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Saliva as a medium for chronobiological studies:
its particular potential in steroid endocrinology

Douglas W. WILSON, Richard F. WALKER and Keith GRIFFITHS

Tenovus Institute for Cancer Research, University of Wales College of Medicine,
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Summary. - This paper indicates the potential of saliva as a medium for chronobiological studies.
It has principally focussed on the work of the Tenovus Institute for Cancer Research, at the University
of Wales College of Medicine over the past decade or more, particularly for steroid hormones, so as to
give an authoritative viewpoint based on practical experience. The article discusses issues ranging from
technical to clinical aspects of hormone assay in saliva, showing unadvantages and limitations of use.
Increasingly, many other investigators are developing and applying assays for salivary steroids and it is
timely that such assays become tools in the hands of the chronobiologist. The clinical-biochemical
importance of saliva resides also in the fact that in its context it is possible to assay enzymes, toxic
substances and drugs.
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Riassunto (La saliva come mezzo di studi cronobiologici: sue particolari potenzialitd in endocrinologia
steirodea). - L’articolo prospetta la potenzialitd della saliva come mezzo per studi di ordine cronobiolo-
gico, In particolare, viene messo a fuoco il lavoro svolto al Tenovus Institute nell’ultima decade ed
oltre, specie per gli ormoni steroidei, al fine di fornire un autorevole punto di vista basato sulla espe-
rienza. L’articolo spazia dagli aspetti tecnici a quelli clinici del dosaggio ormonale nella saliva. Constata
che un numero crescente di ricercatori sta sviluppando ed applicando il dosaggio salivare degli steroidi
e prevede che sia giunto il tempo che questi tipi di dosaggi divengano uno strumento nelle mani dei
cronobiologi. L'importanza clinico-biochimica detla saliva risiede anche nel fatto che nel suo contesto ¢

possibile trovare tracce di enzimi, eventuali sostanze tossiche e farmaci.
Parole chigve: cronobiologia, cronoendocrinologia, ritmi circadiani, ritmi ormonici, ritmi salivari.

Introduction

It was the pioneering studies of Shannon er al.
[1-3] which first focussed attention on the value of
parotid fluid as a medium in which to measure
steroid hormone concentrations. However, several
factors influenced the slow rate of progress in this
field of research, not least of which was the technical
difficulty of reliably measuring the low concentra-
tions of steroid found in saliva. The development of
sensitive and more specific immunometric techniques
[4] in the 1970s provided the required impetus to
assess whether salivary steroid hormones have a
practical value in clinical endocrinology and related
disciplines.

During the 1980s, the Tenovus Institute, with its
analytical expertise, developed reliable immunoassays
for a wide variety of steroids in saliva [5, 6], and was
able to show that mixed, unstimulated saliva was a
useful substitute for parotid fluid, and that concen-
trations of neutral steroids in saliva were also largely
independent of flow rate. Furthermore, steroid con-
centrations were found to be of the order of 5% of
the plasma concentration and so resembled the
non-protein bound concentration found in plasma,

presumed to be the ‘bivlogically active concentration
available to tissues. Thus frequent sampling without
paramedic assistance, the ease of collection “in the
field”, storage stability and easy shipment of saliva
samples are additional features which make the use
of saliva an attractive biological medium in chrono-
biclogical research programmes.

It is now clear from a number of clinical studies
that salivary steroid assays can be useful in a
chronobiological setting to study rhythms ranging
from ultradian to circatrigintan and beyond [7-9].
Relevant background information and some
examples of various applications are now presented
to assist the chronobiologist who may wish now to
take advantage of this exciting research.

Institute assays for salivary steroids

Reliable and well-validated methodologies have
now been published for cortisol [10], 17 a-hy-
droxy-progesterone [11], progesterone [12], testos-
terone [13, 14], androstenedione [15], oestriol [16],
and subsequent reports have confirmed our original
observations.
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Assays for 18-hydroxycorticosterone [17], dihy-
drotestosterone [18], aldosterone [19, 20], oestrone
[21] and oestradiol [22] have been reported by
other groups. Critical consideration should however
be given to the literature, especially when attempt-
ing to compare results from one laboratory to
another [23].

General, analytical and biological considerations
in the use of salivary steroid assays

General considerations

~ Children and most adults find it easy to salivate
directly into wide-necked, disposable plastic tubes
of whereupon 3 ml can be collected within 10 min,
but elderly subjects may experience a little more
difficulty. Although some investigators have sugges-
ted the need for stimulated saliva, consensus opinion
would suggest that stimuli are probably best avoid-
ed. Samples should be taken before food ingestion
or otherwise the mouth needs to be rinsed-out with
water to remove debris some ten min before samp-
ling. Blood contamination arising from bleeding
gums or over-zealous brushing of teeth must be
avoided. Collection of samples whilst the subject is
asleep is obviously difficult - though small samples
can be aspirated from sleeping babies using an
appropriate suction device.

Sample storage presents little difficulty. Samples,
properly labelled, are usuaily stored in the freezing
compartment in the domestic refrigerator using a
plastic box with accommodating holes for as many
as 40 tubes. Under cold or even temperate climatic
conditions, together with a postal service of say 3
days, samples may generally be posted to the ana-
lytical laboratory without apparent deterioration. Tt
is good practice, however, to expose internal quality
control samples to the same conditions of storage
as the samples, and to ship the comsignment of
samples in dry ice to the analytical laboratory. In
this way, checks on the stability of the samples is
inferred. In cases where the numbers of samples
lead to a lengthy time-span of storage, certain
samples can be assayed repeatedly to provide added
assurance, and statistical considerations should be
given to minimising any time-effect in the end
analysis.

Analytical considerations

The concentration of steroids found in mixed
saliva is approximately 5% of that circulating in
plasma and resembles the non-protein bound frac-
tion (frec) available to tissues. Analytical methods
must be accompanied by technical data relating to
specificity, sensitivity, precision and internal quality
control criteria [24]. Accuracy, and therefore bias,
should be assessed using a reference method such
as high resolution [25, 26], gas chromatogra-
phy-mass spectrometry (GC-MS3),

In the case of cortisol, for example, the correlation
coefficient, gradient and y-intercept for the data
from a direct assay (y), spanning the range 0-60
nMol/l, versus the GC-MS assay (x) were 0.99,
0.98, and 0.81 nMol/l respectively. It is also useful
to know the intended area of application of the
assay. For cxample, an assay for male salivary
testosterone may be totally inappropriate for the
female due to inadequate specificity. It is also
noteworthy to distinguish steroid conjugates from
the neutral steroid. The merits of direct versus
indirect (solvent extraction) assays should, where
applicable, be weighed-up against the advantages of
high through-put, particularly where hundreds or
thousands of samples may be involved in the study.
Chronobiological investigations by their very nature
generally require more samples, at least initially,
than more conventional studies.

Biological considerations

Research at the Institute has rigorously evaluated
concentrations of steroids in parotid fluid (collected
using a Carlsen-Crittenden device or Curby cup)
and compared these with those in mixed saliva and
found good agreement [6]. For example, the corre-
lation coefficient, gradient and y-intercept for 17a-
hydroxyprogesterone in parotid fluid (y) versus
mixed saliva (x), covering the range 0-20 nMol/l
were 0.98, 0.96 and —0.342 nMol/l respectively;
corresponding values for cortisol over the range
0-70 nMol/l were 0.99, 1.00 and 0.53 nMol/l. In
citric acid stimulation tests to determine whether
steroid concentrations were flow-dependent, data
for the neutral steroid, in stimulated or unstimulated
situations, were almost co-incident [6]. Although
mixed saliva was an acceptable medium in the
senses described, it was uncertain as to whether
concentrations of steroids in saliva would reflect
plasma levels both under so-called normal physio-
logical conditions, or in situations where parts of
the  hypothalamic-pituitary-adrenal or hy-
pothalamic-pituitary-gonadal axes were stimulated
or suppressed. Matched plasma and saliva samples
were collected under a variety of conditions and
concentrations of steroids in saliva generally mir-
rored those found in circulating plasma [6]. How-
ever, certain potential pitfalls still exist and need
to be recognised: mixed saliva often contains a
small amount of crevicular fluid and if the hor-
mone in question is extensively bound in plasma,
then the crevicular fluid will give rise to higher
values. Moreover, the salivary glands themselves
contain the enzyme 115 B-dehydrogenase which
can convert cortisol to cortisone. In such circum-
stances cortisol will probably be replenished, but
cortisone will accumulate in saliva giving rise to
levels much higher than the “free” found in
plasma. Finally, oral bacteria in the mouth may
bring about metabolic changes, but under the
conditions of storage described, this has not been
observed to be a problem.



Chronobiological applications of salivary steroid
assays: adrenal activity

Cortisol

It is now relatively easy to measure cortisol in
saliva either using in-house reagents or commercial
kits, There are also few controversies concerning
its usefulness. At the Institute, circasemidian and
circadian salivary cortisol rhythms have been
studied in the newborn and older infants [27], and
it is of future interest to determine if these rhythms
are different in premature or sick babies. Circadian
rhythms of salivary cortisol have been studied in
relation to physical exercise experienced by Arctic
explorers [28, 29] and concentrations have been
monitored during marathon runs [30]. Salivary
cortisol assays may also be used in psychiatry to
study endogenous depression. Actually, it is now
realised that endogenous depression probably com-
prises an array of illnesses with some common
features, some patients however escape the
counter-regulatory mechanisms that control corti-
sol secretion such that plasma concentrations are
high. Salivary cortisol assays have already been
used to “identify” DSM-111 patients, ie. those
with “Major Depression with Melanchelia”, as
escapers from the dexamethasone test [31, 32].
Important changes in the time-structure of cortisol
secretion may be important markers for the dis-
ease. In this context, salivary melatonin holds
promise particularly in studies of Seasonal Affec-
tive Disorder.

Further details on the potential value of salivary
cortisol assays in chronobiology in relation to men-
tal health, “stress”, exercise and sports medicine,
human development and breast cancer have been
reported elsewhere (8, 9].

17a-hydroxyprogesterone

The treatment of congenital adrenal hyperplasia
with exogenous corticosteroid aims to impose a
balance between 17a-hydroxyprogesterone, and an-
drostendione and testosterone secretions. Inadequate
treatment results in virilisation and the androgens
remain high, whereas over-treatment causes sup-
presion of growth hormone secretion. Thus, under
so-called normal circumstances, 17a-hydroxyproges-
terone exhibits a circadian rhythm and it is this
rhythm which, serving as an adrenal marker, must
be controlled by an optimum dosage regimen of
hydrocortisone to achieve adequate glucocorticoid
availability and hence suppression of excess adrenal
androgen production. Salivary 17a-hydroxyproges-
terone profiles, constructed from samples collected
by the patients themselves, at say the week-end,

provide the data for the quantification of the near.

optimum circadian rhythm, suitably adjusted by
treatment as required. Clearly, the rhythmic ap-
proach rather than the single sample of saliva is
most advantageous [33].
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Androstenedione

It is possible that the degree of control of
treatment for congenital adrenal hyperplasia could
be augmented by quantifying circadian rhythms
of androstenedione in addition to 170-hydroxyp-
rogesterone, though the latter is generally the
preferred marker. Androstenedione is also a can-
didate hormone for studies in human development,
particularly during adrenarche, puberty and ado-
lescence [34].

Gonadal activity

Testis: testosterone

This hormone is particularly nseful in studies of
male pubertal development [35). Circadian rhythms
have been characterized for each of the 5 genital or
pubic hair stages. The amplitude and mesor exhibit
progressive positive changes in relation to increasing
genital development until these parameters are simi-
lar to those of the adult male. Time-qualified cir-
cadian rhythms, or reference ranges of salivary
testosterone are being used at the Institute to

investigate hyper- or hypo-gonadat activity, or de-

layed onset of puberty. Similar investigations may
be made to study the changing activity of the
hypothalamic-pituitary testicular axis in the aging
male, a study of possible relevance to the develop-
ment of prostate cancer. Salivary testosterone con-
centrations have also been used to investigate the
possible suppressive effect of cortisol on testosterone
secrction during strenuous exercise (28, 29], particu-
larly in marathon runners [30]. Other examples of
application of the salivary testosterone assay have
been suggested elsewhere |8, 9].

It is pertinent to note that analytical difficulties
exist in the reliable estimation of testosterone in
female saliva [23].

Ovary: progesterone

Considerable scope still exists for indirect studies
of ovarian progesterone secretion during pubertal
development, maturity and the time-span of ovarian
decline. Circadian variations in salivary progesterone
concentration during the luteal phase are consider-
able [7]. Studies from this Institute have also quan-
tified circatrigintan patterns of salivary progesterone
concentrations found in the mature, premenopausal
woman [36]. Semi-quantified changes in circatrigin-
tan progesterone concentration profiles have been
monitored before, during and following menarche
in British girls [37). Salivary progesterone concen-
trations in post-pubertal girls living in Britain and
Thailand, who were matched for chronological and
gynaecological age, have also been compared; the
British girls exhibiting the circatrigintan pattern of
the mature premenopausal woman sooner than the
Thais [38]. Other proposed applications have been
cited elsewhere [8, 9].
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Other applications

The potential scope of saliva in chronobiological
studies is substantial. Undoubtedly as the potential
usefulness of human saliva continues to be ex-
plored, drug monitoring will take up a prominent
position in future research. A review of the cur-
rent literature demonstrates that theophyiline,
digoxin, anti-convulsant, anti-arrhythmic, anti-in-
flammatory, anti-microbial, anti-biotic and anal-
gesic drugs can be measured in saliva. Other
analytes in saliva, such as B-human chorionic
gonadotrophin, carcinoembryonic antigen, insulin,
growth factors, thyroxine, melatonin, phyto-oes-
trogens and related compounds, and many other
substances await their potential exploitation, either
as their molecular entity or possibly as djstinct
metabolic fragments.
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