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Abstract

Flavonoids contents in 40 samples of Semen Cuscutae collected from areas all around China were investigated. Five
principal flavonoids, quercetin 3-O-B-D-galactoside-7-O-B-D-glucoside, quercetin 3-O-B-D-apiofuranosyl-(1 — 2)-B-D-
galactoside, hyperoside, quercetin and kaempferol were analyzed simultaneously by using a reversed phase liquid
chromatograph system with 0.025 M phosphoric acid—methanol as mobile phase. The recovery of the method was
97.0-102.9%, and all the flavonoids showed good linearity (» >0.9990) in a relatively wide concentration range. The
results indicated that contents of flavonoids in S. Cuscutae varied significantly from species to species, locality to
locality, and parasiting host to host. Cuscuta australis contained a much higher content of kaempferol than C.
chinensis, and few flavonoids were detected in C. japonica. The quality of S. Cuscutae can be evaluated according to
the contents of flavonoids. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Semen Cuscutae is a well-known Chinese mate-
rial medicine recorded first in the famous Shen
Nong’s Herbal as an upper grade drug. It has
been used in China to treat impotence and semi-
nal emission as a tonic for thousands of years.
Modern pharmacological experiments suggest
that it has such biological activities as improving
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sexual function, regulating the body’s endocrine
and immune system, and antioxidation [1-3].
The pharmacopoeia of People’s Republic of
China (Version 2000) specifies S. Cuscutae as the
dried ripe seeds of Cuscuta chinensis Lam. (Family
Convolvulaceae) [4]. However, this species is now
rarely seen in the herb market according to the
results of market investigation held lately by the
author. C. australis R. Br. was found to be the
predominant source of this drug. And C. japonica
Choisy. was also used as S. Cuscutae in Southwest
China. In addition, many fakes were found in the
crude drug samples, which seriously influenced
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the drug’s quality. Hence, quality control of this
vegetable drug is in great demand. Unfortunately,
few studies on the quantitative determination of
chemical constituents in S. Cuscutae have been
reported so far. In previous papers, total flavonoids
or total polysaccharides were determined by col-
orimetry, but the results could not reflect the drug’s
quality exactly and rapidly [5].

Flavonoids are the main biologically active con-
stituents in S. Cuscutae. Their contents can be an
important index in quality evaluation of this crude
drug. However, no report has been made on the
determination of flavonols and their glycosides in
this drug by High Performance Liquid Chromatog-
raphy (HPLC) before. By preparative column chro-
matography, we have isolated a series of flavonoids
from S. Cuscutae, and their chemical structures
were identified by modern spectral techniques (UV,
NMR and MS). Of these compounds, quercetin
3-0-B-p-galactoside-7-O-B-D-glucoside and querc-
etin 3-0-B-p-apiofuranosyl-(1 — 2)-p-D-galactosi-
de are flavonol diglycosides rarely seen in the plant
kingdom [6]. Their co-occurrence can be considered
as an important characteristic of C. chinensis and
C. australis with chemotaxonomic value. In addi-
tion, quercetin, kaempferol and hyperoside have
been reported to exhibit various pharmacological
activities which to some extent might elucidate the
mechanism of clinical effects of this commonly-used
Chinese medicine [7,8]. Therefore, quantitative
analysis of these constituents is of great significance
for the crude drug’s quality control.

In this paper, the five major flavonoids in 40 S.
Cuscutae samples were determined simultaneously
by reversed phase liquid chromatography. Their
contents in S. Cuscutae could be used to evaluate
the crude drug’s quality. Factors that influenced
flavonoids contents were also discussed. In addi-
tion, a simple, rapid and accurate analysis method
was presented.

2. Materials and methods
2.1. HPLC apparatus and conditions

An HP 1100 liquid chromatograph system con-
sisting of a quaternary solvent delivery system, an

autosampler and photodiode array detector cou-
pled with an analytical workstation was used.

The column was a Hypersil-ODS (5 um, 125 x 4.6
mm [.D.) packing. The eluents were A (aqueous
0.025 M phosphoric acid) and B (100% methanol).
The initial mixture was A—B (82:18, v/v) for 3 min;
linearly gradient to (55:45, v/v) in 11 min; and then
hold for 3 min. The flow rate was 1 ml min ~'. The
analysis was monitored at 360 nm and absorption
spectra of the compounds were recorded between
200 and 400 nm. The column temperature was
40 °C, and the sample injection volume was 10 pl.
The compounds were identified by comparing their
tg values and UV spectra with those of the stan-
dards.

2.2. Materials

Crude drug samples were purchased from drug
stores all around China, or cultivated and collected
by the author. All the samples were identified by
Professor Yuning Yan (Beijing University of Chi-
nese Medicine, Beijing, People’s Republic of
China). Voucher specimens were deposited at
School of Pharmacognosy, Beijing University of
Chinese Medicine.

2.3. Reagents and standards

Quercetin 3-0-B-D-galactoside-7-O-B-D-glucos-
ide (1), quercetin 3-O-B-D-apiofuranosyl-(1 — 2)--
D-galactoside (2), hyperoside (3), quercetin (4) and
kaempferol (5) were all isolated by the author from
the seeds of C. chinensis Lam. (see Fig. 1), and their
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Fig. 1. Chemical structures of 1-5. Quercetin 3-O-B-D-galac-
toside-7-O-B-D-glucoside (1). R, =OH; R, =gal; R;=glc.
Quercetin  3-O-B-D-apiofuranosyl-(1 — 2)-pB-D-galactoside (2).
R, =O0H; R, =api(l,2)-gal; R;=H. Hyperoside (3). R, =
OH; R, = gal; R; = H. Quercetin (4). R, =0OH; R, =R;=H.
Kaempferol (5). R; =R, =R;=H. gal = galactosyl residue;
glc = glucosyl residue; api = apiofuranosyl residue.
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structures were fully characterized by chemical and
spectroscopical methods (UV, IR, NMR, 2D-
NMR, MS). Purity analysis suggested that their
purity were above 98%.

Methanol and phosphoric acid were of analytical
grade. The water used was of HPLC quality,
purified in a Milli-Q Water Purification system
(Millipore, MA, USA). The solvents were filtered
through 0.45 pm membranes and degassed in an
ultrasonic bath before use.

2.4. Sample preparation

Powdered samples (60 mesh, 1 g) were suspended
in 80% methanol (40 ml) and extracted in an
ultrasonic bath for 1 h. After filtration, the filtrate
was transferred to a 50 ml volumetric flask and
diluted with 80% methanol to volume. The ob-
tained solution was filtered through a membrane
filter (0.45 um pore size) prior to injection.

2.5. Linearity studies

For standard solutions, reference compounds 1
(9.3 mg), 2 (11.3 mg), 3 (15.0 mg), 4 (4.0 mg) and
5 (9.1 mg) were dissolved in methanol and diluted
with the same solvent to give eight different concen-
trations. Each concentration was analyzed five
times using the same HPLC condition as described
above.

3. Results
3.1. Extraction

In order to obtain quantitative extraction, vari-
ables involved in the procedure such as solvent and
extraction time were optimized. Pure and aqueous
methanol were tried as the extraction solvent. The
best solvent was found to be 80% methanol which
allowed extraction of all the flavonoids in high
yields, while pure methanol could not extract the
flavonol glycosides efficiently. According to the
literature, an ultrasonic bath at room temperature
was a suitable extraction system for flavonoids [9].
Hence the ultrasonic bath extraction was chosen as
a preferred method. Extraction time was also

investigated. Powdered seeds (1.0 g) were extracted
with 40 ml 80% MeOH for 30, 60, 90, 120 min,
respectively. The results suggested that all the
flavonoids were almost completely extracted within
60 min. After the extraction, the residue was further
extracted with 80% MeOH for another 60 min, and
nearly no flavonoid was detected by TLC and
HPLC. Therefore, later samples were extracted for
60 min.

3.2. Optimization of separation conditions

The choice of the experimental conditions was
guided by the need to obtain chromatograms with
better resolution of adjacent peaks within a short
analysis time, especially when numerous samples
were to be analyzed.

In the beginning, various mixtures of water and
methanol were used as mobile phase but separation
was not satisfactory. Phosphoric acid was then
added to reduce the ionization of phenol groups,
so that the flavonols and their glycosides could be
separated much better [10—-12]. It was also sug-
gested that separation was improved when column
temperature was increased to 40 °C.

Since the polarity, solubility and other character-
istics of the five flavonoids differ greatly from each
other, 40—50 min was needed for a single run with
isocratic HPLC system. Finally gradient elution
was carried out so as to ensure that each run of
analysis completes within a short time. Fig. 2
showed chromatograms of mixed standards and the
samples. The five flavonoids could be completely
separated within 15 min.

The chromatograms were recorded at 255 and
360 nm, respectively, according to the UV absorp-
tion maxima of the flavonols. However, baseline
separation of 1 and 2 could not be obtained at 255
nm. Therefore, 360 nm was chosen as the detection
wavelength.

3.3. Regression equations

Linear regression analysis for each of the five
flavonoids was performed by the external stan-
dard method. The calculated results were given
in Table 1, where a, b and r were the coeffi-
cients of the regression equation y=ax+b, x
referred to the concentration of the flavonoid
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Fig. 2. HPLC chromatograms of (a) standard mixture, (b) Cuscuta australis and (c) C. chinensis. Conditions: mobile phase, 0.025
M phosphoric acid-methanol; flow rate, 1 ml min ~!; detection wavelength, 360 nm; column temperature, 40 °C; injection volume,
10 pl. For peak identification, see Fig. 1.
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Table 1
Linear relation between peak area and concentration (n = 8)

Standard Regression equation r Linear range (ug ml—1) LOD (ng ml—})
1 y=16512.4x—13.37 0.9996 1.488-59.52 103
2 y=15598.1x—12.95 0.9995 1.808-72.32 90
3 y=22337.8x+0.94 0.9999 2.400-96.00 60
4 y=392449x+0.22 0.9990 0.640-25.60 64
5 y=39829.6x+0.53 0.9997 1.456-58.24 72

In the regression equation y = ax+b, x refers to the concentration of the flavonoid compound (ug ml—!), y the peak area, and r
the correlation coefficient of the equation. LOD, limit of detection. For chemical structures of the standards, see Fig. 1.

compound (ug ml~1'), y the peak area, and r the
correlation coefficient of the equation. All the
flavonoid compounds showed good linearity
(r=0.9990) in a relatively wide concentration
range. The limits of detection (LOD) ranged from
60 to 103 ng ml—!, detected at 360 nm.

3.4. System suitability test

The recovery assays of the five flavonoids
were carried out by adding the standards to the
crude drug powder, which was treated according
to the procedure described in Section 2.4. The
average recovery for the five flavonoids was
97.0-102.9% (see Table 2).

The precision test was carried out by injecting
the same sample solution five times, and the re-
sults showed that R.S.D. (relative standard devi-
ation) of peak area of each flavonoid was
0.51-1.21%.

For stability test, the same sample solution
was analyzed every 12 h in 2 days, and the
analytes were found to be rather stable within
48 h (R.S.D. < 3%).

3.5. Application

A volume of 10 pl of the solution of each
sample was injected into the instrument. Peaks
in the obtained chromatograms were identified
by comparing the retention time and on-line UV
spectra with those of the standards (see Fig. 2).
Retention parameters for 1, 2, 3, 4 and 5 were
1.79, 5.14, 6.40, 9.34, 10.75 min, respectively.

The contents of the five flavonoids in the sam-
ples were calculated and the results were shown
in Table 3 with the mean values of three repli-
cate injections.

4. Discussion

The data in Table 3 showed that contents of
the five determined flavonoids in S. Cuscutae
varied considerably from species to species, from
locality to locality, and from parasiting host to
host. Since flavonoids are important biologically
active secondary metabolites of Cuscuta spp., it
is indicated that quality of this drug can vary
significantly. This may be one of the most pre-
dominant reasons why curative effects of Tradi-
tional Chinese Medicine are uncertain and
unstable. Therefore, quality control of this com-
monly used vegetable drug is in great demand.
Hyperoside, quercetin and kaempferol isolated
from S. Cuscutae have various pharmacological
activities, such as improving the body’s immune
and endocrine system, and antioxidation, which
to some extent can reflect the herb’s clinical ef-
fects. Quercetin  3-O-B-D-galactoside-7-O-p-D-
glucoside and quercetin 3-O-B-D-apiofurano-
syl-(1 - 2)-B-D-galactoside are flavonoids rarely
distributed in the plant kingdom, and can be
considered as characteristic constituents of S.
Cuscutae. Hence determination of the five prin-
cipal flavonoids can be of great importance for
the identification and quality evaluation of this
herb drug.
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The five flavonoids could be detected in the
seeds of C. chinensis and C. australis, while were
nearly not present in those of C. japonica. Ac-
cording to phytotaxonomic system, all the three
species belong to the Genus Cuscuta Linn. C.
australis and C. chinensis are under the Sub-
genus Grammica, while C. japonica belongs to
the Subgenus Monogyna. Our results can be an-
other support of the classification of Cuscuta
spp. In addition, HPLC profile of C. japonica
was quite different from those of C. australis
and C. chinensis. Pharmacological experiments
also suggested that biological activities of C.
Jjaponica were inferior to those of the other spe-
cies [1]. So C. japonica could not be used as the
substitute of S. Cuscutae in spite of its high
yields.

There were also differences between the
flavonoid contents of C. australis and those of
C. chinensis. The seeds or stems of C. australis
contained a much higher amount of kaempferol
than those of C. chinensis. This character can be
an important evidence in the identification of
the two similar species. In previous papers,
methods such as TLC, GC, HPCE and UV
spectrum were tried to distinguish the seeds of
the two species, but no satisfactory results were
obtained [13-15]. However, results of this re-
search suggested that they could be identified
rapidly and easily by the proposed HPLC proce-
dure.

In the stems of Cuscuta plants (Samples Num-
ber 35-40), flavonoid glycosides could hardly be
detected. HPLC profiles of the stems were also
quite different from those of the seeds, indicat-

Table 2
Recovery of the flavonoids 1-5 (n =5)

ing that they contained different chemical con-
stituents. Stems of C. australis contained a high
level of kaempferol, and could be utilized as a
new resource of this bioactive compound.

Cuscuta spp. are parasiting plants, and their
chemical constituents are closely related to the
hosts. For example, Cuscuta plants contain very
few alkaloids themselves, but a large amount of
alkaloids were detected in those plants parasit-
ing on alkaloid-containing hosts [16,17].
Flavonoids can be synthesized by Cuscuta spp.,
while the influence of hosts on the flavonoid
contents has not been studied yet. In this experi-
ment, the original plants of Samples Number 33
and 34 were cultivated in the same plot of land
and grew in the same environmental conditions,
except that they parasited on Achyranthes biden-
tata Bl. and Perilla frutescens (L.) Britt., respec-
tively. It was shown that the contents of
flavonoids in these samples were quite different.
Hence a further study on the relation between
contents of flavonoids and hosts is needed.

Adulterant is another factor that seriously
influences the drug’s quality. Small gravels and
seeds of other plants, which were difficult to be
distinguished from the true drug because of
their similar appearance were frequently found
in the vegetable drug purchased from drug
stores. For example, Samples Number 9 and 14
were completely of small stones, and seeds of
Brassica campestris L. and other Brassica spp.
(Family Cruciferae) were also found in some
samples such as Number 26 and 27. As a result,
none of the five flavonoid compounds were de-
tected in these samples.

Compound (%) Initial amount (mg)

Added amount (mg)

Detected amount (mg) Recovery (%) R.S.D.

1 0.2112 0.2381
2 0.1829 0.2893
3 0.5807 0.3840
4 0.1252 0.1024
5 0.6546 0.2330

0.4529 101.50 2.13
0.4808 102.97 2.53
0.9679 100.83 2.11
0.2245 97.01 1.83

0.8891 100.64 3.27




627

M. Ye et al. /J. Pharm. Biomed. Anal. 28 (2002) 621-628

*98ueI UONBIQI[ED JO INQ ‘4 "PIIOAAP 10U “pu A[PANSadsal “rewrey winijofiows wnwayupsAiyy pue "1 ((INOT) Suapunds Snjnung
uo paysered z¢ pue [¢ JoqunN sodweg jo syued [eurSuo ayJ, A[oAnoadsar ‘yueld owes 9y} JO SWIAIS puk spads dxom (Nug () suaasamnt vjjriag uo unisered)
9¢ pue p¢ roqunN ‘(1 piiuaplq sayjunidyop uo Junisered) ¢¢ pue ¢¢ JoqunN ‘(‘[red puijjoo puosips uo unisered) g¢ pue gz rqunN ‘(T wngp wnipodoudy)
uo Sunisered) g¢ pue gz roquny sojdwreg spads arom sojdwres 1oyjo oy} S[ym “dds pinosn)y jo swiels arom (p—G¢ JoquunN sojdwieg ‘oyine oY) Aq pareAnNd
219M 9¢—¢¢ IoqUINN PUB SP[Y 9y} WO PIJOA[[0d 1M (p—L¢ IoqunN pue ge—87 Ioquuny sojdueg 'so1031s Snip woij paseyornd a1om /7—] 1oquny sojdwes :s9joN

pu pu pu pu pu pu 88661 uenyoIg vorodp/ *) (114
19¢L°0 02s0°0 «0L10°0 1L99°0 pu pu 6°L661 QoY ‘on3uy SISuaulYys " 6¢
8L0T°0 6850°0 %x9690°0 €6L0°1 pu pu 6°L661 19Q9Y ‘onuy SISUIUIYS ") 8¢
§086°0 pu £7S0°0 7976°0 pu pu 6°L661 Surfiog SISuoultfs> " LE
0€STC LIYI'C €I1ro pu pu pu 6°L661 Surfiog SHpAIShY "D 9¢
SIov'e CLST'E £¥0T0 pu pu pu 6°L661 Surfiog SHpAISnD "0 Se
618C'Y 1vr8°1 pu 0901°T £9¢8°0 Ss6t0 6°L661 Suiltog SHpAIShY "5 e
LI8T'S =067V £¥9T°0 pu pu 789%°0 6°L661 Surfiog SHDAISND ") €€
CISST %10S0°0 6L20°0 LT16°0 pu S09¢°1 01°L661 Suiltog SISUIUIYS " 143
csseEl pu pu 80€9°0 pu Yyl o 6°L661 Surfiog SIsuautYys " 1€
0061°1 %*6£€0°0 98¢0°0 PrIL 0 pu 1€0v°0 6°6661 Suiltog SISUIUIYS " 0¢
89¢0°C *91€0°0 pu 9CIT'l 919570 08¢E0 6°L661 QoY ‘onduy SisuautYys " 6C
96¢S°1 pu 99¢0°0 02890 S09¢°0 S09%°0 6°L661 19QoY ‘onuy SISUGUIYS ") 8¢C

pu pu pu pu pu pu 1'L661 Ix3uelf ‘nyssueyy e} LT

pu pu ‘pu ‘pu pu Pu +'L661 Suruoery ‘Suekuoyg 1 Stpsaduind pI1SSvAg 97
12€C0 pu pu 12€C0 pu pu £6661 Surb3uoy) vorodpl - 4
¥60C°0 pu pu ¥60C°0 pu pu 98661 uenyaIS ‘rydentyuery voodn *) YT
1€9C°0 pu pu 1€9C°0 pu pu 68661 noyzmoy voodpl - €C
1L9T°0 €eCr0 pu %*8€¥0°0 pu pu £'L661 Suopueyg ‘oep3urQ) SHyvAIShY "D (44
L6YT0 pu pu %*£5S0°0 pu 7600 1'L661 urre SHDAISND ") 1C
€L9L°0 950 pu 150T°0 pu pu 1'L661 xueyg ‘Suoje(q SHyvAIShY "D 0¢
IvLT'T 120¥°0 8¥10°0 0vLY 0 S6¢1°0 LETTO TL661 UBUOH ‘BIXUSWUES SHpAIsnn " 61
80C1°0 pu pu pu pu 80C1°0 1'L661 qny ‘Suessueny SHypAIShY "5 81
09¢S°0 L2T0T°0 pu L6LT O LIST0 6101°0 'L661 Surfiog SHpAIsnn "5 L1
€00t°0 §960°0 pu SLTT0 o1 o 12L0°0 £'L661 myuy ‘rjeH SHypAIShY "D 91
€6eS’l S6CI°0 pu 8915°0 96790 €920 SL661 UBUSH ‘noyz3usyyz SHpAIsnn "5 SI

pu pu pu pu pu pu £°L661 BI[OSUOJ Jouu] ey 14!
0650°T 1S6v°0 9¢€0°0 csero CLITO 6LLT°0 'L661 Sueirloyz ‘noyz3uey SHDAISHD ") €l
Pore 0 96L0°0 pu %*6S10°0 0110 LETTO 1'L661 Suruoer ‘uereq SHyvAIShY "D Cl
ISL'T 9590 csero L0850 6281°0 [48¥4l) 9°L661 Suruoery ‘emeq SHDAISHD ") 11
0050 LOLT0 9920°0 pu pu L90T°0 1'L661 Suerfoyz ‘gz SHDAISHD "D 01

pu pu pu pu pu pu 68661 QoY ‘onduy e} 6
LTSL0 6CSE0 %*6£20°0 *L811°0 pu CTLSTO 'L661 Suiltog SHDAISHD ") 8
6CIT T £€861°0 %5920°0 1L0S°0 £€2C8T0 L861°0 1'L661 rey3ueys SHpgsnn "5 L
LEST'T L9650 «VCC0°0 08CL0 TLESO ¥69C°0 S'L661 rey3urd) ‘Surury SHDAISHD "D 9
80111 1L8CT0 $2€0°0 SCLEO 96£C°0 COLT0 'L661 Surfiog SHpAIsnn " S
8920°1 9Tse0 9¢€€0°0 8LEO 8YE1°0 9LTT1°0 1'L661 IXueRys ‘ue Iy SHDAISHD "D 14
9Tel'C 0000°T 1€€0°0 01890 060C°0 $60C°0 1'L661 BIXSUIN SHpAIsnn "5 €
I¥CL'C 00200 $660°0 6Sev’ 1 6£8¢°0 8¥8L°0 60661 19Q9H ‘onguy SISUGUIYS " [
sy 8C€E0 6910°0 66€9°1 €069°1 9180 7'6661 Surfiog SHpAIsnn "5 I
[eloL S b € z I 2)ep uondI[0) 2oerd uonoafo) saroadg oquinu yesd

(¢ =wu ¢, _3 3w) sojdwes opmosn) " Ul SPIOUOAR] JO SIUAIUOD)

€ dIqeL



628 M. Ye et al. /J. Pharm. Biomed. Anal. 28 (2002) 621—628

5. Conclusions

This was the first report of simultaneous de-
termination of the major flavonoids in S. Cuscu-
tae. A simple, rapid and accurate approach was
presented. The data obtained by analyzing 40
samples suggested that contents of flavonoids in
S. Cuscutae collected from different areas varied
significantly. The five falvonoids were detected
in C. australis and C. chinensis, while nearly not
present in C. japonica. Therefore, It was pro-
posed by the authors that C. japonica should
not be considered as a source of S. Cuscutae. C.
australis contained a much higher amount of
kaempferol than C. chinensis. This character
could be used to distinguish the two similar spe-
cies. Parasiting host was also found to be a fac-
tor which influenced flavonoid contents in S.
Cuscutae. The HPLC method developed here
represented an excellent technique for quality
control of this vegetable drug.
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