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Aims

 

To assess the effect of rosuvastatin on oestrogen and progestin pharmacokinetics in
women taking a commonly prescribed combination oral contraceptive steroid (OCS);
the effect on endogenous hormones and the lipid profile was also assessed.

 

Methods

 

This open-label, nonrandomised trial consisted of 2 sequential menstrual cycles.
Eighteen healthy female volunteers received OCS (Ortho Tri-Cyclen

 

®

 

) on Days 1–21
and placebo OCS on Days 22–28 of Cycles A and B Rosuvastatin 40 mg was also
given on Days 1–21 of Cycle B.

 

Results

 

Co-administration did not result in lower exposures to the exogenous oestrogen or
progestin OCS components. Co-administration increased AUC[0–24] for ethinyl
oestradiol (26%; 90% CI ratio 1.19–1.34), 17-desacetyl norgestimate (15%; 90%
CI 1.10–1.20), and norgestrel (34%; 90% CI 1.25–1.43), and increased 

 

C

 

max

 

 for
ethinyl oestradiol (25%; 90% CI 1.17–1.33) and norgestrel (23%; 90% CI 1.14–
1.33). The increases in exposure were attributed to a change in bioavailability rather
than a decrease in clearance. Luteinizing and follicle-stimulating hormone concentra-
tions were similar between cycles. There were no changes in the urinary excretion
of cortisol and 6

 

b

 

-hydroxycortisol. Rosuvastatin significantly decreased low-density
lipoprotein cholesterol [-55%], total cholesterol [-27%], and triglycerides [-12%], and
significantly increased high-density lipoprotein cholesterol[11%]. Co-administration
was well tolerated.

 

Conclusions

 

Rosuvastatin can be coadministered with OCS without decreasing OCS plasma con-
centrations, indicating that contraceptive efficacy should not be decreased. The results
are consistent with an absence of induction of CYP3A4 by rosuvastatin. The expected
substantial lipid-regulating effect was observed in this study, and there was no
evidence of an altered lipid-regulating effect with OCS coadministration.

 

Introduction

 

Rosuvastatin* (Crestor

 

®

 

) – an effective effective
inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase – has been developed by Astra-

Zeneca for the treatment of patients with dyslipi-
daemia. In clinical trials, 1–80-mg doses of the drug
produced decreases in low-density lipoprotein choles-
terol (LDL-C) (up to 65%),  total cholesterol (TC), and
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triglycerides (TG), and increases in high-density lipo-
protein cholesterol (HDL-C) [1–3]. Data on the phar-
macokinetic of rosuvastatin have also been reported
[4–11].

Selective hepatic uptake of rosuvastatin by an active
transport process has been demonstrated in rats [12,
13]. HMG-CoA reductase inhibitors (including rosuv-
astatin [14]) have been shown to be ligands for a liver-
specific human organic anion transporting polypeptide
present in the basolateral membranes of hepatic cells
[15]. Elimination of rosuvastatin is primarily via the
liver, and – by analogy with pravastatin [16], liver to
bile transport of rosuvastatin may be an active process.
Metabolism appears to be a minor route of clearance [6,
7, 9, 17, 18].

An estimated 60–70 million women worldwide use
oral contraceptive steroids (OCS) [19]. This large pop-
ulation may include many women with dyslipidaemia.
Therefore, it is important that a drug for the treatment
of patients with dyslipidaemia does not alter OCS
efficacy.

Amongst the most commonly used OCS’s, are the
combination types that contain both synthetic oestrogen
(ethinyl oestradiol) and a synthetic progestin (e.g. norg-
estimate). These OCS hormones are metabolized by the
hepatic enzyme cytochrome P450 3A4 (CYP3A4) [19,
20]. Drugs that induce CYP3A4 are known to increase
the metabolism of the synthetic oestrogen and progestin
OCS components, which can lead to contraceptive fail-
ure [19, 20].

There is no evidence that rosuvastatin affects on
CYP3A4 activity. Thus, rosuvastatin does not induce
CYP3A4 actively in animals [AstraZeneca data on
file], and has no significant inhibitory effect on the
cytochrome P450 enzymes isoforms in human
hepatic microsomes [17]. However, it is not known
whether rosuvastatin alters the activity of CYP3A4 in
humans 

 

in vivo

 

. Thus, the aim of this study was to
investigate the effect of rosuvastatin on oestrogen
and progestin pharmacokinetics in women taking a
commonly prescribed combination OCS. The effect
on endogenous hormones and the lipid profile was
also assessed.

 

Methods

 

This study was designed and monitored in accordance
with the ethical principles of Good Clinical Practice and
the Declaration of Helsinki. An Institutional Review
Board (Christiana Care Corporation, 501 West 14th
Street, PO Box 1668, Wilmington, DE 19899, USA)
approved the protocol before the trial started, and all
subjects gave written informed consent.

 

Study population

 

Subjects were healthy, nonpregnant, nonbreastfeeding,
nonsmoking female volunteers between 18 and 40 years
of age with intact ovarian function who had received
Ortho Tri-Cyclen

 

®

 

 (Ortho-McNeil Pharmaceutical, Rar-
itan, NJ, USA) throughout the previous 3 menstrual
cycles. Volunteers were excluded from the trial if they
had values outside the normal range for total bilirubin,
alkaline phosphatase, alanine aminotransferase, aspar-
tate aminotransferase, or creatine kinase, or a Class III
or IV Pap test result. Throughout the study period, sub-
jects were required to use barrier methods of contracep-
tion during sexual intercourse.

Eighteen volunteers entered and completed the trial.
Their mean (range) age, height, and weight were 25
(20–33), years, 163 (150–173) cm, and 60 (51–70) kg,
respectively.

 

Study design

 

This open-label, nonrandomised study was conducted at
a single centre (Christiana Care Health Systems Inc.,
4755 Ogletown-Stanton Road, Newark, DE 19718,
USA). There were two 28-day treatment-assessment
cycles (A and B) that corresponded to 2 full menstrual
cycles. During Cycles A and B, all subjects were given
a daily oral dose of oestrogen-progestin OCS on Days
1–21 and placebo OCS on Days 22–28. During Cycle
B, subjects were also given a daily oral dose of rosuv-
astatin (4 

 

¥

 

 10-mg capsules) on Days 1–21. Treatments
were administered at 0800 h (following an 8- h fast)
with 240 ml water. The OCS was Ortho Tri-Cyclen

 

®

 

(Ortho-McNeil), which consisted of 21 days of ethinyl
oestradiol (EO) 0.035 mg (Weeks 1–3), and 7 days each
of norgestimate (NGM) 0.180 mg (Week 1), 0.215 mg
(Week 2), and 0.250 mg (Week 3).

 

Determination of plasma concentration of 
exogenous hormones

 

Venous blood samples (5 ml) for the assay of exogenous
hormones (EO, NGM and its active metabolites 17-
desacetyl norgestimate [DesAc-NGM] and norgestrel
[NG]) were collected before dosing and at 0.5, 1, 2, 3,
4, 5, 6, 8, 10, 12, 18, 24, 48, and 72 h after dosing on
Days A-21 and B-21. These analyses were to confirm
that hormones were maintained at concentrations ade-
quate for contraceptive efficacy. Samples were collected
into tubes containing lithium heparin anticoagulant and
cooled to 5 

 

∞

 

C before centrifugation. Plasma was then
harvested and stored at 

 

-

 

20 

 

∞

 

C until assay.
Plasma samples were analysed for EO at Phoenix

International (Quebec, Canada) using high-resolution
gas chromatography with negative chemical ionization
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mass spectrometric detection. Mean accuracy values for
quality control samples were 95–100%, and the impre-
cision (coefficient of variation) was 6–16.0%. Plasma
samples were analysed for NGM, DesAc-NGM, and
NG (also at Phoenix International) using high-perfor-
mance liquid chromatography with mass spectrometric
detection. Mean accuracy values for quality control
samples were 98–103%, 98–103%, and 96–105%,
respectively, and the imprecision (coefficient of varia-
tion) was 4–15%, 6–7%, and 8–13%, respectively.
Lower limits of quantification for the assays were: EO
2 pg ml

 

-

 

1

 

, NGM 0.02 ng ml

 

-

 

1

 

, DesAc-NGM 0.02 ng
ml

 

-

 

1

 

, and NG 0.08 ng ml

 

-

 

1

 

.

 

Determination of the urinary concentrations of cortisol 
and 6

 

b

 

-hydroxycortisol

 

Urine samples for the analysis of cortisol and 6

 

b

 

-
hydroxycortisol (markers of CYP3A4 induction [21]
were collected over a 24-h period on Days A-21 and
B-21. Samples were collected into containers and stored
at 

 

-

 

20 

 

∞

 

C until assay.
Urine samples were analysed at BAS Analytics (War-

wickshire, UK) using high-performance liquid chroma-
tography with ultraviolet detection. The lower limits of
quantification of the assays were 10 ng ml

 

-

 

1

 

 for cor-
tisol and 20 ng ml

 

-

 

1

 

 for 6

 

b

 

-hydroxycortisol. Accuracy
ranged from 100 to 106% and imprecision ranged from
1.2 to 3.6% for cortisol, and 95–99% and 1.1–2.5% for
6

 

b

 

-hydroxycortisol.

 

Determination of the plasma concentrations 
of rosuvastatin

 

Blood samples (5 ml venous blood) for rosuvastatin
were collected before dosing and at 0.5, 1, 2, 3, 4, 5, 6,
8, 10, 12, 18, 24, 48, and 72 h after dosing on Day B-
21. Samples were collected into tubes containing lith-
ium heparin anticoagulant and cooled to 5 

 

∞

 

C before
centrifugation. Plasma was then harvested, mixed with
an equal volume of acetate buffer 0.1 

 

M

 

 (pH 4.0), and
stored at   

 

-

 

70 

 

∞

 

C until assay.
Plasma samples were analysed at Quintiles Scotland

Ltd (Edinburgh, UK) using high-performance liquid
chromatography with mass spectrometric detection
[22]. Briefly, samples were subjected to automated
solid-phase extraction on 96-well plates containing a
hydrophobic-lipophilic balanced copolymer sorbent.
The extract was chromatographed on a high-perfor-
mance liquid chromatography column, and rosuvastatin
detected using a triple quadrupole mass spectrometer
fitted with a turbo-ionspray source. Correlation coeffi-
cients for rosuvastatin calibration curves were 0.998–
1.00 Mean inaccuracy levels and imprecision values for

quality control samples (at all concentrations) were

 

<

 

13% and 

 

<

 

7%, respectively.  The lower limit of quan-
tification of the assay was 0.1 ng ml

 

-

 

1

 

. However,
because all samples were diluted 2-fold prior to analy-
sis, the effective limit was 0.2 ng ml

 

-

 

1

 

.

 

Pharmacokinetic analysis

 

For the exogenous hormones, the following pharmaco-
kinetic parameters were estimated in the absence (Cycle
A) and presence (Cycle B) of rosuvastatin: area under
the plasma concentration-time curve from time zero to
24 h (AUC[0–24]); maximum observed plasma drug
concentration (

 

C

 

max

 

); time of 

 

C

 

max

 

 (

 

t

 

max

 

); and terminal
elimination half-life (

 

t

 

1/2

 

).
For cortisol and 6

 

b

 

-hydroxycortisol, daily urinary
excretion was estimated in the absence (Cycle A) and
presence (Cycle B) of rosuvastatin.

For rosuvastatin, the following steady-state pharma-
cokinetic parameters were estimated when coadminis-
tered with OCS (Cycle B): AUC[0–24]; 

 

C

 

max

 

; 

 

t

 

max

 

; and

 

t

 

1/2

 

.
AUC[0–24] was determined using the linear trapezoi-

dal rule. 

 

C

 

max

 

 and 

 

t

 

max

 

 were determined by visual inspec-
tion of the plasma concentration-time curves. 

 

t

 

1/2

 

 was
calculated as 0.693/

 

l

 

z

 

 (where 

 

l

 

z

 

 was the terminal elim-
ination rate constant derived from log-linear regression
of the terminal portion of the plasma concentration-time
curves).

 

Determination of plasma concentration of 
endogenous hormones

 

Blood samples (15 ml venous blood) for the assay of
(luteinizing hormone [LH], follicle-stimulating hor-
mone [FSH], sex hormone binding globulin [SHBG],
and progesterone) were taken before dosing on Days 7,
14, 20, and 21 of Cycles A and B. Samples were col-
lected into vacutainers (containing no anticoagulant).
Serum was then harvested and stored at 

 

-

 

20 

 

∞

 

C until
assay.

Samples were analysed at the Medical Research
Laboratories (Kentucky, USA) using radioimmunoassay
techniques.

 

Determination of the plasma concentrations of lipids 
and lipoproteins

 

Blood samples (10 ml venous blood) for LDL-C, TC,
TG, and HDL-C and apolipoprotein B [ApoB] and
ApoA-I were taken before dosing on Days 1 and 21 of
Cycles A and B (subjects fasted for at least 12 h before
collection). Samples were collected into tubes contain-
ing powdered EDTA and centrifuged within 30 min
Plasma was harvested and stored at 

 

-

 

20 

 

∞

 

C until assay.
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Samples were analysed at the Medical Research Lab-
oratories, which is certified for lipid analysis as speci-
fied by the Standardization Program of the Center for
Disease Control and Prevention and the National Heart,
Lung and Blood Institute. Concentrations of LDL-C
were calculated using the Friedewald formula for vol-
unteers who had TG concentrations 

 

£

 

0.53.38 mmol
l

 

-

 

1

 

 (300 mg dl

 

-

 

1

 

), and using the beta-quantification
method for volunteers who had TG concentrations

 

>

 

3.38 mmol l

 

-

 

1

 

 (300 mg dl

 

-

 

1

 

).

 

Pharmacodynamic evaluation

 

For the endogenous hormones, plasma concentrations
were compared in the absence (Cycle A) and presence
(Cycle B) of rosuvastatin.

For the lipids and lipoproteins, changes from baseline
(defined as the mean of available values from Days A-
1, A-21, and B-1) to Day B-21 were evaluated.

 

Statistical methods

 

A sample size of 16 would have had 90% power to
detect a 30% difference in the AUC [0–24] of EO
between Cycle A (OCS alone) and Cycle B (OCS 

 

+

 

rosuvastatin).
AUC [0–24] and 

 

C

 

max

 

 of EO and NGM (primary
parameters), DesAc-NGM, and NG were compared
between Cycles A and B. Differences were assessed
using the geometric mean (gmean) ratio ([OCS 

 

+

 

 rosu-
vastatin]/OCS) and corresponding 90% confidence
interval (CI). The criterion for the absence of a clinically
relevant difference was a CI within the range 0.7–1.43
for the ration of the pharmacokinetic parameters. Dif-
ferences between cycles in the 

 

t

 

1/2

 

 of EO, NGM, DesAc-
NGM, and NG were assessed using the arithmetic mean
difference ([OCS 

 

+

 

 rosuvastatin]–OCS) and correspond-
ing 90% CI.

Differences between cycles in the urinary excretion
of cortisol and 6

 

b

 

-hydroxycortisol, the 6b-hydroxycor-
tisol/cortisol ratio, and the concentrations of LH, FSH,
SHBG, and progesterone were assessed using the arith-
metic mean difference ([Day B-21]–[Day A-21]) and
corresponding 95% CI. The mean percent change from
baseline to Day B-21 in LDL-C, TC, TG, HDL-C,
ApoB, and ApoA-I was assessed using the 95% CI and
P-value based on a paired t-test.

Tolerability evaluation
Tolerability was assessed from adverse event reports,
clinical laboratory tests (clinical chemistry, haematol-
ogy, and urinalysis), physical examination and vital
signs, and from 12-lead electrocardiograms (ECGs).

Results

Pharmacokinetics of exogenous hormones
The gmean plasma concentrations of EO before, and for
72 h following, the final dose of trial medication in
Cycle A (OCS alone) and Cycle B (OCS + rosuvastatin)
are presented in Figure 1.

NGM is metabolized to 2 active metabolites: DesAc-
NGM and NG. The rapidity and completeness of these
reactions meant that circulating concentrations of NGM
were extremely low, and probably contributed little to
activity. Thus NGM concentrations have not been
reported here. The gmean plasma concentrations of
DesAc-NGM and NG before, and for 72 h following the
final dose of trial medication in Cycle A (OCS alone)
and Cycle B (OCS + rosuvastatin) are presented in
Figure 2.

The effect of rosuvastatin administration on the phar-
macokinetic parameters of EO, DesAc-NGM, and NG
is summarized in Table 1.

Co-administration of rosuvastatin and OCS did not
result in lower exposures to this oestrogen or progestin
components. Co-administration increased AUC[0–24]
for EO, DesAc-NGM, and NG, and increased Cmax for
EO and NG. The 90% CIs for all but 1 of these param-
eters (AUC[0–24] for (NG) were within the prespecified
range for the absence of a clinically relevant differ-
ence[i.e. 0.7–1.43].

There was a small increase in the mean t1/2 for EO
with rosuvastatin treatment. However, the CIs for this
parameter were wide[0.89–3.85], indicating consider-
able variation, and passed through unity. The increased
EO exposure (AUC[0–24] and Cmax) was not explained

Figure 1
Geometric mean plasma concentrations of ethinyl oestradiol (± standard 

deviation) over time in Cycles A and B. Volunteers received OCS alone in 

Cycle A (�) and OCS + rosuvastatin in Cycle B (�)

1

10

100

1000

80706050403020100

Time (h)

Pl
as

m
a 

et
hi

ny
l o

es
tr

ad
io

l (
pg

/m
L)



Co-administration of rosuvastatin and an oral contraceptive

Br J Clin Pharmacol 57:3 283

by this small increase in t1/2 and was therefore attributed
to an increase in bioavailability. Elimination rates for
DesAc-NGM and NG did not appear to differ between
treatment with OCS alone and OCS + rosuvastatin.

Urinary excretion of cortisol and 6b-hydroxycortisol
No significant change in the urinary excretion of cortisol
or 6b-hydroxycortisol occurred with coadministration
of rosuvastatin and OCS [Table 2]. The 6b-hydroxycor-
tisol/cortisol ratio was also unchanged, although the
study was not powered to determine differences in this
ratio.

Pharmacokinetics of rosuvastatin
The gmean AUC[0–24] of rosuvastatin on Day B-21
was 290 ng ml-1. The gmean Cmax of 35.2 ng ml-1 was
achieved at a median tmax of 3.0 h. The arithmetic mean
t1/2 (determined in 14 volunteers) was 15.3 h.

Plasma concentrations of endogenous hormones
The effect of rosuvastatin administration on the con-
centrations of endogenous hormones is summarized

Table 1
Pharmacokinetic parameters for ethinyl oestradiol, 17-desacetyl norgestimate, and norgestrel in Cycles A and B

Hormone
Parameter (units)

Summary
statistic

Cycle A
OCS alone
n = 18

Cycle B
OCS + rosuvastatin
n = 18

Treatment
effecta

90% confidence
interval of the
treatment effect

Ethinyl oestradiol (EO) gmean (CV%) 1339 (35) 1690 (31) 1.26 1.19–1.34
AUC(0–24) (pg·h/ml) gmean (CV%) 1339 (35) 1690 (31) 1.26 1.19–1.34
Cmax (pg/ml) gmean (CV%) 159 (41) 198 (36) 1.25 1.17–1.33
tmax (h) Median (range)  1.0 (1.0–4.0)  1.0 (1.0–4.0) NA NA
t1/2 (h) Mean (s.d.)  13.8 (3.31)b  16.6 (3.68)b 2.37 0.89–3.85
17-desacetyl norgestimate (DesAc-NGM) gmean (CV%)  19.1 (16)  22.0 (16) 1.15 1.10–1.20
AUC(0–24) (ng·h/ml) gmean (CV%)  19.1 (16)  22.0 (16) 1.15 1.10–1.20
Cmax (ng/ml) gmean (CV%)  2.47 (33.9)  2.53 (19.3) 1.03 0.91–1.16
tmax (h) Median (range)  1.0 (0.5–4.0)  1.0 (1.0–3.0) NA NA
t1/2 (h) Mean (s.d.)  23.7 (4.22)  24.0 (4.71)c 0.71 -0.50–1.91
Norgestrel (NG) gmean (CV%)  62.0 (44)  82.8 (48) 1.34 1.25–1.43
AUC(0–24) (ng·h/ml) gmean (CV%)  62.0 (44)  82.8 (48) 1.34 1.25–1.43
Cmax (ng/ml) gmean (CV%)  3.46 (41.0)  4.27 (44.8) 1.23 1.14–1.33
tmax (h) Median (range)  2.0 (0.5–8.0)  3.0 (0.5–10.0) NA NA
t1/2 (h) Mean (s.d.)  31.2 (3.31)d  29.5 (NC)d 1.20 NC

aGeometric mean of the ratio (OCS + rosuvastatin)/OCS for AUC(0–24) and Cmax; arithmetic mean of the difference (OCS +
rosuvastatin)-OCS for t1/2; bt1/2 data in both Cycles A and B were available for 16 volunteers; ct1/2 data in Cycle B were available
for 15 volunteers; dt1/2 data in Cycle A were available for 3 volunteers; data in Cycle B were available for 1 volunteer (because
half-life could not be characterized over 2 full half-lives with the sampling schedule used).
AUC(0–24), Area under the plasma concentration-time curve from time zero to 24 h; Cmax, Maximum observed plasma drug
concentration; CV%, Coefficient of variation expressed as a percentage of the gmean (geometric mean); NA, Not applicable;
NC, Not calculable; OCS, Oral contraceptive steroid; s.d, Standard deviation; t1/2, terminal elimination half-life; tmax, time of Cmax.

Figure 2
Geometric mean plasma concentrations of 17-desacetyl norgestimate 

(DesAc-NGM) and norgestrel (NG) (± standard deviation) over time in 

Cycles A and B. Volunteers received OCS alone in Cycle A and OCS + 

rosuvastatin in Cycle B. DesAc-NGM (Cycle A) (�), DesAc-NGM (Cycle B) 

(�), NG (Cycle A) (�), NG (Cycle B) (�)
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in Table 3. There were no relevant changes in LH
(mean difference -0.56 mIU/ml; 95% CI -1.66–0.55),
FSH (-0.68 mIU/ml; -1.68–0.33), SHBG (28.1 nmol l-1;
-1.93–58.0), or progesterone (-0.05 ng ml-1; -0.12–
0.02) concentrations with coadministration of rosuvasta-
tin and OCS (although LH, FSH, and progesterone were
slightly decreased and SHBG was slightly increased). In
addition, the concentrations of progesterone were low at
Day 21 (luteal phase) in both cycles in all volunteers.

Effect on lipids and lipoproteins
Co-administration of rosuvastatin and OCS resulted in
decreases in plasma LDL-C (mean percent change
from baseline -55%; 95% CI -59 to -51), TC (-27%;
-31 to -24), and TG (-12%; -22 to -3), and a signifi-
cant increase in HDL-C (11% 5–17). A significant
decrease in ApoB (-38%; -44 to -33) was also seen,
along with a significant increase in ApoA-I (11% 6–
15).

Table 2
Urinary excretion of cortisol and 6b-hydroxycortisol, and cortisol/6b-hydroxycortisol ratio, in Cycles A and B

Variable (units)

Day A-21a

Mean (s.d.)
n = 18

Day B-21a

Mean (s.d.)
n = 18

Mean differenceb

(s.d.)
95% confidence interval
of the mean difference

Cortisol (mg)c 57.1 (46.1) 41.9 (24.4) -28.4 (61.8) -80.0 to -23.3
6b-hydroxycortisol (mg)d 161 (92.6) 174 (121) 21.8 (133) -46.8 to -90.3
6b-hydroxycortisol/cortisole 4.26 (2.65) 4.70 (3.08) -0.98 (2.00) -2.83 to -0.86

aVolunteers received OCS alone in Cycle A and OCS + rosuvastatin in Cycle B; b(Day B-21)–(Day A-21); cData for Day A-21
were available for 15 volunteers; data for Day B-21 were available for 11 volunteers; paired values were available for 8
volunteers; dData for Day B-21 were available for 17 volunteers; eData for Day A-21 were available for 15 volunteers; data for
Day B-21 were available for 10 volunteers; paired values were available for 7 volunteers.
Abbreviations are: s.d.: Standard deviation.

Table 3
Mean concentrations of endogenous hormones in Cycles A and B

Hormone (units)
Cyclea

Mean (standard deviation)
Day 7
n = 18

Day 14
n = 18

Day 20
n = 18

Day 21
n = 18

Luteinizing hormone (mIU/ml)
Cycle A 9.94 (8.30) NC NC NC
Cycle B 8.00 (7.04) NC NC NC
Follicle-stimulating hormone (mIU/ml)
Cycle A 6.88 (4.31) NC 3.74 (3.03) 3.41 (2.88)
Cycle B 6.83 (4.92) 4.10 (3.46) NC NC
Sex hormone binding globulin (nmol/l)Cycle A 497.0 (167.5) 578.9 (192.0) 580.3 (176.5) 585.9 (191.1)
Cycle B 526.1 (170.1) 613.3 (187.7) 623.2 (205.9) 614.0 (196.3)
Progesterone (ng/ml)
Cycle A NA NA NA 0.614 (0.164)
Cycle B NA NA NA 0.562 (0.163)

aVolunteers received OCS alone in Cycle A and OCS + rosuvastatin in Cycle B.  Abbreviations are: NA: Not applicable, NC: Not
calculable (> 50% of individual assessments were below the limit of quantification for the assay – the lower limits of
quantification for luteinizing and follicle-stimulating hormones were 2.0 mIU/ml and 1.6 mIU/ml, respectively).
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Tolerability
Co-administration of rosuvastatin and OCS was well
tolerated over the 21-day treatment period. There were
no serious adverse events, no withdrawals due to
adverse events, and no clinically significant changes in
clinical laboratory parameters, vital signs, ECGs, or
physical examinations during the trial. Dysmenorrhoea
and nausea were each reported by 1 subject in each
treatment cycle. Breast tenderness and bloating were
each reported by 2 subjects during Cycle B.

Discussion
This trial evaluated the potential interaction between
rosuvastatin and an oestrogen-progestin OCS (Ortho
Tri-Cyclen®) in order to determine the effect of coad-
ministration on oestrogen and progestin pharmacokinet-
ics and endogenous hormones. The results show that
coadministration did not result in lower exposures to the
exogenous oestrogen or progestin OCS components.
In contrast, coadministration increased AUC[0–24]
for EO[26%], DesAc-NGM[15%], and NG[34%], and
increased Cmax for EO[25%] and NG[23%]. The
increases in exposure were attributed to a change in
bioavailability rather than a decrease in clearance. LH
and FSH concentrations were similar between Cycles A
and B. Together these results indicate that coadministra-
tion of rosuvastatin and OCS should not decrease con-
traceptive efficacy.

OCS hormones are metabolised by the hepatic
enzyme CYP3A4 [19, 20]. Drugs that induce this
enzyme are known to increase the metabolism of the
oestrogen and progestin OCS components resulting in
lower OCS hormone exposures, which can lead to
contraceptive failure. In-vivo observations in animals
indicate that rosuvastatin does not induce CYP3A4
(AstraZeneca data on file). This is supported by the
present findings, namely the lack of a significant change
in the urinary excretion of cortisol and 6b-hydroxycor-
tisol, and the observation that OCS hormone exposures
did not decrease, with coadministration of rosuvastatin.

The mechanism by which rosuvastatin increased
exposure to EO and the NGM active metabolites DesAc-
NGM and NG is unknown. As mentioned above,
CYP3A4 is an important enzyme involved in the clear-
ance of these steroids. However, in vitro studies with
human hepatic microsomes [17] have demonstrated a
lack of inhibitory activity of rosuvastatin on CYP3A4.
This suggests that inhibition of CYP3A4 was not
the mechanism by which rosuvastatin increased EO,
DesAc-NGM, and NG exposure. An interaction via a
transport protein may be an alternative explanation. The
absorption, distribution, and elimination of rosuvastatin

are known to involve transporters though these have not
been well characterized.

The effects of the increases in exposure to EO and the
active metabolites of NGM seen with coadministration
of rosuvastatin and OCS in this trial are unlikely to be
of clinical relevance. The 26% increase in EO exposure
is modest and unlikely to increase the risk of adverse
events associated with administration of low-dose
OCS preparations containing EO 20–35 mg. The small
increases in exposure to DesAc-NGM and NG, are also
unlikely to change the progestin activity of the triphasic
OCS used in the present work. The concentrations of
EO during treatment with rosuvastatin would be
expected to be below the concentrations resulting from
administration of OCS preparations containing EO
50 mg. Another HMG-CoA reductase inhibitor, atorvas-
tatin, also increases exposure to EO following coadmin-
istration with OCS [23, 24].

Concentrations of the endogenous hormones LH,
FSH, and progesterone appeared similar between Cycles
A and B. In particular, no increase in progesterone dur-
ing the luteal phase was observed, which suggests that
ovulation did not occur in any volunteer. Although
changes in hormone concentrations can be missed if not
measured at the appropriate time, it is unlikely that
rosuvastatin would cause a reduction in OCS effi-
cacy without decreasing exposure to the exogenous
hormones.

The pharmacokinetics of rosuvastatin were consistent
with those seen in other populations in which rosuvas-
tatin was administered alone [4–7, 9, 10]. In addition,
when coadministered with OCS, rosuvastatin produced
significant decreases in LDL-C [-55%], TC [-27%],
and TG [-12%], and a significant increase in HDL-C
[11%]. None of the subjects had dyslipidaemia. The
mean baseline LDL-C and TG values were both less
than 2.5 mmol l-1 (100 mg dl-1) and the mean baseline
HDL-C-value was high at 1.6 mmol l-1 (63 mg dl-1).
Nonetheless, the magnitudes and directions of the
changes in plasma lipids are considered clinically
relevant. There was no evidence of an altered lipid-
regulating effect with OCS coadministration [1–3].

It should be noted that this study was performed in
selected healthy subjects over a single menstrual cycle
under carefully controlled conditions. The effects of
rosuvastatin on oestradiol pharmacokinetics using other
OCS preparations would be expected to be similar, but
the use of a single OCS in the present work makes that
inference speculative.

In conclusion, rosuvastatin can be coadministered
with OCS without decreasing OCS plasma levels,
indicating that contraceptive efficacy should not be
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decreased. The results are consistent with an absence of
induction of CYP3A4 by rosuvastatin. The expected
substantial lipid-regulating effect was observed, and
there was no evidence of an altered lipid-regulating
effect with OCS coadministration.

This trial was supported by AstraZeneca and has been
included in the marketing applications for rosuvastatin.
The authors thank Phoenix International (Montreal,
Quebec, Canada) for performing the exogenous hor-
mone assays, Quintiles Scotland Ltd (Edinburgh, Scot-
land, UK) for performing the rosuvastatin assay, BAS
Analytics (Kenilworth, Warwickshire, UK) for per-
forming the cortisol and 6b.5-hydroxycortisol assays,
Medical Research Laboratories (Highland Heights,
Kentucky, USA) for performing the endogenous hor-
mone and lipid lipoprotein-1 assays, and Elizabeth
Eaton PhD for manuscript preparation.
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