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ABSTRACT

In order to evaluate the quality of Daphnis Genkwae Flos, a high performance liquid chromatographic method (HPL C) was devel oped.
Six flavonoid constituents from Daphnis Genkwae Flos, genkwanin 5-O-8-D-primeveroside (1), genkwanin 5-O-3-D-glucoside (2),
genkwanin (3), potassium apigenin 7-O-f-D-glucuronate (4), apigenin (5) and tiliroside (6) determined by this simple, rapid and accurate

method.

Samples were analyzed using a Cosmosil 5Cis-AR reversed phase column by gradient elution with varied proportion of 1.0 % (v/v)
acetic acid and acetonitrile as mobile phase at 254 nm. Sulfamethoxypyridazine was used as the internal standard.

Regression equations revealed the linear relationship (correlation coefficients: 0.9994~0.9999) between the peak-arearatios flavonoid
to internal standard and concentrations of flavonoids. The recoveries of six flavonoids were between 100.9~106.1%. The relative standard
deviations of six flavonoids ranged between 0.49~3.46% (intraday) and 0.52~4.61% (interday). The contents of the six flavonoidsin six-
teen crude drugs of Daphnis Genkwae Flos were 1 0.13~0.40%, 2 0.02~0.12%, 3 0.24~0.56%, 4 0.16~1.19%, 5 0.30~0.73% and 6

0.15~0.57%, respectively.
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INTRODUCTION

Daphnis Genkwae Flos is the dried flower of Daphne
genkwa Sieb et Zucc. (Thymelaeaceae) which inhibits the
growth of bacteria and promots water excretion from the
body and is used as a diuretic®. Pharmacological examina-
tion has showed that it inhibits adenosine 3’, 5'-cyclic
monophosphate phosphodiesterase and xanthine
oxidasel2-3). The market volume of traditional Chinese med-
icines has been increasing in Taiwan, therefore, the quality
control for traditional Chinese medicinesisimportant.

In aprevious report, we isolated twelve flavonoids from
Daphnis Genkwae Flos®. A literature search indicated that
some of these flavonoids possessed pharmacological activi-
ties® 579, and could be used as markers for chemical evalua-
tion. In this study, six flavonoids present in higher content
among twelve flavonoids: genkwanin 5-O--D-primevero-
side (1), genkwanin 5-O-3-D-glucoside (2), genkwanin (3),
potassium apigenin 7-O-3-D-glucuronate (4), apigenin (5)
and tiliroside (6) were used as the marker constituents and
their structures were shown in Figure 1.

High performance liquid chromatography (HPLC) has
been extensively used for analysis and provides high resolu-
tion and reproducible results. Many traditional Chinese med-
icines have been analyzed by HPLC("-8). For the determina-
tion of these six flavonoids, a rapid and accurate reversed-
phase HPL C method was devel oped. The contents of six con-
stituents of Daphnis Genkwae Flos in sixteen samples from
markets were also determined.

* Author for correspondence. Tel: 02-26531208;
Fax: 02-26531213; E-mail:kuochingwen@nlfd.gov.tw

MATERIALSAND METHODS

|. Materials

Crude drugs of Daphnis Genkwae Flos were obtained
from local dedlers of Chinese herbs in Taiwan and their ori-
ginswere verified by Dr. Hsien Chang Chang, aresearch fel-
low in our laboratory.

I1. Chemicals and Reagents

Reference standards, genkwanin 5-O-f3-D-primevero-
side, genkwanin 5-O-3-D-glucoside, genkwanin, potassium
apigenin 7-O-3-D-glucuronate, apigenin, and tiliroside were
isolated from the flowers of Daphne genkwa. Sulfameth-
oxypyridazine was purchased from Sigma (St. Louis, MO,
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Figure 1. Structures of six flavonoids 1~6 from Daphnis Genkwase
Flos.
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U.S.A.). Acetic acid was purchased from Nacalai (Tokyo,
Japan). Acetonitrile, methanol and acetone (HPLC grade)
were purchased from BDH (Poole, England). Ultrapure dis-
tilled water with a resistance greater than 18 MQ was used.

I11. Instruments and Conditions

The analysis was performed using a Waters 600E HPLC
pump with a Waters 486 tunable absorbance detector and a
Shimadzu SIL-9A auto-injector. A Cosmosil 5Cis-AR (5um,
4.6 mm |.D.x250 mm) was used. Peak areas were calculated
with a Shiunn Haw computing integrator.

The mobile phase was the mixtures of 1.0 % (v/v) acetic
acid (A) and acetonitrile (B) with agradient elution. The con-
dition was shown as follows:

Time (min) A B
0 90 10 *
5 80 20 Linear
18 80 20 Linear
40 0 100 Linear

The flow rate was 1.0 mL/min and the detecting wave-
length was 254 nm. The concentration of internal standard
was 16.7 pg/mL.

IV. Preparation of Sandard Solutions

Accurate amount of genkwanin 5-O-(-D-primevero-
side, genkwanin 5-O-3-D-glucoside, genkwanin, potassium
apigenin 7-O-B-D-glucuronate, apigenin and tiliroside were
dissolved in methanol then an appropriate amount of internal
standard solution was added to give various concentrations of
flavonoids. The concentration ranges of 1~6 were as fol-
lowed: 1 5~80 pg/mL, 2 1~16 pg/mL, 3 5~80 pg/mL, 4
10.2~95.2 pg/mL, 5 6~96 pg/mL and 6 6~96 pg/mL.
Calibration curves were plotted based on linear regression
analysis of peak-areas versus concentrations.

V. Extraction Conditions

In order to obtain better extraction of flavonoids from
crude drug, solvents such as acetone, methanol and 70 %
methanol, have been tried. The solvents and conditions for
extraction were described as follows and named as A, B, C,
Dand E.

A: 30 mL of acetone one time, and then 20 mL five

times.

B: 30 mL of methanol one time, and then 20 mL five

times.

C: 30 mL of 70 % methanol one time, and then 20 mL

fivetimes.

D: 30 mL of methanol one time, 20 mL two times, and

then with 20 mL of 70 % methanol three times.

E: 30 mL of acetone one time, 20 mL two times, and

then with 20 mL of 70 % methanol three times.

All samples were cut into pieces and refluxed with A~E
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at 80°C for one hour. The extracts were filtered while hot and
then diluted. A suitable amount of internal standard was
added to the solution to give a concentration of 16.7 pg/mL.

All extracts were filtered through 0.45 pm Millipore fil-
ters and the extraction ratios of flavonoids were then calcu-
lated.

V1. Preparation of Sample Solution

All crude drugs were cut into pieces and dried at 55°C
for 24 hours. A sample (1.0g) was accurately weighed and
extracted three times with methanol (30, 20 and 20 mL, suc-
cessively) and two times with 70% methanol (20 and 20 mL,
successively) at 80°C for one hour. The extracts were com-
bined and filtered into a volumetric flask, a suitable amount
of internal standard was then added to the solution to give a
final concentration of 16.7 pg/mL, and methanol was added
to 150 mL. This solution was filtered through a0.45 pm filter
before use.

VII. Solution for Recovery Studies

Different amounts of genkwanin 5-O-3-D-primevero-
side, genkwanin 5-O-3-D-glucoside, genkwanin, potassium
apigenin 7-O-B-D-glucuronate, apigenin and tiliroside were
added to a sample solution of Daphnis Genkwae Flos which
the content were measured and a suitable amount of internal
standard was added to give a final concentration of 16.7
pg/mL. All sample solutions were filtered, subjected to
HPL C analysis, and the concentrations of six flavonoidswere
calculated from their calibration graphs.

RESULTS AND DISCUSSION

I. Analytical Conditions

All six flavonoids and sulfamethoxypyridazine were
successfully determined in asingle run HPLC. By using gra-
dient elution, genkwanin 5-O-f-D-primeveroside, potassium
apigenin 7-O-B-D-glucuronate, genkwanin 5-O--D-gluco-
side, tiliroside, apigenin, genkwanin and sulfamethoxypyri-
dazine were resolved and eluted at 23.6 min, 26.7 min, 28.2
min, 32.0 min, 34.4 min, 38.5 min and 15.9 min, respective-
ly (Figure 2).

Il. Calibration Graphs for Sx Flavonoids

The linearity of the plot of peak arearatio (X) vs. con-
centration (Y, pg/mL) for each of the flavonoid was investi-
gated. The regression (Table 1) revealed linear relationships
(correlation coefficients: 0.9994~0.9999) between the peak-
arearatios flavonoid to internal standard and concentrations.

1. System Suitability Test

To assess the precision of these methods, standard solu-
tions of genkwanin 5-O-3-D-primeveroside, genkwanin 5-O-
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[B-D-glucoside, genkwanin, potassium apigenin 7-O-f3-D-
glucuronate, apigenin and tiliroside were determined six
times on the same day and a six day period. The intraday and
interday variation studies, indicated that the relative standard
deviationswerelessthan 3.46 and 4.61%, respectively (Table
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2). The results for the recoveries of six flavonoids ranged
from 100.9 to 106.1% (Table 3). The method proved to be
precise and accurate.

V. Extraction Conditions

3

- 5 In order to obtain a good extraction of flavonoids from

g crude drugs, five kinds of solvents were tested (A~E). The

results (Table 4) indicated that the condition D (30 mL of
=8 IS 6 3 methanol onetime, 20 mL two times, and then 20 mL of 70%
\ES methanol three times at 80°C for one hour) afforded the high-
2R est yield of the six flavonoids.
j=
) 4 V. Determination of Sx Flavonoids in Daphnis Gankwae Flos
1
& | UJL Table 2. Intraday and interday analytical precisions of six flavonoids of
_qf t LLL Daphnis Gankwae Flos (n=6)
S Constituent® Concentration Intraday Interday
T T T T T T T T T T T T T T T T T T (ng/mL) R.SD. (%) R.S.D. (%)
0 2 4 6 8 10121416 1820 22 24 26 28 30 32 34 36 38 40
Time (min) 5.0 3.27 322
Figure 2. HPLC chromatogram of genkwanin 5-O-3-D-primeveroside ! 200 131 0.95
. . . A : 80.0 0.81 0.52
(2), genkwanin 5-O-B-D-glucoside (2), genkwanin (3), potassium api-

. T L 1.0 3.46 4.61
genin 7-O-3-D-glucuronate (4), apigenin (5) and tiliroside (6). I.S. for 2 40 1.49 101
internal standard (sulfamethoxypyridazine). 16.0 139 201

5.0 2.99 2.38
Table 1. Regression equations and their correlation coefficients (r) of 3 20.0 1.06 3.56
six flavonoids 80.0 0.93 1.24
Congtituent®  Linear range (ug/mL)  Linear equations r 10.2 1.50 2.87
1 5~80 Y =39.17X -0.21  0.9999 4 272 1.20 1.87
2 1~16 Y =27.78X -0.03 0.9994 95.2 1.00 1.86
3 5~80 Y =23.59X +0.66 0.9999 6.0 0.97 173
4 10.2~95.2 Y =38.18X +0.65 0.9999 5 240 0.49 2.02
5 6~96 Y =23.39X + 043 0.9999 96.0 221 1.65
6 6~96 Y =3474X +0.15 0.9999 6.0 0.99 2.53
aConstituent 1: genkwanin 5-O-B-D-primeveroside, 2: genkwanin 5- 6 24.0 137 2.99
O-B-D-glucoside, 3: genkwanin, 4: potassium apigenin 7-O-3-D-glu- 96.0 126 132
curonate, 5: apigenin and 6: tiliroside. aConstituents 1~6 are the same as Table 1.
Table 3. Recoveries of six flavonoids from extract of Daphnis Genkwae Flos
Constituent? Amount Amount Recovery Mean+ S.D.P R.SD.
added(pg/mL) measured(pug/mL) (%) (%) (%)
10.0 10.7 107.1
1 20.0 211 105.2 106.1+ 0.79 0.74
40.0 424 105.9
13 13 103.1
2 25 2.6 104.2 105.0+ 1.89 1.80
38 4.0 107.6
5.0 51 101.2
3 10.0 101 100.6 100.9+ 0.25 0.25
20.0 20.2 100.8
10.2 10.6 103.8
4 204 21.6 105.9 105.4 +1.13 1.07
30.6 32.6 106.4
15.0 15.6 104.0
5 30.0 314 104.8 103.9+ 0.82 0.79
45.0 46.3 102.8
15.0 15.7 104.4
6 30.0 318 106.0 105.2 + 0.67 0.63
45.0 47.3 105.2

2 Constituents 1~6 are the same as Table 1.
b Sample sizen=3.
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Table 4. The relative extraction ratio of six flavonoids from Daphnis Gankwae Flos

Constituent®
Solvent 1 (%) 2 (%) 3 (%) 4 (%) 5 (%) 6 (%)
A 79 7.2 60.7 0.0 716 33
B 814 86.1 98.9 88.8 92.7 88.7
C 84.7 95.2 88.9 95.0 88.6 94.4
D 100.0 100.0 100.0 100.0 100.0 100.0
E 72.6 76.7 87.4 83.6 87.8 86.3

2 Constituents 1~6 are the same as Table 1.

A: 30 mL of acetone one time, and then 20 mL five times.

B: 30 mL of methanol one time, and then 20 mL five times.

C: 30 mL of 70% methanol one time, and then 20 mL five times.

D: 30 mL of methanol onetime, 20 mL two times, and then with 20 mL of 70% methanol three times.
E: 30 mL of acetone onetime, 20 mL two times, and then with 20 mL of 70% methanol three times.

Table 5. The content (Mean + S.D.P, %) of six flavonoidsin 16 crude drugs of Daphnis Genkwae Flos

Constituent?
No of sample
1 2 3 4 5 6
1 0.16 + 0.007 0.06 + 0.001 0.32+ 0.005 0.68 + 0.009 0.32+ 0.006 0.22 + 0.003
2 0.14 £ 0.010 0.05 £ 0.002 0.31+0.010 0.68 + 0.002 0.32 £ 0.004 0.19 £ 0.003
3 0.15 + 0.007 0.08 + 0.002 0.36+0.013 0.80+0.015 0.38+0.013 0.57 + 0.004
4 0.30+0.013 0.10+ 0.004 0.42 +0.012 1.08 + 0.022 0.73+0.020 0.20 + 0.002
5 0.27 + 0.009 0.08 + 0.008 0.36+0.017 1.19 + 0.004 0.51+0.018 0.27 + 0.001
6 0.13+0.004 0.05 + 0.007 0.37 £ 0.010 0.46 + 0.007 0.50 + 0.024 0.19+0.001
7 0.15+ 0.006 0.02 + 0.001 0.24 + 0.004 0.75+ 0.014 0.63+0.018 0.18 + 0.002
8 0.40 + 0.003 0.08 + 0.004 0.56 + 0.005 0.43 + 0.006 0.60 + 0.004 0.22 + 0.001
9 0.20+ 0.016 0.06 £ 0.005 0.34 + 0.009 0.51 £ 0.007 0.61 £ 0.010 0.16 £ 0.002
10 0.30+ 0.004 0.12+0.011 0.43+0.018 1.11+0.020 0.61+0.021 0.21+0.004
11 0.24 + 0.007 0.08 + 0.005 0.44 +0.015 0.16 + 0.004 0.35+0.015 0.15+0.001
12 0.26 + 0.002 0.09 £ 0.004 0.33 £ 0.009 0.97 £0.014 0.50 £ 0.010 0.20 £ 0.004
13 0.20+ 0.003 0.07 + 0.003 0.41+0.002 0.82 + 0.004 0.60 + 0.006 0.22 +0.002
14 0.14 + 0.004 0.07 + 0.002 0.33+ 0.006 0.75+ 0.006 0.31+0.009 0.21+0.001
15 0.27 + 0.005 0.09 + 0.002 0.36+ 0.003 0.91+0.008 0.38+ 0.004 0.27 + 0.001
16 0.15+ 0.005 0.05+ 0.004 0.32+ 0.001 0.66 + 0.002 0.30+ 0.003 0.20 + 0.002
Range 0.13~0.40 0.02~0.12 0.24~0.56 0.16~1.19 0.30~0.73 0.15~0.57
Mean + SD. 0.22+0.077 0.071+ 0.023 0.370.071 0.75+ 0.274 0.48+0.141 0.23+0.951
2 Constituents 1~6 are the same as Table 1. b Sample size n=3.
The sample solution was analyzed by HPLC and the °
chromatogram is shown in Figure 3. The peaks were identi- =
fied by comparison of the retention time and UV spectrawith 9 5
those of authentic samples. The chromatogram showed no - 3
interference with the six flavonoids. The contents of the six =g
flavonoids in 16 crude drugs were successfully determined E- I.S.
CLs . . >
within forty minutes and calculated as shown in Table 5. The -‘g 10
contents of the individual flavonoids in the Daphnis £ 4 6
Genkwae Flos were 1, 0.13~0.40%; 2, 0.02~0.12%; 3,
0.24~0.56%; 4, 0.16~1.19%; 5, 0.30~0.73%; and 6,
0.15~0.57%, respectively. The contents varied from sample & 1 2 LJ
to sample with the largest difference 7.5-folds for potassium S
apigenin 7-O-3-D-glucuronate and the smallest difference e
for genkwanin 2.4-folds. 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
From the above results, it can be concluded that this Time (min)

method for the determination of the flavonoids in Daphnis  Figure 3. HPLC chromatogram of methanol extract of Daphnis
Genkwae Flosis suitable. How to produce Daphnis Genkwae ~ Genkwae Flos. Peak identity: same as Figure 2.

Flos with consistent contents of flavonoids requires further ) . )
study. Financial support came from the National Health

Research Institute, Republic of China (DOH-86-HR-607)
special thanks to Dr. Hsien Chang Chang for his kind identi-
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