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Snmmary--Intrasubje~ and i n ~ u b j e c t  va~abifi~ in the m~abolism of ethynyloestra~ 
(EE) w~ ~ s ~ d  ~ a cross-over randomized ~udy of 6 women who each m~ived 3 months 
t~atment with 50 #g EE and 50 ~g EE with 250 ~g kvonorgestrel (LNG). Blood samples we~ 
c~kcted at the end of each ~eatment month, assayed for EE and the half-li~ of ~imination 
(T~ and bioav~labiHty (a~a under the ~rum concentration-time curve, AUC) ca~a t ed .  
lntrasubject variability for Ta and AUC varied markedly; the va~ability was random and not 
correla~d with the ~rmulation a d m i ~ s ~ d .  The ~Uasubject variabili~ ~ r  T,~ and AUC was 
31 and 17%, mspect iv~  and i n ~ u ~ e c t  v a r i a b ~  66 and 95%. The intersu~ect range of 
values was mo~ than ~ fo~  ~ r  both T©~ and AUC and the ~asub jec t  range about 2-fol& 
The pharmacokinetics of EE were not influenced by LNG; mean vMues ~ r  Ta and AUC were 
17.3 ± 5.5 h and I 1.1 ± ~8 n~ml/h, ~specfivel~ when EE was administe~d alone compa~d 
with 16~ ± ~8 h and 1Z5 ± 39 n~ml/h when ~ven with LNG. Howeve~ EE influenced the 
me~bo~sm of LNG; T~ for LNG was 1~3 ± ~2 h when admi~stet~*d alone and significantly 
~gher (3~0± l l ~ h )  when ~ven with EE. There was no co~e~tion betw~n the ra~ of 
metabolism of EE and th~  of LNG. The ~ a s u ~ e c t  vafiabili~ shown ~ t~s and other 
~u~cs suggests th~  genetic ~ o ~  a~  ~ss impo~ant ~ ~ u ~ e c t  vafiabili~ than 
p ~ o u ~ y  thought. Some implications of intrasu~ect va~a~H~ a~ ~scus~d. 

INTRODUCTION 

Large intersubject [1] and intrasu~ect  [2] vari- 
ations in the dispo~tion of many drugs have 
been reposed.  Whereas intersu~ect  varabifi ty 
in the metabolism of the con~acepfive s~roids 
has been described [3], there has until recently 
been no i n v e ~ a t o n  of pos~ble intrasu~ect  
variability in the pharmaeokinetcs  of these 
s~roid~ This report describes such vaf ia tons  
for ethynyloestradiol (EE) and complements 
those recently publ~hed [4] for ~vonorge~rel  
(LNG). 

EXPERIMENTAL 

The data presen~d are derived from a pre- 
~ous  study [5] in which 6 women were dosed 
successively with 50~g EE, 50#g  EE with 
250#g  LNG, 250~g LNG or with a placebo. 
Each treatment was administered ora l~  daily 
for 3 months  with blood samples taken at 2, 8 
and 24 h a f a r  d o i n g  on the ~ s t  day of each 
treatment period. The subjects were randomized 
to the i ~ t M  treatment and crossed-over after 
3 months  of us~ The women were 33-53 years 
in age and had undergone both  hysterectomy 
and bila~rM ova re~omy.  In the blood samples 

taken during periods of treatment conmi~ng  
EE, the concentration of EE was de . t r a ined  
by RIA [6]. The a p p r o ~ m a ~  hM~fi~ of ~imin- 
a t ~ n  (To~) w ~  c a l c u ~ d  ~om the concen- 
trations in the 8 and 24 h sampks and the 
a p p r o ~ m a ~  ~ o a v ~ f i ~ ,  measured by the 
area under ~ e  serum concent ra ton- t ime curve 
(AUC), was c a ~ a t e d  from the con~n~a t ions  
in the ~ 8 and 24 h samO~.  

RESULTS 

Because blood sampling was performed at 
only 2, 8 and 24 h a~er  administration of EE, ~ 
was necessary to determine whether ea lcu~ tons  
of 7~ and AUC based upon these three sample 
times were valid. To do thi~ v~ues for these 
two pharmacokinetc  p a r a m e ~ ,  in published 
r e p o t s  of  investgations in which multiple 
sampling had been performed, were compared 
with values ea~ulated by the present author 
~ o m  the published serum concentrations at 2, 
8 and 24 h. These comparisons are shown in 
T a b k  I. For  T~, calcu~ted values were slightly 
~rger  than reposed  v~ues but there was a good 
correct ion ~ = ~94) between the two s~s  of 
v~ues. 
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T~ble I. C o m ~ m ~  ~reported (Rep.) ~ ~ ¢ a l a ~  (~lc . )  ~ u m  
~ r  ~ ~ A ~  

~ ~ ( ~  

~ g  ~ ~ g  C~c. ~ n ~ £  

1~0 1Z0 ~91 ~50 35 30 [~ 
IZ6 1Z8 ~75 ~68 50 8 [7] 

~ 4  ~ 6  1.16 1.28 80 10 [~ 
l&7 15.8 - -  - -  50 5 [~ 
8.1 1~8 - -  - -  100 10 [7] 

1Z7 1~3 8~ 8~ 50 83 [8] 
~9 &0 1.06 ~96 50 18 [~ 
- -  - -  592 57.1 3000 6 [1~ 
- -  - -  1.04 ~96 35 24 ~ ~ 

For derails see the ~x~ n denotes the number of subjects. 

~ • lntra ~ ~ v ~  ~ ~ of e~mi~fion 
( ~ )  ~ ~ m v ~ a ~  ~ U ~  ~ ~ ~ e r  a ~ a ~  ~ ~ 

~ ~ ~ LNG 

~ Auc 
EE + LNG EE EE + LNG E E  

Mean variation % 
I n t r ~ u ~ t  31A 31~ 10.8 2L6 
Inte~ubject 5&3 7~8 9LS 9~0 

Variation ratio 
I n t r a s u ~ t  1.43 1.38 1.13 1.25 
Intenubject 1.77 Z17 ZSl 3.22 

An~y~s of variance (c.v.) 
Intr~u~ect Z8 IZ0 ~7 ~8 
lntcrsubject 2~4 25~ 3gl  3~8 

Values for A U C  depend on the dose and 
whether ca~ulated for 0-24 h or to infinit~ 
With one exception, the reason for which h not 
dean there was a good correlation (r = 0~9)  
between the reported and calculated values. The 
former tended to be sfightly larger than the 
latte~ dnce the calculated value~ based only 
upon one measurement in the early posb 
adminigrafion phase, would have kd to a 
truncation of the absorption peak. These com- 
parisons therefore demonstrate that ca~ulation 
of these two pharmacokinetic parameters, deter- 
mined from the serum EE concentrations at ~ 
8 and 24 h, is vafid. This ~ in agreement with 
similar calculations for LNG based upon more 
exten~ve data [4]. 

Calculated values for T~ and AUC for each of 
the subjects in each cycle of treatment are shown 
in Tab~s 2 and g respectively. For some gudy 

periods ~.g. su~ect ~ EE 50 + LNG 250 # g  
su~e~ ~ EE 50 #g) monthly variations ~ Tel 
were small, whe~as for others (e.~ subject ~ 
EE 50 + LNG 250 #g  s u b ~  5, EE 50 ~ the 
variation was much wide~ It wi~ flso be noted 
that su~ects may show a hrge variation when 
~cofing one formulation but not when receiv- 
ing the other (see su~ects 3 and ~. The mean 
intrasu~ect variation % during treatment w~h 
EE + LNG ~1~%) ~d  not ~ffer sign~cantly 
~om that with EE tone  ~1~%), nor was the~ 
any ~fference in the variation rati~ The ~ r -  
su~e~ variability was ~gher both in ~rms of 
variation % and variation ratio when EE was 
a d m i n h ~ d  tone  (Tab~ ~ but the~ ~ffer- 
ences we~ not statistically fignificant. 

~mi~r considerations app~ to the v~ues 
for bioavailabili~ shown in Tab~ 3. For some 
gudy periods month~ variations were smaR 

Table Z Haff-li~ of elimination (T~) ~ e~yn~aestradiol (EE) ~ a group ~ 6 women d~ing en~h of 3 monks d treatment ~ EE ~ #g 
and LNG 250#8 or EE ~ P S  ~one 

Formulafiom EE 50 + LNG 250~g EE 50~g 

Subjecu 1 2 3 4 5 6 1 2 3 4 5 6 

Mon~ 1 12~ 2&6 1~8 IZ8 1%0 I lA 1~8 21~ 20A 1~8 1Z8 1 ~ 0  
Month 2 18~ IZ3 I&l 1~4 2Z9 11,5 1~3 3Z6 lET - -  20A 11.9 
Mon~ 3 20.8 2Z2 l~6 - -  - -  11,7 l&3 1~9 1~7 1~8 1~7 11.9 
Mean 1Z1 20A 1~2 I1~ 2~0 11.5 l&8 24~ 1&6 1%8 1~0 11.3 
Variation % 47~ 70.1 1~8 203 2~5 2~ 29.8 4~5 40A 11.2 4~5 I~8 
Variation ~ t ~  1.7 Z2 I~ 1~ 1.3 1D 1.3 I~  1~ 1.1 1~ 1.2 

O v ~ a ~  m e a n  T~ 
and range 1~4 (1~4-26.6~ 17.3 (10.0-32.~ 

Variation % h ~e  difference between the ~$h~t  and lowest value for a subject expressed as a pereen~ge of the subjec~ mean v~ue. Variation 
ratio denotes the ~Sh~t mon~ly v~ue di~ded by ~¢ ~we~t m o ~ y  value. 

Table 3. Bioavailabi~ty (AUC in n~ml/h) of EE 

Formflafio~ EE 50 + LNG 2 ~  #g EE 50 ~g 

S u ~ t :  l 2 3 4 5 6 1 2 3 4 5 6 

Month 1 1~3 1Z5 IZ0 &4 
M o n t h  2 1Z1 ll.S IS8 &4 
Month 3 l g 2  1Z9 1~7 - -  
Mean 13,9 1Z4 l~8 &4 
Variation % 22.3 8~ 1~6 0 
Variation ratio 1.3 LI I~ 1~ 

Overall mean AUC 
and rang~ 

For details see the legend W Tab~ 2. 

196 &5 17~ 1~1 1&2 ~7 IZ9 ~6 

1%3__ 9~ &0 1~015~ ILS&8 1~61~7 4.~ 1~313A &4 Z2 

lg0  8.5 15.3 1~5 1~2 ~75 IZ2 Z4 
~2 11.8 1~6 3E2 24~ 1~5 21,3 24~ 
l,I 1,1 1.2 IA I~ 1~ 1.3 1.3 

1Z5 (6.4-18.6) l l . I  (4.7-17.0) 
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~.& ~ e c t s  ~ 4 and ~ EE 50 + LNG 250 #g), 
whereas for othe~ (e.~ ~ e e t s  L 5 and ~ EE 
5 0 ~  the v a r i a b l y  w~  much 1 ~  As for 
Ts some su~ects @~. ~ 5 and ~ ~ow ~ r ~  
monthly variations with one formulation but 
not with the other. The intr~ubject variation ~ 
AUC tended to be ~gher when EE was admin- 
~tcred a~nc and for the mean variation % the 
difference betw~n EE + LNG and EE ~one 
was statisti~l~ ~gn~eant, bm t~s may be a 
chance fln~n~ The ~m~u~ect  variabi~y for 
both AUC and T~ w~  ~gher than the ~ 
su~ect variabi~y and particularly ~ for AUC 
(Ta~e ~.  

There were no significant differences betw~n 
the mean values for To] or AUC whether EE was 
~ven ~one or with LNG. 

DISCUSSION 

Many problems exi~ in determining pharma- 
cokinetic p a r a m e ~  for the contraceptive 
s~roids and some of these have been outfined 
[4] using LNG as an example. ~mi~r  problems 
~so e ~  for EE and are fu~her complicated by 
the fact that EE, but not LNG, undergoes both 
a first-pass effect and an en~rohepafic ~rcu- 
latiom This report concentrates on two pharma- 
cokinefie paramaers, the rate of efimination of 
the s~roid and hs bioav~labilit~ wh~h are 
important in that they can readily be calculated 
~om serum concentrations of the steroid and 
are easily comprehen~ble. It seems fikely that 
the variability observed with these two measure- 
ments ~so apphes to other pharmacokinetic 
parameters. 

Drug disposition and metabolism may be 
influenced by many factor~ ~g. age, se~ 
body mas~ smoking, exercise, en~ronmental, 
nutfifion~ and genetic factor~ treatment with 
other drugs, presence of pathology e~. It ~ not 
too surprising therefore that there should be 
~rge differences between subject~ Such ~rge 
differences in the metabolism of the contra- 
ceptive s~roid~ based upon measurement of 
pharmaco~net~ p a r a m e ~  have been docu- 
mented for norethisterone [1~, LNG [4], for the 
newer gestogens desoge~rel and gestodene [1~, 
and for EE ~, 8, I 1, 1 ~. The present results for 
EE are in agreement with these ~ t~r  report~ 
Less information ~ availabk regarding intra- 
subject variability but recently such vafiabi~ty 
for LNG [4] and EE [11, 1~ has been described 
and h ~ of interest that in both these stud,s, 
intrasu~ect varia~on was ~most as ~rge as 

~nubject variation. In the present ~udy 
~trasu~ect variabifiw wa~ as expected, less 
than intc~u~ect variabifity, about 50% for Tet 
and 20% for AUC. For both Tot and AUC the 
inte~u~ect range of values (about 3-fold) w~ 
l~s than that reported predously [3] but t~s 
may pa~ly be due to the smal~r number of 
su~ects ~ the present study. The intrasu~ect 
range of v~ues was < 2-fo~. The ~rger ~mr- 
subject vacation observed ~ AUC than ~ T~ ~ 
~ be expected ~n~ Te ~ o~y one of the factors 
~fluendng AUC. There was o~y a weak co~c- 
~tion ~ = 0.3~ between Te~ and AUC. The 
~ a s u ~ c ~  variabili~ may become greater as 
the number of estimations per subject increases. 
In the present stud~ on three occasions values 
were availa~c o~y for two ~udy periods 
~ e a d  of three; for these three o~afions the 
mean intrasu~ect variation (%) was 20~% for 
T~ and 5.9% for AUC compared with vflu~ of 
35A and 2~3% for the three ~udy periods. 

The ~ o ~  responfib~ for the large in~a- 
subject vafiabili~ are not known. In a study of 
~ u ~ e c t  variations ~ serum EE con~n- 
~ations ~ 93 women [15], 72% of the v a r i ~ n  
w~ unexpl~ned on the ba~s of time ~nce 
admi~stration, day of cycle, age, rac~ h~ght, 
weight, blood pressure, smo~ng or u~  of oral 
contraceptive. On th~ and other eddence the 
ma~ determinant of ~ u b j e c t  variabiaty h 
con~dered to be genetic. The demonstration 
~ the pr~ent study and in othe~ [4, 11] that 
~ a s u ~ c c t  v a r i a ~  may bc on~ s~ghtly 
~wer than ~ u ~ e c t  v a r i a ~  word seem 
to invalidam t~s conc~fion. Howevc~ as 
shown ~ Ta~e ~ the quantitative relations~p 
between intra and ~mrsubject va r i ab ly  d~ 
pends on the smtisticfl method used to analyse 
the results. Using, for examp~, anflysis of 
variance ~ a s u ~ e c t  variabili~ was a small~ 
proportion of ~mnubject variability than ob- 
served ufing the other computations shown in 
Ta~e • 

Apa~ ~om being an ~m~sting aspect of 
drug metabolism, intrasu~ect variabifity may 
have a number of impo~ant implications with 
respe~ ~ oral contraceptive (OC) use, of w~ch 
two examples can be ~ven. Firstly ~ order to 
reduce the in~dence of side-effec~ ~ women 
ufing OCs R has been suggested that the 
doses admi~stercd shofld be tailored to the 
~ d d u f l  woman. C~arly, ~rge intrasu~ect 
variations render such an approach u n ~ a f i ~  
Second~ w ~ t  the mecha~sm of break- 
through b~e~ng experienced in OC users has 
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not been ducidated, ~ seems that  ho r m on~  
suppo~ to the endometfium ~ important. When 
t~s  ~ ~ s t  at the end of a cyc~ of treatment, 
bkeding occurs w i t c h  2-3 days. Such suppo~ 
might be lost and breakthrough bleeding occur, 
ff due to ~ a s u b j e ~  variability, the women 
were to experience 2-3 days of ~ w  ~ o a v ~ l -  
a ~ t y  and an increased rate of e~mination of 
the OC with a consequent marked decrease ~ 
ho rmon~  effect. 

The mean va~e  of T,~ ~ the p r e ~ n t  ~ u d ~  
based upon all 33 estimates, was 16.8 h. Th~  h 
slight~ longer than the mean values reposed  by 
o the~  (see Ta~e  1), pa~ly due to the method of 
calculation, but probably m ~ y  due to the 
present values being obtained under s t e a d y - s ~  
conditions compared to the single dose admini~ 
trations ~ most other ~udies. Comparison of 
AUC values ~ m o ~  Sf l i c~ t  fince t h e ~  v~ues  
depend on the method used for measu~ng 
serum EE concentrations. Most  s t u d , s  have 
measured c o ~ u g a ~ d  EE and the mean v~ues 
reported for AUC for a 50#g  dose (Tab~ 1) 
vary from 0.75 to 1.06 ng/ml/h. Serum concen- 
trations of to t~  EE as measured in the present 
study are about  I ~ f o ~  those of the unconju- 
gated s tero~ and, consequently, AUC for total 
EE ~ c o ~ e s p o n ~ n g ~  ~gher  than for the 
unco~uga~d  D~.  Thu~ the range of v~ues 
(4.7-185 ng/ml/h) and the mean (11.6 ng/ml/h) 
found in the present study are ~ agreement with 
reported v~ues for unconjugated EE. 

In addition to prodding information on sub- 
ject vafiabifity, the p r ~ e n t  study Mso profides 
information on T~ and AUC for EE under 
steady-state con~fions.  It has been s u g g ~ d  
[ i ~  that co-admini~ration of a ge~ogen may 
influence the metabo~sm of EE; serum ~ v d s  
of EE were higher in women t a~ng  an OC 
conta i~ng EE and ge~oden¢ than ~ those 
u~ng the same dose of EE with desogegrel. 
In the p~sen t  ~udy LNG ~ d  not affe~ EE 
metabolism; mean values for To~ and AUC were 
1 7 . 3 ± 5 . 5 h  and l l . l  ± 3 . 8 n ~ m ~ L  r ~ p e c b  
ively, when EE was administered ~one  com- 
pared with 16A ± ~ S h  and 12.5 ± 3~ n ~ m l / h  
when ~ven with LNG. These values are not 
statistically fignificantly different. Conver~ l~  
EE wiR affect the metabo~sm of LNG. T,~ for 
LNG was 19.3 ± 4.2 h when a d m i ~ e r e d  alone, 
but fignificant~ ~gher  (3~0 ± 11.2 h) when 
~ven  with EE. The posf ib~ ex~anat ions for 
this ~fferenee have been considered [4]. In a 
pre~ous ~udy [1~, R was shown that there was 
no correlation between the r a ~  of metabo~sm 

of EE and no~ th i s~rone  when the s~roids 
were administered together in an OC. Similarly, 
t b e ~  was o ~ y  a weak correct ion ~ ffi ~21; not  
statisfic~ly ~gnificant) between Te~ for LNG 
and EE in the p r e ~ n t  study. 

The con~derable (up to 350%) in~asu~ect  
month-to-month variabffity probably reflects 
day-to-day va~ations, In this ~udy sampling 
was performed with the subjec~ under f~rly 
bas~  con~t ion~  so ~ might be expected that 
va~abiHty wou~  be much ~rger  in women 
u~ng contraceptive s ~ r ~ d s  on a ~ng- term 
ba~s since changes ~ the su~ect 's  phy~ology 
and lifestyle over the period of use may accentu- 
a ~  the v a ~ a ~ .  
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