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a b s t r a c t

Application of modern scientific knowledge coupled with sensitive analytical technique is important
for the quality evaluation and standardization of polyherbal formulations. Semecarpus anacardium, an
important medicinal plant with wide medicinal properties, is frequently used in a large number of tra-
ditional herbal preparations. Tetrahydroamentoflavone (THA), a major bioactive biflavonoid was selected
as a chemical marker of S. anacardium and RP-semi-preparative HPLC conditions were optimized for the
isolation of tetrahydroamentoflavone. HPTLC analytical method was developed for the fingerprinting of
S. anacardium flavonoids and quantification of tetrahydroamentoflavone. The method was validated in
terms of their linearity, LOD, LOQ, precision and accuracy and compared with RP-HPLC-DAD method.
P-HPLC-DAD

PTLC
emecarpus anacardium
etrahydroamentoflavone

The methods were demonstrated for the chemical fingerprinting of S. anacardium plant parts and some
commercial polyherbal formulations and the amount of tetrahydroamentoflavone was quantified. HPTLC
analysis showed that S. anacardium seed contained approximately 10 g kg−1 of tetrahydroamentoflavone.
The methods were able to identify and quantify tetrahydroamentoflavone from complex mixtures of
phytochemicals and could be extended to the marker-based standardization of polyherbal formulations,
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containing S. anacardium.

. Introduction

In the recent past there has been resurgence in interest in nat-
ral products consequent to the emerging evidence to associate
onsumption of dietary and non-dietary phytochemicals with mod-
lation of degenerative diseases. Herbal products supported by
cientific evidence have been gaining consumer confidence as com-
limentary and alternative medicine (CAM) for preventive health
nd disease management even in developed countries. Though tra-
itional medicines specific to each country and culture have been

n vague for centuries they have not been standardized and val-
dated for preventive or therapeutic efficacy. For instance, Indian
raditional medicine known as ‘Ayurveda’ (Knowledge of life) has
een practiced during last 2500 years and 70% of Indian popula-
ion is still dependent on this system for primary healthcare. This

s true for many developing countries comprising large majority of

orld population. The world trade in herbal products is growing
apidly as a result of popularization of CAM, but the information on
he products suffers from lack of the knowledge on active princi-

∗ Corresponding author. Tel.: +91 4712515234; fax: +91 4712491712.
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les, validation, etc. Plants, and plant products are subject to wide
ariation in their phytochemical profile due to their variety, climatic
onditions, maturity, post-harvest processing, storage, stability, etc.
t is extremely important to standardize the ingredients and formu-
ations based on marker compounds specific to each plant followed
y validation for their efficacy.

Seeds of Semecarpus anacardium (Marking nut) are used in
ndian traditional medicines (Ayurveda and Sidha) either alone or
s an ingredient of many polyherbal formulation for treating var-
ous ailments. S. ancardium of Anacardiaceae family is a medium
ized tree grown in arid parts of tropical and subtropical regions.
yurveda describes it as a potent drug for neuritis, arthritis, leprosy,
elmintic infection and venereal disorders [1–4]. But supporting
ata are lacking. Recently antioxidant [5,6], anti-inflammatory [7],
nti-cancer [8,9], antibacterial [10], anti-rheumatic [11] and anti-
elminthic [4] activities of its seeds have been reported. A variety
f flavonoids such as tetrahydroamentoflavone (THA) [12], jeed-
flavanone [13,14], semicarpouflavonone [15], galluflavonone [16],

allaflavonone [17], semecarpetin [18] and anacardioflavonone [19]
long with other phenolic compounds such as bhilawanols and
nacardic acids [20] have been reported. However standardized
nd validated methods for their quantification are not available.
mong the flavonoids reported tetrahydroamentoflavone is a major

http://www.sciencedirect.com/science/journal/07317085
mailto:carumughan@yahoo.com
dx.doi.org/10.1016/j.jpba.2008.08.008
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Fig. 1. Tetrahydroamentoflavone.

iflavonoid to which the therapeutic effects are attributed. The
ain objective of the present study was to isolate pure THA (Fig. 1)

nd develop a sensitive, reproducible and fast method for quantifi-
ation of THA as marker compound using HPTLC that enables high
hroughput analysis. The seeds of S. anacardium are used in several
ommercial polyherbal formulations and the method developed
hould be able to track THA in trace quantity in such complex sys-
ems to validate the method. Separate method using RP-HPLC-DAD
as also used for comparison of the results to further validate the
PTLC method.

. Experimental

.1. Materials

The seeds of the plant S. anacardium were collected from autho-
ized herbal suppliers at Trivandrum, India in December 2006
nd authenticated. The plant materials were dried, powdered and
tored in airtight containers at 4 ◦C.

.2. Semi-preparative HPLC isolation of THA from S. anacardium
eeds

S. anacardium seed powder (200 g) was defatted with hex-
ne (1l) in a Soxhlet apparatus. The powder thus obtained was
omogenized at 200 r.p.m. with methanol (5 × 500 ml) at room
emperature. The extracts were pooled, centrifuged at 2000 × g and
vaporated at≤45 ◦C under vacuum. The methanol extract thus pre-
ared was redissolved in methanol, filtered through 0.45 �m PTFE
lter and subjected to semi-preparative HPLC, under the conditions
iven below.

PLC System Shimadzu (Japan) LC-8A system equipped with a binary
pump, a Rheodyne injector (Rheodyne, California, USA)

etector Diode array detector (Shimadzu, SPD-M10A)
njection volume 5 ml
olumn Reverse phase C-18 Phenomenex (15 �m,

250 mm × 21.20 mm) column

ime (min) Water A (%) Methanol B (%)

obile phase (gradient), flow rate 25 ml min−1

0 70 30
5 70 30

20 50 50
30 0 100
55 0 100
60 70 30
Chromatogram was monitored at 290 nm and UV–vis spectra of
ajor peaks were recorded. The peak at 12 min with biflavonoid

ype UV-spectra was separated and identified as THA by 1H-and
3C NMR (Avance DPX 300, Bruker, UK), MS (The MS Route JMS
00H, JEOL, Japan) and FT-IR (PerkinElmer 100 series). It was further
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urified (95%) by crystallization from methanol and used as the
eference compound.

.3. Preparation of reference THA solutions

A reference stock solution with a concentration of 1 mg ml−1

f THA was prepared in methanol. Various concentrations of the
tandard solutions (1–300 �g ml−1) were prepared with appropri-
te dilution of the stock solution in initial mobile phase for HPLC.
or HPTLC analysis 50–500 �g ml−1 solutions of THA in methanol
ere prepared. The solutions were filtered through 0.45 �m PTFE
lter prior to analysis.

.4. HPTLC instrumentation

Silica gel HPTLC plates (Kieselgel 60F254, 20 cm × 20 cm, 0.2 mm
hickness, Merck, Darmstadt, Germany) prewashed with methanol
nd kept at 60 ◦C for 30 min were used for the analysis. The sam-
les were spotted in the form of bands of width 6 mm with a
amilton micro liter syringe using a Camag Linomat V (Switzer-

and). A constant application rate of 0.1 �l s−1 was employed and
pace between two bands was maintained as 5 mm. The plates were
eveloped in an ascending manner with a solvent system consist-

ng of toluene–acetone-acetic acid (7.5:2:0.5, v/v) in a development
hamber presaturated with the mobile phase. The developed plates
ere air dried and scanned at 290 nm (TLC Scanner 3, Camag,

witzerland). The slit dimension was kept at 5 mm × 0.45 mm and
0 mm s−1 scanning speed was employed. The analysis was per-
ormed in an air-conditioned room maintained at 22 ◦C and 65%
elative humidity. A minimum of three spottings were done for each
eference and unknown sample. Data processing was performed
sing the software ‘win CATS planar chromatography manager’
version 1.4.3). In order to establish the purity of resolved HPTLC
ands, UV–vis spectra of the THA bands were obtained using
amag TLC Scanner 3. THA bands in the plates were located by
omparing them with reference compound in a UV chamber and
arked. The bands corresponding to THA were scrapped off from

lates, eluted with methanol and spectral analyses were con-
ucted.

.5. HPLC instrumentation

Analytical HPLC was done using a Shimadzu (Japan) LC-8A sys-
em equipped with a binary pump (LC-8A), a Rheodyne injector
California, USA) provided with 20 �l loop, a column temperature
ontroller (CTO 10 AV), diode array detector (SPD-M10A) and a C18
everse phase column (Phenomenex (Torrance, USA) ODS-2.5 �m,
50 mm × 4.6 mm) and the system was controlled by Class-VP soft-
are. The reference THA solutions and methanol extract of S.

nacardium seed were injected into the HPLC and the mobile phase
as optimized as gradient of acetonitrile (A) and 1% acetic acid in
ater (B). The optimized gradient elution was as follows; 0–8 min
0% B, 15 min 40% B, 40 min 100% B; 60 min 100% B and 65 min 20%
. The temperature of the column was maintained at 35◦ C. A mini-
um of three injections were done for each reference and unknown

ample.

.6. Method validation

The specificity of the methods was ascertained by compar-

ng the retention data and spectra of the peaks with those of
eference THA. The peak purity was assessed by comparing the
pectra at three different levels, i.e. start, apex and end positions
f the chromatogram corresponding to THA. Linearity of HPLC
nd HPTLC methods were obtained by determining the detector
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esponses against a series of varying concentrations of reference
HA. 5 analyses per concentration were conducted and calibra-
ion plots were constructed. Limits of detection and quantification
f the methods were calculated using the equations LOD = 3.3 �/S
nd LOQ = 10 �/S where, � is standard deviation of response and
is the slope of calibration curve. The precision of the methods
as validated in terms of repeatability and intermediate preci-

ion. Repeatability was studied by analyzing 3 different methanol
xtracts of seeds each extract 3 times on the same day. Interme-
iate precision included the analysis of the same three extracts
nd each of them analyzed three times a day over three days by
ifferent analyst. The results of repeatability and intermediate pre-
ision are expressed as %R.S.D. The concentrations of methanol
xtracts were selected so that their THA contents were in experi-
ental range. Accuracy of the methods was determined by standard

ddition techniques. Known amounts of reference THA in a range
f low, medium and high concentrations were added to preana-

yzed samples of seed methanol extracts and analyzed under the
ptimized conditions. Addition experiments for each concentra-
ion were performed in triplicate and the accuracy was calculated
s the % of analyte recovered. Three analyses per concentration
ere performed and mean ± S.D. was determined. Robustness of

he methods was determined by introducing small changes in
ertain chromatographic parameters and expressed in terms of
R.S.D.

.7. Analysis of polyherbal formulations containing S.
nacardium

Samples of polyherbal formulations (50 g) were extracted with
ethanol (5 × 500 ml) at room temperature. The extracts were

entrifuged at 3000 × g for 15 min and supernatants were fil-
ered, evaporated at ≤45 ◦C and made up to 50 ml with methanol.
he extracts were filtered through 0.45 �m filters and analyzed
y HPTLC and HPLC. The analysis was repeated five times and
ean ± S.D. values were determined.

.8. Statistical analysis

Statistical analysis was performed with Microsoft Excel 2003
nd Microcal origin 6.0.

. Results and discussion

.1. Isolation of THA

Biflavanoids are polyphenolic molecules comprised of two iden-
ical or non-identical flavonoid units conjoined in a symmetrical or
nsymmetrical manner through an alkyl or an alkoxy-based links
f varying length. These possibilities introduce significant struc-
ural variation in biflavanoids, which is further amplified by the
ositions of functional groups – hydroxy, methoxy, keto, or double
ond – and stereogenic centers on the flavanoid scaffold. In combi-
ation, the class of biflavanoids represents a library of structurally
iverse molecules, which remains to be fully exploited. Seeds of
. anacardium plants contain an array of bioactive biflavonoids.
iflavonoids are moderately polar in nature, hence a reverse phase
olumn was selected as stationary phase for the profiling and
arious proportions of methanol and water were tried as mobile
hase to optimize. UV–vis spectra of the major peaks in the

hromatogram, were recorded using DAD and used as a primary
dentification tool. The methanol extract of the seed was used to
solate THA from other biflavonoids on preparative scale using
PLC as described under Section 2.2. The peaks with character-

stic biflavonoid spectra were selected and separated. Among the
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elected peaks, the peak at 12 min was identified as THA by spectral
tudies. The purity and the identity of isolated THA were estab-
ished by various spectral data as presented below.

S (FAB): 543 (M+ + 1), 307.36, 176.21, 154.20
V �max: 290 nm
H NMR (CD3OD, 300 MHz): ı 7.1(4H, m), 6.78 (1H, d), 6.6 (2H,

d), 5.9 (1H, s), 5.7 (2H, s), 5.2 (2H,
m), 2.9 (2H, m), 2.75 (2H, m)

T-IR (cm−1): 3436, 1639, 1518, 1163

THA was previously reported as a major bioactive compound in
. anacardium plant and not so common in other plants [12]. THA
herefore could be considered as a chemical marker of S. anacardium
lant. The THA thus isolated was used as reference compound for
urther studies. The method could be used for isolation of other
iflavonoids in S. anacardium by slightly modifying the mobile
hase which was not attempted here.

.2. Optimization of HPTLC densitometric method

The reference THA and the seed methanol extracts were spotted
n HPTLC plate and initially toluene–acetone–methanol in vary-
ng ratios was tried as the mobile phase. Replacing methanol with
cetic acid improved the resolution between bands. Finally, the
obile phase consisting of toluene–acetone–acetic acid (7.5:2:0.5,

/v/v) gave a sharp, symmetric and well resolved peak for THA
ith an Rf value of 0.56 which was identical with that of refer-

nce THA (Fig. 2). In order to further establish the selectivity of the
ethod, the band corresponding to THA in the methanol extract
as separated and subjected to NMR and MS spectral analysis.

he spectral data obtained were identical with those for the ref-
rence THA (Section 3.1). 1H NMR and MS (FAB) signals obtained
or the bands of THA were compared with those of the reference
ompound and previous report [12]. All signals were found to
elong to THA which further confirms the purity and identity of
he band.

.3. RP-HPLC-DAD analysis of THA

RP-HPLC-DAD method was also developed to validate the HPTLC
ethod. Acetonitrile and water mixtures with varying ratios were

ried as mobile phases using reverse phase column for profiling of
he methanol extract of S. anacardium seed. Substitution of water
ith 1% acetic acid resulted in improved resolution. A gradient
obile phase of acetonitrile with 1% acetic acid was optimized so

s to obtain a complete biflavonoid profile. With this optimized
radient mobile phase THA was found to elute at 27 min as a sym-
etric and well-resolved peak, identical with that of reference

HA as confirmed by spiking the sample with pure THA. Selec-
ivity of the method was assessed by evaluating the similarity
≥95%) between UV spectra at start, middle and end of the THA
eak.

.4. Validation of methods

The developed HPTLC and HPLC methods were validated in
erms of their linearity, limits of detection and quantification, pre-
ision, accuracy and robustness as detailed below.
.4.1. Linearity
Linearity between the detector response and concentration of

HA (50, 100, 200, 300, 400 and 500 �g ml−1) in HPTLC analysis was
valuated. It was found to be linear over a range of 50–400 �g ml−1

ith a correlation coefficient r = 0.9984. The LOD and LOQ of the
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Fig. 2. HPTLC chromatograms of methanol extracts of polyherbal formulations and
S. anacardium seed at 290 nm. (1) THA, (2) Gulugulu Thithakashayam, (3) Varanadhi
Ghrudam, (4) S. anacardium seed and (5) seed methanol extract spiked with THA.

Table 1
Linearity and limits of detection and quantification of HPLC and HPTLC analysis of
THA

Parameters HPTLC HPLC

Regression equationa y = 110x + 1547 y = 21692x − 39092
Linear range (�g ml−1) 50–400 5–300
Correlation coefficient (r) 0.9984 0.9941
LOD (�g ml−1) 2.1 0.4
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OQ (�g ml−1) 6.3 1.2

a y = peak area, x = concentration of THA in �g ml−1.

ethod were respectively 2.1 and 6.93 �g ml−1 (Table 1). For HPLC
ethod the concentration of THA and peak area at 290 nm were

inear in the range of 5–300 �g ml−1, with a correlation coefficient
f 0.9941, which is within the analytical limit. LOD and LOQ were
.4 and 1.2 �g ml−1 (Table 1), respectively.

.4.2. Precision
Repeatability and intermediate precision of the methods are

resented in Table 2. For HPTLC method repeatability and inter-
ediate precision were respectively 1.32 and 1.65%. Repeatability

nd intermediate precision values obtained for the HPLC method
ere also in acceptable range.

.4.3. Accuracy
The accuracy of the methods, assessed as % recovery for low,

edium and high concentrations of THA (Table 3). For HPTLC, the
ecovery percentage of 100.6, 103.2 and 106.2% were obtained for
ow, medium and high concentrations of THA respectively (Table 3).
PTLC method showed % recoveries ranging from 99 to 101%

Table 3).

.4.4. Robustness
For HPTLC method, robustness was validated by varying time

rom spotting to chromatography and from chromatography to
canning (0, 20, 40 and 60 min), composition and amount of mobile
hase (±10%), temperature (±2 ◦C). dimension of HPTLC plate,
evelopment chamber (10 cm × 10 cm and 20 cm × 20 cm) and sat-
ration time (±5 ◦C). The variations in HPTLC analysis due to these
hanges were ≤1.7 (%R.S.D.). For assessing the robustness of HPLC
ethod, variations in flow rate of mobile phase (±10%), compo-

ition of acetic acid in mobile phase (±10%), column temperature
±2 ◦C) and detection wavelength (±2 nm) and their dependence

n Tr and peak area were evaluated. The value obtained for the
obustness was ≤1.4 (% R.S.D.) and it is within the limit required for
PLC analysis.

able 2
recision (R.S.D.%)

recision HPTLC HPLC

epeatability 1.32 0.96
ntermediate precision 1.65 1.49

able 3
ccuracy

xcess of THA added (%) % Recovery

HPTLC HPLC

50 100.6 101.1
00 103.2 99.7

150 106.2 100.5
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Table 4
Amount of THA in S. anacardium seeds and commercial polyhedral formulations
(Ayurveda) (mean ± S.D.)

Material/formulations THA (mg kg−1)

HPTLC HPLC

Seeds 9870 ± 23 9986 ± 21
Gulugulu Thithakashayam-1 49.2 ± 1.2 51.8 ± 1.3
G
G
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ulugulu Thithakashayam-2 53.7 ± 0.9 54.6 ± 1.5
ulugulu Thithakashayam-3 43.4 ± 0.6 45.3 ± 0.8
aranadhi Ghrudam-1 8.4 ± 1.8 11.6 ± 1.2
aranadhi Ghrudam-2 20.2 ± 1.6 21.6 ± 1.3

.5. Analysis of S. anacardium seeds and its polyherbal
ormulations

Ayurvedic formulations are prepared primarily as water or alco-
ol extract following the traditional method. Obviously most of the
hytochemical extracts would be predominantly polar in nature.
ethanol extract of seeds of S. anacardium and formulations were

rofiled using HPTLC and HPLC following the methods developed
ere and amount of THA was estimated. Peak corresponding to
HA was identified by comparing its retention data and UV spectra
ith those of reference THA and was confirmed by spiking stud-

es. Purity of the HPTLC bands was further confirmed by NMR and
S analysis. The amounts of THA in the extracts were calculated

y comparing the peak area with calibration curve. The seeds con-
ained 9870 mg kg−1 of THA. The amount of THA was determined
y HPTLC method was found to be matching with that from HPLC
ethod within the error limit (Table 4). There are no reports on

he quantification of THA in S. anacardium plant parts. The present
esults showed that S. anacardium seeds contained 1% THA. Being a
ajor and unique biflavonoid with potential biological significance,

HA could be considered as a chemical marker for the standardiza-
ion of herbal formulations containing S. anacardium seeds.

Ayurvedic formulations often contain a large number of herbs
ith varying proportions and are prepared by different meth-

ds as described in classical texts. In this study, two frequently
sed Ayurvedic polyherbal formulations, namely ‘Guluguluthik-
hakashayam’ and ‘Varanadhighrutham’ containing S. anacardium
eeds, were selected and the amount of THA was evaluated. The two
ormulations were of reputed brands with considerable difference
etween preparation and composition and are consumed in large
olumes.

‘Guluguluthikthakashayam’ is a water decoction of 20 herbs
ith 0.5% S. anacardium seed powder and is recommended against

rthritis, diabetics, skin diseases, cancer, etc. The amount of THA in
he samples were quantified by analyzing their methanol extracts
nd given in Table 4. HPTLC and HPLC fingerprints of one sample
re given respectively in Figs. 2 and 3. HPTLC analysis showed
3–54 mg kg−1 THA in the samples of ‘Guluguluthikthakashayam’.

Varanadhighrutham’ is recommended for the treatment of arthri-
is. It is prepared by boiling 15 herbs with ghee and water and it
ontains 0.7 g of S. anacardium seed powder in 10 g of final product.
ethanol extracts of the samples were profiled in HPTLC and HPLC

Figs. 2 and 3). Samples were found to contain 8–22 mg kg−1 of
HA (Table 4).

.6. HPTLC versus HPLC

In order to verify the reliability of the HPTLC densitometric

nalysis, five independently prepared methanol extracts of S. anac-
rdium seed were analyzed simultaneously by HPTLC and HPLC
ethods. Each sample was analyzed in triplicate and mean values
ere compared by matched pair Student’s T-test. The data were

reated as paired data. The observed T (Tobs) was calculated using

T

w
t

ig. 3. HPLC chromatograms of methanol extracts of polyherbal formulations and
. anacardium seed at 290 nm. (1) THA, (2) Gulugulu Thithakashayam, (3) Varanadhi
hrudam and (4) S. anacardium seeds.

he equation,

|d̄|

(obs) = √∑

d2
i

− 1/n(
∑

di)
2
/n(n − 1)

here di is the difference between two pairs of measurements for
he same observation i.
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. Conclusion

The HPTLC and HPLC techniques developed are precise, specific,
ccurate and robust for determination of THA. Statistical analysis
roves that the methods are repeatable and selective for the anal-
sis of one of the biologically active components, THA in plant and
n pharmaceutical formulations. The method can be extended for
he marker-based analysis of S. anacardium herbal formulations.
PTLC method is especially suitable for the fingerprinting and high

hroughput analysis of botanical samples and herbal formulations.
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