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ABSTRACT 

 

Andrographis paniculata is widely used as a medicinal plant in many countries and 

andrographolide is the major bioactive compound extracted from A. paniculata leaf. 

This study purposely to optimize statistical andrographolide extraction using the ac-

celerated solvent extraction (ASE) technique. The Box Behnken design (BBD) was 
chosen to determine the optimum ASE conditions for the extraction temperature (ºC), 

cycle number, and extraction time (min) to achieve the highest yield of andro-

grapholide. The optimum ASE conditions were identified as: extraction temperature 

of 60 ºC, using 3 cycles and 5 min extraction time, with maximum conversion yield 
as high as 335.2 ± 0.2 mg/g determined by High Performance Liquid Chromatog-

raphy (HPLC) with the squared correlation coefficients (R2) of 0.97. The findings re-

vealed the ASE method significantly enhanced andrographolide extraction and agreed 

closely with the predicted value at 337.5 mg/g. Andrographolide was isolated by pre-
parative HPLC technique. A. paniculata leaf extract and extracted andrographolide 

displayed moderate radical scavenging activity in 2, 2−Diphenyl−1−picrylhydrazyl 

hydrate (DPPH) assay with IC50 of 0.883 ± 1.597 mg/ml and 0.514 ± 0.285 mg/ml re-

spectively as IC50 for ascorbic acid was 0.048 ± 0.004 mg/ml.  A. paniculata ex-
tract and andrographolide inhibited the tyrosinase enzyme with IC50 of 0.749 ± 0.293 

μg/ml and IC50 of 2.441 ± 2.026 μg/ml indicated stronger tyrosinase inhibition abili-

ties than kojic acid, IC50 of 19.985 ± 0.557 μg/ml. These results suggest that A. panic-

ulata leaf extract and andrographolide have greater potential as sources of biochemi-
cal compounds that can be used as skin depigmentation solutions. 
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Introduction 

Andrographis paniculata or locally known as 

‘hempedu bumi’ or “king of bitters” belongs to the 

family Acanthaceae that is widely distributed in 

Southeast Asia, China, India, and Taiwan [1].  The 

intensive investigations on diterpenoid lactones 

isolated from A. paniculata extracts and are re-

ported to exhibit a wide spectrum of biological ac-

tivities, involving antibacterial activities [2]. Ex-

tracts of the plant are used in complementary med-

icine and nutritional supplements to treat a wide 

spectrum of ailments such as fever, hepatitis, dia-

betes, bowel diseases, snake bites, and hyperten-

sion [3, 4, 5] following its inherent high composi-

tion of diterpenes, flavonoids and stigmasterols [6, 

7]. The plant is also ethnobotanically used for 

treating snakebite, bug bite, diabetes, dysentery, 

fever, and malaria [8].  

The compositions of phytoconstituents widely 

differ from one part to another and with the place, 

season, and time of harvest, comprising of more 
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than 55 ent−labdane diterpenoids, 30 flavonoids, 

8 quinic acids, 4 xanthones, and 5 rare noriridoids 

[7]. The A. paniculata extract is also documented 

to be effective in reducing upper respiratory tract 

infections [9, 10]. The whole A. paniculata plant 

contains andrographolide diterpenoids and poly-

phenols, with leaf extracts and andrographolide 

showing variable hepatoprotective actions. An-

drographolide also exhibits significant analgesic 

and anti−inflammatory activities with claims that 

aqueous decoction/extract of the plant could avert 

glucose−induced hyperglycemia, lower the blood 

glucose of diabetic animals, and restore the meta-

bolic profile of obese−diabetic rats [10]. Etha-

nolic A. paniculata extract comparably reduced 

Glutathione (GSH) levels in diabetic rats as that of 

the control drug, metformin [12, 13]. 

 Phytochemical investigations on the major 

andrographolide component (Figure 1) in A. pa-

niculata revealed interesting pharmacological 

properties: anti-oxidant, anti−tyrosinase, anti-dia-

betic and anti−inflammatory [14, 15]. Andro-

grapholide exhibited anticancer activities, appre-

ciable antiproliferative effect, and increase tumor 

necrosis factor, that increased toxicity towards 

B16F0 and HT−29 [16, 17].  Andrographolide 

also suppresses the Akt/GSK3β/β−catenin signal 

pathway expression and inhibits melanin produc-

tion [18]. However, the remarkable pharmacolog-

ical properties of andrographolide in A. panicu-

lata have been observed for extracts obtained by 

conventional−extraction techniques. While many 

studies used modern extraction methods to ob-

tain andrographolide from A. paniculata, there are 

insufficient methods investigated and optimized 

for high yield and improved pharmacological 

properties. 

Among the modern extraction techniques ap-

plied to the extraction of plants, materials include 

vacuum−assisted extraction, microwave−assisted 

extraction, and supercritical CO2 extraction [19, 

20, 21]. However, to the best of our knowledge, 

there is no report on the extraction of andro-

grapholide from A. paniculata through acceler-

ated solvent extraction (ASE). This alternative 

technique to solvent extraction offers the benefits 

of reduced extraction time and solvent consump-

tion. The high temperature and pressure in ASE 

synergistically increase diffusion rates of 

Phyto−extractives, hence the effective sample ex-

traction [22]. The method can simultaneously pro-

cess multiple samples and effortlessly separate the 

solvent and solid matter, compared to cold macer-

ation and microwave−assisted extraction [23, 24]. 

Noteworthily, the ASE benefits to extract the 

major andrographolide component from A. panic-

ulata can be enhanced by the method of response 

surface methodology through the Box Behnken 

design (BBD). The technique has been extensively 

applied with success to analyze the relationships 

of experimental variables in improving the extrac-

tion efficiency of a new extraction method on dif-

ferent plants [25, 26, 27]. BBD establishes a quad-

ratic response surface and independent quadratic 

design [28], and the methods do not combine max-

imum and minimum factors simultaneously [29]. 

Compared to other RSM approaches, the use 

of BBD offers more benefits because of fewer 

points at the extreme of the cubic region [30, 31]. 

Having said that, this study aims to identify the 

best ASE parameters to obtain high yields of an-

drographolide from A. paniculata. Three parame-

ters, namely extraction temperature (X1), cycle 

number (X2), and extraction time (X3), were cho-

sen in this study to establish a statistical model that 

could be applied for future scale-up andro-

grapholide extraction. Under the optimal extrac-

tion conditions, the anti-oxidant of properties of 

andrographolide rich extract was assessed using 

DPPH assay, and the extracted component was 

identified by high−performance liquid chromatog-

raphy. 

 

Material and Methods 

Materials 

The dried leaves (200 g) of A. paniculata were 

purchased from Herba Bagus Sdn Bhd, Johor, and 

deposited at Forest Research Institute Malaysia, 

Kuala Lumpur, Malaysia (SBID 002/12). The A. 

paniculata plant was cultivated in a climate−con-

trolled area and air−dried at room temperature of 

about 25°C. The dried leaves were ground into 

HO

O

OHO

OH  
Figure 1. Structure of andrographolide. 
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powder form and passed through a 30 mesh sieve. 

The sample was preserved in a sealed plastic bag 

at −80ºC until further use. The chemical 2, 2−Di-

phenyl−1−picrylhydrazyl hydrate (95% purity) 

(DPPH) and the certified reference material 

(CRM) of andrographolide (95% purity) were pur-

chased from Sigma–Aldrich (Madrid, Spain). Eth-

anol (95%) and HPLC−grade methanol were pro-

cured from J.T. Baker (Phillipsburg, NJ, USA). 

 

Accelerated solvent extraction (ASE) of A. panic-

ulata 

Each extraction was conducted using the ASE 

100 Dionex System (Dionex Pty Ltd, Lane cove, 

1595, NSW). Briefly, 3 g of the sample was mixed 

with diatomite to remove the remaining moisture 

before extraction. The obtained sample was then 

packed into a 10 ml stainless steel vessel extracted 

with ethanol at 1500 psi (10 MPa). The extraction 

was performed under variable extraction tempera-

tures (60, 80, and 100 ºC), under three different 

cycle numbers (ranging from 1 to 3) at different 

extraction times (3 to 7 mins). Upon completion, 

the excess solvent was evaporated using a rotary 

evaporator (Heidolph MX07R−20, PolyScience, 

USA), and the extraction liquid sample was 

oven−dried to a constant weight. The extracts 

were then filtered by using a 0.22 μm microporous 

membrane for High Performance Liquid Chroma-

tography (HPLC) analysis. All extractions were 

triplicated. 

 

Experimental design and statistical analysis 

It is known that extraction temperature (X1), 

cycle number (X2), and extraction time (X3) are 

among the significant factors that could affect the 

efficiency of ASE [32]. To access the best combi-

nation of extraction variables and their influence 

on the extraction yield of andrographolide, the ex-

traction parameters were optimized with RSM by 

using a mathematical software package, Design-

Expert version 13, DX13 (Stat−Ease, Inc., Minne-

apolis, USA). A total of 17 experiments comprised 

the three−variable−three−level Box Behnken de-

sign to determine the optimal Accelerated assisted 

extraction (ASE) conditions, with five replicates 

as the center point (Table 1). The selected varia-

bles were prescribed into 3 levels coded as −1, 0, 

and +1, and each experiment was randomized to 

avoid bias.  Andrographolide content was quanti-

tatively analyzed by HPLC analysis. In this exper-

iment, regression analysis was performed on ex-

perimental data fitted to a second-order polyno-

mial quadratic regression model Equation 1 as fol-

lows:  

 

Y = βo + ∑ βiXi + ∑ βiixi2 + ∑ ∑ βijXiXj  

 

(Equation 1) 

 

Where Y = response parameters, β0 = constant, βi 

= linear terms, βii = quadratic terms, βij = interac-

tion terms. 

 

The study performed statistical analysis via 

Analysis of Variance (ANOVA) to evaluate the 

statistical significance of the obtained model. Pa-

rameters used to gauge the model's quality in-

volved observation of the regression coefficient, 

R2, in which a high value indicates the model ade-

quacy and is further supported by the F−test and 

lack of fit. The ANOVA also assessed the statisti-

cal significance (p < 0.05) of the dependent and 

independent variables while Fischer’s test values 

(F-value) examine the adequacy of ASE models. 

Three-dimensional response surface plots were 

generated to show the interaction between varia-

bles and their effect on response parameters (con-

centration of andrographolide). In this study, an 

extra set of experiments were also conducted un-

der the optimal conditions to validate the proposed 

BBD design model.  

 

High-performance liquid chromatography 

(HPLC) analysis 

High performance Liquid Chromatography 

(HPLC) analysis was performed by using 

Zorbax® Eclipse plus HPLC column phase C18, 5 

μm particle size, L × I.D. 150 mm × 4.6 mm, col-

umn oven temperature 25°C, mobile phase meth-

anol, water (60:40) pumped at the flow-rate 0.7 

ml/min detection at 223 nm injection volume 20 

μl, using andrographolide as an internal standard 

for quantitation).  
 

Calibration Curve and Andrographolide Quanti-

fication by Analytical HPLC  

A five−point calibration curve was used to 

quantify andrographolide (Supplementary 1). An-

drographolide standards were prepared by diluting 

stock andrographolide in methanol, water (60:40) 

concentrations ranging from 200 to 1000 µg/ml. 
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For each concentration, 10.0 μl solution was in-

jected into the analytical column at 25 °C. Accord-

ingly andrographolide peaks were then eluted in 

mobile phase (60:40) solvent ratio at 1.5 ml/min 

flow rate.  

For similar conditions, about 2 mg/ml A. pa-

niculata leaf extract was dissolved in methanol, 

water solvent ratio (60:40), and injected into the 

same column. Andrographolide content in A. pa-

niculata leaf extract was quantified based on ref-

erence to the andrographolide standard calibration 

curve. The calculation used the following equa-

tion 2:  

 

Concentration of andrographolide= 
A − I

M
 

 

(Equation 2) 

 

Where A: The peak area of andrographolide in 

sample test solution, I: the Y intercept in the cali-

bration curve, M: The slope for calibration curve. 

Andrographolide percentage (w/w) in A. panicu-

lata leaf extract was calculated as follows: 

 

Andrographolide percentage= 
C x DF x V

1000 W
 

 

(Equation 3) 

 

Where, C = The concentration of analyte in the 

sample test solution (mg/L), V = The test solution 

(ml), DF = Dilution factor, W= weight of sample 

extract (g) 

 

Purification of Andrographolide by Preparative 

HPLC  
A. paniculata leaf extract was dissolved at 

about 2 mg/ml in methanol, water ratio 

(60:40), and was then filtered using PVDF mem-

brane (17 mm, porosity, 0.45 mm) for HPLC anal-

ysis. In HPLC analysis, the parameters of elution 

were developed and applied to preparative HPLC 

on Zorbax® Eclipse PrepHT (high throughput) 

C18 column (21.2 x 150 mm, 7µm). For sample 

injection, 400 μl and 15.0 ml/min flow rates were 

exerted per injection. The separation was achieved 

volume ratio (45:55) of 100% acetonitrile 

(C2H3N): 0.1% aqueous phosphoric acid (H3PO4) 

at 25 °C column temperature. The injections of 

samples were repeated with about 20 duplications 

for andrographolide purification. The effluent was 

observed using Ultraviolet-Visible spectroscopy 

(UV-Vis) at 223 nm and fraction peaks were col-

lected based on the standard elution profile of an-

drographolide. The fraction of the solution was 

collected and stored at 4 °C before being used 

for spectral identification of the compound. 

 

Spectral Identification of Compound  
The fraction sample solution was processed 

corresponding to the following procedure. About 

100 μl of the liquid sample with 500 μl of ethyl 

acetate and 20 μl of IS solution were transferred 

into a 1.5 ml microcentrifuge tube and were vor-

tex for about 5 minutes. The solution was then 

centrifuged for 10 minutes at 32000 x g. The su-

pernatant solution was collected and blown by ni-

trogen. The solution was dissolved with methanol, 

and water solution (1:1) (100 μl). The sample was 

injected with about 10 μl and was analyzed by Liq-

uid Chromatography with Tandem Mass Spec-

trometry (LC-MS/MS) analysis system.  
 

DPPH (2, 2−Diphenyl−1−picrylhydrazyl hy-

drate) assay 
Anti-oxidant activity of A. paniculata leaf ex-

tracts and andrographolide were spectrophoto-

chemically evaluated using DPPH assay as de-

picted by a recent study [33] with slight modifica-

tions. About each aliquot, 100 μl (100 μM) DPPH 

in methanol solution was transferred into 100 μl of 

sample solution. The mixture was then made into 

7.5 - 500 μg/ml for the final concentration of the 

extract and andrographolide. Ascorbic acid was 

used as standard. The radical decay using blank 

solutions was used for the absorbance values cor-

rection. The absorbance of the samples was deter-

mined using Biobase−EL10A (Biobase Industry 

Co. Ltd, Shandong, China) at 515 nm after 30 min 

of incubation in a dark room. The calibration 

curve’s linearity range of the prepared was be-

tween 0.00−10.00 mg/L (Supplementary 2) and 

the scavenging activity was estimated by the 

ascorbic acid standard curve, reported as mg/g of 

dried weight (DW) (Equation 2). All absorbances 

were measured in triplicate. The scavenging activ-

ity is calculated as the following: 

 
𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%)

=
((𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒) × 100)

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
           

 

(Equation 4) 
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Estimating the IC50 values of the obtained A. pa-

niculata leaf extract and andrographolide used the 

non−linear regression plot derived from the plot-

ted data GraphPad Prism version 9.0.0 for Win-

dows, GraphPad Software, San Diego, California 

USA (Supplementary 3). The concentration of 

each sample was required to give 50 % of the op-

tical density shown by the control for the value of 

the IC50 reference.  All analyses of the samples 

were triplicated with mean and standard deviation 

determined in this study.  

 

Mushroom Tyrosinase Inhibition Assay 

About 140 μl of A. paniculata leaf extract and 

andrographolide purified at proper concentration 

were made for in vitro mushroom tyrosinase inhi-

bition assay. Sodium phosphate buffer (pH 6.8) at 

10 mM was used in the sample preparation and 

was transferred into 96 well plates. At a concen-

tration of 10 μg/ml of mushroom tyrosinase in 10 

mM sodium phosphate buffer, 40 μl was added for 

each well. The 96 well then were incubated for 

about 10 minutes at room temperature. The sample 

was then mixed with 20 μl of 10 mM L-DOPA so-

lution in 10 mM sodium phosphate buffer. The 

sample in 96 wells was incubated for 30 

minutes. Absorbance reading was determined by 

using a microplate reader (PerkinElmer, USA) at 

405 nm. The tyrosinase activity (%) was calcu-

lated by using the following equation 5: 

 

Mushroom Tyrosinase Activity (%)  =  
C−A

B
× 100    

 

      (Equation 5) 

 

Where A = Absorbance value (sodium phosphate 

buffer supplemented with each concentration of 

andrographolide without mushroom tyrosinase), B 

= Absorbance value (Mushroom tyrosinase only 

treated sodium phosphate buffer), and C = Ab-

sorbance value (Sodium phosphate buffer supple-

mented with each concentration of andro-

grapholide with mushroom tyrosinase). 

 

The calibration curve’s linearity range of kojic 

acid was prepared between 0.00−90.00 μg/ml 

(Supplementary 4). All absorbance values were 

measured at 405 nm. Estimating the IC50 val-

ues for mushroom tyrosinase inhibition (%) of A. 

paniculata leaf extract and andrographolide used 

the non−linear regression plot derived from the 

plotted data using GraphPad Prism version 9.0.0 

for Windows, GraphPad Software, San Diego, 

California USA (Supplementary 5). 

 

Results and Discussion 

Model fitting 

The analytical tool of Response Surface Meth-

odology (RSM) is effective for measuring the in-

teraction and correlation process variables and 

corresponding responses to optimize multiple var-

iables for certain responses [29, 31]. In this study, 

Table 1. Experimental design by Box-Behnken with independent variables. 

Run 

 

Extraction  

Temp (°C) 

(X1) 

Cycle  

No 

(X2) 

Extraction  

time (min) 

 (X3) 

Yield of Andrographolide (mg/g) 

Experiment values (mg/g) Predicted values 

1 80  1  7 221.0 221.62 

2 80 3  7 247.0 248.13 

3 80 2  5  244.0 246.40 

4 60 2 7 200.0 195.00 

5 80  2  5  245.0 246.40 

6 100 3  5 241.0 236.62 

7 80  1  3  216.0 214.87 

8 100 2  3  158.0 163.00 

9 80  2 5 251.0 246.40 

10 60  1  5 231.0 235.37 

11 80  2  5 247.0 246.40 

12 80  3 3  226.0 225.38 

13 100  1  5  307.0 303.12 

14 100  2  7  259.0 262.25 

15 60  3 5 335.0 338.88 

16 80  2  5 245.0 246.40 

17 60 2 3 268.0 264.75 

The codes are (− 1, 0, 1) and actual values of X1 (60, 80, 100), X2 (1, 2, 3) and X3 (3, 5, 7). 
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the BBD’s multiple regression analysis was done 

to investigate the relationship between the re-

sponse of andrographolide yield and the experi-

mental levels of independent variables in the ASE 

of the A. paniculata leaf extract. The experimental 

results for the extraction of andrographolide using 

ASE and the corresponding independent variables 

were tabulated in Table 1.  

As shown in Table 1 the ASE significantly im-

proved the extraction efficiency of andro-

grapholide from A. paniculata, to yield andro-

grapholide yield ranges from 158–335 mg/g.  The 

highest andrographolide yield (335 mg/ml) was 

recorded at an extraction temperature of 60 ºC cy-

cle number 3 for 5 min of extraction time. After 

the insignificant terms were removed, the empiri-

cal relationships between the response and the 

three independent variables were expressed by a 

second-order polynomial equation (Equation 4): 

 
𝑌 = 246.4 − 8.62𝑋1 + 9.25 𝑋2 + 7.38𝑋3

− 42.5𝑋1𝑋2 + 42.24𝑋1𝑋3 

+ 4𝑋2𝑋3 + 12.92𝑋1
2 + 19.17𝑋2

2 

 

(Equation 4) 

 

Where Y = Yield of andrographolide, X1 = extrac-

tion temperature, X2 = cycle number, X3 = extrac-

tion time. 

Generally, optimization and analysis of a fitted 

response surface often lead to misleading results. 

Then this study performed statistical analysis via 

Analysis of Variance (ANOVA) to identify the 

model’s accuracy and predictive capability. The 

fitted quadratic polynomial model of extraction 

yield for andrographolide from A. paniculata were 

then determined from the ANOVA (Table 2).  

The F- test (107.71) and very low probability 

values, p < 0.0001, suggested that the model was 

highly significant at a 95% confidence level. 

These data imply the significance of each experi-

ment parameter towards the extraction rate of an-

drographolide. As tabulated in Table 2, all linear 

and quadratic terms significantly affected andro-

grapholide with a p-value of < 0.05. Similarly, ex-

traction temperature appeared to significantly in-

teract with cycle number (X1X2) and extraction 

time (X1X3) with a p-value of < 0.0001. The rela-

tionship between the predicted and experimental 

conversions (mg/g) is shown in Figure 2a. For this 

study, andrographolide yield for ASE of A. panic-

ulata leaf extract was within 152.00 - 333.13 

mg/g. 

Table 2. ANOVA results of the BBD model. 

Source Sum of Squares Degree of freedom Mean Square F−value p−value 

Model 24090.17 9 2676.69 107.71 < 0.0001 

Linear      

Extraction Tempera-

ture (X1)  
595.12 1 595.12 23.95 0.0018 

Cycle No (X2) 684.50 1 684.50 27.55 0.0012 

Extraction Time (X3) 435.13 1 435.13 17.51 0.0041 

Interaction      

X1X2 7225.00 1 7225.00 290.74 < 0.0001 

X1X3 7140.25 1 7140.25 287.33 < 0.0001 

X2X3 64.00 1 64.00 2.58 0.1526 

Quadratic      

𝑋1
2 703.39 1 703.39 28.31 0.0011 

𝑋2
2 1548.13 1 1548.13 62.30 < 0.0001 

𝑋3
2 6104.02 1 6104.02 245.63 < 0.0001 

Residual 173.95 7 24.85   

Lack of Fit 142.75 3 47.58 6.10 0.0566 

Pure Error 31.20 4 7.80   

Correlation Total 24264.12 16    
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The determination coefficient, R2 value (0.99), 

is close to 1, implying the model could adequately 

represent the relationship of the chosen parame-

ters. Moreover, the adjusted R2 (Radj: 0.98) and 

predicted R2 (0.90) were in the satisfactory range 

with the determination coefficient, which further 

confirms the model's significance.  

The “lack of fit” determines the model failure 

in data representation that is not included in the 

experimental domain. That said, the insignificant 

lack of fit value of the model (0.00566) signifies a 

good reproducibility of the experimental data and 

the reliability of the model to correlate the inde-

pendent variables to the response [31, 34]. 

 

Response surface analysis 

Response surface three-dimensional graphs 

represent the relationship between the response 

variable and the correspondence coefficients. Fig-

ure 3 demonstrates the mutual interactions of ex-

traction temperature (X1), cycle number (X2), and 

extraction time (X3) on the yield of andro-

grapholide. A circular shape of contour plots indi-

cates a negligible interaction between correspond-

ing variables, while an elliptical shape of contour 

plots suggests the significance of the interactions 

between variables [35]. 

As shown in Figure 3a, the mutual interaction 

between extraction temperature and cycle number, 

X1X2, yielded the highest andrographolide yield at 

a) 

 

b)  

 

c) 

 

Figure 3. Response surface plots of experimental fac-

tors on andrographolide yield. a) Extraction 

temperature (60 − 80 °C) versus cycle num-

ber (1 − 3) at an extraction time of 5 

minutes, b) Extraction temperature (60 − 80 

°C) versus extraction time (3, 5 and 7 min) 

at a fixed extraction cycle (2), and c) cycle 

number (1 − 3) versus extraction time (3, 5 

and 7 min) at a fixed extraction temperature 

of 80 °C. 

 
 

Figure 2. a) Comparison between the predicted and 

the actual values for andrographolide yield 

(mg/g) in extract. b) The deviation of the 

reference point for andrographolide yield 

for the effect of (X1), (X2) and (X3). 
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60 ºC and cycle number 3. Based on the highest 

andrographolide content obtained in experiment 2, 

it could be inferred the cycle number is a dominant 

factor in andrographolide extraction. This was 

 

 

 
Figure 4. HPLC chromatograms read at 223 nm for a) andrographolide standard, b) A. paniculata leaf extract, 

and c) isolated andrographolide from A. paniculata leaf extract. 
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shown by the larger F value (27.55) over the ex-

traction temperature (23.75) (Equation 3). Further-

more, the temperature (23.75) (Equation 3). Fur-

thermore, the negative interaction term (−42.5 

X1X2) (Equation 3) signifies an antagonist effect 

between extraction temperature and cycle number, 

which meant that high andrographolide content is 

obtainable at low cycle number and high tempera-

ture, and vice versa. Furthermore, a recent study 

reported that andrographolide is a thermally labile 

compound, and thus, it is highly susceptible to 

degradation at high extraction temperatures [21].  

Hence, higher cycle numbers would only fur-

ther degrade the andrographolide and result in 

lower content of the substance in the A. paniculata 

leaf crude extract. Extraction of andrographolide 

from A. paniculata leaf extract slightly decreased 

as the extraction temperature exceeded 50 ºC. 

While other studies that reported a high extraction 

temperature could increase the kinetic removal of 

the substances from plant cells, the condition 

could backfire and cause the leaves structure to be 

swollen. 

Despite that, this above-said phenomenon 

likely contributed to the reduced andrographolide 

content at temperatures beyond 60°, as seen in this 

study, because of the mass transfer limitation of 

the substance from the plant matrix into the sur-

rounding solvent. The trend seen here corroborates 

an observation of a previous work that found 65 

ºC being the highest yield of diterpenoids ex-

tracted from A. paniculata leaf using vacuum-as-

sisted extraction [36]. 

Figure 3b depicts the effect of extraction tem-

perature and time of extraction, X1X3, towards the 

concentration of andrographolide in A. panicu-

lata leaf extract. It is apparent that the extraction 

temperature of (F value 23.75) is a larger control-

ling factor than that of the extraction time of (F 

value 17.51) (Table 2) to maximize andro-

grapholide recovery for this mutual interaction, 

with the maximum andrographolide yield 

achieved at ~60 ºC.  

The general trend of the A. paniculata ASE re-

vealed the andrographolide content increased 

monotonically until the mid-point of the extraction 

time, to reach a maximum of 340.5 mg/g after 5.3 

min (Figure 2b).  This agreed with the regression 

equation's positive value for the two interacting 

factors (+42.24X1X3) (Equation 3).  

This study's response exhibited a downward 

trend when the extraction time exceeded 6 min, 

agreeing with other ASE experiments. Previous 

ASE trends consistently showed an extraction 

time longer than 5 min was impractical and does 

not substantially impact the process efficiency to 

maximize andrographolide recovery [37, 38]. The 

prolonged extraction time plausibly exacerbated 

the disintegration of the A. paniculata andro-

grapholide, a well-reported occurrence for diterpe-

noids extracted by extreme physical processes 

[22]. 

 

Model validation 

In this study, BBD was used to evaluate the 

optimum ASE parameters to maximize the andro-

grapholide yield from A. paniculata. Using the 

proposed values from the Design-Expert ver-

sion 13, DX13, the experiment established that the 

highest andrographolide yield (337 mg/g) at lower 

extraction temperature, higher number cycles, and 

a definite contact time between solvent and plant 

matrix at 60 ºC, 2.9 cycles and 4.72 minutes, re-

spectively. The validation experiment was re-

peated using a set of experiments with modified 

conditions (3 cycles and 5 min of static time, ex-

traction temperature remains unchanged) in order 

to verify the predicted data was not intolerant of 

the experimental value. 

HPLC method was carried out in the quantifi-

cation of andrographolide in A. paniculata leaf ex-

tract. As a reference, a standard solution of andro-

grapholide was injected and retention time was 

monitored at 4.82 minutes (Figure 4a). A calibra-

tion curve was prepared through the peak area and 

concentration of the standard solutions. The linear 

regression with correlation coefficient 

(R2 = 0.9847).  

The solution of A. paniculata extract (2 

mg/ml) was injected retaining the reference stand-

ard for identical chromatographic conditions. An-

drographolide from the extract was determined at 

4.80 minutes of the retention time (Figure 4b).  

The quantity of andrographolide was approxi-

mated at 335.2 ± 0.2 mg/g (Figure 4b), which 

amounts to only a 0.534 % difference between the 

two values. The comparable values for the pre-

dicted and experimental andrographolide yields 

affirmed the BBD model obtained by this study is 

reliable and could adequately predict the opti-

mized ASE conditions. 
 

Purification of Andrographolide from A. panic-

ulata leaf extract using Preparative HPLC  
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Preparative HPLC was used for the purifica-

tion of andrographolide which was obtained from 

A. paniculata leaf extract in HPLC analysis. A 

major peak was shown in the chromatogram of an-

drographolide significantly at 4.80 minutes of re-

tention time (Fig. 4a). An identical andro-

grapholide peak at 4.80 minutes of retention time 

was determined in A. paniculata extract as shown 

in Fig. 4b. Duration time between 4.70 minutes 

until 5.80 minutes as time trigger mode was used 

in the fraction collector set up. For each injection, 

about 20 ml was collected from a single fraction 

and 22.0 ml/min was used as the volume flow rate. 

The collective fraction was verified by using 

HPLC analysis and the structure of andro-

grapholide was confirmed by LCMS/MS. Andro-

grapholide concentration was determined at about 

26.3170 mg/l in preparative HPLC (Fig. 4c). Con-

centrated extracts in acetonitrile were indicated to 

be 97% of purity recovery. 
 

Spectral analysis 

The presence of andrographolide in the frac-

tion collected was further confirmed through 

LCMS/MS analysis. LC-MS/MS method was 

used to determine the molecular weight of the 

compound and the value shown at 349.3 [M-H] 

(Figure 5), similar as reported in the previous find-

ing [38, 39].  

 

Anti-oxidant activity of A. paniculata extract and 

extracted andrographolide 

Investigation of the antioxidant activity of A. 

paniculata leaf extract and extracted andro-

grapholide was carried out using a DPPH assay. In 

this assay, radical scavenging activities were per-

ceived as an antioxidant's ability to donate hydro-

gen and consequently changed the purple DPPH 

radical to yellow−colored diphenylpicryhydra-

zine [39]. The extracted andrographolide exhib-

ited the highest mean anti-oxidant activity of an 

IC50 of 0.514 ± 0.285 mg/ml while the A. panicu-

lata leaf extract displayed moderate radical scav-

enging activity with an IC50 of 0.883 ± 

1.597 mg/ml (Fig.6). In this study, ascorbic acid 

was used as the positive control showed a good 

anti-oxidant activity with IC50 value of 0.048 ± 

0.004 mg/ml. This tyrosinase inhibition (%) dis-

plays stronger tyrosinase inhibitory abilities 

than kojic acid tyrosinase inhibition IC50 of 19.985 

± 0.557 μg/ml. The data indicates that the ex-

 
Figure 5. LC-MS/MS spectra of isolated andrographolide. 

 
Figure 6. DPPH radical scavenging activity of Ascorbic acid, A. paniculata leaf extract and andrographolide. 
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tracted andrographolide showed better anti-oxi-

dant activity over the A. paniculata leaf extract 

and ascorbic acid.  

 

Mushroom tyrosinase inhibition activity  

A mushroom tyrosinase inhibition assay is 

performed on the A. paniculata leaf extract and ex-

tracted andrographolide in order to observe tyrosi-

nase activity inhibition. Kojic acid was used in this 

assay as standard as its prominently used tyrosi-

nase inhibitor. The data indicate that the A. panic-

ulata extract and andrographolide inhibited the ty-

rosinase enzyme with IC50 of 0.749 ± 0.293 μg/ml 

and IC50 of 2.441 ± 2.026 μg/ml (Fig. 7).  

This shows that A. paniculata leaf extract and 

extracted andrographolide can inhibit melanin 

synthesis and tyrosinase activity. Since A. panicu-

lata leaf extract and andrographolide showed 

greater tyrosinase inhibition activity, both have the 

potential to simulate tyrosine of amino acid and 

binding enzyme tyrosinase catalytically. As well 

as the formation of pigment is blocked by the deep 

cells on the skin and mitigates the melanogenesis 

process [40]. 

 

Conclusion 
The effects of ASE conditions on the yield of 

andrographolide from A. paniculata were evalu-

ated using BBD and RSM. Notably, the study 

found the response yield depended on the quad-

ratic terms of cycle number and extraction time, 

and interactions between extraction time and cycle 

number, and extraction time. Based on the poly-

nomial regression model, the optimum conditions 

for extraction of andrographolide yield were ex-

traction temperature of 60 ºC, 3 extraction cycles, 

and 5 min of extraction time to afford the highest 

yield of andrographolide of 335.2 ± 0.2 mg/g. 

Quantitative analysis of andrographolide in the 

crude extract was achieved by HPLC analysis and 

andrographolide purification by preparative 

HPLC. Hence, the BBD concluded that the tem-

perature was the main factor for the total yield of 

extraction.  It was clear that a low extraction tem-

perature played an important role in maximizing 

andrographolide extraction from A. paniculata. 

From the food and drug industry point of view, 

this study's result could provide a vast green and 

economic prospect applicable to extracting andro-

grapholide using ASE at an industrial scale. 
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