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Abstract

A simple, rapid and accurate HPTLC-MS method was developed for the simultaneous quantification of asaranin (AS) and sesa-
min (SM), the two epimeric furofuran lignans in Piper chaba (Piperaceae) fruit extracts obtained by cold percolation (PER), Soxhlet
extraction (SOX), ultrasound assisted extraction (USAE), accelerated solvent extractor (ASE) and microwave assisted extraction
(MAE). Separation of AS and SM was achieved on 20x10 cm pre-coated silica gel 60 F . HPTLC plates with ethyl acetate: hex-
ane (30:70) as mobile phase. Detection and quantification were performed densitometrically at A 295 nm. The peak identity was
confirmed by electron spray ionization (ESI) mass spectra, which showed the [M + Na]* ions for both AS and SM at m/z 377. The
method was validated according to the ICH guidelines in terms of limit of detection (LOD) and limit of quantification (LOQ), selectivity,
linearity, precision, accuracy, and robustness. The results indicate that AS (2.108%) and SM (0.103%) found to present maximum in
ASE extract and minimum in PER extract (AS 0.848%; SM 0.048%). By considering the validation results, the method was found to

be reproducible and convenient for quantitative analysis of AS and SM in different P. chaba fruit extracts.
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Introduction

Piper chaba HUNTER (syn. P. retrofractum VAHL; Fam: Piperaceae)
is a climbing, glabrous shrub widely distributed in Southeast Asia
particularly in India and Malay Islands. It is commonly known as
‘Chavya’ (Gajapippali) in Ayurveda [1]. The fruit of this plant is
popularly known as ‘Dee Plee’ in Thailand and has been used for several
years as a spice and traditional medicine as antiflatulant, expectorant,
antitussive, antifungal, uterus-contracting agent, sedative-hypnotic,
appetizer, and counter-irritant [2]. The fruits of Pchaba are being
used as a substitute for P.longum in the Indian traditional systems of
medicine. P. chaba fruits were reportedly used as pungent, aromatic,
stimulant, anthelmintic, expectorant and carminative [3]. The aqueous
acetone extract of P. chaba fruits reported to exhibit protective effects
on gastric lesions in rats, inhibitory effects on liver injury in mice,
inhibited TNF-a induced death of hepatocytes and promoting effects
on adipogenesis of 3T3-L1 cells [4-7]. Phytochemical evaluation of
P.chaba fruits revealed the presence of various classes of compounds
such as lignans, amides, long-chain ester, terpenoids, steroids, pyrones,
chalcones and flavonoids [8,9]. Interestingly the major metabolites of
P. chaba fruit area asaranin and sesamin, the two biologically active
furofuran lignin epimers.

Asaranin has a number of beneficial health effects in humans in
lipid and glucose metabolism, hypertension, inflammation and free
radical scavenging mechanism [10]. Sesamin has been reported to
exhibit anti-oxidative effect [11,12], promotes immunity functions,
anti-carcinogen activity, a blood pressure-lowering effect and exerts
serum lipid lowering and hepatocyte-protecting effects [13]. It has also
been reported that Sesamin could decrease the levels of blood lipid,
blood glucose and depress the expression of the VCAM-1 protein in
the aorta in rats with metabolic syndrome [14].

In view of interesting biological activities, asaranin and sesamin
need to be isolated in large quantities for further developmental
work. In this connection, we have carried out extensive chemical and
analytical studies on P. chaba fruits and the results are presented herein.

Materials and Methods
Plant materials

Fruits of P. chaba were procured through commercial suppliers in
Hyderabad, India in December, 2013. Their identity was confirmed by
taxonomists.

Chemicals

All the solvents used are either analytical or of HPLC grade
and purchased from E. Merck (Mumbai, India). Pre-coated high-

performance thin layer chromatography (HPTLC) silica gel 60F _, (E.

254
Merck, Darmstadt, Germany) plates were used.

Apparatus

Automatic TLC sampler (ATS-4), Vario system, Immersion
device III, TLC scanner with Win Cats-III software and Reprostar 3
(All CAMAG, Muttenz, Switzerland), TLC-MS interface (Camag),
LC-MSD-TRAP-SL ( M/s Agilent technologies-Bruker, Waldbronn,
Germany) Dionex Accelerated solvent Extractor (ASE 350), Micro Wave
Extractor (BPL-BMC 900 T at 2450 MHz), ultra sonic bath (Bandelin
sonorex), centrifuge (model 2-16P) by sigma (Zurich, Switzerland)
were used during the study.
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Extraction and isolation of markers from P.chaba

The shade dried fruits of Pchaba (285 g) were powdered in a
pulverizer and the powdered material was soaked in methanol (1 L)
and extracted under hot condition using a Soxhlet extractor for 8 h. The
resultant methanol solubles on concentration under reduced pressure
yielded the methanolic extract (33.22 g). Column chromatographic
fractionation of the methanol extract (5 g) was carried out on silica gel
(100-200 mesh) using the gradient elution of n-hexane and ethyl acetate.
Based on TLC profile, the column fractions of n-hexane-ethyl acetate
70:30 were combined and concentrated to afford two major fractions.
These two major fractions on repetitive column chromatographic
purifications followed by recrystallisation from n-hexane-chloroform
yielded pure AS and SM in 43 and 24 mg respectively. The structures of
AS and SM (Figure 1) were confirmed by their spectral data ("H-NMR,
3C NMR and Mass) and comparison with the reported values [15,16].

Generation of different P.chaba fruit extracts

The following extraction techniques were used for the extraction of
Pchaba fruits.

Percolation (PER)

The fruit powder of P. chaba (5 g) in methanol (100 mL) was kept
at room temperature for 3 h with shaking for 5 min after every 30 min.

Soxhlet extraction (SOX)

The fruit powder of P chaba (5 g) in methanol (100 mL) was
extracted under hot condition (65°C) using a soxhlet extractor for 3 h.

Ultrasound assisted extraction (USAE)

The fruit powder of P. chaba (5 g) in methanol (100 mL) was
sonicated at 40°C for 3 h.

Accelerated solvent extractor (ASE)

The fruit powder of Pchaba (5 g) was extracted with methanol
(100 mL) in a stainless steel cell using Accelerated Solvent Extraction
technique. The temperature was maintained at 40°C and the nitrogen
pressure at 50 psi for 3 h.

Microwave assisted extraction (MAE)

The fruit powder of P. chaba (5 g) with methanol (100 mL) was
irradiated using a commercial microwave oven operated at a power of
700 W and temperature was maintained at 50°C for 3 h.

Concentration of the respective methanol solubles, obtained in
the above mentioned methods, under reduced pressure afforded the
corresponding methanol extracts.

Standard stock solution and sample preparation

The test sample solutions of the various P. chaba fruit extracts

were prepared by dissolving 1.0 mg of extract in 1 mL of HPLC grade
MeOH. The standard solutions of markers (AS and SM) were prepared
by dissolving accurately weighed 1.0 mg in MeOH as stock solution and
stored in a refrigerator at 4°C. These standard solutions were further
diluted to obtain a desired concentration for calibration in the range of
50-500 ng/band. The known volumes of mixed standards were applied
onto the TLC plate to prepare 6-point calibration curves.

Chromatographic conditions

Aluminum backed silica gel 60 F,, E. Merck HPTLC plates
(20x10 cm; 0.2 mm layers) were used. HPTLC Plates were prewashed
with methanol and activated at 60°C for 5 mins before subjecting to
chromatography. Standard and test sample solutions were applied in
the form of bands (6 mm) from both the lower and the left edge with
(10 mm) space between two bands being 10 mm, with a microliter
syringe using an automatic TLC sampler, under continuous nitrogen
gas. A constant application rate of 120 nL/s was employed. Linear
ascending development was carried out in twin trough glass chambers
saturated with the mobile phase. The mobile phase was optimized by
varying the compositions of different polar solvents. Finally, a mobile
phase consisting of hexane: ethyl acetate (70:30 v/v) was optimized for
quantitative chromatography. The saturation time of the TLC chamber
with the mobile phase was optimized to 30 min with 10 ml solvent was
used for a better resolution of the tested markers. The developed plates
up to a distance of about 75 mm were dried at 25°C for 30 min. After the
plate was dipped into P-anisaldehyde- sulfuric acid solution (0.5 ml of
p-anisaldehyde in 50 ml glacial acetic acid and 1 ml 97% sulfuric acid )
using the immersion device followed by air drying for 5 min. The plates
were then heated for 5-10 min at 105-110°C using TLC plate heater and
quantified densitometrically at 295 nm.

TLC scanning

The plates were scanned by a Camag TLC Scanner-III controlled by
Win CATS 1.4.2 software. The densitometry scanning was performed
in the reflectance/ absorbance mode using the following parameters: slit
width 6.00 mmx0.45 mm, scanning speed 20 mm/s and data resolution
100 um/step were used. The HPTLC chromatograms of the extracts
are shown in (Figure 2). For recording of characteristic derivatized
spots of compounds and sample tracks in the range of 400-800 nm,
tungsten lamp was used. Reprostar 3 with mounted digital camera was
used for imaging and archiving the thin layer chromatograms (Figure
3). Quantification was performed using area under peak with linear
regression of amount ng/band. Peak profiling was performed in visible
region after derivatization. The densitogram were further scanned for
their in situ UV spectra from 200 to 700 nm and over laid with the UV
spectra of markers and extracts (Figure 4).

TLC-MS coupling and MS conditions

Mass spectrometry was used to confirm the chromatographic profile
obtained by HPTLC-UV detection. A TLC-MS interface (Camag) with

Asarinin

Sesamin

Figure 1: Structures of the markers.
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Figure 2: HPTLC chromatograms of (A) Standards SM and AS (B) Percolation extract (C) Soxhlet extract (D) Sonication extract (E) Accelerated extraction (F)
Microwave extraction.
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Figure 3: HPTLC of different methanolic extracts P.chaba fruits after derivatization with p-anisaldehyde. Asaranin: T,- T , Sesamin T ; Standard mix T ,-T ;
Testsample:T,; T, .

a 4 mmx2 mm elution head was used for elution of compounds from
the HPTLC plates into mass system. Methanol was used as an eluent
at a flow rate of 0.5 mL/min. The developed plate was introduced to
MS interface in which the compound from each band was extracted by
methanol and analyte was transferred online to the mass spectrometer.
The mass spectrometer was equipped with ESI source and used with the
following optimized conditions: source temperature 325°C, nitrogen
was used as nebulizer and its pressure was maintained at 35 psi, dry gas
temperature was at 325°C and flow rate was 8.0 L/min. Chemstation 5.3
(Bruker, Waldbronn, Germany) was used for instrument control and

acquision of the mass spectrometric data. Molecular ion of AS and SM
present in the samples was found to be same with that of the standard
markers at same R value (Figure 5).

Validation parameters

LOD & LOQ: The LOD and the LOQ were calculated for both the
markers on the basis of three- and ten-times the noise level, respectively.

Specificity: The specificity of the method was ascertained by
analyzing standards and test samples. The bands for the two marker
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Figure 4: UV Overlay spectrum of markers in various extract samples.
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Figure 5: Mass spectra of (A) AS (B) SM.

compounds in test samples were confirmed by comparing the R, and
spectra of the spot with that of standards. The peak purity of individual
markers was assessed by comparing the spectra at peak start, peak apex
and peak end of the band, respectively. Representative overlay spectra
of standards and P.chaba fruit extracts are shown in (Figure 6).

Precision: The repeatability of measurement (n=6) of peak area for
compounds was expressed in terms of percent coefficient of variation
(% RSD). The intra and inter day variation study in the analysis of was
carried out at three different concentration levels.

Accuracy: Accuracy was studied in terms of recovery which was
carried out by the standard addition method. Three concentration levels
of the standard is spiked in to the sample solution and quantified by the
developed method. Percentage recovery is calculated as following.

Recovery (%) = [(Found amount- original amount)/spiked amount]
x 100

Results and Discussion

Method validation

Validation of quantitative HPTLC method includes the evaluation
of following performance parameters such as linearity, limit of

sensitivities, specificity, precision and accuracy, recovery and robustness
according to ICH [17] and IUPAC [18] guidelines.

Linearity and quantification

The calibration curves were linear in the concentration range of 50-
500 ng/ml band with correlation coeflicients (r?) of 0.9996 and 0.9982
for AS and SM respectively. The regression data obtained showed a
good linear relationship (Table 1).

LOD and LOQ

The LOD and the LOQ were calculated for markers on the basis
of three- and ten-times the noise level respectively. The LOD values
were found to be 15.21 and 13.69 ng/band for compounds AS and
SM respectively, whereas LOQ values were 45.63 and 41.07 ng/band
respectively (Table 1).

Specificity

Good correlation was also obtained between standards and
sample overlay spectra. Representative overlay spectra of
standards and P. chaba extracts are shown in Figure 4.

Recovery

Recovery studies of the analytes in the sample were carried out to
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Figure 6: Three-dimensional densitogram of standards and samples.
Compound R, Linearity Range (ng/band) Regression equation Correlation Coefficient (r?) LOD (ng/band) LOQ (ng/band)
Sesamin 2.80 +0.01 50-500 Y=4.388+3.987X 0.9988 15.21 45.63
Asarinin 0.34 £ 0.01 50-500 Y=6.874+3.888X 0.9980 13.69 41.07
Table 1: Results of Linearity, LOD and LOQ.
Marker compound Amount added (ng) ‘ Average Recovery (Conc * SD) ‘ % RSD % Recovery
(Intra Day)
50 49.02+0.35 0.71 98.04
Sesamin 200 198.03 £ 0.16 0.81 99.01
500 498.36 + 0.56 0.01 99.67
50 47.90 + 0.67 1.39 95.80
Asarinin 200 196.29 £ 1.21 0.61 98.14
500 496.36 £ 0.70 0.14 99.27
(Inter Day)
50 49.00 +0.81 1.65 98.00
Sesamin 200 197.37 £1.25 0.63 98.68
500 498.37 £0.92 0.18 99.67
Asarinin 50 48.78 + 1.39 2.84 97.56
200 200.44 £ 1.17 0.58 100.22
500 499.56 + 0.65 0.58 99.91

Table 2: Accuracy Intra and inter-day precision (%RSD) of methods (n=6).

assess the accuracy of the method. The average recoveries for AS and
SM were found to be 95.80-100.22 respectively, which are within the
acceptable % RSD (Table 2).

Precision

The repeatability of measurement (n=6) of peak area for AS and
SM was expressed in terms of percent coeflicient of variation (% RSD).
The intra and inter day variation study in the analysis of AS and SM was
carried out at three different concentration levels such as 50, 200 and

500 ng/band. The results are summarized in Table 2, which shows no
significant inter and intraday variations were observed in the analysis of
the compounds AS and SM.

Robustness

The robustness of the method was determined by introducing small
changes in certain chromatographic parameters. Mobile phase having
hexane/ethyl acetate (70:30 v/v) was tried with a variation of 0.5% v/v
in each solvent. Time gap between spotting to chromatography, from
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RSD of peak area (%)

Parameters " -
Sesamin | Asaranin
Mobile phase composition 1.872 2.489
Time gap between spotting and plate development 2.181 2121
Dipping time 2.416 1.944
Derivatization time (Heating time) 2.612 1.833
Time gap between derivatization and scanning 2.382 1.850

Table 3: Robustness testing of HPTLC method.

Extraction methods Sesamin (%) Asarinin (%)

Cold Extraction 0.048 0.848
Soxhlet Extraction 0.051 0.924
Sonic Extraction 0.084 1.108
Microwave Extraction 0.090 1.503
Accelerated solvent Extraction 0.103 2.108

Table 4: Markers yield vs extraction method.

chromatography to scanning and derivatization time (heating time)
was varied from 0, 30, 60 min. dipping time was also varied between
2 and 10 s. Robustness was performed at three levels such as 50, 300
and 500 ng/band for AS and SM marker compounds; At a time, only
one parameter was varied, whereas the rest were kept constant. The
low values of %RSD (Table 3) is indicative of robustness of the method.
Separation was not affected by changing the scanning wavelength + 5 min.

Sample analysis

Based on the developed method the accumulation of AS and SM
in P. chaba fruit extracts generated by different extraction methods was
evaluated and the results are presented in Table 4. The markers, AS and
SM were found to be present in highest quantity (2.108 & 0.103%) in the
ASE Extract and lowest (0.848 & 0.048%) in the PER extract. Further, it
was observed that though the cold extraction yield is less than the other
four methods, its yield of marker was higher in ASE extractor. These
results clearly indicate that no temperature is need for the extraction of
markers. Hence the extractive methods ASE, MAE, UAE, and SOX are
more suitable for high markers content.

Conclusion

Comparison of various extraction techniques revealed that the
ASE technique is the most efficient one for both the markers. When
compared the extraction techniques, ASE system showed high
extraction efficiency. The developed HPTLC method for quantitative
estimation of AS and SM in P. chaba is rapid, simple, and accurate.
Hence, the proposed method can be used for routine quality control
purpose. To the best of our knowledge, this is the first densitometric
method for the simultaneous determination of AS and SM in P. chaba
fruits. In addition, the suggested method offers high sensitivity and
simplicity compared with other reported methods developed for
determination of makers and additionally peak identification was
achieved by using MS-interface.
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