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1.   Introduction

Andrographis paniculata (AP) (Burm.f.) Wall. ex Nees (Family:
Acanthaceae), commonly known as kalmegh (in Trade), ‘kirayat’
(Hindi), ‘kalamegha’ (Sanskrit) and ‘Indian Echinacea’ in English
(Kumar et al., 2012) is an annual herb, native of South India and
Srilanka (Raina et al., 2013a) and grows in abundance in Asian
countries like India, Pakistan, Java, Malaysia and Indonesia (Joseph,
2014). In India, found wild throughout the plains mainly in states
of Madhya Pradesh, Chhattisgarh, Orissa, Maharashtra, Assam,
West Bengal, Uttar Pradesh, Uttrakhand, Tamil Nadu, Karnataka
and Kerala (Prajapati et al., 2003). Plant is erect, up to 30 cm - 1m
high, stem acutely quadrangular with profuse branching. Leaves are
simple, opposite, lanceolate with acute apex and short petiole.
Inflorescence is terminal, axillary and panicle. Flower violet to white
in colour and fruit capsule with numerous seeds (Anonymous,
1999; Sareer et al., 2014). Kalmegh is a reputed herb, which is
commonly used in Ayurveda, Siddha, Unani and Homoeopathy
systems of medicine as well as tribal medicines. Ayurvedic properties
such as Rasa-Tikta, Guna-Laghu, Ruksha, Veerya-Ushna, Vipaka-
Katu, Doshaghnata-Kaphapittashamaka, etc., are found in plant
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Abstract

Andrographis paniculata  (AP) (Burm.f.) Wall. ex Nees is a very well known plant for its
medicinal value like cough, cold, fever jaundice, etc., which is attributed due to the presence of
bioactive compounds. Wide use of bioactive compounds in different commercial sectors needs
the most appropriate method to extract these compounds from the plant material. Keeping this
in view, in present study, five different extraction methods were employed to recover extracts
from whole plants of AP. The methods include Soxhlet, Reflux, Cold extraction, Ultrasound-
Assisted extraction (UAE) and Microwave-Assisted extraction (MAE). Extractions were carried
out by using two solvents, i.e., methanol and chloroform for each sample at different durations
which vary with the method used. The extracts obtained by different extraction methods were
further analyzed by high performance liquid chromatography (HPLC) to identify and quantify
major bioactive compound, i.e., andrographolide. Thus, the best extraction method with best
extracting solvent and extraction duration was standardized. The results showed that the extraction
techniques significantly affect the both extract (%) as well as andrographolide (%). The
andrographolide (%) in the samples ranged from 0.587% to 1.998%. Also, analytical method
development and validation parameters, including linearity, accuracy, precision, LOD and LOQ
were determined to ensure the validity of extraction method for estimation of major compound
andrographolide.

Keywords: Extraction, andrographolide, HPLC, method validation

under study. Some Ayurvedic formulations containing AP are
Devadarvyadi kwatha churna, Pathyadi kwatha churna, Nimbadi
kwatha churna, Argvadhadi kwatha churna, Tiktaka ghrita,
Bhunimbadi kwatha, Bhunimbadya ghrita and Bhunimbadya
shtadashanga kwatha (Dey et al., 2013). Kalmegh is a household
remedy for minor digestion related problems in children
(Anonymous, 1982). Different authors reported kalmegh to be
used in the treatment of jaundice (Hemadari and Rao, 1984), cholera
(Tripathi and Tripathi, 1991), immunostimulant (Puri et al., 1993),
diabetes (Salleh, I991; Zaridah et al, 2001), dysentery (Basak et al.,
1999), diarrhoea (Huang, 1993), dyspepsia (Basak et al., 1999) and
high blood pressure (Zaridah et al., 2001). Long known in traditional
medicine as an carminative, liver stimulant, laxative, anthelmintic,
blood purifier, anti-inflammatory, antileprotic, antipyretic and
preventive measure for malaria, common cold, flu and upper
respiratory infections (Coon and Ernst, 2004; Melchior et al., 2000).
Andrographolide has been reported for its numerous pharmacological
activities like hepatoprotective (Handa and Sharma, 1990; Trivedi
et al., 2007), immunostimulant (Purl et al., 1993), analgesic,
antipyretic, antiulcerogenic (Madav et al., 1995), anti-HIV
(Calabrese et al., 2000), antimicrobial (Prejjal et al., 2003), antioxidant
(Akowouah et al., 2006), anticancer (Sheeja and Kuttan, 2007),
cardioprotective (Yoopan et al., 2007), anti-inflammatory (Abu-
Ghefreh et al., 2009) properties. It ameliorates nicotine-induced
oxidative stress on liver, kidney, heart, lung and spleen (Neogy
et al., 2008).
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In the present work, we evaluate the effectiveness of different
extraction methods for the determination of andrographolide.
Extraction of AP was done with five different methods as Soxhlet,
Reflux, Cold extraction, Ultrasound-Assisted extraction (UAE) and
Microwave-Assisted extraction (MAE). The effect of different
extraction methods on total extract (%) and andrographolide (%)
from whole plants of AP were observed. Extractions were carried
out by using two solvents, i.e., methanol and chloroform for each
sample at different durations which vary with the method used.
The extracts, thus obtained as above were further analysed by high
performance liquid chromatography (HPLC). Thus, the best
extracting solvent and extraction duration was standardized. The
present research would be helpful for further exploration and full
use of the renewable resource of AP.

2.  Materials and Methods
2.1 Materials and reagents

All chemicals/solvents used for extraction process were of analytical
grade and for HPLC analysis were of HPLC grade. The plants of AP
were procured from field of Department of Forest Products, UHF,
Nauni, Solan, India. The identification of the plant sample was
done in the Herbarium section of the above said Department with
reference number 9520. These plants were used for isolation of
standard compound, i.e., andrographolide and also for
standardization of extraction method.

2.2 Extraction, separation and purif ication of major
phytoconstituent andrographolide

Field grown plants of AP were harvested during flowering stage,
dried under shade for 7-8 days and then coarsely powdered and
further dried in the oven for 24 h. at 35-40°C. The air dried powdered
material (450 gm) was then extracted with methanol in a Soxhlet
apparatus for 12 h. on a boiling water bath. After extraction, solvent
was distilled off from the extract and sticky greenish mass was
dried under vaccum. The dried extract was then thoroughly decanted
with petroleum ether (60-80°C) for 2-3 times. Decantation discarded
and residue was refluxed with hexane 2-3 times, each for half an
hour. The filtrate again discarded and residue dried. The residue
pre-extracted with hexane was then dissolved in methanol and
filtered. The methanol from the filtrate was distilled off for removal
of methanol and the residue obtained was dried under vacuum. This
dried residue was then repeatedly decanted with benzene for the
removal of coloured substances and thereafter, the residue was
dissolved in ethyl alcohol : water mixture (1:1). The ethyl alcohol
was the evaporated by heating and the aqueous part containing
bitter compounds was repeatedly partitioned with ethyl acetate,
each time ethyl acetate fraction was collected and aqueous layer
was discarded. From ethyl acetate fraction, solvent was completely
removed by distillation, resulting in creamish to light green coloured
mass, andrographolide was further purified by crystallization in
chloroform and adding methanol into it dropwise. The dissolved
mixture was allowed to stand overnight and white crystals of
andrographolide were obtained. Repeated crystallization was done
to obtain purified andrographolide. Purity of the obtained crystals
was ascertained by TLC and HPLC.

2.3 Sample preparation

The collected plant material was properly cleaned for desired (aerial)
parts, dried for 3-5 days in open under shade and then dried in oven
(35-40°C) for 30 min. The dried material was grinded with pestle

and mortar and sieved by mesh size 600 microns sieve to form
uniform particle size of powdered material. This powdered material
was used for standardization of extraction technique. All these
extraction methods were first individually standardized for solvent
and extraction duration and then these individually standardized
methods were compared so as to find out the best extraction
methodology.

2.4 HPLC analysis of samples

The well dried extracted samples were diluted with mobile phase
(methanol : water :: 65 : 35, v/v) up to 250 times, then filtered
through 0.2 µm membrane prior to injection in the HPLC system.
This well prepared sample was then analyzed by HPLC method.
The details of the HPLC method are given in method development
section.

2.4.1 Soxhlet extraction

Accurately weighed (1 gm) ground plant material was packed in
thimble made of qualitative Whatman filter paper and then subjected
to extraction in soxhlet apparatus (40 ml capacity) over water bath
with methanol (100 ml) and chloroform (100 ml) solvents separately.
The extraction of samples under soxhlet extraction method was
done with two different solvents, i.e., methanol and chloroform
separately for 0.5, 1, 1.5, 2, 4, 6 and 8 h. After extraction and
filtration of the extract, solvent from each sample was distilled off
and the residue was air dried to a constant weight, total extract
recorded and further analysed by using HPLC developed method.

2.4.2 Reflux extraction

Accurately weighed (1 gm) plant material was extracted by refluxing
with different solvents, i.e., methanol (100 ml) and chloroform
(100 ml) separately. The extraction of samples under Soxhlet
extraction method was done with two different solvents, i.e.,
methanol and chloroform separately for 0.5, 1, 1.5, 2, 4, 6 and 8 h.
After extraction, the samples were processed in the same manner
as for soxhlet extraction method.

2.4.3 Cold extraction

Accurately weighed (1 gm) plant material was cold extracted at
room temperature by percolating by continous shaking on shaker
(SPINIX Reciprocating Shaker) with 100 rpm with different solvents
i.e. methanol (100 ml) and chloroform (100 ml) separately. The
extraction of samples under cold extraction method was done with
two different solvents (methanol and chloroform) separately for 2,
4, 6, 8, 10, 12, 14 and 16 h extraction. After extraction, the samples
were processed in the same manner as for soxhlet extraction method.

2.4.4 Sonication-assisted extraction

Accurately weighed (1gm) plant material was extracted by sonication
with different solvents, i.e., methanol (100 ml) and chloroform
(100 ml) separately for eight different durations (4, 8, 12, 16, 20,
24, 28 and 32 min.). The extraction was done at sonication power
120 MHz. and temperature was maintained at 40°C ± 1°C. After
extraction, the samples were processed in the same manner as for
soxhlet extraction method.

2.4.5  Microwave-assisted extraction

Accurately weighed (1gm) plant material was extracted by microwave
with different solvents, i.e., methanol (100 ml) and chloroform
(100 ml) separately for six different durations (5, 10, 15, 20, 25 and
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30 min.). Domestic microwave oven of IFB brand model 30SC3
was used for microwave assisted extraction. Microwave output
power was maintained 90 watt (10% out of 900 watt). After
extraction, the samples were processed in the same manner as for
soxhlet extraction method.

2.4.6 Comparison of different extraction method

Different extraction methods standardized, were compared in order
to find out the best extraction method for AP in terms of total
extract (%) and andrographolide content (%).

2.4.7 Development and validation of HPLC method for the
quantification of andrographolide in AP

The HPLC method development and validation was done on Waters
binary HPLC unit with Waters HPLC pump 515, dual  absorbance
detector 2487 and Empower II software and detection was done at
223 nm. The andrographolide pure compound isolated in the
laboratory was used as standard.

i. Method development

The chromatographic conditions were optimized by using different
columns, i.e., Spherisorb ODS-2 (4.6 × 150 mm, 3  µm), Symmetry
C18 (4.6 × 25 0mm, 5 µm) and Sunfire C18 (4.6 × 250 mm, 5 µm).
Different combinations of water and methanol (60:40 to 40:60),
water and acetonitrile (60:40 to 40:60) in isocratic mode at flow
rate ranging from 0.6 ml/min. to 1.3 ml/min. were tried to obtain
clear, well resolved peak of andrographolide in the standard
compound as well as in the sample.

ii. Method validation

The developed HPLC method was validated for seven parameters
as mentioned in ICH guidelines and procedure followed for testing
these parameters was also as per ICH guidelines (ICH Q2(R1),
(2005)). Different parameters used for validation were Linearity
and range, Accuracy, Precision, Limit of detection, Limit of
quantitation and Robustness.

(a) Linearity and range: Standard stock solution containing
andrographolide (237.500 µg/ml) was prepared with mobile
phase (methanol:water::65:35, v/v) and further appropriately
diluted with mobile phase  to obtain the solutions of six different
concentrations (3.710 µg/ml, 7.421 µg/ml, 14.843 µg/ml, 29.687
µg/ml, 59.375 µg/ml and 118.500 µg/ml) of andrographolide. In
total seven concentrations of the analyte solutions were used
in triplicate for obtaining calibration curve of andrographolide.
The calibration curve was constructed by plotting the mean
peak area versus the concentration of analyte. The
concentrations range of the method was derived from interval
between upper and lower values (including these values) of
linearity.

(b) Accuracy : The accuracy of the method was studied by recovery
studies. The accuracy of the method was determined by
percentage recovery of andrographolide in the spiked sample
at three concentration levels: (i) sample with known quantity
of andrographolide (7.421 µg/ml) + andrographolide (14.843
µg/ml); (ii) sample with known quantity of andrographolide

(7.421 µg/ml) + andrographolide (29.687 µg/ml); iii. sample
with known quantity of andrographolide (7.421 µg/ml) +
andrographolide (59.375 µg/ml)). The resultant samples were
then analyzed (replicated three times) and the average percentage
recoveries were calculated as:

   Recovery (%) =
g/ml)µ( compound ofamount  Actual

g/ml)µ( compound ofamount Observed
× 100

(c) Precision : To study the precision of the method, inter-day
and intra-day precisions were determined as:

i. Intra-day precision: The intra-day precision was measured
by injecting same concentration of standard mixture (59.37
µg/ml of andrographolide) for six times in a day and
measuring their response. The relative standard deviation
(% R.S.D.) of response was taken as measurement of intra-
day precision.

ii. Inter-day precision: The inter-day precision was measured
by injecting same concentration of standard mixture (59.37
µg/ml of andrographolide) for six consecutive days and
measuring their response. The relative standard deviation
(%R.S.D.) of the response was taken as measurement of
interday precision.

(d) Limit of detection (LOD) : The lowest concentration of
working solution of the analyte was further diluted with mobile
phase (methanol : water :: 65:35, v/v) to yield a series of
appropriate concentrations. Limit of detection (LOD) of the
developed method was determined by injecting progressively
low concentrations of the standard solutions and S/N ratio for
each concentration was observed. The concentration having
signal to noise ratio nearly 3 has been found as LOD.

(e) Limits of quantitation (LOQ) : The lowest concentration of
working solution of the analyte was further diluted with mobile
phase (methanol : water :: 65:35, v/v) to yield a series of
appropriate concentrations. Limit of quantitation (LOQ) of
the developed method was determined by injecting
progressively low concentrations of the standard solutions
and observed S/N ratio of each concentration. The LOQ for
investigated compound was established at signal to noise ratio
approaching nearly to 10.

(f) Robustness: Robustness of the developed method was
investigated by testing the influence of small changes in HPLC
conditions as change in flow rate  (± 0.05%) and change in
mobile phase composition (± 2%). A fixed standard
concentration of andrographolide was (118.5 µg/ml) selected
for robustness study. The selected concentration was injected
in triplicate, with standard HPLC conditions, with change in
flow rate from standard 1ml / min to 0.95 ml / min and 1.05 ml/
min. and with change in mobile phase composition from
standard methanol : water  (65:35, v/v) to methanol : water
(63:37, v/v) and methanol : water  (67:33, v/v). The % RSD of
the retention time was calculated for mean value of each factor.

iii. Testing of the developed method

The developed HPLC method was used for quantification of
andrographolide in samples of AP extracted by different extraction
methods given above.
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iv. Statistical analysis

The data regarding the standardization of extraction technique for
five species under study was subjected to statistical analysis using
OP-STAT software. Analysis of variance was worked out and critical
difference at 5 percent level of significance was calculated. The
data regarding the HPLC method development and validation for
five species under study was subjected to statistical analysis through
Empower-II software.

3.  Results

The results obtained by Soxhlet extraction method were found
statistically significant and are presented in Tables 1 and 2. The
mean total extract was higher in methanol extraction (16.302%)
than the chloroform extraction (4.192%). The mean total extract
was minimum for half hour extraction (8.037%) which increased to
maximum (11.898%) at eight hours extraction, which was however,
found statistically at par with six hours (11.693%) extraction
(Table 1).

Table 1: Effect of extraction duration and solvent on total extract
(%) of AP by using Soxhlet extraction

11.898 (3.327)5.842(2.417)17.954(4.237)8 Hours

4.192(2.019)16.302(4.033)MEAN

11.693(3.294)5.644(2.376)17.743(4.212)6 Hours

11.178 (3.224)5.503(2.346)16.853(4.103)4 Hours

10.332(3.037)3.949(1.986)16.715(4.088)2 Hours

9.509 (2.893)3.334(1.825)15.684(3.960)1.5 Hour

9.084(2.797)2.799(1.673)15.370(3.921)1 Hour

8.037(2.611)2.277(1.509)13.798(3.714)0.5 Hour

MeanChloroformMethanol
Solvent

Extraction Duration

11.898 (3.327)5.842(2.417)17.954(4.237)8 Hours

4.192(2.019)16.302(4.033)MEAN

11.693(3.294)5.644(2.376)17.743(4.212)6 Hours

11.178 (3.224)5.503(2.346)16.853(4.103)4 Hours

10.332(3.037)3.949(1.986)16.715(4.088)2 Hours

9.509 (2.893)3.334(1.825)15.684(3.960)1.5 Hour

9.084(2.797)2.799(1.673)15.370(3.921)1 Hour

8.037(2.611)2.277(1.509)13.798(3.714)0.5 Hour

MeanChloroformMethanol
Solvent

Extraction Duration

CD0.05

Solvent = 0.034

Duration = 0.064

Solvent  ×  Duration = 0.091

Values in the parentheses are transformed values using square root
transformation

Among different solvents used for extraction, in methanol extraction,
the total extract was minimum at half hour extraction (13.798%)
which kept increasing with increase in extraction duration and
reached maximum (17.954%) under eight hours extraction which
was however, found statistically at par with six hours (17.743%)
extraction. Under chloroform extraction, the minimum total extract
(2.277%) was obtained in half hour which kept increasing with
increase in extraction duration and reached maximum (5.842%) at
eight hours extraction. The values of total extract obtained at four
hours (5.503%), six hours (5.644%) and eight hours (5.842%)
extraction with chloroform were statistically at par (Table 1).

The mean content of andrographolide was found higher (1.799%)
under methanol extraction than the chloroform (0.740%) extraction.
Under different extraction durations, the mean andrographolide
content was minimum (1.102%) under half hour extraction and
maximum (1.418%) at eight hours extraction. The values of

andrographolide content obtained at four hours (1.383%), six hours
(1.390%) and eight hours (1.418%) extraction were statistically at
par with each other (Table 2).

Table 2: Effect of extraction duration and solvent on androgra-
pholide content (%) of AP by using Soxhlet extraction

          Solvent

Extraction Me thanol Chloroform Me an
Duration

0.5 Hour 1.707(1.306) 0.498(0.704) 1.102(1.005)

1 Hour 1.724(1.313) 0.575(0.759) 1.150(1.036)

1.5 Hour 1.790(1.338) 0.615(0.784) 1.202(1.061)

2 Hours 1.828(1.352) 0.650(0.806) 1.239(1.079)

4 Hours 1.829(1.353) 0.937(0.968) 1.383(1.160)

6 Hours 1.841(1.357) 0.939(0.969) 1.390(1.163)

8 Hours 1.871(1.368) 0.965(0.982) 1.418(1.175)

MEAN 1.799(1.341) 0.740(0.853)

CD0.05

Solvent = 0.013

Duration = 0.025

Solvent  ×  Duration = 0.035

Values in the parentheses are transformed values using square root
transformation

Under methanol solvent, the andrographolide content was minimum
(1.707%) under half hour extraction and maximum (1.871%) under
eight hours extraction. The values of andrographolide content
obtained at one and a half hour (1.790%), two hours (1.828%), four
hours (1.829%), six hours (1.841%) and eight hours (1.871%)
extraction with methanol were statistically at par. Under chloroform
solvent, the andrographolide content was minimum (0.498%) under
half hour extraction which kept increasing with increase in extraction
duration and reached maximum (0.965%) under eight hours
extraction and which was however, found statistically at par with
four hours (0.937%), six hours (0.939%) and eight hours (0.965%)
extraction (Table 2).

3.1 Reflux extraction method

The results obtained were found statistically significant and are
presented in Tables 3 and 4. The mean total extract was higher in
methanol extraction (16.443%) than the chloroform extraction
(5.619%). The extraction durations had positive effect on mean
total extract and minimum was obtained for half hour extraction
(8.138%) which increased to maximum (13.706%) at eight hours
extraction duration (Table 3).

Under methanol extraction, the total extract was minimum
(13.721%) at half hour extraction which kept increasing with increase
in extraction duration and reached maximum (17.979%) under eight
hours extraction. The values of total extract obtained at two hours
(17.198%), four hours (17.512%), six hours (17.543%) and eight
hours (17.979%) extraction done with methanol were statistically
at par. Under chloroform extraction, the minimum total extract
(2.555%) was obtained in half hour which increased with increase
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in extraction duration and reached maximum (9.433%) at eight hours
extraction which was however, statistically at par with six hours
(8.785%) extraction (Table 3).

Table 3: Effect of extraction duration and solvent on total extract
(%) of AP by using Reflux extraction

         Solvent

Extraction Me thanol Chloroform Me an
Duration

0.5 Hour 13.721(3.704) 2.555(1.598) 8.138(2.651)

1 Hour 15.111(3.887) 3.053(1.746) 9.082(2.816)

1.5 Hour 16.040(4.002) 3.794(1.948) 9.917(2.975)

2 Hours 17.198(4.147) 4.989(2.231) 11.093(3.189)

4 Hours 17.512(4.185) 6.725(2.592) 12.118(3.389)

6 Hours 17.543(4.188) 8.785(2.964) 13.164(3.576)

8 Hours 17.979(4.240) 9.433(3.071) 13.706(3.656)

MEAN 16.443(4.050) 5.619(2.307)

CD0.05

So lve nt = 0.041

Duration = 0.077

Solvent  ×  Duration = 0.109

Values in the parentheses are transformed values using square root
transformation

The mean content of andrographolide was found higher (1.998%),
under methanol extraction than chloroform (0.970%). Under
extraction duration, the mean andrographolide content was minimum
(1.213%) under half hour extraction and maximum (1.640%) at
eight hours extraction (Table 4).

Table 4: Effect of extraction duration and solvent on androgra-
pholide content (%)  of AP by using Reflux extraction

         Solvent Me thanol Chloroform Me an

Extraction
Duration

0.5 Hour 1.701(1.304) 0.725(0.851) 1.213(1.078)

1 Hour 2.040(1.428) 0.848(0.921) 1.444(1.175)

1.5 Hour 2.056(1.434) 0.913(0.956) 1.484(1.195)

2 Hours 2.060(1.435) 0.926(0.962) 1.493(1.199)

4 Hours 2.064(1.436) 1.012(1.006) 1.538(1.221)

6 Hours 2.038(1.427) 1.119(1.057) 1.578(1.242)

8 Hours 2.028(1.424) 1.251(1.118) 1.640(1.271)

MEAN 1.998 (1.413) 0.970(0.982)

CD0.05

So lve nt = 0.010

Duration = 0.019

Solvent  ×  Duration = 0.027

Values in the parentheses are transformed values using square root
transformation

Among individual solvents, under methanol solvent, the
andrographolide content was minimum (1.701%) under half hour
extraction and maximum (2.064%) under four hours extraction.
However, the values of andrographolide content obtained at one
hour (2.040%), one and a half hour (2.056%), two hours (2.060%),
four hours (2.064%), six hours (2.038%) and eight hours (2.028%)
extraction with methanol were found statistically at par. Under
chloroform solvent, the andrographolide content was minimum
(0.725%) under half hour extraction which kept increasing with
increase in extraction duration and reached maximum (1.251%) under
eight hours extraction (Table 4).

3.2 Cold extraction method

The results obtained were found statistically significant and are
presented in Tables 5 and 6. The mean total extract was higher in
methanol extraction (14.634%) than the chloroform extraction
(5.040%). Under different extraction durations, mean total extract
was found minimum under two hours extraction (7.813%) which
increased to maximum (10.379%) at eight hours and ten hours
extraction. The values of mean total extract obtained at six hours
(10.331%), eight hours (10.379%), ten hours (10.379%), twelve
hours (10.360%), fourteen hours (10.364%) and sixteen hours
(10.360%) extraction durations were statistically at par (Table 5).

Table 5: Effect of extraction duration and solvent on total extract
(%) of AP by using Cold extraction

        Solvent Me thanol Chloroform Me an

Extraction
Duration

2 Hours 11.250 (3.354) 4.375 (2.092) 7.813 (2.723)

4 Hours 12.803 (3.577) 4.618(2.149) 8.710 (2.863)

6 Hours 15.578 (3.946) 5.084 (2.253) 10.331 (3.100)

8 Hours 15.481 (3.935) 5.278 (2.297) 10.379 (3.116)

10 Hours 15.481 (3.934) 5.278 (2.297) 10.379 (3.116)

12 Hours 15.486 (3.935) 5.234 (2.288) 10.360(3.111)

14 Hours 15.499 (3.937) 5.229 (2.284) 10.364(3.110)

16 Hours 15.492 (3.936) 5.229 (2.286) 10.360(3.111)

MEAN 14.634 (3.819) 5.040 (2.243)

CD0.05

So lve nt = 0.033
Duration = 0.061
Solvent  ×  Duration = 0.086

Values in the parentheses are transformed values using square root
transformation

Under methanol extraction, the total extract was minimum
(11.250%) at two hours extraction which increased to maximum
(15.578%) under six hours extraction and, thereafter stabilized.
The values of total extract obtained at six hours (15.578%), eight
hours (15.481%), ten hours (15.481%), twelve hours (15.486%),
fourteen hours (15.499%) and sixteen hours (15.492%) extraction
with methanol were statistically at par. Under chloroform extraction,
the minimum total extract (4.375%) was obtained in two hours and
maximum (5.278%) at eight hours and ten hours extraction and
thereafter stabilized (Table 5).
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The mean content of andrographolide was found higher (1.661%)
under methanol extraction than chloroform (0.942%). In different
extraction durations, the mean andrographolide content was
minimum (1.132%) under two hours extraction and maximum
(1.385%) at twelve hours extraction. The values of mean extraction
durations at ten (1.352%), twelve hours (1.358%), fourteen hours
(1.385%) and sixteen hours (1.381%) were statistically at par with
each other (Table 6).

Table 6: Effect of extraction duration and solvent on androgra-
pholide content (%) of AP by using Cold extraction

        Solvent Me thanol Chloroform Me an

Extraction
Duration

2 Hours 1.413(1.188) 0.851(0.922) 1.132 (1.055)

4 Hours 1.595(1.263) 0.888(0.942) 1.241 (1.102)

6 Hours 1.628(1.276) 0.903(0.950) 1.265 (1.113)

8 Hours 1.633(1.278) 0.963(0.982) 1.298 (1.130)

10 Hours 1.727(1.314) 0.976(0.988) 1.352 (1.151)

12 Hours 1.735(1.317) 0.982(0.991) 1.358 (1.154)

14 Hours 1.780(1.334) 0.990(0.995) 1.385 (1.165)

16 Hours 1.776(1.333) 0.986(0.992) 1.381 (1.163)

MEAN 1.661(1.288) 0.942(0.970)

CD0.05

So lve nt = 0.011
Duration = 0.023

Solvent  ×  Duration = 0.032

Values in the parentheses are transformed values using square root
transformation
Among extracting solvents, in methanol solvent, the andrographolide
content was minimum (1.413%) under two hours extraction which
increased to maximum (1.780%) under fourteen hours extraction.
The values of andrographolide content obtained at ten hours
(1.727%), twelve hours (1.735%), fourteen hours (1.780%) and
sixteen hours (1.776%) extraction with methanol were statistically
at par. Under chloroform solvent, the andrographolide content was
minimum (0.851%) under two hours extraction which kept
increasing with increase in extraction duration and reached maximum
(0.990%) under fourteen hours extraction. The values of
andrographolide content obtained at eight hours (0.963%), ten hours
(0.976%), twelve hours (0.982%), fourteen hours (0.990%) and
sixteen hours (0.986%) extraction with methanol were statistically
at par (Table 6).
3.3 Sonication assisted extraction
The results obtained were found statistically significant and are
presented in Tables 7 and 8.  The mean total extract was higher in
methanol extraction (11.694%) than chloroform extraction
(3.917%). The extraction durations had positive effect on mean
total extract and minimum (5.456%) was obtained under four minutes
extraction and maximum (9.359%) at twenty eight minutes extraction
which was however, found statistically at par with twenty four
minutes (9.208%) and thirty two minutes (9.218%) extraction
(Table 7).

Table 7: Effect of extraction duration and solvent on total extract
(%) of AP by using Sonication assisted extraction

         Solvent

Extraction
Duration Me thanol Chloroform Me an

4 Minutes 8.258 (2.874) 2.655(1.624) 5.456(2.249)

8 Minutes 9.050(3.009) 3.415(1.848) 6.233(2.428)

12 Minutes 11.068(3.325) 3.651(1.911) 7.359(2.618)

16 Minutes 11.130(3.336) 3.664(1.913) 7.397(2.624)

20 Minutes 12.620(3.553) 3.808(1.951) 8.214(2.752)

24 Minutes 13.882(3.725) 4.535(2.129) 9.208(2.927)

28 Minutes 13.916(3.730) 4.803(2.192) 9.359(2.961)

32 Minutes 13.628(3.690) 4.808(2.193) 9.218(2.941)

MEAN 11.694(3.405) 3.917 (1.970)

CD0.05

So lve nt = 0.038

Duration = 0.075

Solvent  ×  Duration = 0.107

Values in the parentheses are transformed values using square root
transformation

Under methanol extraction, the total extract was minimum (8.258%)
at four minutes extraction which kept increasing with increase in
extraction duration to maximum (13.916%) under twenty eight
minutes extraction, which was, however, found statistically at par
with twenty four minutes (13.882%) and thirty two minutes
(13.628%) extraction. In chloroform extraction, the minimum total
extract (2.655%) was obtained in four minutes extraction, which
kept increasing with the increase in extraction duration and reached
maximum (4.808%) at thirty two minutes extraction. The values of
total extract obtained at twenty four minutes (4.535%), twenty
eight minutes (4.803%) and thirty two minutes (4.808%) extraction
with chloroform were statistically at par (Table 7).

The mean content of andrographolide was found higher (1.673%),
under methanol extraction than chloroform (0.717%). Under
extraction durations, the mean andrographolide content was
minimum (0.956%) under four minutes extraction and maximum
(1.314%) at thirty two minutes extraction which was however,
found statistically at par with twenty eight minutes (1.304%) and
twenty four minutes (1.310%) extraction (Table 8).

Among different solvents, under methanol extraction, the
andrographolide content was minimum (1.309%) under four minutes
extraction and maximum (1.867%) under thirty two minutes
extraction which was however, found statistically at par with
twenty four minutes (1.866%), twenty eight minutes (1.865%)
extraction. Under chloroform extraction, the andrographolide content
was minimum (0.605%) under four minutes extraction and maximum
(0.872%) under thirty two minutes extraction which was however,
found statistically at par with  twelve minutes (0.749%), sixteen
minutes (0.747%), twenty minutes (0.733%), twenty four minutes
(0.861%) and twenty eight minutes (0.868%) extraction with
chloroform (Table 8).
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Table 8: Effect of extraction duration and solvent on androgra -
pholide content (%) of AP by using Sonication assisted
extraction

        Solvent Me thanol Chloroform Me an

Extraction
Duration

4 Minutes 1.309 (1.144) 0.605 (0.777) 0.956 (0.961)

8 Minutes 1.403 (1.184) 0.644 (0.802) 1.023 (0.993)

12 Minutes 1.633 (1.278) 0.749 (0.865) 1.191 (1.071)

16 Minutes 1.638 (1.280) 0.747 (0.864) 1.192 (1.072)

20 Minutes 1.804 (1.343) 0.733 (0.856) 1.269 (1.099)

24 Minutes 1.866 (1.366) 0.742 (0.861) 1.304 (1.113)

28 Minutes 1.865 (1.366) 0.754 (0.868) 1.310 (1.117)

32 Minutes 1.867 (1.367) 0.761 (0.872) 1.314 (1.119)

MEAN 1.673 (1.291) 0.717 (0.846)

CD0.05

So lve nt = 0.008
Duration = 0.017
Solvent  ×  Duration = 0.023

Values in the parentheses are transformed values using square root
transformation

3.4  Microwave assisted extraction

The results obtained were found statistically significant and are
presented in Tables 9 and 10. The mean total extract was higher in
methanol extraction (11.327%) than the chloroform extraction
(2.429%). The extraction duration had positive effect on mean
total extract and minimum (4.880%) was obtained under five minutes
extraction and maximum (8.230%) at twenty five minutes extraction,
which was however, found statistically at par with thirty minutes
(8.136%) extraction (Table 9).

Table 9: Effect of extraction duration and solvent on total extract
(%) of AP by using Microwave assisted extraction

         Solvent Me thanol Chloroform Me an

Extraction
Duration

5 Minutes 8.614 (2.935) 1.146 (1.070) 4.880 (2.003)

10 Minutes 9.737 (3.120) 1.675 (1.294) 5.706 (2.207)

15 Minutes 11.667 (3.416) 1.714 (1.309) 6.690 (2.362)

20 Minutes 12.555 (3.543) 2.700 (1.643) 7.628 (2.593)

25 Minutes 12.790 (3.576) 3.671 (1.915) 8.230 (2.745)

30 Minutes 12.601 (3.550) 3.671 (1.916) 8.136 (2.733)

MEAN 11.327 (3.356) 2.429 (1.524)

CD0.05

So lve nt = 0.027

Duration = 0.046
Solvent  ×  Duration = 0.065

Values in the parentheses are transformed values using square root
transformation

Under methanol extraction, the total extract was minimum (8.614%)
at five minutes extraction which increased to maximum (12.790%)
at twenty five minutes extraction and thereafter stabilized. In
chloroform extraction, the minimum total extract (1.146%) was
obtained in five minutes extraction, which kept increasing with the
increase in extraction duration and reached maximum (3.671%) at
thirty minutes extraction. The values of total extract obtained at
twenty five minutes (3.671%) and thirty minutes (3.671%)
extraction with chloroform were statistically at par (Table 9).

The mean content of andrographolide was found higher (1.606%)
under  methanol extraction than chloroform (0.587%). Under
different extraction durations, the mean andrographolide content
was minimum (0.900%) under five minutes extraction and maximum
(1.266%) at thirty minutes extraction, which was however found
statistically at par with  twenty five minutes (1.209%) extraction
(Table 10).

Table 10: Effect of extraction duration and solvent on androgra-
pholide content (%) of AP by using Microwave assisted
extraction

        Solvent Me thanol Chloroform Me an

Extraction
Duration

5 Minutes 1.470 (1.213) 0.329 (0.573) 0.900 (0.893)

10 Minutes 1.573 (1.254) 0.489 (0.699) 1.031 (0.976)

15 Minutes 1.574 (1.254) 0.529 (0.718) 1.051 (0.986)

20 Minutes 1.625 (1.275) 0.620 (0.787) 1.123 (1.031)

25 Minutes 1.678 (1.296) 0.740 (0.860) 1.209 (1.078)

30 Minutes 1.717 (1.310) 0.815 (0.903) 1.266 (1.106)

MEAN 1.606 (1.267) 0.587 (0.756)

CD0.05

So lve nt = 0.028

Duration = 0.049

Solvent  ×  Duration = 0.069

Values in the parentheses are transformed values using square root
transformation
Under methanol solvent, the andrographolide content was minimum
(1.470%) under five minutes extraction and maximum (1.717%)
under thirty minutes extraction. The values of andrographolide
content obtained at ten minutes (1.573%), fifteen minutes (1.574%),
twenty minutes (1.625%), twenty five minutes (1.678%) and thirty
minutes (1.717%) extraction with methanol were statistically at
par. Under chloroform solvent, the andrographolide content was
minimum (0.329%) under five minutes extraction and maximum
(0.815%) under thirty minutes extraction which was however, found
statistically at par with twenty five minutes (0.740%) extraction
(Table 10).
3.5 Comparison of different extraction methods in AP

In this experiment, the best extraction condition under individual
extraction method was selected for comparison of different extraction
methods so as to find out the best extraction method for extraction
of andrographolide from plants of AP. The results obtained were
found statistically significant and are presented in Table 11.
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The total extract was recorded maximum (15.684%) under soxhlet
method when extraction was done with methanol for one and a half
hour which was found statistically at par with reflux extraction
(15.111%) with methanol for one hour and cold extraction method

(15.481%) with methanol for ten hours. The minimum total extract
(12.601%) was recorded when the extraction was done microwave
assisted extraction for thirty minutes with methanol solvent
(Table 11).

      Table 11: Comparison of different extraction methods in AP

Extraction method Extracting Extraction Total extract Andrographolide (%)
solv ent duration  (%)

Soxhlet extraction Methanol 1.5 Hour 15.684 (3.960) 1.790 (1.338)
Reflux extraction Methanol 1 Hour 15.111(3.887) 2.040 (1.428)
Cold  extraction Methanol 10 Hours 15.481(3.934) 1.727 (1.314)
Sonication assisted extraction Methanol 32 Minutes 13.628 (3.690) 1.867 (1.367)
Microwave assisted extraction Methanol 30 Minutes 12.601 (3.550) 1.717 (1.310)
CD

0.05
0.099 0.031

SE(m) 0.032 0.010
SE(d) 0.046 0.014

C.V. 1.708 1.494

      Values in the parentheses are transformed values using square root transformation

The andrographolide content was maximum (2.040%) under reflux
method when extraction was done with methanol for one hour. The
andrographolide content was found almost same in sonication
assisted method with methanol for thirty two minutes and soxhlet
extraction method with methanol for one and a half hour extraction.
The andrographolide content was recorded minimum in cold
extraction method (1.727%) with methanol for ten hours extraction
which was, however found statistically at par with microwave
assisted method with thirty minutes (1.717%) extraction duration.

3.6 Development and validation of HPLC method for the
quantification of andrographolide in AP

3.6.1 Method development

Method development was done on waters binary HPLC unit with
HPLC pumps-515 and detection was done at 223 nm on dual 
detector 2487. Three different columns Spherisorb ODS-2 (4.6 ×
150 mm, 3 µm), Symmetry C18 (4.6 × 250 mm, 5 µm) and Sunfire
C18 (4.6 × 250 mm, 5 µm) were tried. Standard of pure compound
andrographolide (118.500 µg/ml) was repeatedly injected in different
columns by varying mobile phase, solvents and concentrations
(i. methanol : water :: 70:30 to 40:60; ii. acetonitrile : water :: 70:30
to 40:60) at fixed mobile phase flow rate 1ml/min. in isocratic
mode. Chromotograms were observed for clear separation of peak
for andrographolide. The clearly separated, well resolved peak of
andrographolide were observed only on Sunfire C18(4.6 × 250 mm,
5 µm) column with methanol : water as mobile phase. The peak of
andrographolide was not clearly resolved in acetonitrile : water as
mobile phase. After selecting the column of Sunfire C18(4.6 × 250
mm, 5 µm), mobile phase concentration, i.e., methanol : water was
varied for between 70:30 to 40 :60 at flow rate of 1ml/min. afforded
clearly separated, well resolved peak of andrographolide. After
deciding the column (Sunfire C18(4.6 × 250 mm, 5 µm)), mobile
phase (methanol : water:: 65 :35, v/v) which afforded good separation
of andrographolide peak in the standard; the plant sample was
injected and chromatogram was observed. The mobile phase flow
was altered between 0.6 ml/min. to 1.3 ml/min. but the clear, well
defined peak of andrographolide was observed only at flow rate of
1ml/min. The optimized chromatographic conditions which clearly

separate the compound of our interest, i.e., andrographolide in
plant samples are as below and also shown in Figures 1, 2a and 2b:

Equipment : Waters HPLC unit with waters HPLC pump
515 and dual  absorbance detector 2487

Column : Sunfire C-18 (4.6 × 250 mm, 5 m)

Mobile Phase : Methanol : water (65 : 35)

Flow rate : 1ml/min.

Mode of flow : Isocratic

Detection : 223 nm

Run Time : 27 min
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Figure 1: Chromatogram of andrographolide (reference compound).
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Figure 2a: Chromatogram of methanol extracted sample of AP.
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Figure 2b: Chromatogram of chloroform extracted sample of AP.

3.6.2 Method validation

Above developed method was validated for the following
parameters:

i. Linearity and range

The results obtained for linearity and range for andrographolide are
presented in Table 12. Linearity of andrographolide was established
for seven concentrations ranging from 3.710 µg/ml – 237.500 µg/

ml. Regression equation obtained was linear with correlation
coefficient (R) value 0.999. Regression equation derived from the
linear data was Y = 5.68e + 004 X + 5.60e + 003. The retention
time of andrographolide was 5.671 ± 0.018. The calibration curve
was constructed by plotting the mean peak area versus the
concentration of each analyte (Figure 3).
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Figure 3: Calibration curve of andrographolide (Reference compound).

     Table 12:  Linearity data of andrographolide

0.3205.671±0.0180.999Y = 5.68e+004 
X + 5.60e+003
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     Table 13: Recovery studies of andrographolide

0.348102.528 ± 0.35768.485 ± 0.23866.79659.3757.421

0.435105.212 ± 0.45739.044 ± 0.17037.10929.6877.421 103.436 ± 0.512

0.513102.569 ± 0.52722.838 ± 0.11722.26514.8437.421

Andrographolide

%RSDMean recovery 
(%)

Mean recovery
a(µg/ml)

Overall 
recoveryb

(%)

RecoveryTotal 
quantity
(µg/ml)

Added 
quantity
(µg/ml)

Initial 
quantity 
(µg/ml)

Phytoconstituent

0.348102.528 ± 0.35768.485 ± 0.23866.79659.3757.421

0.435105.212 ± 0.45739.044 ± 0.17037.10929.6877.421 103.436 ± 0.512

0.513102.569 ± 0.52722.838 ± 0.11722.26514.8437.421
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%RSDMean recovery 
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Overall 
recoveryb

(%)

RecoveryTotal 
quantity
(µg/ml)

Added 
quantity
(µg/ml)

Initial 
quantity 
(µg/ml)

Phytoconstituent

      aMean ± SD (n=3)

      bMean ± SD (n=9)

Table 14: Precision, limit of detection (LOD) and limit of quantitation (LOQ) data of andrographolide

0.0920.0370.760.90Andrographolide

b) Inter-day 
(% RSD)

a) Intra-day 
(% RSD)
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(µg/ml)

LOD
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Phytoconstituent

       aIntra-day precision : data expressed as mean (n = 6)

       bInter-day precision: data expressed as mean (n = 6)
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ii. Accuracy

The results showed that recovery percentage for andrographolide
ranged from 102.528 ± 0.357% to 105.212 ± 0.457% with % RSD
ranged from 0.348% to 0.513%. The overall recovery percentage
for andrographolide was found 103.436 ± 0.512%. The results
presented in Table 13 showed that the method has good recovery
as the % RSD was less than 1 (Table 13).

iii. Precision

The intra-day precision was studied by analyzing same sample six
times during the day and evaluated on the basis of % RSD (coefficient
of variation).  The % RSD for intra-day precision of andrographolide
was 0.90%. The inter-day precision was evaluated by analyzing
same sample for consecutive six days. The % RSD for inter-day
precision for andrographolide was found 0.76% (Table 14).

iv.  Limit of detection (LOD)

The limit of detection for andrographolide was found 0.037 µg/ml
which has an average S/N ratio of 3 (Table 14).

v. Limit of quantititation (LOQ)

The limit of quantitation for andrographolide was found 0.092µg/
ml which has an average S/N ratio of 10 (Table 14).

vi. Robustness

The developed method had flow rate of 1ml/min. and with this
flow rate andrographolide elutes at 5.667 min. When the flow rate
of mobile phase was slightly decreased to 0.95 ml/min., the elution
time of andrographolide increased to 6.000 min. With the increase
in flow rate to 1.05 ml/min. the elution time of andrographolide
decreased to 5.459 min. The % RSD for retention time of
andrographolide was 1.593% (Table 15).

Table 15: Robustness studies of andrographolide
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The developed method had mobile phase of (methanol : water :: 65
: 35, v/v) and with this mobile phase andrographolide elutes at
5.667 minutes. When the mobile phase ratio changed to methanol :
water :: 63 : 37 the elution time of andrographolide increased to
6.275 minutes. With the change in mobile phase ratio as methanol
: water :: 67 : 33  the elution time of andrographolide decreased to
5.222 minutes. The %RSD for retention time of andrographolide
was 3.080% (Table 15).

4.  Discussion

In the present study, uniformly powdered material was used for
standardization of extraction technique for extraction of major
phytochemical, i.e., andrographolide. Keeping in view the nature
of targeted compound (lactone), polar solvent, viz., methanol and
intermediate polarity solvent, viz., chloroform was used for
extraction by five different methods, viz., soxhlet, reflux, cold
(percolation), sonication assisted extraction and microwave assisted
extraction.

Figure 4: Mean total extract from AP under different extraction
methods.

Out of the two solvents, the mean total extract and mean
andrographolide content was higher when extraction was done with
methanol under all extraction methods. The mean extract yield by
using methanol as solvent ranged from 11.327% to 16.443% under
different extraction methods, whereas it ranged from 2.429% to
5.619% when the extraction was done with chloroform (Figure 4).
The mean total extract was maximum 16.443% under reflux
extraction and very closely followed by soxhlet extraction (16.302%)
when methanol was used as solvent.

Figure 5: Mean andrographolide content in AP under different
extraction methods.
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The mean andrographolide content ranged from 1.606% to 1.998%
when extraction was done with methanol in different extraction
methods. In comparison to methanol, the mean andrographolide
content was lower when extraction was done with intermediate
polarity solvent, viz., chloroform and the values for mean
andrographolide content ranged from 0.587% to 0.970% under
different extraction methods used (Figure 5). The mean
andrographolide content was obtained maximum (1.998%) under
reflux extraction with methanol as solvent.

The results presented for individual extraction methods showed
that in soxhlet extraction, one and a half hour extraction with
methanol is the best for extraction of andrographolide (1.790%)
with the higher (15.684%) total extract. Under reflux extraction
with methanol, the extraction with methanol for one hour has been
found best in terms of andrographolide content (2.040%) with
total extract as 15.111%. In cold extraction, for extraction of
andrographolide content from the raw material, extraction with
methanol for ten hours has been found best for extraction of
andrographolide (1.727%) with total extract as 15.481%. In
sonication assisted extraction, thirty two minutes extraction with
methanol extracted maximum andrographolide (1.867%) with extract
yield as 13.628%.  In microwave assisted extraction, thirty minutes
extraction with methanol gives better results for andrographolide
content (1.717%) with total extract as 12.601%. On comparing the
best extraction condition obtained under individual methods with
each other, it is concluded that for extraction of andrographolide
from the raw samples, reflux extraction with methanol for one hour
is the best condition for extraction of maximum andrographolide
and total extract.

High andrographolide content and high total extract under reflux
extraction with methanol solvent may be due to the impact of
extraction temperature as sample remains at the boiling point of
extraction solvent. The reflux extraction method is common method
still widely used by various researchers for extraction of different
phytochemicals from AP (Rao et al., 2004; Mishra et al., 2010;
Sharma et al., 2012; Raina et al., 2013b).

The method has been developed and validated for different
parameters as linearity and range, accuracy, precision, LOD, LOQ
and robustness.

5. Conclusion
In the present study, it is concluded that the use of Reflux method
for one hour with methanol as solvent gives higher analytical values
of andrographolide as compared to those obtained from other
methods. In addtion to this also, a precise, easy to handle, simple
and accurate HPLC method has been developed and validated for
quantification of andrographolide in raw material of AP. Developed
method show good linearity for andrographolide content over the
range from 0.054% to 4.686% with correlation coefficient value as
0.999. The method has LOD and LOQ as 0.037 g/ml and 0.092 g/
ml for andrographolide respectively. The method has shown good
precision and accuracy assessed on the basis of inter-day, intraday
and recovery studies.
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