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ABSTRACT

The pharmacokiretics of a dose of 50ug ethrnyloestradiol administercd
orally was studied in fourteen centres. Absorption was rapid and the
highest serum concentrations of total ethynyloestradiol were found in most
subjects at 1 h and by 24 h concentrations were less than 250 pg/nl.
Calculation of the half-lives for absorption, distribution and eliimination
showved wide variations between subjects, the half-life of elirination
varying from 2.5 h to more than 30 h. Bioavailability as measured by the
area under the serum ethynyloestradiol concentration-time curve also
showed more than a ten-fold variation. Intra-centre differences in the
various parameters measured were as large as the inter—centre differences.
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INTRODUCTION

Previously (1) the rate of metabolism of the sestagen norethis-
terone was compared in women enrolled in fourteen different World Health
Organization Collaborating Centres for Clinical Research., In that study
the subjects took a tablet containing both norethisterone and ethynyl-
oestradiol and the present communication presents the results in respect
of the rate of metabolism of the oestrogen,

DESIGN OF INVESTIGATION

The design of the investigation was described in detail previously
(1). Each centre was requested to enrol six women who were studied on
days 5 or 6 of the menstrual cycle. The subjects were not taking oOther
medication. Blood samples were obtained from each woman enrolled in the
trial prior to and at 0.5, 1, 2, 4, 8, 12 and 24 h after taking a pill
containing 1 mg norethisterone and 50 pg ethynyloestradiol. A1l the pills
used were from the same batch., The pill was taken between 0700 h and
0900 h and the subjects were allowed a light breakfast. The concentra-
tion of total (i.e. unconjugated plus sulphate and glucuronide
conjugates) ethynyloestradiol in each sample was estimated as described
previously (2). In this method, a methanol extract of plasma is
hydrolysed with an enzyme preparation containing an active B-glucur-
onidase and phenolsulphatase and the free steroid chromatographed on
Sephadex IH20 prior to radioimmunoassay of the ethynyloestradiol
fraction, The cross-reaction of norethisterone with the antiserum at
507 binding is less than 0,0057 and at 80% binding, less than 0,2%,
Interference from norethisterone is further reduced by the chromato-
graphic separation, Interference from oestradiol-178 is usually less
thar 25 pg/ml and is wnlikely to be important except in the case of some
of the 24 h values. Quetelet!s index (weight in kilograms divided by
the square of the height in metres) was calculated (3).

RESULTS

Mean values for the serum total ethynyloestradiol concentration
obtained on the samples from each centre are shown in Table I. Absorp-
tion was rapid as shown by the fact that in most of the centres the
highest values for ethynyloestradiol were obtained in the 1-h sample.
Absorption was apparently particularly rapid in Bangkok where similar
concentrations were observed at 0.5 h and at 1 h and was considerably
slower in Chandigarh, Singapore and Seoul where peak values were
obtained in the 2-h sample. As shown by the large standard deviations
for the mean values, there was a considerable inter-subject variation
in each centre in the steroid concentrations achieved.s After the peak
there was a marked decrease in the serum levels up to 8 h followed by
a slower decrease between 8 and 24 h, By 8 h after administration,
there was much less difference between the centres in the mean values
achieved, although there was still a considerable inter-subject
variation within each centre. At 24 h the mean concentration ranged
from 56 pg/ml in Alexandria up to 135 pg/ml in Bangkok. In the 24-h
samples, 3 of the subjects in Seoul, 2 of those in Canada and 4 of those
in Alexandria had values below the limit of sensitivity of the method
(50 pg/ml) and in Alexandria 2 of the subjects had values lower than
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this in the 12-h samples. None of the subjects had a concentration
exceeding 230 pg/ml in the 24-h sample.

Judging by the peak levels obtained, absorption of the steroid in
Alexandria was poor, since the mean value obtained 1 h after adminis-
tration of the pill was much lower than that in the other centres. The
differance was not, however, significant, due to high values found in
one Egyptian subject but the reduced bioavailability in the Egyptian
subjects wis indicated by the fact that 5 of the 6 wowen did not show
a value of 1 h exceeding 500 ps/ml, whereas in the other 13 centres
only 8 of the 7% subjects studied did not achieve this level at 1 h.
This poor absorption appeared to be specific for ethynyloestradiol since
studies of the norethisterone levels in these subjects at various times
after administration of the tablet showed that the values obtained in
Alexandria were not lower than those obtained in the other centres.

In contrast with norethisterone, where a straight line was obtained
when the logarithms of the serum concentrations were plotted against
time, for ethynyloestradiol an exponential curve was obtained and it was
not possible to analyse the data for ethynyloestradiol in the same way
as for norethisterone, The mean values for each centre were, therefore,
analysed by fitting them to a two-compartment model (4R& the integrated
equation for the model being G = Ae—ot + Be—Bt - C0e 4t where

Ct¢ = plasma concentration at time t, :

A = plasma concentration at time O for rapid disposition curve,
3 = plasma concentration at time ¢ for slow disposition curve,
a = first order rate constant for disposition from the central
compartment to the peripheral compartment,
3 = agpparent elimination rate constant,
K = overall elimination rate constant,
Kio and Kpy = first order distribution constants between the
central compartment 1 and the peripheral compartment 2,
K, = first order rate constant of absorption,
0 = extrapolated value for the concentration at time O from the

slope of the elimination phase.

The calculated pharmacokinetic parameters for each centre are shown
in Table II. Calculation of the absorption half-life confirmed the
conclusions from a consideration of the plasma levels that there was a
wide variation in the rate of uptake., The uptake was particularly quick
in the case of Bangkok, Bowbay, Los Angeles, Mexico and Stockholm and it
was particularly slow in Singapore., There was less variation in the
half-life of distribution (a) between the various centres; ten of the
14 centres had a value from 1.4 to 2.0, two centres had a more rapid
distribution (Bahia and Canada) and two others (Alexandria and Santiago)
had slower rates of distribution. In a1l except one centre (Santiago),
K12 was greater than, or approximately equal to, Kai.

Most of the centres had mean values for the half-life of elimina-
tion (B) between 10 and 22 h, except for Canada, where the half-life of
elimination was rapid (8.9 h) and Sydney, where it was extremely slow
(30.8 h), However, there was a large inter-subject variation, individual
half-lives varying from 2.5 h to more than 30 h (Fig. 1), In 68.7% of
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the subjects, the ha.lf—llfe was within s_he range 6 to 16 h and the
overall mean half-life (¥ SD) was 13.1 X 7.8 h,

Bioavailability as measured by the area under the concentration-
time curve (AUC) was, as expected, greater when derived from the computer
analysis, which measured bioavailability from zero to infinity, than
when measured from O to 24 h by the 'cut and weigh' method. There was a
two-fold variation in the mean values for the centres whether calculated
on a zero to infinity time basis or on a 0 to 24 h basis, The AUC O to
24 h, calculated for each subject, showed a large variation, the lowest
value recorded being 2.25 ng/ml/h in an Australian woman and the highest,
29.4 ng/ml/h, in a Brazilian woman, The distribution of the 0-24 h AUC
values is shown in Fig., 2. The values for the AUC in Egyptian women were
significantly lower (P < 0.05) than the values recorded in Bangkok,
Bombay, Chandigarh, London (Canada), Mexico, Santiago, Seoul and Singapore.

There was a significant correlation between the 0-24 h AUC values
(y pg/ml/h) and the peak serum ethynyloestradiol concentrations {x pg/ml)
tor each subject (R = 0.73, regression equation: y = 7.69x - 2283).

DISCUSSION

The results show that ethynyloestradiol was rapidly absorbed, the
mean value for the half-life of absorption in all centres being less
than one hour., However, in spite of this rapid absorption, the amount of
the steroid available to the systemic circulation, as indicated by the
plasma levels, showed a large variation., This would suggest a varlablllty
in the magnitude of the first pass effect between subjects (5) or in the
amount absorbed from the intestine. It is known that substantial amounts
of orally administered ethynyloestradiol are excreted in the faeces (6)
but most of this probably arises as a result of the entero-hepatic
circulation of the oestrogen.

With the exception of London (Canada), the peripheral rate constants
and the elimination constant were low and of a similar order of magnitude.
Similar values have been reported previously (4), The mean half-life of
the elimination phase showed a wide variation between centres from 9 h in
london (Canada) to 31 h in Sydney. The large difference between centres
in values for the elimination constant were also noticeable in the range
of values within each centre. Thus the values in Alexandria varied from
4 to 36 h, in Bahia from 4 to 22 h and in Bangkok from 10 to 36 h. ILarge
variations of this type were apparent in all centres except Seoul, vhere
the range was from 7 to 11 h, Values quoted by other workers for the
elimination half-life are 6 to 14 h (4? 6.9 h (5) and 30 h (7).

A comparison of orally and intravenously administered ethynyl-
oestradiol (5) suggested that bioavailability after oral administration
was about 50%. The present findings show clearly a large inter-subject
variation in bioavailability. The large variation between subjects in
the bioavailability and in the elimination half-life could have important
clinical implications particularly with the low doses of ethynyloestradiol
now being used. When larger doses were used, such variations in the
pharmacokinetics of the steroid may not have been important but, with the
lower doses, the relationship of the variation in bioavailability and
half-life to possible effects of the steroid need to be investigated.
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In women where the bioavailability is low and the half-life of elimina-
tion is short, there may be some loss of efficacy or the occurrence of
spotting or break-through bleeding whereas in women where the half-life
is unduly long, there may well be an accumulation of the steroid within
the tissues and consequently an increased biological effect. These

wide variations also mean that the results of studies employing only a
small number of subjects should be interpreted with caution. Apart from
the present study, only one other investigation (4) has used a suf-
ficiently large number of subjects to give an overall view of the
pharmacokinetics.

Based upon the analysis of the values for the serum ethynyloestradiol
concentration in a small number of subjects, Warren and Fotherby suggested
that when the values were plotted semi~logarithmically, there was an
approximately straight-line relationship between 2 and 8 hours. and between
8 and 24 h and half-lives could be calculated based or these assumptions.
These assumptions were validated in the present study where sampling
occurred more frequently than in the earlier study. When the mean values
were plotted semi-logarithmically against time, only two centres
(Santiago and Bahia) did not show a straight-line relationship over the
period 2 to 8 h and 9 out of the 14 centres gave an approximately
straight line for the period 8 to 24 h, In two centres little error
would have been caused by assuming a straight-line relationship and in
only three centres (Alexandria, Bangkok and Mexico) would the assumption
have caused an appreciable error. The results of the present study,
therefore, provide some validation for those studies in which less
frequent sampling occurred(8), Thus samples taken at 2, 8 and approx-
imately 24 hours after administration of the dose would be sufficient to
characterise the distribution and elimination phases for orally adminis-
tered ethynyloestradiol.

It is known that many factors affect drug disposition and metabolism.
Apart from the general health of the subject and body mass, other factors
include environmental ones (9), nutritional factors (10, 11) and genetic
factors (12). It might be expected, therefore, that subjects from
different ethnic groups would show differences in the rate at which they
metabolise any particular compound and that these would lead in the
different ethnic groups to differences in the responses to, and the
toxicity of, the compound. It was, therefore, surprising that there was
no marked differeénce between the metabolism of ethynyloestradiol in the
women in the different centres involved in this study. However, all
subjects were in good health and in good nutritional status as indicated
by the value for Quetelett!s index. The centres in which the subjects
were enrolled in the present trial were urban ones and therefore, in
some countries,the women enrolled may not have been representative of
the total population, Another possibility for the lack of any signifi-
cant difference between the different centres may be that in this pilot
study only six women were recruited in each centre. However, the
 intra-centre differences appeared to be as large as the inter—centre
ones, so that large numbers of women would have needed to have been
enrolled in each centre to show any significant differences which did
exist. A large variation between subjects in serum total ethynyl-
oestradiol was also found in a previous study (8).
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A recent report (4) suggests that there are differences in the
pharmacokinetics of ethynyloestradiol in women in different populations;
plasma ethynyloestradiol levels were lower in Nigerian women than in Thai
wonern after administration of a 50 pg dose. However, in this study there
were also considerable variations between subjects., It should be
emphasised that the results in this communication pertain to total
{(mconjugated plus conjugated) ethynyloestradiol. Previous studies have
shown that after administration of ethynyloestradiol, conversion of this
steroid to the sulphate is rapid and that the levels of conjugated
ethynyloestradiol in blood are about ten times higher than those of
unconjugated ethynyloestradiol. Almost all of the papers published so
far have been concerned with the estimation of wnconjugated ethynyl-
oestradiol. The values reported in this paper for the plasma
concentration and half-lives of total ethynyloestradiol are in agreement
with those published previously (8, 13). Our previous investigations
have shown a parallel relationship between the levels of unconjugated and
conjugated ethynyloestradiol in plasma suggesting that the conjugated
steroid serves as a reservoir for the unconjugated steroid. This
suggestion receives some support from the findings that the pharmaco-
kinetic parameters for umconjugated ethynyloestradiol in plasma
previously reported (4) agree closely with the values for conjugated
ethynyloestradiol found in the present investigation.

ACKNOWLEDGEMENTS

This investigation received financial support from the Special
Programme of Research in Human Reproduction, World Health Organisation.
J. Akpoviroro was in receipt of a scholarship from the Ministry of
Education, Bendel State, Nigeria.

REFERENCES

1, Fotherby, K., Shrimanker, K., Abdel-Rahman, H.A., Toppozada, H.K.,
De Souza, J.C., Coutinho, E.M., Koetsawang, S., Nukulkarn, P.,
Sheth, U.K., Mapa, M.K., Gopalan, S., Plimkett, E.R., Bremmer, P,F.,
Hickey, M.V., Grech, E.S., Lichtenberg, R., Gual, C., Molina, R.,
Gomez-Rogers, C., fwon, E., Kim, S.W., Chan, T., Ratnam, S.S.,
Landgren, B.M. and Shearman R.P.: Rate of metabolism of norethis-
terone in women from different populations, Contraception 19:

39-45 (1979).

2. Akpoviroro, J. and Fotherby K.: Assay of ethynyloestradiol in
human serum and its binding to plasma proteins. J.steroid Biochem,

13: 773-779 (1980).

3. Khosla, T. and Lowe, CeR,: Indices of obesity derived from body
weight and height. Br.J.Prev.Soc.Med. 21: 122-128 (1976),

4., Goldzieher, J.W., Dozier, T.S. and De la Pena, A.: Plasma levels
and pharmacokinetics of ethynylestrogens in various populations.
Contraception 21: 1-27 (19%0).

5« Back, DsJ., Breckenridge, A.M., Crawford, F.E., MacIver, M.,
Orme, M,L'E., Rowe, P.H. and Watts, M.J.: An investigation of the
pharmacokinetics of ethynylestradiol in women using radioimmuno-
assay. Contraception 20: 263-273 (1979).

MAY 1981 VOL. 23 NO. 5 495



CONTRACEPTION

6.

7.

8'

9.

10.

11,

12,

13,

496

Reed, M.J., Fotherby, K. and Steele, S.J.: Metabolism of ethynyl-
oestradiol in man., J. Endocrinol. 55: 351-361 (1972).

Warren, R.J. and Fotherby, K.: Radioimmunoassay of ethynyloestradiol.
J.Endocrinol. 63: 30-31 (1974).

Dennerstein, L., Fotherby, K., Burrows, G.D., Laby, B. and Wood, C.:
Plasma levels of ethynyloestradiol and norgestrel during hormone
replacement therapy. Maturitas 2: 147-154 (1980).

Bourne, HeR.: In "Clinical Pharmacology" pp 549-567.
Eds., Melmon, K.L. and Morelli, H.F., MacMillan, London, 1972.

Swamy, K.K.: Drug metabolism and pharmacokinetics in malnutrition.
Clinical Pharmacokinetics 3: 216-240 (1978).

Prasad, K.,V.S., Narasinga Rao, B.S., Sivakumar, B. and Prema, K.:
Pharmacokinetics of norethindrone in Indian women, Contraception 20:

77-90 (1979).

Vesell, E.S. In "Concepts in Biochemical Pharmacology" pp 169-212.
Eds. Gillette, J.R. and Mitchell, J.R. Springer, Berlin (1975).

Shrimanker, K., Akpoviroro, J., Fotherby, K. and Watson J.:

Bioavailability of lynestrenol. Arzneim.-Forsch./Drug Res. 30:
500-502 (1980).

MAY 1981 VOL. 23 NO. 5§



