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A VALIDATED HPLC-DAD-MS METHOD FOR IDENTIFYING
AND DETERMINING THE BIOACTIVE COMPONENTS
OF TWO KINDS OF LUOBUMA

Junyou Shi,1,2 Guoliang Li,1,2 Rui Zhang,1,2 Jie Zheng,1,2

Yourui Suo,1 Jinmao You,1 and Yong-jun Liu1

1Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining, China
2Graduate School of the Chinese Academy of Sciences, Beijing, China

& A rapid and effective HPLC-DAD-MS method for quantitatively identifying the flavonoids of
Apoacynum venetum L and Poacynum hendersonii has been developed. With this method,
all the main components were well separated. In Apoacynum venetum L, the main components
are chlorogenic acid, hyperoside, isoquercitrin, and 600-O-malonylhyperoside, while those of
Poacynum hendersonii are quercetin3-O-sophoroside, isoquercitrin and 600-O-malonylhypero-
side. The experimental results showed that the developed approach is accurate, reproducible, and
applicable for quantifying the bioactive components of Apoacynum venetum L and Poacynum
hendersonii.

Keywords Apoacynum venetum L, flavonoids, liquid chromatography-mass spectrometry,
Poacynum hendersonii

INTRODUCTION

Flavonoids are very common and widespread secondary plant metabolites
in herbal medicine. Due to the differences in number and the position of
hydroxyl, methoxyl, glycosyl, and other substitutes, they make up of over
9000 compounds comprising 12 subclasses including flavonoids, flavanones,
flavanols, and so on[1,2] In recent years, flavonoids have received considerable
attention because of their protective role against inflammation, allergies,
viruses, cancer, and other ailments.[3–5] Among them, an important compound
is quercetin, which shows high anti-inflammatory and anticancer activities.[6]

To learn the varieties and amounts of flavonoids in medicinal plants,
the separation of flavonoids has been previously achieved by thin-layer
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chromatography (TLC) or paper chromatography (PC),[7,8] which are
tedious processes and usually inefficient. The alternative solutions are gas
chromatography in combination with mass spectrometry (GC–MS)[9–11]

and capillary zone electrophoresis (CZE),[12] but they also have some dis-
advantages. The GC–MS needs a derivatization step making it time-
consuming, while the capillary zone electrophoresis only permits the use
of a small amount of solvent and provides relative lower resolution and sen-
sitivity.[13] Compared with the aforementioned methods, high-performance
liquid chromatography (HPLC) has been proven to be a more powerful
analytical separation method, and over the past decade its applications
have dramatically expanded into almost every area of chemical and bio-
chemical research. With the advent of numerous ionization sources such
as fast atom bombardment (FAB), atmospheric pressure chemical ioniza-
tion (APCI), and electrospray ionization (ESI), MS combined with high-
performance liquid chromatography techniques has become a powerful
approach in the identification, quantification, and structural confirmation
of flavonoids.[14–19]

Apoacynum venetum L (AV) and Poacynum hendersonii (PH), also known
as ‘‘luobuma,’’[20,21] belong to the family of Apoacynum and Poacynum Baill
in Apocynaceae, respectively, and grow widely in the middle to north
western regions of China. Their leaves have been used as tea for daily drink-
ing in Xinjiang province of China, and have gained increasing popularity
among the Chinese population. According to the Pharmacopeia of
People’s Republic of China (2005), the soup made from the leaves of AV
can be used to treat cardiac disease, hypertension, nephritis, neurasthenia,
and other diseases.[22] Modern research on AV show that the ethanol
extraction of AV leaves exhibits a series of pharmacological activities, such
as anti-oxidation,[23–25] anti-hypertensive,[26,27] and anti-depressant
effects,[28–30] cholesterol-lowering,[31] and AGEs-inhibitory activity.[32]

The main active components are flavones and flavan-3-ols.[34–36] The etha-
nol extraction of PH also shows similar pharmacological effects such as
anti-hypertensive, lipid-lowering, anti-oxidative, anti-aging, antidepressant,
and diuresis effects;[34–36] the main components being isolated are flavo-
noids, most of which are quercetin glycosides.[37–40] As both of AV and
PH are called ‘‘luobuma’’ by local people, though the two species are mor-
phologically distinguishable, they have been used indiscriminately for many
years regardless of their potential interspecific differences in components.
According to the Pharmacopoeia of China, AV used as medicine should
contain no less than 0.8% of quercetin after hydrolyzation in HCI, but this
standard cannot differentiate AV from PH, as the content of quercetin in
the leaves of PH is higher than that of AV.[41]

To the best of our knowledge, no comparative study on these leaves has
been reported. In this paper, a HPLC-DAD-ESI-MS=MS-based analysis on
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the flavonoids of AV and PH was described, and seven flavonoids isolated
from these two plants were determined quantitatively so that a rapid and
sensitive technique to distinguish these two leave samples can be set up.
The chemical structures of the seven flavonoids are shown in Figure 1.

EXPERIMENTAL

Chemicals and Materials

The leaves of Poacynum hendersonii (PH) were collected from Ge Er Mu,
Qinghai province, in August, 2008, and that of Apoacynum venetum L (AV)
was purchased from the Xining herb market. Quercetin, rutin, and
kaempferol standards were purchased from the National Institute for the Con-
trol of Pharmaceutical and Biological Products (Beijing, China). Isoquercitrin,

FIGURE 1 The chemical structures of the seven detected flavonoids.
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astragalin, and hyperin were purchased from Shanghai Shunbo Biotechnology
Company LTD (Shanghai, China). Quercetin-3-O-sophoroside was isolated in
our laboratory (over 95% purity by HPLC). Acetonitrile used for HPLC was of
chromatographic grade (Yucheng Chemical plant, Yucheng, China). Meth-
anol and formic acid were of analytical grade from Shanghai Chemical
Reagent Co. Ultra-pure water was purified on a Milli-Q system (Millipore, Bed-
ford, MA, USA). Before use, all solutions were filtered through a 0.2mmNylon
membrane (Alltech, Deerfield, IL, USA) and degassed.

HPLC–DAD-ESI/MS

The analysis was performed with an Agilent 1100 Series LC–MSD-Trap-
SL liquid chromatograph–mass spectrometer which consists of: a quatern-
ary pump (G1311A); an auto sampler (G1329A); a degasser (G1322A; a
thermostatted column compartment (G1316A); a DAD detector
(G1315B); and controlled by HP Chemstation software.

The chromatographic separation of seven flavonoids was achieved by using
the analytical column Water Sunfire C18 (4.8mm� 150mm, i.d. particle size
5mm, Waters Corp., Milford, MA, USA). The column oven temperature was
maintained at 30�C. The mobile phase consisted of 0.1% aqueous formic acid
(solvent A) and acetonitrile (solvent B), which was filtered through a 0.2mm
Nylon membrane filter (Alltech, Deerfield, IL, USA). Elution was performed
at a flow rate of 1mL=min in a binary gradient mode. The initial composition
of solvent B was 15% and was linearly increased to 20% at 25min, to 70% at
35min, and maintained at this condition up to 40min.

The DAD was detected at 254, 280, and 360nm wavelength with full
spectral scanning from 200 to 425nm and 0.5 nm resolution using a
semi-micro flow cell.

The mass spectrometer, from Bruker Daltonik (Bremen, Germany), was
equipped with an ESI source and controlled by software (version 4.1). The
ESI source was operated in positive-ion mode with a full scan mass range
from m=z 100 to 1000 under the following conditions: capillary potential
3,500V; cone voltage 40V; ESI vap temperature 450�C, and corona current
is 4,000 nA (pos). Nitrogen was used as the nebulizer gas, and the pressure
and flow rate of dry gas were set at 65 p.s.i and 11L=min, respectively.

Preparation of Standard Mixture Solutions and
Sample Solutions

Stock solutions of quercetin-3-O-sophoroside (0.98mg=mL), rutin
(0.63mg=mL), hyperin (0.5mg=mL), isoquercitrin (0.49mg=mL), astragalin
(0.46mg=mL), quercetin (0.38mg=mL), and kaempferol (0.30mg=mL)
were prepared in methanol. Then, a set of standard solutions were
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prepared by appropriate dilution of the stock solution with methanol, con-
taining 0.00438 to 0.140mg=mL of quercetin-3-O-sophoroside, 0.00281 to
0.090mg=mL of rutin, 0.00223 to 0.0714mg=mL of hyperin, 0.00219 to
0.0070mg=mL of isoquercitrin, 0.00205 to 0.0657mg=mL of astragalin,
0.00170 to 0.0543 of quercetin, and 0.00134 to 0.0429mg=mL of kaemp-
ferol. All solutions were stored at 4�C before analysis.

The air-dried powder of PH leaves (1 g) and AV (1 g) was extracted with
20ml methanol at 60�C in an ultrasound bath for 1 hr, then the extract pro-
cess was repeated two times. The combined extraction was evaporated to dry-
ness under vacuum, and the residue was reconstituted in a 10mL volumetric
flask with methanol. A volume of 1mL of the solution was filtered through
the membrane filter (Nylon) into a HPLC sample vial before analysis.

RESULTS AND DISCUSSIONS

Optimization of Flavone Standard Separation

Figure 2 shows the UV spectra of the seven flavonoids. The absorption
wavelength was obtained with the online scanning range from 190 to
400nm. All the maximum ultraviolet absorptions of the seven compounds
are around 254nm; therefore, the ultraviolet detection was selected at 254nm.

To satisfactorily separate the seven components in the shortest time while
the co-existing ingredients in the leaves of PH and AV do not interfere in the
determination of seven flavonoids, several mobile phase systems of
methanol-water and acetonitrile-water with or without formic acid have been
tried. When methanol was used as the mobile phase, the separation time was
long and the resolution was poor and the isomers of hyperin and isoquerci-
trin only form one peak. When acetonitrile was used, these compounds were
eluted with severe tailing. Considering these cases, formic acid was added
into water to improve the peak trailing. Finally, it was found that an acetoni-
trile-water containing 0.4% formic acid system gave the best separation. The
linear gradient was as follows: Eluent A was H2O-HCOOH (99.6:0.4) and Elu-
ent B was 100% acetonitrile. The percentage of mobile phase was changed as
follows after injection: (1) from 0 to 25min Eluent A changed from 85 to
80% and Eluent B from 15 to 20%; (2) from 5 to 35min Eluent A changed
from 80 to 30% and Eluent B from 20 to 70%; and (3) from 35 to 40min
the mobile phase was 30% Eluent A and 70% Eluent B.

Identification of the Components in AV and PH

Figure 3 shows the gradient separation of flavonoid standards at
254 nm. For comparing the retention times and UV-vis spectra of the seven
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standards at the same chromatographic conditions, the elution order was
fixed. The two flavonoids with disaccharide aglycone, quercetin-3-O-
sophoroside, and rutin, were firstly eluted followed by the three flavonoids
with one monosaccharide aglycone, hyperoside, isoquercetin, and astraga-
lin. Finally, the two flavonoids, quercetin and kaempferol were eluted out.
The ionization and fragmentation of the seven components agree well with
our conclusion. In the MS spectra of quercetin3-O-sophoroside, the charac-
teristic fragment ions [M�H-162] (m=z 464.7) and [M�H-324] (m=z 302) of
flavone-O-glucosides were observed, implying that the glucoside and
sophoroside have split up. Similarly, in the MS spectra of rutin, the frag-
ment ions [M�H-146] and [M�H-308] were observed. As for hyperoside,
isoquercetin, and astragalin, the characteristic fragment ions [M�H-162]
(m=z 302.8, 302.8 and 286.8) were observed indicating the monosaccharide
has split up. For quercetin and kaempferol, the characteristic fragment ions
were [M�H] and the m=z of their molecular ions were 302.8 and 286.7,
which were consistent with these two compounds.

According to the m=z values and compounds that have been recognized
from the leaves of AVand PH, we gave the prediction of the peaks in Figure 2,
which are shown in Table 2. There are some isomers among these com-
pounds, and we have identified them successfully. Peaks 10, 12, and 13
belong to the isomers with the same m=z value 464.4. As hyperoside and

FIGURE 2 The UV and positive mode ESI–MS spectrum for the seven detected flavonoids. (Figure
available in color online.)
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isoquercetin have been identified by comparing with the standards, and
eriodictyol-7-O-glucoside has been isolated from PH but not AV, we deduced
that peak 10 belongs to eriodictyol-7-O-glucoside. As for the isomers of trifo-
lin and astragalin, since astragalin has been identified and trifolin has been
isolated from AV, we confirm peak 14 is trifolin. Furthermore, we predict that
peaks 15 and 17 belong to 600-O-malonylhyperoside and 600-O-malonylisoquer-
citrin, respectively, because their polarity are similar to hyperoside and iso-
quercetin. From Table 1, it can be seen that AV and PH share 12 peaks,
i.e., 5, 6, 8, 9, 11, 12, 13, 15, 16, 21, 23, and 24, which have the same retention
time and ion species both in AV and PH. For PH, the main ingredients are
quercetin3-O-sophoroside (peak 8), isoquercetin (peak 13), and 600-O-malo-
nylhyperoside (peak15). But, for AV, the main ingredients are chlorogenic
acid, hyperoside, isoquercetin, and 600-O-malonylhyperoside. The contents
of chlorogenic acid and hyperoside in AV are much higher than those of
PH. But, the contents of quercetin3-O-sophoroside and 600-O-malonylhypero-
side are much lower than that of PH.

Quantification of Seven Flavone-O-glycosides with
HPLC–MS/MS System

Quercetin 3-O-sophoroside, rutin, hyperoside, isoquercetin, astragalin,
quercetin, and kaempferol in AV and PH samples have been quantitatively
determined by using the developed method.

FIGURE 3 HPLC chromatograms of PH (a), AV (b) and standards mixture (c), DAD detection at
254 nm. (Figure available in color online.)
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A series of standard mixture solutions were tested to determine the lin-
earity between concentration and peak areas. As described in Table 2, all
the calibration curves exhibit good linear regressions with correlation coef-
ficients larger than 0.999, and the ranges of curves are adequate for analyz-
ing the seven bioactive compounds.

The limit of detection (LOD) was defined as the lowest concentration
of compound resulting in a signal-to-noise ratio of 3:1. As shown in Table 2,
the LOD of these seven compounds ranges from 2.4 to 9.5mg=mL. The
limit of quantification (LOQ) was defined as the lowest concentration of

TABLE 2 Calibration Curve Data for the Seven Detected Flavonoids

Standard Curves Concentration (mg=mL) Correlation LOD (mg=mL) LOQ (mg=mL)

1 Y¼ 4� 106��24828 0.00438–0.140 0.9998 0.0095 0.0290
2 Y¼ 5� 106��19965 0.00281–0.090 0.9995 0.0086 0.0258
3 Y¼ 8� 106��69855 0.00223–0.0714 0.9991 0.0079 0.0241
4 Y¼ 8� 106��53286 0.00219–0.0070 0.9996 0.0093 0.0283
5 Y¼ 6� 106��6286.4 0.00205–0.0657 0.9998 0.0087 0.0263
6 Y¼ 1� 107��94165 0.00170–0.0543 0.9999 0.0038 0.0116
7 Y¼ 1� 106�þ 3988.9 0.00134–0.0429 0.9997 0.0024 0.0094

TABLE 1 HPLC–ESI=MS Data for Ethanolic AV and PH Extracts

Peaks [M–H]þ Predicted Name
HPLC Retain

Time

1=10 554.2=620.9 unknown 1.241
2=20 626.4=364.6 unknown 1.522
3 609.4 unknown 2.112
4 428.8=354.4 unknown 2.676
5 354.6 chlorogenic acid 3.764
6 348.8 unknown 5.208
7 486.5 unknown 5.851
8 626.4 quercetin3-O-sophoroside 6.806
9 479.8 isorhamnetin (3-O-glucoside) 8.295
10 464.4 eriodictyol 7-O-glucoside 9.546
11 609.7 rutin 11.330
12 464.4 hyperoside 12.588
13 464.4 isoquercitrin 13.319
14 448.3 trifolin 16.752
15 550.2 600-O-malonylhyperoside 17.427
16 448.3 astragalin 18.997
17 550.2 600-O-malonylisoquercitrin 19.974
18 506.2 isoquercetin 6-O-acetate 21.127
19 534.3 malonated trifolin=malonated astragalin 22.730
20 490.3 kaempferol 6-O-acetate 23.942
21 316.4 isorhamnetin 25.663
22 348.6 malonated isorhamnetin 29.157
23 302.8 quercetin 31.060
24 286.8 kaempferol 32.704
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compound resulting in a signal-to-noise ratio of 10:1, and the LOQ of these
seven compounds ranges from 9.4 to 29.0 mg=mL. Both the LOD and LOQ
of these seven standards are low enough for detecting traces of these
compounds.

To examine the reliability of this method, the recoveries of the seven
standards were determined by adding known amounts of standards into
the methanol extraction of AV under the same conditions which are shown
in Table 3. All the recoveries are in the range of 96.2–103.1%, suggesting
the method is reliable.

Table 4 lists the contents of the seven flavonoids in AV and PH. One
can see that the contents of flavonoids in PH are higher than those of
AV except hyperoside. In the leaves of AV, the contents of hyperoside
and isoquercetin are 1.506 and 1.561mg=g, respectively, which are much
higher than the other ingredients. In the leaves of PH, the contents of
quercetin3-O-sophoroside, isoquercetin, and quercetin are very high. In
particular, the content of quercetin3-O-sophoroside reached 7.889mg=g.

CONCLUSION

In the present study, a useful, rapid and simple HPLC-DAD-ESI-MS=MS
method has been developed for quantitatively analyzing the flavonoids in

TABLE 3 Recovery (%) of Seven Flavonoids for this Method (n¼ 2)

Compounds
Amount Found

(mg)
Amount Found

(mg)
Recovery

(%)
R.S.D.
(%)

Quercetin3-O-sophoroside 0.110 0.106 96.4 2.2
Rutin 0.133 0.137 103.1 1.6
Hyperoside 0.126 0.124 98.4 2.0
Isoquercetin 0.140 0.143 102.2 1.5
Astragalin 0.105 0.101 96.2 4.3
Quercetin 0.126 0.125 99.2 1.9
Kaempferol 0.093 0.091 97.8 3.1

TABLE 4 The Contents of Seven Flavonoids in AV and PH (mg=g)

Analytes AV PH

QS 0.046 7.889
RT 0.112 0.154
HP 1.506 0.066
IQ 1.561 2.547
AS 0.162 0.186
QR 0.098 0.414
KF 0.068 0.084
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Apoacynum venetum L and Poacynum hendersonii. The similar components of
AV and PH leaves provide valuable information for understanding their
similar pharmacological efficacy, but the contents of some flavonoids are
very different between these two ‘‘luobuma.’’
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