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INTRODUCTION

T    raditional Chinese medicine is a complex system, 
which involves the use of formulations composed 
of multiple components with numerous targets 

and pleiotropic effects (1–5). The effect of differences 
in the compatibility of traditional Chinese medicine 
formulations on their efficacy demonstrates that the 
compatibility of the components harmonizes and 
coordinates the additive and antagonistic actions (6, 7). 
The efficacy of traditional Chinese medicine is based on 
the collective activity of the various components, and 
therefore, the simultaneous release of various active 
ingredients. Their synchronous action in the body may 
mediate the effective onset of traditional Chinese 
medicines (8–11). The evaluation of traditional Chinese 
medicine has changed from analyzing one or several 
main components to the simultaneous determination 
of the release of multiple components in an attempt to 
improve oral formulations (12, 13). Evaluation of one kind 
of main component of the traditional medicine is not 

efficient for multiple drug release. The traditional Chinese 
medicine recipe known as "shuxiong” is compatible with 
various other Chinese herbal medicines (14–16). There 
is no time lag in the transport of the drug components 
of traditional formulations; hence, it is a prerequisite for 
the multiple components of traditional preparation to 
be simultaneously released and absorbed to obtain an 
overall coordinated effect on the system. However, there 
are some problems such as large oral doses, inconvenient 
dosage, and bitter taste (17, 18). Drug release systems 
should reflect the overall concept of simultaneous release 
of multiple components to obtain a comparably stable 
curative effect with the improved modern preparation 
technology and the traditional formulation. 

Panax notoginseng saponins (PNS, commonly known 
as Chinese ginseng, mainly contains notoginsenoside 
R1, ginsenoside Rg1, and ginsenoside Rb1) are the active 
fractions isolated from the rhizomes of the Chinese herb 
P. notoginseng, which can increase blood flow, dilate 
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blood vessels, reduce blood pressure and myocardial 
oxygen consumption, and improve immune function and 
hypoxia tolerance (19–22). Thus, it has been developed 
into a commonly used drug for cardiovascular diseases in 
clinical medicine. Studies have shown the degradation of 
PNS in the strongly acidic environment of the stomach, so 
the duodenum is the best oral absorption site. Therefore, 
the enteric preparation of PNS was studied to achieve 
optimum bioavailability. Compound Chinese medicine 
preparations only achieve the slow release of multiple 
components in the gastrointestinal tract, which makes 
it difficult to meet the requirements for synchronization 
according to conventional formulation methods. 
Therefore, the synergistic effects of the formulations 
are essentially disrupted. The simultaneous release of 
components with different properties has become a 
bottleneck of dosage form improvement. In this study, 
membrane–controlled-release technology was used to 
delay the release of the active components in traditional 
Chinese medicine preparations to achieve a slow and 
synchronous effect on the system.

METHODS AND MATERIALS
Materials
PNS was refined using the shuxiong extraction 
process, and polyethylene glycol 6000 (PEG6000) was 
purchased from Guangzhou Medical Equipment Co., 
Ltd (Guangzhou, China). Liquid paraffin was purchased 
from Tianjin Zhiyuan Chemical Reagent Co., Ltd. (Tianjin, 
China), and the low-substituted hydroxypropyl cellulose 
(L-HPC) was purchased from Huzhou Zhanwang Chemical 
Pharmaceutical Co., Ltd. (Huzhou, China).  Aquacoat 
(surelease) was purchased from Shanghai Colorcon 
Accessories Co., Ltd., (Shanghai, China) croscarmellose 
sodium (CCMC-Na) was purchased from FMC Accessories 
Co., Ltd. (Shanghai, China), and carboxymethylcellulose 
sodium (CCMS-Na) was purchased from Asahi Kasei 
Corporation (Shanghai, China). Polyvinylpolypyrrolidone 
(PVPP) was purchased from the American International 
Corp. (Shanghai, China), while the PNS reference standards 
(R1, Rg1, and Rb1) were purchased from Guangzhou 
Institute for Drug Control (Guangzhou, China).

Preparation of Drop Pills
The core pills were prepared using PEG4000 and 
PEG6000 (2:1) as the matrix, which was placed in a water 
bath (70–80 °C) until a completely melted dispersion was 
formed. The liquid was uniformly mixed with the PNS 
(concentrated liquid density, 1:1) after extraction and 
purification, and was subsequently stored at 80 °C. The 
mixture was dropped into a container of liquid paraffin 
as the condensing agent while the speed and distance of 

the mechanical device were controlled, and then it was 
cooled to 5 °C. The liquid paraffin on the surface was 
removed, and the whole product was sieved to obtain the 
desired particle size of the core-containing pills.

Coating Process
A fluidized bed bottom-spray technique was used to coat 
the drop pills. The operating conditions were as follows: 
outlet air temperature, 35 °C; preheating time, 5 min; 
atomized air pressure, 0.16–0.20 MPa; peristaltic pump 
rate, 1.5–2.0 mL × min-1; outlet air pressure, 0.3–0.4 MPa; 
temperature, 37.0 ± 2.0 °C. The pellet cores were fully 
spread on a fluidized bed area under a fluidized condition 
for the coating process, then the swelling and control-
release layer coating solution was sprayed uniformly onto 
the surface of the core-containing pills. The pellets were 
subsequently dried on the bed at the same temperature 
until the coating process was completed, then they were 
placed in an oven to solidify at 40 °C for 2 h.

Selection of Swelling Layer Material
The pellets were coated with the following swelling layer 
materials separately at a concentration of 2% (w/v): 
CCMC-Na, CCMS-Na, L-HPC, and PVPP. The coating 
weight of the swelling and control-release layers was 
fixed while preparing the coated drop pills to enable the 
determination of the effect of the various swelling layer 
materials on the drug release rate of the pills. 

Selection of Swelling Coating Layer Thickness
The effect of timing drug release could be obtained when 
the swelling layer reached a certain thickness. A coating 
weight of 8% surelease solution (w/v) for the control-
release layer was fixed at 7%, and 2% (w/v) CCMC-Na was 
selected as the swelling layer. The coating weight of the 
swelling layer was varied at 10%, 15%, 20%, 25%, and 
30% while preparing the coated drop pills. This enabled 
investigation of the effect of swelling layer thickness on 
the release rate and time lag of the coated drop pills.

Selection of Controlled-Release Layer Thickness
When the prescription and dosage of the swelling layer 
was fixed, the drug could be released at a desired time by 
controlling the thickness of the controlled-release layer. 
The coating weight of the 2% (w/v) CCMC-Na solution 
swelling layer was fixed at 15%, while the controlled-
release layer coating weight was varied at 5%, 7%, 10%, 
and 15% while preparing the coated drop pills. This was 
done to investigate the effect of the controlled-release 
layer’s thickness on the release rate and time lag of the 
coated drop pills.
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Formula Optimization Using Central Composite Design 

(CCD)
Based on the screening of the pellet excipients, the effect 
of drug release was selected as the evaluation index to 
optimize the swelling layer coating weight, X1 (10–30%) 
and controlled-release layer coating weight, X2 (5–15%). 
The preliminary study was helpful in choosing the factors 
for the preparation of favorable prescriptions according 
to the central composite design (CCD) (Table 1). The levels 
were determined for each factor, and each combination 
was a prescription. According to the design table 
arrangement and the preparation of pills, the release rate 
at 4, 8, and 12 h was determined using an in vitro release 
method. The specific factors and levels of the CCD are 
shown in Table 1, and the CCD experimental arrangement 
is shown in Table 2. 

Factor
Level

-1.414 -1 0 1 1.414

X1/% 10 12.93 20 27.07 30

X2/% 5 6.52 10 13.48 15

Run Factor 1 A:X1 Factor 2 B:X2

1 -1 1

2 0 1.41

3 0 0

4 1 1

5 -1.41 0

6 0 0

7 1.41 0

8 0 0

9 1 -1

10 0 0

11 0 0

12 -1 -1

13 0 -1.41

In Vitro Release
The dissolution of the multiple components was 
determined using the basket method. The tests were 
started with 750 mL of 0.1 M hydrochloric acid (HCl), and 
the pH of the solution was adjusted to 6.8 by adding 250 
mL of a 0.2 mol·L-1 sodium phosphate liquor after 2 h. The 
dissolution behavior of PNS from the coated drop pills 

was measured using a PharmaTest tester (ZRS-8G, TDTF 
Technology Co., Ltd., China) at a rotating speed of 100 
rpm at a stable temperature (37 ± 0.5 °C.). Based on the 
transit time of food in the gastrointestinal tract, a series 
of 5-mL samples were removed at predetermined time 
points (1, 2, 3, 4, 6, 8, 10, and 12 h), filtered through a 
microporous filter membrane (0.45-μm), and 5.0-mL of 
the medium maintained at 37 ± 0.5 °C was added. The 
released PNS was determined using a high-performance 
liquid chromatography method. 

Pharmacokinetics in Rabbits
The bioavailability of the pulsatile controlled-release 
pellets was compared with that of the commercial 
shuxiong capsule as the reference by using a rabbit model. 
The animal studies were performed in accordance with 
the Guide for Care and Use of Laboratory Animals, and 
the experimental protocol was approved by the Ethics 
Committee of Guangdong Pharmaceutical University. 
Twelve healthy rabbits (weight range: 2.5–3.0 kg) were 
divided into two groups for a double cross-over design. 
One group was orally administered the test preparation 
(0.5 g of the pulsatile controlled-release pellets per rabbit, 
each containing 10 mg notoginseng triterpenes) while the 
other group was administered the reference preparation 
(commercial conventional capsules containing 10 mg 
notoginseng triterpenes) via the same route. The rabbits 
were fasted overnight and allowed free access to water 
prior to the treatments. Blood samples (approximately 
2 mL) were collected from the superficial vein of 
the forelimbs before test drug administration and at 
predetermined time points afterward (0, 1, 2, 4, 8, 12, and 
24 h). Plasma samples were obtained after centrifugation 
(6500 rpm, 15 min) of the blood sample and subsequently 
stored in a refrigerator at –20 °C until the analysis.

Statistical Analysis
The statistically analyzed data were expressed as mean ± 
standard deviation (SD). An analysis of variance (ANOVA) 
and independent sample t-test were performed using 
the statistical package for the social sciences (SPSS, SAS 
Institute, Cary, NC, USA) to determine the significant 
differences between groups, and a p-value < 0.05 was 
considered statistically significant. 

RESULTS AND DISCUSSION
Screening of Pulsatile Controlled-Release Pellet 
Excipients
The results showed that CCMC-Na or CCMS-Na, which 
were investigated to determine their suitability as 
the swelling layer, exhibited typical S-shaped release 
profiles in line with the pulsatile drug delivery system. 

Table 1. Factors and Levels of Central Composite Design

Table 2. Central Star Design Experiment Arrangement
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Furthermore, the swelling property of CCMC-Na and 
CCMS-Na was more apparent than that of L-HPC or PVPP. 
L-HPC and PVPP showed no significant pulse release 
and lag phase, and hence, delayed release could not be 
achieved. However, the coated drop pills were prone to 
blockage when CCMS-Na was used as a coating material, 
thus CCMC-Na was the preferred choice of coating 
material for the swelling layer in this study.

The individual release profiles for different swelling layer 
coating weights are shown in Figure 1. Varying the coating 
weight of the swelling layer had different effects on the 
release rate of PNS. The data demonstrated that the PNS 
release profile was similar to that of sustained release 
formulations of CCMC-Na at a 10% coating thickness, 
which may have resulted in the lower coating weight 
and the insufficient expansion force. Moreover, the 
accumulated release percentage at 8 h was greater than 
80% after the lag phase of 4 h with a coating thickness 
of 15%. However, all lag times were less than 4 h when 
the coating film of the pills was ≥ 20%. Furthermore, 
the data presented in Figure 2 show that the lag phases 
were shortened and the PNS release time increased with 
increasing coating weight. Therefore, the coating weight 
of 15% was chosen in this study.

The effect of drug release and lag time on the varied 
controlled-release coating thickness indicated that the 
system did not exhibit a lag phase when we set the 
swelling layer coating thickness at 15% and the controlled-
release coating thickness at 5%. We observed that the 
drug release profile showed a classic S-curve. In addition, 
the profile showed greater than 80% drug release in 12 h 

after a 4-h time lag when the controlled-release coating 
thickness was reduced to 7%; therefore, this could 
facilitate pulsatile release. When the coating thickness 
was increased to ≥ 30%, the corresponding release profile 
curve became flat with no obvious positioning release 
and an incomplete drug release. Figure 3 illustrates that 
the lag phase was extended when the coating thickness 
increased; however, the increased coating had little 
effect on time lag after a certain level. This effect may 
be attributable to the inability of the expansion force to 
support the burst release. Consequently, the suitable 
controlled-release coating thickness was determined as 
7%.

Figure 1. Effect of swelling coating material on release of Panax 
notoginseng saponin (PNS). CCMC-Na, croscarmellose sodium; CCMS-Na, 
carboxymethylcellulose sodium; L-HPC, low-substituted hydroxypropyl 
cellulose; PVPP, polyvinylpolypyrrolidone.

Figure 2.  Effect of different swelling layer coating weights on Panax 
notoginseng saponin (PNS) release.

Figure 3.  Effect of different controlled-release layer coating weights on 
release of Panax notoginseng saponins (PNS).
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Model Fitting and Prediction 
The CCD consists of multiple factors and five levels 
including two-level factorial design points, axial or star 
points, and center points. According to the preliminary 
experiments (single factor test results), two selected 
independent variables (the coating level of swelling 
layer [X1: 10–30%] and controlled-release coating layer 
[X2: 5–15%]) were studied at five different levels coded 
as (± α), ± 1, 0. The value for alpha (1.414) was intended 
to fulfill the rotatability of the design. The coded and 
actual values of the variables are shown in Table 1. The 
response surface methodology was developed to acquire 
the optimal preparation conditions by describing the 
relationships between the variables and the responses. 
This was achieved using model fitting for the response 
and the factors, and the established mathematical model 
was used to describe the three-dimensional response 
surface. The results are shown in Figure 4.

To predict the most suitable formulation, a quadratic 
model or higher order polynomial was used to assess 
the linearity due to the nonlinear relationship between 
the response and factors. Therefore, the CCD-response 
surface methodology was suitable for fitting the nonlinear 
optimization method. The release data were analyzed 
using the Design-Expert software (version 8.0, Stat-Ease 
Inc., Minneapolis, MN, USA), and the mathematical 
model for each response was generated. The results 
showed that the trinomial model was optimal for this 
study, which confirmed that the mathematical model 
has excellent predictability. This observation was based 
on the predictive analysis, i.e., the model with the highest 
reliability. The results of the trinomial linear regression 
analysis (R2) of each response variable derived by the best 
fit method are as follows.

Q4h = 6.73 + 26.58 × X1 – 19.81 × X2 – 3.32 × X1 × X2 + 14.14 × X1
2

 + 9.69 × X2
2 + 2.90 × X1

2 × X2 – 9.67 × X1 × X2
2

 
 (R2 = 0.9558, p = 0.0041)

Q8h=59.29 + 23.62 × X1 – 14.42 × X2 + 7.22 × X1 × X2 – 0.11 × X1
2  

 + 3.85 × X2
2 – 6.67 × X1

2 × X2 – 17.52 × X1 × X2
2

 
 (R2 = 0.9931, p < 0.0001)

Q12h = 85.49 + 13.63 × X1 – 6.71 × X2 + 13.55 × X1 × X2 – 4.55 
 × X1

2 – 0.15 × X2
2 – 6.14 × X1

2 × X2 – 5.78 × X1 × X2
2

 
 (R2 = 0.9943, p < 0.0001)

Q4h, Q8h, and Q12h represent the cumulative release of 
the coated drop pills at 4, 8, and 12 h, respectively. X1 and 
X2 represent the coating thickness of the CCMC-Na of the 
swelling layer (10–30%) and the coating thickness of the 
surelease of the controlled release layer (5–15%).

The prescription was optimized by the curve obtained 
with swelling and controlled-release coating thickness 
of 14.27% and 8.73%, respectively. The results were 
obtained by extrapolation, which was consistent with 
the optimal coating formulation of the single factor 

Figure 4.  Effect of thickness of swelling and controlled release layer coating
on cumulative percent drug release at 4 (A), 8 (B), and 12 h (C).

A

B

C
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investigation. Thus, the optimum formulation of the 
coating material used for the swellable coating was 
CCMC-Na, the controlled-release layer was surelease, and 
the coating thickness was 15% and 7%, respectively.

Capability Verification of Model Prediction
Three batches of the pulsatile controlled-release pellets 
were prepared according to the optimized preparation 
process, and their release rates were determined. The 
results showed that the formulation and preparation 
process of three batches of coated drop pills were 
reproducible. The average time lag was 4 h, the cumulative 
release percentage was greater than 80%, and complete 
release occurred in 12 h. 

Pharmacokinetic Study
The The delayed release time was approximately 4 h for 
the in vitro analysis of pulsatile controlled-release pellets; 
however, the delayed release time in rabbits in vivo was 
40 min. It was difficult to achieve a prolonged delayed 
release, and the rabbits were used mainly to investigate 
the performance of the delayed and pulse release in vivo. 
It is unlikely that the release characteristics of animals and 
humans are identical, and therefore, the results of this 
research only provide reference data for human studies. 
The results of the determination of serum concentration 
using DAS 3.0 (Mathematical Pharmacology Professional 
Committee, China) for model fitting showed that the 
serum drug concentration-time curves were fitted to 
a two-compartment model, and the pharmacokinetic 
parameters are shown in Table 3. The peak plasma 
concentration (Cmax) increased and the time to reach the 
Cmax (Tmax) of the controlled-release pills was delayed, 
while the elimination half-time (t1/2) was also prolonged 
compared to that of the conventional pills, due to the 
delayed effect. The area under the curve from time 0 
to infinity (AUC0-∞) of the delayed-release pulsatile pills 
was 242.682 mg/L×h compared to 75.439 mg/L×h for 
the conventional pills. This result shows that the value of 
the pulsatile pills was approximately 3.2 times that of the 
conventional pills, indicating that the pulsatile controlled-
release pill had good bioavailability. The mean residence 
time (MRT) of the pulsatile pills was calculated using the 
statistical distance (non-compartment model), and the 
value (15.204 h) was longer than that of the conventional 
formulation (4.693 h) at 10.511 h. These results showed 
that the pulsatile controlled-release pills exhibited a 
significant delay in the release and there was a correlation 
between the in vivo and in vitro release process compared 
to the conventional preparation.

Parameters Drop pills Film-Controlled Drop Pills

α 0.7 0.173

β 0.468 0.122

K 305.866 287.974

Ka 1.111 0.364

t1/2 (h) 0.991 4.003

K10 (1/h) 5.356 0.14

AUC(0-∞) (mg/L×h) 75.439 242.682

Tmax (h) 5 8

Cmax (mg/L) 17.905 22.518

MRT (h) 4.693 15.204

CONCLUSION
A novel time- and controlled-release coating formulation 
was developed by investigating the factors affecting the 
coating of the test prescription. The results of the in vitro 
simulation of the physiological conditions of the human 
gastrointestinal tract show that the sustained-release 
dripping pill exhibited time-dependent gradient-release 
characteristics. Moreover, the results indicate that the 
pulsatile release of a coated drop pill has gradient pulsatile 
characteristics in the in vivo study in rabbits. This effect 
was equivalent to that observed following multi-dose 
administration and achieved a sustained release effect.
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