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Abstract: Andrographolide is an anti-anti-inflammatory, antipyretic, anti-viral, immunostimula-
tory, anti-hyperglycemic, and anti-oxidant agent. High performance liquid chromatographic
(HPLC) and high performance thin layer chromatographic (HPTLC) methods for quantitative
determination of andrographolide were developed and validated. The methods showed satisfac-
tory linearity, precision, good recovery and appropriate limits of detection (LOD) and quantifica-
tion (LOQ). The content of andrographolide was determined and the results obtained by HPLC
and HPTLC methods were in good agreement. The methods developed are suitable for the qual-

ity control applications in Andrographis paniculata plant, extracts and dosage forms.
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1. Introduction

Andrographolide (3 - (2 - (Decahydro - 6 -
hydroxyl - 5 - (hydroxymethyl) - 5, 8a - di-
methyl - 2 - methylenenaphthyl)ethylidene)
dihydro - 4 - hydroxyfuran - 2 (3H) - one) is
the active principle of Andrographis panicu-
lata extracts. Andrographis paniculata Nees
(Family Acanthaceae) is available abundantly
in India, Pakistan and Srilanka, growing in
hot and shade places. It is cultivated in certain
parts of India, East and West Indies and Mau-
ritius. It is known by various names such as
Kalmegh, Kalupnath, Kiriat and Mahatila
meaning the “King of bitters”. Andrographis
paniculata or kalmegh is one of the most
widely used plants in Ayurvedic formulations
[1].

Andrograhis paniculata was recommended
in Charaka Samhita dating to 175 BC for

treatment of Jaundice along with other plants
in multi plant preparations [2]. It has also
been used traditionally for sluggish liver as
antidote in case of colic dysentery and dys-
pepsia [3]. It is used as bitter tonic, antispas-
modic, antiperistaltic, stomachic and also an
antihelmintic. It has been employed with
benefit in case of general debility in conva-
lescence after fevers, disorders of liver and
advanced stages of dysentery [4]. The juice of
fresh leaves is a domestic remedy in the
treatment of colic pain, loss of appetite, ir-
regular stools and diarrhea [5]. Long known
in traditional Asian medicine as an immune
system booster, Andrographis has demon-
strated significant activity in fighting common
cold, flu and upper respiratory infections [6,
7]. The pharmacological studies suggest
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anti-inflammatory [8,9], antipyretic [10],
anti-viral [11], immunostimulatory [12], po-

tential cancer therapeutic agent [13],
anti-hyperglycemic [14] and anti-oxidant [15]
properties.

In  recent years focus on use of

non-traditional approaches to treat diseases
has been revived world wide. The evidence
collected till now shows immense potential of
medicine plants used in traditional systems.
The herb, Andrographis paniculata is the
main source of the bitter principle.

Various methods have been suggested for
quantitative estimation of andrographolide in
Andrographis paniculata. The gravimetric
method described in the Indian pharmaco-
poeia was found to give high values [16]. This
is due to some yellow coloring substance
other than andrographolide which is also
soluble in ethyl acetate.

The spectrophotometric method proposed by
Maiti et.al [17] suffers from the disadvantage
that the red colour formed with the addition of
alcoholic potassium hydroxide to the solution
of andrographolide is unstable and fades away
quickly. Gained et.al [18] proposed a spec-
trophotometric method by extracting pure an-
drographolide from kalmegh measuring its
absorbance at 226 nm but the extraction
process was very tedious. Subbarao [19] has
suggested a chemical method involving a lac-
tone titration but the method has been re-
ported to be not suitable for detecting minute
quantities. High performance liquid chroma-
tographic methods were reported for estima-
tion of andrographolide in Andrographis
paniculata [20-24] and in rabbit serum [25].

Thin layer chromatographic methods were
also described for estimation of androgra-
pholide in Andrographis paniculata extracts
[22, 26] and also reported by using capillary
electrophoresis chromatography (CE) [27-29].

The methods described above have several
limitations like preparation of samples for es-
timation of andrographolide. In the present
study, accurate, simple, specific and repro-
ducible HPLC and HPTLC methods have
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been developed and validated [30] for the de-
termination of andrographolide in A. panicu-
lata herb, extracts and dosage forms.

2. Experimental
2.1. Materials

Standard andrographolide was procured
from M/s ChromaDex USA (purity 99.5%).
Methanol, acetonitrile were HPLC grade,
analytical grade phosphoric acid, toluene,
ethyl acetate and formic acid were purchased
from M/s Qualigens (Mumbai, India). Ul-
trapure water generated by the Barnstead
Nanopure System Model 3750 was used.
Methanol was used as a solvent for the
preparation of standards and samples, ace-
tonitrile and 0.1% (v/v) phosphoric acid in
water (40: 60, v/v) were used as mobile phase
for HPLC analysis. Methanol used as a sol-
vent for preparation of standards and samples,
toluene, ethyl acetate and formic acid (5.0:
3.5:1.5) used as a mobile phase for HPTLC
analysis. All solutions used for HPLC analysis
were filtered through  0.45um membrane
filter using Millipore Swinnex type filtration
unit. Andrographis paniculata plants and ex-
tracts were provided by M/s Laila Impex,
Vijayawada, India and dosage forms capsules
and tablets containing andrographolide were
procured from local market.

2.2. Sample preparation for HPLC & H
PTLC analysis

2.2.1. Andrographis paniculata herb:

Weighed about 2-5 gm of Andrographis
paniculata plant powder into a round bottom
flask added about 30 ml of methanol and re-
fluxed on a water bath for 30 min. The same
operation was repeated twice with methanol
(2x30 ml) and combined all the methanolic
extracts and made up to 100 ml with methanol
and filtered through 0.45 um membrane filter.
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2.2.2. Andrographis paniculata extracts:

About 100 mg of dry sample was dissolved
in 75 ml of methanol, sonicated for 10 min
and diluted to 100 ml with methanol.

2.2.3. Dosage forms:

Three different dosage forms were chosen
for estimation of andrographolide. Of these
two are tablets and one is capsules. The aver-
age weight of the tablets was determined by
weighing 20 tablets. In the case of capsules
the average weight determined by weighing
20 capsules. Hard gelatin shells were removed
and finely powdered 200 -1000 mg of pow-
dered samples were weighed and dissolved in
about 75 ml of methanol, sonicated for 10 min
and diluted to 100 ml with methanol. All the
sample solutions were filtered through 0.45
pm membrane filter using Millipore Swinnex
type filtration unit before injected into the
HPLC.

2.3. Calibration curve of standard andro-
grapholide - HPLC method

5 mg/ml andrographolide standard solution
was prepared in methanol (stock solution).
Standard working solutions were prepared by
diluting standard stock solution with methanol
in the concentration range 20.0 — 600 pg/ml.
20 ul from each working standard solution
was injected in six replicates. Calibration
curve was generated by linear regression
based on peak areas.

2.4. Calibration curve of standard andro-
grapholide - HPTLC method

Standard working solutions were prepared
by diluting standard stock solution with
methanol in the concentration range 50 - 1200
pug/ ml. A 10 pl of working standard solution
was spotted six times on the TLC plate. Cali-
bration curve was generated by linear regres-
sion based on the peak areas.

2.5. HPLC instrumentation

The HPLC system, Supplied by M/s Shima-
dzu comprising LC-10AT VP pumps,
SCL-10A VP auto injector and Phenomenex
Luna Cyg, 5 pm, (250 X 4.6 mm) column was
used at ambient temperature. Isocratic elution
was carried out with acetonitrile : 0.1% (v/v)
phosphoric acid in water (40 : 60, v/v) at a
flow rate of 1 ml / min, detection was at 223
nm using SPD — M10 AVP photodiode array
detector. Class VP software was used for in-
tegration and calibration. Evaluation was via
peak areas with linear regression.

2.6. HPTLC instrumentation

The samples were spotted in the form of
bands of width 5 mm with a Camag microlitre
syringe on pre-coated silica gel aluminum
plate 60F-254 (20 cmx 10 cm with 250 pm
thicknesses (Merck, Darmstadt. Germany)
using a Camag Linomat IV applicator (Swit-
zerland). The plates were pre-washed by
methanol and activated at 60° C for 5 min
prior to chromatography. A constant applica-
tion rate of 0.1 pl per second was employed
and space between two bands was 5 mm. The
slit dimension was kept at 5 mm x 0.45 mm
and 10 mm per second scanning speed was
employed. The monochromatic band width
was set at 20 nm, each track was scanned
thrice and baseline correction was used. The
mobile phase consisted of toluene: ethyl ace-
tate: formic acid (5.0: 3.5: 1.5) and 15 ml of
mobile phase was used per chromatography.
Linear ascending development was carried
out in 20 cm x 10 cm twin trough glass
chamber (Camag, Muttenz, Switzerland)
saturated with the mobile phase. The opti-
mized chamber saturation time for mobile
phase was 30 min at ambient temperature.
The length of chromatogram run was 8 cm.
Subsequent to the scanning, TLC plates were
dried in a current of air with the help of an air
drier. Scanning was performed on Camag
TLC scanner 11 in the reflectance-absorbance
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mode at 223 nm and operated by Cats soft-
ware 4.03. Evaluation was via peak areas with
linear regression.

2.7. Estimation of andrographolide

To estimate the content of Andrographis
paniculata plant and extracts samples, 10ul
aliquots of sample were subjected to HPTLC
and 20pl aliquots of sample were injected in
to HPLC. The HPTLC plates were developed
to a distance of 8 cm from the point of appli-
cation, dried and scanned at 223 nm. The
HPLC analysis was continued for 10 min,
since the retention time of the androgra-
pholide was 5.5 + 0.4 min. The content of an-
drographolide was calculated by linear re-
gression and mean percentages were calcu-
lated from six replicate experiments. In case
of dosage forms, mean mg/capsule or tablet
calculated from six replicate experiments.

3. Results and discussion

Because of the complexity of the chemical
composition of herbal extracts, quality of the
herbal extracts can only be assured by the use
of validated analytical methods for identifica-
tion and quantification of the active ingredi-
ents. The HPLC and HPTLC methods for the
quantitative estimation of andrographolide
were validated with regard to their specificity,
precision, accuracy and linearity.

3.1. HPLC method validation

The development of suitable mobile phase is
an important step in devising an analytical
procedure. The composition of the HPLC
mobile phase was optimized to achieve good
resolution. The best resolution and peak shape
was obtained by acetonitrile: 0.1% (v/v)
phosphoric acid in water (40:60, v/v) as mo-
bile phase. The compound with a retention
time 5.8 min was identified as androgra-
pholide (Figure 1). Specificity can be ascer-
tained by comparing the standard and sample
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peak purity. The peak corresponding to an-
drographolide in the sample was confirmed
by comparing the spectrum obtained by pho-
todiode array detector, which was completely
in agreement with the standard (Figure 2).

Precision is a measure of either reproducibil-
ity or repeatability of the analytical method.
Intermediate precision express the laboratory
variations, by intra- and inter-day variation.
Six determinations of three concentrations of
standard andrographolide on the same day
(intra-day) and on different days (inter-day)
were carried out and expressed as percent
relative standard deviation (% RSD) or
co-efficient of variation (CV). The results
noted in Table 1, reveal that no significant in-
tra- and inter-day variations. The % RSD for
intra- and inter-day analysis was found to be
in the range 0.56 — 1.41 which are less than
2%.The accuracy of the method was deter-
mined  from recovery studies. The
pre-analyzed sample was spiked with three
different concentrations of standard andro-
grapholide and the mixtures were analyzed by
the proposed method. The recoveries are in
the range of 99.09 — 100.19% reported in the
Table 2. The average recovery percentage
value was found to be 99.78 + 0.60%.

The linearity of the standard curve was
evaluated by injecting six standard working
solutions containing 0.40 — 12.00 pg/20 pl
andrographolide. Peak area and concentra-
tions were subjected to least square linear re-
gression analysis to calculate the calibration
equation and correlation coefficient. Linearity
was obtained over a concentration range of
0.40 — 12.0 pg/20ul with a correlation coeffi-
cient of 0.9993 + 0.0006. The linearity of
calibration graph and adherence of the system
to Beer’s law was validated by high value of
correlation coefficient.

The limit of detection (LOD) and limit of
quantification (LOQ) were estimated to check
the sensitivity of the method. The LOD and
LOQ were calculated based on the responses
at the signal to noise ratios 3:1 and 10:1 re-
spectively. LOD and LOQ were experimen-
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tally verified by diluting the known concen-  for six replicate determinations. The LOD and
tration of andrographolide until the average @~ LOQ were found to be 0.001 and 0.004
responses were approximately three or ten  pg/20ul, respectively.

times the standard deviation of the responses
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Figure 1. HPLC chromatograms of A) andrographolide standard B) Andrographis paniculata plant extract.
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Figure 2. Spectra of andrographolide obtained by photodiode array detector A) andrographolide standard B)
Andrographis paniculata plant extract.
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Table 1. Intra- and Inter-day precision of HPLC and HPTLC methods (n=6)

HPLC Method

Andrographolide Intra-.day Inter.-day
(Lg) Andrographolide | , oo | Andrographolide | o oo
(19) (19)
2.0000 2.0496 + 0.0120 0.59 1.9998+ 0.0130 0.65
6.0000 5.9950 + 0.0337 0.56 6.0175 + 0.0849 141
12.0000 12.0051+0.1476 1.23 11.9898+0.1055 0.88
HPTLC Method
2.0000 1.9578+ 0.0035 0.18 2.0155 + 0.0044 0.22
6.0000 6.0050 + 0.0030 0.05 6.0750 + 0.0230 0.38
12.0000 12.0015+ 0.0024 0.02 12.0105 + 0.0336 0.28

Table 2. Recovery study of Andrographolide(n = 6)

HPLC Method

Amoun;r?él,ié:jnedrogra Amoun:eogov,:rne%r(zr%rga;pholide % Recovery
added (mq)
1.0 1.0019 100.19
15.0 14.8635 99.09
25.0 25.0150 100.06
HPTLC Method
0.50 0.5024 100.48
15.0 14.9580 99.72
25.0 25.1700 100.68
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3.2. HPTLC method validation acetate: formic acid (5.0: 3.5: 1.5). The se-

lected mobile phase produced highly symmet-
The composition of the mobile phase for  rical peaks showing good resolution (Figure
TLC was optimized by testing different sol-  3). The compound with a R; value of 0.44 +
vent mixtures of varying polarity. The best  0.03 was identified as andrographolide.
results were obtained using toluene: ethyl
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Figure 3. HPTLC chromatograms of A) andrographolide standard B) Andrographis paniculata plant extract.

The specificity of the method was ascer-  tained from both standard andrographolide
tained by analyzing standards and samples. and test samples were identical, because they
The spot for andrographolide in the sample  had similar pattern as shown in Figure 4.
was confirmed by comparing the R value. The precision of the method was studied by
Spectral studies revealed that the peaks ob-  applying six replicates of the three different
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concentration of the standard. Table 1 showed
that the % RSD for intra- and inter- day
analysis was found to be in the range 0.02 -
0.38, that is less than 2%.

The accuracy of the method was determined
from recovery studies. A known but varying
amount of standards of andrographolide was
added to the pre-analyzed sample and ana-
lyzed according to the procedure. The results
reported in Table 2. The recoveries are in the
range of 99.72 - 100.68% and the average re-
covery percentage value was found to be
100.29 + 0.51%.

Linearity was evaluated by spotting six
standard working concentrations containing
0.50 — 12.00 pg/10ul of andrographolide.
Peak area and concentration were subjected to
least square linear regression analysis to cal-
culate the calibration equation and correlation
coefficient. Linearity was found over the
concentration range 0.50 — 12.00 pg / 10yl
with a correlation coefficient of 0.9999 +
0.0001. The linearity of the calibration curve
and adherence to the system to Beer’s law
was validated by a high value correlation co-
efficient.

In order to estimate the limit of detection
(LOD) and limit of quantification (LOQ),
blank, methanol was spotted six times. LOD
and LOQ were determined based on the stan-
dard deviation of the response of the blank
and slope estimated from the calibration curve
of the andrographolide. The LOD and LOQ
were found to be 0.001 and 0.003 pg per spot
for andrographolide.

3.3 Application of HPLC and HPTLC
methods

The HPLC method developed was applied
for the estimation of andrographolide in four
different Andrographis paniculata herb sam-
ples, three different extracts and three differ-
ent dosage forms, two tablets and one capsule.
The obtained results were presented in  Ta-
ble 3 The %RSD values have been found to
be less than 2% which shows the precision of

the method is reasonably good. The interfer-
ence studies revealed that the presence of
commonly used excipients like starch, talc,
gelatin, malto dextrin, yellow dextrin, colloi-
dal silicon dioxide, magnesium stearate and
the plant extracts, Triphala, Tinospora carifo-
lia, Eclipta alba, Boerhavia diffusa does not
interfere in the estimation of andrographolide.

The HPTLC method developed was applied
for the estimation of andrographolide in four
different Andrographis paniculata herb sam-
ples, three different extracts and three differ-
ent dosage forms, two tablets and one capsule.
The results obtained were presented in Table
3. The %RSD values have been found to be
less than 2% which shows the precision of the
method is reasonably good. The interference
studies revealed that the presence of com-
monly used excipients like starch, talc, gelatin,
malto dextrin, yellow dextrin, colloidal silicon
dioxide, magnesium stearate and the plant
extracts, Triphala, Tinospora carifolia, Eclipta
alba, Boerhavia diffusa does not interfere in
the estimation of andrographolide.

The results obtained for both HPLC and
HPTLC methods are almost similar and found
to be very much suitable for the androgra-
pholide estimation in plants, extracts and
dosage forms.

4. Conclusions

The developed HPLC method can be utilized
for the quantitative determination of andro-
grapholide in Andrographis paniculata herb
samples, extracts and dosage forms. HPTLC
method also can be utilized for quantitative
determination of andrographolide in Andro-
graphis paniculata herb samples, extracts and
dosage forms. The methods developed are
simple, sensitive and statistically validated for
linearity, accuracy and precision.
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Table 3. Estimation of andrographolide by HPLC and HPTLC methods (n = 6)

Sample HPLC method HPTLC method
Estimated amount % RSD Estimated % RSD
amount
RM-1 0.56% 1.35 0.582 0.70
RM-2 0.442 0.93 0.472 1.72
RM-3 1.702 0.71 1.672 0.73
RM-4 0.682 0.93 0.872 0.73
EM-1 86.60% 0.12 85.88% 0.19
EM-2 41.442 0.38 41.352 0.38
EM-3 21.06% 0.90 21.33% 0.64
FM-1 1.2296° 0.44 1.2046"° 0.36
FM-2 0.0492° 2.00 0.3541° 0.73
FM-3 0.5000° 0.75 0.4597° 0.74

RM: Andrographis paniculata plant.
EM: Andrographis paniculata plant extract

FM- 1: Amlycure D. S. Capsules, Aimil Pharmaceuticals (India) Ltd. A-13/2, Naraina Indl.

Area, Phase, New Delhi-28.

FM- 2: Vasuliv Tablet, Vasu Pharmaceuticals Pvt. Ltd, 896/A, Makarpura, Vaddara-390010,

India.

FM- 3: Heptin Forte, Alopa Herbal Health, No.9/1 Tank Road, Bangalore-560042, At No: 7,
Industrial Suburb, Yeshwanthpur, Bangalore-560022.

a: Expressed as mg/100 mg
b: Expressed as mg/ Capsule or Tablet
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