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Abstract Secretory immunoglobulin A (S-IgA) plays the major role for
protecting mucosal tissue from infection, and its level in saliva is thought to
be the indicator of immune function in the oral cavity. In the present study,
we measured the levels of S-IgA, cortisol and total protein in whole saliva as
well as flow rate in healthy young adults (n�8) throughout a 24-hr period,
and found that salivary S-IgA, cortisol and flow rate fluctuated in a circadian
manner with their acrophases (peak time of the rhythms) at 06:50h, 09:04h
and 19.01h, respectively (P�0.05). Mesor (midline estimating statistics of
rhythm) of the three rhythms was 0.30 mg/ml for S-IgA, 8.56 ng/ml for
cortisol, and 0.47 ml/min for the flow rate. The acrophase of S-IgA rhythm
corresponded to the nadir of the flow rate rhythm, indicating that these two
rhythms are anti-phase to each other. We suggest that the circadian rhythm
of S-IgA is not simply subject to daily fluctuation of the volume of salivary
fluid that dilutes S-IgA, but is influenced directly or indirectly by central
circadian pacemaker, because the ratio of S-IgA to total protein in the
morning is more than 3 times higher than that in the evening. The elevation
of S-IgA concentration in saliva from midnight to early morning may indicate
compensatory mechanism of oral immune system to the fall of saliva secretion
during sleep.

rate declines to nearly zero level during sleep3). It is
well known that the nocturnal fall of saliva secretion
reduces mechanical washing in the oral cavity and
increases susceptibility to dental caries.

One of the most important indicators of local
immune system in the oral cavity is secretory
immunoglobulin A (S-IgA), which can reduce the
adherence of microorganisms to the tooth surface
and oral mucosa7,8). It has also been stated that S-IgA
plays a significant role in maintaining homeostasis
in oral microbial populations7). A recent study has
demonstrated that the concentration of S-IgA in
saliva changes rapidly after awakening; S-IgA is
remarkably high at the time of awakening and falls
subsequently9). The S-IgA decline is correlated with

Introduction

Many physiological parameters fluctuate in a 24-hr
period and such variation is defined as circadian
rhythm1,2). Among them, flow rate of unstimulated
saliva has been shown to fluctuate in a circadian
manner with its peak in the late afternoon3) or in the
evening4) and trough in the early morning3,4). There
are individual variations of saliva secretion and
differences in composition between under resting
and stimulated conditions5,6). Saliva secretion is
closely related with sleep-wake cycle and the flow
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the rise of cortisol, a humoral marker of stress response
associated with activation of hypothalamic-pituitary-
adrenal (HPA) axis, which may suggest relationship
between the local immune system involving S-IgA
and central neuroendocrine pathway9).

The rise of cortisol level in the morning is under
the regulation by the central circadian pacemaker
localized at the suprachiasmatic nucleus (SCN)10,11).
The SCN is found in all mammals bilaterally in
the anterior hypothalamus immediately above the
optic chiasm10). It is composed of densely-packed
parvocellular neurons, and lesions of the SCN result
in the loss of behavioral, endocrinological, immuno-
logical and physiological circadian rhythms2). In
particular, SCN lesions cause a random distribution
of sleep bouts over the 24-hr period2). However, it
is yet unclear whether the dynamic change in S-
IgA after awakening is regulated by the circadian
pacemaker or not. In the present study, we measured
fluctuations of salivary flow rate, S-IgA, cortisol and
total protein in unstimulated whole saliva in healthy
subjects throughout a 24-hr period, and analyzed
their circadian rhythms by Cosinor test1).

Materials and methods

Subjects

Following approval by the local ethics committee, 8
volunteers (6 males and 2 females, age: 24–29) gave
us informed consent to participate in the study.
All were in good health, free of medication and
non-smokers. Each subject was given a package
containing sterilized cotton rolls, 15 ml centrifuge
tubes (Corning, NY, USA) and written instructions.
They were all briefed concerning the collection
procedure and were asked to keep daily schedule of
waking up at 7:00 and going to sleep at 24:00 for
2 days before the day of saliva collection.

Collection of unstimulated whole saliva

On the day of saliva collection, the subjects were
asked to wake up at 7:00 and to collect saliva
intermittently for 24 hrs at 12:00, 16:00, 20:00,
24:00, 04:00, 08:00, 12:00h in their homes. They
were allowed to sleep between 24:00 and 7:00
except for the time of saliva collection at 04:00.
Unstimulated whole saliva was collected for an
accurately-timed 5 min period by placing dental
cotton rolls on the floor of the mouth. They withdrew
the cotton rolls when the rolls fully absorbed saliva,
and put new rolls immediately at the same position.

After each sampling, all the rolls were collected, put
in centrifuge tubes, sealed and refrigerated at 4°C.
Meals and drinks were given within 1 hr after the
saliva collections throughout the experimental period
to reduce any possible effects on the saliva samples.
After collection, the samples were transported
immediately to our laboratory and stored at �20°C
until the assay.

Assay procedures

The samples were thawed by centrifugation at 3,000
r.p.m. for 10 min and the saliva was collected in
plastic vials. The volume of each sample was measured
by using precision microliter pipettes (Pipetman,
Gilson, Villiers-le-Bel, France) of 2 volume ranges
(20–100�l and 200–1000�l). Then, they were passed
through a Millipore filter of 0.45�m to eliminate
contaminated debris and microorganisms.

The S-IgA levels in the saliva samples were
determined by ELISA as follows: 96-well polysty-
rene plates were coated overnight at 4°C with goat
anti-human IgA (5�g/ml, Tago, Burlingame, CA,
USA), blocked with PBS containing 5% BSA for 1 hr
at 37°C, and incubated for 1 hr with the test samples
(1:5,000 dilution in PBS containing 0.05% Tween 20)
and S-IgA standards diluted in PBS. Those samples
that exceeded the upper limit of the standard range
(0–0.5 mg/ml) were adjusted by further dilution.
Goat anti-human S-IgA conjugated to horseradish
peroxidase (Cappel Division of Organon Teknika,
Durham, NC, USA) was added after washing.
Hydrogen peroxide with o-phenylenediamine dihy-
drochloride was used for color development. The
reaction was stopped by adding 2 N sulfuric acid,
and the plates were read at 490 nm. For each
ELISA all the samples were read on the same day
to eliminate day-to-day variation.

Saliva cortisol levels were determined by using
Cortisol Radioimmunoassay Kit (Commissariat
al’energie atomique, France) developed for the
measurement of cortisol in serum or plasma. This
assay is based on the competition between unlabelled
cortisol and a fixed quantity of 125I-labelled cortisol
for a limited number of binding sites on cortisol-
specific antibody coating the inner surface of plastic
tubes. In brief, 100�l of each saliva sample was
mixed with 500�l of 125I-labelled cortisol, and the
mixed solution was added to the reaction tube and
incubated overnight at room temperature. After aspi-
ration of the aqueous solution, the radioactivity of the
reaction tube was measured by using a scintillation
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counter. Total salivary protein was determined by
the method of Lowry et al.12) with a bovine serum
albumin standard at the concentration of 0.02–
0.25 mg/ml. The saliva samples were diluted to 1:50
with PBS before the protein assay.

Data analysis

Circadian rhythms of S-IgA, cortisol, total protein,
S-IgA/total protein ratio and flow rate of whole
saliva were analyzed by a Cosinor test and one-way
ANOVA for repeated measures, followed by Tukey’s
t-test. By using the Cosinor test, we obtained the
best-fitting cosine wave to the series of data in a
24-hr cycle, which enabled determination of a mesor,
an amplitude and an acrophase (Fig. 1).

Results

Cosinor test for the concentrations of salivary S-IgA
and cortisol and the flow rate revealed significant
circadian rhythm (P�0.05). Table 1 indicates that
the acrophase (peak time of the rhythm) of S-IgA
appeared at 06:50h. The acrophase of S-IgA in the
early morning was opposite to that of the flow rate
with a phase angle difference of about 12 hrs, and
preceded that of cortisol by 2 hrs. Figure 2 indicates
the fluctuation of individual S-IgA values in eight
subjects over 24-hr period. Each of the individual
S-IgA rhythms showed a dramatic elevation in its
level at 04:00 or 08:00 and most of them returned
to the basal level at 12:00.

Fig. 1 Parameters of circadian rhythm
To estimate these parameters, Cosinor test was applied to
the group data. The measured variable (Y) is a function of
the time of observation (Xt) as represented by the following
formula.

Y�A�Bcos(2�Xt/T��)
Here, A indicates a mesor, B an amplitude, � a phase-angle
to an appropriate reference and T a period (�24.0 hrs).

Fig. 2 Circadian variation in salivary S-IgA concentrations
in healthy subjects (n�8)

The horizontal bar represents sleep spans that include a
short awakening period at 4:00 for saliva sampling. S-IgA
fluctuations of two subjects with persistently high S-IgA
levels at 12:00 on the second day are shown by dotted lines.

Table 1 Circadian rhythm parameters for S-IgA, cortisol, total protein, S-IgA/protein and flow rate

Mesor Amplitude Acrophase (clock time) Group rhythm (Cosinor) ANOVA

S-IgA (mg/ml) 0.30�0.20 0.27�0.16 06:50�01:37 P�0.05 P�0.001

Cortisol (ng/ml) 8.56�3.42 2.72�2.65 09:04�02:13 P�0.05 P�0.001

Total protein (mg/ml) 3.53�1.84 0.97�1.96 07:08�01:27 n.s. P�0.05

S-IgA/TP (%) 8.14�8.10 4.64�6.02 07:16�01:01 n.s. P�0.05

Flow rate (ml/min) 0.47�0.31 0.10�0.04 19:01�01:32 P�0.05 P�0.01

Results of a Cosinor test are shown as mean�confidence limit.
Mesor: midline estimating statistics of rhythm1)
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Group data of S-IgA, cortisol, total protein, S-
IgA/total protein ratio and flow rate of whole saliva
are indicated in Fig. 3. As revealed by Cosinor test,
S-IgA, cortisol and flow rate clearly show circadian
rhythms, and the levels of S-IgA and cortisol are
highest at 08:00 and the flow rate is lowest at 08:00.
Although the circadian fluctuations of total protein
and S-IgA/total protein ratio are not statistically
significant in Cosinor test (Table 1), both levels are
high at 8:00 and low at night and the fluctuations

are significant in repeated measures ANOVA. The
S-IgA/total protein ratio at 08:00 was more than 3
times higher than that at 20:00.

Discussion

1. Circadian rhythms of salivary S-IgA,
cortisol and flow rate

The presence of circadian rhythm in salivary flow
rate and cortisol has been described by a number of

Fig. 3 Group data of the fluctuations of salivary flow rate,
cortisol, S-IgA, total protein and S-IgA/total protein
(S-IgA/TP) ratio throughout a 24-hr period (n�8 for
each point).

The horizontal bars represent sleep spans that include a short
awakening period at 4:00 for saliva sampling. Data are shown
as mean�SE.

Shirakawa, T., Mitome, M. and Oguchi, H.
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researchers3–6,13–15). These rhythms are under the
control of the circadian pacemaker localized at the
SCN which is also known as a master pacemaker
for sleep-wake rhythms2). The 24-hr cycle of cortisol
has been shown to undergo a phase shift when
sleep-wake rhythms are altered by daytime sleep and
nighttime work16). The flow rate rhythm is directly
regulated by sleep-wake rhythms through autonomic
nervous system; and as we have observed in our
study, both cortisol and flow rate showed significant
circadian rhythms (Table 1). Therefore, the majority
of the subjects seem to have adapted themselves
to the sleep-wake schedule (going to sleep at 24:00
and waking up at 7:00) imposed just prior to the
experiment.

The most important finding in the present study
is the circadian rhythm of S-IgA in whole saliva
revealed by collecting saliva samples throughout
24-hr period. In comparison of the group data, the
S-IgA concentration at 08:00 is more than 4 times
higher than the level at 20:00. Total amount of S-IgA
in the whole saliva collected for a 5 min period also
showed significant rhythm, and acrophase of the
rhythm was almost identical with that obtained from
S-IgA concentration (data not shown). There might
be an influence of the interruption of sleep at 04:00
for saliva collection upon the S-IgA level in two
subjects as shown by the persistently high S-IgA
levels at 12:00 on the second day (Fig. 2). Neverthe-
less, statistical analysis of the group data does not
show a significant difference in S-IgA level between
the samples collected at 12:00 on the first day and
those at the same hour on the second day. Since the
cortisol levels at 12:00 are almost the same on the
first and second days (Fig. 3), the short interruption
of sleep at 04:00 seems to have no substantial effect
either on the central circadian pacemaker or on the
grouped S-IgA rhythm.

2. Salivary S-IgA rhythm is influenced
by central circadian pacemaker

As shown in Table 1 and Fig. 3, the peak of S-IgA
coincides with the trough of flow rate, and the
trough of S-IgA coincides with the peak of flow rate,
indicating negative correlation between the two
rhythms. Similar temporal relationship is found
between the total protein and the flow rate, although
the total protein did not show significant rhythm
in Cosinor test. These results may suggest that the
production of S-IgA is constant throughout a day
and the circadian change in the volume of salivary

fluid causes S-IgA rhythm. However, this is not
likely because the ratio of S-IgA to total protein
varies with time and the ratio at 08:00 is more than
3 times higher than that at 20:00.

It was shown in a recent study that circadian
oscillators reside not only in the SCN but also in
most peripheral tissues17). In a steady state, these
peripheral oscillators are synchronized by the central
circadian pacemaker in the SCN. In fact, inductions
of circadian gene expression and transient changes
in the phase of circadian gene expression have
been recognized in liver, kidney, heart and other
organs. It is possible that the production of S-IgA
by plasma cells and/or the transepithelial transport
of S-IgA from the basal to the luminar face of the
epithelium18) are regulated by peripherally expressed
clock genes17,19). Interestingly, the glucocorticoid
hormone analog dexamethasone induces circadian
gene expression in cultured rat-1 fibroblasts and
transiently changes the phase of circadian gene
expression in liver, kidney, and heart17). In mammary
gland organ culture, cortisol decreases the expression
of poly-Ig-receptor which is also known to be
expressed in salivary gland epithelial cells20). There-
fore, S-IgA rhythm may be caused by clock genes
expressed in epithelial cells through daily changes in
the transepithelial transport of S-IgA, and cortisol
may modulate this process.

3. Significance of salivary S-IgA rhythm
for oral health

The secretory immunoglobulins, IgA in particular,
play important roles in the first line of defense for
mucosa against pathogenic microorganisms. S-IgA
can reduce the adherence of microorganisms to
the tooth surface and oral mucosa7,8), and patients
deficient in salivary immunoglobulins have a higher
caries incidence than those with normal salivary
immunoglobulins21). Therefore, the enhancement of
S-IgA concentration in saliva from midnight to
early morning must contribute to the defense against
cariogenic bacteria as well as against other pathogenic
microorganisms in the oral cavity, and it can be
interpreted as compensatory mechanism for the fall
of saliva secretion.

Flow rate of saliva is closely related with oral
health22) and low caries rate has been reported in
children with familial dysautonomia23). Since flow
rate of saliva declines during sleep3), reinforcement
of circadian rhythm of salivary S-IgA is considered
to be extremely important for the oral health. In

CIRCADIAN RHYTHMS OF SALIVARY S-IgA AND CORTISOL
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infants, S-IgA levels in whole saliva is significantly
lower than those in young adults24). It should be
emphasized to set a regular bedtime and wake-up
time for children, which will facilitate establishment
of circadian rhythm of salivary S-IgA.
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