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ABSTRACT 

The relative bioavailability of levonorgestrel (LNG) and ethinyl 
estradiol (EE) administered concomitantly both as an oral tablet and 
as a solution was assessed in a randomized two-period crossover study 
in 24 healthy women. Serum concentrations were monitored for 96 h 
after each administration. The relative bioavailability (F,) of LNG 
in the tablet with respect to the solution was 107%; thus the two 
formulations were bioequivalent with respect to LNG. The relative 
bioavailability of EE, however, was significantly lower for the tablet 
(Fr 83%) compared to the solution. This difference may have been 
due to either decreased absorption or enhanced presystemic elimination 
of EE from the tablet formulation. 

Address correspondence and reprint requests to Theodore B. Woutersz, 
M.D., Clinical Research and Development Department, Wyeth 
Laboratories, Inc., P.O. Box 8299, Philadelphia, PA 19101 

+Deceased 
*Present address: Northwestern University Medical School, 
333 E. Superior St., Chicago, IL 60611 

Submitted for publication May 2, 1986 
Accepted for publication October 6, 1986 

OCTOBER I986 VOL. 34 NO. 4 341 



CONTRACEPTION 

INTRODUCTION 

The pharmacokinetics and metabolism of ethinyl estradiol (EE) and 
levonorgestrel (LNG), two synthetic steroids used in hormonal 
contraception, have been extensively studied (l-7) and recently 
reviewed (8,9). There is, however, limited information on the 
pharmacokinetics of these two steroids when administered in the 
low-dose combination tablets that are commonly used today (4,5). To 
determine some of the pharmacokinetic properties of a low-dose oral 
contraceptive tablet containing 150 Hg of LNG and 30 Hg of EE 
(Nordette@) and to assess the relative bioavailability with respect 
to both steroids, we compared the pharmacokinetic profiles of LNG and 
EE after the administration of a combination tablet and an oral 
solution containing the same amount of both steroids. 

METHODS 

Studv population 

Twenty-four healthy women between 22 and 35 years of age (mean 
age, 30 yr) and within 10% of the ideal body weight for their age and 
height (mean weight, 59 kg) participated in this study. Excluded from 
participation were subjects who had any contraindication to the use of 
combination oral contraceptives, had been pregnant within 60 days, or 
had used reproductive hormones within 15 days. The participants took 
no reproductive hormones or other medications 1 week before and during 
the study period. None of the volunteers smoked on admission or 
during the study. Institutional review board approval was obtained, 
and written informed consent was given by each participant. 

Procedures and study desiqn 

All subjects had a complete physical examination and laboratory 
evaluation, including a complete blood count, serum chemistries, 
urinalysis, and a cytologic smear of the cervix before entering the 
study. 

Each subject received a single combination tablet containing 150 
Pg of LNG and 30 Pg of EE (Nordette@, Wyeth Laboratories, 
Philadelphia, PA) and 30 ml of a hydroalcoholic (22% ethanol) solution 
containing 150 Hg of LNG and 30 Hg of EE (standard) in random 
sequence on separate occasions in each of two consecutive menstrual 
cycles. The schedule of drug administration for this two-period 
crossover study was based on a Latin-square design. Each formulation 
was administered as a single dose on day 4, 5, or 6 of the menstrual 
cycle. 

After an overnight fast of 12 h, the dose of medication was 
administered with water, 155 ml with the tablet and 125 ml after the 
solution. Fasting was continued for 4 h after drug administration. 
Venous blood samples (12 ml) were collected in additive-free tubes 
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before drug administration and at 0.5, 1, 1.5, 2, 4, 6, 8, 12, 24, 48, 
72, and 96 h after administration. The blood samples were allowed to 
clot for 60 min. After centrifugation, the serum was separated and 
stored at -20°C until the time of assay. 

Pharmacokinetic and statistical analvses 

Serum concentrations of LNG and EE were quantified by 
radioimmunoassay procedures (10,ll). The limit of reliable detection 
for LNG and EE using these methods was 60 ng/ml and 20 pg/ml, 
respectively. 

Serum concentration-time data for both LNG and EE were best fit to 
a two-compartment pharmacokinetic model, which included an assumed 
first-order absorption process, with the aid of a nonlinear 
least-squares regression computer program (12). Pharmacokinetic 
parameters estimated from this model included the apparent rate 
constant for absorption (ka), the mean absorption time (tabs) 
(tabs = l/k, + tlag, where tlag is the lag time before 
absorption begins) (151, maximum serum concentration (Cmax), the 
time when Cmax was achieved (tmax 1, terminal phase disposition 
rate constant (1 1, and the area under the serum concentration-time 
curve (AK 0 to H,* The terminal-phase half-life of LNG and EE in 
serum (tl/2) was calculated using the equation tl/2 = 0.693/X,. 
The apparent clearance of an oral dose (Cl/F, where F is the unknown 
systemic availability), was calculated by dividing the dose by the 
AUC, and the apparent terminal-phase volume of distribution 
(Vdhz/F) was determined by the equation VdXz/F = Cl/FX,. 
Relative bioavailability (F,) of LNG or EE in the combination tablet 
versus the oral solution was determined by the ratio of the AUCs (AUC 
tablet/AUC solution). 

Mean serum concentrations and pharmacokinetic parameter estimates 
for the two formulations were compared by the analysis of variance of 
log-transformed values for a two-period crossover design. 
Concentrations below minimum detectable levels at time t (Ct) were 
estimated using the last observable concentration, CT at time T, and 
1, by Ct = CTe-XZ(t-T). Geometric mean values for the 
pharmacokinetic parameters and serum concentrations are presented 
because they are more representative of the sample population than 
arithmetic means. The geometric mean and its 95% confidence limits 
for Cmax and AUC of LNG and EE for the two formulations were 
compared and used as criteria for bioequivalence. 

RESULTS 

Serum concentrations and pharmacokinetics of LNG 

The geometric mean serum concentration-time profile of LNG in 
24 women after they received the tablet or the solution is shown in 
Table I and Figure 1. The geometric mean serum concentrations of LNG 
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achieved by the solution were significantly (p < 0.05) higher than 
those for the tablet during the first hour after administration. 
However, at all of the sampling times between 4 and 24 h, the serum 
concentrations of LNG achieved by the tablet were significantly 
(p < 0.05) higher than those for the solution. Beyond 24 h, the serum 
concentrations of LNG achieved by the two formulations were similar. 

Table I. Serum concentrations of levonorgestrel (LNG, 150 pg) 
administered in combination with ethinyl estradiol (30 pg) 
as a tablet and as a solution 

Time After LNG Concentration (na/ml)a 
Dose (h) Tablet Solution o-valueb 

l/2 
(1.:::.2) (2.:;:.3, 

0.001 

1 
(2.:;;.5) (3.:::.6) 

0.001 

1 l/2 0.19 

(O.& 

12 
co.:;:.,, 

c2.:::.21 
0.61 

Cl.:;:.71 
0.001 

to.;;:.21 
0.03 

to.:;:.01 
0.02 

0.005 

24 0.04 

48 
co.;;;.31 

0.20 

aData are presented as geometric means and lower and upper 95% 
confidence limits (in parentheses). 
bAssociated with tests of formulation differences. 
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TIME (hours) 

Figure 1. Geometric mean serum concentration-time curves of 
levonorgestrel after oral administration of a tablet (open 
circles) and a solution (closed circles>, each containing 
150 pg of levonorgestrel and 30 pg of ethinyl 
estradiol, in 24 healthy subjects. 

Comparison of the two formulations in terms of the geometric mean 
pharmacokinetic parameter estimates for LNG (Table II) showed a higher 
Cmax and a faster tmax 
tablet (p < 0.05). 

and tabs for the solution than for the 
The difference in tabs between the two 

formulations may reflect the in vivo dissolution time of the tablet. 
Geometric mean values of tl/2, AK, Cl/F. and Vdhz/F were 
similar for the two formulations. The geometric mean F, of LNG in 
the tablet with respect to the solution was 107%, with 95% confidence 
limits ranging from 90% to 126%. Thus, the two formulations were 
bioequivalent with regard to extent of absorption of LNG, whereas the 
apparent rate of absorption of LNG was faster for the solution. 
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Table II. Pharmacokinetic parameter estimatesa for levonorgestrel 
(LNG, 150 Pg) administered in combination with ethinyl 
estradiol (30 pg) as a tablet and as a solution 

Pharmacokinetic 
Parameter Tablet Solution o-Valueb 

C max (ng/ml) 
&.8, WZ.6, 

0.001 

ka (h-'1 
(0.&3) 24.6) 

0.001 

t max ch) 
t0.:21, to0&7) 

0.001 

tabs (min) 0.001 

t1/2 (h) 
23, 23, 

0.52 

AUC (ng*h/ml) 0.43 

Cl/F (ml/h/kg) 
(34%) 

0.43 

Vd&F (L/kg) 
(0.23) tols95.7, 

0.84 

aoata are expressed as geometric means and ranges (in parentheses). 
bAssociated with tests of formulation differences. 

Serum concentrations and pharmacokinetics of EE 

Table III and Figure 2 present the geometric mean serum 
concentration-time curves of EE after administration of the 
combination tablet or solution, each containing 30 vg of EE. The 
mean serum concentrations of EE achieved by the solution were 
significantly (p < 0.05) higher than those for the tablet during the 
first 6 h after administration, but the mean concentrations achieved 
by the two formulations after 6 h were similar. 
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Table III. Serum concentrations of ethinyl estradiol (EE, 30 119) 
administered in combination with levonorgestrel (150 pg) as 
a tablet and as a solution 

Time After EE Concentration (oo/ml)a 
Dose (h) Tablet Solution o-Valueb 

l/2 
(3::50) ,5;:90, 

0.001 

1 
(6::93) 

108 0.001 
(92,127) 

1 102 0.001 
(86,121) 

(6;2101) 
0.001 

(3::60) 
0.01 

(2::40) 
0.05 

8 
( 
by231 U:F126) 0.10 

12 0.47 
( 
5Yl4) (16:14) 

24 0.14 
( 
174) 

( 
236) 

48 to.;,21 0.39 

aData are presented as geometric means and lower and upper 95% 
confidence limits (in parentheses). 

bAssociated with tests of formulation differences. 
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Figure 2. Geometric mean serum concentration-time curves of ethinyl 
estradiol after oral administration of a combination 
tablet (open circles) and solution (closed circles), each 
containing 30 rg of ethinyl estradiol and 150 pg of 
levonorgestrel. in 24 healthy subjects. 

Analyses of the geometric mean pharmacokinetic parameter estimates 
for EE (Table IV) showed that the Cmax and the AUC were significantly 
(p < 0.05) greater and the Cl/F significantly (p < 0.05) lower for the 
solution than for the tablet. The tabs was shorter and the apparent 
ka larger for the solution, although the differences were not 
statistically significant. No significant differences between the two 
formulations were detected in VdXz/F or tl/2. The geometric 
mean Fr of EE in the tablet with respect to the solution was 83%. 

348 OCTOBER 1986 VOL. 34 NO. 4 



CONTRACEPTION 

The 95% confidence limits for Fr ranged from 71% to 97%. Thus, EE 
appeared to be absorbed faster and was more bioavailable in the 
solution than in the tablet. 

Table IV. Pharmacokinetic parameter estimatesa for ethinyl 
estradiol (EE, 30 Pg) administered in combination with 
levonorgestrel (150 pg) as a tablet and as a solution 

Pharmacokinetic 
_ Parameter 

Cmax (w/ml) 

ka Ch-'1 

tmax Ch) 

tabs Cmin) 

t'/2 Ch) 

Solution 

110 
(56-238) 

(0.Z3.9) 

tOli~l.8, 

(16!;7) 

p-Valueb 

0.001 

0.18 

0.39 

0.10 

0.38 

AUC (pgmh/ml) 510 613 0.02 
(87-1656) (106-1387) 

Cl/F (ml/h/kg) 
CO.:-:.81 

0.02 

VdXz /F (L/kg) 0.84 

aData are expressed as geometric means and ranges (in parentheses). 
bAssociated with tests of formulation differences. 

DISCUSSION 

Both LNG and EE were rapidly absorbed, regardless of the 
formulation; peak serum concentrations of both steroids were observed 
within 2 h in the majority of subjects. The serum concentrations of 
LNG and EE seen in the subjects in our study are consistent with data 
reported in the literature (1,4,5,16). The LNG levels, however, tend 
to be in the high range of the published data, possibly because of the 
higher binding capacity of sex hormone binding globulin induced by the 
presence of EE (13,141. 
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In the present study, 
the tablet was lower than 

the relative availability of EE achieved by 
that achieved by the solution. One possible 

explanation for this finding is that EE has been shown to undergo 
extensive presystemic biotransformation, mainly in the intestinal wall 
(Z-4,8,9). Therefore, differences in the rate of absorption could 
potentially influence the extent of this presystemic elimination 
process, owing to the short transit time and highly variable 
concentrations of the drug through the gut wall. The absolute 
bioavailability of orally administered EE is reportedly less than 45% 
when administered in doses between 30 and 100 Pg (Z-4). An 
intravenous formulation was not available in this studv: therefore. 
absolute bioavailability could not be calculated nor can the actuai 
reasons for the decreased relative availability of EE in this study be 
accurately delineated. 

For LNG, the AUC or the extent of absorption was similar for the 
two formulations, although LNG was more rapidly absorbed from the 
solution than from the tablet. Unlike EE, LNG has been shown not to 
undergo substantial first-pass extraction and to be nearly completely 
bioavailable after oral administration of therapeutic doses (4,5). 

Because the rate of absorption frequently is not relevant to the 
clinical application of drugs that are administered chronically, 
assessment of bioequivalence can be based on comparing the extent of 
absorption. This is indeed the case with LNG and EE; hence the two 
formulations compared in this study are bioequivalent with regard to 
LNG and only approximately (71% to 97%) bioequivalent with respect to 
EE. 
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