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Purpose:Wuzhi capsule (WZ) is a proprietary Chinese medicine prepared from the ethanolic extract of Schisandra sphenanthera that
is commonly used to treat liver injury. Statins are widely used in patients with hyperlipidemia, coronary heart disease, metabolic
syndrome, type 2 diabetes mellitus, and nonalcoholic fatty liver disease. Co-administration of statins with WZ is possible in clinical
practice. WZ has obvious inhibitory effects on the bioavailability of atorvastatin and simvastatin; however, the drug–herb interactions
between WZ and rosuvastatin have not been addressed. We explored the effects of WZ on the pharmacokinetics of rosuvastatin in
Sprague-Dawley rats to promote a rational use of statins.
Methods: Eighteen male rats were randomly and evenly divided into three groups: control group (gavage feeding of rosuvastatin
10 mg·kg−1), single dose group (gavage feeding of a single dose of WZ 150 mg·kg−1 followed by rosuvastatin 10 mg·kg−1) and
multiple doses group (gavage feeding of WZ 150 mg·kg−1 for 7 days followed by rosuvastatin 10 mg·kg−1 on the seventh day). Plasma
samples were collected at different times before and after rosuvastatin administration. The other 18 female rats were tested the same
way as the male rats. All samples were analyzed by a validated LC-MS/MS method, and the pharmacokinetic parameters were
calculated using a non-compartmental model.
Results: In both male and female rats, there were no statistically significant differences in rosuvastatin pharmacokinetic parameters
between the control group, the single dose group, and the multi-dose group.
Conclusion: Acute or long-term intake of WZ had no obvious effect on the pharmacokinetics of rosuvastatin, and therefore
rosuvastatin could be used as an alternative to atorvastatin and simvastatin when WZ is clinically required in conjunction with statins.
An appropriate pharmacodynamic study is needed to encourage the safe use of this combination.
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Introduction
Wuzhi capsule (WZ) is a preparation derived from the ethanol extract of Schisandra sphenanthera and is widely used in
clinical practice in China to protect liver function in patients with chronic hepatitis or liver dysfunction. WZ attenuates
liver steatosis and inflammation during the development of nonalcoholic fatty liver disease.1

Statins are widely used in the secondary and primary prevention of atherosclerotic cardiovascular disease.
Furthermore, a meta-analysis showed beneficial effects of statin use in reducing inflammatory markers in patients with
metabolic syndrome and related disorders.2 An exploratory analysis of data from 5 trials showed that rosuvastatin 10 mg
was highly effective in comprehensively modifying the lipid profile of patients with high low-density lipoprotein
cholesterol and metabolic syndrome.3 Statins can significantly increase the estimated rate of glomerular filtration, reduce
serum creatinine, decrease the level of high-sensitivity C-reactive proteins and decrease the level of blood lipids in the
treatment of diabetic nephropathy, thus reducing the inflammatory response and protecting the kidney.4 Stain therapy has
favorable effects in hypercholesterolemic patients with regard to the atherogenic dyslipidemia associated with metabolic
syndrome. Rosuvastatin had the most favorable effect on the overall atherogenic lipid profile of metabolic syndrome.5
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Risk reducing statin therapy is recommended for almost all patients with type 2 diabetes mellitus (DM2) at 40 years of
age or older regardless of cholesterol level.6 Clinicians should consider intensifying statin regimens to improve
dyslipidemia control in statin-treated patients with DM2.7

Hepatic adverse effects are the most known adverse effects induced by statins.8 In approximately 1% of patients,
statins cause asymptomatic and dose-related elevations in serum transaminases greater than 3 times the upper limit of
normal. Avoiding statin use is unnecessary in patients with nonalcoholic fatty liver disease, nonalcoholic steatohepatitis,
compensated cirrhosis, and compensated chronic liver disease if there is a clear indication.9 Statins can delay the
progression of hepatic fibrosis, prevent hepatic decompensation in cirrhosis, and reduce all-cause mortality in patients
with chronic liver disease.10

In clinical practice, WZ and statins can be prescribed together to prevent statin-induced liver injury, to continue statin
use in mild liver insufficiency, or to treat chronic liver diseases such as nonalcoholic fatty liver disease. Schisandrin B,
one of the main active ingredients of WZ, interferes with the in vitro uptake of rosuvastatin mediated by the organic
anion transporting polypeptide 1B1 (OATP1B1) and significantly inhibits the transport function of the transgenic breast
cancer resistance protein (BCRP) cell line.11,12 Rosuvastatin is a typical substrate of both OATP1B1 and BCRP.13,14

Therefore, there is a possibility of herb-drug interaction between WZ and rosuvastatin in vivo. However, literature on this
issue is not currently available. In this study, we explored the effects of WZ on the pharmacokinetics of rosuvastatin in
Sprague-Dawley (SD) rats and tried to promote rational use of statins.

Methods
Reagents, Materials, and Chemicals
The reference standards for calcium rosuvastatin (purity ≥98%, lot A29O7E23856) were supplied by Shanghai Yuanye
Bio-Technology Co., Ltd. (Shanghai, China.). The reference standards of lovastatin (purity>98%, lot L1507002) were
used as the internal standard (IS) for chromatographic analysis and were purchased from Shanghai Aladdin Bio-Chem
Technology Co., Ltd. Ultrapure water was obtained from a Milli-Q Plus water purification system (Millipore, Bedford,
MA, USA). Methanol, acetonitrile, and formic acid were of HPLC grade and were purchased from Merck, Germany.

Instrumentation and LC -MS-MS Conditions
A liquid chromatography, electrospray ionization, tandem mass spectrometry (LC-ESI-MS/MS) system consists of an
Agilent 1260 HPLC system (Agilent Technologies Inc., USA), AB SCIEX API 4000+TM triple-quadruple mass spectro-
meter (Applied Biosystems, USA).

Separation was achieved on a 3.5 μm (2.1 mm ×100 mm, i.d.) Zorbax Eclipse Plus C18 column (Agilent Technologies
Inc., USA). The mobile phase was a mixture of water (containing 0.1% formic acid)- acetonitrile (containing 0.1%
formic acid) (10:90, v/v) pumped at a flow rate of 0.3 mL/min. Column oven was kept at 20°C. The autosampler was set
at 4°C. Total run time was 6.5 min for each injection. Mass spectrometric analysis was performed in the positive-ion
(ESI) and multiple reaction monitoring (MRM) acquisition mode. The mass spectrometer was set to monitor the
transitions of precursors to product ions as follows: m/z 482.0→258.2 for rosuvastatin and m/z 427.4→325.3 for IS.
Ion source gas 1 (GS1): 482.7kPa; curtain gas: 206.9kPa; collision gas (CAD): 34.5kPa; ion source gas 2 (GS2):
482.7kPa. The spray voltage was set at 5.5 kV and source temperature was 350°C. Declustering potential (DP): 96 eV for
rosuvastatin and lovastatin; entrance potential (EP): 10 eV for rosuvastatin and IS. The optimized collision energy was 45
eV for rosuvastatin and 31 eV for IS. Collision cell exit potential (CXP):14 eV for rosuvastatin and 8 eV for IS.

Method Validation
The method was validated for specificity, linearity, sensitivity, accuracy, precision, absolute recovery, matrix effect, and
stability according to the FDA guidelines for validation of bioanalytical methods.15

Specificity
The specificity was investigated by preparing and analyzing six individual blank plasma samples from rats, a standard
plasma sample of rosuvastatin and a real plasma sample from rats after rosuvastatin administration.
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Linearity
Linearity was assessed by preparing and analyzing a blank sample and standard rosuvastatin samples in the range ~2–
2000μg·L−1. Calibration curves were constructed from the peak area ratios of rosuvastatin to IS vs plasma concentrations
using a weighted linear least-squares regression model. The correlation coefficient should not exceed 0.99, and the relative
error and precision of all calibration standards must be within 15%, except at the lower limit of quantification (LLOQ), where
it should not deviate by more than ±20% and rosuvastatin could be detected with a signal-to-noise ratio of 5.

Accuracy and Precision
Accuracy and precision were assessed by evaluating quality control (QC) samples at four concentration levels (six
samples for each concentration) on six different validation days. Precision was determined as the relative standard
deviation (RSD), and accuracy was expressed as a percentage of the measured concentration over the nominal
(theoretical) concentration. The RSD did not exceed 15% and the accuracy was within 15% of the actual value.

Recovery
The absolute recovery (extraction efficiency) of analytes from rat plasma was determined by comparing the peak areas of
five processed low, medium and high QC samples with those of the non-extracted pure standard that represent 100%
recovery at the same theoretical concentrations of rosuvastatin.

Matrix Effects
Matrix effects were quantitatively assessed using five lots of blank matrix at low, medium, and high QC concentrations
(4, 160, 1600 μg·L−1). Three different sets of solutions were prepared: a pure standard solution of the analyte and IS in
quintuplicate in the mobile phase injected directly into the column (A), five different blank plasma spiked with the
analyte and IS after extraction (B), and five different blank plasma spiked with the analyte and IS before extraction (C).
The matrix factor (MF) was calculated for each lot of matrix, by calculating the ratio of the peak area in the presence of
matrix (B) to the peak area in the absence of matrix (A). The IS normalized MF was calculated by dividing the MF of the
analyte by the MF of the IS. The coefficient of variation (CV) of the IS-normalized MF calculated from the five lots of
matrix should not be greater than 15%.

Stability
The stability of rosuvastatin in QC samples (4, 160, 1600 μg·L−1) was validated by four studies: short-term stability for
12 h in plasma, 30 days’ stability at –20°C, three freeze-thaw cycles and autosampler stability of 24 h of QC samples.
The samples were concluded to be stable if the bias of the stability samples was not more than ±15% of the nominal
concentration.

Assay of Plasma Concentrations of Rosuvastatin
A volume of 10 μL of the working solution of lovastatin (1mg·L−1 in methanol) was added to each Eppendorf tube
(1.5 mL) containing 100μL of rat plasma, vortexed for 1 min; then 500 μL of methyl tert-butyl ether (containing 0.1%
formic acid) was added to the samples. Samples were shaken for 5 min and centrifuged for 8 min at 10,000 r·min−1

(5415R centrifuge; Eppendorf, Germany). Then 450 μL of the supernatant was then transferred to another tube where it
was evaporated to complete dryness under a gentle stream of nitrogen gas by decompression at room temperature. The
samples were reconstituted with 100 μL of mobile phase, vortexed for 5 min, and centrifuged for 8 min at 10,000
r·min−1. A volume of 10 μL of the supernatant was injected directly into the LC/MS/MS system for analysis.

In vivo Study
Subjects
Healthy and clean female and male SD rats, weighing ~220–250g, were purchased from the Zhejiang Academy of
Medical Sciences. The study was approved by the Animal Ethics Committee of the Zhejiang Academy of Medical
Sciences (approval number: 2018–100).
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Drug Treatments
The calcium tablet of rosuvastatin (lot 1902A44) was supplied by AstraZeneca Pharmaceutical Co., Ltd. WZ
(lot180301), which contains 11.25 mg of Schisantherin A per capsule, was purchased from Sichuan Hezheng
Pharmaceutical Co., Ltd. (China). Rosuvastatin calcium gavage solution was prepared by dissolving the rosuvastatin
calcium tablet powder in suspension with 0.5% sodium carboxymethylcellulose solution (25 mg/25mL) by ultrasound.
The WZ gavage solution was prepared by dissolving the WZ contents after removing the capsule shell into suspension
with 0.5% sodium carboxymethylcellulose solution (375.0 mg/25 mL) by ultrasound.

Study Design
Eighteen SD male rats were randomly divided into three groups. Adaptive feeding was performed for 1 week before the
experiment. The rats fasted for 12 h and were given free access to water. The control group received rosuvastatin
10 mg·kg−1 by gavage feeding. The single-dose group received a single dose of WZ contents 150 mg·kg−1 by gavage
feeding, then took rosuvastatin 10 mg·kg−1 by gavage feeding 15 minutes later. The multiple dose group received
consecutive daily doses of WZ contents 150 mg·kg−1 by gavage feeding for 7 days, then took rosuvastatin 10 mg·kg−1 by
gavage feeding 15 minutes later the seventh day. Furthermore, 18 SD female rats were randomly divided into three
groups and treated the same way as SD male rats.

Sample Collection
Approximately 0.5 mL of blood was collected from the orbital venous plexus of rats before the intake of rosuvastatin and
at 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0 and 24.0 h after the dosing of rosuvastatin. Blood samples were placed in
heparinized tubes and centrifuged at 3000 ×g for 10 min, and plasma was separated and stored at –20°C until assays were
performed.

Statistics
Pharmacokinetic parameters were calculated using PhoenixTM WinNonlin® software (Version 6.1, Pharsight, Mountain
View, California, USA) with the non-compartmental method. The maximum plasma concentrations (Cmax) and the times
at which they occurred (Tmax) were determined by inspection of the plasma concentration-time profile. The terminal
elimination rate constant (λz) was determined by linear regression of the terminal portion of the log concentration-time
profile. The elimination half-life (T1/2) was calculated as 0.693/λz. The area under the plasma concentration-time curve
(AUC) was determined by trapezoidal rule and extrapolated to infinity by calculation of Ct/λz. The pharmacokinetic
parameters between groups were statistically analyzed using SPSS 21.0 software using a paired t test (two-tailed). Data
were reported as mean ± standard deviation (SD). A P-value < 0.05 was considered statistically significant.

Results
Validation of the Bioanalytical Method
The assay method was specific. Endogenous chemicals did not interfere with the determination of rosuvastatin and IS
(Figure 1). The calibration curves were linear in the range of ~2–2000 μg·L−1 (r2=0.9986, n=6), with a LLOQ of 2
μg·L−1 (RSD=7.75%, n=6). The within-and between-day CVof the QC samples at low, medium, and high concentrations
were less than 10%. The average recovery of rosuvastatin was 100.1%, whereas the average absolute recoveries of
rosuvastatin and IS were 91.9% and 92.5%, respectively. The CV of the IS-normalized MF did not exceed 9.36% for
rosuvastatin. No significant matrix effects were observed. The stability of rosuvastatin in plasma was confirmed by four
studies: short-term stability for 12 h in plasma, 30-day stability at –20°C, three freeze-thaw cycles and autosampler
stability for 24 h of QC samples. All bias values between the measured value and the nominal value were in the range of
−13.14% to 6.99%. Specificity, linearity, sensitivity, accuracy, precision, recovery, stability, and matrix effects met the
requirements for a pharmacokinetic study.
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Figure 1 Chromatograms of rosuvastatin and the internal standard. (A) Blank rat plasma. (B) Blank plasma spiked with 1 mg·L−1 internal standard. (C) Plasma spiked with
50 μg·L−1 rosuvastatin and 1 mg·L−1 internal standard. (D) Rat plasma sample 2 hours after gavage administration of 10 mg·kg−1 rosuvastatin.

Figure 2 Mean plasma concentration-time profiles of rosuvastatin after gavage administration in male rats. Control group (rosuvastatin 10 mg·kg−1), single dose group
(rosuvastatin 10 mg·kg−1 plus single dose of Wuzhi capsule 150 mg·kg−1), multiple doses group (rosuvastatin 10 mg·kg−1 plus multiple doses of Wuzhi capsule 150 mg·kg−1).
Data are reported as mean ± SD (n=6).
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Concentration-Time Curves and Pharmacokinetics of Rosuvastatin
The mean plasma rosuvastatin concentration time profiles in male and female rats are shown in Figures 2 and 3,
respectively. The main pharmacokinetic parameters in male rats and female rats are given in Tables 1 and 2, respectively.

Figure 3 Mean plasma concentration-time profiles of rosuvastatin after gavage administration in female rats. Control group (rosuvastatin 10 mg·kg−1), single dose group
(rosuvastatin 10 mg·kg−1 plus single dose of Wuzhi capsule 150 mg·kg−1), multiple doses group (rosuvastatin 10 mg·kg−1 plus multiple doses of Wuzhi capsule 150 mg·kg−1).
Data are reported as mean ± SD (n=6).

Table 1 Pharmacokinetic Parameters of Rosuvastatin in Male Rats

Pharmacokinetic Parameters Control Group (n=6) Single Dose Group (n=6) Multiple Doses Group (n=6)

AUC0-t (µg·h·L
−1) 510.74±111.69 519.28±102.85 528.64±108.51

T1/2 (h) 9.41±1.05 10.23±1.45 9.45±0.94
Tmax (h) 0.75±0.27 0.83±0.26 0.67±0.26

CL (L·h−1) 4.37±0.90 4.20±0.75 4.21±0.73

V (L) 59.68±16.01 62.28±14.29 58.09±14.86
Cmax (µg·L

−1) 85.67±25.23 93.08±19.62 96.57±9.89

Notes: control group (rosuvastatin 10 mg·kg−1), single dose group (rosuvastatin 10 mg·kg−1 plus single dose of Wuzhi capsule 150 mg·kg−1), multiple doses group
(rosuvastatin 10 mg·kg−1 plus multiple doses of Wuzhi capsule 150 mg·kg−1). Single dose group vs control group, multiple doses group vs control group, multiple doses group
vs single dose group (P>0.05). Data were reported as mean ± SD (n=6).

Table 2 Pharmacokinetic Parameters of Rosuvastatin in Female Rats

Pharmacokinetic Parameters Control Group (n=6) Single Dose Group (n=6) Multiple Doses Group (n=6)

AUC0-t (µg·h·L
−1) 542.61±109.86 516.53±62 532.31±128.57

T1/2 (h) 9.65±1.42 10.11±1.69 9.67±1.15

Tmax (h) 0.75±0.27 0.67±0.26 0.75±0.27
CL (L·h−1) 4.05±0.68 4.17±0.47 4.20±0.84

V (L) 57.03±15.23 60.82±12.89 59.50±18.19

Cmax (µg·L
−1) 92.75±11.34 91.72±15.06 97.67±19.90

Notes: control group (rosuvastatin 10 mg·kg−1), single dose group (rosuvastatin 10 mg·kg−1 plus single dose of Wuzhi capsule 150 mg·kg−1), multiple doses group
(rosuvastatin 10 mg·kg−1 plus multiple doses of Wuzhi capsule 150 mg·kg−1). Single dose group vs control group, multiple doses group vs control group, multiple doses group
vs single dose group (P>0.05). Data were reported as mean ± SD (n=6).
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For both male rats and female rats, there were no statistically significant differences in pharmacokinetic parameters
between the control group, the single-dose group and the multidose group. Furthermore, there was no statistically
significant difference in rosuvastatin pharmacokinetic parameters between the male control group and the female control
group.

Discussion
Rosuvastatin is minimally metabolized by cytochrome P450 isozymes (CYP). It is eliminated by biliary excretion.16 The
hepatic uptake of rosuvastatin is mediated by OATP1B1 whereas the biliary excretion mechanism is related with
BCRP.13,14 There are inconsistent findings on whether P-glycoprotein (P-gp) contributes to rosuvastatin
pharmacokinetics.17–19

The main active ingredients of WZ include Schisandrin A, Schisandrin B, Schisantherin A, Schisandrin C,
Schisandrol A, and Schisandrol B.20 Each capsule of WZ contains 11.25 mg Schisantherin A and the content of
Schisandrin A was used as a quality control indicator. Studies have found that lignans in Schisandra sphenanthera
have an inhibitory effect on CYP3A4 and have an obvious effect on tacrolimus and cyclosporine pharmacokinetics.21,22

Furthermore, Schisandrin A could inhibit P-gp-mediated drug transport at gene and protein levels.23 Schisandrin A and
Schisandrin B could induce OATP1B1 expression and increase its transporter activity in the human hepatocellular liver
carcinoma cell line.24 Schisandrin B could promote the in vitro uptake of rosuvastatin mediated by OATP1B1.11

Schisandrin A is a substrate of BCRP and can be transported by BCRP into Lilly Laboratories cell porcine kidney 1
(LLC-PK1) /BCRP cells whereas Schisandrol B could exhibit a marked inhibitory effect on BCRP transport function.12

Therefore, WZ ingestion may interfere OATP1B1 and/or BCRP-mediated drug transportation of rosuvastatin in vivo.
To our knowledge, this is the first study to investigate the pharmacokinetic interaction between WZ and rosuvastatin

in vivo. WZ had no effect on the main pharmacokinetic parameters of rosuvastatin, which could be explained by the
combined effect of WZ on efflux transporters (ie, BCRP, P-gp) and the active uptake transporter OATP1B1 in rats.
Pharmacokinetic studies showed that WZ had obvious inhibitory effects on the bioavailability of atorvastatin in female
rats but not in male rats,25 and a single dose of WZ could affect the pharmacokinetic parameters of simvastatin and
simvastatin acid in rats.26 Atorvastatin and simvastatin are extensively metabolized by CYP3A4, therefore their fate in
the body is prone to lignans in Schisandra sphenanthera. It indicates that rosuvastatin could be an alternative to
atorvastatin and simvastatin in the case of adverse drug reactions caused by significant pharmacokinetic interactions
when the combination of WZ and statin is clinically needed.

There was no statistically significant sex-based difference in the pharmacokinetic parameters of rosuvastatin after
rosuvastatin alone administration. The results of this study are consistent with the findings that rosuvastatin does not
produce clinically significant pharmacokinetic differences in Chinese patients of different sex.19,27

The limitations of this study are the following. First, the dose effects of rosuvastatin on the pharmacokinetic interaction
between herb and drug were not investigated.We tested the DDI potential at the dose of rosuvastatin 10mg/kg according to the
study by Liu et al28 but did not investigate the effects at different doses of rosuvastatin (eg, 0.83 mg kg−1, 5 mg kg−1, or 100mg
kg−1).29–31 Secondly, we selected rosuvastatin powder rather than rosuvastatin tablet formulation, which could overcome any
bias in the influence of excipients in pharmaceutical preparations of rosuvastatin. However, the administration of rosuvastatin
in the control group, single-dose group, and multigroup was consistent; therefore, the relevant bias was negligible. Third, the
interaction between cell-based metabolism and in vitro transport tests has not been studied, and information about whether the
drug transport mediated by specific transporters is influenced by WZ has not been defined, but it is expected to be explored in
future studies. Fourth, there has been no study of rosuvastatin on the pharmacokinetics of active herbal ingredients ofWZ. The
pharmacokinetic study of herbs could also be considered of great importance, and understanding the interaction between
herbal medicine and chemical drugs should be further deepened. Finally, although our study provides some implications for
rational drug use in clinical practice, it focused only on the pharmacokinetic interaction between WZ and rosuvastatin. It is
necessary to perform an appropriate pharmacodynamic study to confirm whether there are changes in pharmacodynamic
activity and thus provide additional support for our findings encouraging the safe use of this combination. Additionally, this
DDI study was conducted in healthy rats, and the circumstances of moderate hepatic impairment need to be further
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investigated. Extension of the results of pharmacokinetic interactions in rats to clinical patients must be confirmed by
randomized clinical trials or real-world data in drug combination therapy.

Conclusions
In this study, WZ, a proprietary Chinese medicine prepared from the ethanolic extract of S. sphenanthera, had no obvious
negative effect on the pharmacokinetics of rosuvastatin, and thus rosuvastatin can be used as an alternative to atorvastatin
when WZ is clinically indicated together with statins. A suitable pharmacodynamic study is needed to encourage the safe
use of this combination.
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