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Aims 

 

To compare the lipid-regulating effects and steady-state pharmacokinetics of
rosuvastatin, a new synthetic hydroxy methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitor, following repeated morning and evening administration in vol-
unteers with fasting serum low-density lipoprotein cholesterol (LDL-C) concentra-
tions 

 

<

 

4.14 mmol l

 

-

 

1

 

.

 

Methods 

 

In this open-label two-way crossover trial 24 healthy adult volunteers were
randomized to receive rosuvastatin 10 mg orally each morning (07.00 h) or evening
(18.00 h) for 14 days. After a 4 week washout period, volunteers received the
alternative regimen for 14 days. Rosuvastatin was administered in the absence of food.

 

Results 

 

Reductions from baseline in serum concentrations of LDL-C (

 

-

 

41.3%
[morning] 

 

vs

 

 

 

-

 

44.2% [evening]), total cholesterol (

 

-

 

30.9% 

 

vs

 

 

 

-

 

31.8%), triglycerides
(

 

-

 

17.1% 

 

vs

 

 

 

-

 

22.7%), and apolipoprotein B (

 

-

 

32.4% 

 

vs

 

 

 

-

 

35.3%) were similar follow-
ing morning and evening administration. AUC(0,24 h) for plasma mevalonic acid
(MVA), an 

 

in vivo

 

 marker of HMG-CoA reductase activity, decreased by 

 

-

 

29.9%
(morning) 

 

vs

 

 

 

-

 

32.6% (evening). Urinary excretion of MVA declined by 

 

-

 

33.6%
(morning) 

 

vs

 

 

 

-

 

29.2% (evening). The steady-state pharmacokinetics of rosuvastatin
were very similar following the morning and evening dosing regimens. The 

 

C

 

max

 

values were 4.58 

 

vs

 

 4.54 ng ml

 

-

 

1

 

, and AUC(0,24 h) values were 40.1 

 

vs

 

 42.7 ng
ml

 

-

 

1

 

 h, following morning and evening administration, respectively. There were no
serious adverse events during the trial, and rosuvastatin was well tolerated after
morning and evening administration.

 

Conclusions 

 

The pharmacodynamic effects and pharmacokinetics of rosuvastatin are
not dependent on time of dosing. Morning or evening administration is equally
effective in lowering LDL-C

 

.
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Introduction

 

Hydroxy methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitors (statins) currently form the mainstay
of lipid-regulating therapy, and are the most effective
agents for reducing serum cholesterol concentrations and
cardiovascular mortality [1–3]. As competitive inhibitors
of HMG-CoA reductase, statins block an early rate-
limiting step in cholesterol biosynthesis: the conversion

of HMG-CoA to mevalonate [4]. Inhibition of hepatic
cholesterol production results in up-regulation of hepatic
low-density lipoprotein receptors, which are responsible
for the clearance of circulating low-density lipoprotein
cholesterol (LDL-C), and reduced hepatic secretion of
very-low-density lipoprotein particles [5–7].

Since hepatic HMG-CoA reductase activity [8] and
cholesterol biosynthesis [9] are greatest at night (circadian
variation) it is generally recommended that statins be
administered in the evening or at bedtime for maximal
effect [2]. The lipid-regulating effects of most available
statins – including fluvastatin [10], lovastatin [11],
pravastatin [12], and simvastatin [13] – are reported to
be influenced by the time of dosing, and are less
pronounced following morning compared with evening
administration.
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Rosuvastatin (Crestor

 

®

 

) is a new and highly effective
inhibitor of HMG-CoA reductase that has completed
Phase-III clinical development for the treatment of
patients with dyslipidaemia. In clinical trials, rosuvastatin
(1–80 mg) produced reductions in LDL-C, total choles-
terol (TC), and triglycerides (TG), and increases in high-
density lipoprotein cholesterol (HDL-C) [14–18].

The pharmacokinetics of rosuvastatin following single-
and multiple-dose administration of the drug to healthy
volunteers have been investigated in a number of trials
[19, 20, AstraZeneca data on file

 

†

 

]. Following multiple
oral doses of rosuvastatin (20, 40, and 80 mg)
AUC(0,24 h) and 

 

C

 

max

 

 were essentially dose proportional,
time to 

 

C

 

max

 

 ranged from 3 to 5 h, and the terminal
elimination half-life ranged from 13 to 21 h.

This trial (4522IL/0004) was conducted to compare
the pharmacodynamics and multiple-dose pharmacoki-
netics of rosuvastatin following morning and evening
administration in healthy adult volunteers.

 

Methods

 

Twenty-four healthy adult volunteers (22 men and 2
women), ranging in age from 19 to 61 years (mean
38.6 years) and weighing 57–100 kg (mean 76.9 kg),
were enrolled in this trial. Of these, 21 were Caucasian,
2 were Hispanic, and 1 was Black.

Screening assessments included a complete medical
history, physical examination, 12-lead electrocardiogram
(ECG), and standard laboratory tests. All volunteers had
fasting serum LDL-C concentrations 

 

<

 

4.14 mmol l

 

-

 

1

 

 and
fasting serum TG concentrations 

 

£

 

3.39 mmol l

 

-

 

1

 

. Clinical
chemistry (including hepatic function) tests were within
reference ranges. Each volunteer provided written in-
formed consent prior to enrolment.

 

Trial design

 

This open-label, randomized, two-way crossover trial
comprised two 14 day treatment periods separated by a
4 week washout period. Dietary assessments were made
during a pre-treatment screening period of 21–30
days, and dietary regimens were developed to stabilize
individual calorie and fat intake during the trial (thereby
minimizing potential dietary effects on lipid levels).
Volunteers entered the clinic 2 days before treatment
began and remained there for each 14 day treatment
period and for a 4 day follow-up period.

Eligible volunteers were randomized to receive a single
oral dose of rosuvastatin (10 mg) each morning (approx-
imately 07.00 h) or evening (approximately 18.00 h) for

14 days. After the washout period volunteers received the
alternative (morning or evening) treatment regimen for
a further 14 days. The trial medication was administered
with 240 ml of water. Volunteers were required to fast
for a minimum of 2 h before and after each rosuvastatin
dose, and for at least 12 h (overnight) before collection
of blood samples for lipid analyses.

The trial was conducted in compliance with Good
Clinical Practice and the ethical principles of the Decla-
ration of Helsinki. The Ethics Committee and Institu-
tional Review Board of Covance in Madison, Wisconsin,
USA approved the trial protocol.

 

Pharmacodynamic evaluations

 

Blood samples (10 ml) were collected for determination
of fasting serum lipid concentrations before administra-
tion of the morning dose of rosuvastatin (morning dos-
ing) or before the morning meal (evening dosing). Serum
LDL-C (the primary parameter of this trial), TC, TG,
HDL-C, apolipoprotein A-I (ApoA-I), and apolipopro-
tein B (ApoB) concentrations were determined at screen-
ing (days 

 

-

 

21 and 

 

-

 

1), on treatment days 1, 7, 13, and
14, at follow-up (days 1 and 4 post-treatment), and at
weekly intervals during the washout period. Serum sam-
ples were stored at 

 

-

 

20 

 

∞

 

C prior to analysis, which was
conducted at a central laboratory (Covance Laboratories,
Indiana, USA). LDL-C concentrations were calculated
using the Friedewald formula [21]. TC and TG were
measured by colorimetric enzymatic assay (using a Hita-
chi 747 automatic analyser). HDL-C was measured after
precipitation by colorimetric enzymatic assay. ApoA-I
and ApoB were measured by nephelometry.

During each treatment period, plasma concentrations
of mevalonic acid (MVA). an 

 

in vivo

 

 marker of HMG-
CoA reductase activity, were measured at baseline (day 

 

-

 

1), on treatment days 1 and 14, and at follow-up (day 1
post-treatment). In addition, urinary MVA excretion was
determined over a 24 h period before the first dose and
after the final dose of rosuvastatin in each treatment
period. Heparinized plasma samples and urine samples
were stored at 

 

-

 

70 

 

∞

 

C prior to analysis. The analysis of
plasma MVA concentrations was performed using a val-
idated h.p.l.c./MS/MS [22] method at Covance Labora-
tories, Harrogate, UK. Correlation coefficients for
plasma MVA were 0.991–1.00. Mean accuracy levels for
quality control samples (at all concentrations) were 99.7–
106.7%; mean imprecision values were 7.2–10.9%. The
limit of quantification for plasma MVA in this trial was
0.2 ng ml

 

-

 

1

 

. The analysis of urine MVA concentrations
was performed using a validated GC/MS assay [23] at
AstraZeneca’s Central Toxicology Laboratory, Alderley
Park, Cheshire, UK. Correlation coefficients for urine
MVA were 0.993–1.00. Mean accuracy levels for quality
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control samples (at all concentrations) were 86.6–103%.
The limit of quantification for urine MVA in this trial
was 9.0 ng ml

 

-

 

1

 

.

 

Pharmacokinetics

 

Serial venous blood samples (7 ml) for determination of
plasma rosuvastatin concentrations were collected at 0.5 h
predose and at fixed intervals (0.5, 1, 2, 3, 4, 5, 6, 8,
10, 12, 18, 24, 48, and 72 h) after administration of
rosuvastatin on treatment day 14. Blood samples were
also collected at 0.5 h pre-dose on treatment days 2, 3,
7, 8, and 13 to assess whether pharmacokinetic steady
state had been attained. Heparinized blood samples were
centrifuged at 1500–2500 rev min

 

-

 

1

 

 for 10 min. The
derived plasma samples were diluted 1 : 1 with 0.1 

 

M

 

sodium acetate buffer (pH 4.0) and stored at 

 

-

 

70 

 

∞

 

C
prior to analysis. Plasma concentrations of rosuvastatin
were determined using a validated h.p.l.c./MS assay [24]
at Quintiles, Edinburgh, UK. Correlation coefficients for
rosuvastatin were 0.994–1.00. Mean inaccuracy levels
and imprecision values for quality control samples (at all
concentrations) were 

 

£

 

7% and 

 

<

 

8%, respectively. The
limit of quantification for rosuvastatin in this trial was
0.2 ng ml

 

-

 

1

 

.
Plasma rosuvastatin concentration-time data were anal-

ysed by standard noncompartmental pharmacokinetic
methods. The following parameters were determined:
maximum plasma concentration (

 

C

 

max

 

), time to 

 

C

 

max

 

 (

 

t

 

max

 

),
area under the plasma concentration-time curve from
time zero to 24 h (AUC(0,24 h)), AUC from time zero
to infinity (AUC(0,

 

•

 

)), and the plasma terminal elimi-
nation half-life (

 

t

 

1

 

/

 

2

 

). AUC was estimated using the linear
trapezoidal method, with extrapolation from the last
quantifiable data point using the terminal slope of the
plasma concentration-time profile. The terminal elimina-
tion rate constant (

 

l

 

z

 

) was derived by log-linear regression
of the terminal portion of the plasma concentration-time
profile, and 

 

t

 

1

 

/

 

2

 

 was calculated as ln2/

 

l

 

z

 

.

 

Safety and tolerability assessments

 

Safety and tolerability were assessed from routine labora-
tory tests, haemodynamic monitoring, and clinical
adverse event records.

 

Statistical analysis

 

Sample size estimates showed that 16 volunteers would
be required in order to provide 80% power to detect an
absolute treatment difference (morning-evening) of 10%
in mean percent reduction in LDL-C concentration.
Assuming a trial discontinuation rate of 33%, 24 volun-
teers were required for enrollment.

For morning 

 

vs

 

 evening comparisons of lipid parame-
ters, MVA concentrations, and pharmacokinetic param-
eters an analysis of variance (

 

ANOVA

 

) model was used
(with effects for treatment sequence, volunteer-within-
treatment sequence, treatment group, and period). Mean
percent changes in lipid parameters from baseline were
compared using least square means generated by 

 

ANOVA

 

of lipid parameters and expressed as morning-evening
differences with 90% confidence intervals (CIs). Mean
percent change in MVA concentrations from baseline
were compared using least square geometric means
generated by 

 

ANOVA

 

 of plasma MVA AUC(0,24 h) and
urinary excretion of MVA and expressed as morning-
evening differences with 90% CIs. Plasma rosuvastatin
exposure was compared using least square geometric
means generated by 

 

ANOVA

 

 of log-transformed rosuvas-
tatin AUC(0,24 h) and 

 

C

 

max

 

 values and expressed as
morning/evening ratios with 90% CIs.

 

Results

Of the 24 volunteers enrolled in this trial, 21 were
included in the pharmacodynamic and pharmacokinetic
analyses. Three volunteers were withdrawn because of
protocol noncompliance (n = 1), loss to follow-up after
the first treatment period (n = 1), and a nonserious
adverse event (n = 1). All 24 volunteers were included in
the safety analysis.

Pharmacodynamics

Similar marked reductions in serum LDL-C were
obtained following once daily administration of rosuvas-
tatin 10 mg in the morning or evening. After 14 days of
treatment, the mean reductions from baseline in serum
LDL-C concentration with the morning and evening
regimens were -41.3% and -44.2%, respectively
(Table 1). Any difference between treatments greater than
6%, was excluded by the 90% CIs.

Likewise, the reductions in serum TC (-30.9% vs
-31.8%), TG (-17.1% vs -22.7%), ApoA-I (-6.0% vs
-3.4%), and ApoB (-32.4% vs -35.3%) concentrations
were similar following morning and evening administra-
tion (Table 1).

Serum HDL-C showed a greater reduction following
morning compared with evening administration (-9.6%
vs -4.9%) (Table 1).

The reductions from baseline in LDL-C, TC, TG, and
ApoB are consistent with the effect of rosuvastatin. The
small reductions in HDL-C and ApoA-I are atypical.

Summary statistics for the plasma and urine MVA
parameters are presented in Table 2.

During the course of the 14 day treatment period, the
mean percent reduction in peak plasma MVA concentra-
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tion was -25.9% with morning dosing and -31.0% with
evening dosing (Table 2). The mean percent reductions
in plasma AUC(0,24 h) values for MVA were -29.9% and
-32.6% after morning and evening dosing, respectively.
The plasma MVA concentration-time curves are pre-
sented in Figure 1.

Over the same period, the mean percent reductions
in 24 h urinary excretion of MVA were -33.6% and
-29.2% after morning and evening dosing, respectively
(Table 2).

The 90% CIs for the difference in mean percent
change from baseline at day 14 between the morning and
evening treatment groups for plasma MVA AUC(0,24 h)
and urinary excretion of MVA were -3.47, 8.10 and
-12.76, 3.81, respectively (Table 2).

Pharmacokinetics

From inspection of trough plasma rosuvastatin concen-
tration-time profiles, it was apparent that steady state was
attained within 8 days of initiating once-daily rosuvastatin
administration (with both morning and evening dosing
regimens). Under steady-state conditions, the mean
trough plasma rosuvastatin concentration was approxi-
mately 0.6 ng ml-1 in both treatment groups. Mean
plasma concentration-time profiles on day 14 follow-
ing morning or evening dosing were virtually super-
imposable (Figure 2).

The apparent rate of absorption of rosuvastatin was
essentially the same following morning and evening
dosing (median tmax 3.0 h) (Table 3). Likewise, the degree
of systemic exposure was very similar: mean Cmax

values of 4.58 and 4.54 ng ml-1, and mean AUC(0,24 h)
values of 40.1 and 42.7 ng ml-1 h following morning and
evening dosing, respectively. In addition, mean plasma
t1/2 values were similar (31.3 and 26.5 h), supporting no
diurnal variation in the disposition of rosuvastatin.

Table 1 Summary of serum lipid and lipoprotein concentrations after morning and evening administration of rosuvastatin.

Parameter
Morning n = 21

Mean baseline (mmol l-1) Mean % change
Evening n = 21

Mean baseline (mmol l-1) Mean % change Treatment effecta (90% CI)

LDL-C 3.12 -41.3 3.09 -44.2 2.9 (-0.09, 5.85)
Total cholesterol 4.94 -30.9 4.90 -31.8 0.8 (-1.21, 2.89)
Triglycerides 1.19 -17.1 1.27 -22.7 5.7 (-0.39, 11.70)
HDL-C 1.28 -9.6 1.23 -4.9 -4.7 (-7.80, 1.54)
Apolipoprotein A-I 16.6 -6.0 20.3 -3.4 -2.6 (-5.40, 0.18)
Apolipoprotein B 22.8 -32.4 24.8 -35.3 2.9 (0.25, 5.57)

HDL-C – high-density lipoprotein cholesterol. LDL-C – low-density lipoprotein cholesterol. aTreatment effect = difference of morning-evening
least square means.

Table 2 Summary of plasma and urine mevalonic acid parameters 
after morning and evening administration of rosuvastatin.

Parameters (units) Morning
Evening
n = 21

90% CIa

n = 21

Trough plasma concentration (ng ml-1)
Mean baseline 2.88 2.90 NA
Mean day 14 1.45 1.54 NA

Peak plasma concentration (ng ml-1)
Mean baseline 7.55 7.53 NA
Mean day 14 5.26 4.90 NA
Mean percentage change -25.9 -31.0 NA

Plasma AUC(0,24 h) (ng ml-1 h)
Mean baseline 117 116 NA
Mean day 14 79.1 72.9 NA
Mean percentage change -29.9 -32.6 -3.47, 8.10

Daily urine excretion (mg)
Mean baseline 197 240 NA
Mean day 14 130 133 NA
Mean ratio (day 14/baseline) 0.664 0.708 NA
Mean percentage change -33.6 -29.2 -12.76, 3.81

CI – confidence interval. NA – not applicable. a90% CI for difference
of morning-evening least square geometric means.

Figure 1 Geometric mean plasma mevalonic acid concentration-
time profiles before, after morning and evening administration of 
rosuvastatin. � morning pre-dose, � evening pre-dose, � 
morning post-dose, � evening post-dose.

0

1

2

3

4

5

6

7

8

06
.0

0

10
.0

0

14
.0

0

18
.0

0

22
.0

0

00
.0

0

02
.0

0

06
.0

0

Time of day (h)

Pl
as

m
a 

M
V

A
 (

ng
 m

l-
1 )



P. D. Martin et al.

476 © 2002 Blackwell Science Ltd Br J Clin Pharmacol, 54, 472–477

Any difference greater than 2% in the pharmacokinetic
parameters (Cmax and AUC(0,24 h)) for rosuvastatin
between the morning and evening dosing regimens was
excluded by the 90% CIs (Table 3).

Safety and tolerability

Rosuvastatin proved to be well tolerated over the two
14 day treatment periods, with no significant changes in
laboratory parameters and no serious adverse events.

One volunteer (male, 43 years) was withdrawn from
the trial because of transient nonspecific ECG changes
(T-wave flattening, primarily in the lateral leads), which
occurred 3.5 h after the first dose of rosuvastatin. The
volunteer was asymptomatic and the T-wave abnormality
resolved within 15 h of dosing. Food intake can lead to

similar ECG changes in healthy subjects up to 5 h after
ingestion [25]. Food may have been the causative factor
for the changes noted in this volunteer, as he received
food 1.5 h prior to the appearance of the abnormality.

Discussion

This trial was conducted to compare the pharmaco-
dynamics and multiple-dose pharmacokinetics of rosuv-
astatin following morning and evening administration in
healthy volunteers. The results show that rosuvastatin
was equally effective in lowering serum LDL-C con-
centrations after morning or evening administration. In
keeping with this finding, the steady-state pharmaco-
kinetics of rosuvastatin were very similar after morning
and evening administration. This characteristic of dose-
time independence for both pharmacodynamics and
pharmacokinetics differentiates rosuvastatin from other
marketed statins.

Fluvastatin [10], lovastatin [11], pravastatin [12], and
simvastatin [13] all exert less pronounced LDL-C-
regulating effects following morning compared with
evening administration. Atorvastatin appears to be the
only statin to share with rosuvastatin the characteristic of
dose-time independence for pharmacodynamics [26].
The fact that both atorvastatin and rosuvastatin have
relatively long plasma half-lives may be of relevance to
this common characteristic. However, atorvastatin, unlike
rosuvastatin, shows diurnal differences in plasma expo-
sure: lower systemic bioavailability (plasma AUC values
reduced by 30%) was observed after evening compared
with morning administration [26].

The reductions in serum LDL-C concentrations
observed in this trial (-41 to -44%) closely match those
obtained in hypercholesterolaemic patients following
treatment with rosuvastatin 10 mg once daily for 6 weeks
(approximately -48%) [14]. While the reductions in TC,
TG and ApoB concentrations observed in this trial are
consistent with the effect of rosuvastatin on LDL-C, the
small reductions in HDL-C and ApoA-I concentrations
are less readily explainable. Data from dose-ranging
[14] and Phase-III [15–18] trials show that rosuvastatin
(1–80 mg) consistently raises HDL-C in dyslipidaemic
patients. It is likely that the atypical decrease in HDL-C
seen in this trial is the result of the relatively short
treatment period (2 weeks) and the fact that volun-
teers were required to have baseline LDL-C concentra-
tions <4.14 mmol l-1 and baseline TG concentrations
£3.39 mmol l-1.

The marked reductions in plasma and urine MVA
after morning and evening dosing are consistent with
the observed reductions in LDL-C and with the inhibi-
tion of HMG-CoA reductase. In addition, the similar
reductions in MVA between morning and evening

Figure 2 Geometric mean plasma rosuvastatin concentration-time 
profiles on day 14 after morning (�) and evening (�) 
administration of rosuvastatin.

0

1

2

3

4

5

0 20 40 60

Time (h)

Pl
as

m
a 

ro
su

va
st

at
in

 (
ng

 m
l-

1 )

Table 3 Summary of pharmacokinetic parameters for rosuvastatin 
after morning and evening administration of rosuvastatin.

Parameter (units)
Morning
n = 21

Evening
n = 21

Treatment effecta

(90% CI)

Cmax (ng ml-1) 4.58b 4.54b 1.01 (0.88–1.15)
tmax (h) 3.0c 3.0c NA
AUC(0,24 h) (ng ml-1 h) 40.1b 42.7b 0.94 (0.86–1.03)
AUC(0,•) (ng ml-1 h) 71.8b,d 76.4b,d 0.96 (0.84–1.11)e

t1/2 (h) 31.3f,d 26.5f,d 5.89 (0.91–10.88)e

AUC(0,•) – area under the plasma concentration-time curve from
time zero to infinity. AUC(0,24 h) – area under the plasma concentra-
tion-time curve from time zero to 24 h. Cmax – peak plasma concen-
tration. CI – confidence interval. LSM – least squares mean. NA – not
applicable. t1/2– plasma terminal elimination half-life. tmax – time to
Cmax. aTreatment effect = ratio of morning/evening least square geo-
metric means (except for t1/2: difference of morning-evening least
square geometric means). bGeometric mean. cMedian. dn = 16.
en = 14. fArithmetic mean.
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dosing concur with the similar pharmacodynamics and
pharmacokinetics between morning and evening dosing.

In conclusion, the results of this trial indicate that the
therapeutic benefit of rosuvastatin is not dose-time de-
pendent, and that morning or evening administration is
equally effective in regulating lipid levels. In addition, the
pharmacokinetics of rosuvastatin were independent of
time of dosing.

The authors thank Elizabeth Eaton PhD for manuscript
preparation.
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