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Abstract Sennoside A and sennoside B are the major bioactive components in
laxative herbs like rhubarb, senna, etc. The previously reported techniques for
quantitative analysis of sennoside A and sennoside B have the disadvantages of
defective peak purity and stability. This study investigates the influence of analytical
parameters on efficiency of separation of sennoside A and sennoside B in rhubarb by
ultra-high-performance liquid chromatography (UHPLC). The chromatographic
parameters of column temperature and flow rate have a non-linear relationship with
theoretical plate number and symmetry factor; the optimal column temperature was
30 °C and the optimal flow rate was 0.20 mL/min. A new UHPLC analytical method
was developed based on these optimal parameters. The chromatographic peak purity
of sennoside A and sennoside B in rhubarb was satisfactory. This UHPLC-based
analytical method was successfully applied for quantitative determination of
sennosides A and sennoside B in two sources of rhubarbs, Cassia angustifolia Vahl
and Paidu Yangyan Capsule. There are remarkable content differences between
sennoside A (more than 19 times) and sennoside B (more than 18 times) in the two
species of rhubarb tested. In order to make the analytical method widely applicable,
the analysis parameters of UHPLC have been converted into those of HPLC. In
conclusion, the devised technique is suitable for quality control of laxative herbs and

diet drugs containing sennoside A and sennoside B.

1. Introduction

Rhubarb (Da Huang in Chinese) is an herb of worldwide fame. It has historically
been used in clinical therapy under traditional Chinese medical theories owing to its
multiple pharmacological effects including laxative, hemostatic, and antibacterial

effects '

. Rhubarb is officially listed in the Chinese, European and Japanese
Pharmacopoeia *°, from three important plant sources: the roots of Rheum tanguticum
Maxim.ex Balf, Rheum. palmatum L., and Rheum. officinale Baill. Rhubarb is
nowadays used in the clinical treatment of chronic renal failure, acute pancreatitis,

. . .. . . . 7-12
icteric hepatitis, and cancer, under the guidance of modern medical theories .
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Despite extensive phytochemical investigations and pharmacological studies on
rhubarb, a full quality control of rhubarb has been limited. Sennoside A and sennoside
B is a pair of bianthrone-derived isomers (Fig. 1). Several important pharmacological
effects of sennosides include relaxing the bowels, bacteriostasis B 1 insulin
sensitization, and protecting nerve cells 13,16 They generally exist as major bioactive
components in traditional laxatives 7 such as rhubarb, senna, and the diet drugs (Fig.
2), indicating that the content determination of sennoside A and sennoside B is crucial
to the safety and efficacy of the laxative herbs and diet drugs.

Quantitative determination of sennoside A and sennoside B in rhubarb and diet
drugs have always been difficult because of the lack of a simple analytical method in

the Chinese and European Pharmacopoeia * °.

In fact, only the Japanese
pharmacopoeia provides a technique for the quantitative determination of sennoside A
in rhubarb, but without satisfactory chromatographic resolution . The literatures

previously reported on the analysis of sennoside A and sennoside B in related drugs

without good resolution and shorter analysis time '®**. The prevalent disadvantage of

quality control of laxative herbs and diet pills is the lack of a simple and widely
applicable quantitative analytical method for sennoside A and sennoside B.

In this study, we aim to resolve the problems of low peak purity and low
resolution of the existing chromatographic analytical methods for sennoside A and
sennoside B, to this end, the influence of analytical parameters on the
chromatographic separation efficiency were systematically investigated, and the
optimized parameters were obtained. A simple ultra-high-performance liquid
chromatography (UHPLC) analytical method was applied successfully to
simultaneous quantification of sennoside A and sennoside B in Rheum tanguticum
Maxim.ex Balf, Rheum. palmatum L., Cassia angustifolia Vahl and Paidu Yangyan

capsule.

2. Experimental

2.1 Materials and reagents
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Nine batches of rhubarb raw materials (samples Rh01-Rh09) were collected
from the Sichuan and Gansu provinces, China. All the samples were identified as
Rheum tanguticum Maxim.ex Balf. (samples RhO1-Rh05), Rheum palmatum L.
(samples Rh06—Rh09). Two batches of Cassia angustifolia Vahl were purchased from
302 Military Hospital of the Chinese People's Liberation Army (samples Ca01-Ca02),
two batches of Paidu Yangyan Capsule were purchased from the Beijing Jia Shi-tang
drugstore chain (samples Ph01-Ph02, drug batch number: 140757).

Sennoside A and sennoside B supplied by National Institutes for Food and Drug
Control were used as chemical standard references for quantitative analysis; the batch
numbers of sennoside A and sennoside B are 110824-201301 and 110825-201301,
respectively. The sennoside A and sennoside B have purity more than 99.00%, as
validated by HPLC. Methanol, acetonitrile, and phosphoric acid [85% (w/w) in H,O]
for quantitative analysis were of HPLC grade (Thermo Fisher Scientific, USA).
High-purity water was obtained from Millipore Milli Q water purification system
(Millipore, Synergy, USA). All other chemical reagents were purchased from
Sigma-Aldrich, China.

2.2 UHPLC instrumentation and conditions

UHPLC was performed by a Waters Acquity ultra-high-performance liquid
chromatograph system equipped with a binary solvent delivery pump (Waters, USA),
an auto sample manager, and a photoelectric diode array detector (PDA). Data
collection and integration were performed by the Empower 2 software. The
chromatographic separation was performed using a Waters Acquity BEH C18 column
(2.1 mm x 100 mm, 1.7um). The mobile phase, consisting of a mixture of acetonitrile
(A) and 0.1% (v/v) aqueous phosphoric acid (B), had a flow rate of 0.20 mL/min. The
binary gradient elution protocol was as follows: 0.00-5.00 min with 8-12% A, 5.01—
10.00 min with 12-13% A, 10.01-15.00 min with 13-15% A, 15.01-20.00 min with
15-17% A, 20.01-25.00 min with 17-21% A, 25.01-30.00 min with 21-60% A. The
detector wavelength was set at 340 nm. The injection volume was 2.0 pL and the

column temperature was maintained at 30 °C.
1
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2.3 Standard solution preparation

The standard reference substances sennoside A and sennoside B were accurately
weighed into a 50-mL brown volumetric glass flask, dissolved in 50 mL 0.1% (w/w)
NaHCO; aqueous solution containing 40% methanol to make a stock solution of
46.00-74.00 pg/mL, which is stable for 1 month when stored at 4 °C. Different
concentrations of working solutions for UHPLC analysis were diluted from this stock

solution.

2.4 Sample solution preparation

Each of nine rhubarb samples (0.2000—0.2100g) was accurately weighed into a
50-mL brown volumetric glass flask with 25 mL 0.1% (w/w) NaHCOs; aqueous
solution and was then extracted by ultrasonic treatment for 40 min (500 W, 40 KHz).
After ultrasonic processing, the lost weight was made up using 0.1% (w/w) NaHCO;
aqueous solution. Each sample solution was filtered through a 0.22-pm microfiltration

membrane (Agilent Technologies, USA) before UHPLC injection.

2.5 Optimization of UHPLC parameters

Given that isomers sennoside A and sennoside B were difficult to separate from
other stronger polar compounds, two mobile phase systems, including acetonitrile—
water and methanol-water with different gradients, were compared. Considering the
resolution and the smooth baseline, the acetonitrile—water system was preferred.
Using a photoelectric diode array detector, we performed a full wavelength scan in the
ultraviolet region, from 200 to 440 nm, for each sennoside standard solution.
Sennoside B showed strong absorption peaks at 268 nm and 358 nm, while sennoside
A showed strong absorption at 269 nm and 340 nm. 340 nm was preferred. In order to
achieve robust chromatographic separation, important analytical parameters,
including retention time, resolution, theoretical plate number, and symmetry factor,

were optimized by altering the column temperature and flow rate.
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2.6 Validation of the UHPLC analytical method

The UHPLC method was rigorously validated in terms of sensitivity, accuracy
stability, and linearity according to the Chinese Pharmacopoeia of "Traditional
Chinese Medicine Quality analysis Methods Validation Guidelines" and the
International Conference on Harmonization Guidelines (ICH Q2B, validation of

analytical procedures, methodology)® *°.

2.6.1 Sensitivity of the analytical method

The limit of detection (LOD) and the limit of quantification (LOQ) for sennoside
A and sennoside B were analyzed to evaluate the sensitivity of the developed UHPLC
method. The LOD and LOQ for sennoside A and sennoside B were estimated by
injecting a series of diluted solutions with known concentrations, which were detected

at a signal/noise (S/N) ratio of about 3: 1 and 10: 1, respectively.

2.6.2 Linear regression equation and calibration curve of the analytical method
The linear regression equation (y = ax+b) and calibration curve were designed to
investigate the correlation between the peak area (y) and the injection concentration (x,
pg/ml) of each sennoside. Six injections were performed to obtain absorption plots for
concentrations ranging from 0.46 to 74.00 pg/mL. Solutions for the linearity test were
prepared by diluting the mixed standard stock solutions to the desired level. A

linearity study was also carried out at the LOQ level.

2.6.3 Precision and stability of the analytical method

Intra- and interday variations were used to evaluate the precision of the
developed UHPLC method. The relative standard deviation (RSD) was used to
evaluate the variation range of the results. Intra- and interday repeatability was
determined by six replicate analyses on sample Rh03, within one and two consecutive
days, respectively. The stability of the analyzed components in the sample was tested
by analyzing sample Rh03; the peak areas of the analyzed components at 0, 2, 4, 8, 24,

and 48 h were recorded, and the variations in the content were expressed as RSD.
6
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2.6.4 Accuracy of the analytical method

The accuracy of the quantitative analysis method was evaluated on the basis of
the matrix spike recovery for each standard substance. A certain amount of sennoside
A and sennoside B standards was added to sample Rh03 (0.1000—0.1100g); then, the
mixtures were extracted as described in the sample solution preparation, and analyzed
using the developed UHPLC method. The recovery of each added standard substance
was calculated by the following formula: recovery% = [(Cmea — Csam)/(Cada)]* 100,
where Ciea 1S the measured amount of the mixture of sample Rh03; Cgym and Caugq
represent the mean value of the detected sennoside A and sennoside B in sample Rh03

and added standard substances, respectively.

2.6.5 Robustness of the analytical method

To verify the robustness of the method, the final experimental conditions were
altered and the resolution was examined. The flow rate, percentage of organic
modifier, and column temperature were varied by (£) 3.0%, () 3.0%, and (£) 3 °C,

respectively.

3 Results and discussion
3.1 Development of the UHPLC method

In this study, the target components were identified by comparing their retention
times and UV spectra with those of the standard solution. The peak purity of the target
components in these samples was verified by a photodiode array (PDA) detector. Peak
purity tests showed that the chromatographic peak purity of each sennoside was not
attributable to more than one component, indicating successful chromatographic
separation. The results of the peak purity tests are shown in Fig. 4.

The resolution, symmetry factor, and theoretical plate number of sennoside B,
which was relatively more difficult to separate from stronger polar compounds,
showed a remarkable decrease when the flow rate was greater than 0.20 mL/min,

although the retention time dramatically decreased. Considering the retention time,
7
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symmetry factor, and system backpressure, a flow rate of 0.20 mL/min was preferred.
The resolution, symmetry factor, and theoretical plate number obtained for sennoside
A and sennoside B showed a slight improvement with an increase in column
temperature from 22 °C to 30 °C but decreased above 30 °C. All the retention times
decreased as the column temperature increased. The results showed that existed an
optimal parameter as a turning point which column temperature was 30 °C and flow
rate was 0.20 mL/min. Hence, considering the resolution, retention time and
symmetry factor, a column temperature of 30 °C was preferred. At this column
temperature and a flow rate of 0.20 mL/min, satisfactory chromatographic separation
was achieved under a system backpressure of 12000 psi. The detailed results are

shown in Fig. 3.

3.2 Validation of the UHPLC method

Linearity, sensitivity, precision, stability, and accuracy analyses were carried out
to validate the developed UHPLC method. Linear regression equations of the two
isomers were obtained at six concentration levels in triplicate, as summarized in Table
1. The linearity was expressed in terms of the correlation coefficient (R?). The results
showed excellent correlation between the peak areas and the concentration of UHPLC
injection, with R? at 0.9997-0.9998. The LOD and LOQ of the two isomers are
summarized in Table 1. The RSDs for inter- and intraday variation repeatability are
summarized in Table 2. The overall inter- and intraday variations were not more than
1.77% and 1.04%, respectively. The variations in the concentrations of the analyzed
components in sample Rh03 were 0.53%-1.76%, indicating that the analyzed
components in the sample solutions were stable for at least 48 h. The calculated
recoveries of the two isomers are summarized in Table 3. The recoveries of the
investigated components ranged from 99.62% to 100.39%, and the RSDs were less
than +5.0%, thus indicating the good reliability and accuracy of the method. The test
results showed satisfactory chromatographic resolutions under the conditions where

the analytical parameters were varied.
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3.3 Sample analysis

The developed UHPLC method was applied to the simultaneous quantitative of
sennoside A and sennoside B in nine batches of rhubarb samples. The typical
UHPLC-UV chromatograms of the standard reference solution, sample Rh03, and
sample RhO8 are shown in Fig. 5. The amounts of individual sennoside in nine
batches of samples were calculated, as shown in Table 4. More specifically, the
individual amount of sennoside A ranged 0.52 mg/g in sample Rh09 to 10.42 mg/g in
sample RhO03, i.e., the latter was more than 19 times the former. The amount of
sennoside B ranged from 0.27 mg/g in sample Rh09 to 5.34 mg/g in sample Rh03; the
latter was more than 18 times the former. The test results indicated remarkable content
discrepancy between Rheum tanguticum Maxim. ex Balf. (samples Rh01-Rh05) and
Rheum palmatum L. (samples Rh06—Rh09). Therefore, determination of the sennoside
A and sennoside B content is crucial for the quality control of rhubarb.

Considering sennoside A and sennoside B as the major bioactive components in
Cassia angustifolia Vahl and Paidu YangYan capsule, the developed analytical method
was successfully applied to the two laxatives; the results indicated that this method is
robust and has the potential for widespread practicability. The individual amount of
sennoside B ranged from 0.17 mg/g in sample Ph02 to 0.26 mg/g in sample PhO1,
indicating that the latter was present in more than 52.94% concentration as compared
to the former. The amount of sennoside A ranged from 0.25 mg/g in sample Ph02 to
0.33 mg/g in sample PhO1, indicating that the latter was present in more than 32.00%
concentration compared to the former. Detailed results are listed in Table 4, and the

typical UHPLC-UV chromatograms are shown in Fig. 5.

3.4 Transformation from UHPLC to HPLC

Most of the drug inspection institutions only use high-performance-liquid
chromatographs (HPLC); hence, the analysis parameters of UHPLC have been
converted into those of HPLC. Using the Waters Acquity Column Calculator software
1.45 (Waters Corporation, USA), the binary gradient elution procedures of UHPLC

transferred to those for HPLC, as follows: 0.00-10.00 min with 8-12% A, 10.01-
9
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22.00 min with 12-13% A, 22.01-35.00 min with 13-15% A, 35.01-50.00 min with
15-17% A, 50.01-60.00 min with 17-21% A, and 60.01-70.00 min with 21-60% A.
The Agilent 1260 HPLC instrument was equipped with a ZORBAX Eclipse plus C18
column (4.6x250 mm, 5um), and the detector wavelength was set at 340 nm. The
injection volume was 10.0uL, while the column temperature was maintained at 30 °C.
The results indicated that the new chromatographic conditions can be well applied to

HPLC. The typical HPLC-UV chromatograms are shown in Fig. 6.

3.5 Application

Although the total contents of the five anthraquinones in rhubarb were
quantitatively determined for quality control in the Chinese Pharmacopoeia (15mg/g)
4 the contents of two isomers, sennoside A and sennoside B, in different rhubarb
species varied remarkably, which influenced the quality. Therefore, controlling the
concentrations of individual bioactive components (sennoside A and sennoside B) is
recommended rather than modifying the total content of the five anthraquinones.
Compared with the analytical method used for rhubarb in the literatures previously
reported **?*, the advantages of the proposed method including simple analysis
conditions, excellent chromatographic resolution and shorter analysis time. Compared
with the analytical method used for Cassia angustifolia Vahl in the Chinese
pharmacopoeia *’, the present method is simple because organic reagent
(tetrahydrofuran, THF) is avoided and mild conditions are sufficient as no ion pair
reagent (tetraheptylammonium bromide) or acetate buffer solution is used. There is no
quality criterion mentioned in the current Chinese Pharmacopoeia for Paidu YangYan
Capsule, but the total sennoside A and sennoside B content should be no less than

0.40 mg/g.

4 Conclusions
Quality control of the Rheum tanguticum Maxim.ex Balf, Rheum. palmatum L.,
Cassia angustifolia Vahl and Paidu Yangyan capsule is crucial to ensure the safety and

efficacy of widely used laxative herbs and diet drugs. This study will be beneficial for
10
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the standardization of sennoside A and sennoside B in laxative herbs and related
pharmaceutical preparations, and the developed UHPLC method will be a promising

tool for improving the quality control of these laxative herbs and diet drugs.
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Figure. 5 Typical UHPLC-UV chromatograms of (A) Standard substance solution,
(B) Sample RhO8: Rheum palmatum L, (C) Sample Rh03: Rheum tanguticum
Maxim.ex Balf, (D) Sample Ca0l: Cassia angustifolia Vahl, (E) Sample PhO1:
Paidu Yangyan capsule
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Figure. 6 Typical HPLC-UV chromatograms of (A) Standard substance solution (B)
Sample Rh03: Rheum tanguticum Maxim.ex Balf.
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Table 1
Linearity and sensitivity of the UHPLC analysis
Components RT(min) linear regression equation R’ Linear range (ug/mL) LOD°(ug/mL)  LOQ ¢ (pg/mL)
sennoside B 16.813 y=4.1 X 10°x-2142.46" 0.9998 0.46-46.00 0.05 0.20
sennoside A 22.661 y=4.1X10%%-3079.67 0.9997 0.74-74.00 0.07 0.24
*y is peak area, x is analyte concentration (ug/mL).
®LOD: Limit of detection (S/N=3.0).
“LOQ: Limit of quantification (S/N=10.0)
Table 2
Precision test of the UHPLC analysis
intra-day precision (mean + SD, n=6) inter-day precision (mean + SD, n=6)
Components
Content (mg/g) RSD * (%) Content (mg/g) RSD (%)
sennoside B 5.34+0.03 1.04 5.33+0.04 1.77
sennoside A 10.42+0.05 0.93 10.40+0.05 1.32
“RSD(%)=100xSD/mean
Table 3
Recovery of the UHPLC analysis (mean + SD, n=6)
C ‘ Amount detected in sample dded t(C ) Amount detected in the mixture of sample R %)
omponents , ecove
P RhO3 (Csam, mg) acded amount (radd, MG RhO03 and added component (Cget, mg) e
sennoside B 2.65+0.02 2.62+0.06 5.26 +0.03 99.62 +1.14
sennoside A 5.17+£0.01 5.11+£0.07 10.30 £ 0.05 100.39 £ 0.98
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Table 4

Analyzing the results of different samples (mg/g, mean + SD, n = 3)

Analytical Methods

sample number sampling site sennoside B (mg/g) sennoside A (mg/g) Total content (mg/g)
Rheum.tanguticum Maxim.ex Balf.

Rh 01 Sichuan, Zoige county 4.67+0.09 9.96=+ 0.04 14.63+0.13
Rh 02 Sichuan, Zoige county 4.06+ 0.06 9.32+0.05 13.38+0.11
Rh 03 Sichuan, Zoige county 5.34+£0.04 10.42+0.03 15.76+0.07
Rh 04 Sichuan, Zoige county 4.86+0.05 10.26+ 0.04 15.12+0.09
Rh 05 Sichuan, Taopin county 5.01+0.03 9.96=+0.05 14.97+0.08
Rheum.palmatum L.

Rh 06 Gansu, Qingyang city o - -

Rh 07 Gansu, Tianshui city -- -- --

Rh 08 Gansu, Li county 0.2740.04 0.61+0.03 0.88+0.07
Rh 09 Gansu, Zuanglang county ~ 0.354 0.02 0.52+0.01 0.87+0.03
Cassia angustifolia Vahl.

Ca0l1 Yunnan, Zhaotong county ~ 5.32+ 0.05 6.01+0.02 11.33£0.07
Ca02 Yunnan, Zhaotong county ~ 5.18+ 0.04 6.14+0.05 11.32+0.09
Diet drugs (Paidu Yangyan capsule)

Ph 01 Beijing city 0.26+0.07 0.33+0.04 0.59+0.11
Ph 02 Beijing city 0.17+£0.06 0.25+0.03 0.42+0.09

--* <LOQ: Limit of quantification was not reached.
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The influence of analytical parameters on the chromatographic separation
efficiency were systematically investigated, and the optimized parameters were
obtained. A simple UHPLC method was applied to simultaneous quantification of
sennoside A and sennoside B in laxatives.

©CoO~NOUTA,WNPE

SI:,ERS;;:‘.




