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Abstract

A rapid and reference component saving method for the determination of

andrographolide and dehydroandrographolide in Andrographis paniculata

was developed in this study. The sample was prepared using matrix

solid-phase dispersion and analyzed by an Agilent Poroshell 120 EC-C18
column (50 mm × 4.6 mm, 2.7 μm) with a water-acetonitrile mobile

phase. The equal absorption wavelength of two components was

confirmed to be 240 nm using a combination of ultraviolet

spectrophotometer and high performance liquid chromatograph. Results

showed that andrographolide and dehydroandrographolide exhibited good

linearity in their concentration ranges (r ≥ 0.9999), with the limit of

quantification of 80.85 μ g/g and 80.63 μ g/g, respectively. Two

components also had a good precision as their relative standard deviation

(RSD) value less than 1.00%. The average recoveries of two components

were 102.80% (RSD = 1.54%) and 100.70% (RSD = 1.91%), respectively.

The developed method shared the same determination result with external

standard method and Chinese Pharmacopoeia, which took a total of 10

minutes, consumed 8.5 mL harmful solvent, and only used one reference

component to determine the content of two components. This method is

characterized by rapid determination and low reference component

consumption in the rapid study on the main active components of

Andrographis paniculata and its products, which contributes to the quality

evaluation of Andrographis paniculata.
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1 Introduction

Andrographis paniculata (A. paniculata) is a traditional

Chinese medicinal material that can clear heat,

remove toxin, cool blood and disperse swelling, and

can be used to treat common cold disease with fever,

swollen sore throat, sores on the mouth and tongue,

pertussis and cough, diarrhea and dysentery, heat

stranguria and astringent pain, welling-abscess

swellings and sores, as well as snake and insect bite

[1]. Modern pharmaceutical research revealed that A.

paniculata has several kinds of chemical components,

including diterpene lactones, flavones,

phenylpropanoids, iridoids, sterols, and alkaloids [2].

Diterpene lactones, which are the main active

components in A. paniculata, have various

pharmacological activities, such as anti-inflammation,

anti-bacteria, anti-virus and the potential for treating

cardiovascular diseases [2,3]. Among them,

andrographolide (AP) and dehydroandrographolide

(DAP), which are the primary diterpene lactones in A.

paniculata, have been widely applied in quality

evaluation of A. paniculata medicinal material and its

relevant products [4-6]. Previous reports have used

high performance liquid chromatograph (HPLC) [7],

thin-layer chromatography [8], micellar electrokinetic

capillary chromatography [9], infrared spectroscopy

[7], and nuclear magnetic resonance spectroscopy [10]

to develop methods for quantifying the levels of AP

and DAP in A. paniculata. Notably, HPLC is recognized

as the standard method for determining component

content of A. paniculata according to the Chinese

Pharmacopoeia [1], and is the most widely used

method in A. paniculata industry. However, the

reported HPLC methods about A. paniculata have

problems in long-time sample extraction and HPLC

separation, as well as excessive consumption of

reference components and organic reagents. For

instance, Chinese Pharmacopoeia (2020 edition) [1]

prepared samples via ultrasonic extraction, with

extraction for 30 min, liquid phase analysis for 65 min,

and 158.8 mL methanol consumed; Kasemsumran et

al. [7] prepared samples by soxhlet extraction, with

210 min of extraction, 16 min of liquid phase analysis,

and 117.2 mL methanol consumption; Liu et al. [11]

adopted cold impregnation method to prepare

biocompatible microemulsion sample, which took 4

days for extraction and 46 min for liquid phase

analysis, and consumed 15.5 mL acetonitrile. The

above methods all spend over 90 min of analytical

time, and require 2 reference components for

quantification, which is unfavorable for rapid selection

and detection of main active components in A.

paniculata and its relevant products.

Matrix solid-phase dispersion (MSPD) can achieve

multistep elution by different solvents and separate

components with different polarity from traditional

Chinese medicinal materials, which has advantages of

easy-to-use and rapid operation, as well as material

and reagent saving, and has been extensively used in

rapid extraction of active components in traditional

Chinese medicinal materials [12-14]. Core-shell

column has high column efficiency, low back pressure,

and rapid analysis, which can realize rapid analysis on

conventional HPLC similar to ultra-high performance

liquid chromatograph (UPLC). This makes it a suitable

liquid chromatography method for rapid analysis and

detection in traditional Chinese medicine industry

[14-17]. The principle of detection, analysis and

quantification of HPLC-ultraviolet (HPLC-UV) is that

the compounds are separated by an HPLC column, and

UV detector determines the content of the analyte

according to the response at a specific wavelength

[18,19]. To ensure the sensitivity of analysis method,

the maximum absorption wavelength of AP and DAP is

usually used as the detection wavelength. However,

AP and DAP exhibit different responses to UV under

the maximum absorption wavelength, so that

correction factors are required to quantify multiple

compounds using a single reference component [20].

If AP and DAP have the same UV absorption
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wavelength as the detection wavelength, it is possible

to determine the content of AP and DAP using a single

reference component without the need for correction

factors. Hence, the combination of MSPD extraction,

core-shell column analysis and HPLC-UV at equal

absorption wavelength (EAW) allows for the rapid

determination of main components in A. paniculata

with relatively less consumption of reference

components and materials.

This study employed MSPD extraction, core-shell

column analysis, and HPLC-UV at EAW to develop a

rapid analytical method for the determination of AP

and DAP using a single reference component. The

developed method is valuable for improving quality

evaluation of A. paniculata and its relevant products.

2 Experimental instruments, reagents and

medicinal materials

2.1 Experimental instruments

Agilent 1260 II HPLC System (Agilent Technologies,

USA), Agilent Poroshell 120 EC-C18 column (50 mm ×

4.6 mm, 2.7 μm, Agilent Technologies), XPE205DR

Electronic Analytical Balance (1/100,000, METTLER

TOLEDO, USA), Milli-Q Ultrapure Water System (Merck

Millipore, Germany), P300H Ultrasonic Apparatus

(ELMA, Germany) and Tube-Mill 100 (IKA, Germany)

were prepared in advance.

2.2 Experimental reagents

AP reference components (98% content, PS011603,

PUSH BIO-TECHNOLOGY Co., Ltd, Chengdu, China),

DAP (98% content, PS10370, PUSH

BIO-TECHNOLOGY Co., Ltd), Octadecyl silane (ODS)

chemically bonded to porous silica (16412, YMC Co.,

Ltd, Japan), methanol (880608, HPLC grade, Kluthe

Chemical Industry Co., Ltd, Shanghai, China), and

acetonitrile (880502, HPLC grade, Kluthe Chemical

Industry Co., Ltd) were purchased. Ultrapure water

was purified by Milli-Q purification system.

2.3 Experimental medicinal materials

Ten batches (S1-S10) of A. paniculata medicinal

materials were collected from Dongguan city, which

were authenticated as the dry aerial parts of A.

paniculata by Prof. Zhengming Qian.

3 Experimental methods

3.1 Chromatographic condition

An Agilent 1260 II HPLC System was employed. The

HPLC analysis was performed using an Agilent

Poroshell 120 EC-C18 column (50 mm × 4.6 mm, 2.7

μm) with a water-acetonitrile mobile phase, gradient

elution for 0-1.5 min (28% B), 1.5-2 min (28%~40%

B), and 2-5 min (40% B), a flow rate of 1.5 mL/min,

column temperature at 25 ℃, 5 μL sample, 240 nm

detection wavelength and 2 nm bandwidth.

3.2 Preparation of reference component solution

The mixed stock solution, containing 4.4100 mg/mL

AP and 4.3982 mg/mL DAP, was prepared in methanol,

and then the solution was diluted to the desired

concentrations by 40% methanol.

3.3 Preparation of sample solution

Solid phase extraction column: Appropriate amount of

ODS filler suspended in methanol was added into a

solid phase extraction column with a radius of 0.4 cm,

settled and knocked to a final height of 1 cm. Later, a

section-sized filter plate was placed over the filler, and

the methanol was replaced by 2 mL 40% methanol

eluent which was even with the filler transection.

A. paniculata medicinal materials were crushed and

passed through a No.3 sieve. 30 mg powder was

collected, transferred into solid phase extraction

column and spread flat. A filter paper of the same size

as the cross-sectional section of the column was

added over the sample powder. 2 mL 40% methanol

was applied to wash off impurities, 2 mL methanol was

used to elute target analyte. The target analyte eluent

https://doi.org/10.62767/jecacm502.5966
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was collected, diluted with methanol to a final volume

of 5 mL, and filtered through a 0.45 μm microfiltration

membrane to obtain the test sample solution.

3.4 Method validation

3.4.1 Specificity

When preparing the sample solution, the solid phase

extraction column without sample powder was taken

to prepare a blank solution according to methods

outlined in section “3.3”. The blank solution, the

sample solution, and the reference component

solution were analyzed based on the chromatographic

conditions described in section “3.1”.

3.4.2 Linearity

A series of concentrations of reference compound

solutions were prepared for evaluation of linearity. The

AP (2.4255-97.0200 μ g/mL) and DAP

(2.4190-96.7613 μ g/mL) were analyzed by HPLC.

The standard curve was plotted with the peak area as

y-axis (Y) and the concentration of the reference

component as x-axis (X) to obtain the linear

regression equation, and the limit of quantification

(LOQ) was determined by identifying the

corresponding concentration at a signal-to-noise ratio

of 10:1.

3.4.3 Precision

The mixed reference component solution, containing

AP at 24.2550 μg/mL and DAP at 24.1903 μg/mL,

was continuously and repeatedly analyzed six times

within one day in accordance with the

chromatographic conditions outlined in section “3.1”.

The relative standard deviation (RSD) of peak area

was calculated to evaluate the intraday precision of

the developed method. Next, the mixed reference

component solution was harvested and tested twice

per day for 3 consecutive days, using the

chromatographic conditions described in section “3.1”.

The RSD of peak area was calculated to evaluate the

interday precision of the developed method.

3.4.4 Repeatability

Six samples from the same batch (S1) weighing 30 mg

each were prepared. The sample solution was

prepared based on the methods outlined in section

“3.3” and analyzed using the chromatographic

conditions described in section “3.1”. The RSD of the

contents was used to assess the repeatability.

3.4.5 Recovery

The known amounts of A. paniculata sample (S1) was

subjected to a recovery test. In detail, 15 mg samples

were transferred into solid phase extraction column,

and eluted by AP and DAP mixed reference component

solution that had been diluted in 2 mL 40% methanol.

Next, 2 mL methanol was applied to elute target

analyte. The eluent was diluted to a total volume of 5

mL using methanol, and filtered through a 0.45 μm

microfiltration membrane. The sample was prepared

into 6 parts and analyzed according to the

chromatographic conditions outlined in section “3.1”

to calculate the recovery rate and RSD of AP and DAP.

3.4.6 Stability

The A. paniculata test sample solution (S1) was stored

at room temperature, and analyzed at 0, 4, 8, 12, 16,

20 and 24 hours after the extraction. Next, the RSD of

peak area was calculated.

4 Results and discussion

4.1 Optimization of extraction condition

In Chinese Pharmacopoeia (2020 edition), the A.

paniculata was extracted by ultrasonic extraction with

40% methanol for 30 min. However, this method is

time-consuming, and many interfering components

exist due to the complex components in A. paniculata

medicinal materials, especially AP that is prone to

interference by miscellaneous peaks [21]. MSPD is a

newly developed sample pretreatment technology in

https://ojs.exploverpub.com/
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recent years, which can effectively remove

interferences from analytes, and shorten the sample

extraction process. Owing to simple operation,

time-saving, and labor-saving advantages, MSPD has

been widely applied in the separation and purification

of active components in traditional Chinese medicinal

materials [12-14]. Therefore, this study used the

MSPD with ODS as the filler to prepare sample solution,

and assessed the separation efficiency of different

methanol eluent (30% methanol, 40% methanol,

50%methanol and methanol) on impurities and target

analytes. 4 mL at each concentration was eluted

(eluting in 2 times, 2 mL/time). The results (Figure S1)

indicated that 4 mL 30% methanol did not completely

remove impurities, while 4 mL 40% methanol can

completely remove impurities and without elution of

target analytes. Similarly, 4 mL 50% methanol also

effectively remove impurities, but with partial elution

of target analytes. Besides, further study indicated

that most impurities were removed by the first 2 mL

40% methanol, and all target analytes could be

obtained after the first use of 2 mL elution with

methanol. Thus, our experiments finally selected 2 mL

40% methanol to remove impurities first, and then

eluted target analytes by 2 mL methanol. Compared

with Chinese Pharmacopoeia method (2020 edition),

this method reduces the consumption of organic

solvent, and shortens the time for sample preparation.

In addition, impurity removal by MSPD contributes to

extending the working life of HPLC column, which is

suitable for the industrialized testing of A. paniculata.

To obtain UV EAW of AP and DAP, the UV

spectrophotometer was used to get the UV spectrum

of AP and DAP by scanning two reference solutions at

the same concentration (0.0220 mg/mL) from 200 to

350 nm wavelength. According to the data (Figure

S2A), AP and DAP had two EAWs at 219 nm and 240

nm in UV spectrum. After verification by HPLC, it was

found that the interference peak appeared before DAP

chromatographic peak at 219 nm wavelength and the

baseline was instable, while there was no interference

peak before and after AP and DAP chromatographic

peaks with stable baseline at 240 nm wavelength

(Figure S2B). Next, the effects of 240 ± 1 nm

wavelength and different bandwidths (1, 2, 4 and 8

nm, =240 nm) on target analytes were evaluated. The

outcomes suggested that AP and DAP shared the most

similar peak area at a wavelength of 240 nm, and the

impact on peak area was minimal at a bandwidth of 2

nm (Table S1 and Table S2). Finally, the HPLC-UV at

EAW was confirmed to be 240 nm and the bandwidth

was 2 nm.

4.2 Optimization of HPLC conditions

In the Chinese Pharmacopoeia (2020 edition), HPLC is

used to detect the contents of AP and DAP in A.

paniculata, and 65 min is necessary for analysis by

conventional HPLC, which is time-consuming [1].

Core-shell column is a kind of rapid HPLC column,

which has the advantages of high column efficiency

and low back pressure. Compared with common HPLC

column, core-shell column can evidently shorten

analysis time, improve separation efficiency, and

elevate sensitivity. On this basis, core-shell column has

been currently extensively applied in rapid analysis of

chemical components in traditional Chinese medicinal

materials [14,16,17]. Accordingly, to achieve rapid

chromatographic separation, this study selected

Agilent Poroshell 120 EC-C18 (50 mm × 4.6 mm, 2.7

μm) column to detect the contents of AP and DAP in A.

paniculata. Meanwhile, the separation efficiency of

different flow rates (1.4, 1.5, and 1.6 mL/min) and

column temperatures (20, 25, and 30 ℃) on target

analytes was compared. The results (Figure S3)

showed that the flow rate and column temperature did

not significantly impact the separation of AP and DAP,

thereby meeting the requirements for sample

detection. Through comprehensive consideration, the

final chromatographic conditions were set as follows:

Agilent Poroshell 120 EC-C18（50 mm × 4.6 mm, 2.7

https://doi.org/10.62767/jecacm502.5966
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μ m ） column, water-acetonitrile mobile phase,

gradient elution at a flow rate of 1.5 mL/min for 5 min,

and column temperature set at 25 ℃. This method,

compared with that in Chinese Pharmacopoeia (2020

edition), could greatly shorten analysis time, reduce

detection cost, and lower organic solvent

consumption.

4.3 Confirmation of EAW

Reportedly, the external standard method (ESM) is

often utilized to test the contents of AP and DAP with

two reference components for quantification, which

has the problems of excessive consumption of

reference components and complicated preparation of

reference solution [7,11]. The EAW detection method

is to find two reference solutions with the same UV

absorption wavelength as HPLC detection wavelength.

At this wavelength, the UV response to two reference

solutions are similar, and the content detection of two

analytes can be achieved through either reference

solution without conversion using additional correction

factors [18,19].

To obtain UV EAW of AP and DAP, the UV

spectrophotometer was used to get the UV spectrum

of AP and DAP by scanning two reference solutions at

the same concentration (0.0220 mg/mL) from 200 to

350 nm wavelength. According to the data (Figure

S2A), AP and DAP had two EAWs at 219 nm and 240

nm in UV spectrum. After verification by HPLC, it was

found that the interference peak appeared before DAP

chromatographic peak at 219 nm wavelength and the

baseline was instable, while there was no interference

peak before and after AP and DAP chromatographic

peaks with stable baseline at 240 nm wavelength

(Figure S2B). Next, the effects of 240 ± 1 nm

wavelength and different bandwidths (1, 2, 4 and 8

nm, =240 nm) on target analytes were evaluated.

The outcomes suggested that AP and DAP shared the

most similar peak area at a wavelength of 240 nm,

and the impact on peak area was minimal at a

bandwidth of 2 nm (Table S1 and Table S2). Finally,

the HPLC-UV at EAW was confirmed to be 240 nm and

the bandwidth was 2 nm.

4.4 Location of DAP chromatographic peak

With AP as the internal standard (S), the retention

time difference and relative retention time of AP and

DAP in different chromatographic columns (Agilent

Poroshell 120 EC-C18 column (50 mm × 4.6 mm, 2.7

μm), Waters CORTECS C18 column (50 mm × 4.6 mm,

2.7 μm), ACE Ultra-Core Super C18 column (50 mm ×

4.6 mm, 2.5 μm)) were investigated. The data (Table

S3) indicated that AP greatly differed from DAP in

terms of relative retention time with RSD of 13.77%,

signifying that the relative retention time was not

suitable for peak localization. Nevertheless, the RSD of

the retention time was 2.08% with slight fluctuation,

which proved that the DAP is suitable for determining

the peak localization.

4.5 Method validation

The current method was validated from the aspects of

specificity, LOQ, precision, accuracy, repeatability, and

stability.

The specificity detection results revealed that the

blank solution had no interference at the peak

positions of AP and DAP, and the resolution of two

analytes was greater than 1.5, manifesting the good

specificity. The linearity detection outcomes indicated

that both AP and DAP exhibited good linearity within

their concentration ranges (r ≥ 0.9999), with LOQ of

80.85 μg/g and 80.63 μg/g, respectively (Table 1 and

Figure S4). The RSDs of intraday and interday

precision were less than 1.00%. The RSD of

repeatability was less than 2.00% (Table S4). The

sample solution was stable within 24 h (RSD ﹤

1.50%) (Table S5).

In accordance with the recovery test results (Table 2),

the recovery rates of AP and DAP were

99.89%-104.26% and 97.26%-102.46%, respectively.

https://ojs.exploverpub.com/
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The average recovery rates of AP and DAP were

102.80% (RSD = 1.54%) and 100.70% (RSD =

1.91%), respectively.

Table 1 The linearity of AP and DAP.

Analytes Calibration curves r Linearity range (μg/mL) LOQ (μg/g)

AP Y=4.6127X-1.1758 0.99998 2.4255-97.0200 80.85

DAP Y=4.6145X-0.7086 0.99999 2.4190-96.7613 80.63

AP: andrographolide; DAP: dehydroandrographolide; LOQ: limit of quantification.

Table 2 The recoveries of AP and DAP.

Analytes Added/μg Found/μg Recovery/% Average revovery/% RSD/%

AP

59.54 61.96 104.08

102.80 1.54

59.54 59.47 99.89

59.54 61.45 103.21

59.54 61.29 102.95

59.54 60.99 102.44

59.54 62.07 104.26

DAP

59.38 59.92 100.92

100.70 1.91

59.38 59.28 99.84

59.38 60.67 102.18

59.38 57.75 97.26

59.38 60.28 101.53

59.38 60.84 102.46

4.6 Sample analysis

A. paniculata samples (S1-S10) were used to prepare

the sample solution based on the methods outlined in

section “3.3” and analyzed using the chromatographic

condition s described in section “3.1”. The

chromatograms of A. paniculata sample and reference

component solutions were displayed in Figure 1. AP

and DAP contents in samples were tested by the ESM

that simultaneously adopted AP and DAP as references,

and by the EAW method that only used AP as

reference were listed in Table 3. Through calculating

the relative mean deviation (RMD), it was found that

RMDs of DAP content in 10 batches of A. paniculata

samples by two methods were all less than 1.70%,

indicating the two methods had no apparent

difference, and the EAW method can be applied to

detect the contents of the two analytes in A.

paniculata. By means of HPLC-UV at EAW, AP and DAP

contents in 10 batches of A. paniculata were

0.22%-0.94% and 0.21%-1.32%, respectively, with

the total content of 0.65%-2.26%. This study also

compared the analysis result of developed method and

Chinese Pharmacopoeia method (Figure S5 and Table

S6). The data of the two methods revealed that the

average content of AP was 0.38 ± 0.01%, and that of

DAP was 0.42 ± 0.01%, with no difference in results

(p > 0.05), indicating the feasibility of HPLC-UV at

EAW.

In summary, the newly developed HPLC-UV at EAW

has the advantages of simple and rapid operation, cost

https://doi.org/10.62767/jecacm502.5966
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saving, good repeatability, and high specificity, which

is appropriate for rapid quantification analysis of A.

paniculata medicinal materials and its relevant

products, and provides technical support for

improving quality evaluation level of A. paniculata

industry.

Figure 1 Chromatograms of blank solution, reference component solution and sample solution. (AP:

andrographolide; DAP: dehydroandrographolide.)

Table 3 The contents of AP and DAP in A. paniculata.

No. AP (%)
DAP

EAW (%) ESM (%) RMD (%)

S1 0.39 0.43 0.43 0

S2 0.44 0.21 0.21 0

S3 0.26 0.83 0.82 1.21

S4 0.35 0.95 0.94 1.06

S5 0.35 1.05 1.04 0.96

S6 0.74 1.24 1.22 1.63

S7 0.45 1.06 1.05 0.95

S8 0.22 0.62 0.61 1.63

S9 0.94 1.32 1.30 1.53

S10 0.85 1.07 1.06 0.94

AP: andrographolide; DAP: dehydroandrographolide; EAW: equal absorption wavelength; ESM: external standard

method; RMD: relative mean deviation.

https://ojs.exploverpub.com/
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4.7 Comparisons of the developed and previously

reported methods.

The comparison results of the developed and

previously reported HPLC methods (methods 1-7) are

exhibited in Table 4 [7,11,22-26]. The developed

method is characterized by short extraction and

analysis time, as well as less consumption of

reference-components, harmful reagents, and

materials.

Our developed method can achieve a rapid analysis

with a total analysis time of 10 min, including 5 min for

MSPD extraction of sample powder, and 5 min for

HPLC analysis, through which the total analysis

efficiency has been elevated by over 4 times. The total

analysis time of previously reported method was more

than 30 min. Method 1 needs 210 min for soxhlet

extraction and 16 min for HPLC analysis; Method 2

needs 240 min for magnetic stirring extraction and 12

min for HPLC analysis; Method 3 needs 4 days to

prepare biocompatible microemulsion sample using

cold impregnation method and 46 min for HPLC

analysis; Method 4 needs 40 min for ultrasonic

extraction and centrifugation, as well as 20 min for

HPLC analysis; Method 5 needs over 12 h to process

samples and 7 min for HPLC analysis; Method 6 needs

30 min for ultrasonic extraction and centrifugation, as

well as 10 min for HPLC and liquid chromatograph-

mass spectrometer (LC-MS) analysis. Method 7

establishes a rapid analysis method by combining

ultrasound and MSPD extraction with LC-MS system,

but it still requires 11 min of total analysis time, since

preparation of sample extracting solution by

ultrasound spends time.

Besides, the developed method only needs one

reference component to detect the contents of two

components, while the previously reported methods

all require two reference components. For instance,

Method 7 achieves 11-min rapid detection of AP and

DAP contents, but two reference components are

necessary for quantification. By contrast, the currently

developed method is simpler, because it decreases the

number of reference components as well as the

solvents and time for reference preparation.

Thirdly, the developed method consumes less samples

and harmful reagents, by which only 30 mg sample

powder is needed. However, previously reported

methods require 100-1000 mg samples (Methods

1,2,4-7) and even 20 g samples (Method 3). The

developed method consumes 8.5 mL harmful reagents,

including 5.8 mL methanol for MSPD extraction and

2.7 mL acetonitrile for HPLC analysis. By contrast, the

previously reported methods use 14-158 mL harmful

reagents (Methods 1-6). Method 7 uses less organic

reagents (9.6 mL), which is attributed to the

application of LC-MS. However, LC-MS is an expensive

instrument with low applicability in conventional

laboratories, which limits the use of rapid method to a

certain extent. Relative to the previously reported

methods, the currently developed method can save

cost and reduce environmental pollution.
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Table 4 The reported methods for simultaneously detecting AP and DAP contents in A. paniculata.

NO.

Sample extraction HPLC separation Total

time

/min

Standard

numbers
Harmful solvent

LOQ

(μg/g)
Ref.

Method Solvent and sample
Time

/min
Method Mobile phase

Time

/min

1 SE 150 mL methanol; 1 g 210 HPLC-UV
55% Methanol;

isocratic elution
16 226 2 158.8 mL methanol N/A [7]

2 MSE 110 mL methanol; 1 g 240 HPLC-UV
60% Methanol (pH 2.8 with

PA); isocratic elution
12 252 2 117.2 mL methanol N/A [22]

3 CME
200 mL biocompatible

microemulsion; 20 g
5760 HPLC-PAD

Acetonitrile-H2O;

gradient elution
46 5806 2 15.5 mL acetonitrile N/A [11]

4 UE+CS 25 mL methanol; 0.2 g 40 HPLC-PAD
Acetonitrile-H2O;

gradient elution
20 60 2

25 mL methanol +

9.4 mL acetonitrile

26.25

61.25
[23]

5 DMAE

petroleum ether + 6 mL

60% methanol; not

mentioned

726 HPLC-DAD
65% Methanol;

isocratic elution
7 733 2

petroleum ether +

8.1 mL methanol

1020

1140
[24]

6 UE+CS 10 mL methanol; 1 g 30
HPLC-DAD

+LC-MS

75% Methanol (contain

0.1% ORTHOPHOS); 65%

Methanol; isocratic elution

10 40 2 14 mL methanol N/A [25]

7 UE+MSPD
11 mL 40% methanol + 5

mL methanol; 0.1 g
10 LC-MS

35% Acetonitrile (contain

0.5mM AA); isocratic elution
1 11 2

9.4 mL methanol +

0.25 mL acetonitrile

11

44
[26]

Current

method
MSPD

2 mL 40% methanol + 5

mL methanol; 30 mg
5 HPLC-UV

Acetonitrile-H2O;

gradient elution
5 10 1

5.8 mL methanol +

2.7 mL acetonitrile

80.85

80.63
—

AP: andrographolide; DAP: dehydroandrographolide; SE: Soxhlet extraction; MSE: magnetic stirring extraction; PA: phosphoric acid; CME: cold macerating extraction;

UE: ultrasonically extraction; CS: centrifugal separation; ORTHOPHOS: orthophosphoric acid; DMAE: dynamic microwave-assisted extraction; MSPD: matrix

solid-phase dispersion; AA: ammonium acetate; PAD: photodiode array detector; DAD: diode array detector; LOQ: limit of quantification.
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5 Conclusion

This study explores the UV absorption feature of AP

and DAP, and obtains their UV EAWs, based on which

an HPLC-UV at EAWmethod that can rapidly detect AP

and DAP contents in A. paniculata is developed. This

method achieves content detection of two

components only using one reference component.

Compared with the Chinese Pharmacopoeia method

(2020 edition) and the previously reported methods,

the currently developed method is simple, rapid, and

cost-effective, providing scientific evidence for

improving quality evaluation of A. paniculata and its

relevant products, and offering reference for exploring

rapid green HPLC quantification analysis methods of

other herbal medicines.
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