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Assessment of bioavailability of

oral micronized progesterone using

a salivary progesterone
enzymeimmunoassay

I. I. Bolaji, D. F. Tallon, E. O’Dwyer and P. F. Fottrell*

Departiﬁent of Obstetrics and Gynaecology and *Department of Biochemistry, University College,

Galway, Ireland
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- ABSTRACT

Salivary progesterone was measured sequentially by
enzymeimmunoassay following 1 month and 6 months
of oral therapy with 100 mg of micronized pro-
gesterone (MOP) in 40 healthy estrogenized post-
menopausal women (aged 40-68 years). MOP was
administered for 23 days every month.

There were striking differences in the absorption of
MOP between various subjects. Significant increases
occurred in salivary progesterone concentrations over base-
line and pretreatment levels and persisted for at least 10 h.
Levels of salivary progesterone remained higher than
pretreatment levels for at least 24 h after administration
of MOP. Maximum mean concentrations of salivary
progesterone of 827.2 and 888 pmol/l in the 1st and
6th months of therapy, respectively, were achieved within
2 h of administration and were above the 95th per-
centile of a control corvidor which corresponds to the
range found in the luteal phase. The areas under the
salivary progesterone curve (AUCo-241, pmol/l) were
7177.75 and 7388.20 respectively, in the 1st and
6th months of therapy but the difference was not stat-
istically significant. Serum and salivary progesterone
peaked simultaneously and there was a significant corre-
lation between the concenirations measured concurrently

(y =233.08 + 35.575%;r = 0.89, p < 0.001) thus
supporting the current concept of a relatively rapid diffu-
sion of steroids from plasma to saliva.

Results of this study confirm those of previous inves-

| tigations which monitored the bioavailability of MOP

with the use of serum progesterone measurements and
showed that luteal phase progesterone concentrations can
be attained easily. The use of non-invasive salivary
sampling and a cost-effective, direct enzymeimmunoassay
showed a considerable advantage in the present study,
compared with previous ones. We conclude that 100 mg
MOP should be given at least twice-daily to maintain a
stable physiological luteal phase level of progesterone
during clinical hormone replacement therapy.

INTRODUCTION

The oral route of administration of natural pro-
gesterone has not been practical because of its rapid
hepatic metabolism, short biological half-life
and poor bioavailability!2. It is not surprising,
therefore, that 19-nortestosterone and C-21 syn-
thetic derivatives have been the only orally active
progestational agents widely available.

Correspondence: Prof. P. F. Fottrell, Department of Biochemistry, University College, Galway, Ireland
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Bioavailability of micronized progesterone by salivary analysis

capsule’®. The premenopausal and male patients
received only one dose of 100 mg MOP. Results
of studies on the clinical efficacy of this novel
regimen will be published separately.

PROTOCOL

Each patient had pretreatment pelvic ultrasonogra-
phy and provided serum samples for LH and FSH
determination. Saliva was collected for 3 consecu-
tive days for progesterone and estrone measure-
ments. Serum LH and FSH measurements were
repeated at the 6th, 9th and 12th months and
salivary progesterone and estrone after the 1st and
6th months of treatment.

Saliva and serum sampling

Every patient received written and verbal instruc—
tions explaining the salivary sampling procedure.
After an overnight fast and between 07.00 and
10.00 each volunteer rinsed her mouth with water,
rested for 5 min and collected 2-5 ml of unstimu-
lated saliva into a 5-ml polystyrene tube over a
period of about 10~15 min. Salivary samples were
obtained for progesterone and estrone assays at the
end of the progesterone treatment (day 22 or 23)
in cycles 1 and 6, i.e. after 1 and 6 months of
treatment, respectively. On these occasions, sub-
Jects were instructed to delay taking both of the
aforementioned tablets from the evening of the
second day before the visit to the clinic until the
following morning (a day before the clinic visit). A
series of appropriately labelled polystyrene bottles
(50 X 44 mm) were provided and after an over-
night sleep, patients collected saliva samples in their
homes immediately before ingestion of their tablets
and at the following times before ingestion: 0.5, 1,
2,3,4,6,8,10,and 12 h (Figure 1). A subset of
15 patients produced samples 24 h after ingestion
of tablets. These volunteers were fasting at the
onset of the study but were allowed to eat 4 h afier
the administration of progesterone and conjugated
equine estrogen. Saliva samples were obtained at
least 30 min after any eating or drinking episode to
avoid contamination of samples by food constitu-~
ents. The patients were ambulatory but were not
allowed to partake in any strenuous exercise during
the course of sampling. Regularly cycling women
had their test treatment on the 6th day of their

Bolaji et al.

Day 1 ~ 100 mg micronized progesterone
and 0.625 mg conjugated equine
estrogen ingested in the evening

Day 20 or 21 | omit evening tablets (to be taken
on the morning of day 21 or 22)

Day 21 or 22 | 100 mg micronized progesterone
and 0.625 mg conjugated equine
estrogen ingested in the morning;
saliva samples are taken before
ingestion of tablets (time 0)

and repeated at 0.5, 1, 2,3, 4h etc.
(see text)

Day 22 or 23 J clinic visit

Figure 1 Flow chart for the administration of trial
drugs and timing of saliva sampling

menstrual cycle. Saliva samples were immediately
stored in the subject’s domestic freezers until
brought to the hospital, where samples were stored
at ~20 °C.

A subset of five patients provided timed,
matched serum/saliva samples over the aforemen-
tioned time sequence in the 1st month of treatment
in the hospital. An 18-gauge intravenous cannula
(Intraflon 2, Trocart catheter L.V, Teflon, Vygon,
Medical Produkte Aachen, Germany) was inserted
into the antecubital vein at the onset and kept in
situ for venipuncture until the completion of the
sampling process. On each occasion 10 ml blood
samples were collected in plain bottles and centri-
fuged immediately. Serum and saliva samples were
stored at —20 °C until analyzed.

LABORATORY INVESTIGATIONS
Biochemical analysis

LH and FSH were measured with commercial kits
(Delfia™, LKB Wallac, Croydon, UK) by solid
phase, two-site fluoroimmunoassay based on the
direct sandwich technique using a dissociation-
enhanced lanthanide fluoroimmunoassay (DEL-
FIA). Intra- and inter-assay coefficients of variation
were within the standard curve, with values of
3-5% and 5.5-7%, respectively.
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Doyt et al.

Table 1 Salivary progesterone concentrations (pmol/l) at the end of; the first treatment cycle after oral administration
of 100 mg micronized progesterone and 0.625 mg conjugated equine estrogen. Means and standard deviations (SDs)
are given before and after log transformation of data. The distribution of the data was tested for normality by the
Kolmogorov~Smirnov test for goodness of fit (with Lilliefors modification) both before and after transformation. For

abnormal

Untransformed data
Percentiles

Time Mean Skew-

Log-transformed datq

Kst Mean  Skew- KSt

-
(h)  No.* Median 5th 108, 90th 95th (SD) ness Kurtosis statistic ? (SD)  ness  Kurtosis statistic ?
00 25 182 75 102 538 972 395 3.746 14.106 0.308 <0.001 5.468 0.979 1.048 0.137 0.256

(651)
0.5 26
(861)
1.0 24
912)

(0.886)

782 156 177 1630 2756 994 1.420 1.678 0.178 0.034 6.514 —0.483 -0.456 0.113 0.530

(0.981)

963 189 213 2007 2478 1141 0.985 0.550 0.135 0.308 6.654 —0.565 -0.601 0.112 0.619

(1.003)

20 26 1011 208 305 1784 2516 1111 1.737 3.776 0.149 0.141 6.718 -0.210 —0.796 0.120 0.424

(895)
307 24 699 129 211 1349 1972 g14 1.344
(631)

(0.816)

1.758 0.135 0.311 6.406 —0.318 —0.747 0.099 0.856

(0.883)

40 25 572 87 100 1300 1399 637 0.517 =0.859 0.123 0.423 6.116 -0.652 —0.854 0.203 0.010

(449)

60 26 389 96 102 7921498 472 1337
(392)

80 26 325 79103 648 1088 388 0.972
(290)

100 26 308 81 83 644 908 345 1048
261)

120 25 234 64 88 618 879 304 2018

(0.953)

1.359 0.148 0.148 5.811 -0.277 —0.909 0.136 0.240

(0.903)

0.337 0.146 0.161 5.654 —0.455 —0.594 0.147 0.155

(0.868)

0.135 0.165 0.066 5.555 —0.225 ~0.834 0.121 0.414

(0.812)

3.734 0.294 < 0.001 5.384  0.348 —0.400 0.141 0.222

(0.804)

were expressed as nonparametric statistics for ‘cen-
tral tendency’ (median), variability (percentiles)
and analyzed for significance by the Mann-—
Whitney U test. The difference was considered
significant where P <0.05. The area under the
curve was calculated by the trapezoidal method,
This method approximates the curve to a set of
straight lines connecting the data points, then sums
the areas of the trapezoids formed. The calculation
was facilitated by MULTIFIT 2.0 Milton, Cam-
bridge, UK) curve-fitting software for the Apple
Macintosh computer,

RESULTS

Mean pretreatment concentration of serum FSH
and LH decreased by 35 and 15% respectively
during the 12 months of treatment. A similar
degree of gonadotropin suppression by hormone

Gynecological Endocrinology

replacement therapy was described previously!3.14
and confirms compliance with treatment in the
present study.

Salivary progesterone profiles from three post-
menopausal women after 1 month’s treatment with
MOP and conjugated equine estrogen, and from a
regularly cycling female and a male volunteer fol-
lowing only one course of MOP are shown in
Figure 2. Wide interpatient differences in absorp-
tion of progesterone are shown by the variation in
the level of maximal concentration (C,y) and time
taken to achieve this leve] (Tona) following admin-
istration of tablets. One patient attained her peak
after 1 h, two after 2 h and all five patients 3 h after
administration. Values for Cnax Were 2631 pmol/I
in the male volunteer (IIB), 1213 pmol/l in the
regularly cycling woman (SSB) and ranged from
963 to 4312 pmol/l in the three postmenopausal
women who received concomitant estrogen

105
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Figure 3 Salivary progesterone profiles during hormonal replacement therapy fitted into the normal range of
salivary progesterone levels based on nonparametric statistics. The 5th to 95th percentile limits describe the normal
control corridor for the local population. Geometric mean P1 = geometric mean of salivary progesterone in the 1st
month of therapy; geometric mean P2 = geometric mean of salivary progesterone in the 6th month of therapy
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to 130 pmol/l, which is below the baseline but
above the pretreatment 24 h after administration.
A lower mean peak progesterone concentration
of 1123 + 370 pmol/l was observed in ten ran-
domly selected patients with a body mass index
(BMI) 2 30, compared with 1656 * 389 pmol/l in
those patients similarly selected but with BMI < 20
(data not shown). However, this difference did not
attain any level of significance (Mann-Whitney U
statistic = 70.0, significance = 0.455)

The areas under the time—salivary progesterone
curve (AUCop241), pmol/l) were 7177.75 and
7388.20 in the 1st and 6th months of therapy,
respectively. This difference was not statistically
significant (p = 0.05). The mean peak salivary pro-
gesterone concentrations were above the 95th per-
centile of our control corridor which corresponds
to the range found in the luteal phase in the two
therapy phases of the investigation (Figure 3).

Serum and salivary progesterone peaked simul-
taneously and there was a significantly positive
correlation between the serum and salivary
progesterone concentrations measured concur-
rently (y = 233.08 + 35.57x; r= 0.89, p < 0.001)
(Figure 4).

All patients exhibited a non-significant elevation
of estrone over the pretreatment and baseline
levels, in part because of the large variability (10th—
90th percentile) in the estrone levels. The profiles

Gynecological Endocrinology
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Figure 4 Mean serum/salivary progesterone concen-
trations in five postmenopausal women who provided
matched samples after oral administration of micronized
progesterone and conjugated equine estrogen

showed a triphasic pattern in the 1stand 6th months
of treatment (Figure 5). The areas under the time—
salivary estrone curve (AUCo24n, pmol/l) were
719.75 and 747.2 in the 1st and 6th months,
respectively, but the difference was not statistically

significant.

DISCUSSION
This study evaluated the bioavailability of MOP

after 1 and 6 months of therapy using non-invasive
salivary analysis. To our knowledge, the bioavaila-
bility of progesterone has not previously been
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Bioavailability of micronized progesterone by salivary analysis

Villanueva and colleagues® found that the most
rapid absorption of progesterone occurred in those
postmenopausal women who were receiving estro-
gen, and suggested that anatomical and metabolic
differences in the estrogenized women were re=
sponsible for improved progesterone absorption.
This would be an advantage to the patients who
receive the hormone replacement therapy regimen
used in this study. We are unable to confirm their
proposed explanation or compare our results with
previous studies because, to our knowledge, this
present study is the first to use salivary analysis to
monitor MOP therapy. An accurate comparison of
the present salivary progesterone results with serum
progesterone levelsin other studies was not possible
because of differences in assay procedures and the
use of antibodies with different cross-reactivities.

The pharmacokinetics of orally administered
conjugated equine estrogen are complicated and
the results reported here may not reflect its true
bioavailability. This is because many different com-
pounds are administered, such as estrone sulfate,
equilin sulfate, 170~dihydroequilin and other
estrogenic conjugates which may undergo further
metabolic conversions in the gastrointestinal tract.
The separation and identification of these com-
pounds from blood or saliva samples is tedious and
assays for steroids, such as equilin, were not avail-
able in this study.

Bolaji et al.

We conclude that the monitoring of the bio-
availability of MOP by serial salivary progesterone
sampling was acceptable to all our patients who
readily complied with the regimen and found
the resultant profiles educational. The present
pharmacokinetic results are consistent with the
requirements of general substitutional hormone
replacement and they justify the use of MOP,
provided the amount given is modified according
to the individual tolerance, need and response. In
view of the present results, a daily dosage of 100 mg
progesterone for 23 days every month should be
considered alow dosage. Because the elevated level
of progesterone persisted for only 12 b, it is essen-
tial to administer the dose at least every 12h in
order to maintain a stable physiological luteal phase
level during clinical treatment.
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