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Abstract-The concentrations of oestradiol and progesterone have been measured in salivary 
specimens collected daily over a complete menstrual cycle in 12 patients wìth operable breast cancer 
and 12 normal control volunteers. There was no significant differente (P > 0.05) for either 
hormone between these two groups. Both showed a mid-cycle rite in oestradiol levels followed by a 
smaller but sustained increase during the luteal phase. The progesterone concentration increased 
marhedb during the luteal phase of the cycle. 

Total or non-protein bound oestradiol levels measured in blood samples from 19 normal women 
were both linearly correlated (P < 0.001) with the concentration of oestradiol in matched salioa 
samples. The amount of free oestradiol in blood was about twìce that found in saliva. 

INTRODUCTION 
THERE IS a grcat deal of circumstantial cvidence 
indicating that oestrogcns are of importante in thc 
actiology of breast canccr [ll. Ncverthelcss, 
measurcmcnt of thcsc hormones in blood and urine 
has not been of valuc in elucidating thcir rolc in the 
diseasc. Howevcr it has been assumed that thc 
total amount of ocstrogens in blood, or thcir 
mctabolites in urine, is dircctly rclatcd to oes- 
trogenic action. Thc possibility that thc binding of 
oestrogens to proteins in thc bloed wil1 altcr thcir 
biological activity has been largcly ignorcd. 

Morc recent studies have examined thc role of 
non-protcin-bound, or fret, ocstradiol in the actiol- 
ogy of the discasc. These investigations have showt1 
that prc and post menopausal paticnts with breast 
canccr have significantly highcr lcvcls of frcc oes- 
tradiol than controls (2-51 and that womcn who 
dcvclop breast canccr have raiscd free ocstradiol 
bcfore clinical onsct [6]. Also, normal Japancsc 
women (at low risk of breast cancer) have almost 
twice as much oestradiol bound to sex hormonc 
binding globulin as normal British womcn who arc 
at highcr risk [7]. Although thc mcdian valuc for 
non-protcin-bound ocstradiol was similar for both 
races thc proportion of oestradiol that was weakly 
bound to albumin in British womcn was twicc that 
found for Japancsc fcmalcs. 

It has been claimed that one of thc advantagcs of 
measuring stcroid hormoncs in saliva is thc direct 
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equivalencc bctwcen thc amount of biologically 
available steroid in blood and thc concentration of 
that steroid in saliva [8-101. If this is so, thcn thc 
measurement of oestradiol in saliva could bc of 
importancc not only in helping to invcstigatc thc 
biology of the disease but also in the identification 
of women at increased risk. 

It has also been claimcd that reduccd progcstcr- 
onc sccretion during thc luteal phase of thc mcn- 
strual cycle leads to an incrcased risk of devcloping 
brrast cancer [l l] although it has rccently been 
rcported that the conccntration of salivary prog- 
csterone in paticnts with breast cancer is similar to 
that found in unaffccted women [ 121. This present 
study would, thereforc, afford an opportunity to 
confirm thc latter finding. 

We have thcrcforc measurcd thc conccntrations 
of oestradiol and progesteronc in saliva samples 
collected daily over a complete mcnstrual cycle 
from womcn with proven brcast cancer and from 
controls, matched for age and parity. In addition 
the leve1 of salivary oestradiol has been comparcd 
with the amount of non-protein-bound, or frcc, 
oestradiol in the bloed of a group of normal 
voluntccrs. 

METHODS AND MATERIALS 
Su bjects 

Thc paticnts with brcast canccr wcrc 12 womcn 
who had undergonc treatment at least 6 months 
prior to saliva collcctions and had no overt cvi- 
dcnce of recurrcncc or mctastascs. Twclvc hcalthy 
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women wcrc uscd as controls. Both groups of 
womcn were cxpcriencing rcgular menstrual cyclcs 
and nonc had taken oral contraccptivcs for at least 
12 months. Each of these subjccts providcd daily 
saliva samples for one complctc menstrual cycle 
according to a writtcn protocol. Voluntccrs wcrc 
instructcd to rinsc out their mouths with tap water, 
but not to brush their tceth, beforc saliva collcc- 
tion. At least 5 min was then allowed to clapsc 
before saliva collection commcnccd to avoid dilu- 
tion of saliva with water. Saliva samples were 
tested for thc prcsencc of haemoglobin with Lab- 
stix (Ames) and none showcd blood contamination 
in cxcess of 0.01%. The first collection coincided 
with thc first day of the cycle and the datc of thc 
next menstrual cycle was recorded. The time of 
saliva collection was not controllcd and was bc- 
twccn 9 a.m. and 9 p.m. Details of these two groups 
are given in Table 1. 

In addition to these voluntcers, matched blood 
and saliva samples were taken from a further 19 
normal women aged betwccn 20 and 45 ycars. 

Table 1. Characteristics of patients with breast cancer and 
unaffected controls 

Patients Controls 

.4gc 43.2 f 2.9* 43.4 z!z 2.7 
M’eight (kg) 62.0 1: 10.5 59.7 + 5.6 
Height (cm) 164.3 f 5.6 164.2 + 5.9 
Parity 2.42 f 1.16 2.25 f 0.91 

(Range) (1-4) (1-5) 
Cycle length (days) 25.3 + 1.7 25.8 + 1.6 

(Range) (23-29) (23-29) 
Kumber 12 12 

* Mean f S.D. 

Saliva and blood 
Volunteers were given plastic vials into which 

they collected saliva by direct salivation. Since thc 
specimens were collected at home they were stored 
in the voluntecrs’ domestic dcep-freeze or freezer 
compartment of the refrigerator. Thc samples were 
sent to thc laboratory by mail; thc posting day 
being cither Monday or Tuesday to avoid dclay in 
the post over wcekcnds. Trial cxperimcnts showcd 
that the titrc of oestradiol was unchanged in saliva 
kept at room temperaturc for up to 3 days. Saliva 
samples on arrival at thc laboratory were stored at 
-20°C until analyscd. 

The matched saliva and blood specimens were 
collected within 15 min of each other. Thc blood 
was allowed to clot at room tcmperaturc and thc 
serum scparated. Saliva and serum samples were 
stored at -20°C. 

Assay of oestradiol in saliva 
Saliva (1 ml) was extracted with 3.5 ml of a 

mixture of analytical gradc isopentane and frcshly 

distilled ether (v/v 4 : 3). After frcezing the saliva 
in a bath of solid COJcthanol, thc organic phasc 
was decantcd into 50 X 13 mm bacteriological 
glass tubes. The organic solvent was cvaporatcd by 
plating the tubes in a heating black the tempera- 
turc being gently raiscd from 30 to 40°C. The mean 
recovery of tritiated oestradiol from six saliva 
samples by this organic solvent was 97% (4 1% 
S.D.). Thc amount of oestradiol in cxtracts was 
estimatcd by radioimmunoassay using thc mono- 
clonal antibody 6E 1 [ 131 and 3000 cpm of tritiated 
oestradiol ([2,4,6,7,16,17-sH] ocstradiol, 152 Ci/ 
mmol Amersham International plc). The final 
assay volume was 500 ~1 and the buffer was 
physiological saline (pH 7.4) containing 0.1% 
(w/v) gelatine and 0.1% (w/v) sodium azide. The 
samples were allowed to equilibrate ovcrnight at 
4°C and the unbound radioactive ligand was scpa- 
rated by the addition of 50 ~1 of an aqucous 
mixture of dextran (0.08 mg/ml) and charcoal (8 
mg/ml) to each assay tube. After mixing, the tubes 
were kept on ice for 20 min, then centrifuged and 
tritium counts determined in the supernatant in a 
Packard PLD-Tricarb PRIAS liquid-scintillation 
counter. Assay samples for counting were placcd 
into plastic inserts (Sterilin, Cat. No. 505) and 3.5 
ml phosphor (Packard Pico-Fluor 15) added. Thc 
efficiency was 45% and samples counted until at 
least 10,000 cpm were accumulated, giving a 
counting error of 1%. 

The sensitivity of the assay was such that a 50% 
reduction in the binding of radioactive ligand 
corresponded to 6 pg (22 fmole) on the standard 
curve. The minimum amount that can be detected 
with a 95% certainty is 0.7 pgltube which repre- 
sents 2.6 pmol/l in the assay. 

Accuracy was assessed by measuring oestradiol 
levels in saliva samples to which known amounts of 
oestradiol had been added. The results are shown 
in Table 2. 

The specificity of the assay was considercd to bc 
satisfactory for the following reasons. Thc mono- 
clonal antibody 6El used in this assay is highly 
specific having cross-reactions with ocstronc and 
oestriol of only 0.04 and 1 .O%, respectively [ 131. 
Furthermore, the mixture of isopentane-ether re- 
duces the amount of polar matcrial extractcd. Thc 
cffectiveness of this can be judged by thc fact that 
45% of oestriol was recovcrcd in this solvent 
system compared with over 80% using ether alonc. 

Table 2. Accuracy of oestradiol assay 

pp Added pg Mcasured DifTerence n 

0 0.7 tr 0.2* _ 6 
2.6 3.0 & 0.1 2.3 6 
5.2 5.6 + 0.2 4.9 6 

* Mean + S.D. 
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Finally, thc displaccmcnt of tritiatcd ocstradiol by 
varying amounts of saliva cxtracts was csscntially 

parallel to that of standard ocstradiol. 
Thc assays for progcstcronc and ocstradiol wcrc 

so dcsigncd as to attcmpt to minimisc batch bias 
whilst at thc samc timc kccping to a minimum thc 
numbcr of assays pcrformcd. The saliva samples 
from a complctc mcnstrual cycle from a cancrr 
paticnt and a non-alhictcd woman wcrc proccsscd 
togcthcr. Thc dctcrmination of salivary stcroid in 
canccr and controls wcrc altcrnatcd in such a way 
that thc samples for day 1 of thc menstrual cycle of 
thc cancrr and control was followed by thr saliva 
samples for day 2 ofcanccr and control, and so on, 
until thc end of thc cycle. In addition the order of 
canccr and control was altcrnated such that if 
thc cancers were lirst in one assay (i.e. odd 
numbrrs) thcn thc cancers would bc placcd sccond 
(i.c. cvrn numbrrs) in thc following assay. Thcrc 
wcrc standard curves (in duplicate) at thc begin- 
ning and half-way through cach run. In addition 

four batchrs of quality controls were placcd evcnly 
throu,ghout rach assay.. 

For thc purposc of scparation of bound from frcc 
li,gand thc assay was dividcd into two equal halvcs 
and cach half proccsscd scparatcly. This mini- 
miscd thr variation dut to diffcrcnt timcs for which 
charcoal was prcscnt. 

‘fhc intrr and intra assay variations bascd on thc 

two quality control pools for the entirc experiment 
was 15% and 12% (mean 7 pmol/l) and 14% and 
10% (mcan 10 pmol/l) respectively. Figure 1 

cl00 

VL ’ I I I 1 
0.7 1.3 2.8 6.2 10.6 

po osatradlol per aaaay tube 

Fi~que 1. rlctumulated standard curoes for oestradiol assq~‘. íI repre.rents I+ïgure 2. Accumulated standard curves for progerterone a.,sqv. B repre- 
the binding at the giwn concentration of .rtandard lus that for the .rents the bindinq at the given concentration of .rtandard leu that for the 

non-spec$c binding and B,, represents the binding at nil concentration DJ non-specijc binding and B,, represents the binding at nil concentration OJ 

standard les.7 that for the non-.rpectjíc binding. The scatter bars indicate the standard less thatfor the non-spec$c binding. The rcatter bau indicate the 

S.D. LIJ’ thr 24 standard cuws (12 asqvs) used for measuring saliuarv standard deviation of the 24 standard cumc ( 12 a.rsqr) u.red .for 

oeytradiol. 10.5 p,q of oertradiol per assqv tube represent 38.6 pmol qf measuring .salioay progesterone. Eigh[v picogram of proge.rterone per 
oestradiol per lztre qf salim. a.r.rqr tube represenk 1017 pmol of progesterone per lftre of talion. 

shows thc accumulated standard curves for thcsc 
assays. 

Assay of j3rogeslerone in saliua 
Saliva (0.25 ml) was cxtractcd with 4 ml of 

isopcntanc in glass-stoppercd tubes (Quick-lit 
MF24/0/4). The prcparation of thc extract for 
radioimmunassay was thc samc as that describcd 
for the assay of salivary oestradiol. Thc mcan 
rccovcry was 95% (t- 3% S.D.) for cight samples. 

Thc radioimmunassay system uscd thc monoc- 
lonal antibody 1 lP27 [ 141 and 4000 cpm of 
[ 1,2,6.7-“H) progestcronc (92 Ci/mmol; Amcr- 
sham International plc). The rcmaindcr of thc 
assay was thc samc as that for ocstradiol cxccpt 
that thc tubes were incubatcd at 37°C for 45 min 
beforc lraving ovcrnight at 4°C. 

Validation of this mcthod has alrcadv been 
dcscri hcd [ 141, 

Thc intcr and intra assay variation bascd on thc 
two quality control pools for al1 thc assays was 12 
and 10% (mean 133 pmol/l) and 14 and 4% 

(mean 3 18 pmol/l), respectively. Figure 2 shows 
the accumulated standard curves lor thcsc assays. 

Serum oestradiol assg 
Thc total serum ocstradiol was dctcrmincd using 

a radioimmunoassay method alrcady described 
[ 161 except that a specific monoclonal antibody to 
ocstradiol 6El [ 131 was used instead of a rabbit 

polyclonal antibody. 

8x100 
Bo 

. . 
5 10 20 40 80 

pg vogesterone per assay tube 
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Determinalion of percentage non-prolein-bound oeslradiol 
The proportion of ocstradiol bound to blood 

protcins was dctcrmined using a ccntrifugal 
ultrafiltration dialysis of undilutcd serum at 37°C 
as dcscribcd by Hammond el al. [ 171. 

RESULTS 
Salivary oestradiol and progesterone levels irì palienls wilh 
breasl cancer and conlrols 

Thc mcan amounts of salivary ocstradiol (Fig. 3) 
and salivary progestcronc (Fig. 4) throughout thc 
mcnstrual cycle in paticnts with brcast canccr and 
controls arc similar. Both groups of womcn cxhibit 
the samc pcak values at day 11 for ocstradiol and 
on days 18 to 22 for progesteronc. 

Thc mean amounts of ocstradiol for thc com- 
bined study groups are about 6 pmol/l during the 
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Figure 3. Salivary oestradiol levels during the mcnstrual cycleforpatients 
with breast cancer and unaffected control women. The daiJy mcan values of 
.salivay oestradiolfor 12 patients with breast cancer (o---o) are compared 

with 12 unaffected women (m- - -0) matched for age nnd pari&. 
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bïgure 4. Saliuary progesterone levels dwing the menstrual qrle for 
patients mith breast cancer and unaffected control women. The daiiv mean 
values of saiivay progesterone for 12 patients mith breast cancer (o---O) 
are compared with 12 unaffected toornen (w - -.) matched for oge nnd 

par$v. 
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Figure 5. Saliva~ oestradiol and progesterone levels during the menstrual 
yle for the combined breast cancer cases and controls. The levels of 
salivary oestradiol (.- - -.) andprogesterone (0- - -0) are the mean values 

for the combined cases and controls (n = 24). The scatter bars represent 
the standard errors of the means. 

early follicular phase of the cycle (Fig. 5) which risc 
to a peak value of 10 pmol/l at day ll. After this 
peak value the mean levels decline for 2 days and 
then remain at 7-8 pmol/l for most of the luteal 
phase. 

Progesterone levels are about 50 pmol/l during 
the first half of the menstrual cycle and rise sharply 
during the luteal phase to reach a peak valuc in 
excess of 300 pmol/l at day 20 (Fig. 5). The 
average amount of progesteronc then falls rapidly 
until menstruation. 

Relationship between serum and saliuary oestradiol levels 
Therc is a highly significant linear correlation (r 

= 0.79; P < 0.001) between salivary ocstradiol 
leve1 and the total amount of the hormone in blood 
for the 19 volunteers studied (Fig. 6). Therc was a 
similarly significant rclationship between the 
amount of oestradiol in saliva to that not bound to 
carrier-protein in blood (Fig. 7; r = 0.78; P < 
0.001). The slope of this linear regrcssion was 0.34 
which implies that thc amount of salivary oestra- 
diol was appreciably less than that found fret in 
blood. 

DISCUSSION 
Levels of salivary oestradiol in normal parous 

womcn throughout the menstrual cycle wcrc vir- 
tually idcntical to thosc in patients with early 
breast canccr who were stil1 maintaining regular 
mcnstrual cyclcs aftcr treatment. Thc pattcrn of 
salivary ocstradiol levels over the menstrual cycle 
in which thcre is a pcak in thc late follicular phasc 
followed by a second rise in thc lutcal phasc is 
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F~gure 6. Relationship between salion~v nnd total bloed oestradiol. The 
equotion of the linear regression ofoertradiol leuels in sali~‘a and bloed in 
19 wlunteerr without brenst cancer u~a.r y = 6.5x + 2.34 where y is the 

amount oJ saliua~ oestradiol (pmol/l) and x = total oestradiol 

(nmdl). Thc interval of time belween collecting salica and bloed 
rperimenc was 1e.r.c than 15 min. 
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FREE BLOOD OESTRADIOL (gmol/L) 

Kgure 7. Relation.thip between saliuay and free blood oestradiol. The 
equation of thr linear re~gwrston of oestradiol levels in salioa against 

non-protein bound bloed oestradiol is y = 0.34x + 2.65 where y is the 
nmount oJ. soliun!v oestradiol (pmol/L) and x is the amount of 
non-protein bound wrtradiol (pmol/I.). The 19 normal women are the 

same as these described in Fig. 6. 

similar to the wcll-documcnted changcs which 
occur in blood. Howcvcr, thcsc changes in salivar) 
lcvcls arc noticcably Icss pronounced that thosc 
which occur in blood. Thc mid-pcak of salivary 
ocstradiol which occurrcd at day 11 is in accord 
with thc data of Donaldson et al. [ 181 who rcportcd 
a peak at day 12 (assuming the LH pcak occurrcd 
on day 14). Thc present mid-cycle pcak valuc of 10 
pmol/l is similar to 8 pmol/l reported by Donald- 
son [ 181 but less than 22 pmol/l and 50 pmol/l 
reported by Evans et al. [ 191 and Walkcr el al. [20], 
respectively. Thc sccond ocstradiol pcak during thc 

luteal phase of 7-8 pmol/l lies within the lowcr 

range of 4 pmol/l, 22 pmol/l, 25 pmol/l and 

29-129 pmol/l reportcd by Donaldson et al. [ 181, 

Evans et al. [ 191, Walkcr ~1 al. [ 20) and Choc PI al. 
1211, rcspcctivcly. 

Paticnts with brrast canccr had normal Icvcls of 
salivary progcstcronc during thc menstrual cycle 
which is in accord with thc rrccnt report of Rcad 
and his collcagucs [ 121. Thc singlr lutcal phasc 
pcak of salivary progcstcrone is similar to that 
found to occur for blood progcstcronc. Thc prcscnt 
peak value of about 350 pmol/l falls in thc range 
300-500 pmol/l reportcd by othcrs (9, 22-241. 

The saliva samples in this study w&c collcctcd 
betwecn 9 a.m. and 9 p.m., thc timc bcing dctcr- 
mined bv what was convenient for thc voluntrcr. 
After the commencemcnt of this study it was 
reportcd by Rcad et al. [ 121 that thc salivary 
progesterone lcvels wcrr highcr in thr rvcnings 
than thc mornings. Howrver, fi)r thc following 
reasons we do not belicvc that this factor altcrs thc 
conclusions of this study. 

Firstly, thc diffcrence was smal1 and only signi- 
ficant if statistically analyscd within sub&cts. Crr- 
tainly in this study thc timc of collcction did not 
significantly influcnce salivary progcstcronc lcvcls 
when analyscd on a bctwccn-suhjcct basis. Thc 
coefficicnt of variation bctwccn subjccts in thc 
study of Rcad et al. [ 121 was of thc order of 50% for 
both morning and evcning progcstcronc lcvrls. 
Thus the addcd variancc dut to not controlling fi)r 
timc of collcction would bc trivial comparcd with 
thc overall bctwcen-subject variancr. Srcondly, in 
the study of Rcad el al. [ 121 thc morning-cvcning 
differencc was only significant in control womcn 
but not for thosc paticnts with hrcast canccr. 
Thirdly, thc conclusion that thcrc is no significant 
diflÌcrencc bctwcen the concrntration of salivary 
progcstcrone in paticnts with brcast canccr and 
controls is the same as that arrivcd at by Rcad el nl. 
[ 121 who controllcd for timc of saliva collection. 

Therc are sevcral reports claiming that thc 
amount or proportion of frce oestradiol is raisrd in 

women who havr cithcr brcast canccr or an in- 
crcascd risk of dcvcloping thc discasr [ 2-71. Chc of 
thc reasons for the present invcstigation was to 

determinc whcther the amount of salivary stcroid is 
equivalent to thc levcls of biologically availablc 
stcroid in blood as has been claimcd [8-101. It is 
thcreforc surprising that, in thc light of so much 
cvidcncc implicating blood frcc ocstradiol in thc 
aetiology of brcast canccr, no abnormalitics could 
bc disccrncd in salivary ocstradiol lcvcls. Sincc our 
rcsults are contrary to what might have been 
cxpectcd WC cxamined whcthcr salivary ocstradiol 
levcls are cqual to the amount of ti-cc ocstradiol in 
blood. Dcspitc thcre bcing a highly significant 
lincar corrclation bctwccn thcsc two paramctcrs, 



432 D. Y. Wang et al. 

thc amount of salivary ocstradiol was lcss than half 
that for serum frce ocstradiol. Chcarskul et al. [25] 
also found significantly less ocstradiol in saliva 
than thc fret stcroid in blood. For salivary and 
serum-frcc ocstradiol to be cqual in conccntration, 
would require that only 1% of ocstradiol in blood is 
frcc; a situation only normally found in prcgnancy 
[ 17,261. The mean percentage (dz S.D.) of fret 
oestradiol in sera was found to be 1.84% (+ 
0.29%), which agrccs with 2.2% by equilibrium 
dialysis [27] and 1.6% by centrifugal ultrafiltration 
[ 171. Evans and his colleagues [ 191 reportcd that 
thc concentration of ocstradiol in saliva was O.l- 
0.2% of levels found in plasma. 

In addition to the present rcsults for oestradiol 
thcre are other stcroids for which the amount found 
in saliva does not appcar to be equivalent to that 
found frce in blood. Thus thc conversion of cortisol 
to cortisone in the salivary gland [28] makes the 
interpretation of salivary cortisol levels uncertain. 
Studies of this hormonc by Uemeda et al. [29] led 
them to conclude that the passage of steroid from 
thc blood stream to parotid fluid involved morc 
than simple diffusion. Baxendale and James [30] 
found that in womcn there was about thrce times 
as much testosteronc in saliva as free in plasma and 

ten timcs as much in thc case of 501- 
dihydrotestostcronc. Salivary progesteronc is also 
only one fifth of that found fret in serum [ 151. It is 
also debatablc whethcr only thc fret amount of 
stcroid, as measurcd by dialysis, is biologically 
availablc since it has been claimcd that apprcciable 
amounts of stcroid bound to albumin are also 
rcadily availablc to target tissues. Thus in British 
women about 70% of blood oestradiol is bound to 
albumin [7] and Pardridge and Landlaw [31] 
claim that as much as 50% of this ocstradiol is 
cxtracted across the blood-brain barricr. 

Although some womcn found the notion of col- 
lecting saliva samples acsthctically unacceptable 
there is no doubt that salivary assays are useful for 
monitoring changes in stcroid hormone levcls in 
somc circumstances and that they offer advantages 
over blood assays (sec [lol). Howcver, it is clcar 
from thc present results that thc measurement of 
salivary oestradiol and progcsterone has shed no 
light on thc involvement of ovarian hormonc sccre- 
tion in the aetiology of breast cancer. Furthermore, 
the present data on salivary oestradiol appear to 
be at variante with those obtained in other studies 
on non-protein-bound steroid in blood of women 
with brcast cancer. 
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