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Abstract—Alkaloids and lignans in Zanthoxylum armatum display important biological activities, but the
quanitification method of alkaloids has not been reported. In this study, an effective extraction method was
developed through an orthogonal design, and ten compounds in roots, stems, branches and leaves of Zan-
thoxylum armatum were simultaneously quantified by ultra-fast liquid chromatography—tandem quadrupole
mass spectrometry (UFLC—MS/MS). The roots, stems, branches and leaves of Z. armatum were ultrasoni-
cally extracted with methanol (solvent—to—sample ratio 100 : 1, v/w) for 10 min. An UFLC—MS/MS method
was developed with a gradient UFLC mobile phase and triple quadruple tandem mass spectrometry with
electrospray ionization in the positive ion mode. The method was validated for linearity, precision, repeat-
ability and accuracy. The limits of detection and quantification were within 0.01—7.5 and 0.04—30 ng/mL,
respectively. The root samples collected from Tian’e County were abundant in N-methylanhydrotetrahyd-
roberberrubine A, escholidine perchlorate and pinoresinol monomethyl ether, eudesminthe.
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Zanthoxylum armatum DC (Rutacea), Zhuyejiao in
Chinese, is an evergreen shrub or small tree of 3—4 m
height grown at the slopes and roadside under 2300 m.
It is widely distributed in the eastern, southern and
southwest China, such as Shaanxi and Gansu prov-
inces. In Chinese medicine, its roots and fruits are
employed to remedy the stomach ache, cold, head-
ache and rheumatoid arthralgia. The leaves are used
for alleviating the pain or swelling caused by injuries or
infection [1]. In previous studies, researchers con-
firmed that Z. armatum possesses many kinds of phar-
macological activities, including antinociceptive and
anti—inflammatory [2, 3], hepatoprotective [4, 5],
antimicrobial [6], anticancer [7, 8], anthelmintic [9,
10] and antioxidant [11, 12] activities. The phyto-
chemical studies showed that the chemical compo-
nents of Z. armatum were mainly alkaloids, lignans,
volatile oils and coumarins [10, 13—17].

The prominent bioactivities of Z. armatum are
closely related to its alkaloids and furofuran lignans.
Su [18] found that both of alkaloids and furofuran lig-
nans have potential anti-diabetes activities through
inhibition of a-glycosidase and o-amylase. Some of
alkaloids, isodecaline and dictamine, have obvious

anti-analgesic effects [ 18]. Other compounds, like pla-
nispine A and eudesmin, have potential antinocicep-
tive and anti-inflammatory activities [2].

In previous research, Li [19] developed an HPLC
method to determine the contents of four lignans in
Z. armatum from Gansu Province. Vinod Bhatt et al.
[20] developed an ultra performance liquid chroma-
tography with diode array detection coupled with
electrospray ionization quadrupole time-of-flight
tandem mass spectrometry (UPLC—DAD-ESI—
QTOF—-MS/MS) method to quantify and identify the
flavonoids, lignans, and coumarin in leaves of
Z. armatum. However, there is no report on the deter-
mination of alkaloids, which is closely related with its
bioactivity.

In this paper, a rapid and effective UFLC-—
MS/MS method was validated, which was successfully
employed to determine the content of six alkaloids and
four lignan compounds in roots, stems, branches and
leaves of Z. armatum from different harvest zones of
China.
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EXPERIMENTAL

Chemicals and materials. The dried roots, stems,
branches and leaves of Z. armatum were collected from
different places of production (Tian’e county of
Guangxi province, Wuyi Mountain of Fujian prov-
ince, Fuzhou of Fujian province, Jiangxi province,
Hunan province, China) and identified by vice Prof.
Jian—ping Tian of Hainan Medical University. Refer-
ence standards of isodecaline (1), 6-acetonyldihydro-
chelerythrine (2), N-methylanhydrotetrahydrober-
berrubine A (3), escholidine perchlorate (4), allocryp-
topine (5), dictamine (6), planispine A (7),
pinoresinol monomethyl ether (8), de-4'-o-methyly-
angambin (9) and eudesmin (10) were isolated and
purified by Prof. Guo. The structures of reference
standards were ensured by UV, NMR and MS analy-
sis, and their purity detected using HPLC with diode
array detector was over 98.0%. Their structures are
listed in Fig. 1.

Acetonitrile (HPLC grade) was purchased from
Merck (Darmstadt, Germany), and deionized water
was purified by a Cascada I'V super purification system
(Pall Corporation, NY, USA). Other reagent solutions
were analytical grade (Shanghai Chemical Reagent
Company, Shanghai, PR China).

Sample preparation. Eleven samples of Z. armatum
were ground into fine powder. Each aliquot (0.5 g) was
weighed precisely and extracted by ultrasonic with
50 mL of methanol for 10 min. The solution was fil-
tered through 0.22 um membrane and stored at —20°C
before use. A 5 UL of supernatant centrifuged at
13000 rpm for 10 min was injected into the UFLC—
MS/MS system for analysis.

Standard solutions. Ten isolated compounds iso-
decaline (1), 6-acetonyldihydrochelerythrine (2),
N-methylanhydrotetrahydroberberrubine A (3),
escholidine perchlorate (4), allocryptopine (5), dict-
amine (6), planispine A (7), pinoresinol monomethyl
ether (8), de-4'-o-methylyangambin (9) and eude-
smin (10) were precisely dissolved in methanol as a
mixed standard stock solution. The working standard
solutions were diluted from the mixed standard stock
solution with methanol. Berberine hydrochloride was
selected as the internal standard. All standard solu-
tions were filtered through 0.22 um membrane and
stored at —20°C till use. The supernatant of the stan-
dard solution (5 pL), after being centrifuged at
13000 rpm for 10 min, was injected for analysis.

Ultra-fast liquid chromatography conditions. The
determination was performed on a Shimadzu LC-20
AD UFLC system (Shimadzu, Tokyo, Japan) with a
binary pump solvent management system, a SIL-20A
HT autosampler, a CTO-20A column oven, and a
model DGU-20A;r online degasser. A Phenomenex
Kinetex 2.6u X-C18 100A column (2.1 X 50 mm) was
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employed with the column temperature of 40°C. The
mobile phase consisted of water containing 0.01% for-
mic acid (A) and acetonitrile containing 0.01% formic
acid (B) with a gradient programmed as follows: 0.00—
0.50 min, 2% B; 0.51—5.00 min, 40—75% B; 5.01—
6.00 min, 2% B. A 5 UL of supernatant was injected
with a flow rate of 0.45 mL/min.

Mass spectrometry conditions. An AB—SCIEX
API 4000* mass spectrometer (Toronto, Canada) was
interfaced via a Turbo V ion source with a Shimadzu
Prominence UFLC chromatographic system (Kyoto,
Japan). The AB—SCIEX Analyst software packages
were used to control the UFLC—MS/MS system, data
acquisition and processing. The mass spectrometer
was operated in the positive ion electrospray ioniza-
tion (ESI) mode with optimized multiple reaction
monitoring (MRM) mode for all the analytes. The
pneumatically nebulized ESI was achieved by using
inner coaxial nebulizer N, gas (GS1) at 35 psi through
a Turbo V ion spray probe, a high voltage of +5.0 kV
applied to the sprayer tip, and heated dry N, gas (GS2)
of 45 psi at 500°C from two turbo heaters adjacent to
the probe. A curtain N, gas (CUR) of 45 psi was
applied between the curtain plate and the orifice to
avoid solvent droplets from entering and contaminat-
ing the ion optics. The insource collision gas (CAD)
flow was set at level 8, and the parameters for MRM
were optimized for each analyte and the selected val-
ues are shown in Table 1.

Method validation. To establish the calibration
curves, a series of concentrations of mixed standard
solution were prepared from the stock solution. The
graph was plotted by the peak areas against the corre-
sponding concentrations. UFLC—MS/MS analysis
was using internal standard methods with available
reference standards. The limits of detection and
quantification (LOD and LOQ) were determined at
the signal to noise ratio (S/N) about 3 and 10,
respectively. The S/N of analytes was calculated as
the peak height divided by the background noise
value. To determine the precision of the developed
method, the intra- and inter-day variations were
tested by determining all analytes in six replicates
during a single day and by repeating the experiments
on three consecutive days. Variations of the concen-
trations were taken as the measure of precision and
expressed as percentage relative standard deviations
(RSD). Six independent analytical sample solutions,
extracted of the roots from Tian’e County, were
investigated to evaluate the repeatability of solution.
Stability was confirmed by analyzing one sample
solution stored at the room temperature (25°C), at 0,
2,4, 8, 12 and 24 h, respectively. Recovery test was
used to check the accuracy of the method. Adding
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Fig. 1. Structures of 10 compounds in Z. armatum. 1—isodecaline, 2—6-acetonyldihydrochelerythrine, 3—N-methylanhydrotet-
rahydroberberrubine A, 4—escholidine perchlorate, 5—allocryptopine, 6—dictamine, 7—planispine A, 8—pinoresinol
monomethyl ether, 9—de-4'-o-methylyangambin, 10—eudesmin.
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Table 1. Retention times (#g) and parameters for multiple reaction monitoring mode of analytes and internal standard (IS)

Compound tr, min [[M T HI, |Quantitationion, | 1\, | pp v | cp v | exp, v
m/z m/z
Isodecaline 3.07 320.1 277.0 120 10 49 16
6-Acetonyldihydrochelerythrine 4.28 406.0 348.1 60 8 22 22
N-Methylanhydrotetrahydroberberrubine A | 3.00 339.9 135.1 85 9.5 35.7 7
Escholidine perchlorate 2.86 341.1 135.1 88 10 36 7
Allocryptopine 2.69 370.1 195.9 80 5 22 12
Dictamine 2.59 200.1 129.1 87 8 44 6
Planispine A 3.53 427.3 235.1 70 8 11 15
Pinoresinol monomethyl ether 3.66 373.2 189.0 69 10 23 10
De-4'-0-methylyangambin 2.47 433.2 218.9 70 10 26 15
Eudesmin 2.74 3874 369.0 63 4 8 10
IS 2.39 337.1 321.1 89 10 41 7

known amounts of the 10 standards at low (80% of
the known amounts), medium (the same as the
known amounts) and high (120% of the known

amounts) levels, the spiked samples were then
extracted and analyzed in triplicate. The average
recovery percentage was calculated by the formula:

Recovery (%) = (Observed amounts — Original amounts)/Spiked amounts x 100%.

Optimization of extraction. To optimize the condi-
tions of ultrasonic extraction, the root from Tian’e
(0.5 g) was extracted. The conditions of solvent (A:
methanol, ethanol, 50% methanol, v/v), extraction
time (B: 10, 20, 30 min) and solvent-to-sample ratio
(C:25:1,50:1, 100 : 1, v/w) were optimized. All fac-
tors were tested through the orthogonal design (Ly3%)
and each of extraction was investigated in triplicate.
Then, the rest samples of roots, stems, branches and
leaves from different harvest zones were extracted
under the optimal extraction conditions. Each sample
(0.5 g) was weighed precisely and extracted by ultra-
sonic with 50 mL of methanol for 10 min. The
extraction solution was filtered through 0.22 um
membrane and stored at —20°C before use. A 5 UL of
supernatant centrifuged at 13000 rpm 10 min was
injected into the UFLC—MS/MS system for quantifi-
cation.

RESULTS AND DISCUSSION

Optimization of the chromatographic and mass
spectrometric conditions. To develop an effective anal-
ysis method, the separation conditions, mobile phase,
column temperature, flow rate, and gradient program
were optimized respectively. A shiseido capcell core
C;s column (2.1 x 50 mm, 2.7 um) was used for
10 compounds analytics, but the shape of peaks
tended to front extended. Waters XBridge HILIC col-
umn (2.1 X 100 mm, 3.5 um) and XBridge C,5 column
(2.1 x 100 mm, 3.5 um) were also tested, and the
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retention times of 10 compounds on former one were
all in 2 min and become longer on the another one. So
we finally selected the Phenomenex Kinetex 2.6u XB—
C18 100A column (2.1 X 50 mm), with the optimal
performance of retention time and peak shape. The
chromatograms of different combinations of the
mobile phase, such as methanol (containing 0.01%
formic acid)—water (containing 0.01% formic acid),
acetonitrile (containing 0.01% formic acid and 1 mM
ammonium acetate) — water (containing 0.01% for-
mic acid and 1 mM ammonium acetate) and acetoni-
trile—water (containing 0.01% formic acid and 1 mM
ammonium acetate), were obtained. The first combi-
nation had a low performance in peak shape, and the
others were not good at peak height. Finally, the
mobile phase consisting of water (containing 0.01%
formic acid) and acetonitrile (containing 0.01% for-
mic acid) was selected. To maintain fine column pres-
sure, the column temperature was set at 40°C, rather
than 30 or 35°C, and the flow rate was optimized at
0.45 mL/min, rather than 0.35 or 0.4 mL/min. The
UFLC—MS/MS chromatograms of 10 analytes are
shown in Fig. 2.

The conditions of mass spectrometry were set both
in positive and negative ion modes. However, some of
compounds cannot be determined in negative ion
mode, so positive ion mode was selected for detection.
Retention times and MS parameters for MRM of
compounds, including [M + H]"*, quantitation ions,
scan time, declustering potential (DP), entrance
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Fig. 2. LC—MS/MS chromatograms of standard (a) and the roots of Z. armatum from Tian’e (b). Names of compounds corre-

sponding to numbers /— 10 see above in the experimental part.

potential (EP), collision energy (CE) and collision cell
exit potential (CXP), are listed in Table 1.

Optimization of the extraction conditions. To select
the optimal extraction conditions, the yields of two
types of extraction were weighed and quantitatively
analyzed using evaluation indices £ and R through the
orthogonal (Ly3%) test. The parameters are shown in
Tables 2 and 3. The value of R (range) showed that fac-
tor A (solvent) was the most significant for the yields
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of two types of compounds, and factor B (extraction
time) was the least important among three factors.
The rank of importance for the overall two types of
ingredients was as follows: solvent > solvent-to-sam-
ple ratio > extraction time. According to the yields of
two types of components, methanol gave a higher yield
than other solvents, and extraction time of 10 min also
provided a great performance. The solvent-to-sample
ratio shows different effect of the yield for alkaloids
and lignans. To extract compounds completely, sol-

2020



464

Table 2. Orthogonal (L933) extraction results
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Yield, mg/g
No. A (solvent) B (extraction time) | C (solvent-to-sample ratio)
alkaloids lignans
1 A2 (EtOH) B1 (10 min) C2(50:1) 0.744 0.944
2 A3 (50% MeOH) B1 (10 min) C3(100:1) 1.123 1.585
3 Al (MeOH) B3 (30 min) C2(50:1) 1.194 1.644
4 A2 (EtOH) B3 (30 min) C3(100: 1) 0.854 1.037
5 Al (MeOH) B1 (10 min) Cl1(25:1) 1.055 1.529
6 A2 (EtOH) B2 (20 min) Cl(25:1) 0.849 1.066
7 Al (MeOH) B2 (20 min) C3(100: 1) 0.981 1.274
8 A3 (50% MeOH) B3 (30 min) Cl(25:1) 0.856 1.165
9 A3 (50% MeOH) B2 (20 min) C2(50:1) 0.955 1.457
Table 3. Analysis of orthogonal results
Index Yields of alkaloid, mg/g Yields of lignanoid, mg/g
kl 1.077 0.974 0.92 1.482 1.353 1.253
k2 0.816 0.928 0.964 1.016 1.266 1.348
k3 0.978 0.968 0.986 1.402 1.282 1.299
Rb 0.261 0.046 0.066 0.466 0.087 0.095
Table 4. Regression data of compounds
Compound Range, Linear regression equation Correlation | LOD, | LOQ,
P ng/mL g 4 coefficient | ng/mL | ng/mL
Isodecaline 1.6—400 |y =0.00438x + 0.00315 0.9949 0.5 1.6
6-Acetonyldihydrochelerythrine 0.04—-20 |y=0.083x+ 0.00241 0.9985 0.01 0.04
N-Methylanhydrotetrahydroberberrubine A 4—400 |y=0.0235x + 0.0747 0.9980 1 4
Escholidine perchlorate 1.6—400 |y =10.00379x + 0.00442 0.9989 0.5 1.6
Allocryptopine 4-800 |[y=10.00443x+0.013 0.9985 1 4
Dictamine 4—400 |[y=0.018x+ 0.0659 0.9976 1 4
Planispine A 15—1500 |y =7.13 x 10~x + 0.000225 0.9953 5.00 15.0
Pinoresinol monomethyl ether 30—3000 y=3.54 % 10=3x + 0.000302 0.9921 7.5 30
De-4"-0-methylyangambin 4—-800 [y =10.000296x + 0.000493 0.9988 1 4
Eudesmin 8—800 |y =0.00171x + 0.00311 0.9958 2.5 8
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 75 No. 4 2020
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Table 5. The results of precision and recovery tests
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Precision (RSD, %) Recovery, % (n = 3)
Compound intra-day |inter-day (RRSelg?E;ib;EYG) (RS]?)t,a;Bl?:zy= 6)

(n=6) | (n=18) mean RSD
Isodecaline 1.5 2.1 3.8 2.8 102.06 2.36
6-A-cetonyldihydrochelerythrine 3.6 4.8 5.1 2.6 99.20 1.06
N-Methylanhydrotetrahydroberberrubine A 3.0 2.3 4.8 1.7 102.55 1.27
Escholidine perchlorate 2.1 2.2 2.7 4.5 100.34 2.64
Allocryptopine 2.8 3.8 4.5 4.8 101.06 3.13
Dictamine 3.2 4.8 3.9 2.2 101.59 3.75
Planispine A 3.7 4.6 3.8 3.8 100.36 2.63
Pinoresinol monomethyl ether 2.4 4.7 4.4 3.2 101.53 2.72
De-4'-0-methylyangambin 3.1 4.0 3.0 1.8 100.22 2.26
Eudesmin 2.7 3.7 2.8 4.5 106.83 4.36

vent-to-sample ratio of 100 : 1 was selected. Finally,
100 : 1 of methanol for 10 min was chosen as the opti-
mal extraction condition of compounds from Z. arma-
fum.

Analytical method validation. The developed
UFLC—-MS/MS quantification method was validated
by linearity, LOD, LOQ, intra- and inter-day preci-
sion, stability, repeatability and accuracy. As shown in
Table 4, all compounds showed a good linearity (» >
0.9921). LODs and LOQs for all compounds were
between 0.01—7.5 and 0.04—30 ng/mL, respectively.
The RSD values of 10 compounds in intra-day (n = 6)
and inter-day (n = 18) variations, repeatability and
stability were less than 5% (Table 5). The mean of
recoveries were in range of 99.20—106.83% with RSDs
of 1.06—4.36%. All the results mentioned above indi-
cate that the established method is accurate and all the
values are within acceptable range.

Quantitative analysis of samples. The contents of
10 compounds in eleven samples of Z. armatum were
determined. The results are shown in Table 6. Alka-
loids were the main bioactive component in the root
samples, such as compounds 3 and 4. Compounds 1
and 2 were present in high concentration in stem sam-
ples. All the leaves samples had high content of lig-
nans, especially compounds 8, 9 and 10. In branches,
two types of compounds were both at low concentra-
tion. Compared of different harvest zone, samples
from Tian’e County obviously contained higher con-
tents of both alkaloids and lignans. The root from
Jiangxi province had highest content of compound 1
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and 7. Compound 10 was the major component in
sample from Wuyi Mountain. In recent study, alka-
loids were confirmed as the active ingredient for anal-
gesia [19], lignans were responsible for anti-inflam-
matory activity [2, 6]. This result may explain the tra-
ditional usage of Z. armatum root rather than stem and
leaf for alleviating pain and inflammatory disorders.

The results revealed that the concentrations of
alkaloids and lignans varied with different parts of
plant and different production region of Z. armatum. It
maybe related to their therapeutic effects. Therefore,
this UFLC—MS/MS method was necessary for quan-
tification of multi-components in Z. armatum for
quality control.

CONCLUSIONS

In this study, a rapid and effective ultrasonic
extraction method was developed. Ten compounds in
Z. armatum were simultaneously quantified by a vali-
dated UFLC—MS/MS method within 10 min. The
quantification results indicated the samples collected
from Tian’e County were abundant in alkaloids and
lignans. Lignans in leaves of Z. armatum from Tian’e
were the highest in all samples, particularly of com-
pounds 8 and 10 that may be the constituents respon-
sible of anti-inflammatory activity. Alkaloids, com-
pounds 3 and 4, could be the active ingredients of
analgesia. This study could offer a simple analytical
method for the quality control and chemical informa-
tion of Z. armatum.
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