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Summary
Two different botanical sources, Eclipta alba and Wedelia calen-
dulacea are used as “Bhringaraja” in the Ayurvedic system of 
medicine. In the present study, an effort has been made to eval-
uate different sources by using high-performance thin-layer 
chromatography (HPTLC) as an analytical tool. Wedelolactone, 
one of the primary constituents of these plants, was taken as the 
marker compound for the evaluation. An HPTLC method was 
developed and validated for the evaluation of different sources 
of “Bhringaraja”. The chromatographic system was developed 
using silica gel 60 F254 HPTLC plates with the mobile phase 
toluene–chloroform–ethyl alcohol–formic acid (5:4:1:0.5, v/v). 
Linearity was found between the concentration ranges of 80 to 
280 ng spot−1 (R2: 0.9994), and limit of detection (LOD) and lim-
it of quantification (LOQ) were found to be 0.36 ng spot−1 and 
1.09 ng spot−1. The study has shown the presence of wedelolactone 
at the concentration of 0.26% w/w and 0.05% w/w in E. alba and 
W. calendulacea, respectively, whereas it was absent in another 
closely related species, Wedelia trilobata. At the same time, all 
the three plants were subjected to evaluation of quality-control 
parameters as per the World Health Organization (WHO) guide-
lines. Certain parameters such as foaming index, total alkaloids, 
and total bitter principles were significantly different in the three 
plants. Hence, the present HPTLC method development, and the 
validation and evaluation of quality-control parameters would 
be helpful in the standardization of individual plants and their 
formulations.

1 Introduction

According to the National Medicinal Plant Board of India, 
worldwide herbal trade stands at 120.00 billion USD and it 
is expected to reach a volume of 70.00 trillion USD by 2050. 
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However, in this ever-growing herbal market, Indian share is 
quite low. The domestic market of India covers 80 to 90 bil-
lion INR, and the export 10 billion INR. The major hurdle 
in acquiring the world market is the lack of standardization 
of the raw material. This is due to certain difficulties in the 
standardization of Ayurvedic drugs, especially those which 
are identified by multiple botanical sources. Confusion exists 
in the identity of the source material in certain cases where 
the origin of a particular drug is assigned to more than one 
plants, sometimes having different morphological and taxo-
nomical characters. The standardization of these controver-
sial Ayurvedic drugs based on their chemical and biological 
activity profiling could boost the growth of Indian share in the 
world’s herbal market [1]. 

Bhringaraja is one of the well-known drugs in Ayurveda 
used in treating various ailments. Primarily, it is used in hair 
growth-promoting formulations and in liver disorders. Bhrin-
garaja has a vast market potential in India as well as in the 
global market [2]. Ayurveda recognizes two types of Bhrin-
garaja: one with white flowers is Eclipta alba (Linn.) Hassk. 
(Syn: Eclipta prostrata Roxb.), and one with yellow flower is 
Wedelia calendulacea Less. Non-Rich. (Syn: Wedelia chinensis 
Merrill.) [3]; also, another closely related species is Wedelia tri-
lobata (L.) Hitchc. (Syn: Sphagneticola trilobata [L.] Pruski), 
which is commonly grown as an ornamental plant and is also 
having yellow flowers. All the three plants belong to the Aster-
aceae family.

E. alba is very commonly used in the Ayurvedic system of 
medicine as hair-growth promoter, and the Ayurvedic Phar-
macopoeia of India indicates E. alba as having hepatoprotec-
tive feature [4]. It is commonly used as a deobstruent to pro-
mote bile flow and to protect the liver; used to expel intestinal 
worms; and applied in asthma, cough, and in strengthening 
the body [5]. The herb is found to contain coumestans such 
as wedelolactone and dimethyl wedelolactone, polypeptides, 
polyacetylenes, thiophene derivatives, steroids, triterpenes, 
and flavonoids. Coumestans are known to possess estrogenic 
activity [6]. This could be one of the reasons for its use as 
hair-growth promoter as a number of literatures reported the 
use of topical estrogen therapy in hair loss [7]. E. alba was 
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found be effective in viral hepatitis where the activity has 
been attributed to wedelolactone [8]. W. calendulacea is used 
in menorrhagia and abdominal swellings. It is used in treating 
various ailments like jaundice and diarrhea [9]. The juice of 
the plant contains an oil-soluble black dye along with tannins 
and saponins. The leaves are reported to contain isoflavo-
noids and bisdesmosidic oleanolic acid saponins. The metha-
nolic extract has been reported to contain wedelolactone and 
demethylwedelolactone [10]. The areal parts of W. trilobata 
are used in traditional medicine in the Caribbean and Central 
America against bronchitis, colds, abdominal pains, dysmen-
orrheal, and even as a fertility enhancer. In folk medicine, it 
is employed to treat backache, muscle cramps, rheumatism, 
stubborn wounds, sores and swellings, and arthritic painful 
joints. W. trilobata mainly consists of terpenoids, flavonoids, 
and polyacetylenes as well as steroids [11]. Wedelolactone has 
been reported to be present in various concentrations in these 
three plants and is tested to be positive in the alternate ther-
apy for osteoporosis [12]. It was also found to be useful in 
the prevention and treatment of hepatic fibrosis by virtue of 
its antifibrotic effect on LX-2 (HSC cell line) [13]. Luteolin 
and apigenin present in E. alba along with wedelolactone have 
shown strong inhibitory action on RNA-dependent RNA pol-
ymerase (RdRp) activity of HCV replicase [14]. Keeping these 
aspects in mind, the present work was formulated to study the 
comparative quality-control parameters and phytochemical 
analysis with respect to HPTLC fingerprinting and quantita-
tive evaluation of wedelolactone in these three plants. 

2 Experimental

2.1 Plant Material

The plants of E. alba, W. calendulacea, and W. trilobata were 
collected along with the roots in the month of June and August 
from the medicinal plant garden of BMK Ayurveda College, 
Belagavi, India. The plants were authenticated by Dr. Harsha 
Hegde (Scientist-C), RMRC-ICMR, Belagavi. The herbarium 
specimens of the plants have been deposited in the herbar-
ium at RMRC-ICMR with the accession number RMRC-1281 
(E. alba), RMRC-1282 (W. calendulacea), and RMRC-1283 
(W. trilobata). The plants were washed under running water 
and subjected to shade-drying at room temperature. The dried 
plants were subjected to size reduction to a coarse powder 
(#2000/335) with the help of a grinder, and then in powder form 
they were used for the extraction.

2.2 Extraction

The weighed quantity of the dried powder (50 g) of the plant 
material was subjected to maceration with 300 mL of etha-
nol (70% v/v) for 24 h. The extract was filtered through filter 
paper, and the marc was dried at room temperature and sub-
jected to Soxhlet extraction with ethanol for 6 h. The extract 
was filtered through filter paper and then combined with the 
extract obtained from maceration. The combined extract was 
then concentrated in a rotary evaporator (IKA RV10 Digital) 
at 50°C under vacuum. This process of extraction was fol-
lowed in order to avoid any possible destruction of thermola-
bile constituents [15].

2.3 Preliminary Qualitative Phytochemical Investigation

The preliminary phytochemical screening of the extracts was 
carried out for the detection of various secondary metabolites 
using standard protocol [16]. The general chemical tests were 
performed on the extracts to determine the presence of steroids, 
triterpenoids, alkaloids, saponins, flavonoids, etc. 

2.4 Physicochemical Evaluation

Physicochemical parameters such as ash value, extractive value, 
moisture content, swelling index, foaming index, total tannins, 
and total alkaloids were determined as per the World Health 
Organization (WHO) guidelines [17]. The tests were performed 
separately for three plant materials in triplicate.

2.5 HPTLC Method Development

2.5.1 Standard Preparation of Wedelolactone

Standard stock solution of wedelolactone (200 μg mL−1) was 
prepared by dissolving 1 mg of wedelolactone in 5 mL of 
methanol.

2.5.2 Sample Preparation of Extracts

The three extracts were prepared separately by dissolving accu-
rately weighed quantities of the extracts in 10 mL of methanol 
to get a final concentration of E. alba (39.89 mg mL−1), W. calen-
dulacea (44.92 mg mL−1), and W. trilobata (50.83 mg mL−1).

2.5.3 HPTLC Conditions

An amount of 20 mL of the mobile phase consisting of tolu-
ene–chloroform–ethyl alcohol–formic acid (5:4:1:0.5, v/v) was 
used. Four different aliquots (2.0, 4.0, 6.0, and 8.0 µL) of solu-
tions of the marker as well as of the extracts were applied on 
20 × 10 cm HPTLC plates for fingerprint profile. The constant 
application rate of 150 nL s−1 was employed with a band width 
of 8.0 mm. The slit dimension was kept at 6.0 mm × 0.45 mm, 
and a scanning speed of 20 mm s−1 was employed. The opti-
mized chamber saturation time for mobile phase was 10 min 
at room temperature (25 ± 2°C) at relative humidity of 60% 
± 5 RH. The plates were developed and scanned within 10 
min using densitometric scanner in the remission mode at 254, 
366, and 540 nm. The quantitative analysis of the compounds 
was done by scanning the plates at 351 nm using a CAMAG 
TLC Scanner IV. The identification of wedelolactone was con-
firmed by superimposing the UV spectra of the samples and 
standards within the same Rf 0.29 window. A densitometry‒
HPTLC analysis was also performed for the development of 
characteristic fingerprint profile, which may be used as fin-
gerprint profile for the quality evaluation and standardization 
of the plants.

2.6 Method Validation

The validation parameters such as specificity, linearity, limit 
of detection (LOD), limit of quantitation (LOQ), precision, 
recovery, and robustness were calculated as per the ICH 
guidelines (International Conference on Harmonization, Nov. 
2005), and the values found were compared with the accept-
ance criteria [18].



Chemical Fingerprinting and Quantification of Biomarker Wedelolactone

332 Journal of Planar Chromatography 29 (2016) 5

2.6.1 Linearity

The content of wedelolactone compound was determined by 
using a calibration curve established with a standard concentra-
tion range from 80 to 280 ng spot−1. A stock solution of standard 
wedelolactone (200 µg mL−1) was prepared in methanol. The 
different volumes of the stock solution, 40, 60, 80, 100, 120, and 
140 µL, were spotted on a HPTLC plate to obtain concentrations 
of 80, 120, 160, 200, 240, and 280 ng spot−1, respectively (band 
width 8 mm; distance between tracks 12 mm), using an auto-
matic sample spotter. Each concentration peak area was plotted 
against the concentration of wedelolactone spotted or injected. 
The linear regression of the standard curve was determined. 

2.6.2 LOD and LOQ

The limit of detection (LOD) and the limit of quantification 
(LOQ) were determined by signal-to-noise (S/N) ratio. S/N 
ratio of 3:1 is considered as standard for valuing LOD whereas, 
for LOQ, S/N ratio of 10:1 is considered as standard, at which 
analyte can be readily quantified with accuracy and precision. 

The LOD and LOQ may be expressed as LOD = 3.3 × σ/S and 
LOQ = 10 × σ/S.

2.6.3 Precision 

The precision of the method was carried out by performing 
repeatability (intra-day) and intermediate precision. Intra-day 
precision was evaluated by analysis of replicate (n = 3) appli-
cations of freshly prepared standard solutions of the same con-
centration (80, 160, and 240 ng spot−1) on the same day. Inter-
mediate precision was evaluated by analysis of replicate (n = 3) 
applications of the standard solution of the same concentration 
(80, 160, and 240 ng spot−1) on three different days. For each 
analysis, the percent relative standard deviation (% RSD) of the 
peak area was calculated.

2.6.4 Robustness

By introducing small changes in the mobile phase composition, 
the effects on the Rf were examined. Mobile phases with altered 
compositions like toluene–chloroform–ethyl alcohol–formic 
acid (4.5: 4.5: 1: 0.5, v/v) were tried, and chromatogram was run. 
The amount of the mobile phase was varied in the range of ±5%. 

2.6.5 Specificity

The specificity of the method was ascertained by analyzing dil-
uent (methanol), marker (wedelolactone), and extract (E. alba). 
The spots for wedelolactone in the sample were confirmed 
by comparing Rf and spectra of spot of sample with that of 
marker (standard). The peak purity (90%) of wedelolactone was 
assessed by comparing the spectra at three different levels, i.e., 
peak start, peak apex, and peak end positions of the spot. The 
purity of the sample spot corresponding to wedelolactone was 
determined by taking the spectra and by comparing it with that 
of the standard.

2.6.6 Recovery

Accuracy was evaluated in triplicate, at three different concen-
trations equivalent to 50, 100, and 150% of the wedelolactone, 
by adding a known amount of wedelolactone standard to a sam-
ple of known concentration and calculating the % mean recov-
ery of wedelolactone for each concentration.

3 Results and Discussion

3.1 Preliminary Phytochemical Screening 

The results indicated that the ethanol extract of the dried plant 
powder exhibited a maximum yield of 12.4% for E. alba. The 
ethanol extracts of all the three plants indicated the presence 
of triterpenoids, alkaloids, and flavonoids. The extract of 
W. calendulacea showed the presence of saponins. Phytoster-
ols were absent in W. trilobata. These results clearly indicate 
the significant difference among the selected plant extracts with 
respect to their phytochemicals, and this can be used in the 
quality control of these raw materials.

3.2 Physicochemical Parameters

The physicochemical parameters of the crude drug help in the 
source identification and in establishing the standards for the 
quality control and purity of the crude drug. The physicochem-
ical parameters of E. alba, W. calendulacea, and W. trilobata 
were evaluated as per the WHO guidelines. Certain parameters, 
viz., extractive value, ash value, foaming index (saponins pres-
ent only in W. calendulacea), total polyphenols, bitter princi-
ples, and total alkaloidal contents were significantly different in 
the three plants which would definitely help in the identification 
of adulteration or admixture of these plants. E. alba has shown 
the highest amount of total and acid-insoluble ash (16.75% and 
9.40% w/w), whereas W. trilobata has shown higher water-sol-
uble ash value (12.7% w/w). Total polyphenols, bitters, and 
alkaloids were also found to be in the highest concentration 
(38.83 mg g−1 eq. of gallic acid, 0.67% and 8.50% w/w, respec-
tively) in E. alba compared to the other two plants (Table 1).

Table 1

Physicochemical parameters.

Parameters  
(% w/w)

Eclipta  
alba

Wedelia  
calendulacea

Wedelia  
trilobata

Extractive value
Alcohol-soluble
Water-soluble

17.43 ± 0.53
7.20 ± 0.16

12.73 ± 0.45
5.92 ± 0.27

15.85 ± 0.52
9.54 ± 0.12

Ash value
Total ash
Water-soluble ash
Acid-insoluble ash

16.75 ± 0.11
8.7  ± 0.28
9.40 ± 0.08

12.55 ± 0.18
10.80 ± 0.28
7.30 ± 0.26

10.5 ± 0.31
12.7 ± 0.22
8.20 ± 0.26

Loss on drying 12.86 ± 0.21 12.72 ± 0.47 14.82 ± 0.29

Crude fiber 26.95 ± 0.41 21.1 ± 0.38 21.45 ± 0.32

Foaming index <100 120.33 ± 8.08 <100

Swelling index 6.33 ± 0.57 6.66 ± 0.57 7.66 ± 1.15

Total polyphenols
(mg g−1 as gallic acid eq.) 38.83 ± 0.37 22.42 ± 0.54 32.62 ± 0.28

Total tannins 2.91 ± 0.56 1.45 ± 0.68 5.20 ± 0.75

Total bitters 0.67 ± 0.51 0.068 ± 0.71 0.073 ± 0.89

Total alkaloids 8.5 ± 0.78 3.0 ± 1.07 4.0 ± 1.24

All values expressed as mean ± SEM (n = 3)
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3.3 HPTLC Fingerprint

HPTLC fingerprint patterns have been evolved for the extracts 
of E. alba, W. calendulacea, and W. trilobata (Figure 1). 
The fingerprint pattern has shown significant differences in 
the chemical natures of the three plant materials. The major 
difference was the presence of the analytical marker wedelo-
lactone in E. alba and W. calendulaceae, and its absence in 
W. trilobata. Similarly, the chromatogram has shown the 
presence of certain specific peaks in all the three plants. Peak 
18 was found in both E. alba and W. calendulacea (Rf 0.78 

and 0.77), but the UV spectra have shown different patterns 
(λmax 362 and 199 nm), and the same was absent in W. trilobata 
(Figure 2). Similarly, peak 13 was also found in both E. alba 
and W. calendulacea (Rf 0.42, λmax 400) and absent in W. trilo-
bata (Figure 3), whereas peak 2 was found to be present in all 
the three plants (Rf 0.65–0.66, λmax 400) (Figure 4). 

3.4 Quantification of Wedelolactone

The HPTLC procedure was optimized with a view to quantify-
ing the two plants with respect to the marker wedelolactone. The 

Figure 1

HPTLC–densitometric chromatograms of the alcoholic extracts of E. alba, W. trilobata, and W. calendulacea.

Figure 2

UV spectra of peaks at R
f
 0.78 in E. alba and W. calendulacea.

Figure 3

UV spectra of peaks at R
f
 0.42 in E. alba and W. calendulacea.
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mobile phase consisting of toluene–chloroform–ethyl alcohol–
formic acid (5:4:1:0.5, v/v) gave better, sharp, and well-defined 
peak resolution. The spot at Rf 0.29 was identified as wedelo-
lactone. The HPTLC plate was visualized at 351 nm, and the 
amount of wedelolactone present in each of the two extracts 
was calculated. According to the ICH guidelines, the analytical 
response was represented as the second order polynomial equa-
tion as y = a + b1x + b2x2, where y = peak area, x = concentration 
of wedelolactone, a = y intercept, b1 and b2 are constants. The 
regression equation was found to be y = −917.6 + 19.06X, and for 
the given range of concentration, the correlation coefficient was 
found to be 0.9989, respectively, showing a good correlation with 
the calibration equation. With the help of the regression equation, 
the amount of wedelolactone in E. alba and W. calendulacea was 
calculated and found to be 0.25% w/w and 0.05% w/w, respec-
tively. The method was validated as per the ICH guidelines, and 
the results are well within the specified limit (Table 2).

Table 2

Summary of the validation parameters for wedelolactone.

Validation parameters Wedelolactone

Linearity range (ng spot−1) 80–280

R2 0.9989

Slope −917.6

Intercept 19.06

Regression equation Y = −917.6 + 19.06 * X

Limit of detection (ng spot−1) 0.36

Limit of quantification (ng spot−1) 1.09

Intra-day precision (% RSD) 1.342–1.521

Inter-day precision (% RSD) 1.778–2.549

Accuracy (recovery %) 99.41–100.3

Robustness (% RSD) 0.04197

3.4.1 LOD and LOQ

For the proposed method, the LOD and LOQ were obtained 
from the calibration curve. The LOD and LOQ were found to 
be 0.36 ng and 1.09 ng spot−1 for wedelolactone.

3.4.2 Precision

The repeatability of the method was measured by intra-day 
and inter-day assay precisions. Intra-day precision was meas-
ured by analyzing three different concentrations (80, 160, and 
240 ng spot−1) of wedelolactone on the same day, and inter-day 
precision was measured by analyzing the same three concen-
trations on three different days. The % RSD for intra-day anal-
ysis was found to be ≤2.0%, and for inter-day, it was ≤3.0%, 
which is well within the precision criteria for a method [19].

3.4.3 Robustness 

The effect of deliberate changes in the composition of the mobile 
phase was studied as % RSD. The % RSD of the altered mobile 
phase was found to be 0.0419 which is well within the range 
of the acceptance criteria, indicating that the method is robust.

3.4.4 Specificity

The specificity of the newly proposed method was ascertained 
by superimposing the spectrum of both the standard and the 
sample, confirming their purity (Figure 5). The spots for 
wedelolactone in the sample were confirmed by comparing 
the Rf value of the spot with that of the marker (standard). The 
absence of additional peaks in the diluent and the mobile phase 
indicates that the method is specific.

Figure 5

UV spectra of standard wedelolactone and wedelolactone in E. alba.

3.4.5 Accuracy 

The accuracy of the method was determined by recovery studies 
using the standard addition method. A known concentration of 
the marker compound was spiked at three different levels, i.e., 
50, 100, and 150% to calculate the closeness agreement between 
the true values and the experimental values. The mean percent-
age recovery was found to be in the range of 99.31–100.3%. 

4 Conclusion

There have been substantial efforts to standardize the Ayurve-
dic crude drugs. However, these initiatives need the correct 
identity of the source plant material. The long history of the safe 
usage of Ayurvedic medicines can be extrapolated only when 
the botanical identity of the plant going into those medicines is 
established and standardized. 

Figure 4

UV spectra of peaks at R
f
 0.65 in E. alba, W. calendulacea, and  

W. trilobata.
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Bhringaraja is a well-known Ayurvedic drug with a spectrum 
of therapeutic uses. All the studied parameters clearly indicate 
that the plants of E. alba, W. calendulacea, and W. trilobata, 
belonging to the family Asteraceae, have got different physico-
chemical and phytochemical profiles. The presence of saponins 
in W. calendulacea and the absence of phytosterols in W. trilo-
bata are important observations in these studies. 

A validated HPTLC method in this study helped in distinguish-
ing the three plants. The results of the study clearly distinguish 
all the three plants in view of all the studied parameters. HPTLC 
fingerprinting has shown the clear demarcation among the three 
studied sources of Bhringaraja, especially with respect to the 
wedelolactone content. W. trilobata is free from this important 
phytoconstituent of Bhringaraja, whereas it is present in small 
quantities in W. calendulacea compared to E. alba. Hence, 
for any preparations, E. alba would be the preferred source of 
Bhringaraja over the other two sources. However, W. calendu-
lacea can be used as a substitute. Also, the studied parameters 
can be used as tools for the standardization of the aforesaid 
plant materials.
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