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This study was designed to investigate the potential association between NTCP c.800C > T polymor-
phism and rosuvastatin pharmacokinetics in Chinese healthy males. 305 individuals were enrolled to
identify NTCP c.800C > T, OATP1B1 c.521T > C and BCRP c.421C > A genotypes by direct sequencing
and pyrosequencing methods, respectively. 17 healthy volunteers who were OATP1B1 c.521TT and BCRP
c.421CC wild-type homozygotes with different NTCP c.800C > T genotype were selected to participate in
this pharmacokinetic study. Nine were NTCP c.800CC wild-type homozygotes and the other eight subjects
were carriers with at least one c.800T variant allele (seven subjects with c.800CT genotype and one was
homozygote of c.800TT). All the subjects received a single oral dose of 10 mg rosuvastatin. The plasma
concentrations of rosuvastatin were measured up to 72 h by a LC-MS method. NTCP c.800C > T genetic
polymorphism markedly effected rosuvastatin pharmacokinetics. The AUC(0–72) and AUC(0→∞) in subjects
with NTCP c.800CT + TT genotype were 56% (162.64 ± 37.55 vs. 103.99 ± 28.15 ng.h/ml, P = 0.016) and
57% greater (178.51 ± 42.75 vs. 113.60 ± 33.73 ng.h/ml, P = 0.020) than those in the c.800CC wild-type
subjects, respectively. In the c.800CT + TT mutant group, the Cmax was about 78% higher than those in
c.800CC genotype (14.31 ± 3.63 vs. 8.04 ± 1.72 ng.h/ml, P = 0.004). The oral clearance (CL/F) of rosu-
vastatin in subjects with the c.800CT + TT genotype was only 63% of those in the c.800CC genotype
(58.32 ± 12.16 vs. 93.04 ± 20.61 ng.h/ml, P = 0.009). The half-time (T1/2) and the Tmax had no significant
difference between two groups (p = 0.466 and 0.713, respectively). NTCP c.800C > T polymorphism play
a critical role in the individual variability of rosuvastatin pharmacokinetics in Chinese healthy males after
excluding the impact of OATP1B1 c.521T > C and BCRP c.421C > A polymorphisms.

1. Introduction

Rosuvastatin, an efficient hydroxymethylglutaryl coenzyme A
reductase (HMG-CoA) inhibitor, is a widely used lipid-lowering
agent to treat hyperlipidemia. Rosuvastatin is subject to very
limited biotransformation and only about ∼10% rosuvastatin
is recovered as metabolites mainly by CYP2C9 (Carswell
et al. 2002). Carrier-mediate transport plays an important role
in rosuvastatin disposition. Accumulated data suggest that
OATP1B1 (gene SLCO1B1) and BCRP (gene ABCG2) are
two key transporters responsible for rosuvastatin uptake and
efflux, respectively (Romaine et al. 2009; Huang et al. 2006).
Thereby, functional genetic polymorphisms in these two trans-
porters could be the potential for the individual difference in
rosuvastatin pharmacokinetics and therapeutic efficacy. A grow-
ing evidence indicated that OATP1B1 c.521T > C and BCRP
c.421C > A, two loss-of-function variants with totally impaired
transport activity for statins, resulted in elevated plasma con-
centration of rosuvastatin (Choi et al. 2008; Pasanen et al. 2007;

Keskitalo et al. 2009; Zhang et al. 2006). In a previous phar-
macokinetic study, it was reported that subjects with OATP
c.521CT and TT genotypes displayed a 1.7-fold increase in
rosuvastatin concentration compared with those in wild-type
individuals (Pasanen et al. 2007). On the other hand, BCRP
c.421C > A mutation was observed to associate with almost 2-
fold higher plasma concentration of rosuvastatin in both Asians
and Caucasians (Zhang et al. 2006; Keskitalo et al. 2009).
Na+/taurocholate cotransporting polypeptide (NTCP; gene
SLC10A1), exclusively located on the basolateral membrane of
the hepatocytes, is one of most important transporters to main-
tain bile acid homeostasis (Craddock et al. 1998; Hagenbuch
and Meier 1996). NTCP mediates ∼80% taurocholate uptake in
a sodium-coupled way at the ratio of 2Na+:1 taurocholate sto-
ichiometry (Hagenbuch and Meier 1996). Although identified
as a liver-specific bile acid carrier, it is capable of transporting
some non-bile acid substrates like estrone sulfate (Craddock
et al. 1998). A study demonstrated that a considerable part
of rosuvastatin hepatic uptake (∼35%) happened in a sodium-
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Fig. 1: NTCP c.800C > T genotype and the main pharmacokinetic parameters of a single dose of 10 mg rosuvastatin. Bars represent interquartile range, and lines across bars
represent mean. NTCP c.800CC genotype group (n = 9), NTCP c.800CT + 800TT genotype group (n = 8). Data are expressed as mean ± S.D.

dependent way, and this process could be apparently suppressed
by cyclosporine, a well-known potent NTCP inhibitor, strongly
suggesting that NTCP was involved in rosuvastatin uptake (Ho
et al. 2006). Recently, in vitro kinetic analysis revealed that
cells transfected with human-NTCP cRNA or expression plas-
mid showed a significant uptake of rosuvastatin compared with
the control group, confirming that rosuvastatin was a substrate
of NTCP (Choi et a. 2011; Pan et al. 2011). Nowadays, ser-
val functional mutations have been identified in the SLC10A1
gene and the frequency of these polymorphisms was charac-
terized by remarkable ethnicity-dependent difference (Ho et al.
2004). Among them, NTCP c.800C > T (rs2296651, NTCP*2)
was identified as an Asian-specific polymorphism with a 7.5%
frequency of c.800T variant allele for Chinese (Ho et al. 2004;
Pan et al. 2011). It was suggested that this mutation localized in
a critical region for bile acids recognition and displayed a near
complete loss of function for bile acids uptake (Ho et al. 2004;
Pan et al. 2011). Remarkably, in vitro kinetic analysis revealed
NTCP c.800C > T mutation displayed a significant increase of
intrinsic clearance for rosuvastatin (in terms of Vmax/Km) com-
pared with wild-type, which indicated that NTCP c.800C > T
mutation was associated with a profound increase of transport
ability of rosuvastatin (Ho et al. 2006; Pan et al. 2011).
Given the important role of NTCP plays in rosuvastatin
disposition, c.800C > T mutation also could be a potential
reason for the inter-subject variability of rosuvastatin phar-
macokinetics. However, the clinical implication of NTCP
c.800C > T polymorphism on rosuvastatin pharmacokinetics
still remained unknown. The purpose of the present study
was to investigate the potential impact of NTCP c.800C > T
polymorphism on rosuvastatin pharmacokinetics in Chinese
healthy males excluding the effects of OATP1B1c.521T > C
and BCRP c.421C > A polymorphisms.

2. Investigations and results

2.1. NTCP c.800C > T allele frequency in Chinese
healthy population

Genetic analysis for NTCP c.800C > T, OATP1B1 c.521T > C
and BCRP c.421C > A polymorphisms were successfully done

in the all 305 Chinese healthy volunteers. As the result, the
frequencies of the NTCP c. 800C and c. 800T alleles were found
to be 92.8% and 7.2%, respectively. The frequency of c.800CC
genotype was 86.1%; that of the c.800CT genotype, 13.3%;
and that of c.800TT genotype, 0.6%. The observed frequencies
of NTCP c.800C > T polymorphism were in accordance with
Hardy-Weinberg equilibrium.

2.2. Effect of NTCP c.800C > T polymorphism on
rosuvastain pharmacokinetics

The main pharmacokinetic parameters of rosuvastatin in dif-
ferent NTCP genotype groups were summarized in the Table
and Figure 1. The mean AUC(0–72h) and AUC(0–∞) of rosuvas-
tatin in subjects with the c.800CT + TT genotypes were about
56% (P = 0.016) and 57% greater (P = 0.020) than those with the
c.800CC genotype, respectively; and the Cmax was about 78%
higher than that in c.800CC genotype (P = 0.004). In subjects
with the c.800CT + TT mutant group, the oral clearance (CL/F)
of rosuvastatin was only about 63% of that in the c.800CC wild-
type group (P = 0.009). The elimination half-time (T1/2) and

Table: Pharmacokinetic parameters of single oral dose of
10 mg rosuvastatin in healthy Chinese Han males with
different NTCP c.800C > T genotypes

800CC 800CT + TT P value

(N = 9) (N = 8)

AUC0–72 (ng·h/ ml) 103.99 ± 28.15 162.64 ± 37.55 0.016
AUC0-∝ (ng·h/ ml) 113.60 ± 33.73 178.51 ± 42.75 0.020
Cmax(ng/ml) 8.04 ± 1.72 14.31 ± 3.63 0.004
T1/2(h) 18.12 ± 2.06 17.18 ± 1.98 0.466
Tmax (h) 4.00 ± 0.89 3.80 ± 0.84 0.713
CL/F(l/h) 93.04 ± 20.61 58.32 ± 12.16 0.009

Data are expressed as mean ± S.D.
AUC(0→∞) , mean total area under the plasma concentration–time curve from time 0 to∞; AUC(0–72),
mean total area under the plasma concentration–time curve from time 0 to72 h; Cmax, peak plasma
concentration; Tmax , time to peak plasma concentration; T1/2, terminal elimination half-life; CL/F,
oral clearance
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Fig. 2: The curve of time – concentration of rosuvastatin in 17 healthy volunteers
with different NTCP c.800C > T genotypes after administrated a single oral
dose of 10 mg rosuvastatin. Solid rounds represent NTCP c.800CC genotype
group (n = 9); open rounds represent NTCP c.800CT + 800TT genotype
group (n = 8). Data are expressed as mean ± S.D.

the Tmax of rosuvastatin had no significant difference between
two groups (p = 0.466 and 0.713, respectively). Figure 2 shows
the time–concentration curves of rosuvastatin between two dif-
ferent NTCP c.800C > T genotype groups. The AUC(0–∞) of
rosuvastatin was higher in the NTCP c.800CT + TT group than
that in the c.800CC group. The Cmax was also increased in the
c.800CT + TT group compared to that in the c.800CC group.

3. Discussion

The aim of present study was to access the association between
NTCP c.800C > T polymorphism and rosuvastatin pharmacoki-

netics in Chinese healthy males. Our results illustrated that
the disposition of rosuvastatin was significantly affected by
NTCP c. 800C > T polymorphism after exclusion of OATP1B1
c.521T > C and BCRP c.421C > A mutations. Subjects with
c.800CT and TT genotypes exhibited a markedly higher sys-
temic exposure of rosuvastatin than those with wild-type
genotype.
Recent in vitro studies indicated that NTCP-mediate uptake
was involved in rosuvastatin disposition and NTCP c.800C > T
mutation exhibited an enhanced transport activity of rosuvas-
tatin (Ho et al. 2006; Choi et al. 2011; Pan et al. 2011).
Rosuvastatin underwent little metabolism mainly by CYP2C9.
Increasing evidence illustrated it was a good substrate for
OATP1B1 and BCRP. Since multiple pathways were involved in
rosuvastatin uptake, redundancy of transport capacity for rosu-
vastatin could influence the in vivo functional effect of NTCP
c.800C > T polymorphism on rosuvastion disposition. In order
to get a better understanding of the association between NTCP
c.800C > T variant alone and rosuvastatin pharmacokinetics in
human beings, in this study we excluded OATP1B1 c.521T > C
and BCRP c.421C > A polymorphisms, two major determinants
with increasing plasma concentration of rosuvastatin due to their
almost abolished transport activity.
In our study, we observed a 57% greater AUC(0–∞) and almost
78% higher Cmax in subjects with c.800CT and TT geno-
type compared to those of c.800CC wild-type subjects, which
clearly demonstrated a substantial reduction of uptake capac-
ity of NTCP c.800C > T variant for rosuvastatin in vivo. In vitro
kinetic studies illustrated NTCP was a high-capacity transporter

Fig. 3: Determination of NTCP c.800C > T, OATP1B1 c.521T > C and BCRP c.421C > A polymorphisms by direct sequencing and pyrosequencing method, respectively.
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for rosuvastatin but its affinity for rousuvastatin was signifi-
cantly lower than those of its endogenous substrates such as
taurocholate and estrone sulfate (Ho et al. 2004, 2006; Pan
et al. 2011). It was reported that the Km values of NTCP to
rosuvastatin were markedly higher than those of taurocholate,
irrespective of c.800C > T mutation or not (Pan et al. 2011).
Thereby, the affinity of NTCP c.800C > T mutation for rosuvas-
tatin was still lower than those for taurocholate even though its
capacity to transport taurocholate was almost abolished. More-
over, uptake ability of NTCP c.800C > T mutation for estrone
sulfate was essentially equivalent to those of wild-type (Ho
et al. 2004). It was therefore assumed that these endogenous
substrates would be potential (non)competitive inhibitors for
NTCP-mediate rosuvastatin uptake. The previously observed
function-gain uptake ability of c.800C > T mutation for rosu-
vastatin in cellular assays was obtained in the absence of any
endogenous substrates, which was obviously inconsistent with
the physical conditions in human beings. Interestingly, a recent
study by Lee et al. reported that c.800C > T polymorphism was
associated with a relatively higher rosuvastatin plasma concen-
tration only in patients with one or two copies of OATP1B1
c.521T > C variant (Lee et al. 2013). Although without statisti-
cal difference, this could implied that subjects carrying NTCP
c.800C > T mutation were accompanied with a decrease capacity
of rousvastatin uptake in vivo, in accordance with our observa-
tions.
Previous studies showed that plasma concentrations of rosu-
vastatin were approximately 2-fold higher in east Asians than
those in Caucasians (Lee et al. 2005; Tzeng et al. 2008). This
ethnicity-related difference of rosuvastatin pharmacokinetics
could be partly explained by the significantly higher frequency
of BCRP c.421A allele in Asians than those in Caucasians
(∼35% vs.∼14%., respectively) (Zamber et al. 2003). Similarly,
it is reasonable to assume that NTCP c.800C > T mutation, an
Asian-specific allele, could be a new genetic factor responsible
for the ethnic variability of rosuvastatin plasma concentration
based on our results. Moreover, these pharmacokinetic data
corresponded well to the results form JUPITER study that Cau-
casians with BCRP c.421A allele displayed a better response
to rosuvastatin therapy (Chasman et al. 2012). However, data
about the impact of NTCP c.800C > T mutation on rosuvastatin
pharmacokinetics and therapeutic efficacy was very limited so
far. A recent research reported that NTCP c.800C > T mutation
alone effected neither rosuvastatin concentrations nor the LDL-
cholesterol reduction levels in Chinese hypercholesterolemia
patients (Lee et al. 2013). However, they found an interac-
tion between this mutation and OATP1B1 c.521T > C variant
that patients with the combined genotype exhibited a relatively
higher rosuvastatin concentrations than the patients with just
NTCP c.800C > T mutation (Lee et al. 2013). Therefore, it would
be more valuable to examine the cooperation effect of NTCP
c.800C > T with OATP c.521T > C or/and BCRP c.421C > A
polymorphisms on rosuvastatin pharmacokinetics and thera-
peutic efficacy. Another concern related to statin therapy is
statin-induced myopathy, specifically for those with a long time
usage. The mechanism underlying the statin-induced myopathy
remains unclear, however, it is believed the elevated systemic
exposure to statins is tightly associated with the higher inci-
dence of statin-induced myopathy (Ghatak et al. 2010). A GWAS
study by Link et al. (2008) demonstrated that the patients with
OATP1B1c.521CC genotype had a higher risk of simvastatin-
induced myopathy when using a high daily dose of 80 mg. This
finding agreed well with the previous observation that markedly
enhanced exposure to simvastatin acid were detected in the sub-
jects with OATP1B1c.521CC variant genotype (Pasanen et al.
2006). Thereby, FDA recommended Asians who accepted rosu-
vastatin therapy begin at a very low dose (e.g. 5 mg) to avoid

relevant adverse reactions based on the data from previous phar-
macokinetic studies (Lee et al. 2005). Accordingly, in addition
to OATP c.521T > C polymorphism, NTCP c.800C > T as well
as BCRP c.421C > A variant could be presumed as candidate
risk factors for rosuvastatin-induced myopathy. Further explo-
rations are needed to confirm this presumption in large-size
studies.
Besides rosuvastatin, some other statins such as fluvastatin ato-
vastatin and pitavastatin were also identified as NTCP substrates
(Ghatak et al. 2010; Choi et al. 2011). A in vitro study showed
that fluvastatin was indeed a substrate of NTCP, but the low
affinity (Km = 250 �M) implied a minor role of NTCP-mediate
uptake at clinically relevant plasma concentration (Ghatak et al.
2010). However, NTCP c.800C > T SNP still had a profound
impact on atovastatin uptake in the cellular assays (Choi et al.
2011), and the influence of this polymorphism on atovastatin
pharmacokinetics in humans are unknown and need further stud-
ies.
To our knowledge, this is the first preliminary study to explore
the relationship between NTCP c.800C > T polymorphism and
rosuvastatin pharmacokinetics in healthy individuals. It was a
shortcoming that our study was just carried out in a small num-
bers of subjects at a single oral dose of 10 mg rosuvastatin. In
conclusion, NTCP c.800C > T polymorphism plays an important
role in individual difference of rosuvastatin pharmacokinetics.
Its genotype could be a new genetic marker, together with the
OATP1B1 c.521T > C and BCRP c.421C > A variants, used to
optimize the efficacy and toxicity of statin therapy via individ-
ualized selection of a dose for Asians.

4. Experimental

4.1. Subjects

305 unrelated Chinese healthy males were enrolled in this study. OATP1B1
c.521T > C (rs4149056, Val174Ala) and BCRP c.421C > A (rs2231142,
Gln141Lys) were genotyped by pyro-sequencing method as described pre-
viously (Rohrbacher et al. 2006; Kim et al. 2010) and the genetic analysis of
NTCP c.800C > T (rs2296651, Ser267Phe) were done by direct sequencing
method using the following primers for PCR reaction, F: 5’CTCTGAGTG-
TATGTGGGGTTTTC 3’; R: 5’ CCCTTGGGAGTCTTGAATTTCTC 3’.
The sequencing analysis for these three polymorphisms are shown in
Fig. 3. Finally, 17 healthy volunteers who were OATP1B1 c.521TT and
BCRP c.421CC wild-type homozygotes with different NTCP genotype were
recruited for the pharmacokinetic study. Nine were NTCP c.800CC wild-
type homozygotes and eight subjects were with at least one c.800C > T
variant allele (seven subjects with c.800CT genotype and one was c.800TT
homozygote). Participants were 22 ± 3 years old, with a body mass index of
21.4 ± 1.9 kg/m2. All the subjects were ascertained to be healthy by medi-
cal history, physical examinations and routine laboratory tests before they
signed the informed consents. No one was smoker or alcohol consumers
and none was on any continuous medication in the recent three months. All
subjects completed the entire protocol of this study.

4.2. Study design

The study protocol was approved by the Ethics Committee of Cen-
tral South University (No.CTXY-110004-3). After an overnight fast, 17
subjects received a single oral dose of 10 mg rosuvstatin (one tablet;
Crestor, AstraZeneca) with 150 mL warm water at 8:00AM. Two hours
later subjects were allowed to drink. A standardized meal was supplied
four hours after rosuvastatin administration. A series of 5 mL venous
blood samples were collected into EDTA-containing tubes before and at
0.5,1,1.5,2,3,4,5,6,8,10,12,24,48,72 hours after rosuvastatin intake. Blood
samples were centrifuged at 4 ◦C within half an hour and plasma was stored
at −80 ◦C until the samples tested.

4.3. Determination of plasma rosuvastain concentration

The plasma concentration of rosuvastatin was measured by liquid
chromatography–mass spectrometry with employing the Finnigan LCQ
Deca XPplus (Finnigan, San Jose, CA) as described previously (Zhang et al.
2006). A Hypurity C18 column and a mobile phase consisting of methanol
(80%) and 0.1% ammonium acid at a flow rate of 0.2 ml/min were applied.
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Tramadol was chosen as the internal standard. The ion transitions moni-
tored were as follows: m/z 482 to 464.1 and 446.2 for rosuvastatin and m/z
264 to 246 for tramadol. These transitions represent the product ions of the
[M + H] + ions. The lower limit of quantification for rosuvastatin was 0.2
ng/ml. The assay range used was 0.2–50 ng/ml. Correlation coefficient for
rosuvastatin calibration curves were 0.995. The highest rosuvastatin plasma
concentration measured was 32.29 ng/ml.

4.4. Pharmacokinetic analysis

The area under the plasma concentration–time curve (AUC) of rosuvastatin
were calculated by the linear trapezoidal rule; Ke is the slope of the linear
terminal part of the plasma concentration vs. time curve after semiloga-
rithmic transformation. The blood elimination half-life T1/2 = 0.693/ Ke and
AUC(0→∞) = AUC(0–72) + Cp(72 h)/Ke (Cp(72 h) is the plasma concentration
at 72 h). The oral clearance (CL/F) was calculated as follows: CL/F = dose
(10 mg)/AUC(0–t) (ng·h/ml). The maximum concentration (Cmax) and the
time to peak concentration (Tmax) were directly determined from the plasma
time–concentration curve.

4.5. Statistical analysis

Statistical analysis of data was done by the SPSS 13.0 software for windows
(Chicago, IL, USA). Hardy–Weinberg equilibrium and allelic frequencies
were compared using Pearson’s �2 test. Normality tests were conducted on
all pharmacokinetic parameters. Normally distributed data were analyzed
by the Student’s t-test, whereas non-normally distributed data were com-
pared using the Mann–Whitney test. Data are expressed as mean ± standard
deviation (SD) in the text and table and the figures. A P value < 0.05 was
considered statistically significant.
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