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& A new, simple, precise, and rapid high performance thin layer chromatography (HPTLC)
method has been developed and validated for the simultaneous quantitative determination of three
phenolic acids, namely, 3,5-O-dicaffeoylquinic acid, 3,4-O-dicaffeoylquinic acid and chlorogenic
acid from flower buds of Lonicera japonica. The separation of these compounds was carried
out on silica gel 60F254 eluted with ethyl acetate:chloroform:methanol:formic acid:water
(6:2.5:1.5:0.6:0.1 v=v=v=v) and a detection wavelength at 330 nm. The developed method gave
a good linear regression relationship between peak area and an observed concentration range of
200–1200 ng spot�1 for the three aforementioned marker compounds. Spike recoveries were within
97.81–101.59% and the RSD values of precision were in the range of 0.65–3.21%. The method
presented good results for the following parameters: selectivity, linearity, accuracy, precision, robust-
ness, as well as limit of detection and limit of quantification. Therefore, this method could provide a
simple analytical tool for the quality control of Lonicera japonica raw material and its products.

Keywords Lonicera japonica Thunb, caprifoliaceae, high performance thin layer chro-
matography, phenolic acids

INTRODUCTION

The flower buds of Lonicera japonica Thunb. (family: Caprifoliaceae) is
one of the most commonly used traditional Chinese medicinal plants, and
it is used as an anti-inflammatory herbal medicine in China. It also used for
the treatment of a variety of diseases including arthritis, diabetes mellitus,
fever, infections, sores, and swelling.[1,2] Pharmacological studies report
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that the extract of the flower buds of L. japonica have many biological
activities including, hepatoprotective, cytoprotective, antimicrobial,
antibiotic, antioxidative, antiviral, and anti-inflammatory.[3–8] Different
classes of compounds with diverse structures including cerebrosides,
flavonoids, iridoids, polyphenols, alkaloids, and saponins have been
reported from various parts of the plant.[2,9–13] Recent studies indicated
that flowers of L. japonica also exhibited good antioxidant activities,[14]

which may be partly responsible for some of its medicinal functions.
Phenolic acids were believed to be one of the beneficial components for
antioxidant activity and were chosen as marker compounds for this study.
Several analytical methods including mainly HPLC-UV and HPLC-MS
have been reported from literature for qualitative and quantitative analysis
of L. japonica.[1,14–18] HPTLC is a widely accepted technique for its high
accuracy, precision, reproducibility of results in addition to its low per
sample operating cost, easy sample preparation, and short analysis time.
To the best of our knowledge, this is the first time report of a quantitative
determination method for phenolic acids in L. japonica using HPTLC.

The objective of the present study is to develop a rapid and simple
quantification of three phenolic compounds namely 3,5-O-dicaffeoylquinic
acid (1), 3,4-O-dicaffeoylquinic acid (2), and chlorogenic acid (3) in flower
buds of L. japonica using HPTLC. The method developed is also used for
chemical fingerprint analysis.

EXPERIMENTAL

Plant Material

Plant materials were studied including: Lonicera japonica Thunb. (vou-
cher no. 727) (LJ-1) obtained from Bejing Yuke Botanical garden; China,
Lonicera japonica Thunb. (voucher no. 5272) obtained from the Missouri
Botanical Garden (LJ-2), and Lonicera japonica Thunb. commercial sample
(sample no. 5208) (LJ-3) procured from Kalyx.com; Beijing, China. All
samples are deposited at the National Center for Natural Products
Research (NCNPR), University of Mississippi, USA.

Chemicals

The standard compounds (1–3; Fig. 1) were isolated at NCNPR, the
identity and purity was confirmed by chromatographic (TLC, HPLC) meth-
ods, by the analysis of the spectral data (IR, 1D- and 2D-NMR, HR-ESI-MS)
and comparison with published spectral data.[15] Ethyl acetate, chloroform,
methanol, formic acid, and water were ACS certified grade purchased from
Fisher Scientific (Fair Lawn, NJ, USA).
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Analytical Procedure

Chromatography was performed on glass plates (Merck, Darmstadt,
Germany) with silica gel 60F254 (20� 10 cm and 10� 10 cm). Plates were
prewashed with methanol and dried in an oven for 5min at temperature
105�C. Samples and standards were applied with Linomat 5 semi-
automatic applicator with 100 ml syringe as bands (8mm wide), distance
between tracks was 9.7mm; the first application position was 12.0mm
from the left edge of the plate, and application position from the lower
edge of the TLC plate is 8.0mm. The delivery speed of the syringe was
90 nl=sec. The application parameters were identical for all the analyses
performed. Chamber saturation was done using 20� 10 cm Whatman fil-
ter paper for 20min (Twin trough chamber 20� 10 cm; Analtech, USA).
The plates were dried at room temperature, and the layers developed to a
height of 8 cm with a mobile phase of ethyl acetate:chloroform:methanol:
formic acid:water (6:2.5:1.5:0.6:0.1 v=v=v=v) at a temperature of 21–24�C
and a relative humidity of 40–45%. For quantitative determination, the
analyte spots corresponding to compounds 1–3 were scanned using a
CAMAG TLC scanner 3 under reflectance=absorbance mode at 330 nm
with a 6� 0.45mm slit width, a scanning speed of 20mm=sec and a data
resolution of 100 mm=step. Spectral scanning was done over a range of
280–400nm with 20mm=sec and data resolution 1nm=step. Images
were taken under 366nm by using reprostar 3 along with DigiStore 2
Digital Documentation System, winCATS 4 software ver. 1.4.3 (CAMAG,
Switzerland).

FIGURE 1 Structure of compounds 1–3.
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Selection of Detection Wavelength

After chromatographic development, bands were scanned over the
range 200–400nm (spectrum scan speed 20nm=sec) and the spectra were
overlaid. All three compounds showed maximum absorbance at 330 nm,
and it was selected as the wavelength for determination.

Standard Solution

Individual stock solutions of standard compounds were prepared at a con-
centration of 1.0mg=mL in methanol. The calibration curve was prepared at
five different concentration levels. The range of the calibration curve was
200–1200ng=spot. Table 1 shows the calibration data and the calculated limit
of detection and limit of quantification for the HPTLC method. Further
dilution was made in methanol to provide a working standard solution of
100mg=mL. For quantification, all working samples were applied in triplicate.

Sample Preparation

Dry ground flower buds (100mg) of L. japonica were sonicated in
2.5mL of methanol:water (1:1) for 30min followed by centrifugation for
15min at 3300 rpm. The supernatant was transferred to a 10mL volumetric
flask. The procedure was repeated four times and respective supernatants
combined. The final volume was adjusted to 10.0mL with methanol:water
(1:1) and mixed thoroughly. Prior to injection, an adequate volume (ca.
2mL) was passed through a 0.45 mm nylon membrane filter. Each sample
solution was injected in triplicate.

System Validation

Scanner validation was performed by scanning the same spot five times.
Applicator validation was performed by spotting 3 ml (100mg=mL) of work-
ing standard five times and peak areas were obtained by scanning. Precision
of the system was expressed as RSD (%).

TABLE 1 Regression Equation, Correlation Coefficient (r2), LOD, and LOQ for Three Phenolic Acids
from L. japonica (LJ-1) Using the HPTLC Method

Compounds Regression Equation r2 LOD ng=spot LOQ ng=spot Rf

1 Y¼�2121þ 16.84X�0.00485X2 0.9994 100 200 0.66
2 Y¼ 2519.836þ 25.401X�0.008X2 0.9989 120 200 0.56
3 Y¼�1823þ 18.23X�0.00376X2 0.9998 120 200 0.37

Y¼ area; X¼ amount (ng).
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Limit of Detection (LOD) and Limit of Quantification (LOQ)

The limit of detection (LOD) and limit of quantification (LOQ) were
determined by spotting a series of diluted solutions with known concentra-
tions. Limit of detection (LOD) and limit of quantification (LOQ) were
defined as the signal-to-noise ratio equal to 2 or 3 and 10, respectively.

Repeatability

The sample of L. japonica was used to achieve repeatability testing for
intra-day and inter-day. The data used to calculate RSD (%) of intraday
repeatability was the mean value for a total of nine applications.

Recovery

Plant sample (LJ-1) after exhaustive extraction of five times and drying
was spiked with known amounts of the standard compounds at two differ-
ent concentrations (300 and 500ng), extracted again, and analyzed under
optimized conditions.

Specificity

The specificity of the method was ascertained by analyzing standard
compounds and samples. The bands for compounds 1–3 in sample solu-
tions were confirmed by comparing the Rf and spectra of the bands with
that of standards.

Robustness

Robustness is a measure of the methods ability to remain unaffected by
small, but deliberate, variations in the method conditions and is an indication
of the reliability of the method. For the robustness measurement, two para-
meters, mobile phase composition and developing TLC distance, were
checked. The three different mobile phases with slight differences in their
composition were used and developing distance was checked, varying between
70, 85, and 90 cm. No considerable effect on the analysis was observed.

RESULTS AND DISCUSSION

Method Development

The composition of the mobile phase for TLC was optimized by testing
different solvent mixtures of varying polarity. The best results were
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obtained using ethyl acetate:chloroform:methanol:formic acid:water (6:2.5:
1.5:0.6:0.1 v=v=v=v). The selected mobile phase produced highly symmetri-
cal peaks showing good resolution (Fig. 2) for compounds 1–3 in the

FIGURE 2 (a) The HPTLC separation of standard compounds mixture (b) extract of L. japonica; detec-
tion under reflectance=absorbance mode at 330nm. (Figure available in color online.)
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sample extract and the Rf values of compounds 1–3. Peak purity tests were
performed on all three compounds satisfactorily by comparing the spectra
of the standard and sample tracks. Full UV spectra scans were acquired
from 280–400nm. The spectral scans for compounds 1–3 indicated the
maxima at 330 nm and, hence, this wavelength was used for quantification.

Validation

The calibration plots were found to be linear over the ranges
200–1200 ng=spot for standard compounds 1–3 with correlation coeffi-
cients of ranging from 0.9994 to 0.9999. Limits of detection obtained for
compounds 1–3 were 100, 120, and 120ng=spot, respectively, and the limit
of quantification was 200 ng spot�1, for all the compounds. Intra-day vari-
ation, as RSD (%), was found to be 0.65 to 2.43% and inter-day variation,
as RSD (%), was found to be 1.54 to 3.21 for compounds 1–3 (Table 2).
The recovery percentage of compounds 1–3 were in the range of
97.81–101.59% (Table 3).

Plant Sample Analysis

For positive identification, a sample must exhibit bands with chromato-
graphic characteristics, including color and Rf values (0.66 for 1, 0.56 for 2,

TABLE 2 Intra- and Inter-day Precision of Plant Sample LJ-1 Assayed Under Optimized Conditions for
Compounds 1–3 Using HPTLC Method

Intra-day (n¼ 3)

Compounds Day-1 Day-2 Day-3 Inter-day (n¼ 9)

1 1.99 (2.40) 2.10 (0.75) 2.08 (0.65) 2.07 (1.54)
2 0.58 (1.56) 0.63 (2.43) 0.62 (1.28) 0.61 (2.47)
3 3.52 (1.32) 3.65 (1.10) 3.74 (1.01) 3.67 (3.21)

Values in mg=100mg of sample; relative standard deviation are given in parentheses.

TABLE 3 Accuracy for Three Phenolic Acids from L. japonica (LJ-1)

Compounds Added Amount (ng) Recovered Amount (ng) Recoverya (%) RSD (%)

1 300 301.32 100.44 1.10
500 503.06 100.61 0.81

2 300 294.62 97.81 1.39
500 504.77 99.96 1.13

3 300 304.78 101.59 2.32
500 498.32 99.66 1.33

aEach value is the mean of triplicate analyses.
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and 0.37 for 3), similar to those of standard compounds (Fig. 3 and
Table 4). The percentage content of compounds 1–3 were 2.07, 0.6, and
3.7% for sample LJ-1; 1.69, 0.89, and 3.0% for sample LJ-2; and 1.69,
0.55, and 2.62% for sample LJ-3, respectively. The mean percent content
of compounds 1–3 are shown in Table 4.

CONCLUSION

The developed HPTLC method is very simple, and suitable for the
rapid screening of flower buds of L. japonica for its phenolic profile. The
method can be applied without any special pretreatment of the sample.
All three compounds can be assayed on a single plate with a single solvent
system and a single scanning wavelength (330 nm). A large number of

FIGURE 3 HPTLC chromatogram: Track-1; LJ-1, Track-2; Std mix-3 [3,5-O-dicaffeoylquinic acid (1),
3,4-O-dicaffeoylquinic acid (2) and chlorogenic acid (3)], Track-3; LJ-2, Track-4; LJ-3 at 366nm. (Figure
available in color online.)

TABLE 4 Percentage Content of Three Compounds (1–3) from Samples of L. japonica

Samples 1 2 3

LJ-1 2.070� 1.55 0.610� 2.73 3.668� 3.21
LJ-2 1.685� 0.52 0.886� 1.46 3.041� 0.12
LJ-3 1.693� 1.66 0.545� 1.41 2.620� 0.21

Mean (n¼ 3) � %RSD.
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samples can be analyzed at the same time without compromising accuracy.
This is the first HPTLC densitometric method for the estimation of
compounds 1–3 from flower buds of L. japonica.
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