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CIRCADIAN VARIATIONS IN HUMAN RESTING 
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AND COMPOSITION 
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Summary-Circadian variations have been demonstrated in unstimulated submandibular saliva from 15 
subjects for flow-rate, pH and concentrations of sodium, potassium, calcium, chloride, inorganic and 
total phosphate, protein, nitrogen and carbohydrate. Calcium and protein rhythms were found in only 
12 subjects and calcium and pH rhythms were less reproducible from day to day than were other rhythms. 

A combination of a fundamental sine wave of 24 hr period and its first harmonic was found to fit the 
data in 164 of the 180 data cycles studied. The rhythms of salivary constituents did not appear to be due 
to the rhythm shown by salivary flow-rates. Rhythms were similar in phasing to that of oral temperature 
with the exception of those for sodium, calcium, chloride and carbohydrate concentrations. The extent of 
circadian variation from maximum to minimum was approx 40-50 per cent of the mean value for most 
constituents. Changes in concentration of salivary components in unstimulated submandibular saliva 
due to circadian variation are likely to be least in the early afternoon. Considerable variation between 
subjects in timing of rhythms was found. 

INTRODUCTION Sequence of collections 

Many studies have been conducted on circadian varia- 
tion in human mixed saliva and human parotid saliva 
(a detailed survey of these has been given in a previous 
paper, Ferguson et al., 1973) but few investigations 
have been reported on the possible circadian variations 
in other separate oral secretions. This paper reports 
observations on submandibular saliva. In this secretion 
Ahrens and Lucke (1972) have described a variation in 
calcium concentration at different times of day and we 
have described calcium and phosphate concentration 
rhythms (Ferguson and Fort, 1973). No other variables 
have been studied previously. Our present observations 
cover a range similar to that which we have reported 
for parotid saliva: flow-rate, pH, and concentrations of 
sodium, potassium, calcium, chloride, inorganic and 
total phosphate, protein, nitrogen and total carbo- 
hydrate. The variables were studied simultaneously so 
that any correlations could be detected and the 
rhythms were analysed statistically by Fourier analysis 
in the same way as parotid saliva rhythms (Ferguson 
et al., 1973). No analysis of submandibular saliva 
rhythms has been carried out by other workers. 

Subjects were asked to report to the laboratory for saliva 
collections at appropriate times between 09.00 and 21.00 hr 
and to ensure that meals were always taken directly after 
a saliva collection. From 21.00 hr onwards. the) remained 
in the building and went to bed at their usual times in 
rooms near the laboratory. They were awakened for saliva 
collections and given breakfast after the last collection of 
the nocturnal hours. 

The experiment was begun at 2 1 .OO hr on Day 1. sampling 
4-hourly until 17.00 hr on Day 2. Then a 6-hr break was 
made between 17.00 and 23.00 hr and 4-hourly sampling 
continued until 19.00 hr on Day 3. At the end of the experi- 
ment. every odd-numbered hour had been sampled. All the 
subjects slept between 23.00 and 07.00 hr except when 
awakenedforcollections. Meals were taken only immediately 
after the appropriate collections. This collection sequence 
reduced both general fatigue, any possible salivary gland 
fatigue, and the effect of meals upon subsequent collections, 
a possible factor mentioned by Dawes (1971). 

Collection ofsaliva 

Suhjrcts 

MATERIALS AND METHODS 

The experiments were carried out on subjects who before 
and after the experiments led normal lives, usually sleeping 
between 24.00 and 07.00 hr and having 3 main meals daily 
at approx OZ.OGO9.00 hr, 12.0@14.00 hr and 18.00-20.00 hr. 
Eighteen subjects, 10 male and eight females, took part in 
the experiments but complete sets of data were obtained 
from only 15 of these, eight male and seven female, and only 
these will be reported. 

Submandibular saliva was collected using a device of the 
type described by Truelove, Bixler and Merritt (1967). A 
volume of 3 ml was collected unless the flow rate was very 
slow, when the device was left in the mouth for a period not 
exceeding 30 min. Saliva was led by polyethylene tubing to a 
graduated tube standing in ice. 

Measurement of oral temperature and analytical methods 

The measurement of oral temperature was performed in 
the same way and in similar circumstances to the measure- 
ments reported in a previous paper (Ferguson et al., 1973). 
The methods of chemical analysis were also the same as 
reported in that paper. 
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The data ~verc treated in the same manner as described 
previously (Ferguson c’f crl.. 1973) taking mid-point moving 
averages and fitting curves by Fourier analysis. 

Although these experiments were designed as a transverse 
type of study. that is, one looking at rhythms in single 24-hr 
periods for anumbcr ofsubjects, rather than the longitudinal 
type of study, in which the rhythms of single subjects are 
followed over several days. the data could also bc evaluated 
as two separate 24-hr sequences sampled at 4-hr intervals. 
These sequences were therefore compared by comparing 
times of maxima and minima calculated from the funda- 
mcntai sine curves. The combined fundamental and firsi 
haI-manic curves berc not compared smce the fitting of 
complex curves to data with only 6 points in 24 hr has not 
considered justifiable. 

Correlation coeficients between each pair of variables 
were calculated from the data for each individual subject in 
case such factors as flow-rate might be significantly related 
to other variables. 

Considerable variation in times of maxima and minima 
for different subjects was found and so these were plotted as 
a frequency diagram. The times at which the frequency of 
maxima and minima differed significantly (xl test: p < 0.01) 
from a random distribution were taken as the times of 
maxima and minima for the population studied. 

A similar procedure was followed to investigate relation- 
ships between rhythms. by plotting the number of subjects 
with given time intervals (~ 11 hr up to + 12 hr) between 
maxima or minima for different components. Again. a 
relationship between maxima or minima of the components 
was considered to be present when the frequency of a given 
time interval was found to differ significantly (x” test; 
p < 0.01) from a random distribution. 

RESULTS 

Table I shows the means and standard deviations for 
all components for all subjects. These are within 
normally accepted ranges although calcium values are 
lower than usually reported---possibly owing to the low 
mean flow-rate, a factor reported to exert a direct effect 
on calcium concentration in submandibular saliva 
(Dawcs and Jenkins. 1964). 

Table 2 shows the number of subjects to whose data 
a sine curve could be fitted at varying levels of signifi- 
cance. A curve composed of a fundamental sine wave of 
24 hr period and a first harmonic fitted I64 out of I80 
bets of data with a significance of p < 0.05. In 100 of 
thcsc scf\ of dara. the fit was significant at 1) < 0,001. 

The components for which calculated curves showed 
poorest fit were calcium and protein (one fifth of curves 
not fitting significantly in each case). Figures IL12 
illustrate the curves fitted to the data from one subject. 
This subject provided data to which curves could be 
fitted for all variables. The individual curves are not 
necessarily the best examples for each variable and the 
times of peaks may not be typical of the majority of 
subjects. 
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Fig. I. 

Figs. l-12. Concentrations of submandibular salivary con- 
stituents. submandibular salivary flow rate and oral temper- 
ature plotted against time. The dashed line joins cxperi- 
mental observations and the solid lint is a plot of the 
best-fitting sine curve derived from the sum of the funda- 
mental and the first harmonic obtained from a Fourier 
analysis. All observations from one subject. 1. Oral tempera- 
ture, 2. Flow rate, 3. pH, 4. Sodium, 5. Potassium. 
6. Calcium. 7. Chloride, 8. Inorganic phosphate. 9. Total 

phosphate. 10. Protein. I I. Nitrogen. 12. Carbohydrate. 
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Figure 13 is a frequency diagram for times of maxima 
and minima of the different constituents for the 15 
subjects. 

Oral temperature in these subjects had its maximum 
most frequently around 15.00 hr and its minimum 
around 07.00 hr. The times of flow-rate maxima and 
minima varied greatly but the maximum flow-rate 

21 
00 

, 
06 12 16 24 

Time, hr 

Fig. 6. 

IO- 

5- 
1 

00 06 12 16 24 

Time, hr 

Fig. 7. 

usually occurred later in the 24 hr period than did the 
minimum. The phasing of pH was also variable, with a 
tendencyformaxima to occur later than minima. No pH 
maxima occurred between midnight and 08.00 hr. 

Sodium concentrations were highest between 04.00 
and 07.00 hr and lowest between 14.00 and 21.00 hr. 
The pattern of chloride concentrations was markedly 
different with two groups of maxima at 05.OCM6.00 hr 
and 11.0@16.00 hr, and the minima more closely 
groupedwithmost occurringbetween21.00and23.00 hr. 
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Fig. 13. Histogram showing times of maximum and mini- 
mumconcentrations of submandibular salivliry components 
in 15 subjects. Blocks above the line represent maxima, 

below the line minima. 

Potassium concentrations were highest around 14.00 
hr and lowest at 05.00 hr whilst calcium concentrations 
reversed this pattern, maxima occurring at 06.00 hr 
and minima around 13,OO hr. 

Inorganic phosphate concentrations showed a distri- 
bution similar to, but less consistent than, potassium 
concentrations, with maxima mainly between 12.00 and 
17.00 hr and minima between 04.00 and 06.00 hr. Total 
phosphate concentrations exhibited maxima between 
16.00 and 22.00 hr and minima between 02.00 and 07.00 
hr. 
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Protein concentrations were maximal from 09.00 to 
22.00 hr, a time later and less consistent than that of 
the minima between 01.00 and 08.00 hr. Nitrogen 
concentration maxima and minima were even more 
variable in distribution although maxima tended to be 
later in the 24 hr than were the minima. The distribu- 
tionofcarbohydrateconcentrationmaximaandminima 
showed a slight tendency for maxima to occur between 
15.00 and 23.00 hr and a more defined phasing of 
minima between 06.00 and 11.00 hr. 

Table 3 shows the number of subjects for whom 
statistically significant (p < 0.05) correlation coeffi- 
cients were obtained for each pair of variables studied. 
The most frequently demonstrated correlation was that 
for the concentrations of inorganic phosphate and 
potassium (nine out of 15 sets of data). A negative 
correlation was observed between sodium and inorganic 
phosphate concentrations in seven subjects. Inorganic 
and total phosphate were significantly related in six 

subjects but nitrogen and protein concentrations some- 
what surprisingly only in four subjects. Chloride con- 
centrations showed a positive correlation with potas- 
sium concentrations in six subjects although only three 
subjects showed a positive sodium to chloride relation- 
ship. 

The relationship between times of maxima and 
minima for different components are shown in Table 4. 
This table was produced in the same way as the 
similar table compiled for parotid saliva variables 
(Ferguson et al., 1973). The figures in the table represent 
the number of hours between the inflection points of 
the curves for the two variables concerned. A plus sign 
indicates that the variable in the column attains a 
turning point (maximum or minimum) during the sub- 
sequent 12 hr to the same turning point of the variable 
in the row. If the rhythm for oral temperature is taken 
as a reference we find that the rhythms in sub- 
mandibular saliva flow rate. pH, potassium. inorganic 
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phosphate and nitrogen concentrations are in phase 
with the temperature rhythm, the times of maxima or 
minima being separated in a significant number of 
data sets by less than 2 hr. Sodium concentrations are 
completely out of phase with oral temperature. From 
the table as a whole it can be seen that most of the 
submandibular saliva components have closely related 
times of maxima and minima but sodium and calcium 
concentrations arc out of phase with the major groups 
and chloride concentrations follow yet another pattern. 

Table 5 shows the maximum to minimum variation 
in each component expressed as a percentage of the 
mean value. This is approximately between 40 and 
50 per cent with the exception of the first three com- 
ponents. The variation in flow rate is high at 78 per 
cent and that in sodium concentration even higher at 
97 per cent. The variation in pH is much lower than 
that in other components although this is deceptive 
since variation was calculated on pH values and not on 
hydrogen ion concentrations. 

Comparison of sine waves of 24-hr period fitted to the 
two separate 24-hr sequences with 4-hourly sampling 
times showed that the times of maxima or minima 
were within 4 hr on successive days for more than eight 
variables in eight of the subjects. In these subjects 
calcium concentration rhythms agreed only three 
times but the other non-agreements were evenly dis- 
tributed among the variables so that at least six 
subjects showed agreement for any one variable. The 
most consistent subject is shown in Table 6. One subject 
showed no agreement of maximum and minimum for 
any variable. At least seven of the 15 subjects had 
maximum values for a given variable within 4 hr on 
successive days for each of the variables cxccpt pH 

and Ca. Five subjects showed consistency for pH and 4 
for calcium concentration variations. The most consis- 
tent rhythms were those for oral temperature. sodium, 
potassium. inorganic and total phosphate concentra- 
tions. 

DISCCSSlON 

Most circadian rhythms in man can be described by 
simple sine (or cosine) waves: that is. variables show 
one maximum and one minimum separated by a 12 hr 
interval and a smooth variation occurs between these 
points. A closely’ fitting sine wave of 24 hr period 
returns to approximately the same value every 24 hr 
and this suggests that the cycle demonstrated is part of 
a series of similar cycles. Other curves such as square 
wave and “saw tooth” curves have been identified 
with circadian variation, but unless there is cause to 
suspect abrupt changes in a variable. such as might 
result from exogenous factors. sine curve analysis 
would be the first method used to look for cyclic 
variation. If sine curves fit the data this is strong 
presumptive evidence of a rhythm. The presence of a 
circadian rhythm is usually confirmed by either a 
transverse method, examining a number of subjects 
over a single cycle to see whether all show a similar 
type of variation, or a longitudinal method, examining 
the consistency of cycles in single subjects. The experi- 
mental design we have used allowed examination of 
possible rhythms by both methods since the data could 
be treated either as one 24 hr cycle with 2 hr intervals 
or two 24 hr cycles with 4 hr intervals. 

As in the previous study on stimulated parotid saliva 
(Fcrguson rt lz/.. 1973). circadian variation was 
demonstrated for all thevariablesexamined. Of the three 
formsofcurvc that were fitted to the data. the combina- 
tion of the fundamental sine curve of 24 hr period 
combined with its first harmonic of 12 hr period fitted 
significantly to many more sets of data than either of its 
separate component curves. About 90 per cent of the 
data sets could be described by the combined curve 
(p < 0.05) in comparison with the 80 per cent in the 
parotid series. Reproducibility of the fundamental 
curve on consecutive days was good except for calcium 
concentrations and pH. 

Less individual variation was shown in this study 
than in the previous study of parotid saliva. possibly 
because conditions of minimal stimulation of saliva are 
more consistent than those obtained with stimulated 
saliva. The experimental design with collections at 4 hr 
intervals over 2 days was found to be superior in the 
parotid study and its use throughout these experiments 
probably contributed to the more consistent results. 

Rhythms for all the salivary variables studied were 
shown in a high proportion of subjects for each 
variable. This contrasts with the parotid study in which 
curves could not be fitted to the data for calcium and 
carbohydrnteconccntrations from a number ofsubjects. 
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In particular, only 16 out of 28 subjects showed signifi- 
cant calcium concentration rhythms. In these present 
experiments, 12 out of 15 subjects showed significant 
calcium concentration rhythms in submandibular 
saliva. A fundamental sine curve of 24 hr period fitted 
6 of the 12 sets of data and in two of these the phasing 
of the curve was consistent over the separate days. 
Eight subjects showed day-to-day consistency in 
phasing of a combined fundamental and first harmonic 
sine curve although the fit of these separate curves 
was rarely significant because of the small number of 
points. The observations do suggest, therefore, that 
calcium concentration rhythms are more apparent in 
submandibular saliva than in parotid saliva. 

The pattern of maxima and minima of the fitted 
curves was broadly similar to that found in parotid 
saliva. with sodium and calcium concentrations high in 
the early morning and the organic components- 
protein, nitrogen. carbohydrate and total phosphate- 
high some 12 hr later in the day (17.O(f21.00 hr). 
Chloride concentrations which were closely related to 
sodiumconcentrations in stimulated parotid saliva had 
a different pattern in many subjects in submandibular 
saliva and show considerable individual variation in 
timing. 

Re1ationship.s hrtwem rhythms 

A lower proportion of subjects showed significant 
correlation coefficients between variables than in the 
parotid study. Potassium concentrations showed more 
correlations than did other variables, with positive 
correlations with all components except sodium and 
calcium. The most consistent correlation was a positive 
one between potassium and inorganic phosphate con- 
centrations(nine subjects) which contrasts with the lack 
of correlation of these ions in stimulated parotid saliva 
An explanation of this observatron may be that. in 
unstimulated submandibular saliva where our estima- 
tions show that potassium is the major cation and 
phosphate represents at least one third of the anions 
present, the ionic balance is maintained by these two 
ions. This assumes that sodium and chloride are largely 
re-absorbed in the striated ducts at these slow flow 
rates. This might also mean that in stimulated saliva 
such a correlation would disappear as sodium and 
chloride contributed increasingly to the total ionic 
balance. 

Theinfluenceofflow-rateupon concentrations of sub- 
mandibular saliva components is much less well docu- 
mented than that in parotid saliva although the effects 
are usually described as being similar in kind but less 
marked in degree (McCann, 1968). Our data (e.g. Table 3) 
do not show any strong correlations of components with 
flow-rate with the possible exception of a negative 
correlation for- chloride (in one-third of subjects). in 
contrast with the positive correlation found in parotid 
saliva (Thaysen, Thorn and Schwartz, 1954). The 
time of maximum flow-rate is almost 12 hr out of phase 
with the time of maximum sodium concentration so the 
sodium rhythm is the reverse of what would be predicted 

ifchanges in sodium concentration were due to changes 
in flow rate. These observations suggest that the 
circadian variations observed in sodium and chloride 
concentrations are not due to a circadian variation in 
flow-rate of unstimulated submandibular saliva. The 
negative correlations of chloride concentration and 
flow-rate emphasize that the rhythms do not inter-act. 
However, published values for submandibular chloride 
concentration at different flow-rates (McCann, 1968) 
suggest that increasing flow-rate is not accompanied by 
large changes in chloride concentration. Further, in this 
study flow-rates were low and the variations small 
(0.26 & 0.15 mljmin) so that any effects on sodium or 
chlorideconcentrationswould besmall. Protein concen- 
trations usually increase in saliva as flow rate increases 
(Dawes, 1967) but the lack of correlation of the two 
variables under the conditions of this study and the 
observations previously reported on parotid saliva do 
not support the view that circadian protein concentra- 
tion rhythms are dependent upon circadian flow rate 
rhythms in saliva. 

Origins of rhythms 

The conditions of these experiments permitted 
observation of circadian variations in submandibular 
saliva but did not provide any evidence on the 
endogenous or exogenous nature of the rhythms. 

The strong sodium and potassium rhythms found in 
submandibular saliva with very similar times of maxima 
and minima to those in parotid saliva could possibly 
be explained in the same way as we have attempted 
to explain the parotid saliva rhythms-in terms of an 
aldosterone rhythm dependent upon posture and hence 
sleepwakefulness cycles. 

Extunt of circadim variation 

The extent of the variation due to circadian rhythms 
is around 4650 per cent of mean values for most 
variables. The exceptions to this are flow-rate, pH and 
sodium concentrations, pH variation is small because 
all the flow-rates studied are relatively low. Expression 
of the range as a percentage of the mean also tends to 
yield low figures because of the nature of the pH scale. 
The variation due to circadian rhythm in flow-rate is 
nearly twice as great as the similar variation shown 
previously for stimulated parotid saliva (Ferguson 
et a/., 1973). However. the flow-rates of this unstimulated 
saliva are uniformly low with a mean value of O-26 
ml/min (Table I) and on such a value a 78 per cent 
variation would give a range of 0.16-0.36 ml:min. The 
corresponding range for stimulated parotid saliva with 
a mean flow rate of I.22 ml/min and a mean variation 
of48 per cent would be 09L1.53. The actual circadian 
range is therefore three times as great in the stimulated 
parotid saliva. The same argument may be applied to 
sodium concentrations. In submandibular saliva the 
range of circadian variation is almost 100 per cent of 
the mean value whilst in the parotid saliva it was found 
to be about 50 per cent. In absolute concentrations. 
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however, this is equivalent to a mean range in sub- 
mandibular saliva of 1.1554.45 m-equiv./l compared 
with a range of 31-53 m-equiv./l in stimulated parotid 
saliva. The range of circadian variation found in sub- 
mandibular saliva is, therefore, much more consistent 
than that in parotid saliva. A possible explanation of 
this is that variations in constituents of stimulated 
saliva, with very large variations in flow-rate, and. 
therefore, in the extent of modification of the secretion 
in the ducts, are much more dramatic than those 
occurring in the more uniform conditions of minimum 
stimulation with slow flow rates. 

The degree of variation shown by all variables is 
such that the factor of time of day cannot be ignored 
when cbnsidering values for resting submandibular 
saliva components. If submandibular saliva is collected 
for analysis between the hours of 08.00 and 10.00, as is 
the practice in many laboratories, most of its con- 
stituents with the exception of carbohydrate will be 
subject to their maximum rate of variation. Collection 
of samples between 14.00 and 16.00 hr would be pre- 

ferable in order to obtain more consistent values since 
many components show their modal times for maxima 
or minima (e.g. sodium and calcium) and hence are 
subject to the smallest rate of change during this period. 
The variations in protein, calcium and phosphate 
concentrations in the resting submandibular secretion 
are of particular interest in relation to oral disease 
since the ducts of the submandibular glands open 
near to the lingual aspects of the lower incisors, a 
common site of calculus formation and periodontal 
disease but one where dental caries is relatively less 
common. 
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R&sum&-Des variations rythmiques ont Cte mises en evidence dans la salive sous-maxillaire non stimulcc 
de 15 sujets, pour la vitesse de secretion. le pH et les concentrations en sodium, potassium, calcium. 
chlorure, phosphate inorganique et total. proteine, azote et hydrate de carhone. Des variations rythmiqucs 
du calcium et des proteines ne s’observent que chez 12 sujets et les variations du calcium et de pH sent 
moins reproductibles dun jour a I’autre que les autres parametres. 

Une comhinaison d’une onde sinusale fondamentale pendant 24 h et sa premiere harmonique concordent 
avec les resultats de 164 cycles sur 180 Ctudies. Les rythmes des constituants salivaires ne semblent pas 
lies au rythme des vitesses de secretion salivaire. Les rythmes sont similaires au point de vue des phases 
a la temperature buccale a I’exception de ceux des concentrations du sodium. calcium, chlorure ct hydrate 
de carbone. L’ampleur des variations rythmiques. du maximum au minimum, est d’environ 40-50 pour 
cent de la valeur moyenne de la plupart des constituants. Les changements de concentration des composants 
salivaires dans la salive sous-maxillaire non stimulee. lies B des variations rythmiques, sont les plus faihlcs 
en debut d’apres-midi. Des variations considerables de la chronologie des rythmes selon les sujets sont 
notees. 

ZusammenfassungPIm nichtstimulierten Submandibularspeichei von 15 Personen wurden beziiglich der 
FlieBrate. des pH und der Konzentrationen von Natrium, Kalium, Kalzium. Chlorid, anorganischem und 
Gesamtphosphat, EiweiB, Stickstoff und Kohlenhydrat rhythmische Schwankungen nachgewiesen. Fur 
Kaldum und EiweiB war dieser Rhythmus lediglich bei 12 Personen festzustellen, und fur Kalzium und 
pH war der Rhythmus von Tag zu Tag wenigerals andere Rhythmen reproduzierbar. 

Die Kombination einer sinusformigen Grundwelle mit 24 Std-Periode und deren erster Harmonischen 
entsprach den Daten von 164 der insgesamt 180 untersuchten Zyklen. Der Rhythmus der Speichelbestand- 
teile schien nicht vom Rhythmus der SpeichelflieBrate abhangig zu sein. Hinsichtlich der Phasen waren 
die Rhythmen der Mundtemperatur Ihnlich. ausgenommen die Konaentrationen fur Natrium. Kalzium. 
Chlorid und Kohlenhydrnte. Das AusmaB rhythmischer Schwankungen von Maximum zu Minimum 
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betrug bei den meisten Speichelbestandteilen etwa 40-50 Prozent des Mittelwertes. Auf die rhythmischen 
Storungen zurtickzufiihrende Konzentrationsveranderungen der Speichelbestandteile im nichtstimulierten 
Submandibularspeichel diirften am friihen Nachmittag am geringsten sein. Zwischen den Versuchsper- 
sonen wurden erhebliche Variationen beziiglich des Zeitablaufs der Rhythmen beobachtet, 


