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Abstract: Objective: To perform a preliminary study on the quality evaluation of compound
Danshen preparations based on the xCELLigence Real-Time Cell-based Assay (RTCA) system
and make a pharmacodynamics verification. Methods: The compound Danshen was discussed
as a methodological example, and the bioactivity of the compound Danshen preparations were
evaluated by real-time cell electronic analysis technology. Meanwhile, an in vivo experiment on an
acute blood stasis rat model was performed in order to verify this novel evaluation through the
curative effect of dissipating blood stasis. Results: We determined the cell index (CI) and IC50 of
the compound Danshen preparations and produced time/dose-dependent cell response profiles
(TCRPs). The quality of the three kinds of compound Danshen preparations was evaluated through
the RTCA data. The trend of CI and TCRPs reflected the effect of drugs on the cell (promoting or
inhibiting), and it was verified that the results correlated with the biological activity of the drugs
using a pharmacodynamics experiment. Conclusion: The RTCA system can be used to evaluate the
quality of compound Danshen Preparations, and it can provide a new idea and new method for
quantitatively characterizing the biological activity of traditional Chinese medicines (TCMs).

Keywords: compound Danshen preparations; xCELLigence; RTCA (Real-Time Cell-based Assay);
quality evaluation

1. Introduction

The quality control for and evaluation of traditional Chinese medicines (TCMs) have always been
a difficult and focal point in the progress of TCMs’ modernization [1]. The current pattern and method
of quality control for and evaluation of TCMs are mainly based on the methods and theory of chemical
medicines. The concept of “Only Component” for TCMs can hardly control and reflect the safety and
efficacy of TCM preparations [2]. It is difficult to guarantee both the intrinsic quality of real stability
and controllability and promise a practical clinical application. Biological activity (potency) evaluation
is a quality control method that directly inspects the safety and effectiveness of drugs in one step [3].
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The adoption of a biological activity evaluation for the quality control of a TCM has become a trend in
the field of TCMs [4–6].

In this study, a novel bioassay method of Real-Time Cell-based Assay (RTCA) has been adopted.
This technology is designed by Acea Biosciences and it is completely different from the traditional cell
detection methods that can be achieved without marking and dynamic tracking [7]. RTCA can reflect
the strength of a drug’s effect on cells (promoting or inhibiting) by Cell Index values (CI) indirectly and
evaluate the biological activity [8]. Currently, many researchers have applied this technology in the
field of TCM research [9]. Fu H et al. [10] have shown that RTCA can intuitively reflect the impact of the
reactive component acting on the cells in their studies. Our group has applied this technology in blood
circulation herbs, such as Panax, Leech, and Safflower, to evaluate their quality [11–13]. The results
show that the technology can reflect the biological activity of a TCM and is expected to provide a new
method for the study of TCM quality standards.

RTCA is a real-time, quantitative resistance test that detects changes in cell morphology and
cell differentiation and proliferation and as a microelectronic sensor technology provides dynamic,
real-time, label-free cellular analysis for a variety of research applications in drug development,
toxicology, cancer, medical microbiology, and virology [9]. This technology allows for increasing
productivity and exceeding the limits of endpoint analysis by capturing data throughout the entire
time course of an experiment and obtaining more physiologically relevant data. The presence of the
cells on top of the electrodes will affect the local ionic environment at the electrode/solution interface
leading to an increase in the electrode impedance. The larger the number of cells attached to the
electrodes, the larger the increases in electrode impedance. In addition, the impedance depends on
the quality of the cells’ interaction with the electrodes [14]. For example, increased cell adhesion or
spreading will lead to a bigger change in electrode impedance. Thus, electrode impedance, which
is displayed as cell index (CI) values, can be used to monitor cell viability, number, morphology,
and adhesion degree in a number of cell-based assays. It is used to indicate a series of physiological
states including cell growth, stretching, morphological changes, and the extent of cell death and cell
adhesion in a variety of experiments [15]. Then, it is able to evaluate the biological activity of the
drug [16].

Compound Danshen preparations include Compound Danshen Tablets (CDTs) and Compound
Danshen Dripping Pills (CDDPs). The formula is made from Radix Salviae Miltiorrhizae, Panax Notoginseng,
and Borneol. The compound preparation has the effect of promoting blood circulation. It has commonly
been used in clinical practice for years as a TCM compound preparation for blood circulation. This research
applied the RTCA in the quality evaluation of the compound preparation of Danshen. We chose three
kinds of commonly used compound preparations of Danshen as the research objects to evaluate their
quality using in vitro biological activity methods. An in vivo experiment on the acute blood stasis rat
model was conducted in order to verify the clinical curative effect of dissipating blood stasis. We hope to
provide new ideas and new methods that have universality and practicality for quantitatively describing
the biological activity of traditional Chinese medicine.

2. Results

2.1. Screening of Specific Dependent Cell Line

In this experiment, CDDP and CDT were used in clinical research as blood circulation stasis TCM
compound preparations. The corresponding clinical indications were the same, so the selected drugs of
the screening cells are CDDPs. It indicated that the time/dose-dependent cell response profiles (TCRPs)
of the same sample acting on different cell lines were quite different with RTCA. The 50% inhibitory
concentration (IC50) was calculated by the RTCA software. The value is different at different time
points; it indicates that the cellular effects are inconsistent with the time changes. After some time point,
the effect will be relatively stable [9]. The results are shown in Figures 1 and 2. According to the TCRPs
results, CDDPs significantly inhibited the proliferation of these four kinds of cells. However, there were
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some differences in the cells’ sensitivity and regularity to CDDPs (Figures 3–6). The sensitivity and
regularity of MCF-7 and A549 cells was better compared with those of MDA-MB-231 and Hela cells.
MCF-7 was much more sensitive than A549. Through analysis and comparison, lung cancer A549 cells
were selected as the subjects and used for the following measure of compound Danshen preparations.
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Data are expressed as x ± s (n = 3).
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Figure 3. The time/dose-dependent cell response profiles (TCRPs) of the different concentration
samples of Compound Danshen Dripping Pills (CDDPs) acting on Hela cells plotted against time with
the mean of three experiments. The concentrations are: 10.8 mg/mL (light blue line), 3.60 mg/mL
(medium brown line), 1.20 mg/mL (gray line), 0.400 mg/mL (yellow line), 0.133 mg/mL (medium
blue line), 0.044 mg/mL (green line), 0.015 (dark blue line), and control (dark brown line).
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Figure 4. The time/dose-dependent cell response profiles (TCRPs) of the different concentration
samples of CDDPs acting on A549 cells plotted against time with the mean of three experiments.
The concentrations are: 10.8 mg/mL (light blue line), 3.60 mg/mL (medium brown line), 1.20mg/mL
(gray line), 0.400 mg/mL (yellow line), 0.133 mg/mL (medium blue line), 0.044 mg/mL (green line),
0.015 (dark blue line), and control (dark brown line).
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Figure 5. The time/dose-dependent cell response profiles (TCRPs) of the different concentration
samples of CDDPs acting on MCF-7 cells plotted against time with the mean of three experiments.
The concentrations are: 10.8 mg/mL (light blue line), 3.60 mg/mL (medium brown line), 1.20mg/mL
(gray line), 0.400 mg/mL (yellow line), 0.133 mg/mL (medium blue line), 0.044 mg/mL (green line),
0.015 (dark blue line), and control (dark brown line).
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Figure 6. The time/dose-dependent cell response profiles (TCRPs) of the different concentration
samples of CDDPs acting on MDA-MB-231 cells plotted against time with the mean of three
experiments. The concentrations are: 10.8 mg/mL (light blue line), 3.60 mg/mL (medium brown line),
1.20mg/mL (gray line), 0.400 mg/mL (yellow line), 0.133 mg/mL (medium blue line), 0.044 mg/mL
(green line), 0.015 (dark blue line), and control (dark brown line).

2.2. Determination of TCRPs of Compound Danshen Preparations

The TCRPs curves of compound Danshen preparations acting on the A549 lung cancer cell line,
shown in Figures 7–9, shows the cells’ dynamic growth trend in real time. Compared with the blank,
compound Danshen preparations showed significant inhibition of the growth of A549 lung cancer
cell lines, which indirectly reflects the drug’s promoting or inhibiting cell growth by the CI. With the
increase of CI, more and more cells adhered to the surface of the electrode, and the inhibition effect of
the compound Danshen preparations on cell line growth weakened, meaning that the biological activity
of the drug had become lower. As seen in Figures 1–4, cells have nearly died at a CDDP concentration
of 2.3 mg/mL, a dry extract concentration of CDT from Anhui Huatuo State pharmaceutical company
(Bozhou, China) (AHSP-CDT) of 1.68 mg/mL, and a dry extract concentration of CDT from Shanghai
Yellow Sea pharmaceutical Co., Ltd. (Shanghai, China) (SYSP-CDT) at 2.56 mg/mL. Dry extract
concentrations of the two Compound Danshen Tablets were based on a conversion of the results
of a clinically equivalent dose of CDDPs. The IC50 values of three kinds of compound Danshen
preparations were calculated and are shown in Figure 10. The strongest biological activity of the three
preparations is AHSP-CDT followed by SYSP-CDT and CDDP.
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Figure 7. The time/dose-dependent cell response profiles (TCRPs) of the different concentration
samples of CDDPs acting on A549 cells plotted against time with the mean of three experiments.
The concentrations are: 3.60 mg/mL (light blue line), 2.88 mg/mL (medium brown line), 2.30 mg/mL
(gray line), 1.84 mg/mL (yellow line), 1.47 mg/mL (medium blue line), 1.18 mg/mL (green line), 0.95
(dark blue line), and control (dark brown line).
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of Anhui Huatuo State pharmaceutical Compound Danshen Tablets (AHSP-CDTs) acting on A549 cells
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(medium blue line), 2.10 mg/mL (green line), 1.68 (dark blue line), and control (dark brown line).
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Figure 9. The time/dose-dependent cell response profiles (TCRPs) of the different concentration samples
Shanghai Yellow Sea pharmaceutical Compound Danshen Tablets (SYSP-CDT) acting on A549 cells
plotted against time with the mean of three experiments. The concentrations are: 5.00 mg/mL (light blue
line), 4.00 mg/mL (medium brown line), 3.20 mg/mL (gray line), 2.56 mg/mL (yellow line), 2.05 mg/mL
(medium blue line), 1.64 mg/mL (green line), 1.30 (dark blue line), and control (dark brown line).
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2.3. Results of Pharmacodynamic Authentication

2.3.1. Effect of Danshen Preparations on Whole Blood Viscosity (WBV) and Plasma Viscosity (PV) of
Acute Blood Stasis Rats

The acute blood stasis (ABS) model increases the WBV and PV readouts and any effective
treatment will reduce these values ideally down to the baseline reading of the untreated normal group.
Compared with the normal group, the WBV and PV of the ABS group were significantly increased,
and the difference was statistically significant (p < 0.01). Compared with the ABS group, the WBV and
PV of the administration group have a certain degree of reduction. In the WBV, the 200 s−1 difference
of AHSP-CDT is 10 times that of the dose group and that of SYSP-CDT is 5 times that of the dose group.
The 10 times the dose group difference is statistically significant (p < 0.01). The 50 s−1 difference of the
CDDP group is 10 times that of the dose group. The AHSP-CDT single-dose group, 5-fold dose group,
and 10-fold dose group and the SYSP-CDT 5-fold dose group and 10-fold dose group differences were
statistically significant (p < 0.05), and the 1 s−1 difference of the AHSP-CDT 10-fold dose group was
statistically significant (p < 0.01). In PV, in addition to the CDDP single-dose group and the 10 times
the dose group, the differences of the other group were statistically significant (p < 0.05) (Figure 11).
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Figure 11. Bar chart of Danshen preparations’ effect on whole blood viscosity (WBV) (a) and plasma
viscosity (PV) (b) of acute blood stasis rats. Compared with the normal group, * p < 0.05, ** p < 0.01;
Compared with the acute blood stasis (ABS) group, ∆ p < 0.05, ∆∆ p < 0.01.

2.3.2. Effect of Danshen Preparations on the Erythrocyte Sedimentation Rate (ESR), Hematocrit (HCT),
Erythrocyte Aggregation Index (EAI), and Carson Viscosity of Acute Blood Stasis Rats

The ABS model increases the ESR, HCT, EAI, and Carson viscosity readouts and any effective
treatment will reduce these values. Compared with the normal group, the ESR, HCT, EAI, and Carson
viscosity of the ABS group have increased to some extent with statistical significance (p <0.01).
Compared to the ABS group, the ESR, HCT, EAI, and Carson viscosity of each administration group
have a certain degree of decrease. In the ESR, in addition to the CDDP single-dose group, the other
administration groups are statistically significant (p < 0.05). In HCT, in addition to the AHSP-CDT
single-dose group, the other administration groups were statistically significant (p < 0.01). In the EAI,
each administration group was statistically significant (p < 0.01). In Carson viscosity, the AHSP-CDT
10 times the dose group was statistically significant (p < 0.05) (Figure 12).
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Figure 12. Bar chart of Danshen preparations’ effect on the erythrocyte sedimentation rate (ESR) (a),
hematocrit (HCT) (b), erythrocyte aggregation index (EAI) (c) and Carson viscosity (d) of acute blood
stasis rats. Compared with the normal group, * p < 0.05, ** p < 0.01; Compared with the ABS group,
∆ p < 0.05, ∆∆ p < 0.01.

2.3.3. Effect of Danshen Preparations on the Prothrombin Time (PT), Thrombin Time (TT), Activated
Partial Thromboplastin Time (APTT), and Fibrinogen (FIB) of Acute Blood Stasis Rats

The ABS model reduces the PT, TT, and APTT readouts and increases the FIB readout; any effective
treatment will increase the PT, TT, and APTT values and reduce the FIB value. Compared with the
normal group, the PT, TT, and APTT within the ABS model group was shortened, and the difference was
statistically significant (p < 0.05); FIB significantly increased, and the difference was significant (p < 0.01).
Compared with the ABS group, the PT, TT, and APTT in each administration group was extended to
some extent. In PT, the differences of the AHSP-CDT single-dose group and the SYSP-CDT single-fold
dose group were statistically significant. In the TT, differences of the AHSP-CDT single-dose group
and the SYSP-CDT single dose group, 5 times dose group, and 10 times dose group were statistically
significant. In APTT, in addition to the CDDP single-dose group and the AHSP-CDT single-dose group,
the differences of other groups were statistically significant. In FIB, the differences of the AHSP-CDT 5
times the dose group and 10 times the dose group were statistically significant (Figure 13).
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Figure 13. Bar chart of Danshen preparations’ effect on the prothrombin time (PT) (a), thrombin time
(TT) (b), activated partial thromboplastin time (APTT) (c), and fibrinogen (FIB) (d) of acute blood stasis
rats. Compared with the normal group, * p < 0.05, ** p < 0.01; Compared with the ABS group, ∆ p < 0.05,
∆∆ p < 0.01.
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2.3.4. The Total Value of the Blood Circulation Promotion Effect of Danshen Preparations Based on
Multi-Index Comprehensive Index Value.

Based on the multi-index comprehensive index value, which comprises the single-process multiple
indicators WBV, PV, ESR, HCT, EAI, Carson viscosity, TT, PT, APTT, and FIB, the total value of each
administration group’s blood circulation promotion effect was calculated. The results are shown in
Table 1 and Figure 14. The blood circulation promotion effect order of the administration groups is:
AHSP-CDT (10 times dose) > SYSP-CDT (10 times dose) > SYSP-CDT (5 times dose) > CDDP (10 times
dose) > AHSP-CDT (5 times dose) > AHSP-CDT (single dose) > SYSP-CDT (single dose) > CDDP
(5 times dose) > CDDP (single dose). As can be seen from the results, the blood circulation promotion
effect of AHSP-CDT is superior to that of SYSP-CDT, and the blood circulation promotion effect of
CDDPs is inferior to the two different types of tablets mentioned above.
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Table 1. The total value of the blood circulation promotion effect of Danshen preparations based on multi-index comprehensive index value.

Group Vs a Vs b Vs c Vs d
Total Value of Blood Circulation Promotion Effect

(4a + 3b + 2c + 1d)WBV200 WBV50 WBV1 PV HCT FIB ESR PT APTT TT EAI Carson
Viscosity

Normal 0.32 0.26 0.21 0.09 0.13 0.80 0.44 0.14 0.38 0.06 0.11 0.25 8.78
CDDP (single dose) 0.01 0.00 0.08 0.02 −0.01 0.02 −0.01 0.01 0.08 0.04 0.01 0.01 0.68

CDDP (5 times dose) 0.02 0.05 0.06 0.05 0.05 0.03 0.05 −0.01 0.19 0.04 0.03 0.03 1.57
CDDP (10 times dose) 0.03 0.10 0.07 0.11 0.16 0.06 0.16 0.02 0.26 0.02 0.04 0.05 3.05

AHSP-CDT (single dose) 0.04 0.07 −0.02 0.06 0.23 0.10 0.23 −0.09 0.07 0.13 0.01 0.07 2.45
AHSP-CDT (5 times dose) 0.05 0.08 0.03 0.08 0.11 0.12 0.30 −0.02 0.20 0.05 0.04 0.09 2.9
AHSP-CDT (10 times dose) 0.09 0.08 0.13 0.13 0.22 0.20 0.37 0.04 0.23 0.03 0.10 0.11 4.72

SYSP-CDT (single dose) 0.05 0.06 0.01 0.06 0.12 0.05 0.25 −0.06 0.11 0.07 0.01 0.06 2.09
SYSP-CDT (5 times dose) 0.08 0.10 0.06 0.10 0.19 0.06 0.22 −0.01 0.21 0.07 0.02 0.07 3.3
SYSP-CDT (10 times dose) 0.09 0.12 0.08 0.11 0.09 0.07 0.28 0.01 0.20 0.11 0.06 0.09 3.41
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3. Discussion

The quality evaluation of traditional Chinese medicines (TCMs) is difficult due to their
complicated effective components; some of them are specific and some of them are undefined [1,2,17,18].
A determination of several ingredients in a TCM cannot represent the whole preparation and reflect
the preparation’s holistic effect. Therefore, we want to perform a tentative study through cell effect
detection to make a quality evaluation for TCMs. An RTCA provides a dynamic, real-time, label-free
cellular analysis for a variety of research applications in drug development. The holistic effect of
compound Chinese medicines can be quantitatively detected through an RTCA. We took compound
Danshen preparations as representative preparations to build a novel method for quality evaluation of
compound Chinese medicines. We hope to provide new ideas and new methods that have universality
and practicality for quality evaluation, which reflect the biological activity of instead of the chemical
components in traditional Chinese medicines.

Chinese compound medicines’ effect on cells is multi-influenced. Different cell lines grow to
different densities under the effect of medicines. These differing growth characteristics indicate that the
same compound Danshen preparation has a different effect on different cell lines. The TCRPs of some
cells may have no regularity with the concentrations, and they might even show a biphasic response,
such as cell death at high concentrations and cell growth at lower concentrations (Figure 1). This may
correlate to cell adherence, which mainly influences the detection of the CI value [7]. Therefore, a cell
line screening before a quality evaluation of a Chinese compound medicine is necessary. An appropriate
sensitivity and a clear regularity of the cell effect is critical. The mechanism of action for cell lines
by Chinese compound medicines is complicated due to their complicated components. There seem
to be some short term effects on the cell lines, which may indicate that this effect results from the
accumulation of compound ingredients in the mitochondria [19,20]. Deep research with more cell
models is needed, and more research on the mechanisms underlying the effects of Chinese compound
medicines on cells using xCELLigence should be conducted [7,8,21,22].

The objective of this study was to evaluate the quality of compound Danshen preparations by
means of real-time cell electronic analysis and perform a verification with in vivo pharmacodynamics.
The effect of compound Danshen preparations on cancer cell lines was related to the pharmacological
action of blood activation and stasis resolution. A number of references [23,24] show that Chinese
medicines with efficacy in blood activation and stasis resolution can improve microcirculation,
increasing vascular permeability and inhibiting tumor angiogenesis. The detected CI values on
A549 cells by an RTCA show the inhibition effect of compound Danshen preparations on cancer cell
lines. The cell and rat experiment results also show that the pharmacodynamics effect on the acute
blood stasis model increased as the inhibition effect on A549 cells was enhanced. Therefore, the CI
values reflecting the Chinese compound preparation’s holistic effect could be used to quantitatively
evaluate the quality of Chinese medicine.

Through the theoretical analysis and documentary accumulation, we demonstrate that real-time
cellular electronic analysis techniques can be used in the field of traditional Chinese medicine analysis
as quality control methods for investigating drug safety and efficacy. Put the detection plate into
the real-time cell electronic analyzer, set the parameters, measure the TCRPs after each solution has
acted on the cell line with real-time cell analysis techniques, and calculate the IC50 at the same time.
Select the cell lines better depending on the compound Danshen preparations. The rats were subjected
to an acute blood stasis model and verified by pharmacodynamics. Through repeated experiments,
we found that the results show a real-time cell electron analysis and in vivo pharmacodynamics can
quantitatively characterize the biological activity of traditional Chinese medicines.
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4. Materials and Methods

4.1. Materials

CDDPs (25 mg per pill) were purchased from Tianjin Tasly Pharmaceutical Group Limited by
Share Ltd. and prescribed as 10 pills three times a day. Compound Danshen Tablets (0.25 g per piece)
were purchased from Anhui Huatuo State pharmaceutical company and prescribed as three pieces
three times a day. Compound Danshen Tablets (0.45 g per piece) were purchased from Shanghai
Yellow Sea pharmaceutical company limited. The preparation above was identified to comply with
the provisions of Chinese Pharmacopoeia (2015). Human lung cancer cells (A549), human cervical
cancer cells (Hela), human breast cancer cells (MCF-7), and human breast cancer cells (MDA-MB-231)
were purchased from American Type Culture Collection (ATCC). Cells were cultured in a humidified
incubator at 37 ◦C with 5% CO2 inside according to the optimal media and growth conditions specified
by ATCC [25]. Sprague Dawley (SD) rats, 110, female, body weight (200 ± 20) g. The Activated
partial thromboplastin time (APTT) assay kit, Prothrombin time (PT) assay kit, Thrombin (TT) kit,
and Fibrinogen (FIB) assay kit were all purchased from Nanjing Jiancheng Institute of Biotechnology.

4.2. Preparation of Samples

Preparation of the solution of Compound Danshen Dripping Pills (CDDPs): Accurately weighed
CDDP at 1.35 g, placed in a 25 mL volumetric flask, added an appropriate amount of purified water,
processed it ultrasonically for 30 min to dissolve, then added clean water to the mark. The solution
was stored at 4 ◦C as a storage backup.

Preparation of the solution of AHSP-CDT: Accurately weighed 7.5 g of CDT (Anhui Huatuo State
pharmaceutical Company), added 100 mL of 60% ethanol, extracted for 1 h, filtered, obtained the
filtrate, placed the filtrate in an evaporating dish, and evaporated it to yield a 4.9191-g sample.

Preparation of the solution of SYSP-CDT: Accurately weighed 13.5 g of CDT (Shanghai Yellow Sea
pharmaceutical company limited), added 100 mL of 60% ethanol, extracted for 1 h, filtered, obtained
the filtrate, placed the filtrate in an evaporating dish, and evaporated it to yield a 3.7249-g sample.

4.3. Cell Line Screening

An RTCA detected the time/dose-dependent cell response profiles (TCRPs) of the samples. Fifty
microliters (50 µL) of growth media were added into each well of an E-plate of 96 wells with a pipette
(cell culture plate with electronic chips). One hundred milliliters (100 mL) of specific cell suspension
was added to each well at a concentration of 2 × 105 cells/mL. The detection plate with a number of
cells was let to stand at room temperature for about 30 min, then the cells were incubated. Continue to
read until the cells present a stable baseline (about 18–24 h).

In addition to the blank control group, the solution of Compound Danshen Dripping Pills (CDDP)
was added to the wells of the rest of the treatment group so that the liquid’s final concentrations inside
the wells were separately 0.015, 0.044, 0.133, 0.4, 1.2, 3.6, and 10.8 mg/mL. The detection plate was
put into the real-time cell electronic analyzer, the parameters were set, the TCRPs were measured
after each solution had acted on the cell line with real-time cell analysis techniques, and the IC50
values were calculated at the same time. Better cell lines were selected depending on the compound
Danshen preparations.

4.4. Determination of TCRPs of Compound Danshen Preparations

The method is the same as for the specific dependent cell screening. Each pill of Compound
Danshen Dripping Pills weighs 27 mg, and was prescribed as 10 pills three times a day. Each tablet
of AHSP-CDT weighs 0.25 g, and was prescribed as three pills three times a day. Each tablet of
SYSP-CDT weighs 0.45 g, and was prescribed as three pills three times a day. TCRPs were determined
with different concentrations of 0.95, 1.18, 1.47, 1.84, 2.3, 2.88, and 3.6 mg/mL when adding the
solution of Compound Danshen Dripping Pills (CDDP) to the wells of the cell culture plate. TCRPs
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were determined for Compound Danshen Tablets’ dry extract concentrations (Anhui Huatuo State
pharmaceutical companies), which were separately 1.68, 2.1, 2.6, 3.28, 4.1, 5.12, and 6.4 mg/mL when
added to the cell culture plate with the clinical equivalent dose conversion. TCRPs were determined
for Compound Danshen Tablets’ dry extract concentrations (Shanghai Yellow Sea pharmaceutical Co.,
Ltd., Shanghai, China) of 1.3, 1.64, 2.05, 2.56, 3.2, 4.0, and 5.0 mg/mL separately.

5. Pharmacodynamics Studies In Vivo of Compound Danshen Preparation

5.1. Animal

Sprague Dawley (SD) rats, 110, female, body weight (200 ± 20) g were provided by
the Experimental Animal Center of Zhejiang Province (SPF grade), license number SCXK
(Zhejiang) 2014-0001.

5.2. Reagent

Adrenaline hydrochloride injection (Shanghai Hefeng Pharmaceutical Co., Ltd., Shanghai, China),
batch number: W140201; chloral hydrate (Sinopharm Chemical Reagent Co., Shanghai, China), batch
number 20100709; sodium citrate (Nanjing Chemical Reagent Co., Ltd., Nanjing, China), batch number:
050 580 052; activated partial thromboplastin time (APTT) determination kit, Nanjing Jiancheng
Institute of biotechnology, batch number: 20140715, prothrombin time (PT) determination kit, Nanjing
Jiancheng Institute of biotechnology, batch number: 20140715; thrombin (TT) kit Nanjing Jiancheng
Institute of Biotechnology, batch number: 20140715; fibrinogen (FIB) determination kit, Nanjing
Jiancheng Institute of Biotechnology, batch number: 20140718; CDDP (Tianjin Tasly Pharmaceutical
Group Co., Ltd., Tianjin, China), batch number: 130 420; Compound Danshen Tablets, Anhui
Huatuo State pharmaceutical companies, batch number: 20140313; Compound Danshen Tablets
(Shanghai Yellow Sea pharmaceutical Co., Ltd., Shanghai, China), batch number: 140,117. CDDPs
were dissolved with a moderate amount of purified water. Compound Danshen Tablets were extracted
with 60% ethanol and filtered. Ethanol was put into the subsequent filtrate evaporates and diluted to
a certain volume.

5.3. Preparation of Acute Blood Stasis Model

Reference [26,27]. Rats were given an adrenaline hydrochloride injection twice, 0.8 mg/kg,
at intervals of 4 h. After 2 h of the first subcutaneous administration of adrenaline hydrochloride,
the rats were placed in 0–2 ◦C ice water and swam for 4 min, leading to the acute blood stasis model.
After the last subcutaneous injection of adrenaline hydrochloride, feed water was added to fasted rats.
Sixteen to 18 h later, measurements of related indicators of blood rheology and coagulation were made
by the abdominal aortic method.

5.4. Animal Grouping and Administration

The rats were randomly divided into 11 groups, and every group contained 10 rats. Group 1
was the normal group and group 2 was the untreated acute blood stasis (ABS) group. Groups 3 to 5
for the CDDP were the high-, medium-, and low-dose groups. Groups 6 to 8 were the Compound
Danshen Tablets from Anhui Huatuo State pharmaceutical companies (AHSP-CDT) high-, medium-,
and low-dose groups. Groups 9 to 11 were the Compound Danshen tablets from Shanghai Yellow
Sea pharmaceutical Co., Ltd. (SYSP-CDT) high-, medium-, and low-dose groups. The CDDP high-,
medium-, and low-dose groups’ dose was, respectively, 10 times the amount of the clinical equivalent
dose (0.8 g/kg), 5 times the amount (0.4 g/kg), and a single amount (0.08 g/kg). The compound
Danshen tablets (Anhui Hua State pharmaceutical companies) high-, medium-, and low-dose groups’
dose in terms of the amount of the original formulation was 10 times the amount of clinical equivalent
dose (2 g/kg), 5 times the amount (1 g/kg), and a single amount (0.2 g/kg). The SYSP-CDT high-,
medium-, and low-dose groups’ dose in terms of the amount of the original formulation was 10 times
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the amount of clinical equivalent dose (3.6 g/kg), 5 times the amount (1.8 g/kg), and a single
amount (0.36 g/kg). The normal group and the untreated ABS group were given an equal volume
of distilled water by lavage administration every morning and evening for 7 days. On the third day,
all groups except the normal group copied the acute blood stasis model according to the corresponding
modeling method. After 30 min of the seventh administration, related indicators of blood rheology
and coagulation were measured by the abdominal aortic method [28].

5.5. Measuring Indicators of Blood Rheology and Coagulation

Rats were exposed to anesthesia at 10% chloral hydrate and blood was taken from the abdominal
aorta with sodium citrate (3.8%) 1:9 anticoagulation. One milliliter (1 mL) of whole blood was drawn
into a hematocrit tube for 1 h and the erythrocyte sedimentation rate (ESR) was read as well as recorded.
The whole blood was centrifuged at a rate of 3000 r/min for 30 min, and the hematocrit (HCT) was
read and recorded. Next, an SA-5000 automatic blood rheology tester was used to measure the whole
blood viscosity (WBV) and the erythrocyte aggregation index (EAI). The whole blood was centrifuged
at a rate of 3000 r/min for 10 min, blood plasma was drawn, and the SA-5000 automatic blood rheology
tester was used to measure the plasma viscosity (PV). Relevant indicators were measured by using an
LG-PABER-1 with a platelet aggregation coagulation factor analyzer. The specific operation sequences
follow the instructions for APTT, TT, PT, FIB.

5.6. Statistical Method

The data were processed by the SPSS16.0 software. Experimental results were represented as x ± s
and compared with model groups which used Dennett’s test of ANOVA comparison that indicated
a statistically significant difference at p < 0 05.

In this study, there are a lot of indicators that needed to be measured, which is why we use an
integrated multi-index comprehensive index method to value the blood circulation effect. A single
process for indicators such as ESR, HCT, WBV, PV, EAI, APTT, PT, TT, and FIB calculates the total
value of the blood circulation promotion effect of each administration group. First, the index was
standardized, when the index value (Value) falls after modeling, and the standardized value of each
index V standardized = (V administration − V model)/V model. When the index value is higher
than that of the normal group after modeling, V standardized = (V model − V administration)/V
models. The weight of standardized indicators is referred to as the expert scoring method, and it
independently gives a weighting factor for each indicator. Consulting more than 50 articles related to
acute blood stasis from nearly the last 10 years [28], 48 detected WBV, 43 detected PV, 46 detected HCT,
25 detected the FIB, 13 detected ESR, 12 detected PT, 11 detected APTT, 5 detected TT, 3 detected EAI,
and 3 detected Carson viscosity. Combining the expert scoring method with the frequency of each
indicator, which was detected from related acute blood stasis references in the past 10 years, this study
takes the weight coefficients. WBV, PV, and HCT take a weight of 4, FIB takes a weight of 3, ESR, PT,
and APTT take a weight of 2, and TT, EAI, and Carson viscosity take a weight of 1. The total value of
the blood circulation promotion effect = Σ standardized value × weight coefficient.

Author Contributions: Conceptualization, G.Y. and J.P.; Methodology, F.L.; Software, J.C.; Validation, H.X.,
L.J., and Z.Z.; Formal Analysis, F.L.; Investigation, L.J.; Resources, G.Y.; Data Curation, J.P.; Writing (Original
Draft) Preparation, X.W.; Writing (Review & Editing), G.Y. and J.M.; Visualization, G.Y.; Supervision, L.J.; Project
Administration, G.Y.; Funding Acquisition, J.P.

Funding: This research was funded by The National Nature Science Foundation of China (81773910, 81202922),
the Jiangsu Students’ Innovation and Entrepreneurship Training Program (201710315047Z), and A Project Funded
by the Priority Academic Program Development of Jiangsu Higher Education Institutions (PAPD).

Acknowledgments: This research was funded by The National Nature Science Foundation of China
(81773910, 81202922), the Jiangsu Students’ Innovation and Entrepreneurship Training Program (201710315047Z),
and A Project Funded by the Priority Academic Program Development of Jiangsu Higher Education Institutions
(PAPD).



Molecules 2018, 23, 2090 15 of 16

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the decision to
publish the results.

References

1. Wu, C.; Geng, S.; Yi, X.; Chen, J.; Jiang, K.; Wu, Y. Recent Advances in Quality Analysis and Evaluation of
Traditional Chinese Medicines. Phys. Test. Chem. Anal. 2015, 51, 1035–1042.

2. Xiao, X.H.; Jin, C.; Zhao, Z.Z.; Xiao, P.G.; Wang, Y.Y. Probe into innovation and development of pattern of
quality control and evaluation for Chinese medicine. China J. Chin. Mater. Med. 2007, 32, 1377–1381.

3. Wang, P.; Qian, Z. The readable explanation of the editorial outline of Chinese Pharmacopoeia 2010 edition.
Chin. J. Pharm. Anal. 2008, 28, 337–340.

4. Chen, G.Y.; Wu, Q.N.; Wang, X.S.; Liang, Q.L.; He, X.X. Study on quality evaluation of Sparganii rhizoma by
biopotency determination method. China J. Chin. Mater. Med. 2012, 37, 2913–2916.

5. Zhou, D.L.; Yan, D.; Li, B.C.; Wu, Y.S.; Xiao, X.H. Investigation of metabolic action of Cordyceps sinensis and
its cultured mycelia on Escherichia coli by microcalorimetry. Acta Pharm. Sin. 2009, 44, 640–644.

6. Yan, G.; Wang, X.; Chen, Z.; Wu, X.; Pan, J.; Huang, Y.; Wan, G.; Yang, Z. In-silico ADME Studies for New
Drug Discovery: From Chemical Compounds to Chinese Herbal Medicines. Curr. Drug Metab. 2017, 18,
535–539. [CrossRef] [PubMed]

7. Martinez-Serra, J.; Gutierrez, A.; Munoz-Capo, S.; Navarro-Palou, M.; Ros, T.; Amat, J.C.; Lopez, B.;
Marcus, T.F.; Fueyo, L.; Suquia, A.G.; et al. xCELLigence system for real-time label-free monitoring of
growth and viability of cell lines from hematological malignancies. OncoTargets Ther. 2014, 7, 985–994.
[CrossRef] [PubMed]

8. Chiu, C.H.; Lei, K.F.; Yeh, W.L.; Chen, P.; Chan, Y.S.; Hsu, K.Y.; Chen, A.C. Comparison between xCELLigence
biosensor technology and conventional cell culture system for real-time monitoring human tenocytes
proliferation and drugs cytotoxicity screening. J. Orthop. Surg. Res. 2017, 12, 149. [CrossRef] [PubMed]

9. Zhang, L.-L.; Ma, L.-N.; Yan, D.; Zhang, C.-E.; Gao, D.; Xiong, Y.; Sheng, F.-Y.; Dong, X.-P.; Xiao, X.-H.
Dynamic monitoring of the cytotoxic effects of protoberberine alkaloids from Rhizoma Coptidis on HepG2
cells using the xCELLigence system. Chin. J. Nat. Med. 2014, 12, 428–435. [CrossRef]

10. Fu, H.; Fu, W.; Sun, M.; Shou, Q.; Zhai, Y.; Cheng, H.; Teng, L.; Mou, X.; Li, Y.; Wan, S.; et al. Kinetic Cellular
Phenotypic Profiling: Prediction, Identification, and Analysis of Bioactive Natural Products. Anal. Chem.
2011, 83, 6518–6526. [CrossRef] [PubMed]

11. Yan, G.-J.; Mei, X.; Yang, J.; Zhu, J.; Wu, J.-Y.; Pan, J.-H. A novel real-time cell electronic analysis technology
for the authentication and quality control of natural medicines. Chin. Chem. Lett. 2013, 24, 1140–1144.
[CrossRef]

12. Mei, X.; Ge, S.; Pan, J. Preliminary Study on the Real-time Cell Electronic Analysis Technology in Quality
Evaluation of Hirudo nipponica Whitman and Panax notoginseng. Chin. J. Pharm. 2013, 44, 872–877.

13. Yan, G.; Sun, W.; Pei, Y.; Yang, Z.; Wang, X.; Sun, Y.; Yang, S.; Pan, J. A novel release kinetics evaluation
of Chinese compound medicine: Application of the xCELLigence RTCA system to determine the release
characteristics of Sedum sarmentosum compound sustained-release pellets. Saudi Pharm. J. 2018, 26, 445–451.
[CrossRef] [PubMed]

14. Irelan, J.T.; Wu, M.-J.; Morgan, J.; Ke, N.; Xi, B.; Wang, X.; Xu, X.; Abassi, Y.A. Rapid and Quantitative
Assessment of Cell Quality, Identity, and Functionality for Cell-Based Assays Using Real-Time Cellular
Analysis. J. Biomol. Screen. 2011, 16, 313–322. [CrossRef] [PubMed]

15. Yan, G.; Fang, P.; Hong, Z.; Ying, W.; Huo, P. Research Progress in Application of Real-Time Cell-based
Assay(RTCA). Chin. Pharm. J. 2014, 49, 169–173.

16. Zhu, J.; Wang, X.; Xu, X.; Abassi, Y.A. Dynamic and label-free monitoring of natural killer cell cytotoxic
activity using electronic cell sensor arrays. J. Immunol. Methods 2006, 309, 25–33. [CrossRef] [PubMed]

17. Xie, J.; Yang, Z.; Zhou, C.; Zhu, J.; Lee, R.J.; Teng, L. Nanotechnology for the delivery of phytochemicals in
cancer therapy. Biotechnol. Adv. 2016, 34, 343–353. [CrossRef] [PubMed]

18. Li, F.; Xiong, Z.; Lu, X.; Wen, J.; Liu, J. Advance in the Quality and Evaluation of Traditional Chinese Medicine
and the Role of Systems Biology. Mod. Tradit. Chin. Med. Mater. Med. World Sci. Technol. 2009, 11, 120–126.

http://dx.doi.org/10.2174/1389200218666170316094104
http://www.ncbi.nlm.nih.gov/pubmed/28302029
http://dx.doi.org/10.2147/OTT.S62887
http://www.ncbi.nlm.nih.gov/pubmed/24959085
http://dx.doi.org/10.1186/s13018-017-0652-6
http://www.ncbi.nlm.nih.gov/pubmed/29037195
http://dx.doi.org/10.1016/S1875-5364(14)60067-4
http://dx.doi.org/10.1021/ac201670e
http://www.ncbi.nlm.nih.gov/pubmed/21793491
http://dx.doi.org/10.1016/j.cclet.2013.07.016
http://dx.doi.org/10.1016/j.jsps.2017.07.007
http://www.ncbi.nlm.nih.gov/pubmed/29556137
http://dx.doi.org/10.1177/1087057110397359
http://www.ncbi.nlm.nih.gov/pubmed/21310850
http://dx.doi.org/10.1016/j.jim.2005.10.018
http://www.ncbi.nlm.nih.gov/pubmed/16423365
http://dx.doi.org/10.1016/j.biotechadv.2016.04.002
http://www.ncbi.nlm.nih.gov/pubmed/27071534


Molecules 2018, 23, 2090 16 of 16

19. Iwasaki, H.; Inafuku, M.; Taira, N.; Saito, S.; Oku, H. Tumor-Selective Cytotoxicity of Nitidine Results from
Its Rapid Accumulation into Mitochondria. BioMed Res. Int. 2017, 2017, 2130594. [CrossRef] [PubMed]

20. Ke, N.; Wang, X.; Xu, X.; Abassi, Y.A. The xCELLigence system for real-time and label-free monitoring of cell
viability. Methods Mol. Biol. 2011, 740, 33–43. [PubMed]

21. Nemade, H.; Chaudhari, U.; Acharya, A.; Hescheler, J.; Hengstler, J.G.; Papadopoulos, S.; Sachinidis, A. Cell
death mechanisms of the anti-cancer drug etoposide on human cardiomyocytes isolated from pluripotent
stem cells. Arch. Toxicol. 2018, 92, 1507–1524. [CrossRef] [PubMed]

22. Chaousis, S.; Smout, M.; Wilson, D.; Loukas, A.; Mulvenna, J.; Seymour, J. Rapid short term and gradual
permanent cardiotoxic effects of vertebrate toxins from Chironex fleckeri (Australian box jellyfish) venom.
Toxicon 2014, 80, 17–26. [CrossRef] [PubMed]

23. Wang, B.; Dong, Y.; Zhou, J. Clinical Study of Promoting Blood Circulation and Removing Blood Stasis in
Treating Malignant Tumor. J. Liaoning Univ. Tradit. Chin. Med. 2013, 15, 177–179.

24. Zhou, Y.; Yang, H.; Guan, J.; Zhou, L.; Qin, S.; Xu, J.; Hu, Z. Effect of 5 Different Categories of Chinese Herbal
Medicine on Proliferation of Human Lung Cancer A549 Cell. J. Chengdu Univ. Tradit. Chin. Med. 2013, 36,
15–17.

25. Yang, Z.; Xie, J.; Zhu, J.; Kang, C.; Chiang, C.; Wang, X.; Wang, X.; Kuang, T.; Chen, F.; Chen, Z.; et al.
Functional exosome-mimic for delivery of siRNA to cancer: In vitro and in vivo evaluation. J. Control. Release
2016, 243, 160–171. [CrossRef] [PubMed]

26. Li, W.; Huang, M.; Tang, Y.; Guo, J.; Shang, E.; Liu, X.; Qian, D.; Duan, J. Establishment and optimization of
acute blood stasis rat model. Chin. Pharmacol. Bull. 2011, 27, 1761–1765.

27. Zhang, J.; Feng, Y.; Li, S.; Liu, Y.; Zhang, Y.; Guo, Y.; Yang, M. Microvascular pathological features and
changes in related injury factors in a rat acute blood stasis model. J. Tradit. Chin. Med. 2017, 37, 108–115.
[PubMed]

28. Liu, Z.; Xie, W.; Li, M.; Teng, N.; Liang, X.; Zhang, Z.; Yang, Z.; Wang, X. Oral Administration of Polaprezinc
Attenuates Fluorouracil-induced Intestinal Mucositis in a Mouse Model. Basic Clin. Pharmacol. Toxicol. 2017,
121, 480–486. [CrossRef] [PubMed]

Sample Availability: Samples of the compounds CDDP, CDT are available from the authors.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1155/2017/2130594
http://www.ncbi.nlm.nih.gov/pubmed/28529950
http://www.ncbi.nlm.nih.gov/pubmed/21468966
http://dx.doi.org/10.1007/s00204-018-2170-7
http://www.ncbi.nlm.nih.gov/pubmed/29397400
http://dx.doi.org/10.1016/j.toxicon.2014.01.007
http://www.ncbi.nlm.nih.gov/pubmed/24462661
http://dx.doi.org/10.1016/j.jconrel.2016.10.008
http://www.ncbi.nlm.nih.gov/pubmed/27742443
http://www.ncbi.nlm.nih.gov/pubmed/29957919
http://dx.doi.org/10.1111/bcpt.12841
http://www.ncbi.nlm.nih.gov/pubmed/28667794
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Screening of Specific Dependent Cell Line 
	Determination of TCRPs of Compound Danshen Preparations 
	Results of Pharmacodynamic Authentication 
	Effect of Danshen Preparations on Whole Blood Viscosity (WBV) and Plasma Viscosity (PV) of Acute Blood Stasis Rats 
	Effect of Danshen Preparations on the Erythrocyte Sedimentation Rate (ESR), Hematocrit (HCT), Erythrocyte Aggregation Index (EAI), and Carson Viscosity of Acute Blood Stasis Rats 
	Effect of Danshen Preparations on the Prothrombin Time (PT), Thrombin Time (TT), Activated Partial Thromboplastin Time (APTT), and Fibrinogen (FIB) of Acute Blood Stasis Rats 
	The Total Value of the Blood Circulation Promotion Effect of Danshen Preparations Based on Multi-Index Comprehensive Index Value. 


	Discussion 
	Materials and Methods 
	Materials 
	Preparation of Samples 
	Cell Line Screening 
	Determination of TCRPs of Compound Danshen Preparations 

	Pharmacodynamics Studies In Vivo of Compound Danshen Preparation 
	Animal 
	Reagent 
	Preparation of Acute Blood Stasis Model 
	Animal Grouping and Administration 
	Measuring Indicators of Blood Rheology and Coagulation 
	Statistical Method 

	References

