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ABSTRACT

Introduction: Andrographolide and neoandrographolide are the diterpenoids isolated from Andrographis  
paniculata (Malay: Hempedu bumi). These compounds showed a plethora of biological activities. This study aims 
to develop and validate a RP-HPLC method for quantifying andrographolide and neoandrographolide in A. pa-
niculata extracts. Methods: The chromatographic system employed was HPLC Shimadzu L20AD equipped with  
a Phenomenex-Luna RP-C18 column, while the mobile phase was acetonitrile and water in the ratio of  
30:70 v/v at a flow rate 1.0 ml/min. The detection was performed at 210 nm and the retention time of  
andrographolide and neoandrographolide were 10.5 ± 0.2 min and 26.7 ± 0.5 min, respectively. The total run  
time was 35 min and the injection volume was 10 µL. Results: A linear calibration curve was obtained for  
both compounds with concentration ranges between 1 and 200 µg/ml. The accuracy was found to be 89.6 % 
- 113.2 % and the precision was about 0.82 %. The limit of detection (LOD) and limit of quantitation (LOQ) 
were 4.65 µg/ml and 14.11 µg/ml, respectively for ADG and 4.12 µg/ml and 12.48 µg/ml, respectively for NEO.  
Conclusions: Hence, this RP-HPLC method is considered eco-friendly due to the minimal usage of organic  
solvent and rapid due to the relatively shorter duration for the quantification of andrographolide and  
neoandrographolide. 
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INTRODUCTION

Andrographis paniculata (Burm.f.) Nees which is a  
well-known Asian medicinal plant of the Acanthaceae 
family. A. paniculata is sometimes referred as “Kalmegh” 
or “Hempedu bumi”(1). It is a herb that originated 
from Taiwan, Mainland China, and India. However, it 
is now widely distributed throughout Asian countries, 
including Malaysia (2). The herb has a long history of 
medicinal use in conventional Chinese and Ayurvedic 
medicine (3,4). It is also used to treat myocardial 
ischemia and pharyngotonsillitis in modern medicine 
(1,5,6). It functions as an immune system stimulant  
and has a number of other beneficial effects, 
including anti-HIV, anti-cancer, anti-microbial, and 
anti-inflammatory activities (7,8). World Health  
Organization (WHO) monograph on Herba 
Andrographidis reported that A. paniculata has 
activity against the common cold, pharyngotonsillitis, 
uncomplicated sinusitis, bronchitis, acute diarrhoea, 

and urinary infections (9).
 
The major phytoconstituent of the plant are diterpene 
lactones, including andrographolide (ADG), 
neoandrographolide (NEO), and deoxyandrographolide. 
ADG (C20H30O5) is a labdane diterpenoid with a 
molecular weight of 350.4. While NEO (C26H40O8) 
is a diterpene glucoside with a molecular weight of  
480.6. Both ADG and NEO are insoluble in water 
and poorly soluble in most organic solvents except  
methanol, acetonitrile and acetone. Several dosage  
forms of A. paniculata, both in the form of plant extract 
and pure andrographolide, are presently accessible 
in the market as finalised herbal products for human 
consumption. Hence, there is a demand for an eco-
friendly technique for the quantification of lead 
compounds in A. paniculata extracts, particularly for 
the standardisation and quality control of the plant 
extract’s production (10,11). This study aims to develop 
a less solvent HPLC method for the simultaneous 
quantification of ADG and NEO in A. paniculata  
extract. The parameters tested are selectivity, 
linearity, accuracy, precision, limits of detection and 
quantification.
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MATERIALS AND METHODS

Chemical and reagents
ADG and NEO standards were purchased from Toronto 
Research Chemicals, Canada (TRC). Acetonitrile and 
methanol were purchased from Merck and distilled 
water was obtained from Pharmaceutical Technology 
Lab, USM. 

Instruments
High-Performance Liquid Chromatography (Shimadzu 
LC-20A) equipped with pumps, autosamplers, C-18 
reverse phase column (Phenomenex-Luna RP-C18; 
250×4.6 mm, 5 µm i.d), photodiode array detector and 
data processor. A wavelength of 210 nm is chosen to 
analyse both ADG and NEO. 

Preparation of stock solution 
10 mg of ADG and NEO was accurately weighed and 
dissolved in 10 mL of acetonitrile to obtain a stock 
solution of 1mg/ml. The solution was sonicated for 10 
min and working solutions of 200, 100, 50, 25, 10, 5 
and 1 µg/ml were prepared by serial dilution.

Method validation
The method was validated following ICH guidelines 
for selectivity, linearity, accuracy, precision, limits of 
detection and quantification. 

Selectivity, Specificity and System Suitability
The selectivity was determined using the standard 
solutions with an injection volume of 10 µL and a 
wavelength (λ) of 210 nm. The mobile phases tested 
were consisting of methanol:water or acetonitrile:water 
at various ratios (30:70, 50:50, 60:40, 65:35, 70:30, 
90:10) at a flow rate of 1.0 mL/minutes with a maximum 
pressure of 12 kPa. An optimum mobile phase 
composition choice was made based on the resolution 
(Rs > 1.5), tailing factor (< 2), and retention time (12,13).  

Linearity & Range
The linearity and calibration curve were evaluated 
with seven standards (in methanol) containing different 
concentrations of ADG and NEO (1, 5, 10, 25, 50, 
100 and 200 µg/ml). The solutions were sonicated and  
filtered using 0.22 µm membrane filter before being 
injected into the HPLC system. The calibration curve 
was plotted between the area under the curve vs. 
concentration. In addition, linearity was determined 
using the regression analysis of the calibration data and 
the coefficient of variation (r) which is expected to be > 
0.999 (14). 

Accuracy 
To determine the accuracy, known concentrations of 
ADG and NEO (1, 25, and 200 µg/ml) were prepared 
in methanol. These solutions were filtered using  

0.22 µm membrane filtration subjected to HPLC 
system using the optimised method. The accuracy was 
expressed as a percentage recovery in the range of  
80-120 % (14,15). 

Precision 
Precision was determined by analysing the ADG and 
NEO solutions at three concentrations (1, 25, and 200 
µg/ml) injected in triplicates. The ratios of the standard 
deviation (SD) to the mean were used to determine the 
relative standard deviation values (RSD), which were 
then reported as percentages. The precision indicated 
in terms of relative standard deviation values (RSD) must 
be within 15% (14,15).

Limits of detection and quantification (LOD and LOQ) 
The limits of detection and quantification were 
determined using ADG and NEO standard solutions 
ranging from 1.0 – 200 µg/ml. LOD and LOQ were 
calculated using signal-to-noise (S/N) method in 
regression model data analysis using Microsoft Excel 
(16,17).

Intraday and Interday 
ADG and NEO solutions at three concentrations of  
1, 25, and 200 µg/ml (low, medium, high) were injected 
in triplicates in the morning, evening and night on 
the same day, followed by three consecutive days for 
intraday and interday accuracy and precision. 

Sample analysis 
A. paniculata ethanolic extract (AP Extract) was 
dissolved in methanol and, ADG and NEO content were 
quantified using the developed method.

RESULTS

Method Optimisation
It was found that using the composition of mobile 
phase, methanol:water (65:35 and 70:30, v/v) and 
acetonitrile:water (50:50, 60:40 and 90:10, v/v), 
resulted in a low peak resolution (Rs < 1.5) and high 
tailing factor (>1.2) for ADG. While acetonitrile:water 
(30:70, v/v) showed Rs > 1.6 and tailing factor ~1.07. 
Hence, acetonitrile:water (30:70, v/v) was chosen 
for further validation. These data are presented in the 
supplementary data.

Method Validation 
The representative chromatogram of the ADG and NEO 
is shown in Figure 1. The mobile phase of 30:70, v/v 
acetonitrile:water (Table I) produced good symmetrical 
peaks for both ADG and NEO. Specificity and system 
suitability shows that ADG and NEO are stable and 
reproducible within the same RT using the optimised 
method as shown in Table I. The retention time of ADG 
is 10.3 ± 1 mins while 26.2 ± 1 mins for NEO.  
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Table I : HPLC Conditions

HPLC Conditions

Column C
18

 column (Phenomenex-Luna RP-C18)

Size 250×4.6 mm, 5 µm.

Temperature  25°C

Mobile Phase acetonitrile: water (30:70, v/v)

Flow Rate 1 mL/min.

Injector Volume 10 µL

Retention Time 35 minutes

Wavelength 210 nm (4 nm bandwidth) 

Figure 1 : ADG and NEO chromatogram with the  
retention time of 10.3 and 26.2 mins, respectively. 

Table II : Accuracy and Precision of ADG and NEO standards (n=3)

Sample Day Concentration

(µg/ml)

Mean Calculated  

Concentration ((µg/ml)

Accuracy

(% R.E)

Precision

(% R.S.D)

ADG

Intra-day 1 0.91 ± 0.01 -8.57 1.63

25 24.75 ± 0.09 -1.00 0.35

200 200.58 ± 1.29 0.29 0.65

Inter-day 1 0.96 ± 0.01 -3.83 1.04

25 25.95 ± 0.36 1.94 0.94

200 198.30 ± 2.01 - 0.85 1.01

NEO

Intra-day 1 0.98 ± 0.01 -2.40 1.43

25 25.56 ± 0.14 2.25 0.57

200 197.66 ± 1.26 -1.17 0.64

Inter-day 1 0.93 ± 0.01 -7.04 1.57

25 25.26 ± 0.34 1.03 1.34

200 196.76 ± 1.44 -1.62 0.73

Figure 2 : Chromatogram of Andrographis paniculata 
extract analysis. ADG and NEO showed the retention 
time of 10.5 and 27.4 mins, respectively. 

DISCUSSION

In the present study, we have developed a reverse-
phase (RP) HPLC method for the quantification of ADG 
and NEO in a plant extract. Ultra Performance Liquid 
Chromatography (UPLC) and liquid chromatography–
mass spectrometry (LCMS) are the most commonly used 
for NEO analysis (18,19). In addition, Zhao et al. (2002) 
showed that NEO produced better peak shapes using 
a micellar electrokinetic capillary chromatography 
(MEKC) as compared to HPLC, which suggests better 
separation efficiency of the MEKC method compared 
to HPLC. Similarly, Chandra et al. (2016) developed an 
UPLC-triple quadrupole/linear ion trap (QqQLIT) –MS/
MS method for simultaneous detection of ADG and 
NEO. However, the present method offers the unique 
advantage of separating ADG and NEO in a single 
comprehensive approach using RP-HPLC with UV 
detection in a relatively shorter duration. The method 
showed good separation for both ADG and NEO.  
The method also used only 30% organic solvents as  

AP extract Analysis
Figure 2 shows a sample analysis of AP extract 
chromatogram for ADG and NEO. ADG and NEO eluted 
at a retention time of 10.5 and 27.4 mins, respectively. 
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compared to other published methods that used more 
than 30% organic phase in the mobile phases (10,11,21–
31). This method omits the addition of acids in the  
water phase to ease the mobile phase preparation, yet 
could separate ADG and NEO simultaneously.

Mobile phase composition of methanol:water (65:35 
and 70:30, v/v) and acetonitrile:water (50:50, 60:40  
and 90:10, v/v) resulted in an inadequate peak  
resolution with a high tailing factor, which is in line 
with Kumar et al. (2014) (32). While good symmetrical 
peaks for both ADG and NEO were generated by  
the mobile phase of 30:70, v/v acetonitrile:water  
(Table I). The RT was also consistent for ADG and  
NEO when injected at various concentrations, intra-
day and inter-day, justifying the reproducibility of the 
method. 

Calibration curves were linear for both analytes of 
interest (ADG and NEO) over the concentration 
ranges of 1.0 – 200 µg/ml. Calibration curves were  
constructed using the concentration versus peak 
area and analysed by simple regression analysis of  
y = mX+ C. The linearity data obtained for ADG and 
NEO are shown in the calibration plot in supplementary 
Figures 1(a) and 1(b). The regression (r) showed  
that this method has good sensitivity with % RSD  
below ≤ 2%. 

Three different concentrations of the ADG and NEO 
were used to assess the precision and accuracy of  
the measurements. In contrast to accuracy, which is 
assessed as the percentage of relative error (% R.E), 
precision was calculated as the relative standard 
deviation (RSD) over the concentration range (33). 
A high accuracy and precision scores showed the  
method is suitable for inter and intra-day analysis. 

The LOD and LOQ were found to be 4.65 µg/ml and 
14.11 µg/ml, respectively for ADG, and 4.12 µg/ml 
and 12.48 µg/ml, respectively for NEO. The overall 
mean recoveries calculated for ADG and NEO were 
within 95% - 97% which shows good recoveries for all 
concentrations tested.

The interday and intraday accuracies and precisions 
were ≤ 2% for both ADG and NEO. The relative 
standard deviation (RSD %) of precision ranged from 
0.35% to 1.63% for ADG and from 0.57 to 1.57% for 
NEO. US FDA (2000) guidelines stated that accuracy 
and precision values should not exceed 15% of the 
relative error (% R.E) and relative standard deviation 
(% R.S.D) which shows the proposed method has  
good repeatability and reproducibility (34,35).

ADG and NEO in the extract eluted at a retention time 
of 10.5 and 27.4 mins, respectively which is similar 
to the standard solutions. Hence, it can be concluded 

that the developed HPLC method can be utilised for  
the quantification of ADG and NEO in AP extracts.

CONCLUSION

An eco-friendly and reproducible RP-HPLC method 
has been developed and validated to quantify ADG 
and NEO in AP extract. The method’s selectivity, 
linearity, accuracy, precision, limits of detection, and 
quantification are all within acceptable limits of ICH 
guidelines. Hence, this method is suitable for analysing 
the concentration of ADG and NEO in AP extracts. 
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