickly than changes inasgli
cortisol?® and there are wide-ranging differences
between individuals in salivaryi-amylase activity;
therefore, we utilized this parameter to assess the
susceptibility of the participants to the stredse Tesults

of this study suggest that the buffering capacityativa
may be altered via stimulation of the autonomio/nas
system by physical stress and that the degree is
dependent on the subject’s susceptibility to phatsic
stress.

Salivary protein is secreted in response to syngpiath
nervous stimulation, and several reports have demon
strated that salivary proteins can affect the birfte
capacity of saliva® In this study, the salivary protein
level was measured to investigate how salivary djlan
function is affected by the autonomic nervous syste
and its contribution to the buffering capacity afiga.
The protein level increased after jogging in Grdip
but not in Group A. Dawé reported that physical
exercise caused a marked rise in total salivaryepro
concentration. Speiret al.®® noted that the high
concentration of salivary proteins following phyaic
exercise may be due to increasifiysympathetic
activity in the salivary glands. The increased girot
level in Group B may have been due to the decrzase
flow rate, but no effect on buffering capacity was
observed. Further studies are necessary to detetimn
precise mechanism underlying these phenomena.

This study has a limitation that we evaluated oh®y
participants; therefore, it may be necessary terpmet
the findings with caution. However, there haverbre
studies reporting the relationship between physical
stress and salivary buffering capacity after divigihe
participants into groups based on the change of
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buffering capacity, with evaluation of other saliva
properties including flow rateg-amylase activity, and
protein content. Examination of a large number of
participants is expected to reveal more distinfetat$ of
physical stress on buffering capacity and also gend
differences in the effects.

Conclusions

The results suggest that salivary buffering cagacit
changes following exposure to physically stressful
conditions, and that the changes are dependenhen t
stress susceptibility of individuals.
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