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Background: Compound Danshen injection (CDSI, a traditional medicine) is an effective drug for the
treatment of cardiovascular and cerebrovascular diseases. However, the research about its stability
is absent. Objective: A new high-performance liquid chromatography method was developed to
assay its main effective constituents, i.e., propanoid acid (PA), protocatechuic aldehyde (PHA),
salvianolic acid B (SAB), salvianolic acid A (SAA), and rosmarinic acid (RA). Through the newly
found method, the stability of CDSI was to be investigated. Materials and Methods: The analysis
was performed by a reverse-phase gradient elution using an aqueous mobile phase (containing
0.1% acetic acid) modified by acetonitrile, and detection was made simultaneously at 280 nm and
325 nm. The method was validated for accuracy, precision and limits of detection. The effects
of some environmental storage conditions (light and temperature) on the stability of CDSI were
investigated. Results: This method is precise, simple, and convenient. The result showed that
illumination and temperature had an obvious effect on CDSI’s stability. SAA is the most unstable
one among the five components. In the condition of common light, it decomposed rapidly to
almost 50% after only 4 h, and 100% after 8 h. PA, RA, and PHA might come from Danshen,
was also the transformed products from other components in store process. Conclusion: The result
indicated that the main active constituents in CDSI suffered from the illumination and temperature
greatly. CDSI should be stored at low temperature and kept away from light.
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INTRODUCTION

Traditional Chinese medicine (TCM) injection has been
widely employed in China owing to their rapid and
pronounced therapeutic effects in clinical treatment of
acute and severe syndromes.! As a result, many TCM
injections have become the preferred drug for treating
certain diseases, such as cardiovascular diseases,??
immuno-deficiency,"! and virus infection.’! Many modern
analytical methods and technologies have been applied to
evaluate their quality, including high-performance liquid
chromatography (HPLC),[ HPLC-mass spectrometry
(MS),"¥ and fingerprinting.”! However, due to their
complicated constituents, how to monitor and control the
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quality of TCM injections still remains a great challenge.
In recent years, the TCM injections have been the major
factor to induce most of the adverse drug reaction (ADR)
ot adverse drug event of TCM.I") Many adverse events of
TCM injections have incessantly been reported, which has
drawn more and more attention.!'"'?

Stability is the substantial index of the quality control for
drug products, especially for the injections. Stability tests
are performed as part of the quality assessment of a drug
product, which could indicate the ability of a drug product
to remain stable when stored under the influence of a
variety of environmental factors, such as temperature, light,
and humidity.*'¥ As a result, stability test is a vital approach
for quality assessment for drugs in the pharmacopeias.!'>'*!
Nevertheless, there are few reported feasible methods to
investigate the stability of herbal injections up to now. It
is necessary urgently to develop an effective method for
the stability evaluation of the TCM injections.

Pharmacognosy Magazine | October-December 2013 | Vol 9 | Issue 36



Zhang, et al.: Stability investigation of compound Danshen injection

Compound Danshen injection (CDSI) is made mainly
from the aqueous extract of Danshen (Radix et Rhizoma
Salvia miltiorrhizae) and is one of the TCM injections,
which has been widely adopted for preventing and treating
cardiovascular diseases."” It mainly contains water-soluble
and bioactive phenolic acids, such as propanoid acid (PA),
protocatechualdehyde (PHA), salvianolic acid B (SAB),
salvianolic acid A (SAA), and rosmarinic acid (RA)."¥ Although
some researchers have indicated that Danshen injection possess
low acute and sub-chronic toxicity,'” more and more ADR
cases induced by it are reported in the recent years.”

In this study, a simple HPLC method was developed
and validated to assay PA, PHA, SAB, SAA, and RA in
CDSI. With the new HPLC method, the effects of some
environmental storage conditions (light and temperature)
on the stability of CDSI were investigated.

MATERIALS AND METHODS

Apparatus

The HPLC equipment used was Agilent HP-1100 system
(Agilent Technologies, USA) including a HP-1100 quaternary
pump, a degasser, a photodiode array detector, and HP
ChemStation for LC 3D software (G2190AA). The column
was a VYDAC C18: (250 mm X 2.1 mm, 2.0 um). WD-A
drug stability inspectoscope (Tianjin Pharmacopoeia
Standard Instrument Company, Tianjin, China).

Reagents and solutions

The standards of PA (No. 09050310), PHA (No.
09050302), SAB (No. 09020508), SAA (No. 09020508), and
RA (No. 09041002) were purchased from Shanghai Touto
Biotech Co. Ltd, (Shanghai, China). CDSI (No. 20100720)
was supplied by Boluoxianfeng Pharmaceutical Company
(Guangdong, China). The specimens were deposited in
the Department of Pharmaceutical Engineering, Tianjin
University of Commerce, China. Wahaha purified water
(No. 20110417,) from Hangzhou Wahaha Company
(Hangzhou, China). Acetic acid (a.p.), methanol (a.p.), and
acetonitrile (C.P) were purchased from Tianjin FuChen
Chemical Preparation Factory (China).

Preparation of standard solutions

Stock solution of the reference compounds was prepared
by dissolving accurately weighted portions of the standards
in 20% methanol. The stock solution was further diluted to
make different concentration ranges. The calibration curve
was performed with atleast five appropriate concentrations.

Preparation of sample solutions

Dilute the CDSI to 4.0% of the original concentration
with demineralized water, and then filter it through 0.45
wm microspore film.
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Liquid chromatographic conditions

HPLC analysis was carried out by gradient elution beginning
with 92% A (0.1% acetic acid) and 8% B (0.1% acetic acid
in acetonitrile) mobile phase at a flow-rate of 0.8 ml/min.
The percentage of mobile phase A was programmed as
follows: 92% (0 min), 92% (5 min), 70% (32 min), and
50% (45 min). Then the column was re-equilibrated for
another 10 min before the next injection. The elution was
carried out at ambient temperature. Detection was made
simultaneously at two different wavelengths, i.e., 280 nm
and 325 nm, according to the wavelength at maximum
absorbance (A values) of the compounds. The injection
volume is 10 pul.

Validation of HPLC method

Stock solution containing five reference compounds was
diluted to a series of appropriate concentrations with 20%
methanol. The limit of detection (LOD) under the present
chromatographic conditions was determined at a signal-
to-noise (S/N) ratio of 3.

Intra- and inter-day variations were determined for
precision of the developed method. Certain concentrations
of sample were tested. Recovery test was used to evaluate
the accuracy of this method. Accurate amounts of
reference compounds were added to the sample, and then
analyzed as described. The average recoveries were counted
by the formula: recovery (%) = (amount found — original
amount)/amount spiked X 100%, and relative standard
deviation (%) = (SD/mean) X 100%.

Investigation of CDSI stability

Acceleration experiments were applied in this experiment
to inspect how temperature and illumination affected
the stability of CDSI. The drug samples were stored at
varying conditions of light (natural light, 3500 Ix, and
4500 Ix) and temperature (25°C, 40°C, and 60°C). Then,
the samples were collected and assayed after O h, 4 h, and
8 h, respectively (# = 3). Through the content changes of
PA, PHA, SAB, SAA, and RA, the stability of CDSI was
investigated.

RESULTS

Optimization of the chromatographic conditions

HPLC parameters were optimized through investigating
the influence of the mobile phase, wavelength, and flow
rate. Various compositions of mobile phase were tried.
Considering the presence of acidic ingredients in CDSI,
0.1% acetic acid was added to the mobile phase, which
could lessen the extent of ionization of polarity of these
compounds. Good separation was achieved by a gradient
elution method, and the optimum mobile phase was
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achieved with aqueous phase (containing 0.1% acetic acid)
— acetonitrile (containing 0.1% acetic acid). The suitable
flow rate was 0.8 ml/min.

In order to analyze the five components in CDSI
simultaneously, the ultraviolet (UV) spectra of all peaks
in the chromatogram were scanned with photodiode
array detector. 280 nm (PA, PHA, SAB, and SAA) and
325 nm (RA) were selected as detection wavelength for
determination.

Method validation for quantitative determination of
the bioactive markers

The biomarkers in CDSI were identified through
comparing the retention time and UV spectrum of the
reference standards [Figure 1]. For determination of the
bioactive markers, calibration curves for each biomarker
were constructed and tested for linearity. The linearity was
determined by triplicate analyses of standard solutions.
For calibration, the plots for the peak area (Y) versus
concentration (X) were drawn to obtain linearity. As
shown in Table 1, all calibration curves showed good linear

regression. LOD for each compound is also shown in
Table 1. The results of precision and accuracy are shown
in Tables 2 and 3.

The effect of illumination on stability

The results indicated that the illumination had great effect
on CDSI stability. SAA was the most unstable constituent
in CDSI. Even under the condition of 3500 1x (25°C), SAA
decreased rapidly down to 13.48% of original content in
only 4 h, and 0% in 8 h. Compared with SAA, the content
of SAB also decreased with obviously lower rate, which
varied with the different light intensities. On the contrary,
the contents of PA, PHA, and RA increased up to over
105% under different conditions in 4 h, and dectreased
consequently with the extent of illumination time. Even
after 8 h, the contents of the three constituents were still
over 100% [Figure 2]. It can be seen the PA, PHA, and
RA were rather stable under illumination. The increase in
their contents might be related to the transformation from

other constituents.
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Figure 1: High-performance liquid chromatography chromatogram (280 nm) and ultraviolet spectrum of mixed standards (a) and compound
Danshen injection (b). (1) Propanoid acid, (2) protocatechuic aldehyde, (3) rosmarinic acid, (4) salvianolic acid B and (5) salvianolic acid A
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Table 1: Regression data and limit of detections for the five bioactive markers

Analyte Calibration curve r Linear range (ug/ml) LOD (ng)
Propanoid acid Y = 1.8369X-0.1881 0.9991 15.4-154 28.7
Protocatechuic aldehyde Y =1.5503X-0.0104 0.9992 10.5-105 22.5
Salvianolic acid B Y =34.5156X-31.473 0.9934 1.5-12.0 5.8
Salvianolic acid A Y = 36.93X+12.098 0.9949 1.2-9.6 6.0
Rosmarinci acid Y = 25.258X+9.748 0.9967 3.3-20.0 5.2
LOD: Limit of detection
Table 2: Precision and reproducibility of the five DISCUSSION

bioactive markers

Analyte Concentration Precision (n = 3)
(kg/mi) Intra-day Inter-day
RSD (%) RSD (%)
Propanoid acid 94.00 0.36 1.24
Protocatechuic 14.12 0.45 1.07
aldehyde
Salvianolic acid B 1.90 1.58 1.86
Salvianolic acid A 2.88 3.32 6.05
Rosmarinci acid 12.52 1.49 1.51

RSD: Relative standard deviation

Table 3: Recovery of the five bioactive markers
(n=5)

Analyte Added Recorded Recovery RSD
mean mean mean (%) (%)
(ng) (ng)

Propanoid acid 0.475 0.482 101.57 1.15

Protocatechuic 0.109 0.112 102.31 1.25

aldehyde

Salvianolic acid B 0.013 0.013 101.89 2.52

Salvianolic acid A 0.084 0.084 101.02 3.94

Rosmarinci acid 0.129 0.134 103.75 0.84

RSD: Relative standard deviation

The effect of temperature on stability

Temperature showed similar effect on CDSI stability as
illumination. SAA was the most unstable constituent in
CDSI. Under the condition of 25°C (natural light), SAA
decreased rapidly down to 54.78% of original content
in only 4 h. When the temperature was over 40°C, SAA
decreased down to 0% in 4 h. There were no noticeable
variations between the effects of the temperature and
illumination on SAB. The contents of PA and RA increased
at the start, and decreased soon. With the increment of
temperature (25-60°C), the increase trend of the two
constituents depressed obviously. Compared with PA
and RA, PHA showed similar change regularity at 40°C.
However, when the temperature was increased up to 60°C,
PHA decreased with relatively high speed from the start,
and down to 73.96% [Figure 2]. It indicated that PHA was
instable at high temperature.
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PA, PHA, SAB, SAA, and RA were the main bioactive
constituents in the CDSI. However, the five compounds
showed obvious changes in accelerated test, which
indicated that the research on the stability of Danshen
injections should be paid more attention. Regretfully, there
were few reports on the stability research of compound
injections up to now. In this study, a new HPLC method
was developed and validated, which could offer an efficient
way to help to investigate the stability of compound
injections.

Many studies have indicated that SAB and SAA were
unstable and could decompose to other compounds,
such as PA, PHA, and RA."*? This might be one of the
reasons for the increment of the PA, PHA, and RA in
the test. The concise degradation mechanism is shown
in Figure 3. At the same time, PA, PHA, and RA belong
to the phenolic compounds, which are easy to perform a
series of chemical reactions, such as oxidizing reaction,
polymerization, esterification, and so on. As a result,
with the extent of storage time, their contents decreased
obviously.

Due to the complicated chemical composition of
compound medicines, there would be various kinds of
chemical reactions in the storage. In the process, the
contents of active ingredients might change and the
corresponding by-products occurred, which would be the
main cause of ADR induced by TCM injections. In order
to ensure the security, it is necessary to investigate and
detect the changes of all the ingredients in the compound
medicines during the whole drugs commodity circulation
process.

In this study, a new and simple HPLC method was
developed to detect the main active components in CDSI.
The method was completely validated and applied to a
stability investigation of CDSI. The result indicated that
the main active constituents in CDSI suffered from the
illumination and temperature greatly. CDSI should be
stored at low temperature and kept away from light.
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Figure 2: The percentage-time profiles of the main active constituents in compound Danshen injection under the different conditions:
(a) Nlumination and (b) temperature
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Figure 3: The degradation processes of salvianolic acid A and
salvianolic acid B
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