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Abstract

Xiangdan injection (XDI), as a common Chinese medicine injection (CMIs), is mainly used clinically to
activate blood circulation, relieve blood congestion and dilate coronary arteries. However, allergic
reactions occasionally occurred during the use of XDI, which could be related to the protein in XDI.
Therefore, we conducted research on the commercial XDI and tested it according to the requirements of
the Chinese Pharmacopoeia for CMls. Firstly, 4D-Label-free quantitative proteomics technique was used
to identify the samples of XDI and Salvia miltiorrhiza (SM), eleven identical proteins were found. The
results indicated that XDI contained trace proteins which come from SM with a molecular weight range
of 15-181KD. Then the qualitative experiments about proteins were carried out via the sulfosalicylic acid
(SA) method and the tannic acid (TA) method, which were required in the Chinese pharmacopoeia. To
our surprise, the qualitative experiments in the Chinese pharmacopoeia could not precise identify the
proteins in XDI. Unexpectedly, the reason is that the excipient Tween 80 in XDI would cause a false-
positive reaction. Therefore the proteins in XDI were inspected qualitatively and quantitatively after
eliminating false-positive reactions. The protein content in XDI was determined by coomassie brilliant
blue method. It was discovered that the protein concentration was 3.038 mg/ml, which would not
generate a positive reaction. Finally the combination of qualitative and quantitative protein experiments
provide an exclusive identification method for XDI, which could promote the quanlity standards of XDI
and guarantee the clinic safety.

Introduction

Chinese medicine injections (CMIs) refer to the injection dosage form made according to the guidance
of the traditional Chinese medicine (TCM) theory, adapting modern science and technology to extract the
active ingredients or compounds from Chinese medicine. Comparing to the traditional Chinese medicine
dosage forms CMIs improved the bioavailabilities and therapeutic effects to treat acute and severe
diseases, changing the traditional acquaintaince that Chinese medicine was only suitable for "slow"
diseases . Especially in the treatment of cardiovascular diseases, respiratory diseases and tumors,

CMls have a wide range of clinical applications %'3. Although CMIs were widely used in clinical practice,
the occasionally adverse reactions severely limited the development of CMIs. A statistical data about
32309 people used CMis in one hospital per year there were 91 cases of adverse reactions, the adverse
reaction rate was only 0.28 percent '*1°. Though the incidence of adverse reactions was rather low
overall, they significantly affected the reputation and the use of CMils. Allergy, gastrointestinal reactions
and fever are the most common clinical adverse reactions to CMls. Few adverse reactions such as
haemolysis, haematopenia, anaphylaxis, dyspnoea and anaphylactoid reactions may lead to potentially
fatal '®. The complex composition of CMIs and the simultaneous use of polypharmacy could lead to the

occurrence of adverse reactions '”'8. The vast majority of CMIs are compound preparations with
complex ingredients. Some impurities, such as pigments, tannins, starch and proteins, are present in the

medicinal solution as colloidal particles '°. Proteins, a class of macromolecules made up of amino
acids, are a general allergen. The human immune system usually produces an immune response to
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specific structures or sequences in proteins. Therefore, excessive protein content in CMIs can easily
cause allergic reactions.

The Chinese Pharmacopoeia (2000 Year Edition) firstly proposed the examination of relevant substances
in CMls, which included proteins, tannins, resins, oxalates, and potassium ions. But there were some
false positives 2°. In Appendix of Chinese Pharmacopoeia (2010 Year Edition) has clearly stipulated that
all CMlIs should be examined for proteins 2'. The aim is to improve the safety of CMIs and to reduce the
risks associated with medication. Therefore, it is necessary to find an exclusive examination method for
CMIs that excludes the interference of false positive reactions.

XDl is a traditional CMI approved in the National Ministerial Standard (WS3-B-3289-98), which is made
from Salvia miltiorrhiza (SM) and Dalbergia odorifera (DO). XDI with a history of over twenty years in
traditional Chinese medicine has been widely used in clinical practice mainly for pain relief and
promotion blood circulation 2223. SM contains chemical components such as tanshinones, salvianolic
acids, volatile oils, polysaccharides and nitrogen-containing compounds, which have anticoagulant, anti-
inflammatory, antioxidant and organ-protective effects 243'. The main chemical constituents of DO are
volatile oils and flavonoids, which have pharmacological activities such as vasodilation, increased
coronary artery flow, blood lipid regulation and blood pressure reduction 3234, The combination of the
two drugs enhances the efficacy of the drug, but the incidence of adverse reactions occasionally occured
with more and more usage of XDI. According to statistics, from January 2006 to December 2018, there
were totally 400 cases of adverse reactions about 33 cases per year. These patients developed allergic
reactions, so the allergens in XDI need to be strictly controlled in allergens 3>3%. Our research used 4D-
Label-free quantitative proteomics technology to identify the proteins in SM and XDls. The results
showed that both SM and XDIs contained some trace proteins and that the vast majority of the proteins
in XDIs were from SM. We continued with the qualitative and quantitative study of the proteins in XDl to
analyzed the residual proteins associated with each critical step in the whole preparation process.
Through strictly controlling the protein content of XDI, the quality standard of XDI was improved and the
occurrence of allergic reactions could be reduced significantly. In this article, the protein in XDI was
detected by qualitatively and quantitatively to improve the quality standard of XDI, which would assure
the safety of clinical use of the drug.

Materials And Methods

Chemicals and materials

Coomassie brilliant blue G250 (CBBG250), Ethanol, Phosphoric acid (PA), Sulfosalicylic acid, and Tannic
acid were purchased from Chengdu Cologne Chemical Corporation. Bovine serum protein (BSA) was
purchased from Beijing Solabao Technology Corporation. All other chemicals used in this study were of
analytical grade.
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Sichuan Shenghe Pharmaceutical Co. provided the samples of XDl as well as the Chinese medicines SM
and DO used in the production process.

4D-Label-free Quantitative Proteomics

In order to determine what proteins are in the injection, the group used 4D-label-free quantitative
proteomics technology to carry out the study. The analysis process of this project mainly included two
stages: a mass spectrometry experiment and data analysis. The analysis process of the mass
spectrometry experiment mainly included protein extraction, peptide digestion, chromatographic
classification, liquid chromatography-tandem mass spectrometry (LC-MS/MS) data collection, database
search, and other steps, according to the database for bioinformatics analysis. The analysis mainly
included identification of the number of analyses, expression difference analysis, functional analysis, and
so on (Figure 1).

Figure 1. Flowchart of 4D-Label-free quantitative proteomics experiments.
Qualitative protein examination methods

According to the requirements of the Chinese Pharmacopoeia (2020 Year Edition), take 1.0 mL of
injection and add 1.0 mL of freshly prepared 30% SA solution and mix evenly. After being left for 5
minutes, the sample should not show any precipitation reaction. If the injection contains ingredients that
can precipitate in the case of acid, we could add one to three drops of TA solution. The sample also

should not show any precipitation reaction 3’.

Because of the presence of Tween 80 in the excipients of XDI, the use of TA will generate precipitation
and cause a false positive reaction. So the addition of Tween 80 could only be used in SA method for
protein detection. However, samples without Tween 80 in this experiment can be inspected by the TA

method, which increases the credibility of this experiment 3’.
Protein examination of medicinal liquid

The 1.0 ml of SM medicinal intermediates (S1, S2, S3, S4, S5, S6, S7, S8) and DO medicinal intermediate
in the process were precisely measured in tubes and added in of 1.0 ml of 30% SA or 5%TA. The next

step was the observation of the precipitation of the solution 3’.
Protein examination of Tween 80

The 1.0 ml of a mass fraction of 0.5% Tween 80 which from six different manufacturers were accurately
measured in tubes and added to 1.0 ml of 30% SA or 5% TA. The next step was the observation of the

precipitation of the solution 7.

Meanwhile, since TA plus Tween 80 would produce precipitation, this group also explored the minimum
concentration of Tween 80 that did not generate precipitation with TA. TA at 0.5% was used as the initial
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concentration for gradient dilution to find the minimum concentration that did not generate precipitation
with TA.

Quantitative protein determination methods
Methods of quantitative determination of proteins

According to the Chinese Pharmacopoeia, there were six methods for protein quantitative examination.
This group pre-screened these six methods and finally determined that the protein content was
determined by the Coomassie brilliant blue method, and a methodological examination was done.

Methodological examination of the Coomassie brilliant blue method
Preparation of standard solution

The 10.0 mg of BSA was precisely weighed in a 10.0 mL volumetric bottle and dissolved in of ultrapure
water. Then we could obtain the 1.0 mg/ml BSA standard solution.

Preparation of test product solution

The 1.0 ml of Sheng He’s XDI and SM process intermediates (S1-S8) were precisely measured in a
volumetric bottle and diluted in of ultrapure water. Then we could obtain the test product solution.

Investigation of linear relationship and linear range

The determination was made by the CBBM. 0.0 ml, 0.01 ml, 0.02 ml, 0.04 ml, 0.06 ml, 0.08 ml and 0.1 ml|
of the standard solution were accurately measured and placed in a stoppered test tube. Respectively, 0.1
ml of ultrapure water and 5.0 ml of the acidic staining solution were added. The absorbance of BSA was
measured using an ultraviolet/visible spectrophotometer (UV-2550, Shimadzu, Kyoto, Japan) at 595 nm.
And the tube SO was used as a blank at the same time. The linear regression equation was calculated by
taking the concentration of BSA solution (mg/ml) as the horizontal coordinate and the absorbance
corresponding to it as the vertical coordinate.

Taking the concentration of BSA (mg/ml) as the horizontal coordinate and its corresponding absorbance
as the vertical coordinate, a linear regression equation y = 0.0437x + 0.0202, r = 0.9996 was obtained
(Figure 2). The experimental results showed that the range of bovine serum albumin in the concentration
of 3.921 pg/ml=19.607 pg/ml in the linear relationship was well.

Figure 2. Protein standard curve.
Precision test

A defined volume of BSA standard solution was accurately withdrawn and measured as described in
“Investigation of linear relationship and linear range”. The measurement was repeated six times, the
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absorbance (A) was measured and the RSD value was calculated. The results showed that RSD = 0.00%
(Table 1), indicating that the precision of the system was good.

Table 1. Results of the Coomassie Brilliant Blue method precision test.
Solution stability test

The test solution in "Preparation of test product liquid" was measured at room temperature for 0, 5 and
10 minutes. According to the method under “Investigation of linear relationship and linear range”,
measured absorbance (A) and calculated the RSD value. The results showed that the RSD was 0.059%
(Table 2), indicating that the stability of the sample was good after mixing with a Coomassie Brilliant
Blue solution at room temperature for 10 minutes.

Table 2. Coomassie Brilliant Blue method stability test results.
Sample recovery test

Six XDl samples of 0.5 mL each were taken and 0.5 mL of BSA standard solution at 80%, 100% and 120%
of the sample solution concentration was accurately added. Each sample was paralleled three times,
and the absorbance (A) was measured according to the method in “Investigation of linear relationship
and linear range”. Then the recovery rate of addition was calculated. The results showed recoveries
ranging from 101.14% to 105.298% (Table 3), indicating the good accuracy of the method.

Table 3. Results of Coomassie Brilliant Blue spiked sample recovery test.
Repeatability test

Six samples of the same batch of XDI were precisely measured, the test solution was prepared
according to “Preparation of test product liquid”. And the absorbance (A) was measured according to the
method under “Investigation of linear relationship and linear range”. Then the RSD value was calculated.
The results showed an RSD of 4.53% (Table 4), indicating good repeatability of the system.

Table 4. Coomassie brilliant blue repeatability test results.
Sample inspection

The intermediate liquids of XDl and SM were precisely measured, the test solution was prepared
according to “Preparation of test product liquid”, and the absorbance (A) was measured according to the
method under “Investigation of linear relationship and linear range”. Then the concentration was
calculated.

Results

4D-Label-free Proteomics Methods
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Identification and quantification results of the ProteinGroups A and B

This experiment divided into two groups: Group A was SM medicinal herb, and Group B was XDI (Table
5). Firstly, proteins were extracted from SM medicinal herb and were identified using LC-MS. A total of
59105 spectra were obtained from SM medicinal herb. After comparison with the protein database of
SM medicinal herb on internet, 1743 spectra were successfully matched; the number of 682 peptide
segments were obtained from SM medicinal herb and 646 peptide segments were successfully
matched; 173 proteins were qualitatively identified in SM medicinal herb while 171 proteins were
quantitatively identified (Table 6 and Figure 3). There were 4, 9, and 1 ProteinGroups of the three XDlIs
samples in Group B1, B2 and B3 respectively, therefore the identified ProteinGroup in group B were 14
(Table 7).

Table 5. Sample grouping.

Table 6. Identification and quantification results of the ProteinGroup A.
Figure 3. Identification and quantification results of the ProteinGroup A.
Table 7. Identification and quantification results of the ProteinGroup A and B.
The same proteins in ProteinGroup A and B

In order to analyze the same proteins between two groups, the overlap of proteins were identified by
Wayne diagram analysis (Figure 4). There were eleven same proteins in two groups. Respectively they
were Cytochrome P450 CYP98A78, Cytochrome P450 CYP82D70, Enoyl-ACP Reductase, ABC Acyl
Transporter, Carboxyltransferase beta subunit of Heteromeric ACCase, Universal stress protein 1,
Universal stress protein 26, ATP synthase subunit beta, chloroplastic, ABC-type xenobiotic transporter,
14-3-3-like protein C (Fragment), and Late embryogenesis-like protein. The conformations of the eleven
proteins were described in the PBD database (Table 8 and Figure 5).

Figure 4. Venn diagram of proteins identified between all sample groups.
Table 8. The molecular weight of the eleven same proteins
Figure 5. Conformations of the eleven same proteins (Database: PDB: https://www.rcsb.org/).

171 proteins were successfully identified in SM and 13 proteins were identified in XDI. There were eleven
identical proteins in both XDI and SM, which indicated that almost all the proteins in XDI were from SM.
This trial not only identified the presence of proteins in XDI, but also measured the molecular weight in
the range of 15-181 KD. The 4D-Label-free Proteomics Method is an effective method which could rapidly
detect the proteins in XDI and the results provides a reference for later qualitative experiments.

Results of qualitative protein examination
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The examination standards for injections in the Chinese Pharmacopoeia

According to the Chinese Pharmacopoeia (2020 Year Edition), there are two qualitative protein
examination methods for injections. One is sulfosalicylic acid (SA) method, the other is tannic acid (TA)
method 3’. Both require that the samples do not precipitate with the reagents.

Classification of qualitative examination on protein in XDI

The XDI process includes the preparation of SM and DO. Figure 6 shows the whole process and some
key sampling points.

Figure 6. The whole process flow diagram of XDI and crucial steps of sampling points.

Through analyzing the whole process flow diagram of XDI, there were three situations could cause
positive reactions of protein. The first situation was the medicinal liquid, including the medicinal liquid of
SM and DO; the second situation was the excipient Tween 80; the third situation was the medicinal liquid
plus Tween 80. In order to find the reason of the positive reaction, our group carried out inspections
based on these three situations (Figure 7).

Figure 7. Three situations

Qualitative examination results for three situations

The first situation——protein examination of medicinal liquid
DO medicinal liquid

Our team has successfully produced qualified XDI according to the standards of the Chinese Ministry of
Health. From the preparation process of DO, we selected one sample. The sample (D1) was detected by
SA and TA methods. The results indicated that D1 did not precipitate with SA and TA. (Figure 8).

Figure 8. DO medicinal liquid did not precipitate with SA and TA. (a) SA+DO medicinal liquid; (b) TA+DO
medicinal liquid

SM medicinal liquid

From the preparation process of SM, we selected eight samples of crucial steps which probably
contained the protein of XDI. These samples (S1, S2, S3, S4, S5, S6, S7, S8) were tested by SA and TA
methods. And the results showed that these samples of intermediates of SM did not generate
precipitation with SA and TA (Table 9,10).

Table 9. The samples of intermediates of DO medicinal liquid and SM medicinal liquid

Table 10. Qualitative results of SM medicinal liquid
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Briefly, neither the DO nor the SM medicinal liquid generated any positive reaction. This results indicated
that the samples of intermediates of medicinal liquid did not generate the positive reactions.

The second situation——Tween 80
The interference of Tween 80 in protein qualitative examination

There were six kinds of Tween 80 from different manufacturers (Table 11). We utilized SA and TA
methods for examining as well. The observation was that they were not generate precipitation with SA.
But they all generate precipitation with TA. This experiment indicated that Tween 80 did not generate a
positive reaction with SA (Table 12).

Table 11. Sample number of the six Tween 80.
Table 12. The qualitative results of six kinds of Tween 80 from different manufacturers.

This experiment conducted qualitative experiments on Tween 80 which produced by different
manufacturers. Tween 80 was shown not to generate a positive reaction with SA. Due to the structure
and properties of Tween 80, it would reacted with TA leading to interference of qualitative examination
on protein.

Investigation of the critical concentration of Tween 80

Because TA and Tween 80 could generate precipitation, this research explored the critical concentration
which Tween 80 plus TA did not generate precipitation. The 0.5% Tween 80 as the initial concentration
was diluted to 0.05%, 0.025%, 0.0125%, 0.00625%, 0.005%. Finally, concentrations of 0.00625% and
below were found not to generate precipitation. The critical concentration of precipitation was 0.00625%
(Table 13).

Table 13. Results of different concentrations of Tween 80 with TA
The third situation—Protein examination of medicinal liquid + Tween 80
DO medicinal liquid+ Tween 80

The team added Tween 80 to each intermediate separately according to the requirements of the process
production. The sample (D1+Tween 80) was tested by SA methods. The result showed that the sample
(D1+Tween 80) did not precipitate with SA. The sample (D1+Tween 80) was tested by TA methods. The
result showed that the sample (D1+Tween 80) would precipitate with TA (Figure 9).

Figure 9. Qualitative examination results of DO medicinal liquid + Tween 80. (a) SA+DO medicinal liquid;
(b) TA+DO medicinal liquid

SM medicinal liquid + Tween 80
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The samples (S1+Tween 80, S2+Tween 80, S3+Tween 80, S4+Tween 80, S5+Tween 80, S6+Tween 80,
S7+Tween 80, S8+Tween 80) was tested by SA methods. There was no precipitation of the samples
(S1+Tween 80, S7+Tween 80, S8+Tween 80) with SA. But the samples (S2+Tween 80, S3+Tween 80,
S4+Tween 80, S5+Tween 80, S6+Tween 80) generated precipitation with SA (Table 14 and Figure 10).

Table 14. Qualitative examination results of SM samples.
Figure 10. Qualitative examination results of the samples with SA.

The samples (S1-1, S2-1, S3-1, S4-1, S5-1, S6-1, S7-1, S8-1) was tested by TA methods. The result showed
that the samples all generated precipitation with TA.

Table 15. Qualitative examination results of the three situations.

The three situations were detected by SA and TA method in turn (Table 15). The results showed that SM
medicinal liquid did not generate positive reaction with SA. Tween 80 did not generate positive reaction
with SA. However, the mixture of SM medicinal liquid and Tween 80 would generate a positive reaction
with SA. We speculated that some components of SM may have reacted with Tween 80, which causing a
false positive reaction. Furthermore, no precipitation was observed with TA at Tween 80 concentrations
of 0.00625% or less.

Results of quantitative protein determination
Results of Samples quantitative protein determination

The Coomassie brilliant blue method (CBBM) is a common method for determining protein content. This
method establishes a standard curve based on the absorbance and concentration of the protein
reference solution. And the protein content of the samples was calculated from the standard curve.
However, the team analyzed the XDI process and found that XDI simply used a distilled water liquid of
DO. As we all know, proteins are not distilled by water vapor. Therefore, the group focused on the protein
content of SM medicinal liquid. The group measured the absorbance of the samples and calculated the
protein content of the sample (Table 16). The samples for this experiment came from the process
intermediates of XDI (Figure 6).

Table 16. Results of protein concentration determination.
Figure 11. Variation of protein content in the production process of XDI

After several treatments, the protein in the SM medicinal liquid was found to be significantly reduced
(Table 16 and Figure 11). Protein mass decreased from 12582.391 mg to 2406.718 mg. The
concentration operation and the first alcohol precipitation operation had the greatest influence on the
protein content. However, the protein content in samples S3 to S8 fluctuated within a certain range. We
speculated that this phenomenon might be caused by the aggregation of proteins in the solution. We still
need to explore the specific reasons for this.
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Table 17. Determination of the concentration of proteins in XDI.

The final concentration of protein in the finished product of XDI was determined to be 3.038 mg/ml by
repeated measurements (Table 17). Based on the qualitative and quantitative experimental results, it can
be seen that excessive protein concentration in XDI could lead to precipitation. The group analyzed the
protein concentrations of eight process intermediates. And we found that it would not generate
precipitation when the protein concentration was below 6.5 mg/ml (Table 16,17 and Figure 11).

Discussion

Qualitative results based on 4D Label free quantitative protein technology

Our research first applied 4D label-free quantitative protein technology to XDI protein detection. 4D-
Label-free quantitative protein technology can rapidly identify the proteins contained in XDI. Relying on
the 4D-Label-free quantitative protein technique, it was confirmed that the proteins in XDI were mainly
derived from SM. In addition, we also measured the molecular weights of these proteins in the range of
15-181 KD, with an average molecular weight of 50 KD. We used the 4D-Label-free quantitative protein
technique to identify the proteins in XDI qualitatively. However, it was not used to quantify the proteins in
the injection. Therefore, the next step will be to investigate this method in more detail and use this
technique to quantitatively determine the proteins in XDI.

The results of qualitative examination

During our research, we discovered that XDI contains a tiny amount of protein. Therefore, we conducted
several qualitative examination of XDl according to the Chinese Pharmacopoeia (2020 Year Edition). The
results showed a positive reaction between the marketing XDI and SA. Some review of the literatures has
shown that different concentrations of Tween 80 will affect the SA method. When the sample contains
Tween 80, it will cause false positives 38. However, the excipient in XDI is Tween 80 and the positive
interference need to be excluded from this assay method.

The possible situations of positive reactions of XDI were divided into three situations. We carried out
qualitative experiments on each of them. The first situation was the medicinal liquid, which was
discovered not to generate a positive reaction with SA and TA. In the second situation, which was Tween
80, SA did not react positively with Tween 80, but TA reacted positively with Tween 80. The third situation
was the medicinal liquid plus Tween 80. The results indicated that the samples (S1+T80, S7+T80,
S8+T80) did not generate precipitates, while the other samples (S2+T80, S3+T80, S4+T80, S5+T80,
S6+T80) generated precipitates.

Analyzing the results of the qualitative examination as a whole, we found that neither the medicinal liquid
nor Tween 80 would react positively with SA. Whereas the addition of Tween 80 to the medicinal liquid
generated a positive reaction. From the results, we were able to deduce that Tween 80 was the cause of
the false positive reaction. Interestingly, however, we detected that when we doubled the amount of SA,
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there was no precipitation reaction. We speculated that perhaps the addition of an extra 1.0 ml of SA
would dilute the medicinal liquid, so we then tested the protein content. For this experimental result, we
speculated that certain components in the SM medicinal liquid might react with Tween 80 and cause a
positive reaction. Of course, more research was needed to understand the specific reasons for this.
Furthermore, if Tween 80 that is added to XDI at a concentration below 0.00625%, it may be not
precipitate with TA.

The results of quantitative determination

We screened six quantitative methods for protein detection in the Chinese Pharmacopoeia (2020 Year
Edition). Finally, the decision was made to determine the protein in XDI by using the CBBM. It should be
noted that the addition of coomassie brilliant blue sulotion to the sample was unstable within one hour.
But it relatively stable within the initial ten minutes. Therefore, we needed to complete the measurement
in ten minutes. After repeated measurements, the protein content in XDI was 3.038 mg/ml. Moreover, our
team produced XDI according to the process flow of the Ministry of Health of the People's Republic of
China. The XDI process flow included the preparation process of SM and DO. From the preparation
process of SM, we selected eight samples of crucial steps which probably contained the protein of XDI.
From the preparation process of DO, we selected one sample. We also determined the protein content of
these process intermediates by CBBM. Monitoring of protein changes in the production process by
measurement of the protein content of these intermediates.

From Figure 11 and Table 16, it can be clearly seen that most of the proteins have been removed by
multiple alcohol and water precipitation in the process of XDI. The protein content in XDI was gradually
reduced after several steps. And the total content was reduced from the initial 12,582.391 mg to
2,406.718 mg. The effect of the first alcohol precipitation on protein removal was particularly
pronounced. Besides, the protein concentration obtained in the final product of XDI was only 3.038
mg/ml. This concentration of protein belongs to trace proteins, which not enough to cause a positive
reaction. Analyzing the qualitative and quantitative results together, we observed that the lowest
concentration of this samples (S2+T80, S3+T80, S4+T80, S5+T80, S6+T80) which produced a positive
reaction was 6.884 mg/ml. So we concluded that if the protein concentration did not exceed 6.50 mg/m|,
it would not generate a positive reaction.

In summary, by analyzing all the results, we discovered that the SA method in the Chinese
Pharmacopoeia (2020 Year Edition) was susceptible to false positive interference. Therefore, we hope
that the research will provide a reference for the identification of XDI and improve its quality standard.
We suggest that the examination of XDI should not only include the qualitative examination, but also the
guantitative examination. Meanwhile, the protein content of a qualified product should not be more than
6.50 mg/ml. The addition of 2.0 ml of SA was also observed to eliminate the precipitate, but the specific
reason for this is still under investigation. Another problem was that SM liquid itself did not react with
SA, but the precipitation occurs after plus Tween 80. We speculated that some components in SM liquid
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may react with Tween 80 to form new substances. Then it will react with SA to cause precipitation. But
the specific reasons need further investigation.

Conclusion

We used 4D label-free quantitative protein technology to identify the protein in XDI and carried out
qualitative experiments on XDI which using the Chinese Pharmacopoeia method. However, we
discovered that the examination of CMIs using the Chinese Pharmacopoeia method was not very
accurate. It was easy to lead to false-positive reaction. Subsequently experiments revealed that Tween
80 was the reason of the false positive reaction of XDI. Furthermore, through quantitative experiments,
we determined the protein content in XDI was 3.038 mg/ml. By analyzing the proteins in XDI qualitatively
and quantitatively, we can provide an exclusive identification method for XDI. The detection of XDI
should not only include qualitative examination, but also quantitative examination. At the same time,
quantitative examination requires that the protein concentration in XDI does not exceed 6.50 mg/ml. This
article improves the quality standard of XDI through quantitative protein analysis. This will provide a
reliable reference for the safety of clinical usage in XDI. Our research used XDl as an example to improve
its quality standards. We hope that other CMlIs can refer to this model to improve quality standards. The
research provides an idea for research to standardize the use of CMls.

Abbreviations

XDl Xiangdan injection

CMls  Chinese Medicine injections
CBBG250 Coomassie brilliant blue G250
SM Salvia miltiorrhiza

DO Dalbergia odorifera

SA Sulfosalicylic acid

TA Tannic acid

PA Phosphoric acid

BSA  Bovine serum protein
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Tables

Tables 1-17 is available in the Supplementary Files section.
Figures

Samples Control Treatment

(3 Biological replicates) | / l \ / \Ir \

Proteins extraction,
reduction, alkylation
A A A A
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Fractionation High pH Reversed-phase peptide fractionation
(optional) l l l l l l
LC-MS/MS

}

Protein identification and quantitation

v

Bioinformatics

Figure 1

Flowchart of 4D-Label-free quantitative proteomics experiments.
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Figure 2

Protein standard curve.
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Spectrum
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Proteins
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Figure 3

Identification and quantification results of the ProteinGroupA.
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Figure 4

Venn diagram of proteins identified between all sample groups.

Page 21/26



3.Enoyl-ACP ReductaseCYPE2ZDT0 (1UHS)

4.ABC Acyl Transporter (TVXE) 5.Carboxyltransferase bela subunit of Hetero- 6.Universal stress protein 1 (1JMV)

meric ACCase (2AT7S8)

7.Universal stress protein 26 (6HCD) 8.ATP synthase subunit beta, chloroplastic (6VM4) 9 ABC-type xenobiotic transporter  (8HVH) )
10.14-3-3-like protein C (Fragment) (109C) 11_Late embryogenesis-like protein  (1YYC)
Figure 5

Conformations of the eleven same proteins (Database: PDB: https://www.rcsb.org/).
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Xiangdan injection process

'

Dalbergia odorifera process

Salvia miltiorrhiza process
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: E Water vapour distiliation + :
" ] /’ ' H .""", » —_— \
H l/.‘ E i Decoction of Salvia Concentrated salvia - The first alcoholic precipitation =~ The Second alcoholic precipitation ¥ E
H {1 miltiorrhiza herbs 3 miltiorrhiza liquid of Salvia miltiorrhiza liquid of Salvia miltiorrhiza liquid .
. ‘ . 1 times H

: : 51 s2 53 '
. . " .
H I l : : - - — 4]
+ Abandon V . — ——i -— - "
: -r = : H 3 Lj ﬂ :
: o P - . g =4 :
. 3 : Salvia divinorum Yy 1) Salvia miltiorrhiza liquid - The Thi ic precipitati i - :
L; . ' ) . e Third alcoholic precipitation Salvia miltiorrhiza liquid '
' ; v spareliquid precipitated with alkali of Salvia miltiorrhiza liquid precipitated with wzgef :
: Volatile oil Distilled water 59 .o g6 :
H b ' s8 22 S5 H

- |
J N
Tween 80 <
l Ultrafiltration, Potting, Sterilisation
Xiangdan injection
Figure 6

The whole process flow diagram of XDI and crucial steps of sampling points.

Classification of qualitative
examination on protein in
Xiangdan injection

Z

1.1 Dalbergia odorifera medicinal liquid

~ 1. Protein examination of

medicinal liquid
1.2 Salvia miltiorrhiza medicinal liquid

2.1 The interference of Tween 80 in protein
qualitative examination
2. Protein examination of Tween 80

2.2 Investigation of the critical concentration

of Tween 80

3.1 Dalbergia odorifera medicinal liquid+ Tween 80

‘-~ 3. Protein examination of medicinal
liquid + Tween 80 3.2 Salvia miltiorrhiza medicinal liquid+ Tween 80
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Figure 7

Three situations

Figure 8

DO medicinal liquid did not precipitate with SA and TA. (a) SA+DO medicinal liquid; (b) TA+DO medicinal
liquid
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Figure 9

Qualitative examination results of DO medicinal liquid + Tween 80. (a) SA+DO medicinal liquid; (b)
TA+DO medicinal liquid

S1+T80 S7+T80 S8+T80 S2+T80 S3+T80  S4+T80 S5+T80 S6+T80

Figure 10

Qualitative examination results of the samples with SA.

Page 25/26



14000

12000

10000

8000 -

6000

Protein content/mg
|

4000

2000

/

\
|
/
\

Figure 11

Variation of protein content in the production process of XDI
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