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1 Introduction
In recent years, the research and development of functional 

products made from herbs has attracted increasing attention 
(Wang et al., 2022a, b, 2023). Blumea balsamifera DC. (Chinese 
name, Ainaxiang) is a very famous medicinal plant and 
functional tea in China and many countries of Asia, such as 
Malaysia, Philippines, Vietnam, and Thailand for the treatment 
of many diseases (Huang et al., 2022; Tan et al., 2020). Previous 
phytochemical investigations on this plant revealed the presence 
of flavonoids, monoterpenes, and sesquiterpenes (Tan & Yan, 
2019; Tan et al., 2013; Widhiantara & Jawi, 2021). Ainaxiang 
tablets is made from the total flavonoids extracts of the leaves of 
B. balsamifera. Activating blood circulation to dissipate blood 
stasis with pulse-invigorating and heart-nourishing effects, 
Ainaxiang tablets is one of the commonly used traditional 
Chinese medicine preparation for the treatment of coronary 
heart disease and angina pectoris in China for many years. 
Flavonoids is an ubiquitous group of polyphenolic substances 
which are present in most plants. The increasing interest in 
flavonoids from B. balsamifera is due to the appreciation of their 
broad pharmacological activities such as radical scavenging 
(Ginting et al., 2022; Zhang et al., 2021), anti-cancer (Jiang et al., 
2014), plasmin-inhibitory (Guan et al., 2022), liver-protective 
(Jirakitticharoen et al., 2022; Montealegre & De Leon, 2017) 

and xanthine oxidase inhibitory effects (Kubota  et  al., 2009; 
Ma et al., 2018; Nguyen & Nguyen, 2012; Wang & Zhang, 2020).

In recent years, many serious complications of traditional 
Chinese medicine preparations (TCMPs) were reported, the 
cause for which due largely to the lack of a practicable and 
reliable quality standard to monitor the properties changed in 
the procedure from preparation, transportation and storage 
to clinic usage. However, chemical ingredients in traditional 
Chinese medicines (TCMs) vary greatly with the geographical 
origin of the species, cultivation practice, time of harvest, storage 
condition, and methods of processing, which bring about the 
complexity and difficulty to the quality assessment of TCMPs and 
their raw materials. To the best of our knowledge, there is few 
previous reports that designed to analyze chemical constituents 
in the leaves of B. balsamifera (Liu et al., 2014; Tan et al., 2020).

In our previous studies (Tan & Yan, 2019; Tan et al., 2013), 
multiple flavonoids were isolated from B. balsamifera and 
structurally defined by MS and NMR. During the course of our 
continuing search for the quality control of B. balsamifera and 
its preparations, 15 flavonoids were used as bioactive markers 
and simultaneously determined by the established HPLC/PDA 
approach. This study represents the first detailed investigation of 
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the components of Ainaxiang tablets and could improve quality 
evaluation of Ainaxiang tablets and its raw materials.

2 Experimental
2.1 Materials and reagents

Four batches of the Ainaxiang tablets were manufactured 
by Shenzhen Neptunus pharmaceutical company. A total of 
15 reference flavonoids (Figure 1) were isolated previously from 
B. balsamifera in our laboratory and elucidated by NMR, MS. 
The purities of these reference standards were determined to be 
higher than 96% by the HPLC peak area method.

Acetonitrile (Merck, Germany) were HPLC grade and used 
with further purification. All other reagents were of at least 
analytical grade from Jinhuada Chemical Factory (Guangzhou, 
China). Water was purified using a Milli-Q water purification 
system (Millipore, USA).

2.2 Sample preparation

Each of the ground Ainaxiang tablets (0.15 g) was extracted 
with 80% methanol (25 mL) by reflux for 30 min. The sample 
solution was passed through a 0.45 µm membrane filter prior 
to injection.

The reference standards were accurately weighted and 
dissolved in methanol to prepare solutions with a concentration 
of approximately 2.9-276.4 µg/mL. A 2-100 fold dilution of 
the each solution was made to prepare the working solutions 
before injection.

2.3 HPLC analysis

The HPLC system consists of Waters 2995 controller and 
2998 Photodiode Array detector. The separation of all the 
analytes was performed by using an Elite Kromasil C18 column 
(250 mm × 4.6 mm, 5 µm particle size) on the conditions of 
flow rate at 1.0 mL/min, column temperature at 25 °C, and 
detective wavelength at 254 and 289 nm. The acetonitrile and 
water containing 0.2% acetic acid were employed as mobile 
phases A and B, respectively. The binary gradient program 
was set as follows: eluent B maintained at 80% in the first 
10 min, decreased from 80 to 75% in the next 5 min, and 
then maintained at 75% for 10min, decreased from 75 to 35% 
from 25 to 50 min and equilibrated for 10 min before the next 
injection. The injection volume was 10 µL with needle wash. 
Data collection and integration were performed by Waters 
Empower Chemstation Software.

2.4 Linear regression equation and calibration curve

Linear regression analysis for each of the 15 compounds was 
performed by external standard method. The linear regression 
equation (y = ax + b) and calibration curve were investigated 
between peak area (y) and the concentrations (x, µg/mL) of 
each reference standard.

2.5 Sensitivity and stability

The sensitivity study was done by analyzing the limit of 
detection (LOD) and the limit of quantification (LOQ). The LOD 
and LOQ for the 15 reference standards were determined at 
a signal/noise (S/N) ratio of about 2.3-3.6:1 and 8.1-10.3:1, 
respectively.

The same sample was stored at room temperature, and 
analyzed at 0, 2, 4, 8, 12, and 18 h, respectively. The RSD 
value of peak area was taken as a measurement of stability. 
The results showed that the sample solution was found to be 
stable within 18 h.

2.6 Precision and accuracy of the HPLC analysis

Intra- and inter-day variations were used to evaluate the 
precision of the development method. The relative standard 
deviation (RSD%) was used as a measure of precision. Intra- 
and inter-day repeatability was determined on six replicates of 
the same sample within one day and three consecutive days, 
respectively. RSD% was calculated by the following formula: 
RSD% = 100 × SD/mean, where SD represented standard 
deviation of six replicates and mean was the average content 
of six replicates.

Spike recovery was chosen to evaluate the accuracy of 
the HPLC assay. It was determined by adding the standards Figure 1. The structures of 15 reference standards of Ainaxiang tablets.
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with three different levels (high, middle and low) to the 
Ainaxiang tablets (batch no. 20100505). The mixture was 
extracted using the same procedure as sample preparation 
described in Section 2.2. and then filtered through a 0.45 µm 
membrane filter prior to HPLC analysis. The recovery of each 
spiked reference standards was calculated by the formula: 
Recovery% = [(found amount - original amount) /spiked 
amount] × 100%.

3 Results and discussion
3.1 Optimization of HPLC conditions

To develop a good separation, some HPLC analytical 
parameters including column, different mobile phases with 
and without acid and gradient programs were tested for good 
resolution. Finally, all analyzed ingredients were separated 
on an Elite Kromasil C18 column (250 mm × 4.6 mm, 5 µm) 
with the HPLC conditions as described in Section 2.3. Blumea 
flavonoids have two different UV λmax values at 254 nm for 
1-3, 6, 8-11, 14, 15 and 289 nm for 4, 5, 7, 12, 13 (Figure 1). 
In order to simultaneously detect all the analyzed ingredients 
and obtain a better baseline separation, the detection wavelength 
was set at 254 and 289 nm. Typical HPLC chromatograms are 
shown in Figure 2.

3.2 Validation of the developed method

The established method was validated in terms of 
linearity, sensitivity, stability, precision, and accuracy. Linear 
regression equations (y = ax +b) were constructed by plotting 
peak areas (y) of each analyte against analyte concentrations 
(x, µg/mL). Table  1 summarized the linearity, test range, 
limit of detection (LOD) and limit of quantification (LOQ). 
The linearity is expressed in terms of the correlation coefficient 
(R2). It was found that all analytes showed linearity with 
R2 at 0.9992- 0.9999 in the test range. The LOD and LOQ 
for the 15 tested reference standards were 0.01 - 0.28 µg/mL 
and 0.02 - 0.55 µg/mL, respectively. The variations (RSD%) 
of peak areas of the analyzed compounds in the batch no. 
20190505 were ≤ 2.25%, indicating the analyzed compounds in 
the samples was stable for 18 h. The overall intra- and inter-day 
variations were not more than 3.18%, respectively. The spike 
recoveries for 15 analyzed samples were 106.17- 95.02% 
(Table 2). The RSD% for intra- and inter-day repeatability 
was shown in Table  3. Above data demonstrated that the 
developed HPLC method was precise and accurate.

3.3 Sample determination

Due to the co-existing multiple bioactive components in 
the TCMPs and their raw materials, it is far from enough to 
just monitor one component for the quality control of its raw 
material and products. Therefore, current study developed a 
simple and accurate assay method for simultaneous determination 
of 15 major bioactive compounds in the Ainaxiang tablets 
(Table 4). The content of compound 4 under our extraction and 
determination method existed in the most abundant amount 
comparing with the other 14 bioactive compounds.

Generally, therapeutic effects of TCMPs are integrative 
results of multiple bioactive components. Currently, multiple 
TCMPs products are made by independent manufacturers using 
raw herbs from different areas, and their chemical ingredients 
and clinical efficacy vary greatly. Therefore, there is a significant 
importance to establish the good agriculture practice (GAP) 
standard to grow medicinal plants with stable and consistent 
chemical ingredients.

Figure 2. HPLC chromatographs (A: reference standards at 254 
nm; B: reference standards at 289 nm; C: the sample of batch no. 
20190505 at 254 nm; D: the sample of batch no. 20190505 at 289 nm; 
1: Rutin; 2: Hyperoside; 3: Isoquercitrin; 4: 3,3’,5,7-Tetrahydroxy-4’-
methoxyflavanone; 5: 3’,5,5’,7-Tetrahydroxyflavanone; 6: Quercetin; 
7: 3,3’,4’,5-Tetrahydroxy-7-methoxyflavanone; 8: Chrysosplenol C; 9: 
Diosmetin; 10: Tamarixetin; 11: 3,5,7-Trihydroxy-3’,4’-dimethoxyflavone; 
12: 3,3’,5-Trihydroxy-4’,7-dimethoxyflavanone; 13: Blumeatin; 14: 
Rhamnetin; 15: Ombuin).
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Table 1. Linearity and sensitivity of the HPLC analysis.

No. Compound name Calibration curvea R2 Linear 
range(μg/mL) LODb (μg/mL) LOQc (μg/mL)

1 Rutin y=37.49x+5.05 0.9998 0.24~24.00 0.02 0.04
2 Hyperoside y=48.77x-2.30 0.9999 0.25~25.26 0.03 0.05
3 Isoquercitrin y=48.71x+2.49 0.9994 0.26~26.10 0.03 0.05
4 3,3’,5,7-Tetrahydroxy-4’-methoxyflavanone y=7.18x-5.97 0.9998 2.76~276.40 0.28 0.55
5 3’,5,5’,7-Tetrahydroxyflavanone y=8.29x-9.56 0.9998 2.94~58.82 0.12 0.24
6 Quercetin y=68.14x-23.02 0.9995 0.82~16.38 0.07 0.16
7 3,3’,4’,5-Tetrahydroxy-7-methoxyflavanone y=5.82x-4.66 0.9994 3.04~60.80 0.24 0.61
8 Chrysosplenol C y=44.92x-7.82 0.9992 0.38~38.23 0.03 0.08
9 Diosmetin y=79.71x-4.94 0.9994 0.17~17.17 0.01 0.03

10 Tamarixetin y=72.72x-13.44 0.9994 0.17~16.75 0.07 0.17
11 3,5,7-Trihydroxy-3’,4’-dimethoxyflavone y=70.14x-4.17 0.9996 0.16~40.20 0.01 0.02
12 3,3’,5-Trihydroxy-4’,7-dimethoxyflavanone y=7.99x-1.24 0.9998 0.69~34.50 0.07 0.14
13 Blumeatin y=8.26x-1.57 0.9997 0.81~16.29 0.06 0.16
14 Rhamnetin y=57.54x-12.94 0.9994 0.30~29.79 0.01 0.02
15 Ombuin y=108.25x-7.86 0.9994 0.15~14.55 0.01 0.02

ay is the peak area and x is the concentration of compound (µg/mL). bLOD refers to the limit of detection, S/N = 2.3-3.6:1. cLOQ refers to the limit of quantification, S/N = 8.1-10.3:1.

Table 2. Recovery of the targets (n=3).

No. Original (mg) Spiked (mg) Found (mg) Recovery (%)a RSD (%)b

1 0.150 0.096 0.247 101.05 ± 0.70 0.69
0.111 0.120 0.232 100.28 ± 1.83 1.82
0.097 0.144 0.243 101.51 ± 2.10 2.07

2 0.155 0.101 0.257 100.71 ± 0.62 0.61
0.115 0.126 0.242 100.61 ± 2.46 2.44
0.100 0.152 0.254 101.66 ± 2.03 2.00

3 0.164 0.104 0.267 98.76 ± 0.37 0.37
0.121 0.130 0.253 100.65 ± 2.28 2.27
0.105 0.157 0.265 101.79 ± 1.93 1.90

4 1.686 1.106 2.797 100.47 ± 0.74 0.74
1.251 1.382 2.663 102.22 ± 2.41 2.36
1.086 1.658 2.786 102.50 ± 2.47 2.41

5 0.393 0.235 0.628 100.22 ± 1.48 1.48
0.291 0.294 0.589 101.30 ± 3.51 3.46
0.252 0.353 0.614 102.23 ± 2.00 1.95

6 0.093 0.066 0.158 99.72 ± 2.00 2.00
0.069 0.082 0.150 98.56 ± 4.72 4.79
0.060 0.098 0.156 97.54 ± 4.19 4.30

7 0.435 0.243 0.697 108.01 ± 4.76 4.42
0.322 0.304 0.641 104.90 ± 4.92 4.69
0.280 0.365 0.662 104.78 ± 2.41 2.30

8 0.057 0.031 0.088 99.93 ± 1.72 1.72
0.042 0.038 0.082 102.87 ± 2.11 2.05
0.038 0.046 0.084 102.26 ± 0.89 0.87

9 0.021 0.014 0.034 98.53 ± 1.49 1.51
0.015 0.017 0.032 99.78 ± 2.15 2.15
0.013 0.021 0.033 95.52 ± 4.30 4.50

10 0.099 0.067 0.166 100.35 ± 0.32 0.32
0.073 0.084 0.159 101.95 ± 2.49 2.44
0.064 0.101 0.167 103.11 ± 2.16 2.09

11 0.052 0.032 0.084 99.04 ± 1.20 1.21
0.039 0.040 0.079 100.52 ± 3.57 3.55
0.034 0.048 0.082 100.87 ± 2.18 2.16

12 0.211 0.138 0.352 101.72 ± 1.68 1.65
0.157 0.172 0.332 101.69 ± 3.50 3.45
0.136 0.207 0.347 101.96 ± 2.23 2.19

13 0.095 0.065 0.160 99.87 ± 4.86 4.87
0.071 0.081 0.157 106.17 ± 0.37 0.35
0.061 0.098 0.154 95.02 ± 1.43 1.50

14 0.102 0.060 0.159 96.21 ± 1.18 1.23
0.076 0.074 0.148 96.91 ± 2.93 3.02
0.066 0.089 0.154 98.43 ± 2.10 2.13

15 0.012 0.012 0.024 99.65 ± 1.35 1.35
0.009 0.015 0.024 102.23 ± 1.95 1.91
0.008 0.017 0.026 105.20 ± 1.97 1.88

aRecovery% = [(found amount - original amount)/spiked amount] × 100%; bRSD% = (SD/mean) × 100%.
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4 Conclusion
In the present study, a simple and accurate HPLC/PDA 

analytic method was developed and employed to quantify 
15 bioactive flavonoids occurred as a very complex mixture in the 
Ainaxiang tablets. The established method was simple, reliable, 
high throughout, and environmentally friendly and would be 
potentially helpful to improve the quality control of the leaves 
of B. balsamifera and Ainaxiang tablets precisely.
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