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Three formulations of dl-norgestrel were administered daily to groups of three women for 

five consecutive days. The serum levels of d-norgestrel were related to the dosage of 

dl-norgestrel ingested. Peak concentrations in the circulation of synthetic gestagen were 

attained a half hour to three hours after oral administration, followed by a rapid and sharp 

decline in levels until the next dose. Three women received 500 pg of dl-norgestrel and 50 

Fg of ethinyl estradiol for 21 days followed by six to seven days of no medication for two 

consecutive cycles. The gonadotropins remained suppressed for four to six days when 

therapy was discontinued. The daily concentrations of estradiol varied from less than 5 to 

81 pg. per milliliter, and there was no difference in estrogen values during the nontreatment 

and treatment days. Due to the long half life of norgestrel, the one-week pill-free interval is 

not long enough for the complete recovery of the reproductive axis from the inhibition of 

oral contraceptives. (AM. J. OBSTET. GYNECOL. 129: 133, 1977.) 

RADIOIMMUNOASSAY (RIA) to determine d-nor- 
gestrel has been used to measure serum concentra- 
tions of this gestagen following oral, intramuscular, 
subdermal, and intravaginal administration.1-8 Direct 
measurement of the contraceptive agent in the circula- 
tion has become an important adjunct in the develop- 
ment and evaluation of new contraceptive modalities. 
In conjunction with the measurement of luteinizing 
hormone (LH), follicle-stimulating hormone (FSH), es- 
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tradiol, and progesterone levels, RIA of the circulating 
gestagen levels facilitates a correlation with the func- 

tion of the hypothalamus-pituitary and the ovary. 
This study was undertaken to determine the profile 

and absolute levels of circulating d-norgestrel, the 
biologically active enantiomer, following ingestion of 
(racemic) dl-norgestrel at three commonly used dos- 
age levels. Another aim of this investigation was to 
measure serum d-norgestrel levels in women during 
and after daily ingestion of 0.5 mg. of dl-norgestrel and 
0.05 mg. of ethinyl estradiol (Ovral*) for two 21 day 
periods interrupted by a six- to seven-day pill-free 
interval. The purpose of this study was to correlate 
serum d-norgestrel levels with circulating LH, FSH, es- 
tradiol, and progesterone levels in order to assess the 
relationship of serum levels of this drug to suppression 
of hypothalamic-pituitary-ovarian function, particu- 
larly during the pill-free interval. 

*Wyeth Labs., Philadelphia, Pennsylvania. 
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Fig. 1. Serum d-norgestrel levels in three subjects receiving 

500 yg of dl-norgestrel and 50 pg of ethinyl estradiol (Ovral). 
Arrows indicate time of ingestion. 

Material and methods 

Subjects. Twelve healthy women between 23 and 35 

years of age who had regular menstrual cycles and had 

not used contraceptive steroids for at least three 

months prior to entering this study volunteered for 

this investigation. All 12 women ovulated during thr 

pretreatment cycle as indicated by normal luteal phase 

serum progesterone concentrations. 

Tablets containing 0.5. 0.3, or 0.075 mg. of t/l- 

norgestrel were administered to three women ever\ 

morning prior to breakfast for five consecurivc days. 

beginning on menstrual cycle Day 5. The two highrl 

cl/-norgestrel doses given consisted of combination 

formulations (Ovral and Lo/Ovral*) containing 0.05 

mg and 0.03 mg of ethinyl estradiol, respec tivcly . while 

the lowest d/-norgestrel dose (Ovrette*) did not contain 

any estrogen. Antecubital venous blood was th awn 

prior to and I%, 1, 1%. ?, 3, 4. 6. 8. and 12 hours atie~- 

ingestion of the first dl-norgestrel dose as well as prior 

to and three hours following oral intake of each of thr 

four additional doses. Venous blood samples M crc also 

obtained each morning for the next fivr. days t’ro~n 

those six women who had received either one of’ the 

two combination pills. 

Three other volunteers, beginning on the fifth da! 

after the onset of menses, ingested a combination of 

O..i mg. of dl-norgestrel and 0.05 mg. of ethinyl c’\- 

tradiol (Ovral) each morning for two consrcuti\e 21 

day periods interrupted by a six- to seven-day pill-ti-ct. 

interval. Antecubital venous blood was drawn (tail) 

three hours after oral intake or, during pill-fl-ec inter- 

vals, at the same time of the day, starting the da! tllc. 

first Ovral tablet was ingested and ending SC’VCII clans 

after the last tablet of the second 2 1 day period ot oral 

contraceptives had bee11 ingested. All blood sanlplrs 

were allowed to clot, the serum was separated bv ( cm 

trifugation and stored at - 1 .Y C. until it was analvzed. 

Hormone assays. Serum LH and FSH crmc-en- 

trations were determined by double-antibody KI A’5 ;I( 

cording to previously described methods.!‘. I” A 

postmenopausal serum standard was used. and rllc l-t’- 

sults [vet-e expressed as milli-International LInits ~C’I 

milliliter (Second International Reference l’rcparation 

of human menopausal gonadotropin).” Serum progcs- 

terone was measured by RIA as previously reported 

from this laboratory.‘” Our serum estradiol RIAl:’ 1,;~ 

modified in order to avoid measuring ethinyl csrradiol 

in addition to estradiol. Ethinvl estradiol was f’ountl to 

cross react with the anti-estradiol - l7/3 -hemisucc inatc 

-bovine serum albumin serum employed ill OUI stan- 

dard estradiol RIA. The serum estradiol RIA used in 

this study consisted of diethyl ether extraction. mic-ro- 

Celite column partition chromatography (which failed 

to separate ethinyl estradiol from the estradiol fra(,- 

tion), and utilization of an antiserum which \\c raised 

*Wyeth Labs., Philadelphia, Pennsylvania. 
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Fig. 2. Srrum d-norgestrel levels in three subjects receiving 
300 +g of ril-norgestrel and 30 fig of ethinyl estradiol (Lo/ 
Ovral). i\rro~s indicate time of ingestion. 

against cstradiol-6-(0-carboxymethyl) oxime-bovine 
serum albumin. The latter antiserum cross-reacted less 
than 0.1 per cent with ethinyl estradiol. The sensitivity 
of’ this KIA was 5 pg. of estradiol per milliliter of 
serum. Intra- and inter-assay coefficients of variation 
r1~ei-r less than 10 per cent. 

Srrum d-norgestrel levels were assayed by a RIA 
previouslv developed in this laboratory.’ In this RIA, 
an antiserum against rl-norgestrel-3-(0-carboxymethyl) 
oxinlc-E-aminocaproic acid-bovine serum albumin’ 

and d-norgestrel-3-(O-carboxymethyl) imino-(‘251)- 

iodohistamine is used. This 1251-labeled d-norgestrel 
derivative renders this RIA particularly sensitive: 
6 pg. of d-norgestrel can be measured in 0.1 ml. of 
serum lvith great precision. Intra- and inter-assay co- 
efticients of‘ variation were 4.4 and 4.9 per cent, 
respectively. 

Results 

Serum d -norgestrel levels following ingestion of 

five daily dl-norgestrel doses at three different 
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Fig. 3. Serum d-norgestrel Levels in three subjects receiving 75 
pg dl-norgestrel (Ovrette). Arrows indicate time of ingestion. 

Table I. Ranges of maximum serum d-norgestrel 
levels and levels 24 hours after ingestion observed 
in three groups of three women each who received 
various dosages of &-norgestrel 

dl-Norgestrel Maximum d-norge.~trel 
dose (mg.) levels (ng. /ml.} 

Z-l-hour d-mwgestrrl 
kw4.~ (ng. lml.) 

0.5 6.3-8.0 1.6-1.9 
0.3 3.6-4.2 0.6-0.9 
0.075 1.5-1.9 0.2-0.5 

levels. The concentrations of circulating d-norgestrel 
observed after oral intake of 0.5, 0.3, and 0.075 mg. 
of dl-norgestrel in three women at each dosage level 
are depicted in Figs. 1 to 3. A similar profile of serum 
d-norgestrel concentrations was observed following in- 
gestion of all three dosages. This pattern is c-harac- 
terized by a rapid rise to peak levels which were at- 
tained within a half hour to three hours after ingestion 
in all but one of the nine volunteers studied. Serum 
d-norgestrel levels fell almost as promptly as they rose, 
once the peak was reached, averaging 19.6 to 25.6 per 
cent of the initial peak level 24 hours after ingestion of 
the first tablet and 28.6 to 54.1 per cent of the last peak 
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Fig. 4. Subject J.: Serum d-norgestrel, FSH, LH, estradiol. and progesterone levels during and 
following oral administration of‘500 pg of dl-norgestrel and 50 pg of ethinyl estradiol (Ovral) for two 
subsequent 21 day periods interrupted by a six-day pill-free interval. 

level 24 hours after the fourth tablet of 0.5, 0.3. and 
0.075 mg. of&-norgestrel was ingested. In the majority 
of the nine subjects studied, the d-norgestre1 levels 
measured three and 24 hours after oral dl-norgestrel 
intake increased in a stepwise manner gradually during 
the five days of study. 

While the profiles of circulating d-norgestrel levels 
were similar, different levels of serum d-norgestrel 
were measured after administration of the three dif- 
ferent dl-norgestrel dosages. As indicated in Table I, 
peak as well as 24 hour d-norgestrel levels were related 
to the amount of dl-norgestrel ingested. Differences in 
drug levels at these two time intervals were distinct and 
did not overlap following administration of each of the 
three doses of the pharmacologic agent. For three days 
following ingestion of the last tablet of 0.5 mg. of dl- 
norgestrel, serum d-norgestrel levels exceeded 1 ng. 
per milliliter in all three women while five days after 

the last tablet levels were still greater than 0.2 ng. per 
milliliter. In all women measurable amounts of serum 
d-norgestrel were present five days after ingestion of 

the last tablet of each dosage (see Table 1 and Figs. 
1 to 3). 

Serum d-norgestrel, LH, FSH, estradiol, and pro- 

gesterone levels in three women during and following 

ingestion of 0.5 mg. ofdl-norgestrel and 0.05 mg. of 

ethinyl estradiol over two 2 1 day periods interrupted 

by six or seven pill-free days. Daily LH, FSH. es- 
tradiol, and d-norgestrel levels and weekly serum pro- 
gesterone concentrations measured in three women 
during and following the oral administration of 0.5 
mg. of dl-norgestrel and 0.05 mg. of ethinyl estradiol 
(Ovral) for two subsequent 21 day periods interrupted 
by a six- to seven-day pill-free interval are depicted in 
Figs. 4 to 6. Daily serum d-norgestrel levels rose gradu- 
ally, reaching a plateau which ranged between 4 and 8 
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Fig. 5. Subject K.: Serum d-norgestrel, FSH, LH, estradiol, and progesterone levels during and 
following oral administration of 500 pg of dl-norgestrel and 50 pg of ethinyl estradiol (Ovral) for two 
subsequent 21 day periods interrupted by a seven-day pill-free interval. 

ng. per milliliter about seven days after ingestion of the 
Iirst tablet. While in Volunteer J. (Fig. 4) variation of 
serum d-norgestrel concentrations was modest, wide 
variations were observed in Subjects K. and L. (Figs. 5 
and 6). d-Norgestrel levels declined during the pill- 
free period but remained above 1 ng. per milliliter for 
three to six days after the last dose. Seven days after 
ingestion of the last tablet, d-norgestrel levels were 
0.23 and 0.19 ng. per milliliter and undetectable, 
respectively, in the three subjects. 

Serum LH and FSH levels were suppressed during 
each of the six cycles of drug administration. Midcycle 
LH and FSH peaks were consistently absent. Begin- 
ning three to eight days after ingestion of the first tab- 
let, LH and FSH levels were suppressed below normal 
levels in the early follicular phase. This suppression 
appeared to be most profound seven to 19 days after 
the first dose. Suppression of serum LH and FSH was 
sustained longer during the second 21 day period of 
oral contraceptive medication than in the first one. 

Serum LH and FSH levels did not rise until three to six 
days after the last pill. 

Levels of serum estradiol were consistently similar to 
or lower than those observed during the early follicular 
phase of ovulatory cycles. During the second treatment 
cycle, serum estradiol concentrations tended to be even 
lower than during the first 21 day period of pill intake. 
In one cycle (Fig. 6, second cycle), serum estradiol 

levels were consistently within the postmenopausal 
range. No preovulatory serum estradiol or luteal phase 
rise was observed. Serum estradiol levels also remained 
low during the six- to seven-day pill-free interval. 
Serum progesterone concentrations, measured once 
every week, were consistently below 1 ng. per milliliter, 
indicating absence of ovulation (see Figs. 4 to 6). 

Comment 

The wide fluctuations of serum d-norgestrel levels 
observed during a 24 hour period following the inges- 
tion of dl-norgestrel are most striking. The rapid rise to 
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Fig. 6. Subject L.: Serum d-norgestrel, FSH, LH, estradiol, and progesterone levels during and after 
oral administration of 500 pg of dl-norgestrel and 50 pg of ethinyl estradiol (Ovral) for two sub- 
sequent 21 day periods interrupted by a six-day pill-free interval. 

maximum levels attained between a half hour to three 
hours after oral intake is followed by a sharp decline of 
circulating d-norgestrel to considerably lower levels 
which prevail during the second half of the 24 hour 
interval between dl-norgestrel ingestions. When the 
progestogen is administered in a small amount without 
estrogen, levels may fall below those necessary to in- 
hibit ovulation during the latter half of the 24 hour 
period between dosages. This may account for the 
higher failure rates of this method of contraception. 
Greater contraceptive effectiveness can be attained by 
increasing the dose of the oral progestogen so that its 
circulating levels. even at the nadir, remain sufficiently 
high to prevent ovulation. Instead of overburdening 
the organism with large doses of the progestogen. re- 
sulting in unnecessarily high peak and barely effective 
nadir levels, greater contraceptive effectiveness may be 
achieved by developing delivery systems which release 

the biologically active progestogen at a constant rate. 
Three of the six women ingesting one tablet of dl- 

norgestrel combined with ethinyl estradiol (Ovral or 
LofOvral) for five consecutive days appeared to have 
higher circulating d-norgestrel levels each successive 
day. The three volunteers using one Ovral tablet daily 
for two consecutive 21 day periods interrupted by a 

six- to seven-day pill-free interval also had increasing 
d-norgestrel levels for the first few days but did not 
demonstrate increasing serum d-norgestrel concen- 
trations during the remaining days of pill ingestion. 
This finding is in disagreement with the observations 
of Weiner and associates.7 These authors found in- 
creasing plasma levels of d-norgestrel during the first 
I3 to 15 days of dl-norgestrellethinyl estradiol inges- 
tion in four of six women studied. They attributed this 
effect to increasing levels of sex hormone-binding 
globulin which was found to bind d-norgestrel.‘” The 
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difference observed among individual patients in each 
study and between both investigations may be ex- 
plained by the assumption that production of sex 
hormone-binding globulin in response to estrogen 
administration may vary among individuals. 

Comprehension of the hormonal events which occur 
during the pill-free interval is essential for the under- 
standing of the virtually complete contraceptive effec- 
tiveness of any oral contraceptive. Nevertheless, little 
attention has been paid to the pill-free interval in the 
past. In this study, serum d-norgestrel levels fell af- 
ter ingestion of the last pill but remained above 1.2 ng. 
per milliliter for 72 hours thereafter in each of the six 
cycles studied. This level approaches maximum serum 
rl-norgestrel concentrations attained during daily in- 
gestion of 0.075 mg. of dl-norgestrel (Ovrette). Persis- 
tence of substantial serum d-norgestrel levels for the 
first three to four days of the six- to seven-day pill-free 
interval appears to be responsible for continued 
gonadotropin suppression and thus contributes to the 
virtually complete effectiveness of this contraceptive 
method. Serum LH and FSH levels, in fact, did not rise 
until four to six days after ingestion of the last pill. 

Follicle maturation normally begins in response to in- 
creased serum FSH concentrations which start to rise 
on the day preceding the first day of menses.13 Thus, 
the failure of early follicle stimulation and develop- 

ment observed in this study is evidenced by low serum 
estradiol levels which persist during and following the 
pill-free interval. Our findings pertaining to the oral 
contraceptive-free period are in agreement with those 
of Klein and Mishell,r5 who studied serum hormone 
levels for 60 consecutive days following discontinuation 
of oral contraceptives. In the latter study, serum LH 
and FSH levels remained suppressed until the onset of 

the first uterine bleeding or longer. The rise in serum 
gonadotropin levels was followed by a rise in serum 
estradiol concentrations two to 12 days thereafter. 

During the six- to seven-day pill-free interval follow- 
ing a 21 day period of daily ingestion of 0.5 mg. of 
dl-norgestrel and 0.05 mg. of ethinyl estradiol, 
sufficiently elevated serum d-norgestrel levels persist 
long enough to delay the effective rise of serum FSH 
and LH until the next 21 day course of contraceptive 
medication is started. This prolonged suppression of 
gonadotropins during the period when contraceptive 
steroids are not ingested prevents follicle maturation. 
By the time gonadotropins begin to rise, another cycle 
of oral contraceptive therapy has begun. Thus, the six- 
to seven-day pill-free interval between 21 day periods 
of daily oral intake of 0.5 mg. of &-norgestrel com- 
bined with 0.05 mg. of ethinyl estradiol is not long 
enough to allow the hypothalamic-pituitary-ovarian 
axis to escape from the inhibitory mechanisms of 
suppression. It is conceivable, although at present 
unproved, that gonadotropin suppression and lack of 
follicle development, resulting in decreased ovarian 
estradiol production, produce alterations of the intra- 

ovarian regulation of follicle development, rendering 
the follicles temporarily less responsive to FSH stimula- 
tion and thus extending the recovery phase of the 
hypothalamic-pituitary-ovarian axis. 

We thank Dipl. Ing. B. Nieuweboer, Schering A. G., 
Berlin, West Germany, for supplying the antiserum 
against d-Norgestrel-3-(0-carboxymethyl) oxime-e- 
aminocaproic acid-bovine serum albumin. The expert 
technical assistance of Claire E. Osborn and David P. 
Fisk in carrying out serum estradiol, progesterone, 
FSH, and LH RIA’s is acknowledged. 
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