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Abstract

future.

Apocynum venetum L. and Eleutherococcus senticosus have been used for hundreds of years to treat hypertension in
China. In previous research, there was not a suitable quality control of method for the formulas of Apocynum venetum
L. and Eleutherococcus senticosus. It is urgent and essential to develop modern analytical methods for Apocynum vene-
tum L. and Eleutherococcus senticosus to ensure the quality of the formulas. A rapid approach for simultaneous deter-
mination of hyperoside, isoquercitrin and eleutheroside E in Apocynum venetum L. and Eleutherococcus senticosus by
high-performance liquid chromatography with a diode array detector was described and validated. The full method
validation, including the linearity, limits of detection and quantification, precision, repeatability, stability and recovery,
was examined. All target components, including isomers of hyperoside and isoquercitrin, were baseline separated in
35 min. The developed method was sensitive, reliable and feasible. With this method, the optimal decoction condi-
tions of Apocynum venetum L. and Eleutherococcus senticosus were selected, and their quality analysis was carried out.
Furthermore, an herbal compatibility study of Apocynum venetum L. and Eleutherococcus senticosus based on detect-
ing variations in the content of their active ingredients was performed by the developed HPLC method. It could be an
alternative for the quantitative analysis of herbs that contain hyperoside, isoquercitrin or (and) eleutheroside E in the
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Introduction

Botanical herbs are consumed globally not only as an
essential component of the diet but also as medicines or
as functional food supplements. As herbs used in tradi-
tional Chinese medicine (TCM), Apocynum venetum L.
(AV) and Eleutherococcus senticosus (ES), also named
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Acanthopanax senticosus (Rupr. et Maxim.) Harms, have
been used for hundreds of years to treat hypertension in
China. In addition to reducing blood pressure, the for-
mulas can also be used to relieve stroke and other heart
diseases [1]. Based on the multifold efficacy, an increas-
ing number of patients with hypertension take these
herbs. Thus, it is urgent and essential to develop modern
analytical methods to ensure the quality of the formulas.
Apocynum venetum L. (Luobuma in Chinese) is a per-
ennial herbaceous or half-shrub plant that grows in
central to northwestern China [2]. Apocynum venetum
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L. has been used as an “antihypertensive tea” in China
and Japan. It appears to be a popular beverage all over
the world [3]. Previous studies reported AV has some
pharmacological activities, such as antioxidants, [3-5]
anti-hypertensive [1, 6] and anti-depressant effects, [7,
8] cholesterol lowering [1] and anti-diabetic activity [9].
It has been shown to lower blood pressure in vivo and
cause in vitro vasodilatation of rat aortic and mesenteric
arterial rings [6, 10]. AV is rich in minerals and flavo-
noids, and its main active fractions are found to be phe-
nolic acid, flavone and flavan-3-ol components [11, 12].
Among them, hyperoside and isoquercitrin are the main
effective components [13]. New reports have demon-
strated that hyperoside and isoquercitrin exhibit potent
antioxidant activities, anti-hypertensive and cardiovas-
cular protection [14, 15]. Therefore, hyperoside and iso-
quercitrin must be measured in the formulas.
Eleutherococcus senticosus (Ciwujia in Chinese), a
shrub native to the taiga of China, Korea, Russia and
Hokkaido Island of Japan, has been used as an adaptogen
[16]. Currently, there are some ES products, including
drugs and health food, on the market in many countries
[16, 17]. In vitro and in vivo studies have demonstrated
that ES possesses many pharmacological effects, such
as antistress, antifatigue and antidepressive effects [18].
It also has beneficial effects on hypertension, ischemic
heart disease, chronic bronchitis, autoimmune diseases,
gastric ulcers and allergic responses [19]. It has been
reported that ES has some active constituents, includ-
ing lignans (eleutheroside E), glycans (eleutheroside D),
triterpene saponins (eleutherosides I, K, L and M), ster-
oid glycosides (eleutheroside A), hydroxycoumarins,
phenylacrylic acid derivatives and flavones [20, 21].
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Eleutheroside E is known to reduce physical fatigue and
to enhance endurance performance [21]. According to
previous research results, eleutheroside E is the major
component attributed to the pharmacological effects of
ES [20, 21]. Therefore, eleutheroside E should be detected
in the formulas.

In previous research, hyperoside and isoquercitrin
in AV were simultaneously separated and detected by
mixed cloud point extraction (MCPE) combined with
HPLC [22]. A sensitive LC-MS-MS method for simulta-
neous quantification of hyperoside and isoquercitrin was
also reported [23]. Some studies have also reported ana-
lytical methods for eleutheroside E detection by HPLC
[24]. However, until now, no article has reported the
simultaneous detection of hyperoside, isoquercitrin and
eleutheroside E (Fig. 1). The quantification of hyperoside
and isoquercitrin by HPLC-MS or MCPE-HPLC is com-
plicated and not suitable for quality control. Therefore,
this study aims to develop an efficient method for simul-
taneous separation and determination of hyperoside,
isoquercitrin and eleutheroside E and apply it in quality
control of formulas of AV and ES.

Materials and methods

Chemicals and reagents

Standard substances for content determination, includ-
ing hyperoside (Batch No. 111521-201406), isoquer-
citrin (Batch No. 111809-201403) and eleutheroside
E (Batch No. 111713-200502), were purchased from
the National Institutes for Food and Drug Control
(Beijing, China). The Chinese herbs Apocynum vene-
tum L. and Eleutherococcus senticosus were obtained
from Huadong Medicine Co., Ltd. (Hangzhou, China).
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Chinese medicine granules of Apocynum venetum L.
(Batch No. 1512617) and Eleutherococcus senticosus
(Batch No. 1507077) were kindly supplied by Guang-
dong Yifang Pharmaceutical Co., Ltd. China (Foshan,
China) and Jiangyin Tianjiang Pharmaceutical Co., Ltd.
(Jiangyin, China), respectively. HPLC-grade acetoni-
trile and phosphoric acid were purchased from Merck
(Darmstadt, Germany) and Sigma (Fairfield, USA),
respectively. The deionized water used throughout the
experiments was produced using a Milli-Q water purifi-
cation system (Milford, MA, USA).

Sample preparation

Standard solution

The standard stock solution of hyperoside (2.0 mg/
mL), isoquercitrin (2.0 mg/mL) and eleutheroside E
(2.0 mg/mL) was prepared in methanol and stored at
4 °C. Working solutions with the lower concentrations
were prepared by an appropriate dilution of the stock
solution.

Decoctions of AV and ES

Herbs AV and ES were purchased from the Chinese
Medicine Factory of Zhejiang University of Tradi-
tional Chinese Medicine (Hangzhou, China). The herbs
were obtained in September and identified by profes-
sor Zheng. The leaves of AV and the roots of ES were
taken for preparation of the decoction. Five milligrams
of AV and 10 mg ES were soaked in water together and
decocted in marmite. The decocting conditions (Lg 3 4
orthogonal assay) are listed in Table 1. The decoctions
were filtered and metered to 250 mL with water. The
decoctions were concentrated to a powder by lyophili-
zation. It was stored at 4 °C until analysis.

Table 1 Decoctions of Apocynum venetum L.
and Eleutherococcus senticosus prepared under different
decocting conditions

Decoctions Soaking Water Decoction Frequency
time (h) addition duration of decoction
(volumes) (min) (frequency)
1 0.5 10 10 1
2 0.5 12 15 2
3 0.5 15 20 3
4 1 10 15 3
5 1 12 20 1
6 1 15 10 2
7 2 10 20 2
8 2 12 10 3
9 2 15 15 1
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Preparation process of electuary of AV and ES formulas
Chinese herbs of 2 kg AV and 4 kg ES were mixed. Fifteen
volumes of water were added to the mixture. The mixture
was soaked for 0.5 h. It was decocted 3 times for 20 min
per time. The decoctions were mixed, filtered and con-
centrated to a relative density of 1.2. Then, the decoction
was processed to an electuary by marumerization. The
dosage of cyclodextrin was 400 g in the marumerization.

Samples prepared for HPLC analysis

Ten milligrams of powder decoctions of AV and ES,
10 mg electuary of AV and ES, and 10 mg granules of AV
and (or) ES were all diluted with 1 mL methanol. These
samples were prepared by centrifugation (12000 rpm for
15 min) at 4 °C. Then, the supernatants were acquired for
HPLC analysis.

Instrumentation and analytical conditions

HPLC analyses were performed on an Agilent 1260
series system (Agilent Technologies, USA) consisting
of a quaternary pump, online vacuum degasser, autosa-
mpler, thermostated column compartment and DAD
full-wavelength scanning detector. An Agilent TC-C18
column (150 mm x 4.6 mm i.d., 5.0 um particle size)
from Agilent Technologies (USA) was used for all chro-
matographic separations. A linear gradient elution of
Eluents A (0.1% (v/v) aqueous phosphoric acid) and B
(0.1% (v/v) phosphoric acid in acetonitrile) was used for
the separation. The elution program was well optimized
and conducted as follows: the first linear gradient was 5%
Eluent B in the range of 0~3 min, the second one was
5% ~12% Eluent B in the range of 3 ~ 8 min, the third one
was 12% ~15% Eluent B in the range of 8 ~11 min, the
fourth one was 15% Eluent B in the range of 11 ~ 25 min
and the last one was 15% ~ 100% Eluent B in the range of
25~ 35 min. Then, the system was restored to the initial
conditions after 5 min. The solvent flow rate was 1.0 mL/
min, the detection wavelength was set at 210 nm, the col-
umn temperature was maintained at 25 °C and the injec-
tion volume was 20 pL. Chemstation software (Agilent
Technology) was used for peak detection and peak area
calculation.

Method validation

Linearity and range

The linearity and range of the analytical assay were
determined by serial dilution of a standard stock solu-
tion. Standard calibration curves were generated by cal-
culating the ratios between the chromatographic peak
area of each standard substance and the corresponding
concentration.
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Limit of quantification (LOQ) and limits of detection (LOD)
The LOQ and LOD were both determined using a signal-
to-noise approach. LOQ was defined as the lowest con-
centration level resulting in a peak height of 10 times the
baseline noise (the signal-to-noise ratio (S/N) is 10). LOD
was defined as the minimum concentration that could be
calculated at S/N =3.

Precision, repeatability and stability

The precision was determined by analyzing the same
concentration solutions of standards five consecutive
times with the established HPLC method. The repeatabil-
ity was determined using five duplicate samples from the
powder of the same batch decoction, treated according
to the sample preparation procedure (2.2.4) and analyzed
with the established HPLC method. The stability was
determined by testing the same powder decoction sam-
ple at six time points (0, 3, 6, 9, 12 and 24 h) over 24 h
with the established HPLC method.

Recovery test

In the recovery test, three different quantities (low,
medium and high) of standards were added to the same
powder decoction sample. Then, the mixture was treated
according to the sample preparation procedure (2.2.4)
and analyzed by the developed HPLC method. Then, the
quantity of each component was subsequently calculated
from the corresponding calibration curve.
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Results and discussion

Chromatographic separation

An aqueous acetonitrile solvent system was used to ana-
lyze of hyperoside and isoquercitrin by HPLC. Water
(0.1% (v/v) phosphoric acid) and acetonitrile were
selected as the mobile phases, and 360 nm was selected
as the detection wavelength in Shi’s experiment [25].
Another study reported a microemulsion mobile phase
consisting of 2.5% (v/v) n-butanol, 1.2% (v/v) Genapol
X-080, 0.5% (v/v) ethyl acetate and 95.8% (w/v) aque-
ous 20 mM phosphoric acid, and 360 nm was selected
to detect six flavonoids of Apocynum venetum L. extract,
including hyperoside and isoquercitrin [26]. Fan [27]
used water (0.5% (v/v) trifluoroacetic acid) and acetoni-
trile as the mobile phases and, 210 nm as the detec-
tion wavelength to detect eleutheroside E. According
to the above literature, water (0.1% (v/v) phosphoric
acid) and acetonitrile (0.1% (v/v) phosphoric acid) were
selected as the mobile phases in our assay, and 210 nm
and 360 nm were both investigated to determine which
one was better for detecting hyperoside, isoquercitrin
and eleutheroside E simultaneously. As seen in the chro-
matograms (Fig. 2), hyperoside and isoquercitrin had
larger responses at 210 nm than at 360 nm. Furthermore,
210 nm was suitable wavelength for the determination of
eleutheroside E, reported in the literature, as no response
was observed at 360 nm for eleutheroside E. Therefore,
210 nm was selected as the detection wavelength for
simultaneous determination of hyperoside, isoquercitrin
and eleutheroside E. The column temperature was set at
25 °C, and the flow rate was 1.0 mL/min for the recom-
mended chromatographic column. To rapidly separate
hyperoside, isoquercitrin and eleutheroside E, a gradient
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Fig. 2 HPLC chromatograms of 0.05 mg/mL standard solutions of hyperoside, isoquercitrin and eleutheroside E at 210 nm (blue chromatogram)
and 360 nm (red chromatogram) separately. 1. Eleutheroside E, 2. Hyperoside, 3. Isoquercitrin
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elution procedure was carried out. Eleutheroside E was
separated first without interference from hyperoside or
isoquercitrin. However, the chromatographic peaks of
hyperoside and isoquercitrin were not cleanly separated
because of isomerization. Thus, isocratic elution with
15% eluent B was performed until the baseline separation
of hyperoside and isoquercitrin was achieved. As shown
in Fig. 3, when the running time was 23-25 min, hypero-
side and isoquercitrin were separated. The gradient elu-
tion was then repeated. As seen from the above results,
adjusting the mobile phase gradient and the time allowed
the target compounds to achieve baseline separation
without interference with each other. Finally, chromato-
grams of the standard solution and sample solution under
the optimized chromatographic conditions are described
in Fig. 4. Hyperoside, isoquercitrin and eleutheroside E
were separated and detected rapidly and simultaneously
by the developed method.

Calibration curves, LOQ and LOD

Six concentrations (0.5, 1.0, 5.0, 10.0, 50.0, 100.0 pg/mL)
of standard eleutheroside E solutions and seven con-
centrations (0.5, 1.0, 5.0, 10.0, 50.0, 100.0, 200 pg/mL)
of mixed standard hyperoside and isoquercitrin solu-
tions were prepared in quintuplicate to generate calibra-
tion curves. The integrated chromatographic peak areas
(Y) were plotted against the corresponding concentra-
tions (X, pug/mL) of the three constituents in the stand-
ard solutions to obtain calibration curves based on linear
regression analysis. Satisfactory linearity was obtained, as
shown by the correlation coefficients higher than 0.999
in the investigated ranges (Table 2). The LOD (S/N=3)
value for three target components was 0.1 ug/mL. The
LOQ (S/N=10) value for three target components was
0.5 ug/mL, which met the sensitivity requirement for
quantitative analysis.

Page 5 of 10

Precision, repeatability and stability
Various concentrations (1.0, 10.0 and 100.0 pg/mL) of
mixed standard solutions of hyperoside, isoquercitrin
and eleutheroside E were injected and analyzed in quin-
tuplicate by HPLC to determine the precision of the
method. The precision was evaluated by the RSD values
of the peak areas of the three components, which ranged
from 0.61 to 1.19% (hyperoside), 0.37% to 0.87% (isoquer-
citrin) and 0.69% to 1.81% (eleutheroside E). The results
confirmed that the HPLC method had good precision.

The repeatability was evaluated by the RSD values of
the contents of hyperoside, isoquercitrin and eleuthero-
side E in five duplicate samples from powders of the same
batch decoction. The RSD values were 0.42% for hypero-
side, 1.20% for isoquercitrin and 2.42% for eleutheroside
E, which demonstrated the good repeatability of this
method.

The stability test of the powder decoction sample gave
a good result. The RSD values of contents of the hypero-
side, isoquercitrin and eleutheroside E were 0.73%, 0.97%
and 0.77%, respectively, showing that the method had
good stability for the determination of hyperoside, iso-
quercitrin and eleutheroside E in 24 h.

Recovery test

A sample of decoction powder was detected by the pro-
posed HPLC method. The contents of hyperoside, iso-
quercitrin and eleutheroside E in this sample were 30.63,
37.23 and 42.32 pg/mlL, respectively. Then, three differ-
ent quantities (low, medium and high) of standards were
added to this sample. The recovery was evaluated by the
following formula: Recovery=(amount found- amount
sample)/amount standard spiked x 100%. The results are
shown in Table 3. The recoveries ranged from 97.82 to
104.54%, which validated the accuracy of the method.
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Fig. 3 HPLC chromatogram of the electuary of Apocynum venetum L. and Eleutherococcus senticosus formulas under the optimized
chromatographic conditions. 1. Eleutheroside E, 2. Hyperoside, 3. Isoquercitrin
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Fig. 4 HPLC chromatograms of the standard solution and sample solution under the optimized chromatographic conditions. A. mixed standard
solution, B. decoction of Apocynum venetum L. and Eleutherococcus senticosus, C. granules of Apocynum venetum L. and Eleutherococcus senticosus, D.
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Table 2 Results of regression analysis on calibration curves and limits of detection (n=5)

Compound Test range (ng/mL) Calibration curves R LOQ (pg/mL) LOD (pg/mL)
Hyperoside 0.50-200.00 Y=52.995X —86.148 0.9996 0.50 0.10
Isoquercitrin 0.50-200.00 Y =40.714X —90.563 0.9994 0.51 0.12
Eleutheroside E 0.50-100.00 Y=24.193X 474352 0.9998 0.50 0.10

Table 3 Recovery test of the developed HPLC analysis method (n=5)

Compound Standard spiked (pg/ Found (pg/mL) Recovery (%) Average recovery (%) RSD (%)
mL)

Hyperoside 24.50 60.72£0.32 122.82 104.54 16.13
30.63 61.62£0.26 101.18
36.75 63.56£0.56 89.61

Isoquercitrin 29.78 70.6040.86 112.06 104.53 8.06
37.23 76.73+£0.51 106.10
44.68 79.87 £0.56 9543

Eleutheroside E 33.86 77.17£0.68 102.91 97.82 6.21
42.32 84.41£048 99.46
50.78 88.58£0.49 91.10

Table 4 The four factors and three-level orthogonal experiment and ANOVA results for the determination

of eleutheroside E in decoctions of the formulas of AV and ES

Sum of squares df Mean square F P (Sig.)
Calibration model 96.34 6 16.06 21.73 0.05
Intercept 11733.95 1 11733.95 15880.77 0
Water addition 2235 2 11.18 1513 0.06
Decoction duration 26.50 2 13.25 17.93 0.05
Frequency of decoction 47.49 2 23.75 3214 0.03
Error (Soaking time) 148 2 0.74

Sample analysis

Analysis of decoction engineering of the formulas

of Apocynum venetum L. and Eleutherococcus senticosus
The addition of water, soaking time, decoction dura-
tion and frequency of decoction were the major factors
in the herbal decoction procedure. These four fac-
tors and three-level orthogonal experiments of decoc-
tion engineering were analyzed by determining the
contents of hyperoside, isoquercitrin and eleuthero-
side E. The data acquired were analyzed by ANOVA
to obtain the optimal decoction conditions of the for-
mulas of AV and ES. First, the content of hyperoside
was selected as the dependent variable, and the mean
square values of the four factors were 9.456 (soaking
time), 4.366 (water addition), 9.121 (decoction dura-
tion) and 5.502 (frequency of decoction). Water addi-
tion was the factor with the least effect. Thus, it was
regarded as the blank control to assess the other fac-
tors. The results showed that the P values were 0.316,

0.324 and 0.442 for the factors of soaking time, decoc-
tion duration and frequency of decoction, respectively.
There were no significant differences among these
factors when the hyperoside content was considered
the dependent variable. Similarly, the content of iso-
quercitrin was selected as the dependent variable,
and the mean square values of the four factors were
3.708 (soaking time), 1.969 (water addition), 9.693
(decoction duration) and 2.450 (frequency of decoc-
tion), respectively. Water addition was selected as the
blank control because it had the lowest mean square
value among the four factors. Then, the P values were
obtained by ANOVA, 0.347 for soaking time, 0.169 for
decoction duration and 0.446 for frequency of decoc-
tion. There were no significant differences among these
factors when the content of isoquercitrin was consid-
ered the dependent variable. Finally, the content of
eleutheroside E was selected as the dependent variable
in the assay. The results are shown in Table 4. Soaking
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time was selected as the blank control because it had
the lowest mean square value among the four fac-
tors. The frequency of decoction had a greater impact
on the content of eleutheroside E than the other fac-
tors. Moreover, the frequency of decoction obviously
affected the content of eleutheroside E, with a P value
of 0.030 (P<0.05, significant difference). It was illus-
trated that the frequency of decoction had a significant
influence on the decoction engineering of the formulas
of AV and ES. Therefore, three frequencies of decoction
were recommended in decoction engineering. Consid-
ering the production efficiency, a soaking time of 0.5 h
was determined to be suitable. It was suggested that a
soaking time of 0.5 h, water addition of 15 volumes, a
decoction duration of 20 min and a frequency of decoc-
tion of 3 would be the optimal decoction conditions, as
evident from decoction engineering analysis based on
the four factors and three-level orthogonal experiment
and ANOVA results.

Determination of the electuary of the formulas of Apocynum
venetum L. and Eleutherococcus senticosus

The optimal decoction conditions of formulas of AV
and ES were selected. Thus, the electuary of the formu-
las of AV and ES was prepared under optimal decoction
conditions. Determination of hyperoside, isoquercitrin
and eleutheroside E was performed by the developed
HPLC method to perform quality control of the electu-
ary of the formulas of AV and ES. The results are shown
in Table 5. The RSD values of hyperoside, isoquerci-
trin and eleutheroside E from different batches were
3.285%, 3.695% and 3.749%, respectively. The contents
differed slightly among batches. It was demonstrated
that the preparation of the electuary of the formulas
of AV and ES was stable and feasible. Furthermore, the
developed HPLC method was suitable for quality con-
trol of the electuary of the formulas of AV and ES.

Table 5 Determination of hyperoside, isoquercitrin
and eleutheroside E in the electuary of the formulas
of AV and ES by the developed HPLC method (n=3)

Batch no. Content Content Content
of hyperoside of isoquercitrin  of eleutheroside E
(ng/mL) (ng/mL) (ng/mL)
1,512,201 2524+0.55 26.98+047 20.81+£0.23
1,512,232 26944043 28.89+0.36 22.15+£0.15
1,512,291 2526+£057 26.82£0.46 20.6940.27
1,512,293 26.80+£048 28.77£0.39 2223+£0.19
1512302 26684042 28.68£035 22304018
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Fig. 5 The contents of hyperoside, isoquercitrin and eleutheroside E
in AV and ES granules, AV granules, and ES granules

Study on the combination of Apocynum venetum L.

and Eleutherococcus senticosus

The Chinese herbs AV and ES have been prescribed
together to treat hypertension and cardiovascular dis-
ease. To prove the advantage of the combination of
AV and ES, the effective components of AV and ES
should be detected and analyzed by the developed
HPLC method. Granules of AV and ES both combined
and separate were studied in the assay. The results are
shown in Fig. 5. The contents of hyperoside, isoquer-
citrin and eleutheroside E increased when AV and ES
granules were dissolved together; in particular, the
isoquercitrin content increased by 10.63%. The combi-
nation of AV and ES was beneficial for increasing the
content of effective components in AV and ES, and
thus, it improved the efficacy. The developed HPLC
method was useful and rapid in the study of the combi-
nation of AV and ES.

Conclusion

In this paper, an optimized HPLC analytical method
was established and validated for the simultane-
ous determination of hyperoside, isoquercitrin and
eleutheroside E in AV and ES. All target components
including isomers of hyperoside and isoquercitrin were
baseline separated within 35 min by simple HPLC-
DAD rather than HPLC-MS. The developed method
was applied to optimize the decoction engineering of
AV and ES, perform quality control of the electuary of
AV and ES and research the herbal combination of AV
and ES. The method was sensitive, rapid and reliable;
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thus, it could be an alternative for future quantitative
analysis of herbs that contain hyperoside, isoquercitrin
or (and) eleutheroside E.
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