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ABSTRACT

Babao Dan capsule (BBDC) is a state secrecy traditional Chinese medicine patent prescription (TCMPP)
that is widely used for hepatobiliary and urinary diseases. However, its quality uniformity evaluation
(QUE) is lacking. It is necessary to develop a novel and multi-dimensional QUE strategy for BBDC based
on chemical properties and bioactivities. An ultrahigh performance liquid chromatography-triple quad-
rupole-mass spectrometry (UHPLC-QQQ-MS/MS) was developed to quantify 14 compounds, and a QUE
strategy was to assess intra-batch and inter-batches consistency. Furthermore, the anti-inflammatory
activities were measured in vitro by RAW264.7 cell and NF-xB-RE-luc HEK293 cell. The results indicated
that 14 compounds from 16 samples (10 batches) were accurately quantified. And the intra-batch con-
sistency values were less than or equal to 20.1%, whereas the largest inter-batches consistency value was
167.5% of glycocholic acid. 10 batches were divided into three categories to distinction inter-batches dif-
ferences. BBDC had anti-inflammatory activities including inhibition of LPS-induced NO production and
TNF o-activated luciferase counts. The NO inhibition difference of 10 batches was 10.87 pM and
accounted for 49.8%. Briefly, the anti-inflammatory activities of 10 batches were different, but the
dynamic trends within the same batch were similar, which was supported by luciferase counts. And
the correlation was confirmed that the main compounds related to anti-inflammatory in BBDC were bile
acids and saponins. Hence, a QUE strategy for BBDC was proposed to improve quality and ensure efficacy.
This strategy can be utilized as a reference for consistency evaluations of TCMPPs.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cornu, Margarita, Notoginseng Radix et Rhizoma, and Moschus.
BBDC is widely used to clear damp heat, promote blood circulation

Babao Dan capsule (BBDC), a well-known traditional Chinese
medicine patent prescription (TCMPP) and a national confidential
prescription, has a long medical history originating from the Ming
Dynasty (Lu et al., 2020). It contains several rare Chinese medicinal
substances, such as Bovis Calculus, Snake Bile, Saigae Tataricae
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and detoxification, and eliminate yellowing pain. In clinical set-
tings, it is mainly used to treat various liver, gallbladder, and uri-
nary system diseases. In the past few years, the clinical value of
BBDC has been elucidated, and it has been found that BBDC exhi-
bits antitumor activity; moreover, it has been clinically used as
an adjuvant treatment for various cancers, such as liver, gastric,
and non-small-cell lung cancers (Lan et al., 2021; Lu et al., 2020;
Wang et al., 2019). Meanwhile, during the process of treatment,
BBDC has been shown the good therapeutic effect and fewer side
effects (Liang et al., 2023; Ren et al., 2023). The highly beneficial
clinical value of BBDC has attracted attention to further assess its
quality and biological activities.

It is widely known that the therapeutic efficacy of traditional
Chinese medicine (TCM) relies on the synergism of multiple com-
pounds. Hence, in the link of quality control, the requirements of
multiple compounds are particularly important. However, in the
current standard protocols of BBDC, only individual compound
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has been analyzed and controlled, which cannot effectively reflect
the quality of the medication as whole, and therefore it is challeng-
ing to ensure the safety and effectiveness of the medication. Thus,
for controlling and enhancing the quality of BBDC, it is more
advantageous to utilize multiple compounds as quality indicators.
In 2016, an ultrahigh performance liquid chromatography-quadru
pole time-of-flight-mass spectrometry (UHPLC-QTOF-MS)
method was established to identify a total of 78 chemical com-
pounds from BBDC, including saponins, bile acids, amino acids,
and macromolecular cyclic ketones (Li et al., 2016). In 2022, Sheng
et al. (Sheng et al., 2022) identified 85 chemical compounds from
BBDC, including 24 cholic acids, 33 saponins, and 15 fatty acids,
using the newly established UHPLC-QTOF-MS method. These
qualitative studies clarified the chemical compounds of BBDC.
However, for high-quality development of TCM, determining the
quantity of various compounds is also necessary. Of these previ-
ously identified compounds, 43 compounds in 11 batches of BBDC
were quantified using the ultrahigh performance liquid chro-
matography-triple quadrupole-mass spectrometry (UHPLC-
QQQ-MS/MS) method in 2021 (Cheng et al., 2021). However,
although this quantification method was more advanced and an
increasing number of compounds have been verified, discrepancies
between the quality of different batches of BBDC and quality uni-
formity were absent, and its impact on pharmacological activity
has not been addressed and studied.

As a complex TCM preparation, BBDC contains a wide variety of
compounds, which vary greatly in polarity and content, with no
characteristic UV absorption for most compounds, which makes
the development of a quantitative analysis method challenging
(Wu et al., 1996). The UHPLC-QQQ-MS/MS method is rapid and
highly sensitive. It has the characteristics of a universal detector
and can effectively overcome the difficulty of multicompounds
coelution in the TCM. The dynamic multi reaction detection scan-
ning mode can be used to improve the sensitivity and accuracy
of quantification. In recent years, this method has been adopted
as a powerful technical analysis tool for the quality control of
TCM-containing phytochemical compounds(Hu et al., 2021; Liu
et al,, 2021; Yang et al., 2021).

The batch-to-batch quality variability of TCM is a critical issue
for achieving stable efficacy and safety. Increased attention is
now being paid to TCM decoction pieces; however, only a few
studies have focused on the uniformity of TCMPP. The quality con-
sistency evaluation strategy of TCMPP (Zhao et al., 2020; Zhao
et al., 2022) was proposed by our team and it was aimed at evalu-
ating intra-batch and inter-batches quality consistencies, com-
pensating for the current deficit in the research and promoting
the development of high quality for TCM. An increasing number
of valuable evaluation methods have been developed with these
new analytical techniques. These methods include fingerprint
analysis, a quantitative and scientific comprehensive approach
for authentication and quality uniformity assessment (Zhang
et al,, 2021). Chromatographic techniques combined with patterns,
including similarity analysis, hierarchical clustering analysis
(HCA), principal components analysis (PCA), and orthogonal partial
least squares discrimination analysis (OPLS-DA), have been used to
evaluate and classify batches to screen for the desired markers in
TCM (Li et al., 2021)(Li et al., 2021). The evaluation method should
not only focus on evaluating the function of TCM but also on guid-
ing the improvement of the quality of TCM and needs to be evalu-
ated by intra-batch and inter-batches homogeneity. To date, there
are no reports on the quality uniformity evaluation (QUE) strategy
across multiple compounds of BBDC.

Regarding the clinical application and biological activity of
BBDC, a previous study demonstrated that BBDC could control
excessive immune responses and may represent a cytokine-
targeted agent suitable for COVID-19 treatment (Qian et al,

Arabian Journal of Chemistry 16 (2023) 105276

2021). BBDC inhibits cell growth by inducing autophagy through
the PI3K/AKT/mTOR pathway and enhances the antitumor effects
of cisplatin in non-small cell lung cancer cells (Zhao et al., 2021).
In addition, BBDC inhibits lymphangiogenesis of gastric cancer
in vitro and in vivo via the IncRNA-ANRIL/VEGF-C/VEGFR-3 signal-
ing axis. Network pharmacology analysis was performed to predict
the potential targets and pathways regulated by BBDC, and the
pathways related to cancer, P13K-Akt signaling, and inflammatory
bowel disease were listed as the top relevant pathways that con-
tained most genes with a low P-value (Wang et al., 2019). In con-
clusion, several studies have demonstrated the significant anti-
inflammatory activities of BBDC.

To scientifically and comprehensively determine the manufac-
turing quality of BBDC, a multidimensional QUE strategy was
developed, which included investigation of chemical compound
quality differences and in vitro biological activity based on intra-
batch and inter-batches consistencies. An efficient and selective
UHPLC-QQQ-MS/MS method was established to quantify 14 com-
pounds from four prescriptions. Chemometrics were used to fur-
ther evaluate the quality of the samples according to the QUE
strategy. The bioactivities of BBDC were studied in vitro by the
lipopolysaccharide (LPS)-induced-murine macrophage cell line
RAW264.7 and luciferase inhibited counts based on the NF-kB-
RE-luc HEK293. The scientific data generated in this study can be
used to objectively evaluate the manufacturing quality of the sam-
ple and provide guidance and a reference for further quality
improvement of BBDC and other TCMs.

2. Material and methods
2.1. Chemical reagents and reference standards

Acetonitrile (high performance liquid chromatography [HPLC]
grade), methanol (HPLC grade), and formic acid (purity 99%) were
obtained from Sigma-Aldrich (St. Louis, MO, USA). Other analytical
grade chemicals were obtained from Beijing Chemistry Factory
(Beijing, China). Millipore membranes (0.22 pm) were purchased
from Beijing Alltech Biological Products Co., Ltd. (Beijing, China).
Ultrapure water was prepared using a Mill-Q SP system (Millipore
Co., Bedford, MA, USA).

Reference standards of cholic acid, ginsenoside Re, ginsenoside
Rd, and corkone were purchased from National Institutes for Food
and Drug Control (Beijing, China), and ginsenoside Rg;, ginsenoside
Rby, and obacunone internal standard (IS) were purchased from
National Institute for the Control of Pharmaceutical and Biological
Products. Glycodeoxycholic acid, chenodeoxycholic acid, tauro-
cholic acid, and bilirubin were purchased from Jiangxi Baicaoyuan
Bio-Technology Co., Ltd (Jiangxi, China). Ursodeoxycholic acid,
deoxycholic acid, notoginsenoside R;, and muscone were pur-
chased from Chengdu Push Bio-Technology Co., Ltd. (Chengdu,
China). The purity of these compounds was greater than 98.0%
(as determined via HPLC). The structures of the abovementioned
14 compounds and 1 IS were shown in Fig. 1. Ten batches of BBDC
(batch numbers: 190301, 190401, 190704, 190901, 200203,
190502036, 190805017, 200401115, 190502038, and 190504045)
were produced by and obtained from Xiamen Traditional Chinese
Medicine Co., Ltd. These were defined as S1-S10.

2.2. Preparation of standard and sample solutions

Standard stock solutions of glycocholic acid, cholic acid, deoxy-
cholic acid, taurocholic acid, ursodeoxycholic acid, glycodeoxy-
cholic acid, chenodeoxycholic acid, ginsenoside Re,
notoginsenoside Ry, ginsenoside Rd, ginsenoside Rg;, ginsenoside
Rb;, and muscone were prepared by gently dissolving the weighed
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Fig. 1. Chemical structures of 14 compounds in BBDC and one internal standard (IS). 1. Cholic acid; 2. Glycodeoxycholic acid; 3. Ursodeoxycholic acid; 4. Chenodeoxycholic
acid; 5. Deoxycholic acid; 6. Glycocholic acid; 7. Taurocholic acid; 8. Bilirubin; 9. Ginsenoside Rb;; 10. Ginsenoside Re; 11. Ginsenoside Rd; 12. Ginsenoside Rg;; 13.

Notoginsenoside Ry; 14. Muscone; 15. Obacunone (IS).

samples of each compound in methanol. Bilirubin standard stock
was prepared in solvent 1 (chloroform: ethanol; 7:3). The standard
stock solution concentrations of the abovementioned 14 com-
pounds were 0.05, 0.25, 0.06, 0.15, 0.05, 0.025, 0.025, 0.05, 0.1,
0.1, 0.5, 0.5, 0.01 and 0.1 mg/mL, respectively. Subsequently, the
standard solution was obtained by precisely combining the above
14 stock solutions with solvent 2 (chloroform: dimethyl sulfoxide:
methanol; 1:1:2), to provide the concentrations of 2.0, 5.0, 2.5, 4.5,
1.5, 1.0, 1.0, 2.0, 4.0, 2.5, 4.5, 8.5, 0.5, and 3.0 pg/mL, respectively.
The obacunone (IS) solution was prepared in methanol at a concen-
tration of 4.0 pg/mL. All standards solutions were stored at 4 °C.
Solvent 2 (100 mL) was added to 50 mg of powdered BBDC and
sonicated (40 kHz, 600 W) for 45 min. The solution was allowed to
cool and weighed to replenished with solvent 2, and the solution
was mixed well. This extract was filtered through a 0.22 pm syr-

inge filter. The filtrate was used as test solution A (TS-A). Test solu-
tion B (TS-B) was obtained by diluting TS-A five times. Both test
solutions were combined with the IS solution at a ratio of 10:1
before analysis.

2.3. UHPLC-QQQ-MS conditions

An Agilent 1290 Infinity UHPLC system (Agilent Technologies,
MA, USA) equipped with an Agilent G1329A auto sampler and tri-
ple quadrupole mass spectrometry was used. The analytical col-
umn used in this study was a Waters Acquity UPLC BEH C18
column (2.1 mm x 100 mm, 1.7 pm, USA). The column tempera-
ture was maintained at 45 °C. The mobile phases consisted of
0.1% (v/v) aqueous formic acid solution (phase A) and acetonitrile
(phase B) at a flow rate of 0.3 mL/min, using a gradient elution pro-



A. Zhao, Y. Liu, L. Wang et al.

gram as follows: 5%-35% B at 0-2.5 min, 35%-50% B at 2.5-3 min,
50% -80% B at 3-10 min, 80%-95% B at 10-20 min, and re-
equilibrated by 5% B for 3 min.

All MS experiments were conducted using an electrospray ion-
ization source in the positive ion electrospray mode with a 6460B
UHPLC-QQQ-MS (Agilent, USA). The optimal MS conditions were
as follows: drying gas temperature: 350 °C; drying gas flow rate:
8 L/min; nebulizer gas pressure: 45 psi; sheath gas temperature:
300 °C; and sheath gas flow: 11 L/min. Detection was performed
in the dynamic multiple reaction monitoring (DMRM) mode. All
data were processed using the MassHunter Workstation software
(V.7.0 Quantitative Analysis; Agilent, USA).

2.4. Method validation

To evaluate the sensitivity and precision of the established
UHPLC-QQQ-MS/MS method, the linearities, limits of detection
(LOD), limits of quantitation (LOQ), precisions, and recoveries of
the 14 analytes were tested. The calibration curves of each com-
pound were constructed by plotting the peak areas against the
concentrations using the mixed standard solution in a concentra-
tion series. Precisions were determined by calculating the intra-
day and inter-day variations in each analyte using the mixed stan-
dards for six replicates for three consecutive days. The LOD and
LOQ for each analyte were estimated at a signal-to-noise ratio (S/
N) of approximately 3 and 10, respectively. The accuracy of the
established method was assessed through spiked-in recovery
experiments. A known amount (equal to the content of each ana-
lyte in the sample) of the mixed standards was spiked into the
sample (S1). The sample was prepared with six replicates and ana-
lyzed using the method detailed above. The recovery (%) was calcu-
lated using the following eq. (1):

Recovery(%) = (amount detected — amount original) /
amount spiked —in x 100% (1)

2.5. Cell culture

The murine macrophage cell line RAW264.7 was saved at nitro-
gen canister in our laboratory and maintained in a humidified
incubator containing 5% CO, (v/v) at 37 °C in Dulbecco’s Modified
Eagle Medium (Gibco, China, 8122037), supplemented with 10% (v/
v) fetal bovine serum (Gibco, Australia, 2115802RP).

2.6. Cell viability and NO assay

To investigate the effect of BBDC on cell viability, RAW264.7
cells were seeded into 96-well plates (5 x 103 cells/well) and trea-
ted with different concentrations of BBDC and LPS for 24 h. Cells
without treatment were used as the control. Subsequently, cell via-
bility was evaluated using a CCK-8 assay (Biosharp, China,
22011467) following the manufacturer’s instructions.

The production of NO was determined by the presence of its end
product, i.e., nitrite, in the cell culture supernatant. Cells were pre-
treated with various samples of BBDC (150 pg/mL) for 2 h prior to
exposure to LPS (1 pg/mL). Cells without any treatment were used
as the control. After stimulation for 24 h, the NO in the culture
media secreted by cells was measured at 540 nm within 15 mins
of combining the supernatant with Griess (Sigma, USA,
1003486251) reagent.

2.7. Nuclear factor-kB (NF-kB) activity analysis

NF-kB response elements (NF-kB-REs) and luciferase gene were
transfected into the HEK293 cell line (NF-kB-RE-luc HEK293).
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Then, 1 x 10 cells/well were seeded into a 96-well plate, NF-«kB
activities were induced with 100 ng/mL human tumor necrosis fac-
tor oo (TNF-a) (RD systems, USA) for 5 h, and BBDC was added along
with TNF-a. Luciferase assay reagent (Promega, USA) was added
into the wells and Iuminescence was measured using a
luminometer.

2.8. QUE strategy

For TCMs, the greatest challenge and difficulty is determining a
suitable method to ensure quality uniformity among different indi-
vidual samples or batches by selecting appropriate chemical mark-
ers for active substances that compose complex mixtures. As of yet,
the national Medical Products Administration has not issued a uni-
fied approach to address this concern. Appropriate guidance for the
industry still demands that uniformity be determined indepen-
dently on a case-by-case basis. Therefore, for the initial stage of
QUE of TCMs, it was more feasible to consider the quality unifor-
mity of different individual samples or batches. The individual
samples selected from the same batch were used to compare the
content of main compounds; stable content of compounds within
the same batch was the key for quality control and high-quality
development of TCM, especially TCMPP. In addition, different
batches were selected to determine whether the products from dif-
ferent batches and the same manufacturer were uniform based on
the content of the main compounds, bioactivity, etc.

The QUE included intra-batch and inter-batches consistencies,
represented by P, and Pg, respectively, which was parallel with the
method previously proposed (Zhao et al., 2022). P, represents the
difference in the values of the content of the main compounds or
bioactivities within a batch. Three individuals from the same batch
were selected for Pa. Py represents the difference in the values of
the content of main compounds and bioactivities among 10 differ-
ent batches. The specific calculation formula of the TCMPP consis-
tency is shown in eq. (2), which can be used to calculate the
content, bioactivity, or others.

Py = (maximum — minimum)/mean x 100% (2)

2.9. Statistical analysis

All data were presented as means + standard deviation (SD)
using one-way ANOVA to determine significant differences
between multiple groups. Results were considered statistically sig-
nificantly different at P < 0.05. The quantification and statistical
analysis of the images were performed using GraphPad Prism 8.0.2.

3. Results and discussion
3.1. Selection of quantitative compounds

According to the published formula of BBDC, six kinds in BBDC
are shown in Fig. 2. The composition of the BBDC types is diverse,
containing phytomedicine (Notoginseng Radix et Rhizoma), min-
eral drugs (Margarita), and animal medicines (Bovis Calculus,
Snake Bile, Saigae Tataricae Cornu, and Moschus). The combination
of various prescription medicines plays a synergistic role. For
stable clinical application, the quality control of BBDC should cover
all prescription medicines as far as possible, and control standards
should be established for the main and potential active com-
pounds. In BBDC, three medicines were recorded in the Chinese
Pharmacopoeia 2020 edition along with the main compounds for
content determination (Chinese Pharmacopoeia Commission,
2020). Cholic acid and bilirubin are the required compounds to
quantify for the raw material Bovis Calculus. Three saponins that
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—— Muskone

unknown

Ursodeoxycholic acid

Ginsenoside Re

Ginsenoside Rb,

Notoginsenoside R,

Ginsenoside Rg,

Fig. 2. Composition of prescription medicines and source of quantitative compounds in BBDC.

originate from Notoginseng Radix et Rhizoma were used to deter-
mine the national standard, including notoginsenoside R;, gin-
senoside Rby, and ginsenoside Rg;. Muskone is a main compound
that controls the content of Moschus. In this study, more compre-
hensive and abundant main compounds were identified and
determined.

In addition to the requirements of the Chinese Pharmacopoeia
2020 edition, more main compounds with their corresponding
bioactivity should be provided for BBDC quality control determina-
tion. The role of taurocholic acid from Bovis Calculus and Snake
Bile in BBDC is mainly to reduce capillary permeability of inflam-
matory tissue; inhibit inflammatory swelling; and inhibit the pro-
duction of NO, PGE2, histamines, and other inflammatory
mediators (Ge et al., 2023). Glycodeoxycholic acid induces hepato-
cyte apoptosis and exists in the Bovis Calculus and Snake Bile (Wu
et al., 2022). Chenodeoxycholic acid and deoxycholic acid from the
Bovis Calculus were confirmed as quality control compounds for
BBDC; the former was used to inhibit the formation of cholesterol
in clinical application and the latter was used to promote the secre-
tion of bile and improve the related biliary tract functions (Apro

Table 1
Parameters of the 14 main compounds and 1 internal standard in the DMRM analysis.

et al,, 2015; Guan et al,, 2022). Glycocholic acid from Snake Bile
enhances lipase activity, catalyzes fat decomposition, and pro-
motes biliary secretion (Heianza et al., 2022). Two additional sapo-
nins from Notoginseng Radix et Rhizoma, namely, ginsenoside Rd
and ginsenoside Re, were also added as quantitative indicators;
moreover, these saponins exhibit cardiovascular and kidney pro-
tective functions as well as antitumor, immune regulatory, and
other pharmacological effects (Zhou et al., 2016). In brief, 14 com-
pounds from four medicines of BBDC were confirmed as quantita-
tive indicators, and a UHPLC-QQQ-MS/MS method was
established.

3.2. Optimization of the DMRM conditions

The parameters of fragmentor voltage and collision energy were
optimized to obtain the richest relative abundance of parent ions
and outputs for the optimization of the DMRM conditions. In addi-
tion, the DMRM transitions and parameters of the 14 main com-
pounds and 1 IS were shown in Table 1.

No. Compounds Rt (min) Precursor lon (m/z) Product lon (m/z) Fragmentor Voltage (V) Collision Energy (eV)
1 Cholic acid 539 391.30 355.3 74 8
2 Glycodeoxycholic acid 5.67 450.30 414.4 103 5
3 Ursodeoxycholic acid 5.50 415.30 415.3 260 10
4 Chenodeoxycholic acid 6.67 357.10 95.0 250 34
5 Deoxycholic acid 6.90 357.10 95.0 250 34
6 Glycocholic acid 4,74 466.30 412.4 103 17
7 Taurocholic acid 443 533.45 516.1 93 9
8 Bilirubin 14.94 585.40 299.1 156 24
9 Ginsenoside Rbq 4.35 1131.30 365.2 370 54
10 Ginsenoside Re 3.86 969.40 789.5 370 60
11 Ginsenoside Rd 4.68 969.40 789.5 378 56
12 Ginsenoside Rg; 3.86 823.48 203.1 160 40
13 Notoginsenoside R, 3.72 955.70 7753 372 45
14 Muskone 12.79 239.30 95.0 84 15
15 Obacunone (IS) 5.86 477.20 433.2 290 17
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3.3. Optimization of the extraction conditions

To completely extract the compounds, various extraction condi-
tions were explored. In the preliminary experiment, the extraction
time and solvent were investigated, and the extraction methods
including ultrasonic and reflux were compared. It was found that
there was no significant difference between them. The ultrasonic
extraction method was selected as the extraction method to be
used in the study as the process was relatively simple and environ-
mental friendly. In addition, various extraction solvents, such as
methanol-water solution (v/ v 70%; 50%; 30%; 10%), methanol,
ethanol, acetonitrile, and solvent 2, were investigated. By compar-
ing the peak areas of the 14 main compounds in the different
extraction solvents (Fig. 3), it was observed that solvent 2 had
the best extraction ability, whereas acetonitrile had the worst. In
addition, both the highly polar compounds (saponins) and weakly
polar compounds (Bilirubin) were well dissolved in solvent 2.
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3.4. Methodology validation

3.4.1. Specificity

The peaks of the 14 main compounds and IS presented with
good separation based on the chromatographic and MS conditions
mentioned above. The DMRM chromatograms for a blank test sam-
ple, mixed standard solution, and sample of BBDC are shown in
Fig. 4A-C. The extracted ion chromatogram of the 14 main com-
pounds is shown in Fig. 4D-E. These results indicate that the
method was highly selective.

3.4.2. Linearity, LOD, and LOQ

The linearity study was conducted by diluting each stock solu-
tion in a concentration series. The calibration curves were con-
structed for at least six of the different concentrations which
were performed in triplicate. The linear calibration curve with r,
linearity range, LOD, and LOQ values were listed in Table 2. The cal-

Peak Area
Bl Bilirubin
500|000 1001']000 1509000 = muscone
E= Notoginsenoside-R;
70%-methanol - | I Bl Ginsenoside Rgl
Bl Ginsenoside Rd
0, -
50%-methanol L T EE Cinsencelde Re
30%-methanol = - l @ Ginsenoside Rb1
= EE Glycodeoxycholic acid
o 10%-methanol - . E3 Cholic acid
% B Ursodeoxycholic acid
3 ethanol - _ I Bl Deoxycholic acid
methanol = _ I E Chenodeoxycholic acid
@ Taurocholic acid
acetonltrlle'[.] B Glycocholic acid
solvent 2 - N
Fig. 3. Peak areas of 14 main compounds by different types of extraction solvents.
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Fig. 4. DMRM spectrograms of established quantified method for BBDC. A. the blank test sample; B. a mixed standard solution, C. BBDC sample; D and E. ion chromatograms
of DMRM (1. Cholic acid; 2. Glycodeoxycholic acid; 3. Ursodeoxycholic acid; 4. Chenodeoxycholic acid; 5. Deoxycholic acid; 6. Glycocholic acid; 7. Taurocholic acid; 8.
Bilirubin; 9. Ginsenoside Rby; 10. Ginsenoside Re; 11. Ginsenoside Rd; 12. Ginseng Saponins Rg;; 13. Notoginsenoside R;; 14. Muscone; 15. Obacunone, IS).
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Table 2

Regression equations, limit of detection, and limit of quantification values of the 14 main compounds.
Compounds Standard curve r Linear range (pg/mL) LOD (ng/mL) LOQ (ng/mL)
Cholic acid y = 0.0054x + 0.2800 0.9983 0.0979-5.8734 10.31 34.36
Glycodeoxycholic acid y =0.1691x - 22.0730 0.9967 0.0086-1.0697 1.08 3.59
Ursodeoxycholic acid y = 0.0042x — 0.3046 0.9982 0.0485-6.0640 27.34 91.15
Chenodeoxycholic acid y =0.0012x - 0.3530 0.9950 0.0656-2.7371 13.63 45.44
Deoxycholic acid y =0.0139x - 3.4261 0.9977 0.1790-2.2350 3.93 13.10
Glycocholic acid y = 0.0327x — 2.9248 0.9989 0.0295-3.7332 0.87 2.89
Taurocholic acid y =0.0015x - 0.1176 0.9994 0.2619-3.2759 4.98 16.60
Bilirubin y =0.1532x + 10.7520 0.9977 0.0786-1.9631 0.26 0.88
Ginsenoside Rb, y = 0.0076x - 1.6751 0.9992 0.0339-4.2370 1.01 3.37
Ginsenoside Re y = 0.0014x —0.0357 0.9960 0.0148-1.8527 243 8.09
Ginsenoside Rd y =0.0146x — 0.4611 0.9957 0.0163-2.0532 2.60 8.67
Ginsenoside Rg; y =0.0024x — 0.4193 0.9959 0.1102-6.6100 8.23 27.44
Notoginsenoside R, y = 0.0049x — 0.2351 0.9990 0.2913-3.6380 0.98 3.27
Muskone y = 0.0005x + 0.0115 0.9996 0.0661-1.6528 12.78 42.60

ibration curves for all the main compounds were constructed by
plotting the ratio of the chromatography peak areas of the standard
and IS (Y-axis) versus the corresponding concentration of the
injected standard solutions (X-axis) using a linear least squares
regression model. All calibration curves showed good linear regres-
sion (r > 0.9950) for the tested ranges. The LOD (S/N = 3) and LOQ
(S/N = 10) for the 14 main compounds were in the range of 0.26-
27.34 and 0.88-91.15 ng/mL, respectively.

3.4.3. Precision, stability, repeatability, and recovery

The precision of the method was assessed using mixed standard
solutions during a single day (Table A.1-A.4), where the relative
standard deviation (RSD) values were < 4.1%. For the stability anal-
ysis, the samples were analyzed at 0, 2, 4, 10, and 12 h after being
stored at 4 °C with RSD values < 4.8% within 12 h. Moreover, the
RSD values for the repeatability analysis were < 5.3%. The recovery
tests were performed by comparatively analyzing the different
spiked-in samples, and the recovery values were calculated. It
was shown that the analytical method developed for the 14 main
compounds had recovery rates ranging from 93.1% to 108.8%, and
the RSD values were < 3.9%. The above analytical method was
shown to be sufficiently precise, accurate, sensitive, and reliable
for the quantitative determination of the 14 main compounds in
BBDC. For further detailed analysis and validation data, refer to
the supporting Table A.1-A.4.

3.5. Content of the 14 main compounds in BBDC

The developed and validated UHPLC-QQQ-MS/MS method was
subsequently applied to evaluate the 14 main compounds from 10
batches of BBDC (16 independent samples). Among these, three
independent samples were randomly selected from three different
batches (S1, S6, and S8) to evaluate their intra-batch differences.
The quantification results were summarized in Table 3. The total
amount of bile acids was 31.08-53.32 mg/g, which included the
different levels of cholic acid, glycodeoxycholic acid, ursodeoxy-
cholic acid, deoxycholic acid, glycocholic acid, taurocholic acid,
and chenodeoxycholic acid, and the maximum content of each
was 21.39, 2.15, 2.34, 6.00, 11.73, 10.19 and 2.97 mg/g, respec-
tively. In addition, the minimum content values of each were
14.50, 1.43, 1.77, 5.09, 1.15, 4.41, and 1.59 mg/g, respectively. For
Notoginseng Radix et Rhizoma, the content of the total saponin
was 98.25-142.94 mg/g (ginsenoside Rb; 33.74-62.93, ginsenoside
Re 1.52-3.54, ginsenoside Rd 3.74-4.93, ginsenoside Rg; 47.64-
74.36, notoginsenoside R; 3.11-5.31 mg/g). The content of biliru-
bin from the 16 samples was 3.15-4.16 mg/g, and muscone was
1.04-2.08 mg/g.

For BBDC, the total content of the 14 main compounds was
shown in Fig. 5. In Fig. 5A, the content was from nine independent
samples that were originated form three different batches. In addi-
tion, the three individual samples next to each other represent the
same batch, with the red line segments separating each batch.
Fig. 5B represented the content of the 10 different batches. The
total content of the different samples varied widely. As shown in
Fig. 5A and 5B, among the other medicines ginsenoside Rg;
accounted for the largest proportion of the total content which
was not<30.4%. The ginsenoside Rb; accounted for 21.1-33.4%,
cholic acid for 9.8-12.5%, and the other 11 main compounds
accounted for the remaining 10.3-38.7%. Therefore, the main com-
ponent of BBDC was ginsenosides, which might be absorbed into
the bloodstream after drug administration, and were likely the
active constituents.

The heatmap analysis of the 14 main compounds from the 16
independent samples that originated from the 10 batches was
shown in Fig. 5C. The differences between these 14 main com-
pounds from the different samples were visualized, and the larger
amounts were indicated in red and the lesser in blue. It was worth
noting that the samples from the same batch were grouped
together, while the samples from the different batches were
grouped into different classes, which partially demonstrates that
the samples from the same batch had more uniformity than differ-
ent batches.

3.6. Consistency evaluation of BBDC

3.6.1. Intra-batch consistency

Samples were selected and quantified from the same batch,
which aimed to evaluate the degree of intra-batch uniformity
associated with the production process. The P, values were smaller
and therefore the intra-batch consistency was better. Of the 10
batches, three batches (S1, S6, and S8), were randomly selected
to be quantified and evaluated for intra-batch evaluation and three
individual samples from each batch were used. The results of the
content for the 14 main compounds obtained through the
UHPLC-QQQ method were shown in Table 4 and the intra-batch
consistency results and P, values were calculated. It was possible
to determine whether the intra-batch consistency of each compo-
nent in the production was effectively controlled, and the maxi-
mum P, value was 20.1% (muscone in S6), and minimum Pp
value was 0.5% (glycodeoxycholic acid in S1). By calculating the
average consistency P, of each indicator component within the
batch, it was found that the average P, values were less than or
equal to 12.1%, and among them, the intra-batch consistency of
deoxycholic acid was the best at 1.8%, and the average P, value
of muscone was the worst at 12.1%. The reason for the variable
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Table 3

Contents of the 14 main compounds in 16 samples from 10 batches of BBDC (n = 2).

Analyte content (mg/g)
Cholic

acid

No.

Muscone

Notoginsenoside

Ry

Ginsenoside

Rg:

Ginsenoside

Rd

Ginsenoside

Re

Ginsenoside

Rb,
48.40

49.18

Bilirubin

Chenodeoxycholic

acid
2.26
2.00
2.16
1.92
2.97
1.59
1.71
2.35
2.18
2.35
1.85
1.96
1.86
2.07
2.18
2.25

Taurocholic
acid

Glycocholic
acid

Deoxycholic

acid
5.94
5.91
5.81
5.65
5.35
5.09
5.40
5.88
5.96
5.93
5.46
6.00
5.89
5.96
5.90
5.71

Ursodeoxycholic

acid
2.10
2.18
2.13
2.04
1.77
2.04
2.07
2.34
2.31
2.24
1.90
2.04
2.10
2.24
2.30
2.22

Glycodeoxycholic

acid
1.94
1.95
1.94
1.88
1.45
1.43
1.73
2.14
2.15
2.08
1.48
1.85
1.86
1.89
2.13
2.15

1.14
1.14
1.06
1.07
1.04
1.07
1.12
1.65
1.47
1.80
1.90
1.89
1.78
1.95
2.08
1.77

5.31
52

73.26

4.71
4.76
4.72
4.53

2.83
2.

16
34

3.

8.96
8.77
8.58
8.34
6.90
7.12
10.19

8.33
8.55
8.27
7.52

21.19

S1-1

7

83 74.36

76

3.

S1-2 2135

S1-3
S2

5.17

70.55
66.48

56.75

47.34 2.

44.73

3.18
3.

20.37

4.97

2.61
2.45
3.54

15

18.52
16.97
19.86
19.94
21.39
19.67
19.46
14.50
18.60
17.52

4.81
4.99

62
4.67
4.93
3.88
4.00
3.80
3.74
423
4.12
4.17

4.

36.27

3.58
33

1.34
1.15
4.23
11.73
11.59
10.70

S3
sS4
S5

70.05
67.40

55.17

33.74
45.08

0

4.88

2.56

4.10
4,01
3.

3.31
3.

224
2.2

58.11

7.49
7.31
6.33
441
5.84
5.59
6.36
5.78
5.86

S6-1

32
24

55.98

0
12

58.43
55.55
41.77

66
76

S6-2

3.

56.94
47.64

2.

3.

S6-3
S7

1
7

3.1

1.99
2.

3.71
4.16

39

1.48
5.80
6.14
6.15
10.64
10.93

3.2

63.24
63.93

10
12
19

60.58

S8-1

3.2

2.

58.32
62.87
62.28
62.93

2

S8-2

3.30

69.83

2.

02
78
00

4.

S8-3  20.05

S9

333
3.28

70.74

70.47

4.08
4.06

1.52

3.

19.31
19.51

2.20

4,

S10
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consistency within the batches for the different indicator com-
pounds was likely the different production conditions, such as
the temperature, and degree of mixing etc. The above intra-batch
consistency of BBDC was relatively satisfied, analogous to the Py
values of other varieties (Zhao et al., 2022), although the number
of medicines and main compounds in BBDC outclassed them,
which it indicated that the intra-batch stability was good.

3.6.2. Inter-batches consistency

The computational formula of consistency was also applied for
the inter-batches consistency of the 10 batches, where the Py val-
ues were compared with the P, values and were shown in Fig. 6.
The Py values were outclassed by the P, values (Fig. 6A), where
the largest value was 167.5% for glycocholic acid, and the mini-
mum consistency difference value was 16.1% for deoxycholic acid
(Fig. 6B). The difference in consistency between the TCMPP batches
was due to the natural characteristic diversity of the raw materials.
The producing origin, climate, years, processing methods, and
other factors were important influences in the selection of raw
materials. In particular, for BBDC, a large proportion of animal
drugs were contained in the Bovis Calculus, Snake bile, and others.
The quality control of the animal drugs focused on the origins,
authenticity, processing methods, and storage conditions to guar-
antee the high-quality of raw materials. The Py value of glycocholic
acid from Snake bile was 167.5% and a wide difference might exist
in the raw materials for the 10 evaluated batches.

3.7. Sample classification

The evaluation of inter-batches consistency for the 10 batches
was less than satisfactory, and the chemometrics methods were
analyzed and classified, as shown in Fig. 7. The HCA method
(Simca-P) was applied to analyze the clustering of samples from
the 10 batches, the clustering principle with the method of ward’
distance was applied (Fig. 7A). When the ward’ distance was <
20, the 10 batches were divided into three categories, S1, S2, S4,
and S5 were grouped into a category; S3 and S7 were grouped in
the same category; and S6, S8, S9, and S10 were the another.

Then, the PCA was adopted to evaluate the inter-batches con-
sistency. The contents of the 14 main compounds were introduced
to the Simca-P for PCA, and two new comprehensive indicators
were generated, with a cumulative variance rate of 87.5%, which
represents most of the original data. The score plots of the 10
batches were shown in Fig. 7B and the loading plots in Fig. 7C. In
Fig. 7B, the same color of the elements indicated that they were
more similar and could be considered to be the same category,
which was analogous with the HCA clustering. In addition, the
diameter of the circle represented the degree of aggregation of
samples from the same batch. The smaller the diameter, the higher
the degree of aggregation, and the better consistency. Combined
with the loading scores, this suggested that the points located in
the same quadrant had a higher content of the corresponding main
component in the sample. For example, the contents of ginsenoside
Rb, from S9 and S10 were highest of all the samples, and the max-
imum content of ginsenoside Rg; was determined from S1. In
short, for the 10 different batches of BBDC, there was generally a

large variation for the inter-batches consistency based on eq. (2),
and the three categories were established by HCA and PCA.

3.8. In vitro anti-inflammatory activity

Apart from the content determination from the perspective of
chemical components, the anti-inflammatory activity of BBDC
from the same or different batches were evaluated, and two meth-
ods were utilized, NO inhibition and luciferase inhibited counts.
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Fig. 5. The content of 14 main compounds in 16 samples collected from 10 batches. A. the content of 14 main compounds in nine independent samples collected from three
batches. B. the content of 14 main compounds in 10 samples collected from different batches. C. the content heatmap of 16 independent samples.

Table 4

P, values of the contents of the 14 main compounds from three different batches.
Compounds  Cholic acid  Glycodeoxycholic acid  Ursodeoxycholic acid  Deoxycholic acid  Glycocholic acid  Taurocholic acid Chenodeoxycholic acid
S1-Pa 4.7 0.5 3.7 2.2 33 4.3 121
S6-Pa 9.6 33 44 14 9.1 16.5 7.4
S8-Pa 135 21 94 1.8 5.8 13.0 10.7
Pa 9.3 2.0 5.8 1.8 6.1 113 10.1
Compounds  Bilirubin Ginsenoside Rb, Ginsenoside Re Ginsenoside Rd Ginsenoside Rg;  Notoginsenoside Ry  Muscone
S1-Pa 5.6 3.8 25 1.1 52 2.7 7.2
S6-Pa 9.2 5.0 5.5 51 3.2 24 20.1
S8-Pa 6.0 7.5 4.2 2.6 10.0 1.5 9.1
Pa 6.9 54 4.1 29 6.1 22 121

The CCK8 assay was performed to evaluate the cell viability of
RAW?264.7 with the additoin of 25-500 pg/mL BBDC, as shown in
Fig. 8A. When the concentration was below 200 pg/mL, there
was no obvious cytotoxicity and the cell viability was more than
100%. Then, 150 pg/mL BBDC was used to analyze the NO inhibi-

tion. Through LPS induction, the model (named M) was activated
and the incresead concentration of NO is shown in Fig. 8B and C,
and Table A.5. Moreover, the NO concentrations of the groups with
150 pg/mL BBDC decreased to varying degrees. The NO inhibition
of five individual samples from S1 were to analyze (Fig. 8B) and
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Fig. 6. The P, and Pg values of 14 main compounds based on the content of all samples.

the range between the maximum and minimum values was only
2.02 puM, which accounted for 8.7%. The NO inhibition of the 10
batches were shown in Fig. 8C and the differences in the NO con-
centration was apparent, and the difference between the maxi-
mum and minimum values was 10.87 uM and accounted for 49.8%.

The inhibited counts by the luciferase system was applied to
evaluate the anti-inflammatory activity, which were shown in
Fig. 8D-F. Different concentrations of BBDC were added to the
NF-kB-RE-luc HEK293 and there was no obvious cytotoxicity for
the 10-200 ug/mL, as shown in Fig. 8D. The five individual samples
from S1 were analyzed for the inhibited counts of luciferase
(Fig. 8E). After being activated with TNF-a, the luciferase counts
in group M were significantly increased (P < 0.0001) in contrast
to the control group (group C). The counts of luciferase from the
five individual samples were also significantly different within
group M (P < 0.0001). Among these, the difference counts were
10191. For the counts of luciferase from the 10 different batches,
the results were shown in Fig. 8F, for which the inhibited activity
of BBDC was compared with group M based the NF-xB-RE-luc
HEK293. There were different inhibited activities of the different
samples, which the maximum inhibitory counts were 45,185 and
the minimal inhibitory counts were 52503. The above in vitro
anti-inflammatory activity of BBDC were evaluated and the activity
of the different batches varied to an extent, which suggested that
the concentration of the active compounds of the BBDC was prob-
ably different. Notable, the anti-inflammatory performance of
BBDC was not quite consistent with the classification results clas-
sified according to chemical composition, which indicated that
there may be other factors affecting them. There was still a long

way to go to further study the consistency of TCM, especially for
TCMPP.

3.9. Correlation analysis of content and bioactivity of 14 main
compounds

The consistency between the quantitative determination results
of the main chemical compounds and the results of the anti-
inflammatory biological assay indicated that the determination of
biological activity could make up for the deficiency of the current
quality control standards (Lu et al., 2019). Therefore, the Pearson
correlation analysis was further conducted between the quantita-
tive determination results of 14 main compounds and the results
of two anti-inflammatory activity indexes. The aim was to clarify
the consistency of chemical quality analysis and biological activity
detection, so that their reliability could be mutually verified, and
be to predict the potential active compounds and to be applied
to establish the quality standard (Liao et al., 2021). After adminis-
tration of BBDC, the decreased value about the concentration of NO
compared with the group M, was used to establish correlations
with 14 main compounds. The results (Table A.6 and Fig. 9)
showed that the the correlation values (r) of each compound with
two bioactivities were different and the larger the r, the more sig-
nificant the anti-inflammatory activity of the compound, and it
was more likely to be a potential active compound. For r-NO, the
r of cholic acid was 0.6098, the maximum of all, indicated that cho-
lic acid in BBDC played a key role in the activity of inhibiting NO
in vitro. And the r of glycocholic acid, glycodeoxycholic acid and
Ginsenoside Rg; were subsequent, 0.4917, 0.4892 and 0.4704,

10
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Fig. 8. Anti-inflammatory activity of BBDC in vitro. A. Effects of different concentrations of BBDC on RAW264.7 cell viability; B. NO inhibition of five individuals from the same
batch (S1); C. NO inhibition of 10 batches of BBDC; D. Effects of different concentrations of BBDC on NF-kB-RE-luc HEK293 cell viability; E. The inhibited counts by luciferase
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Fig. 9. The correlation values (r) between the contents of 14 main compounds and two indexes of anti-inflammatory activity, which * indicated P < 0.05 and " indicated

P < 0.01.

respectively. It reindered that bile acids might have strong inhibi-
tory effect on NO production. About the inhibitions of luciferase
counts, the analogous correlation method was applied and the r
values were also shown in Table A.6 and Fig. 9. Among of them,
the r of ginsenoside Rd was the biggest, 0.7315, and the next was
notoginsenoside R;, 0.5545. Different from NO inhibition correla-
tion analysis, saponins should play a major role in the luciferase
inhibition system, and also include ginsenoside Re (r = 0.4481)
and ginsenoside Rg; (r = 0.4590). To sum up, the above correlation
analysis showed that the overall trend of quantitative chemical
components and activity results was consistent, which confirmed
the reliability of the selection of quantitative chemical indicators,
and verified the chemical component groups mainly related to
anti-inflammatory activity in BBDC, including bile acids and sapo-
nins. It was suggested that the quantitative method of 14 main
compounds established in this study could be used for the quality
control standard of BBDC, which was closely related to the biolog-
ical activity of drugs.

4. Conclusions

In this study, we used the BBDC, an example of TCMPP, in a mul-
tidimensional strategy to assess the quality uniformity and con-
struct comprehensive quality consistency parameters based on
the chemical and biology properties. First, an optimized UHPLC-
QQQ-MS/MS method was developed to simultaneously determine
the 14 main compounds of BBDC, and this established analysis
method was used to perform rapid and accurate quantitative anal-
ysis within 20 min. The QUE strategy was adopted to evaluate the
intra-batch and inter-batches consistencies of BBDC, and the
results showed that the Pg values were greater than P, values. This
suggested that the inter-batches consistency was a major factor

12

affecting the quality stability of BBDC and that the uniformity of
raw materials may be the core influence. The inter-batches consis-
tency of the 10 batches was the worst, and they were divided into
three categories by PCA and HCA, which were visualized to show
the results of classification. Then the anti-inflammatory effects
were measured in vitro by assessing the inhibition of NO produc-
tion and luciferase activity in RAW264.7 and NF-xB-RE-luc
HEK293 cells, respectively. The different activities were generated
for the different batches, which was especially evident when the
content of the main compounds was vastly different. Finally, the
correlation analysis confirmed that the main chemical compounds
related to anti-inflammatory activity in BBDC were bile acids and
saponins, which were recommended as the main quality control
compounds. In conclusion, the QUE strategy put forward in this
study provides a scientific method for the QUE of BBDC, which
may promote development of high-quality TCMPPs.
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