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ABSTRACT

Tao-shang-tsao is the dried entire plant of Ixeris laevigata var.
oldhami (Compositae) and a commonly used folk herb in Taiwan.
To evaluate the quality of 1. laevigata var. oldhami, a simple,
rapid, and accurate high-performance liquid chrom-atographic
(HPLC) method was developed for the assay of four flavonoids,

2573

Copyright © 2000 by Marcel Dekker, Inc. www.dekker.com



09: 46 24 January 2011

Downl oaded At:

2574 LU ET AL.

apigenin, apigenin-7-O-glucoside, luteolin, and Iluteolin-7-O-
glucoside, and two coumarins, esculetin and esculin.

The present HPLC system uses an Inertsil ODS-2 column by
gradient elution with acetonitrile and 0.1% (v/v) phosphoric acid
as the mobile phase. Ethylparaben was used as an internal stan-
dard and detected at 254 nm. Regression equations revealed good
linear relationships (correlation coefficients: 0.9998-0.9999)
between the peak-area ratios of each constituent to ethylparaben.
The relative standard deviations of these six constituents ranged
between 0.56-3.04% (intra-day) and 0.79-4.39% (inter-day). The
contents of six constituents of /. laevigata var. oldhami in 7 crude
drugs have been determined.

This study also compared their constituents with those of sim-
ilar folk herbs, I. chinensis and Taraxacum formosanum, com-
monly used as an adulterant, by their HPLC chromatograms.

INTRODUCTION

Traditional Chinese medicinal herbs have been used for over 1500 years.
Most of them are composed of complex chemical constituents. Proper methods
are required for quality control of traditional Chinese medicines, using effective
chromatographic methods. In our laboratory, we have developed several high-
performance liquid chromatographic (HPLC) methods for the determination of
marker constituents in traditional Chinese medicines."”

Tao-shang-tsao is the dried entire plant of Ixeris laevigata var. oldhami
(Compositae) and a commonly used folk herb in Taiwan. It possesses anti-
inflammatory and antibacterial effects and is used to treat cold, cough, asthma,
and hepatitis.”” Four flavonoids: apigenin (API), apigenin-7-O-glucoside
(APQG), luteolin (LUT), and luteolin-7-O-glucoside (LUG), and two coumarins:
esculetin (ESE) and esculin (ESC), have been isolated from the plant.’
Flavonoids and coumarins have shown many biological and pharmacological
activities,”"" and could be used as markers for chemical evaluation. The volume
of sales of folk herbs tends to increase in Taiwan, therefore, the quality control
for folk herbs is needed. I. chinensis and Taraxacum formosanum are two folk
herbs similar to /. laevigata var. oldhami. These three herbs are commonly used
as adulterants to one another."

In general, the identification of medicinal herbs is usually based on the
apparent characteristics and the examination of herbal tissue under light micro-
scope. However, those procedures are difficult and tedious. HPLC is a more
promising technique because it allows high resolution and a rapid and repro-
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ducible determination, even of trace amounts of compounds. On the other
hand, a simple and rapid method is needed to be applied to routine analysis of
plants. In this study, we developed an HPLC method for the determination of
the above six constituents of /. laevigata var. oldhami. The contents of six con-
stituents in seven samples from markets have been determined. Additionally,
comparisons were made among I. laevigata var. oldhami, 1. chinensis, and T.
Jformosanum by their HPLC chromatograms.

EXPERIMENTAL

Reagents and Materials

APG, API, ESC, ESE, LUG, and LUT were isolated from the entire plant
of I. laevigata var. oldhami.® Ethylparaben was purchased from Sigma (St.
Louis, MO, USA). Acetonitrile (HPLC grade) was purchased from Labscan
(Dublin, Ireland). Phosphoric acid was of analytical reagent grade. Ultra-pure
distilled water with a resistance greater than 18 MQ was used. Seven, eight,
and two samples of 1. laevigata var. oldhami, I. chinensis, and Taraxacum for-
mosanum, respectively, were obtained from markets in Taipei, Taichung and
Tainan gf Taiwan. All samples were identified by comparative anatomical
studies.

Apparatus and Conditions

HPLC was performed on a Hitachi Model L-6200 Intelligent pump sys-
tem equipped with a Hitachi Model L-3000 Photo Diode Array and a
Shimadzu SIL-9A auto-injector. Detector was set at 254 nm. Satisfactory sep-
aration of the marker substance was obtained with reversed phase column
(Inertsil ODS-2, 5 pm, 25 cm x 4.6 mm 1.D.) eluted at a rate of 1.0 mL/min
with a linear solvent gradient of A-B [A=acetonitrile; B=0.1% (v/v) phos-
phoric acid] varying as follows: 0 min, 10:90; 12 min, 30:70; and 32 min,
40:60.

Preparation of Standard Solution

To prepare standard solutions (containing APG, API, ESC, ESE, LUG, and
LUT), an appropriate amount of internal standard solution was added to an
accurately weighed amount of APG, API, ESC, ESE, LUG, and LUT standard,
which was dissolved in 70% methanol for HPLC. The various concentrations
were within the range 2.6-41.6, 4.5-72.0, 5.0-80.0, 5.0-80.0, 2.7-43.2, and 3.6-
57.6 pg/mL, respectively. Calibration graphs were plotted subsequently for lin-
ear regression analysis of the peak area with concentrations.
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Preparation of Sample Solution: Extraction Solvent Study

Twenty grams of 1. laevigata var. oldhami was cut to pieces and mixed
well. Two grams of this sample was extracted two times (15 and 12 mL, suc-
cessively) with various ratios (50, 70, 85, and 100%) of methanol by reflux at
80°C, each one hour. The extracts were combined and filtered into a volumet-
ric flask; 70% methanol was added to 25 mL and used as stock solution. The
sample solution was prepared by 2.5 mL of above solution and 0.5 mL of eth-
ylparaben solution (200 pg/mL) into a 5 mL volumetric flask and then adjust-
ing the volume to 5 mL, exactly, with 70% methanol. This solution was filtered
through a 0.45 pm syringe filter (Gelman Sciences, Ann Arbor, MI, USA)
before use.

Sample Determination

Two grams of each I. laevigata var. oldhami sample was extracted two times
(15 and 12 mL, successively) with 70% methanol and then processed as above.

Preparation of Recovery Studies

Three different concentrations of markers: 2.1, 4.2, and 8.3 pg/mL for
APG; 3.6, 7.2, and 14.4 pg/mL for API; 4.0, 8.0, and 16.0 pg/mL for ESC; 4.0,
8.0, and 16.0 pg/mL for ESE; 2.2, 4.3, and 8.6 ug/mL for LUG; and 2.9, 5.8,
and 11.5 pg/mL for LUT were added to each sample solution, respectively. To
each solution, a suitable amount of internal standard was added to yield a final
concentration of 20.0 pg/mL of ethylparaben. All samples were filtered
through a 0.45 pum syringe filter (Gelman) and injected for HPLC analysis to
calculate the concentration of APG, API, ESC, ESE, LUG, and LUT from their
calibration graphs.

RESULTS AND DISCUSSION

The detection wavelength of 254 nm was chosen because these six con-
stituents have better absorption at this wavelength. The photodiode array detec-
tion facilitated the identification and confirmation of these six constituents.
Figure 1 presents a chromatogram showing the separation of the constituents
with the retention times of 26.3 min for the internal standard (ethylparaben); 8.7
min for ESC; 12.0 min for ESE; 15.2 min for LUG; 17.0 min for APG; 22.9 min
for LUT; and 27.7 min for API. When the sample solution was injected directly
and analyzed, the whole analysis was finished within half an hour.

Calibration graphs were constructed in the range 2.6-41.6 pg/mL for
APG, 4.5-72.0 pg/mL for API, 5.0-80.0 pug/mL for ESC, 5.0-80.0 pg/mL for
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Figure 1. Chromatogram of 70 % methanol extract of 1. laevigata var. oldhami. APG, api-
genin-7-O-glucoside; API, apigenin; ESC, esculin; ESE, esculetin; LUG, luteolin-7-O-
glucoside; LUT, luteolin; IS= internal standard (ethylparaben); HPLC conditions, column:
Inertsil ODS-2, 5 pm, 25 cm x 4.6 mm 1.D.; mobile phase: A-B [A=acetonitrile; B=0.1%
(v/v) phosphoric acid], 0 min, 10:90; 12 min, 30:70; and 32 min, 40:60; flow rate: 1.0
mL/min; detection wavelength: 254 nm.

ESE, 2.7-43.2 pg/mL for LUG, and 3.6-57.6 pg/mL for LUT. The regression
equations of these curves and their correlation coefficients were calculated as
follows: APG, y=76.82x+1.02 (r=0.9999); API, y=35.51x+0.97 (r=0.9999);
ESC, y=79.98x+0.96 (r=0.9998); ESE, y=36.68x+0.89 (r=0.9999); LUG,
y=53.50x+1.07 (r=0.9999); and LUT, y=27.04x+1.27 (r=0.9999). It showed
good linear relationships between the peak area ratios and the concentrations.
A signal three times higher than the peak noise height was regarded as the
detection limit. The detection limits of these six constituents were: 0.2, 0.6,
0.3,0.2, 0.6, and 0.4 pg/mL for APG, API, ESC, ESE, LUG, and LUT, respec-
tively.

To assess the precision of these methods, we injected standard solutions
of APG, API, ESC, ESE, LUG, and LUT, respectively, six times on the same
day and a 6-day period analysis. The coefficient variations of intra-day and
inter-day studies were less than 3.5 and 4.5%, respectively. The precision, as
well as, accuracy of this assay was satisfactory (Table 1). The results for the
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Table 1

Intra-Day and Inter-Day Assay Variations of
APG, APL, ESC, ESE, LUG, and LUT

Concentration Intra-Day* Inter-Day*
Constituent (ng/mL) R.S.D. (%) R.S.D. (%)
2.6 2.57 2.70
APG 10.4 0.89 1.53
41.6 0.93 1.15
4.5 2.78 1.78
API 18.0 0.58 1.32
72.0 0.59 0.79
5.0 249 3.90
ESC 20.0 2.05 1.72
80.0 0.69 0.68
5.0 1.22 4.39
ESE 20.0 2.56 1.11
80.0 0.68 1.32
2.7 1.75 1.94
LUG 10.8 0.95 1.09
43.2 0.76 0.95
3.6 3.04 3.05
LUT 14.4 1.45 0.79
57.6 0.56 0.47

*n==6.

recoveries of APG, API, ESC, ESE, LUG, and LUT ranged from 95.1 to
102.5% (Table 2). The R.S.D.s of recoveries of six constituents ranged
between 0.5-1.7%.

When the sample solution was analyzed by HPLC, the peaks were identi-
fied by comparison of the retention time with those obtained from authentic
samples of 1. laevigata var. oldhami. The extraction yields of six constituents
using different ratios of methanol were shown in Figure 2. With 70%
methanol, except for two coumarins, four flavonoids yielded the best extrac-
tion rates. Therefore, 70% methanol was used as extraction solvent through-
out this study. The comparison graph of contents of the constituents
mentioned above in 7 crude drugs of I. laevigata var. oldhami are given in
Figure 3.
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Table 2

Recoveries of APG, APIL, ESC, ESE, LUG, and LUT in
I laevigata var oldhami

Amount Added Recovery Mean <+ S.D. R.S.D.

Constituent (ng/mL) (%) (%) (%)’

2.1 97.6

APG 4.2 98.5 98.8+1.1 1.1
83 100.3
3.6 99.8

API 7.2 101.5 999 +1.3 1.3
14.4 98.4
4.0 96.9

ESC 8.0 97.2 97.8+1.1 1.1
16.0 99.3
4.0 95.3

ESE 8.0 96.2 95.5+0.5 0.5
16.0 95.1
2.2 97.5

LUG 4.3 98.3 98.1+0.5 0.5
8.6 98.6
2.9 98.3

LUT 5.8 100.4 1004 £ 1.7 1.7
11.5 102.5

*n=3

100% MeOH
85% MeOH
[0 70% MeOH
£ 50% MeOH

100.0

@
o
o
233338S:

60.0

666666666664

extraction rates

.
APG API ESC ESE LUG
constituents of /xeris laevigata var. oldhami

Figure 2. Comparison of extraction ratios of six constituents of 1. laevigata var. oldhami
by various solvents. For abbreviations, see Figure 1.
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Figure 3. The contents of six constituents in seven 1. laevigata var. oldhami (S1-S7)
obtained from different sources. For abbreviations, see Figure 1.

The contents of six constituents ranged between 0.1646-0.3033, 0.0058-
0.0154, 0.0124-0.3176, 0.0262-0.2619, 0.2076-0.6339, and 0.0506-0.1655
mg/g for APG, API, ESC, ESE, LUG, and LUT, respectively, were extracted
from crude drugs. The extraction rates of APG and LUG (flavonoid glyco-
side) were higher than APl and LUT (aglycone). It revealed that major
flavonoids consisted of the glycoside type. The total coumarins and total
flavonoids ranged between 0.0386-0.5795 mg/g and 0.4663-1.0872 mg/g,
respectively.

References " and Figure 4 showed that APG, LUG, and LUT were con-
tained in /. chinensis and T. formosanum. We could easily differentiate among
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Figure 4. Chromatograms of 1. chinensis (A) and T. formosanum (B). For HPLC condi-
tions and abbreviations, see Figure 1.

the chromatograms of I. laevigata var. oldhami, I. chinensis and T. for-
mosanum. Since there are differences in contents of constituents among these
three herbs, it is suggested that identification steps should be taken before
medical uses.
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