
Pharmacokinetics of single and multiple 
doses of ethinyl estradiol and 
levonorgestrel in relation to smoking 

The effects of tobacco and oral contraceptive (OC) use (Ovral) on the pharmacokinetics of levonorgestrel 
(0.25 mg) and ethinyl estradiol (50 jig) were examined. Young women (n = 27) were grouped as follows: 
I: non-OC users/nonsmokers; II: OC users/nonsmokers; III: non-OC users/smokers; and IV: OC 
users/smokers. The apparent clearance of levonorgestrel in group I was 80.9 ± 15.6 ml/hr/kg and the 
half-life was 19.3 hours. A significant decrease in levonorgestrel clearance was seen in the chronic OC 
users (groups II and IV). The apparent oral clearance of ethinyl estradiol was 1002 ± 398 ml/hr/kg in 
group I and the half-life averaged 7.7 hours. Groups II and III showed decreased (not significant) 
clearances of ethinyl estradiol. Tobacco use had no effect on steroid pharmacokinetics in the non-OC 
users. Although chronic OC use did not affect ethinyl estradiol clearance, a joint effect of tobacco/OC 
use on enhancing clearance of ethinyl estradiol appeared to occur A linear relationship was found between 
24-hour trough serum concentrations and AUC values of both steroids that may facilitate population 
monitoring studies of OC exposure. (CLIN PHARMACOL THER 1988;43:23-31.) 
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William J. Jusko, Ph.D. Buffalo, N.Y. 

Oral contraceptives (OC) are a highly efficacious 
form of birth control used chronically by >50 million 
women. Two of the most common components of OC 
are ethinyl estradiol as the estrogen and norgestrel or 
levonorgestrel as the progestin. Although the disposi- 
tion of these compounds has been extensively studied 
individually, their pharmacokinetics during chronic, 
dual use have been less well characterized.' The clinical 
use of these steroids is clouded by alterations in phar- 
macokinetic characteristics such as intersubject van- 
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ability, self-induced alterations in disposition, and com- 
mon drug interactions. Although chronic OC use results 
in consistent serum concentrations of ethinyl estradiol, 
increased production of sex hormone binding globulin 
can cause serum levonorgestrel concentrations to in- 

crease.23 Chronic OC use can cause inhibition of some 
microsomal oxidative processes, while induction of glu- 
curonidation of other concurrently used drugs also oc- 
curs.4 Conversely, enzyme inducers such as the anti- 
convulsants can accelerate metabolism and cause de- 
creased efficacy of OC.5 

Chronic tobacco use selectively stimulates hepatic 
microsomal enzymes resulting in increased metabolic 
rate of numerous drugs.' We previously examined 
smoking/OC effects on theophylline metabolism and 

found offsetting changes in clearance.' Crawford et al.' 
examined the effects of smoking on single plasma con- 
centrations of ethinyl estradiol and levonorgestrel in 311 

women at three time windows. He concluded that smok- 
ing was not a significant factor influencing concentra- 
tions of these steroids. However, a more comprehensive 
pharmacokinetic assessment is needed because of the 

importance of the dual adverse and metabolic effects 
of combined smoking and oral contraceptive use. Ep- 
idemiologic data reveal that women who smoke and use 
OC have an increased risk of cardiovascular disease.' 

23 
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Table I. Characteristics of subjects 

SDs are in parentheses. 
*Coded as 0 = none, I = social, and 2 = daily use. 
tNumber of cups of coffee or tea per day. 
*Normal range. 

The trend toward dosage reductions of OC components, 
the intersubject variability in the pharmacokinetics of 
OC, and the concurrent use of potential enzyme in- 
ducers could decrease the efficacy of OC. 

The purpose of this study was to examine the effects 
of chronic OC and tobacco use on the pharmacokinetics 
of the major components of the pill. The study was 
designed to assess the separate and combined effects 
of each factor on the apparent clearances and half-lives 
(t112) of ethinyl estradiol and levonorgestrel. 

METHODS 
Subjects. Twenty-seven white female volunteers 

were entered into one of the following groups: 
group I: non-OC user, nonsmoker (n = 8); group II: 
OC user, nonsmoker (n = 8); group III: non-OC user, 
smoker (n = 8); and group IV: OC user, smoker 
(n = 3). 

Each woman was confirmed as healthy and non- 
pregnant by physical examination, medical history, and 
laboratory blood tests. The latter included serum bio- 
chemistry profile (SMAC; Technicon Instruments 
Corp., Tarrytown, N.Y.), complete blood cell count 
with differential, lipid profile (cholesterol, triglycer- 
ides, and high-density and low-density lipoprotein ra- 
tios), and serum pregnancy test. All results were within 
the predetermined normal laboratory ranges. This study 
was approved by human investigation committees and 
informed consent was obtained from each subject before 
the study. 

Subject characteristics for each group are outlined in 
Table I. Ages ranged from 19 to 30 years, with group 
median ages falling in the mid 20s. Total body weight 

CLIN PHARMACOL THER 
JANUARY 1988 

for all women was within 15% of desirable body weight 
as determined by body frame. The volunteers reported 
no known chemical exposures or chronic use of non- 
OC medications, alcohol, or marijuana. 

OC use. Groups II and IV had been using OC on a 

chronic basis (i.e., >6 months). Five of the 11 OC 
users were taking Ovral (Wyeth Laboratories: 50 lig 
ethinyl estradio1/0.5 mg norgestrel) before the study. 
With their physicians' approval, the remaining six vol- 
unteers switched to Ovral from another comparable OC 
containing 50 jig ethinyl estradiol for the 1-month cycle 
before the study period. Groups I and III used no hor- 
monal contraceptive method for at least 1 year before 
the study. These subjects agreed to take one study dose 
of Ovral. 

Tobacco smoking. Subjects in groups III and IV 
smoked at least 20 cigarettes per day for more than 
1 year. Tobacco use was similar in both groups (Ta- 
ble I). 

Study. Subjects were requested to fast overnight be- 
fore the study. Groups II and IV were examined during 
steady-state conditions during a 24-hour dosing interval 
between days 7 and 21 of the OC cycle. All volunteers 
in these two groups were standardized 72 hours before 
the study day such that each woman was taking her 
daily OC dose between 6 and 8 AM. This ensured that 
the serum concentration on the morning of the study 
day for chronic OC users would represent a 24-hour 
trough value. Groups I and III were studied after a single 
OC dose given between days 7 and 25 of the menstrual 
cycle. 

All subjects were given one Ovral tablet with 200 
ml water. At least 1 hour after the OC administration, 

Characteristics Group I Group II Group III Group IV 

No. of subjects 8 8 8 3 

Mean age (yr) 23.9 (2.5) 24.3 (3.0) 25.3 (4.0) 27.3 (1.5) 
Total body weight (kg) 53.5 (5.1) 61.1 (8.2) 59.3 (9.1) 58.6 (8.3) 
Duration of OC use (yr) 0 4.4 (2.7) 0 6.8 (2.8) 
Tobacco use (pack/day) 0 0 1.41 (0.42) 1.08 (0.14) 
Duration of tobacco use (yr) 0 0 9.0 (3.4) 7.8 (5.7) 
Marijuana use* 0 0 0.5 (0.5) 1.0 (0) 
Alcohol use* 0.88 (0.35) 1.13 (0.35) 1.0 (0) 0.67 (0.58) 
Caffeine uset 2.25 (1.67) 2.00 (1.22) 4.88 (2.69) 1.0 (0) 
Bilirubin (0-1.1 ing/dOt 0.75 (0.17) 0.33 (0.10) 0.53 (0.17) 0.43 (0.32) 
SGPT (0-38 U/L)t 19 (8) 20 (10) 13 (4) 16 (14) 
SGOT (0-46 U/L)t 18 (5) 17 (4) 19 (2) 15 (17) 
Alkaline phosphatase (35-117 U/L)t 55 (8) 52 (14) 65 (17) 54 (14) 
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each woman was given a 4 mg/kg oral dose of ami- 
nophylline as part of a concomitant study.' (The effect 
of theophylline on the pharmacokinetics of either ste- 
roid component is probably negligible because of the 
time separation of the two agents, as well as the minimal 
potential of theophylline to alter the pharmacokinetics 
of other drugs.) Venous blood samples (10 ml) were 
collected at 0 (8 AM, before OC administration), 1/2, 1, 

11/2, 2, 3, 4, 6, 8, 12, and 24 hours for all groups via 
an indwelling catheter. Catheter patency was main- 
tained with a 20 U/ml heparin solution. In groups I and 
III additional samples were collected at 36, 48, 72, and 
96 hours. Serum was collected after centrifugation and 
frozen pending analysis. 

Levonorgestrel assays. A previously developed RIA 
method for serum levonorgestrel was provided by 
D. B. Nieuweboer (Schering AG, Berlin, West Ger- 
many). To prepare samples for RIA measurement, 0.08 
to 0.025 ml serum was diluted to 0.3 ml with water 
and extracted once into 2 ml hexane:ethyl acetate 
(75:25), and the organic phase was evaporated to 
dryness. All samples were reconstituted with an 
equal volume of buffer, and a dilution of 15-16-3H2- 
levonorgestrel (39 Ci/mmol/L, Schering AG) was 
added to produce 10,000 dpm/tube. All samples were 
analyzed in duplicate. A 1:10,000 working dilution of 
antiserum-levonorgestre1-3-CM0 (Schering AG) was 
used that specifically measured levonorgestrel. Pooled 
normal serum was added to the standards in volumes 
equal to the sample size and aliquoted to correct for 
nonspecific serum binding. Assay specifications in- 
cluded <0.04% cross reaction of the antiserum with 
ethinyl estradiol and extract* recovery from serum 
ranging from 78% at 5 pg to 86% at 500 pg. The 
intraday and interday coefficients of variation of this 
assay ranged from 11.7% at 7.5 pg/ml to 5.9% at 450 
pg/ml. 

Ethinyl estradiol. Serum ethinyl estradiol was as- 
sayed in duplicate by an established RIA method."' 
To prepare samples for RIA measurement, 0.5 ml serum 
was diluted to 1 ml with water, extracted once into 
5 ml hexane : ethyl acetate (75:25), washed with 1.5 
ml 0.01 N NaOH, and evaporated to dryness. All sam- 
ples were reconstituted with equal volumes of buffer. 
A 25 pg/ml dilution of 1716,7-3(N)]-ethinyl estradiol 
(57 Ci/mmol; New England Nuclear, Boston, Mass.) 
was added to each tube, yielding 12.5 pg/tube. Anti- 
serum to ethinyl estradiol in a 1:10,000 working di- 
lution (lot R6-15 from the Research Triangle Institute, 
Research Triangle Park, N.C.) was used. Assay spec- 
ifications included (1) major cross reaction of antiserum 
to estradiol was 1.1%, mestranol 0.9%, and norethin- 
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Fig. 1. Representative serum levonorgestrel concentration- 
time profiles for women in each of the four groups examined. 
The solid lines show the disposition slope as generated by 
least-squares regression of the points in the terminal phase. 
Symbols depict measured values for (0) nonsmoking OC 
users, () OC users/smokers, (0) nonsmokers/non-OCS 
users, and (N) smokers/non-OC users. 

drone 1.1%; (2) standard displacement of the antiserum 
was linear from 200 to 500 pg; (3) extraction recovery 
from plasma was 80% at 20 and 200 pg; and (4) the 
average coefficients of variation were 11% for intraday 
and interday assays. Individual nonspecific blanks 
(0-hour serum concentration values) were subtracted 
from all measured values for groups I and III. The 
mean blank (0-hour value of group I (28 pg/ml) was 
subtracted from all serum concentration values in 
groups II and IV. 

Pharmacokinetics. The AUC was calculated by 
LaGrange polynomial interpolation." The multiple- 
dose data were used to generate an AUC over 24 hours, 
whereas the single-dose curves were extrapolated to 
time infinity using the terminal exponential slope. Ap- 
parent oral clearances were calculated from dose/AUC. 
The levonorgestrel dose was one half of the 0.5 mg 
norgestrel dose. 

Statistical analysis. The independent, as well as 

joint, effects of cigarette smoke exposure and chronic 
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Fig. 2. Representative serum ethinyl estradiol concentration-time profiles for the four groups 

examined. Symbols and lines are defined in Fig. 1. 

Table II. Summary of apparent oral clearance and t112 values for contraceptive steroids 

oral contraceptive use on the disposition of ethinyl es- 
tradiol and levonorgestrel were assessed by two-way 
ANOVA. This was accomplished with general linear 
regression models.' Because the potential for inter- 
action between these factors existed, each main-effect 
sum of squares was initially adjusted for the contri- 
bution of the main effect, as well as for the interaction. 
Whenever the interaction was insignificant, it was de- 
leted from the regression model and the data were re- 
fitted to a model containing only main-effect terms. 

Appropriate procedures were employed whenever bi- 
variate regression analyses involved two variables that 
were subject to random experimental error.' 

RESULTS 

Subjects. The female volunteers for this study formed 
four closely matched groups except for the factors under 
investigation (Table I). Although an elevation of liver 
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function test results can occur in OC users,'6'7 our 
subjects had normal values for serum bilirubin and liver 
enzymes. All OC users were examined after receiving 
Ovral for at least 7 days. Because of the time frame 
and logistics of this study, only three women were re- 
cruited for group IV. 

Levonorgestrel. Typical profiles for the time course 
of serum levonorgestrel concentrations for subjects 
from each group are shown in Fig. 1. Differences occur 
between single and chronic administration partly as a 

result of the natural accumulation of the drug. Absorp- 
tion was generally prompt with maximum serum con- 
centrations (range: 2.8 to 6.4 ng/ml, single dose; 6 to 
20 ng/ml, chronic use), usually occurring between 11/2 

and 3 hours. Elimination was multiexponential, with 
the elimination t172 ranging between 15.2 and 70 hours. 

Ethinyl estradiol. Serum concentrations of ethinyl 
estradiol as a function of time are shown for four rep- 

Group No. 

Levonorgestrel Ethinyl estradiol 

CL 
(ml/hr/kg) 

1'1/2 

(hr) 
CL 

(ml/hr/kg) (hr) 

8 80.9 (15.6) 19.3 (2.5) 1002 (398) 7.7 (2.4) 
II 8 36.6 (12.9) 31.4 (18.5) 653 (391) 13.8 (6.6) 
III 8 70.6 (35.9) 26.8 (11.6) 550 (293) 16.5 (12.0) 
Iv 3 45.0 (17.0) 29.8 (18.6) 1008 (279) 6.9 (2.9) 
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resentative subjects in Fig. 2. This compound showed 
slight accumulation on multiple administration with 
maximum serum concentrations occurring between 
1 and 2 hours after administration. Peak serum con- 
centrations ranged from 94 to 250 pg/ml in non-DC 
users and 118 to 282 pg/ml in the DC groups. Mul- 
tiexponential elimination occurred with a range of elim- 
ination t1,2 of 4.2 to 35.1 hours. 

Pharmacokinetics. Because of oral administration, 
the AUC of both compounds is determined by systemic 
availability and metabolic clearance. The dose/AUC 
values are thus termed "apparent oral clearance" be- 
cause of the known incompleteness of ethinyl estradiol 
availability in particular. A summary of all clearance 

sr,* 

and t1/2 values in the four subject groups is provided in 

Table II. The apparent clearance values from the in- 
dividual subjects are also plotted in Fig. 3 to facilitate 
comparison. 

Chronic oral contraceptive exposure affected the dis- 
position of levonorgestrel in both smoking and non- 
smoking women whereas chronic tobacco use did not. 
This was demonstrated to be statistically significant 
(P < 0.05), with mean clearances of 36.6 (nonsmok- 
ers) and 45.0 (smokers) ml/hr/kg in the chronic DC 

groups as compared with 80.9 (nonsmokers) and 70.6 
(smokers) ml/hr/kg in the non-DC users. The ti of 
levonorgestrel were also prolonged in the chronic OC 
users. No interactive effect of the two major factors on 
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Fig. 3. Apparent clearances of levonorgestrel (NG) and ethinyl estradiol (EE) for the four groups 
examined. Horizontal lines denote group mean values. 

APPARENT EE CLEARANCE, ml/h/kg 

Fig. 4. Relationships between apparent clearances of levonorgestrel (NG) and ethinyl estradiol (EE) 
in both nonsmoking (A) and combined groups (B). Symbol definitions are given in Fig. I. Orthogonal 
least-squares fitting revealed significant positive correlation (P < 0.01) in the nonsmoking group 
(slope = 0.0645; intercept = 5.45), whereas the correlation was not significant for the group as 
a whole (P < 0.20). 
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Fig. 5. A, Relationship between 24-hour levonorgestrel serum 

concentration (Cr) and AUC for acute and chronic admin- 
istration. The data from one subject were omitted as grossly 
misrepresentative. The regression equation was generated em- 
ploying perpendicular least squares (r = 0.99; P < 0.0001). 
The four data points falling to the right were not included 
because their inclusion resulted in a positive intercept that 
violates theoretic considerations. B, Relationship between the 
C;>4 and AUC for ethinyl estradiol for acute and chronic ad- 
ministration. Perpendicular least-squares fitting of all data 
resulted in a significant correlation (r = 0.98; P < 0.01). 
The symbols are defined in Fig. 1. 

apparent levonorgestrel clearance was found. There 
were no significant differences in clearance of either 
steroid in women who chronically received Ovral vs. 
those who were switched to this product for 1 month 
of study. 

Neither chronic OC exposure nor tobacco use con- 
sistantly altered the pharmacokinetics of ethinyl estra- 
diol as shown in Fig. 3. There was a tendency toward 
lower values of ethinyl estradiol clearances after acute 
OC exposure in the smokers (1002 in group I vs. 550 
ml/hr/kg in group III), but this was not statistically 
significant. Interestingly, a significant smoking-OC in- 
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teraction effect was noted. Although based on only 
three subjects, the mean clearance of ethinyl estradiol 
in the smoking, chronic OC group (1008 ml/hr/kg) was 
greater than that of groups 11 (653 ml/hr/kg) and III 
(550 ml/hr/kg). 

Two-way ANOVA, examining ethinyl estradiol and 
levonorgestrel t1/2, reflected the aforementioned clear- 
ance results, suggesting minimal perturbations in vol- 
umes of distribution (Va,.ea) for these compounds. 

The relationship between apparent clearances of le- 
vonorgestrel and ethinyl estradiol in nonsmokers and 
in all subjects is shown in Fig. 4. A positive correlation 
(P < 0.01) was found in the nonsmoking group. This 
becomes insignificant (P < 0.20) when all subjects are 
considered because of greater variability in data from 
smokers and the opposing trends of the levonorgestrel 
and ethinyl estradiol data in group IV. 

The relationships between the 24-hour (trough) 
serum concentrations of the OC steroids and the 
AUC values are depicted in Fig. 5. A significant posi- 
tive correlation for both levonorgestrel (r = 99; P < 
0.0001) and ethinyl estradiol (r = 0.98; P < 0.01) ex- 
ists. However, several subjects have data points distinct 
from the majority of the group whose values closely fit 
the regression line. 

DISCUSSION 
Levonorgestrel disposition. Norgestrel, a totally syn- 

thetic progestin, is available as a dl-racemate form of 
which levonorgestrel is the biologically active enantio- 
mer. Our study involved administration of the racemate, 
but specifically measured levonorgestrel and calcula- 
tions reflect this compound. After oral administration 
our values of the time to peak, peak serum concentra- 
tions, and serum concentrations at 24 hours are in a 
range similar to that of previous reports.2"8-2' Investi- 
gations by Humpel et al." and Back et al.' demon- 
strated that oral levonorgestrel is not subject to a first- 
pass effect and is essentially completely bioavailable. 
Therefore the values in Table II provide an estimate of 
the true metabolic clearance because levonorgestrel is 
metabolized extensively to a variety of oxidation and 
secondary conjugation products.' Levonorgestrel ex- 
hibited a multiexponential decline that has most often 
been described as biexponentia1.18'22 We found a two- 
fold to sixfold intersubject variation in serum concen- 
trations and pharmacokinetic parameters in both chronic 
and acute OC users that was most notable with smokers. 
This is consistent with data generated by Back et al., 
who found a twentyfold to thirtyfold variation in steady- 
state serum concentrations of levonorgestrel in women 
who received two different dosages of this steroid. Our 
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mean elimination ti,, for levonorgestrel was 23 hours 
after a single dose and 30 hours in the chronic OC 
group. Other investigators have found the elimination 
ti,, to range similarly from 11 to 45 hours.' 

The clearance of levonorgestrel during chronic oral 
contraceptive use was significantly lower than that in 
the single-dose group. Levonorgestrel is bound exten- 
sively in plasma to albumin and sex hormone binding 
globulin.2'24'" The lower clearance seen in chronic users 
may have resulted from enhanced binding of levonor- 
gestrel to increased concentrations of this protein caused 
by chronic use of ethinyl estradio1.23 As a result, serum 
concentrations of levonorgestrel typically rise to levels 
higher than those predicted by accumulation kinetics.220 

Ethinyl estradiol disposition. Ethinyl estradiol was 
directly analyzed in serum in its unconjugated form 
using a reliable and extensively tested RIA. Peak serum 
concentrations occurred within 1 to 2 hours after inges- 
tion and were consistent with data of Goldziemer 
et al.' and Back et al.' The mean peak and 24-hour 
serum ethinyl estradiol concentrations in the present 
study were also in a range similar to that of recent 
reports .26-28 

The apparent oral clearance generated in this study 
partly reflects the considerable first-pass loss of oral 
ethinyl estradiol seen in humans that results in a sys- 
temic availability of about 40%.2229 In addition to the 
liver, the gut wall may contribute to first-pass metab- 
olism as demonstrated with human jejunal mucosa by 
Back et al.' This steroid is otherwise metabolized to 
a variety of phase I products with 2-hydroxyethinyl 
estradiol as a major metabolite.' 

The serum concentration-time profile of ethinyl es- 
tradiol exhibited multiexponential decay as described 
previously. 28'29 Determination of the terminal elimina- 
tion phase in single-dose studies has been confounded 
by sporadic increases in ethinyl estradiol concentrations 
caused by enterohepatic cycling. '8'27 Our data did not 
exhibit this phenomenon, nor did profiles described by 
Fotherby et al." Significant intersubject variation in 
pharmacokinetic parameters and serum concentrations 
of ethinyl estradiol has been generally evid:...nt."'" In a 
multicenter trial, Fotherby et al. noted a tenfold vari- 
ation in AUC values of ethinyl estradiol and attributed 
this finding to variable first-pass metabolism. Stadel 
et al." attempted to seek sources of intersubject vari- 
ability by examining the influence of exogenous factors 
such as age, weight, duration of OC use, smoking, 
alcohol consumption, menstrual cycle, and time of OC 
ingestion on ethinyl estradiol plasma concentrations. 
These factors explained only 28% of the observable 
variation in their ethinyl estradiol data. 

Steroid clearance and smoking 29 

The mean elimination t1,2 of ethinyl estradiol for both 
chronic and acute OC use was approximately 12 hours 
in our study and is in agreement with other reports.26'3" 
Literature values for the elimination t,,, of ethinyl es- 
tradiol vary from 6 to 30 hours, which may be explained 
by the duration and intensity of sampling times. Ethinyl 
estradiol is approximately 97% bound to albumin and 
is not bound to sex hormone binding globulin. 

There was a tendency for lower ethinyl estradiol 
clearances in chronic OC users, but the difference was 
not significant (Fig. 3). Numerous studies have been 
conducted both in vivo and in vitro to assess the effects 
of OC components on hepatic metabolism. Most con- 
sistent is a moderate reduction in the biotransformation 
rate of various substrates. For example, Schmid et al.' 
studied female monkeys treated chronically with con- 
traceptive steroids to mimic human exposure of OC. 
Cytochrome P-450 concentrations were decreased sig- 
nificantly and they suggested that the ethinyl group of 
ethinyl estradiol was responsible. OC tend to inhibit 
the hepatic metabolism of numerous drugs that un- 
dergo biotransformation by the microsomal mixed- 
function oxidase system.'" In contrast, Patwardhan 
et al.4 found that the conjugation of two benzodiaze- 
pines was increased in OC users. Both levonorgestrel 
and ethinyl estradiol undergo biotransformation by ox- 
idative mechanisms, and it is, thus, not unexpected that 
chronic OC users exhibit a tendency for reduced clear- 
ance of these steroids. 

Tobacco use. Limited phannacokinetic information 
is available describing the effects of chronic tobacco 
use on the disposition of combined OC. Crawford 
et al.' studied the effect of tobacco smoking on OC 
serum concentrations obtained from 311 smokers and 
nonsmokers at various times after ingestion of a daily 
OC. He concluded that tobacco had no effect on the 
metabolism of either ethinyl estradiol or levonorgestrel. 
However, only a single serum concentration was ob- 
tained in each woman at three time windows after ad- 
ministration. Our more intensive study indicates that 
the trough (24-hour) blood sample would have been 
most reflective of AUC values and clearances ( Fig. 5). 
Our study agrees that chronic tobacco use as a single 
factor does not influence the phannacokinetics of le- 
vonorgestrel. In contrast, a joint effect from chronic 
OC use and tobacco use was seen for ethinyl estradiol. 
Although this finding is based only on three subjects, 
it warrants further consideration because other evidence 
exists for increased hepatic metabolism of estrogens as 

a result of smoking. Jensen et al." found decreased 
serum estrogen levels in postmenopausal smokers 
receiving exogenous hormone therapy. Michnovicz 
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et al." recently examined the conversion of estradiol 
to 2-hydroxyestradiol in groups of smoking and non- 
smoking premenopausal women (non-DC users). The 
extent of conversion to this major metabolite increased 
approximately 50% in the smokers. Also, urinary ex- 
cretion of estriol relative to estrone, an index of a 
competing metabolic pathway, significantly decreased 
among the smokers. 

It has been shown that smokers taking high- to 
moderate-dose OC have an increased risk of cardio- 
vascular toxicity.' One possible source of such sequelae 
may be the formation of antibodies to estradiol as pos- 
tulated by Beaumont et al.' Also, the 2-hydroxy me- 
tabolite has been implicated as a reactive metabolite of 
estradio1,41 and a similar metabolic pathway yields the 
primary metabolite of ethinyl estradiol. It might be 
speculated that chronic tobacco use increases the gen- 
eration of this metabolite in OC users, which contrib- 
utes to increased toxicity. 

Another clinical implication of accelerated OC dis- 
position in smokers relates to the newer low-dose OC 
that use more physiologic doses of steroids. If metab- 
olism of ethinyl estradiol is more rapid in smokers, the 
clinical efficacy of these newer threshold-dose OC may 
be reduced. Considering the intersubject variability in 
the pharmacokinetics of these steroids, these clinical 
concerns warrant closer patient follow-up until further 
documentation is available. 

Trough concentrations. The data in Fig. 5 illustrate 
the correlation between the trough concentration and 
total AUC of each steroid during single and chronic 
dosing administration. This type of relationship exists 
for many other drugs.' It should be noted that four 
points deviate appreciably from the regression line, a 
factor that may temper the universality of this relation- 
ship. Future use of this correlation may assist in pop- 
ulation surveillance assessments and optimization of 
OC use by identifying patients at risk for high or low 
steroid concentrations. 

Summary. This study has more clearly delineated the 
pharmacokinetics of ethinyl estradiol and levonorgestrel 
during single-dose and chronic OC use. The possibility 
was noted that chronic OC and tobacco use may affect 
the disposition of the estrogen component. This requires 
further investigation in a larger subject group. A rela- 
tionship between 24-hour serum concentrations and 
AUC values of both steroids was observed that may 
assist in population surveys. 

We appreciate the provision of antiserum to ethinyl estra- 
diol by Dr. C. E. Cook of Research Triangle Institute, Re- 
search Triangle Park, N.C., RIA material from Dr. B. Nieu- 
weboer of Schering AG, Berlin, West Germany, and levo- 
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norgestrel and its metabolites by Dr. Samuel F. Sisenwine of 
Wyeth Laboratories, Radnor, Pa. Clinical assistance was pro- 
vided by Anthony Yurchak, M.D. 
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