
RAPID QUALITATIVE AND QUANTITATIVE ANALYSES OF TEN ACTIVE COMPONENTS FROM
BUFEIYISHEN BY UPLC-Q-ORBITRAP MS

HUANG HAIYINGA,B, KANG JUNLIA, SUN YINGB, MENG XIANGLEC, ZHAO PENGB, FENG SUXIANGA,B, LI JIAN-
SHENGB,

aDepartment of Pharmacy,Henan University of Traditional Chinese Medicine, Zhengzhou 450046, China -
bCollaborative Innovation Center for Respiratory Disease Diagnosis and Treatment & Chinese Medicine
Development of Henan Province, Zhengzhou 450046, China - cThe First Affiliated Hospital of Henan
University of Traditional Chinese Medicine, Zhengzhou 450046, China

Introduction

BufeiYishen formula (patent:
ZL.201110117578), including twelve medicinal
herbs, is specially prescribed for chronic obstruc-
tive pulmonary disease (COPD) patients with lung-
kidney qi deficiency syndrome(1). Previous studies
demonstrated that BYF had the potential to allevi-
ate COPD symptoms by reducing the exacerbation
frequency, delaying acute exacerbation, and
improving pulmonary function and exercise capaci-
ty of COPD patients(2-4).

System biology analysis of anti-COPD mecha-
nisms of BYF showed that BYF achieved its ame-
liorative effect over COPD probably by regulating
immune response, inflammatory response, lipid
metabolism, etc(5.6). However, little is known about
the qualitative and quantitative analyses of the
active compounds in BYF.

In recent years, the LC-MS/MS method has
become the most powerful tool for quantitative
analysis of plant constituents due to its high sensi-
tivity, selectivity, and easy maneuverability(7).
Orbitrap is the newest instrument for high-resolu-
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ABSTRACT

Introduction: Bufei Yishen formula (BYF) has been extensively applied in clinical treatment of chronic obstructive pul-
monary disease (COPD) and provides an effective treatment strategy for the syndrome of lung-kidney qi deficiency in COPD
patients. The aim of our study is to establish a rapid and integrated method for rapid qualitative and quantitative analyses of
active compounds from bufeiyishen by UPLC-quadrupole-Orbi- trap mass spectrometry( UPLC-Q-Orbitrap MS).

Materials and methods: UPLC-Q-Orbitrap MS method was used to establish a rapid method for simultaneous identifica-
tion and quatification of active components in BYF. The confirmed method was applied to the analysis of active components in
BYF. 

Results: A total of 10 active compounds were identified unambiguously by comparing the retention times and the exact m/z
ratio in the full scan MS mode of the authentic standards with the sample. This method was validated by LODs, LOQs, precision,
repeatability, stability, mean recovery, recovery range and RSD. The results indicate that all of the analytes in the sample solution
were stable for 12 h. 

Discussion: The UPLC-MS/MS method was simple, fast, and showed good linearity, precision, and recovery for determina-
tion of the 10 major constituents. Furthermore, the modified UPLC-MS/MS method was applied for the quality evaluation of the
quantitative determination of 10 compounds could be suitable for the quality control of three batches of BYF samples, which will
facilitate its clinical usage and quality control.
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tion mass spectrometry (HRMS), which is capable
of reaching a resolving power in excess of
10,00,000 (FWHM, full width half maximum)(8). It
was proved that higher mass resolution can provide
improved selectivity in complex sample matrices(9).
Moreover, High resolution hybrid quadrupole-
Orbitrap mass spectrometry (Q-Orbitrap MS) tech-
nology(10) offers advantages in analytical sensitivity
and specificity over other techniques and can also
simultaneously perform qualitative and quantitative
analyses.

In the present work, we established a rapid and
integrated method for Rapid qualitative and quanti-
tative analyses of active components compounds
from bufeiyishen by UPLC-Q-Orbitrap MS.

Material and methods

HPLC-grade acetonitrile, formic acid, and
methanol were obtained fromFisher Scientific
(Loughborough, UK). Water was purified by using
a Milli-Q system (Millipore, Billerica, MA, USA).
Ethanol was purchased from Beijing Chemical
Reagent Co., Ltd. (Beijing, China). Reference stan-
dards of ginsenoside Re, ginsenoside Rb1, ginseno-
side Rg1, Astragaloside IV, Peimine, Schisandrin B,
Icariin, Hesperidin,Naringin, Paeoniflorin were pur-
chased from the National Institute for the Control
of Pharmaceutical and Biological Products
(Beijing, China). All standards were of at least 98%
purity and were suitable for UHPLC-LTQ-Orbitrap
analysis. Three batches of BYF (Med-drug Permit
No. 20180426, 20180508 and 20180603) were
obtained from The First Affiliated Hospital of
Henan University of Traditional Chinese
Medicine(Zhengzhou, China)

The powder of 1g BYF granule was accurately
weighed and extracted with 500 mL 50% methanol
in an ultrasonic water bath for 60 min at room tem-
perature, and then centrifuged at 12000 r/min for 10
min to get the supernatant. Respective standard
stock solutions of 10 components (ginsenoside Re,
ginsenoside Rb1, ginsenoside Rg1, Astragaloside
IV, Peimine, Schisandrin B, Icariin, Hesperidin,
Naringin and Paeoniflorin ) were prepared at con-
centrations of 50 ng/mL by weighing the desired
amount of each component into a volumetric flask
and dissolving it in 50% methanol. All the samples
were filtered through 0.22μm nylon membrane fil-
ters and analyzed directly by UHPLC-LTQ-
Orbitrap.

Sample analyses were performed on a Thermo
UHPLC system (Thermo Fisher Scientific, San
Jose, CA, USA) equipped with a binary pump, an
online degasser, a thermostated autosampler, a ther-
mostatically controlled column compartment, and a
diode array detector (DAD). The auxiliary gas and
sheath gas were set to flow rates of 10 and 35(arbi-
trary units)bar, respectively; capillary temperature,
350℃. The auxiliary gas temperature, 200℃, spray
voltage, 3.5 kV; tube lens voltage, 120 V. The reso-
lution was 70,000 (FWHM at 200 m/z). The auto-
matic gain control target was set at 3.0e6 with a
maximum injection time of 200 ms. The full MS
scan ranges were set from 100 to 1500 m/z.
Samples were analyzed in the positive and negative
ion modes, separately. 

Chromatographic separation was performed
on a reverse-phase column Phenomenex kinetex
C18 column C18 column (2.1 × 100 mm, 2.6μm)
maintained at 25℃. The mobile phases A and B
comprised 1‰ formic acid in water and acetoni-
trile, respectively. The following linear gradient
was used: 0.0-2.0 min: 5% B; 2.0-12.0 min: 5-
100% B;12.0-15.0 min:100% B. The flow rate was
set to 0.3 mL/min, and the injection volume was
5μl. The on-line UV spectra were recorded in the
range of 200-400 nm.

The UHPLC-Q-Orbitrap MS was validated
with respect to linearity, sensitivity, accuracy, sta-
bility, precision, reproducibility and recovery.

Determination of linearity, LOD and LOQ
Calibration curves were established through the

peak area of each authentic standard based on the
least-squares linear regression model. The linearity
of all calibration curves was evaluated by the corre-
lation coefficients. For each authentic standard, the
limit of detection (LOD) is defined as the concentra-
tion of the required authentic standard which can
produce a signal equal to the background plus three
times the standard deviation of the blank. The limit
of quantification (LOQ) was estimated by injecting a
series of increasingly dilute standard solutions until
the signal-to-noise ratio decreased to 1011.

Reproducibility and stability
The precision was evaluated by intra-day and

inter-day variability. The relative standard devia-
tions (RSDs) were used as an indicator of precision.
The accuracy of this method was determined by the
recovery test. The samples were spiked with one
concentration level of the known amounts of 10



authentic standards. The spiked samples of the con-
centration were analyzed in triplicate. The recovery
was determined by comparing the amount of the
analytes added to the sample detected by UHPLC-
Q-Orbitrap MS. The RSDs were used in the evalua-
tion of the reproducibility and the acceptance crite-
rion was a maximum of 5.0% deviation. The stabili-
ty of the sample solution and standard solutions
(stored at 4 °C) were tested at room temperature on
three consecutive days. Injections were performed
at 0, 2, 4, 8, 12 h. The variations were expressed as
relative standard deviations.

Results and discussion

Method validation
All of the 10 authentic standards were indicat-

ed in Table 1.

All calibration curves of the 10 analytes and
their performance characteristics are presented in
Table 2. The correlation coefficients of all of the
standards were more than 0.99, which showed that
all calibration curves were linear over the entire
calibration range. The LOD and LOQ ranged from
1.32 to 3.33 µg/L and from 4.72 to 11.6 µg/L.
respectively (Table 2), demonstrating that the cho-
sen method was sensitive enough to detect the trace
constituents in BYF.The precision, reproducibility,
stability and accuracy of the 10 analytes are sum-
marized in Table 2. The RSD values of the preci-
sion and Stability ranged from 1.7% to 2.5% and
from 1.8% to 2.8%, respectively.which indicates
that all of the analytes in the sample solution were
stable for 12 h. 

The recoveries of the 10 analytes ranged from
97.5% to 102.6%. The mean recoveries were all
above 97.65% and below100.01% with RSDs less
than 2.1%.

These results show that the established method
has good linearity, precision, reproducibility, stabil-
ity, accuracy, and sensitivity for all compounds in
the simultaneous assay of the 10 compounds stud-
ied in BYF.

Identification of active compounds in BYF
We established that the rapid and validated

analytical method by UHPLC-Q-Orbitrap MS was
efficient for the quantification of the 10 active com-
pounds in BYF. Fig. 1 shows the extracted ion
chromatograms of mixed standards of the 10 com-
pounds in BYF under the optimal UPLC-Q-
Orbitrap MS conditions. The content of each com-
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Table 1: The performance characteristics of 10 authentic
standards.

Table 2: Summary of calibration parameters, LOD,
LOQ, precision, repeatability, stability, mean recovery,
recovery range and RSD for the 10 authentic standards
(n = 3).

Fig. 1: The ion chromatograms of mixed standards of 10
authentic standards under theoptimalUHPLC-Q-Orbi-
MScondition. 1 Paeoniflorin, 2 Peimine, 3 Hesperidin, 4
Icariin, 5 Naringin, 6 Ginsenoside Re, 7 Ginsenoside
Rg1.



pound was calculated by the respective calibration
curve, and the quantification results from three par-
allel determinations are shown in Table 3. The total
ion chromatograms (Fig. 2-3) provide a relatively
integrated frame of the metabolomic analysis.

A total of 10 active compounds were identified
unambiguously by comparing the retention times
and the exact m/z ratio in the full scan MS mode of
the authentic standards with the sample. The Q-
Orbitrap MS, a powerful high-resolution mass spec-
trometer, has the capability of simultaneous qualita-
tive and quantitative analysis. 

The method was successfully applied to quan-
tify the contents of the 10 major constituents in
BYF. the content of Hesperidin was the highest,
Astragaloside IV was lowest. This method may lay
foundation for the quality control of BYF.

Conclusion

In this study, a method based on UPLC–Q-
Orbitrap MS was established for identifying multi-
ple components in BYF. A UPLC-MS/MS method
was modified for simultaneous determination of 10
active compounds in BYF. The UPLC-MS/MS
method was simple, fast, good linearity, precision
and recovery for the determination of 10 major con-
stituents. Furthermore, the modified UPLC-MS/MS
method was applied for the quality evaluation of
the three batches of BYF samples. The quantitative
determination of 10 compounds  could  be  suitable
for the quality control of BYF. We expect that all
these experiments would be helpful for better com-
prehension of the pharmacodynamic profile and in
vivo absorption situation of  BYF, which will facili-
tate its clinical usage and quality control.
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Batch Average

component 1 2 3

Paeoniflorin 4.188 4.327 4.061 4.192

Peimine 0.284 0.294 0.264 0.281

Hesperidin 6.465 6.285 6.51 6.42

Ginsenoside Re 0.555 0.591 0.579 0.575

Ginsenoside Rg1 0.463 0.472 0.439 0.458

Icariin 0.321 0.327 0.362 0.337

Ginsenoside Rb1 0.542 0.55 0.534 0.542

Astragaloside IV 0.022 0.025 0.02 0.022
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Table 3: Contents of 10 compounds in BYF (mg/g, n =
3).

Fig. 2: Total ion chromatogram (TIC) of BYF in positive
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Fig. 3: Total ion chromatogram (TIC) of BYF  in negati-
ve ion mode.
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