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[ABSTRACT] This study developed a population pharmacokinetic model for sodium tanshinone IIA sulfonate (STS) in healthy vol-
unteers and coronary heart disease (CHD) patients in order to identify significant covariates for the pharmacokinetics of STS. Blood 
samples were obtained by intense sampling approach from 10 healthy volunteers and sparse sampling from 25 CHD patients, and a 
population pharmacokinetic analysis was performed by nonlinear mixed-effect modeling. The final model was evaluated by bootstrap 
and visual predictive check. A total of 230 plasma concentrations were included, 137 from healthy volunteers and 93 from CHD pa-
tients. It was a two-compartment model with first-order elimination. The typical value of the apparent clearance (CL) of STS in CHD 

patients with total bilirubin (TBIL) level of 10 μmolL–1 was 48.7 Lh–1 with inter individual variability of 27.4%, whereas that in 

healthy volunteers with the same TBIL level was 63.1 Lh–1. Residual variability was described by a proportional error model and 

estimated at 5.2%. The CL of STS in CHD patients was lower than that in healthy volunteers and decreased when TBIL levels in-
creased. The bootstrap and visual predictive check confirmed the stability and validity of the final model. These results suggested that 
STS dosage adjustment might be considered based on TBIL levels in CHD patients.  
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Introduction 

Sodium tanshinone IIA sulfonate (STS) is a derivative of 
tanshinone IIA (TSA), which is the most effective extract 
isolated from the root of Salvia miltiorrhiza (Danshen) [1-2]. 
Danshen is a well-known traditional Chinese medicine used 
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to treat cardiovascular disease [2]. Because of its high lipo-
philicity, TSA is poorly absorbed and cannot be used directly 
in the clinic. As a result, STS was developed by sulfonation of 
TSA in order to improve its water solubility [1-2]. Because of 
the pharmacological activity of TSA, STS represents a car-
dioprotective substance that exhibits the therapeutic antioxi-
dation, anti-inflammatory, antiplatelet aggregation, and vaso-
relaxation effects [1]. STS injection has been used to treat 
coronary heart disease (CHD), angina pectoris, and myocar-
dial infarction in clinical practice for more than 30 years [3]. 

Following intravenous (i.v.) administration in rats, STS 

mainly distributes to the liver, lungs, intestines, kidneys, and 

heart [4-5] and inhibits the activity of cytochrome P450 (CYP) 

3A4 while CYP1A2, CYP2A6, CYP2C9, CYP2D6, CYP2E1, 

and CYP2C19 show minimal or no effects concerning the 

STS metabolism in vitro [6]. Because TSA is metabolized 

predominantly by NAD(P)H: quinoneoxidoreductase 1 

(NQO1), NQO1 might play an important role in STS metabo-
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lism [7]. STS and its metabolites are secreted in the bile [8-9]. A 

recent study revealing the pharmacokinetics (PK) of STS in 

healthy volunteers showed that STS is eliminated from the 

body quickly, with an average clearance of 55.6 ± 11.0 Lh–1 [10]. 

However, considering a different patient population and me-

dication regimen, the PK profile could be different when STS 

is administered to CHD patients. Additionally, CHD patients 

might suffer from acute heart failure, which could result in 

diminished blood flow to organs of elimination [11]. A 

previous study indicated that patients with heart failure dis-

played significantly lower clearance of lidocaine as compared 

with that of patients without heart failure (P < 0.005) [12]. 

Moreover, various medications are used to treat CHD, and 

these might interact with STS [8, 13]. However, whether the PK 

of STS are affected by CHD and concomitant medications in 

clinical practice remains unclear. 

In this study, we investigated the potential effects of 
CHD on the PK of STS. We used population pharmacokinet-
ics (PPK) analysis to assess patient demographics, with bio-
chemical tests, disease-related properties, and concomitant 
medications as covariates. These findings provide beneficial 
information for the safe clinical use of STS in patients with 
CHD. 

Materials and methods 

Subjects  
CHD patients from Huashan Hospital (Shanghai, China) 

were enrolled in this prospective and observational study 
during the period from September 2014 to May 2015. Data 
from 10 healthy volunteers from a previous STS PK study 
were pooled into the population analysis [10]. The protocols 
for the clinical pharmacokinetic study of healthy volunteers 
and CHD patients were approved by the Institutional Ethics 
Committee of Shanghai Xuhui Central Hospital and Huashan 
Hospital, Fudan University, respectively, and were conducted 
according to the recommendations described in the Declara-
tion of Helsinki. Informed consent was obtained from all 
participants before enrollment. 

Healthy volunteers had to be qualified during medical 
history reviews, physical examinations, and laboratory tests. 
Volunteers were excluded if they were participating in other 
clinical studies, reported alcohol or smoking addiction, or had 
taken drugs within 30 days (including common medications 
and abused drugs involving opium, methamphetamines, 
ketamine, and cocaine, etc.). 

CHD patients of both sexes (> 18 years of age) with con-
firmed CHD and undergoing STS treatment were eligible for 
the study. CHD patients included those with stable angina, 
unstable angina, and non-ST-elevation myocardial infarction [11, 14]. 
Patients with cancer, abnormal renal function (serum crea-

tinine ≥ 130 μmolL–1) or liver function [alanine aminotrans-

ferase (ALT) ≥ 120 UL–1], chronic heart failure due to left 
ventricular dysfunction, an obvious tendency for bleeding, 
uncontrolled hypertension (systolic blood pressure ≥ 180 mmHg 

or diastolic blood pressure ≥ 100 mmHg), a history of aller-
gies to Salvia miltiorrhiza, taking other Traditional Chinese 
Medicines, participating in other interventional clinical stud-
ies within 1 month, or currently pregnant were excluded.  
Blood sampling 

All healthy volunteers and CHD patients received a sin-

gle i.v. dose of 40 mg STS (0.16 mgmL–1) over approxi-
mately 60 min. STS injection was obtained from the First 
Shanghai Biochemical & Pharmaceutical Co., Ltd. (Shanghai, 
China). 

Blood samples from the healthy volunteers were obtained 
before and 0.167, 0.333, 0.667, 1, 1.04, 1.08, 1.17, 1.25, 1.33, 
1.67, 2, 3, 5 and 7 h after initiating the infusion. Healthy vol-
unteers fasted overnight before administering STS.  

Blood samples from CHD patients were obtained before 
and 1, 1.83, and 3.5 h after initiating the infusion. CHD pa-
tients were not necessarily fasted before injection of STS and 
were not given any other medication during infusion. To the 
best of our knowledge, there are no published investigations 
regarding food influences on STS. This is likely because STS 
is injected directly by i.v. and not absorbed via the gastroin-
testinal tract; therefore, it is not affected by food. 

Obtained plasma was frozen at −20 °C in coded polypro-
pylene tubes until analysis.  
Bioanalytical methods 

Liquid chromatography-tandem mass spectrometry (LC- 
MS/MS) was used to determine STS levels in human plasma, 
as previously described [10]. Calibration curves for STS in human 

plasma were linear over a range of 2 to 1000 ngmL–1, with a 

lower limit of quantification at 2 ngmL–1. The precision [% 
coefficient of variation (CV)] and accuracy (% bias) of the 
quality control (QC) samples at five concentrations were < 
8% and from −7% to 5%, respectively. All blood samples 
from health volunteers and CHD patients were analyzed in the 
same laboratory at the Central Laboratory, Shanghai Xuhui 
Central Hospital (Shanghai, China). 
PPK model development 

PPK analysis was performed using a nonlinear mixed-effects 
modeling approach using NONMEM (v7.3; Icon Development 
Solutions, Ellicott, MD, USA). Perl-speaks-NONMEM (v4.2.0), 
Pirana (v2.9.0), and Xpose (v4.4.1) were used for model 
development, visual diagnostics, and model evaluation [15-17]. 
A first-order conditional-estimation method with η–ε interac-
tion (FOCE-I) was used for parameter estimation. 

One-, two-, and three-compartment models with first- 
order elimination were tested to develop the structural model. 
PK parameters were assumed to be log-normally distributed. 
The inter-individual variability (IIV) for the PK parameters 
was evaluated using an exponential model (Equation 1). 

i
i TV e                     (1) 

where θi is the parameter estimate for individual i, θTV is the 
typical value for the parameter of the population, and ηi is the 
IIV for individual i, which follows a normal distribution with 
a mean of zero and a variance of ω2. Various residual error 
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models, including additive, exponential, proportional, and 
mixed models, were fitted to describe the residual variability 
(Equations 2–5). 

Y = IPRED + ε                (2) 
Y = IPRED × (1 + ε)            (3) 

Y = IPRED × exp(ε)              (4) 
Y = IPRED × exp(ε1) + ε2            (5) 

Various covariates were examined, including patient demo-
graphics, biochemical tests, disease-related properties, and 
concomitant medications. Continuous covariates included age, 
weight, aspartate aminotransferase, ALT, total bilirubin 
(TBIL), blood urea nitrogen, serum creatinine, and endoge-
nous creatinine-clearance rate calculated by the Cockcroft– 
Gault equation. Categorical covariates included gender, CHD, 
stable angina, unstable angina, non-ST-elevation myocardial 
infarction, acute heart failure, and co-therapy with antiplatelet 
medication, β-blockers, angiotensin converting enzyme in-
hibitors, angiotensin II type 1 receptor antagonists (ARBs), 
calcium channel blockers, and statins. 

Plots of covariates against empirical Bayesian estimates 
of individual parameters were first used to explore the asso-
ciation between covariates and PK parameters. Potentially 
significant covariates were then screened in a stepwise man-
ner by NONMEM. A difference in objective function value 
(OFV) was used to evaluate the influence. Each forward step 
added a covariate to the model according to the reduction in 
OFV until there was no further significant reduction; then, 
each backward step removed a covariate from the model until 
no significant OFV reduction was observed. The criteria of 
significance in the forward addition steps were set at ΔOFV ≥ 
3.84 (P < 0.05; df = 1), and the backward elimination steps 
were set at ΔOFV ≥ 6.64 (P < 0.01; df = 1). Additional criteria 
for the retention of a covariate included reductions in unex-
plained IIV, clinical significance, and biological plausibility. 

Linear (Equation 6), linear proportional (Equation 7), and 
power model with the covariate (Cov) normalized to the popu-
lation median (Equation 8) were used to describe the relation-
ship between continuous covariates and PK parameters. 
Categorical covariates were modeled as shown in Equation 9. 

1
i

m

Cov
P

Cov


 
   

 
               (6) 

P = θ1 + θ2 × (Covi – Covm)          (7) 
2

1
i

m

Cov
P

Cov




 

  
 

                (8) 

P = θ1 + θ2 × Cov1 + θ3 × Cov2 + … + θi-1 × Covi    (9) 
where θ is the estimated parameter, and θ1 represents the 
typical value of a PK parameter of an individual with the 
median value of the covariate. Covi represents the value of the 
covariate for the ith subject, and Covm represents the median 
value of the covariate. 
Model evaluation 

The model was checked by goodness-of-fit (GOF) diag-
nostic plots, which included predicted versus observed con-

centration and conditional weighted residuals versus observed 
concentration and time. 

The precision and robustness of the final model were 
further evaluated by non-parametric bootstrap analysis. The 
bootstrap datasets were re-sampled from the original dataset 
by replacement, and each bootstrap dataset contained the 
same number of patients as the original dataset. The model 
was fitted to 1000 re-sampling datasets to obtain bootstrap 
parameter estimates. The 2.5% and 97.5% of each estimated 
parameter derived from the bootstrap datasets were compared 
with the mean of the parameter estimated from the final model. 

Simulation-based diagnosis was conducted by visual pre-
dictive check (VPC). The procedure obtained the concentra-
tion-time curves of the datasets simulated from the final pa-
rameters via 1000 Monte Carlo simulations, followed by 
comparison of the 10th, 50th, and 90th percentiles of the simu-
lated concentration-time curves with the observed concentra-
tions in order to demonstrate overlap and variability. 

Results 

Subjects 
Twenty-six CHD patients were enrolled in the study, and 

one patient dropped out because of personal reasons. The 

lower limit of quantification (LOQ) was 2 ngmL–1 in the 

analytical method. The STS concentrations of 14 blood sam-

ples were < 2 ngmL–1 and could not be determined. There-

fore, these 14 blood samples were treated as missing data, one 

from a CHD patient and 13 from healthy volunteers. Seven 

observations from seven patients were missing due to patient 

compliance during data collection. Samples that were lower 

than the LOQ or missing were excluded from the analysis. A 

total of 137 observations from 10 healthy volunteers and 93 

observations from 25 CHD patients were pooled into the final 

analysis. 

The demographics, laboratory tests, disease-related prop-
erties, and concomitant medication information for the CHD 
patients and the healthy volunteers were collected (Table 1). 
Medications co-administered in > 10% of the CHD patients 
included aspirin, clopidogrel, metoprolol, bisoprolol, benazepril, 
perindopril, nifedipine, amlodipine, rosuvastatin, and atorva-
statin (Table 1). Due to the limited sample size, medications 
administered to < 10% of the CHD patients were coded as 
groups according to their therapeutic categories. Therefore, olme-
sartan, irbesartan, losartan, and valsartan were coded as ARBs.  
PPK model 

A two-compartment model with first elimination was 
chosen as the structured model (subroutine ADVAN3 and 
TRANS4) according to the Akaike information criterion (AIC) 
and diagnostic plots. Because the IIVs of the distribution 
volumes of the central and peripheral compartments were < 
1%, they were not estimated. Only the IIV of the CL and in-
ter-compartment clearance (Q) was included in the subse-
quent analysis. Moreover, a proportional error model best 
described the residual variability. 
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Table 1  Summary of subjects’ charactors 

Parameters CHD patients Healthy volunteers 

Demographics   

Age (years) 63 (28–80), 61.8 (14.1) 25.5 (22–34), 27.2 (4.5) 

Weight (kg) 65 (43–100), 66.9 (12.9) 66.1 (56.5–75.2), 64.9 (5.5) 

Gender (female/male) 12/13 0/10 

Laboratory tests   

PLT (× 109) 174 (98–356), 186 (40.5) 145 (127–292), 152 (32.3) 

ALT (UL–1) 28 (10–92), 31.2 (20.1) 12 (4–19), 11.8 (4.7) 

AST (UL–1) 19 (12–81), 24.8 (14.4) 16.5 (12–24), 16.7 (3.4) 

TBIL (μmolL–1) 11.0 (5.2–33.7), 10.5 (5.7) 10.2 (4.9–19.2), 10.6 (4.6) 

BUN (mmolL–1) 5.6 (2.9–9.0), 5.6(1.9) 4.3 (2.8–7.3), 4.8 (1.6) 

SCr (μmolL–1) 62 (45–125), 66.7 (19.2) 71.5 (64–81), 72.1 (5.3) 

CLcr (Lh–1) 88 (37–173), 93.8 (33.6) 123 (108–165), 125 (16.8) 

Disease related characteristics   

Stable angina (n, %) 9 (36) 0 (0) 

Unstable angina (n, %) 13 (52) 0 (0) 

NSTEMI (n, %) 3 (12) 0 (0) 

Acute heart failure (n, %) 5 (20) 0 (0) 

Co-medicaitons   

Aspirin (n, %) 19 (76) 0 (0) 

Clopidogrel (n, %) 18 (72) 0 (0) 

Metoprolol (n, %) 12 (48) 0 (0) 

Bisoprolol (n, %) 3 (12) 0 (0) 

Rosuvastatin (n, %) 13 (52) 0 (0) 

Atorvastatin (n, %) 6 (24) 0 (0) 

Benazepril (n, %) 11 (44) 0 (0) 

Perindopril (n, %) 5 (20) 0 (0) 

Olmesartan (n, %) 2 (8) 0 (0) 

Irbesartan (n, %) 1 (4) 0 (0) 

Losartan (n, %) 1 (4) 0 (0) 

Valsartan (n, %) 2 (8) 0 (0) 

Nifedipine (n, %) 3 (12) 0 (0) 

Amlodipine (n, %) 5 (20) 0 (0) 

Data is presented as median (range), mean (SD). PLT: platelet count, ALT: alanine aminotransferase, AST: aspartate aminotransferase, TBIL: total 
bilirubin, BUN: blood urea nitrogen, SCr: serum creatinine:, CLcr: endogenous creatinine clearance rate calculated by Cockcroft–Gault equation, NSTEMI: 
Non-ST-elevation myocardial infarction 

 

Plots of TBIL against empirical Bayesian estimates of 

individual parameters showed that TBIL had an influence on 

the CL of STS in the CHD patients, whereas it did not show a 

significant association with the CL in healthy volunteers. We 

evaluated the effects of covariates on the PK parameters of 

CL and Q using stepwise covariate screening. During the 

forward-inclusion steps, TBIL and co-administration of ARBs 

or statins were identified as having an effect on CL, whereas 

age and non-ST-elevation myocardial infarction were identi-

fied as having an effect on Q. After the backward-elimination 

steps, only TBIL significantly improved the CL prediction 

and was retained in the final model. Removal of TBIL re-

sulted in a significant increase in OFV (26.52; P < 0.001). 

The linear relationship described the association between 

TBIL and CL better than the nonlinear model. The final CL 

model for STS was calculated as follows (Equation 10):  

TBIL
CL 63.1 1 0.228 CHD

10

           
      (10) 

where TBIL is given as μmolL–1, and CHD is 1 when the 
subject is a CHD patient (otherwise CHD is 0). 

Compared with the base model, TBIL explained ap-
proximately 42% of the IIV of CL and 5% of the residual 
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variability (Table 2).  
A 5000 times Monte Carlo simulation was performed to 

describe the relationship between TBIL and CL (Fig. 1). The 
simulation indicated that the CL of STS in CHD patients (Fig. 
1A) differed from that in healthy volunteers (Fig. 1B) and was 
affected by TBIL. 
Model evaluation 

GOF plots demonstrated adequate predictive perform-
ance of the final model (Fig. 2). The population- and individ-

ual-predicted concentrations versus observed concentrations 
showed good correlation, and the conditional weighted re-
siduals (CWRES) distributed symmetrically between −3.5 
and +3.5 units. 

During the bootstrap runs, 984 bootstraps provided an 
acceptable estimation. The values of the parameter estimates 
obtained from the final model were all contained within the 
2.5% to 97.5% bootstrap estimates, indicating the precision 
and stability of the final model (Table 2). 

Table 2  Parameter estimates and bootstrap results of final model 

Final model Bootstrap 
Parameters 

Estimates RSE (%) median 95% CI 

CL (Lh–1) (θCL) 63.1 5 61.8 (56.8, 66.1) 

V1 (L) 7.2 6 7.0 (6.4, 7.9) 

Q (Lh–1) 3.4 10 3.6 (2.8, 4.7) 

V2 (L) 5.9 13 5.8 (4.7, 6.8) 

TBIL_CL(θTBIL) –0.23 5 –0.23 (–0.24, –0.082) 

Inter-individual variability 

ωCL (CV%) 16.6 18 16.3 (9.6, 20.5) 

ΩQ (CV%) 20.7 76 26.3 (4.6, 41.8) 

Residual Error    

Proportional (%) 5.2 24 5.0 (3.5, 8.0) 

CI = confidence interval; RSE = relative standard error.  
The final population pharmacokinetic model is:  

CL TBIL
TBIL

CL 1 CHD
10

           
, CHD is 1 when the subject is a CHD patient, otherwise CHD is 0. 

CL = apparent clearance; V1 = the apparent volume of the central compartment; Q = inter compartment clearance; V2 = the apparent volume of the 
peripheral compartment; TBIL_CL = the influence of total bilirubin on CL; C = coefficient of variation. Percentile bootstrap 95%CI corresponding to 
parameter estimates at the 2.5th and 97.5th percentiles of bootstrap runs 

 

Fig. 1  A Monte Carlo simulation was carried out to describe the relationship between TBIL and CL in CHD patients (A) and 
healthy volunteers (B). The solid lines are the median of the clearance with related TBIL and the ribbon represent the simula-
tion-based 90% confidence interval 
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Fig. 2  Goodness-of-fit plots of the final model of STS: (A) observed vs individual-predicted concentrations; (B) observed vs 
population-predicted concentrations; (C) conditional weighted residuals vs population-predicted concentrations; (D) conditional 
weighted residuals vs time. The black lines in (A) and (B) are identity lines and that in (C) and (D) are zero lines. The red lines in 
(A) and (B) represent regression lines via locally weighted polynomial regression (LOESS) and that in (C) and (D) are linear re-
gression lines 
 

The results of the VPC plots confirmed the robust-
ness of the final model (Fig. 3). The 10th, 50th, and 90th 

percentiles of the concentration-time curves were deter-
mined from 1000 Monte Carlo simulations. Most of ob-

served concentrations were contained within the 90th 

percentile simulation, indicating that the fit of the model 
was acceptable in terms of visual and statistical biases of 
the prediction. 

 

Fig. 3  Visual predictive check plots for the final model of STS in healthy volunteers (A) and CHD patients (B). The dots repre-
sent observed concentrations. The blue lines and the blue areas represent the 10th and 90th percentiles of predicted concentra-
tions and their simulation-based 95 % confidence interval, respectively. The red line and the red area represent the 50th percen-
tiles of predicted concentrations and its simulation-based 95 % confidence interval 
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Discussion 

In this study, the PK of STS in the CHD patients was first 

compared with that in healthy volunteers using a PPK method, 

with results showing that the CL of STS differed between the 

two populations. Specifically, the CL of STS was lower in the 

CHD patients than in the healthy volunteers and was affected 

by TBIL. 

The underlying mechanism of the lower CL of STS in the 

CHD patients is likely the relatively slow STS metabolism in 

the CHD patients. The predominant metabolic pathway for 

TSA in rats involves NQO1-mediated quinone reduction and 

subsequent glucuronidation [7]. This metabolic pathway has 

been confirmed with other tanshinones, including dihydro-

tanshinone I and cryptotanshinone [18-19]. This evidence 

strongly suggests that the metabolic elimination of STS is 

mediated by NQO1, as STS is a sulfonated form of TSA with 

the same quinone molecular structure. During ischemia– 

reperfusion in CHD patients, myocardial oxygen radicals form 

quickly and accumulate to induce radical-induced injury [20]. 

NQO1 directly scavenges oxygen radicals in an NAD(P)H- 

dependent manner [21]. Therefore, we speculated that the 

overproduction of oxygen radicals in CHD patients competed 

with STS for NQO1 activity, resulting in relatively slow 

elimination of STS, whereas metabolism of STS was unaf-

fected in healthy volunteers, because the absence of excessive 

oxygen radicals did not lead to diminished NQO1 activity. 

However, the mechanism of STS metabolism mediated by 

NQO1 in CHD patients remains to be elucidated. 

As noted, the CL of STS in CHD patients was also af-

fected by TBIL. A decrease in CL and high STS concentra-

tions were observed in patients with higher TBIL levels. Se-

rum bilirubin level reflects liver or biliary tract function [22-23], 

and STS is metabolized by the liver and excreted in the bile [3, 9], 

suggesting that changes in hepatic or biliary tract function in 

CHD patients might influence STS metabolism and elimina-

tion. Therefore, it is physiologically plausible that the CL of 

STS will decrease as the TBIL level increases. Because of the 

limited sample size in this study, expanded investigations are 

necessary to confirm the effects of TBIL on STS elimination 

in CHD patients. 

The final model suggested that the population values of 

CL in CHD patients were lower than those in healthy volun-

teers, decreasing from 88% to 23% when TBIL increased 

from 5.2 to 33.7 μmolL–1. The final model also showed a 

linear relationship between TBIL and CL in CHD patients, 

where a one unit increase in TBIL resulted in a 2.28% de-

crease in CL while TBIL did not significantly affect the CL of 

STS in healthy subjects. This suggests that when patient TBIL 

increases from the median value (10 μmolL–1) to the upper 

limit of the normal value (20.4 μmolL–1), the STS CL de-

creases from 48.7 to 33.8 Lh–1, and the STS dosage should be 

adjusted to approximately 75% of the original dose. A previ-

ous study reported that Danshen treatment increased the TBIL 

levels (P < 0.05) in CHD patients after 3 months of follow-up [24]. 

This result indicates that dosage adjustment of STS is neces-

sary, because higher STS doses can increase TBIL levels, and 

higher TBIL can lower the STS CL further, resulting in STS 

accumulation. It should be noted that extrapolation of our 

final model equation should be performed with caution, be-

cause the TBIL range studied was limited. 

The covariates of stable angina, unstable angina, non-ST- 

elevation myocardial infarction, and acute heart failure did 

not have significant, independent effects on the PK parameter 

of STS in CHD patients. Hospitalized CHD patients are gen-

erally diagnosed with unstable angina or non-ST-elevation 

myocardial infarction, which might be accompanied by acute 

heart failure [11]. Accordingly, stable angina, unstable angina, 

non-ST-elevation myocardial infarction, and acute heart failure 

represented the progression of CHD and were coded as co-

variates during PPK analysis. Previous studies examined the 

effect of heart failure on drug PK based on the hypothesis that 

reduced blood flow in the organs of elimination could lower 

CL, but the results were controversial. The CL of lidocaine was 

decreased in patients with heart failure, whereas that of ibu-

tilide did not appear to be altered in these patients [12, 25]. 

These disease-progress-related factors could not predict STS 

PK independently in our study.  

Additionally, we evaluated the influence of concomitant 

drugs on the PK of STS. Clopidogrel and STS are substrates 

of CYP3A4 and P-glycoprotein [8, 26], and most ARBs and 

STS are eliminated mainly via bile excretion [9, 27], which 

suggests possible effects of clopidogrel or ARBs on STS PK. 

However, clopidogrel and ARBs were not found to be sig-

nificant during covariate screening, which agreed with the 

findings of a previous study that Danshen extract containing 

TSA did not alter the PK of clopidogrel [26]. These results 

indicate that the influence of common concomitant medica-

tions for CHD on STS PK might be limited. Further research 

is needed to confirm this due to the limited sample size of our 

study.  

We did not find that demographic characteristics, includ-

ing gender, age, and weight, affected STS CL. This is likely 

due to the relatively homogeneous patient population in-

cluded in this study.  

A limitation of the study is the relatively small sample 

size of CHD patients. Larger sample sizes that include more 

CHD patients with abnormal TBIL levels are needed for fu-

ture studies. Large TBIL spans within a study cohort will 

facilitate determination of concrete relationship between CL 

and TBIL in CHD patients. Moreover, we did not include 

patients with chronic heart failure due to left ventricular dys-

function, because these patients had restricted sodium and 

water intake. It is possible that chronic heart failure is an in-
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dependent predictor of the PK of STS in CHD patients. Fur-

ther studies with larger sample sizes and dedicated study de-

signs are required. 

In conclusion, this represents the first PPK study of STS 

in CHD patients. The results showed that STS CL was lower 

in CHD patients than in healthy volunteers. Additionally, 

TBIL was identified as a significant covariate of STS PK in 

CHD patients. These results are clinically important for opti-

mizing STS dosages in CHD patients. When patients present 

with abnormal TBIL, the STS CL should decrease signifi-

cantly, and the STS dose should be adjusted according to 

TBIL level. 
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