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Alpinetin is a flavonoidal constituent of seeds of Amomum subulatum Roxb., recently reported to possess vasorelaxant 
and antiHIV activities. Simple, accurate and precise HPLC and HPTLC methods were developed for the analysis 
of alpinetin in A. subulatum seed extracts and extraction technique was optimized to get maximum yield using 
conventional, ultrasonic and matrix solid phase dispersion extraction. HPLC was performed on a C18 column with 
methanol and water (70:30, v/v) as mobile phase at a flow rate of 1.0 ml/min whereas HPTLC on silica aluminum 
sheet (60F

254
) using toluene, dichloromethane and ethyl acetate as solvent system. A sharp peak was obtained for 

alpinetin at a retention time (R
t
) of 5.7 min by HPLC and retardation factor (R

f
) of 0.48 by HPTLC. Both methods 

were validated as per the ICH guidelines and the content of alpinetin was estimated in different extracts. Matrix 
solid phase dispersion technique was found most suitable for extracting alpinetin as compared to other techniques. 
Validation data are indicative of good precision and accuracy and proved the reliability of the methods.
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Quality estimation by chemo profiling and marker 
constituent analysis using modern analytical methods 
is a tool for phytochemical evaluation. The WHO 
introduced chromatography for the quality assessment 
of the plant products and it is accepted as tools 
for identification and quality control of herbal 
medicines[1,2]. HPLC and HPTLC are widely accepted 
analytical techniques due to high accuracy, precision 
and reproducibility of results whereas, HPTLC has 
many advantages because of low operating cost 
and less time consuming[3]. The seeds of Amomum 
subulatum Roxb. (commonly known as greater 
cardamom) is a well known drug in Ayurvedic 
system of medicine in India[4]. The seeds mainly 
contain terpenes (cineole), flavonoids (alpinetin) 
and carbohydrates. The drug is aromatic pungent, 
stimulant, stomachic, alexipharmic, astringent and 
traditionally used for treatment of GIT disorders, 
rectal diseases, congestion of liver, pulmonary 
tuberculosis, as diuretic and as cardiac stimulant[5]. 
Orally administration of the drug was found to be 
useful in prevention of hyperlipidaemia and provide 

antioxidant protection[6]. It was evaluated in the 
treatment of facial skin wrinkles by prospective, 
open, Phase-III clinical trial and showed that the 
active constituents of A. subulatum have potent 
antioxidant activity[7]. The drug have significant 
ability to inhibit lipid peroxidation as well as it 
contains strong reducing power and superoxide radical 
scavenging activity due to their polyphenol content, 
protocatechualdehyde and protocatechuic acid[8-10]. 
Alpinetin is a flavonoidal constituent (fig.  1), which 
is recently reported to posses vasorelaxant and as 
antiHIV activities[11-13]. The beneficial properties of 
A. subulatum on heart disease were also observed 
and it was found that, one teaspoonful powder with 
honey twice a day was beneficial to patients with 
ischemic heart[14]. Protective effect of A. subulatum 
against stress[10,15,16] also showed that the plant may 
have potential to cure various diseases related to free 
radical and metabolic oxidation.

In spite of valuable medicinal uses of the drug, 
there are no analytical methods reported for its 
quality control and analysis alpinetin. Hence, in the 
present investigations, simple, accurate and reliable 
HPLC and HPTLC methods were developed[17] for 
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the analysis of its important constituent alpinetin in 
A. subulatum seed extracts. The sample preparation 
is the valuable factor to analyse exact content of 
any constituent in crude herbal drugs. Wang et al. 
(2007) has carried out separation and determination 
of alpinetin and cardamonin by reverse micelle 
electrokinetic capillary chromatography[18]. In the 
present study the extraction technique was optimized 
by using conventional extraction, Ultrasonic and 
a new advanced extraction technique Matrix solid 
phase dispersion (MSPD). MSPD extraction is a 
cleanup and sample preparation technique from 
complex matrix like from plants. It simplifies the 
process and reduces time of extraction utilizing lesser 
solvent through dissolution and dispersion of organic 
phase bond to sorbent[19]. Both the chromatographic 
methods were validated as per the ICH guidelines[20] 
for accuracy, precision, robustness, limit of detection 
(LOD) and quantification (LOQ).

MATERIALS AND METHODS

Alpinetin (98%), ascorbic acid (99.5%) and DPPH 
were purchased from Sigma Aldrich Ltd., India. 
HPLC and chromatographic grade acetonitrile, 
methanol and toluene, dichloromethane, ethyl 
acetate, formic acid and other analytical reagents 
were purchased from Merck, India. Milli Q water 
was used throughout the experiment, which was 
prepared using a Millipore water purification 
system (Millipore, USA). Dried fruits of the plant 
drug was purchased from the local market of 
Delhi and the specimen (Ref. NISCAIR/RHMD/
Consult/-2008-09/1149/181/02/01-08) was deposited 
and authenticated at the Raw Material Herbarium and 
Museum, NISCAIR, New Delhi.

Preparation of sample, conventional extraction 
(CE):
The seeds of the drug were removed from the dried 
fruits of A. subulatum. Accurately weighed 2.0  g of 
seeds were powdered and taken in a 250 ml of round 
bottom flask. It was extracted at below 50° using 
reflux condenser using 100  ml of methanol (70%) 
for three times for complete extraction. The filtered 
extracts obtained were pooled and evaporated under 
vacuum to dryness, then reconstituted in HPLC grade 
methanol and volume was adjusted to 10  ml, which 
was filtered through 0.22 µm syringe filter before 
chromatographic analysis.

Ultrasonic extraction (USE):
Accurately weighed 2.0  g of seeds were powdered 
and taken in a 250  ml of beaker. It was kept in a 
sonicator for 20  min by adding 100  ml of methanol 
(70%). The filtered extract obtained was pooled 
and evaporated under vacuum to dryness and then 
reconstituted in HPLC grade methanol and volume 
was adjusted to 10  ml, which was filtered through 
0.22  µm syringe filter before chromatographic 
analysis.

Matrix solid phase dispersion (MSPD) extraction:
Two hundred milligrams of seed powder of 
A. subulatum blended with 800 mg of Silica in a glass 
mortar pestle to produce homogeneous mixture. It was 
packed in a 6  ml SPE tube (Agilent Technologies) 
with filter disc on both sides after compression 
injection syringe plunger and attached with SPE-
vacuum manifold (Agilent Technologies). The column 
was washed with 5% methanol to remove very 
polar matrix followed by drying under the current 
of nitrogen. The 70% methanol (3  ml) was added 
to macerate the mixture in column, which was 
ultrasonicated for 5  min at 45 KH3 after closing 
the column with propylene cap. The sample was 
eluted with 5  ml of solvent (70%, methanol) and 
elute was dried undercurrent of nitrogen. The residue 
obtained was redissolved in 1.0  ml of HPLC grade 
methanol, passed through syringe filter and used for 
chromatographic analysis.

HPLC instrumentation:
Chromatographic experiments were conducted 
on YL9100 HPLC system (South  Korea) HPLC 
instrument comprising quaternary YL9110 pumps, 
a variable wavelength programmable YL9120 UV/
Vis detector, YL9130 column oven, and a system 

Fig. 1: Chemical structure of alpinetin.
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controller. The instrument was controlled by use 
of YL-Clarity software installed with equipment. 
Samples were injected by using a rheodyne injector 
fitted with 20 µl fixed loop. Standard and sample 
solutions were filtered through 0.22 µm syringe 
filter before injection. The separation was achieved 
by using column with 25×4.6  mm, particle size 
5.0  µm C18 reverse phase column (Luna). The 
mobile phase used was consisting of methanol and 
water (70:30, v/v) in isocratic elution. The flow 
rate was kept as 1.0  ml/min. Individual peaks were 
identified from retention time and concentrations 
were determined from the peak area for appropriate 
sample solutions using regression equation obtained 
from calibration plot. All the analyses were 
performed at room temperature and detection was 
carried out at a wavelength of 290  nm with UV/
Vis detector.

HPTLC:
The samples were spotted in the form of bands 
of width 4.0  mm using microlitre syringe on pre-
coated silica aluminum sheet 60F254  (20×10  cm, 
0.2 μm thickness) using Camag Linomat V 
sample applicator (Switzerland). The plates were 
prewashed with methanol and activated at 60° 
for 20  min prior to chromatography. A  constant 
application rate of 120  nl/s was employed and 
space between two bands was 8.5  mm. The slit 
dimension was kept at 4.0×0.45  mm and 20  mm/s 
scanning speed were employed. The mobile phase 
consisted of toluene:dichloromethane:ethyl acetate 
(1:1:1, v/v/v) and 15  m of mobile phase was 
used for per chromatography. Linear ascending 
development was carried out in 20×10  cm twin 
trough glass chamber, which was previously 
saturated with mobile phase for 15  min. The length 
of the chromatogram run was 80  mm. After the 
development, TLC plates were dried in a current 
of air with the help of an air dryer. Densitometric 
scanning was performed on Camag TLC scanner 
III operated by winCats software using wavelength 
295  nm. The source of radiation utilized was 
tungsten lamp.

Validation of chromatographic methods:
Both the methods for the estimation of alpinetin were 
validated as per the ICH guidelines[20] for linearity, 
accuracy, robustness, precision, limit of detection and 
quantification.

RESULT AND DISCUSSION

There are very limited analytical methods have 
reported for the analysis of alpinetin[21-23] whereas no 
any specific analysis was carried out in A. subulatum 
seed extract. Hence in present study chromatographic 
methods were developed and validated using HPLC 
and HPTLC.

A variety of mobile phases were investigated in the 
development of HPLC method suitable for analysis 
of alpinetin in A. subulatum seed but methanol:water, 
70:30, v/v was found good and gave sharp peak at 
Rt 5.7±0.02 with good separation (fig.  2a and b). 
The system suitability parameters were evaluated 
for the alpinetin peak in optimized chromatographic 
conditions, like theoretical plates, tailing factor 
and asymmetry. For the obtained peak theoretical 
plates was found 7812, tailing factor 0.971 and 
asymmetry 0.947, which indicated that the optimized 
chromatographic conditions are appropriate for 
separation and quantification of this compounds.

A number of solvent systems were tried for 
the separation of alpinetin using HPTLC, but 
toluene:dichloromethane:ethyl acetate in equal ratio 
was found to be the best. It gave good resolution with 
well-separated and sharp peak for alpinetin at Rf value 
0.48±0.02 (fig.  3a and b). Twenty millilitres of the 
mobile phase was used to run the chromatogram up to 

b

Fig. 2: HPLC chromatograms.
HPLC chromatogram of (a) standard alpinetin and (b) A. subulatum 
extract.

a

b
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80 mm length. The optimized chamber saturation time 
for mobile phase was 15  min at room temperature. 
Densitometric analysis of alpinetin was carried out 
in the absorbance mode at 295  nm (fig.  3c) using 
Deuterium (D2), Tungsten (W) lamp. The linear 
regression analysis data of alpinetin for the calibration 
curve in the concentration range of 20-200  ng/spot 
showed good linear relationship with respect to peak 
area (Table 1). The values for slope and intercept for 
the alpinetin was also presented.

The developed methods were validated as per the ICH 
guidelines for linearity, accuracy, precision, specificity, 
robustness, LOD and LOQ. Several chromatographic 
HPLC and HPTLC methods have been developed 
and validated by the laboratory for herbal drugs[24-27], 
which are in use for the quality assessment of herbal 
formulations and crude drugs.

A stock solution of alpinetin containing 500 μg/ml 
was prepared in methanol and different aliquot were 
prepared to get known concentrations used for both 
the methods. The calibration graph was plotted using 
peak area versus drug concentration. For assessing 
the linearity, the least square regression equation and 
correlation coefficient was calculated. The linearity 
of the calibration plot for the analysis of alpinetin 
by HPTLC method in the range of 20-200  ng/ml 
was good with r2=0.994 whereas 7-224 µg/ml with 
r2=0.999 for the HPLC method. The calibration curve 
obtained during analysis could be described by the 
linear Eqn., y=131.6+55.9x and y=229.93+19.53x for 
HPLC and HPTLC, respectively where Y is peak area 
and X is the concentration. Summary of calibration 
plot obtained are presented in Table  1.

The accuracy of the methods was determined 
by doing recovery studies. For this, preanalyzed 
samples were spiked with standard in three different 

levels i.e.  50, 100 and 150% and the mixtures were 
reanalyzed by the proposed methods. From the 
data obtained, the developed methods were found 
to be accurate. The recovery by these methods was 
found to be within the limit of 96.11-103.06%. 
The values of recovery % and % RSD for both the 
methods are depicted in Table  2. Precision of the 
proposed methods were obtained by repeatability 
and intermediate precision in accordance with 
the ICH recommendations. In repeatability, six 
different injections of same standard sample (three 
concentrations) were injected and calculated by HPLC 
method, similarly six plates were developed and area 
of alpinetin were observed by HPTLC method. The 
% RSD was calculated for both the method. Interday 
and intraday precisions were done by preparing and 
applying three different concentrations of samples in 
the same day and in three different days, respectively. 
Interanalyst precision was done by repeating same 
procedure by using same make by different analyst. 
The results from the repeatability and intermediate 
precisions, expressed as % RSD for both the methods 
were depicted in Table 3.

The specificity of the proposed methods was determined 
by comparing the sample and standard peak for its Rf, 
Rt and UV spectra. Three point peak purity i.e.  peak 
start, peak apex, and peak end was compared and 
found superimposed indicating that standard alpinetin 

TABLE 1: LINEARITY DATA OF CHROMATOGRAPHIC 
METHODS FOR ALPINETIN
Parameters HPTLC HPLC
Linearity range 20‑200 ng/spot 7‑224 µg/ml
Regression equation Ya)=229.93+19.53xb) Y=131.6+55.9x
Correlation coefficient±SDc) 0.994±0.001 0.999±0.000
Slope±SD 19.53±0.57 55.9±0.321
Intercept±SD 229.53±11.35 131.6±22.49
a)Peak area, b)concentration and c)standard deviation. Sample size is n=6. 
SD: Standard deviation.

TABLE 2: ACCURACY OF THE CHROMATOGRAPHIC METHODS
Chromatographic
Method

% of standard 
drug spiked

Theoretical 
content (µg/ml)

Recovered drug
(µg/ml)±SDa)

% of drug 
recovered

% RSDb)

HPTLC 0 19.6 19.17±0.35 97.79 1.83
50 29.4 29.20±0.40 99.32 1.37
100 39.2 40.30±1.06 102.81 2.63
150 49.0 49.03±0.46 100.07 0.94

HPLC 0 24.0 24.07±0.61 100.28 2.54
50 36.0 34.60±0.50 96.11 1.45
100 48.0 49.47±0.91 103.06 1.83
150 50.0 59.23±0.42 98.72 0.70

a)Peak area, b)concentration and c)standard deviation. Sample size is n=6. SD: Standard deviation, RSD: relative standard deviation
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and in sample peaks were not merging with any other 
components or impurities. The peak purity of alpinetin 
was assessed by comparing the spectra (fig. 3c).

The limits of detection and quantification were 
calculated as per the linearity curve method by using 
the formula LOD =3.3σ/S and LOQ =10σ/S, where σ is 
the standard deviation of the response and S is the slope 
of the calibration plot. For the developed methods LOD 
was found as 3.4, 7.1 µg/ml and LOQ as 10, 20 ng/spot 
for HPLC and HPTLC methods, respectively.

Robustness of the method was carried out by 
introducing small changes in the composition of 
mobile phase and detection wavelength and the effect 
on the results were examined as % RSD for both of 
the methods. Mobile phase having the compositions 
like of methanol:water (67:33, v/v) and (73:27, v/v) 
in HPLC and toluene:dichloromethane:ethyl acetate 
(1:1.1:0.9, v/v/v), (1.1:0.9:1, v/v/v) and (0.9:1:1.1, 
v/v/v) was tried for HPTLC, respectively. The 
detection wavelength has changed for both methods 
(±3) and results were observed. The chromatograms 
were developed and robustness of the methods were 
observed at two different concentration levels 50 and 
100  ng/spot and 50 and 100 µg/ml for HPTLC and 
HPLC, respectively (Tables  4).

The newly developed and validated HPLC and 
HPTLC methods were applied for the analysis of 

TABLE 3: PRECISION OF THE CHROMATOGRAPHIC 
METHODS
Chromatographic
Method

Concentration
HPTLC=ng/spot

HPLC=µg/ml

Interday 
precision

%RSDa)

Intraday 
precision

%RSD

Interanalyst 
precision

%RSD

HPTLC 50 2.50 2.49 1.93
100 2.15 2.22 0.68
200 1.94 1.06 1.94

HPLC 50 2.35 1.38 1.83
100 0.97 0.91 0.84
200 2.04 1.58 0.97

a) RSD: Relative standard deviation and sample size is n=6.

TABLE 4: ROBUSTNESS OF THE 
CHROMATOGRAPHIC METHODS
Method 
used

Mobile phase composition
HPLC, methanol: water 

70:30, v/v
HPTLC, toluene: 

dichloromethane: ethyl 
acetate 1:1:1, v/v/v

Mean 
area±SDa)

% RSDb) 
of area

Concentration solvent (v/v)
HPLC 50

(µg/ml)
67: 33 2868.13±31.12 1.09
73:27 2872.16±19.32 0.67

100
(µg/ml)

67: 33 5771.65±44.34 0.77
73:27 5721.12±70.78 1.24

HPTLC 50
(ng/spot)

1: 1.1: 0.9 1302.80±21.68 1.66
1.1: 0.9: 1 1295.00±17.52 1.35
0.9: 1: 1.1 1311.29±22.57 1.72

100
(ng/spot)

1: 1.1: 0.9 2362.70±56.91 2.41
1.1: 0.9: 1 2336.83±40.68 1.74
0.9: 1: 1.1 2414.23±26.62 1.10

Concentration wavelength
HPLC 50

(µg/ml)
287 2914.80±61.63 2.11
293 2846.16±33.03 1.16

100
(µg/ml)

287 5708.32±20.84 0.37
293 5721.12±60.84 1.06

HPTLC 50
(ng/spot)

293 1287.60±17.93 1.39
297 1279.67±26.67 2.08

100
(ng/spot)

293 2379.09±30.13 1.27
297 2314.89±19.88 0.86

a)Standard deviation and b) RSD: relative standard deviation, Detection 
wavelength used for HPLC, 290 nm and for HPTLC, 295 nm. Sample size is 
n=3. 

Fig. 4: Comparison of different extraction techniques.
Comparison of different extraction techniques with respect of 
concentration of alpinetin by using HPLC ( ) and HPTLC ( ) 
methods. 

Fig. 3: HPTLC chromatograms.
HPTLC chromatogram of (a) standard alpinetin, (b) A. subulatum 
extract and (c) superimposed UV spectra of alpinetin standard and 
alpinetin in extract.

b

a c
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alpinetin in A. subulatum seed extracts. The peak 
areas of triplicate samples were analysed by regression 
equation obtained from calibration plot to get the 
content of alpinetin by using both of the methods. The 
alpinetin content was found to be 0.011 to 0.0157%, 
w/w in different A. subulatum extracts by using HPLC 
and HPTLC method, respectively. The maximum yield 
of alpinetin was observed in sample extracted by 
MSPD technique whereas conventional extraction was 
having minimum yield (fig. 4).
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