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Abstract: Objective The aims of this study was to develop a population pharmacokinetic model to characterize the pharmacokinetics of 
Naoqingzhiming tablets (ingredient: echinacoside) following single and multiple doses in healthy Chinese subjects, and to identify covariates that 
might explain variability in exposure following oral administration. Methods Model development was achieved using data from a single- and 
multiple-dose studies. 1497 blood concentrations were available for population pharmacokinetics model. Population pharmacokinetic modelling 
was conducted using nonlinear mixed-effects modelling (NONMEM) software to estimate population pharmacokinetic parameters. Results A 
two-compartment model with first order absorption and elimination was found to best describe the pharmacokinetics of Naoqingzhiming tablets. 
The final model included aspartate aminotransferase (AST) as a covariate on apparent volume of distribution (V/F). The final pharmacokinetic 
parameter estimates were apparent clearance, 2510L/h; apparent volume of distribution, 11200L; and lag time, 0.141h. Conclusion The 
population pharmacokinetic model for Naoqingzhiming tablets identified the relationship between pharmacokinetic parameters and covariates, 
apparent volume of distribution was related to aspartate aminotransferase. 
 

Keywords: Echinacoside, Population Pharmacokinetics, Modeling, Naoqingzhiming Tablets 

 

Introduction 
Dementia has become a major health problem 
worldwide due to the increasing aging of the 
population [1]. This has brought considerable 
economic pressure to society [2]. The most common 
type of dementia is Alzheimer's disease and Vascular 
dementia. Vascular dementia is the second most 
common form of dementia. Cerebrovascular events 
increase the risk of vascular dementia [3]. The 
pathogenesis of vascular dementia is unclear. Studies 
have shown that in many cases, the pathogenesis may 
be related to the interaction between cerebrovascular 
disease and primary neurodegenerative disease [4]. 
Currently, there are limited drugs available to treat VaD 
[5]. The clinical treatment mainly focuses on the 
prevention of cerebrovascular disease and the 
improvement of cognitive function [6]. In recent years, 
no new drugs for the treatment of vascular dementia 
have been on the market.  
 
The composition of Naoqingzhiming Tablets in this 
study is echinacoside, which is extracted from 
Cistanche cistanche. One tablet of Naoqingzhiming 
Tablet (500mg) contains 180mg echinacoside. 
Cistanches Herba (Roucongrong in Chinese) has been 

used for centuries in TCM as a yang-tonic herb [7]. It is 
recorded in ancient Chinese herbal history that 
cistanche has the functions of nourishing the kidney 
and benefiting the marrow, filling the brain, including 
intelligence, enhancing memory and preventing 
dementia.  
 
Echinacoside has been proven to improve learning and 
memory and neuroprotection in animal studies. 
Echinacoside has an important protective effect on the 
oxidative damage of nerve cells. It can also treat 
diseases caused by nerve ischemia [8]. Studies have 
shown that echinacoside can reverse the damage of 
dopaminergic neurons by increasing the concentration 
of dopamine [9]. At the same time, echinacoside 
protects striatal dopamine neurons by inhibiting the 
increase of 5-hydroxytryptamine (5-HT), dopamine, 
and norepinephrine caused by middle cerebral artery 
occlusion. It can treat brain diseases caused by 
ischemia [10]. 
 
Animal studies have shown that echinacoside has the 
effects of protecting nerve cells, improving learning 
and memory, anti-dementia, and has good safety. 
Therefore, echinacoside was developed as a drug for 
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the treatment of vascular dementia, Naoqingzhiming 
tablets. The pharmacokinetic model of 
Naoqingzhiming tablets is necessary and has not 
previously been reported. In this study, a population 
pharmacokinetic analysis was performed to develop a 
pharmacokinetic model of Naoqingzhiming tablets 
using blood concentration data obtained from Phase I 
studies. The nonlinear mixed effect model was used to 
model the population PK model. In addition to the 
estimation of fixed effects, random effects can be 
quantified as variability within and between subjects. 
This is very valuable in the drug development process. 
The purpose of this study was to determine and 
estimate the characteristic parameters of the population 
PK model and effects of potential covariates of 
Naoqingzhiming tablets in healthy Chinese subjects.  
 
Methods  
Study Population 
This study was designed as a randomized, double-blind, 
placebo-controlled, dose escalation clinical trial. The 
trial was conducted in The Affiliated Hospital of 
Qingdao University after being approved by medical 
ethics committee of Affiliated Hospital of Qingdao 
University (ClinicalTrials.gov; registration number: 
NCT0490250034). Study procedures were conducted 
in accordance with the Declaration of Helsinki and the 
principles of the International Conference on 
Harmonization Guidelines for Good Clinical Practice. 
All eligible individuals were informed about the 
purpose of the trial, study procedures and their risks. 
Written informed consent was obtained from all 
subjects participating in the trial. 
 
Eligible volunteers were healthy male and female 
Chinese aged 18–65 years with body mass index of 
19-26 kg/m2, and a total body weight of male and 
female subjects was no less than 50 and 45 kg, 
respectively. Other eligibility criteria included no 
history of cardiac, hepatic, renal, gastrointestinal, or 
neurologic diseases. Exclusion criteria included 
smoking more than five cigarettes per day within the 
past 3 months; any clinically significant laboratory test 
or 12-lead ECG abnormality; history of drug abuse 
and/or alcoholism; intake of any other drugs, vitamins, 
or herbal medicine within 14 days or intake of any 
drugs known to influence the activity of drug 
metabolizing enzymes within 30 days before the first 
dose of the trial medication. Alanine aminotransferase 
(ALT) and/or aspartate aminotransferase (AST) and/or 
total bilirubin (TBIL) ≥ 1.5 times the upper limit of 
normal; blood creatinine (Cr), urea nitrogen (BUN) ≥ 
upper limit of normal, or Creatinine clearance rate <80 
ml/min (creatinine clearance rate = (140-age) × body 
weight (Kg) / (0.818 × creatinine value), or female 
need to be multiplied by 0.85. 
 
Study Design and sample analysis 
Forty-two subjects received single dose escalation of 
Naoqingzhiming tablets that 180, 360, 720, 1080, 1620, 
2160mg. Two subjects received 180 mg. For the 

remaining dose groups of 10 subjects, 8 received the 
experimental drug and 2 received a placebo. Intensive 
pharmacokinetic sampling was performed for each 
subject, with blood samples collected at 17 time points. 
 
Twenty-four received multiple dose escalation of 
Naoqingzhiming tablets that 360 and 720mg. 10 
subjects in each dose group received the experimental 
drug and two received a placebo. All subjects were 
taken drugs three times a day for 14 consecutive days. 
Intensive blood sampling on the first and fourteenth 
days. A total of 40 time points blood samples were 
collected. 
 
Plasma concentrations of were echinacoside 
determined using a validated liquid chromatography–
tandem mass spectrometry (LC–MS/MS) method. 
 
Base Model  
Plasma concentration time data for echinacoside were 
modelled using a nonlinear mixed-effects approach 
with NONMEM (version 7.4, ICON Development 
Solutions, USA). All parameters were estimated using 
the First-Order Conditional Estimation method (FOCE) 
with eta-epsilon Interaction. The data were fit without 
introducing any covariates. The objective function 
value (OFV), data fitness, and parameter rationality 
were comprehensively compared to choose the best 
base model. 
 
Random effect model 
The random effects of population pharmacokinetics 
included inter-individual variability and residual error. 
An exponential model was used for inter-individual 
variability. The residual error model was used 
additive-proportional model. 
 
Covariate Model  
After the identification of the base model, scatter plots 
of individual PK parameters versus available 
demographic and biological characteristics were 
generated. In addition, stepwise covariate modelling 
(SCM) by PsN was used to initially screen for potential, 
significant covariates. The tested covariate models 
included additive, proportional and power models. All 
covariates were investigated by forward inclusion and 
backward elimination in NONMEM. Each selected 
covariate was first tested by a univariate NONMEM 
analysis to confirm its relevance. 
 
Model Evaluation 
The models predictive performance was verified by 
internal validation, which was based on goodness-of-fit 
(GOF) plots below. The accuracy and robustness of the 
final model were evaluated using the resampling 
techniques of the bootstrap method and 
prediction-corrected visual predictive check (VPC). 
The bootstrap method involves repeated random 
sampling of subjects in the database. Visual predictive 
check (VPC) is a valuable method for checking model 
performance.  
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Results 
Subject Characteristics 
Sixty-one subjects who received the experimental drug 
were included this study. The demographic and 
biological characteristics of the 61 healthy subjects are 

summarized in Table 1. In single dose escalation, one 
subject withdrew after taking the medication without 
blood sampling. A total of 14 people received placebo 
and were not included in the population 
pharmacokinetic analysis.

 

 

Figures in parentheses indicate ranges. BMI = Body mass index; TBIL = total bilirubin; ALT = alanine aminotransferase; AST = aspartate 
aminotransferase;  
Table1 Demographic and biological characteristics of subjects included in population analysis 

 

Basic model 
All echinacoside blood concentrations were detected 
using a proven method with UPLC-MS/MS; 1497 
blood concentrations were available for population 
pharmacokinetics model. The structural model was a 
one-compartment model with first-order absorption, 
and a lag time was fitted to the data. The residual 
variability and OFV of the one-compartment model 
were lower than those of the two-compartment model. 
The exponential model was chosen as the 
inter-individual variability model. 
 
The fits for the observed value versus the PRED and 
the observed value versus the IPRED concentrations 
were judged to be good and the trend line was close to 
the line of unity, as shown in Figure 1A and 1B. The 
conditional weighted residuals (CWRES) value versus 
the PRED plots showed the points to be symmetrically 
distributed around a straight line through 0, as shown in 
Figure 1C. The distribution of the CWRES fits to a 
nearly symmetrically distribution, as shown in Figure 
1D. Therefore, there was no evidence of bias. Overall, 
the plots indicated that the study data were sufficiently 
well described by the final model that was developed in 
this study. The basic model pharmacokinetic parameter 
estimates are given in Table 2. 

 

Figure1 Goodness-of-fit plots of the basic 
pharmacokinetic model. (A) Individual predicted 
concentration vs. observed concentration. (B) 
Population predicted concentration vs. observed 
concentration. The solid line in (A) and (B) is the 
accuracy (diagonal), and the dashed line is the fitting 
line. (C) Weighted residuals vs population predicted 
concentration. (D) Sample time vs. weighted residuals. 
The solid red line is the trend line 
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 Estimates (SE%) 

Parameter  

KA, 1/h 2.67 (19.5) 

CL/F, L/h 2510 (4.9) 

V/F, L 11500 (5.7) 

ALAG, h 0.14 (5.8) 

  

Inter-individual variability  

CL/F, % 0.12 (16.6) 

V/F, % 0.39 (22) 

  

Residual variability  

Proportional error, % 0.41 (10.8) 

Additive error, μg/L 1.01 (51.7) 

Table2 Parameter estimates of the basic model 

Covariate model 
Eight covariates, including demographic factors and 
laboratory indicators, were analyzed in the present 
study. V/F is significantly related to AST and ALT. The 
effects on the OFV were investigated after each 
covariate was added into the pharmacokinetic basic 
model. The processes of stepwise establishment of the 

regression model and forward introduction are shown 
in Table 3. In the process of forward introduction, the 
value of the objective function decreased more than 
6.63 (P<0.01), and the AST covariate decreased more 
significantly than ALT. Therefore, AST covariates 
remain in the model. 

 

No. Model description OFV -2LL 

1 Basic model 8086.415  

2 Add ALT on CL/F 8078.886 -7.529 

3 Add AST on CL/F 8078.595 -7.820 

Table 3 Population pharmacokinetic modeling process. 

 

Final model 
The final model for Naoqingzhiming tablets population 
pharmacokinetics was as follows: 

𝑉 𝐹⁄ = 11200 × (𝐴𝑆𝑇 16.2)⁄ −0.639
 

 
The population pharmacokinetic parameters and the 
estimate of parameter variance in the final model are 
shown in Table 4. The standard error of all the 
parameters was less than 30%. Figure 2 demonstrated 
that the observed value versus the PRED tends to have 
good fitness. The CWRES value versus the PRED plots 
showed that the points were evenly distributed around a 
straight line. 
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Figure2 Goodness-of-fit plots of the final 
pharmacokinetic model. (A) Individual predicted 
concentration vs. Observed concentration. (B) 
Population predicted concentration vs. observed 
concentration. The solid line in (A) and (B) is the 
accuracy (diagonal), and the dashed line is the fitting 
line. (C) Weighted residuals vs population predicted 
concentration. (D) Sample time vs. weighted residuals. 
The solid red line is the trend line 

Model Validation 
Model validation is very important in population 
analyses [11]. Bootstrap and VPC were used to 
evaluate model stability in the study. The results of the 
bootstrap method are shown in Table 4. The 
distribution of the simulated concentrations and 
observed concentrations versus time are shown in 
Figure 3. 

 

Parameter Estimates (SE%) 
Bootstrap 

Median (2.5th, 97.5th Percentiles) 

Pharmacokinetic parameter   

KA 1/h 2.67 (20.4) 2.74 (1.95~3.99) 

CL/F, L/h 2510 (4.7) 2508.4 (2290.4~2774.7) 

V/F, L 11200 (5.4) 11249.9 (10087.9~12541.3) 

ALAG, h 0.141 (5.1) 0.140 (0.125~0.154) 

θ AST on V/F -0.639 (18.5) -0.623 (-1.025~-0.220) 

   

Inter-individual variability   

CL/F, % 0.339 (16.8) 0.335 (0.282~0.389) 

V/F, % 0.369 (21.4) 0.360 (0.282~0.446) 

   

Residual variability   

Proportional error, % 0.41 (10.8) 0.41 (0.37~0.45) 

Additive error, μg/L 0.97 (33.9) 1.02 (0.40~1.78) 

Table4 Parameter estimates of final model and bootstrap validation 

 

Figure3 VPC results of the final pharmacokinetic model. The circles represent the observed data. The upper and bottom shaded areas correspond 

to the 95% CI of the 2.5th and 97.5th percentiles and the middle shaded areas correspond to the 95% CI of the median. 
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Discussion 
Vascular dementia is the second most common type of 
dementia [12], accounting for 30% in Asia and 
developing countries [13,14]. In clinical practice, 
empirical medication is usually used for VaD patients, 
and the medication is continued when the symptoms 
improve.[15]. Memantine and acetylcholinesterase 
inhibitors have a certain effect on VaD [5]. Cistanche 
deserticola is one of the most widely used "kidney 
Yang" tonic herbs in Traditional Chinese medicine. 
Echinacoside is extracted and prepared from Cistanche 
deserticola, which has neuroprotective effects [16]. 
Modern studies shown that injury and dysfunction of 
the hypothalamus-pituitary-target gland axis (including 
adrenal gland, thyroid, and gonadal glands) are the 
main pathological mechanisms of "Kidney Yang 
Deficiency Syndrome" [17]. The hypothalamus is 
considered to be the center that connects the 
neuroendocrine and immune systems. Echinacoside 
exerts neuroprotective effects through the 
neuroendocrine-immune network. 
 
This is firs-human study of echinacoside in healthy 
subjects, and this is the first attempt to identify a 
population PK model for echinacoside. A 
one-compartment model with first-order elimination 
with AST as covariates was established. Our population 
pharmacokinetic model was built based on data 
obtained from single dose escalation and multiple dose 
escalation. The study with an intensive 
pharmacokinetic sampling design is ideal for 
attempting to identify the pharmacokinetic model 
structure of Naoqingzhiming tablets. 
 
Our data showed that the one-compartment model 
more accurately described the pharmacokinetic features 
of Naoqingzhiming tablets. Therefore, a 
one-compartment model with time lag was finally 
selected as the basic model. 
 
The goal of building the covariate model was to find 
subject-specific characteristics, which could explain, 
and thus reduce, the variability of the model. We tested 
the effect of 8 covariates, including age, gender, weight, 
BMI, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), creatinine (Cr) and total 
bilirubin (TBIL) on PK parameters. Finally, AST 
showed a significant effect on the PK model. The 
metabolism of echinacoside is currently only studied in 
animals. Echinacoside is absorbed in the 
gastrointestinal tract of rats and eliminated by the liver 
[18]. We speculate that echinacoside is also eliminated 
by the liver in the human body. The specific 
elimination method can be further studied. 
 
Vascular dementia is a neurodegenerative disease. 
Studies have shown that the main pathological changes 
are vascular disease and white matter damage [19]. 
Animal experiments confirmed that echinacoside can 
penetrate the blood-brain barrier of rats [20]. The study 
only evaluated human pharmacokinetics and 

pharmacokinetic models. It is necessary to further 
develop the pharmacokinetic-pharmacodynamics 
(PKPD) model in the follow-up study of vascular 
dementia patients to evaluate the dose-effect 
relationship of Naoqingzhiming tablets. 
 
There was fewer covariate effect in the PK model may 
be due to the nature of the subjects enrolled in the study. 
This was a phase I study conducted on healthy subjects, 
which was a uniform population with a relatively 
narrow range of covariates. The extrapolation of the 
model developed in this study need further evaluation 
in a larger number of subjects and patients with 
vascular dementia before the model can be fully 
validated. 
 
Conclusion 
This was the first population pharmacokinetic study for 
Naoqingzhiming tablets in the Chinese subjects. The 
population PK described by a one-compartment model 
with first-order absorption and linear elimination plus 
lag time. Of all of the evaluated covariates, only 
hepatic function (characterized by aspartate 
aminotransferase) is considered a clinically relevant 
factor.  
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