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ABSTRACT KEYWORDS

Establish a quantitative analysis of multi-components by the single marker (QAMS) method for quality Linderae Reflexae Radix;
evaluation and validate its feasibilities by the simultaneous quantitative assay of four main components pinostrobin; Quantitative
in Linderae Reflexae Radix. Four main components of pinostrobin, pinosylvin, pinocembrin, and 3,5- analysis multi-components
dihydroxy-2-(1-p-mentheneyl)-trans-stilbene were selected as analytes to evaluate the quality by RP-HPLC DY single marker
coupled with a UV-detector. The method was evaluated by a comparison of the quantitative results

between the external standard method and QAMS with a different HPLC system. The results showed that

no significant differences were found in the quantitative results of the four contents of Linderae Reflexae

Radix determined by the external standard method and QAMS (RSD <3%). The contents of four analytes

(pinosylvin, pinocembrin, pinostrobin, and Reflexanbene ) in Linderae Reflexae Radix were determined

by the single marker of pinosylvin. This fingerprint was the spectra determined by Shimadzu LC-20AT and

Waters e2695 HPLC that were equipped with three different columns.
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Introduction these components is necessary. In fact, the short supply of

reference substance and the high cost make the multiple detec-
tion unfeasible. So, it is urgently needed to develop a simple,
economic way to control the multi-components by one

Chinese Herbal Medicine (CHM) contains multi-components,
and the quality of CHM is highly related to its major active
constituents; thus, in most cases, a quantitative analysis of
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marker. Wang proposed a new quality evaluation method for
CHM, using one chemical reference substance to calculate
multi-components simultaneously; the method was called
quantitative analysis of multi-components with single marker
(QAMS),™ and it needed only one reference, which was both
economical and available. Commonly, QAMS was proceeded
by high-performance liquid chromatography coupled with a
UV-detector (HPLC-UV), which was the most frequently used
method in the quality control of CHM.>*! The quantity
assessment of Panax Ginseng and Panax notoginseng by ginse-
nosides (ginsenoside Rgl, Re, Rf, Rhl, Rbl, Rc, Rb2, Rb3, Rd)
was performed successfully by this method.! At the same
time, four flavones in Radix Scutellariae were also simul-
taneously determined by QAMS.”! In Chinese pharmacopoeia
(2015 edition), the content of tanshinone IIA and crypto-
tanshinone was determined with tanshinone I by this
method in the crude drugs of Salvia miltiorrhizae radix et
rhizome.®’

Linderae Reflexae Radix originates from the root of Lindera
reflexa Hemsl; it is a newly discovered herbal drug, and there
has been no record of its use in classical literature. Now, it is
listed in the Dictionary of Chinese Medicine and is used for
the treatment of gastritis and peptic ulcer.”! Linderae Reflexae
Radix is the main material of Chinese patent medicine called
“Weitongning Tablets,” which is the pill that is used for treating
peptic ulcer and has been used in clinical practice for a few
years. The quality of the drug was controlled by determining
the content of pinostrobin, pinosylvin, or pinocembrin.!®?!
Recently, one new component was isolated from this drug by
our lab; the new component was named as 3,5-dihydroxy-2-
(1-p-mentheneyl)-trans-stilbene,!'® and it has a high content
in this crude drug. The four purified components found it
difficult to get the standard reference from the market, so it
is necessary to set up a simple and effective method to control
the quality of multiple components by one marker.

In this article, a quantitative method for simultaneously
determining the four analytes in Linderae Reflexae Radix was
developed by the QAMS method. Pinostrobin was chosen as
the internal standard; the relative correction factors (RCF) of
the other three analytes were determined, and then, their con-
tent was calculated according to RCF. On the other hand, to
validate the accuracy of the QAMS method, the contents of
pinostrobin were authentically determined by the external
standard method to compare the results determined by QAMS.

Experimental
Reagents and chemicals

The Linderae Reflexae Radix was collected from Xinxian,
Henan province, in August 2010; the roots of Lindera reflexa
Hemsl were taken and chopped into pieces. All the samples
were identified by professor Chen, and the voucher specimens
were deposited at Pharmacy College of Henan University of
Traditional Chinese Medicine.

Standard references of pinostrobin, pinosylvin, pinocem-
brin, and 3,5-dihydroxy-2-(1-p-mentheneyl)-trans-stilbene
(names as Reflexanbene I) were isolated from Linderae
Reflexae Radix in our lab. All were identified by "H-NMR,
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Figure 1. Chemical structure of four analytes. 1. Pinosylvin 2. Pinocembrin 3.
Pinostrobin 4. Reflexanbene I.

I3C.NMR, HSQC, and HMBC, and their purity was more than
98%!'%); the chemical structure of the four analytes is shown in
Figure 1. The mass spectrum of each peak fraction from the
sample was identified by LC-ESI-MSn experiments that were
performed on a Thermo Fisher LTQ-Orbitrap XL Hybrid mass
spectrometer (Thermo Fisher Scientific, Bremen, Germany)
that was equipped with an electrospray ionization (ESI) source
connected to the UHPLC instrument. Methanol was HPLC
grade (TEDIA, USA), and others reagents were analytical grade
(Shield, Tianjin). Deionized water was purified with a Milli-Q
Academic ultra-pure water system (Billerica, MA, USA).

Apparatus

A Shimadzu LC-20AT HPLC system is equipped with an
SPD-20A UV-detector and a CBM-102 workstation. A Waters
€2695 HPLC system consists of a DAD detector, a quota
pump, and the workstation was supplied by the manufacturer.

Relative correction factors calculation

Within the linear range, the concentration of one component is
in direct proportion to the response of the detector; the
equation is W=f, (W is concentration, A is the peak area).
In case of the quality assessment of multi-components of
TCM, the characteristics component that has an economical
reference standard is used as the internal standard; then, the
RCF of test components to the characteristic component
is established; finally, the contents of test components is
calculated by their RCF. The equation is as follows:

fk o (Wk X AS)
(WS XAk)

A

From the earlier formula

frss =

_ (Wk X AS)
(s X Ax)

where A, is the peak area of the reference standard, Wi is the
concentration of the reference stardard, Ay is the peak area of
the test component K, Wy is the concentration of the test
component, f; is the RCF of the reference standard, and f; is
the RCF of the test component.

W
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Table 1. Gradient elution of mobile phase.
Time(min) Mobile phase(CH3;0H:H,0)
0~15 25:75~70:30
15~50 70:30~100:0
50~65 100:0
65~90 (column balance) 100:0~25:75

Standard solution preparation

The stock standards of pinostrobin, pinosylvin, pinocembrin,
and Reflexanbene I were accurately weighed, then dissolved
in methanol, and mixed; the standard solution contained
0.502, 0.418, 0.103, and 0.505 mg/mL, respectively.

Sample solution preparation

Approximately 3.0 g of sample powders of Linderae Reflexae
Radix were accurately weighed and extracted with 12 times
the amount of 70% ethanol; ultrasonic extraction was con-
ducted for 1h; the extraction was repeated thrice; and the
combined filtrate was evaporated to dryness. The accurately
weighed 0.100 g was extracted, dissolved in methanol, filtered,
and diluted to 50 mL with methanol. The solution was strained
through a filter with 0.45-um pores and was used as the sample
solution.

HPLC condition

The Shimadzu HPLC system: column: phenomenex luna C18
(51, 250 x 4.60 mm), wavelength: 297 nm, oven temperature:
30°C, flow: 1.0 ml/min, injection: 10 pl; the mobile phase was
performed as indicated in Table 1. The chromatograms of
the standard solution and the sample solution are shown in

Figure 2. The mass spectrum of each peak of the sample is
shown in Figure 3. The ESI source parameters were set as fol-
lows: ion spray voltage, 4.5kV; capillary temperature, 350°C;
capillary voltage, 15V; tube lens voltage, 80 V. sheath (N2);
and auxiliary gases (He) flow rate, 25 and 3 arbitrary units,
respectively. The Orbitrap mass analyzer was operated in the
positive ion mode, with a mass range of 80-2000. Accurate
mass analyses were calibrated according to the manufacturer's
guidelines using a standard mixture solution of caffeine,
MRFA, and Ultramark 1621.

Results and discussion
Calibration and validation

Calibration

The prepared standard solutions of 4, 8, 10, 15, and 20 pl were
injected; the standard curves for each component were plotted
by using linear regression of the peak area versus con-
centration. The coefficient of correlation (R?) was used to
judge the linearity. The calibrations are shown in Table 2.

RCF calculation

Using pinostrobin as an internal standard to calculate the RCF
of pinosylvin, pinocembrin, and Reflexanbene I to pinostro-
bin, the results are shown in Table 3.

Intro-day precision and inter-day precision

One sample solution was injected continuously for six times in
one day to test the intro-day precision. The peak areas of
pinostrobin, pinosylvin, pinocembrin, and Reflexanbene I
were calculated; the RSDs were 1.49, 1.74, 0.97, and 1.04%,
respectively. In addition, one sample solution was injected
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Figure 2. Chromatograms of four mixed reference standards (a) and samples of Linderae Reflexae Radix (b) 1. Pinosylvin 2. Pinocembrin 3. Pinostrobin 4.

Reflexanbene I.
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Figure 3. The mass spectrum of the compound separated from the sample of Lindera Reflexa Radix. Peak 1 in Figure 3: positive ESI-MS, [M+H]" 213.09079 (C;4H130,),
ESI-MS?, [M++H]™ 135.04395 (CgH,0,), [M+H]™ 107.04903 (C;H,0) Peak 2 in Figure 3: positive ESI-MS, [M+H]" 257.08072 (C;5H1304), ESI-MS, [M++H]™ 131.04895 (CoH,0),
[M-FH]™ 153.01801 (C;H50,) Peak 3 in Figure 3: positive ESI-MS, [M-+H]™ 271.09637 (C;6H1504), ESI-MS?, IM++H]T 131.04897 (CoH-0), IM+H] ™ 167.03365 (CgH,0,) Peak 4 in
Figure 3: positive ESI-MS, [M+H]" 349.21625 (Co4H»005), ESI-MS?, IM+H]™ 137.13217 (CyoHs), IM+HIT 213.09065 (C14H1305), IM4-H]T 225.09065 (C15H1305).

three times for five consecutive days to test the inter-day pre-
cision; the peak areas of pinostrobin, pinosylvin, pinocembrin,
and Reflexanbene I were calculated, and their RSDs were 2.03,
3.50, 3.74, and 2.58%, respectively.

Stabiltity

One sample solution was injected into HPLC at 0, 2, 4, 8, 16,
24, and 48h to investigate the stability of the sample. The
peak areas of pinostrobin, pinosylvin, pinocembrin, and

Table 2. Calibration data of four standards.

Analyte Regression equation r Linear range/ug
Pinostrobin Y =3219100X-82041 0.9999 0.502-2.51
Pinosylvin Y =8945400X+139453 0.9994 0.418-2.09
Pinocembrin Y =3619700X-41046 0.9999 0.103-2.425
Reflexanbene | Y =3737600X-40686 0.9999 0.505-2.525

Reflexanbene 1 were calculated; their RSDs were 2.24, 2.57,
1.31, and 0.95%, respectively.

Repeatability
The repeatability was evaluated by performing six reduplicate
experiments of the extraction method, and the six test

Table 3. Relative correction factors.

f1 f2 f3
Injection Pinosylvin/ Pinocembrin/ Reflexanbene
volume (pl) pinostrobin pinostrobin I/pinostrobin
4 0.334 0.858 0.824
8 0.345 0.880 0.853
10 0.346 0.882 0.855
15 0.348 0.881 0.854
20 0.356 0.885 0.856
Average 0.346 0.877 0.848
RSD (%) 2.28 1.24 1.61
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Table 4. Results comparison between external standard method and QAMS.

Table 6. The pinostrobin content determined by different instruments (%).

Pinosylvin Pinocembrin Reflexanbene Instrumentation Waters e2695 Shimadzu LC-20AT
(%) (%) | (%) Column Phenomenex Agilent phenomenex Agilent
Test Pinostrobin External External External Sample luna Elite TC- luna Elite TC- RSD
solution (%) QAMS method QAMS method QAMS method number Cc18 c18 (18 C18 c18 (18 (%)
1 487 2.74 2.78 0.99 0.94 5.53 5.54 1 4.87 489 475 4.84 483 472 140
2 4.72 2.75 2.79 0.99 0.95 5.50 5.51 2 4.72 478 4 4.76 478 469 081
3 483 2.69 273 0.97 0.93 5.54 5.55 3 4.83 491 477 4.80 485 474 126
o ! : b 4 9.56 9.65 9.49 9.59 960 9.52 060
Note: QAMS, titat I f multi- ts with | ker.

ote: Q quantitative analysis of multi-components with single marker 5 058 068 951 051 965 955 075
6 9.63 9.68 9.55 9.58 963 947 077

solutions were injected into the HPLC system. The peak areas
of pinostrobin, pinosylvin, pinocembrin, and Reflexanbene I
were calculated; their RSDs were 2.35, 1.50, 1.34, and 2.17%,
respectively.

Recovery

Six extraction samples were accurately weighed and dissolved
in methanol; then, the known content of the three standard
solutions was spiked into six sample solutions. The content
of pinostrobin, pinosylvin, pinocembrin, and Reflexanbene I
in the six test solutions was calculated; their recoveries were
99.48, 100.72, 99.51, and 99.42%, respectively, and their RSDs
werel.72, 1.82, 2.10, and 1.65%, respectively.

Contrast of QAMS method and external standard
method

The external standard method was also performed to compare
the result with the QAMS method. The external standard
method was used to verify the accuracy of the QAMS method;
the results are shown in Table 4. No significant differences
were found in the quantitative results of the three contents,
and the RSDs were within 3%.

RCF stability study

RCF calculation with different column

Three columns of Phenomenex luna C18(5y, 250 x 4.60 mm),
Elite C18(5u, 250 x 4.60mm), and Agilent TC-C18 (5,
250 x 4.60 mm) were chosen to compare the differences of
RCF; the standard solutions of 4, 8, 10, 15, and 20 pl were
injected into the HPLC system; and the results are shown in
Table 5.

RCF calculation with different instruments

Six sample solutions were chosen to determine the content of
pinostrobin, pinosylvin, and pinocembrin by the HPLC
instrument of Waters €2695 and to compare it with the
content determined by Shimadzu LC-20AT; meanwhile, the

Table 5. RCF calculated with different columns.
f1 2 f3
Pinosylvin/ Pinocembrin/ Reflexanbene 1/

Column pinostrobin pinostrobin pinostrobin
Phenomenex lunaC18 0.346 0.877 0.848
Elite C18 0.351 0.885 0.861
Agilent TC-C18 0.342 0.871 0.841
RSD (%) 1.30 0.80 1.19

Note: RCF, relative correction factors.

Table 7. The pinosylvin content determined by different instruments (%).
Waters e2695 Shimadzu LC-20AT

Instrumentation

Column Phenomenex Agilent Phenomenex Agilent

Sample luna Elite TC- luna Elite TC- RSD
number 18 18  C18 18 18  C18 (%)
1 2.74 280 271 274 283 272 173
2 2.75 276 272 2.76 275 275 054
3 2.69 273 271 2.66 270 273 098
4 5.61 564 558 5.64 561 555 0.63
5 5.48 551 545 5.48 553 547 052
6 5.88 595 594 5.90 594 591 047

two instruments were equipped with three different columns,
respectively. The QAMS method was used to calculate the
content; the results are shown in Tables 6-9.

Retention time difference of target peaks

The main problem of the QAMS method is how to accurately
locate the remaining three target peaks of pinosylvin,
pinocembrin, and Reflexanbene I by only one single reference
substance of pinostrobin. To solve this problem, the retention
time difference and the retention time ratio were introduced;
the two parameters could be used as the position markers of
the other three target peaks. At the same time, three different
columns from two different HPLC instruments were

Table 8. The pinocembrin content determined by different instruments (%).

Instrumentation Waters 2695 Shimadzu LC-20AT

Column Phenomenex Agilent Phenomenex Agilent

Sample luna Elite TC- luna Elite TC- RSD
number 18 18 C18 18 18 18 (%)
1 0.99 098 0.95 0.98 1.01 096 218
2 0.99 099 1.02 0.97 098 1.00 174
3 0.97 095 1.01 0.95 096 1.01 288
4 1.62 163 1.60 1.65 165 161 127
5 1.79 1.76 1.81 1.76 1.75 183 1.80
6 1.84 181 1.85 1.86 181 180 136

Table 9. The Reflexanbene | content determined by different instruments (%).

Instrumentation Waters e2695 Shimadzu LC-20AT

Column Phenomenex Phenomenex Agilent

Sample luna Elite Agilent luna Elite TC-  RSD
number Cc18 C18 TC-C18 Cc18 18 (18 (%)
1 5.53 558 5.46 5.50 545 542 1.07
2 5.50 546 551 5.48 542 555 0381
3 5.54 561 545 5.59 548 552 1.12
4 11.48 11.60 11.52 11.45 1150 1157 049
5 11.23 11.25 11.10 11.28 11.20 11.13 0.63
6 1099  10.94 10.90 1093  10.86 11.01 0.51




Table 10. Retention time difference of the three components.

Retention time difference (min)

Instrumentation Column t1-t3 1213 t4-13
Waters 2695 Phenomenex luna C18  —8.35 —5.88 11.24
Elite C18 —8.46 —5.94 11.48

Agilent TC-C18 —8.63 —5.82 11.10

Shimadzu SPD-20 Phenomenex luna C18  —8.57 —6.07 11.23
Elite C18 —8.55 —6.18 11.35

Agilent TC-C18 —8.71 —5.66 11.05

Average —8.54 —5.97 11.24

RSD (%) 1.48 2.18 1.40

Table 11. Retention time ratio of the three components.
Retention time ratio

Instrumentation Column t1/t3 t2/t3 t4/t3
Waters e2695 Phenomenex lunaC18 0.70 0.78 1.41
Elite C18 0.65 0.72 1.36

Agilent TC-C18 0.73 0.84 1.51

Shimadzu SPD-20 Phenomenex lunaC18 0.72 0.83 1.45
Elite C18 0.61 0.66 1.31

Agilent TC-C18 0.75 0.88 1.52

Average 0.69 0.79 1.43

RSD (%) 5.32 8.24 8.31

investigated to verify the two parameters; the result is shown
in Tables 10 and 11, which indicate that the retention time
difference is more accurate. Thus, the retention time difference
was chosen to be another position marker of the target peaks
when the reference was unavailable.

Discussion

Pinostrobin was chosen as the internal standard, because it
was completely separated from pinosylvin and pinocembrin,
and its resolution was more than 1.5. At the same time, the
content of pinostrobin was more than 4%; a large amount of
high-purity pinostrobin was isolated from Linderae Reflexae
Radix to ensure its use for determination.

In this study, the feasibility and applicability of the QAMS
method was explored; the accuracy, stability, and repeatability
of this method were also verified. It is clear that the QAMS
method can be a quantitative method for simultaneously
determining the three analytes in Linderae Reflexae
Radix for quality control; the contents of pinosylvin and
pinocembrin were determined through the RCF to
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pinostrobin. It is feasible to control the quality of Linderae
Reflexae Radix by determining the multi-components by one
marker of pinostrobin when short of the reference substances
of pinosylvin and pinocembrin. In addition, the QAMS
method is a helpful one for improving the quality control
not only for Linderae Reflexae Radix but also for other com-
plex herbal drugs.
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