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revealed by the qualitative fingerprint profiling
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Abstract

Background: Leonuri Herba (Yimucao) is a very common Chinese herbs for treating menstrual and maternal dis-
eases for thousands of years in China. However, the herb collected in different origins was easily found in the markets
which induce the unstable quality for clinic use. In this study, a comprehensive strategy of using multiple chromato-
graphic analysis and chemometric analysis was firstly investigated for chemical discrimination of Leonuri Herba from
different geographical origins.

Methods: UHPLC-QTOF-MS/MS was applied to identify the peaks of Leonuri Herba and chemical fingerprints

were established in 30 batches from different geographical origins. Meanwhile, dissimilarities of chemical composi-
tions among different origins were further investigated by principal component analysis and cluster analysis. And a
quantitative UHPLC-QTOF-MS/MS approach were established to investigate the potential marker for quality control of
Leonuri Herba.

Results: A total of 49 chromatographic peaks of Leonuri Herba were identified by UHPLC-QTOF-MS/MS. Leonuri
Herba were classified into four categories, and eight major compounds detected could be used as chemical markers
for discrimination. Also, the eight components, including leonurine, 4,5-dihydroxy-7-methoxyflavone, rutin, hypero-
side, apigenin, quercetin, kaempferol and salicylic acid, were simultaneously quantified using the extracting ion mode
of UHPLC-QTOF-MS/MS.

Conclusion: The current strategy not only clearly expounded the correlation between quality and geographical
origins of Leonuri Herba, but also provided a fast, accurate and comprehensive qualitative and quantitative method
for assessing the quality of Leonuri Herba.

Background

Leonuri Herba (Yimucao) is the aerial part of Leonu-

rus japonicus Houtt., which is a very common Chinese
*Correspondence: zzzhao@hkbu.edu.hk herb f . land 1 di Ith
*Kelly Yinching Lam and Yinghao Wang contributed equally to the work erb for treating menstrual and maternal diseases. It has
! School of Chinese Medicine, Hong Kong Baptist University, Hong Kong, been used for thousands of years in Chinese Medicine,

China _ o _ and it is recognized to be a non-toxic herb [1]. Leonurus
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japonicus Houtt. grows on wastelands of mountains and
plains, rand, grasslands and streamside. It was distrib-
uted or cultivated in all parts of China. The medicinal
materials are mainly produced in Henan (Songxian and
Luanzhou), Anhui (Liuan and Bengbu), Sichuan (Wenji-
ang), Jiangsu (Nanjing), Zhejiang (Fenghua) [2]. Besides,
it is also native to other countries such as Europe, North
America, Japan and Malaysia [3]. According to Chinese
Pharmacopoeia [4], the dried herb is collected in summer
before flowering and dried under the sun to obtain Herba
Leonuri. However, the herb collected in different stages
with the varied proportion of leaves and stems was easily
found in the markets which induce the unstable quality
for clinic use. Thus, the quality of this traditional Chinese
Materia Medica has already attracted public concern.
Leonuri Herba has plenty of pharmacological effects for
treating human diseases [5], especially in gynecopathy
[6], as well as other functions with its low toxic property
[7]. Thus, it has been using for a long time as traditional
Chinese medicine (TCM). A substantial number of stud-
ies have been conducted to investigate its active compo-
nents and related mechanisms [5].

Leonuri Herba is not a geo-authentic herb (daodi yao-
chai). It is difficult to determine the quality of Leonuri
Herba in different geographical origins. Furthermore,
different harvesting period of Leonuri Herba is also one
of the major factors affecting the quality. Nowadays,
Leonuri Herba at seedling stage is commonly used in
Hong Kong market while the mature one is widely used
in mainland China. These situations show the necessity
and importance to clarify which growing stage and geo-
graphical origins that should be chosen. There are around
140 compounds discovered in Leonuri Herba, alkaloids,
diterpenes and flavones are its main chemicals [1]. Apart
from leonurine and stachydrine, the studies of other
components such as diterpenes and flavones that moni-
toring the quality of Leonuri Herba is still deficient [3].
This leads to the significance of analyzing the quality of
Leonuri Herba by other chemical components.

In this study, we investigated whether and how the
quality of Leonuri Herba correlates with its geographi-
cal origins by combining UHPLC-QTOF-MS/MS-based
qualitative fingerprint profiling and quantitative deter-
mination of potential markers. The data obtained were
processed by multivariate statistical analysis, including
hierarchical cluster analysis (HCA), principal compo-
nent analysis (PCA) and supervised orthogonal partial
least squared discriminant analysis (OPLS-DA), to evalu-
ate the differences in quality of these samples. Finally, in
order to better understand the differences from quantita-
tive levels, potential markers that played key roles in dif-
ferentiating Leonuri Herba from different locations, were
simultaneously determined in different samples.

Page 2 of 14

Materials and methods

Herbal materials

Thirty batches of Leonuri Herba were acquired for this
study. Of these, ten batches were obtained from the
Hong Kong TCM market, other batches were purchased
directly from certified production regions in China, as
specified in Table 1. Thirty batches of Leonuri Herba
were all authenticated by Prof. Zhongzhen Zhao from the
School of Chinese Medicine (SCM), Hong Kong Baptist
University (HKBU). Samples were dried, ground, then
sifted through a 24-mesh sieve. Voucher specimens were
deposited in SCM of HKBU (Additional file 1).

Instrument, chemicals and reagents

Chemical markers of leonurine, rutin, 4,5-dihydroxy-
7-methoxyflavone, hyperoside, salicylic acid, kaempferol
were obtained from Shanghai Tauto Biotech Co. Ltd.
(Shanghai, China). Chemical marker of apigenin was
purchased from Chengdu Mansite Pharmacetical Co.
Ltd. (Sichuan, China). Chemical marker of quercetin was
obtained from the National Institute of Control of Phar-
maceutical and Biological Products (Beijing, China). The
purity of each chemical marker was above 95%. Metha-
nol and acetonitrile for UHPLC-QTOF-MS/MS analy-
sis were obtained from Merck (Darmstadt, Germany).
Ultrapure water was prepared by a Milli-Q water purifi-
cation system (Millipore, Bedford, MA, USA).

The analyses were performed on UHPLC (Agilent
Technologies Inc., Palo Alto, CA, USA), Agilent 6540
ultra-high-definition accurate mass quadrupole time-of-
flight spectrometer (Agilent Technologies Inc., Wilming-
ton, DE, USA).

Sample extraction

Powdered sample (0.5 g) accurately weighed, was
extracted with 5 mL of methanol for 60 min at 60 °C in
an ultrasonic water bath (300 W), and then cooled to
room temperature. After compensating the lost weight of
methanol, the extracted solution was filtered through a
0.22 pm PTEE syringe filter UHPLC fingerprint and iden-
tification analysis by UHPLC-PDA-QTOF-MS/MS [8].

UHPLC-QTOF-MS/MS identification

According to the research reports on the chemical com-
ponents of Leonuri Herba, 121 chemical compounds are
collected from Leonuri Herba. Agilent’s “Mass Hunter
PCDL Manager” software is used to calculate the rela-
tively molecular mass accurately and establish a database
of known chemical components of Leonuri Herba.

Chromatographic conditions
Waters ACQUITY UPLC® BEH-CI18 analytical col-
umn (2.1 mm x 100 mm, I.D. 1.7 pm); VanGuardTM
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Table 1 The batch number and geographic habitats of 30 samples of Leonuri Herba

Batch no Sample code Name Growing stage Habitats Stem/% Leaf/%
ST HB1 Leonuri Herba Mature Hubei, China 67.90 32.10
S2 HB2 Leonuri Herba Seedling Hubei, China 20.25 79.75
S3 HB3 Leonuri Herba Mature Hubei, China 69.48 30.52
S4 GD1 Leonuri Herba Seedling Guangdong, China 30.05 69.95
S5 HB4 Leonuri Herba Flowering Hubei, China 23.08 76.92
S6 GD2 Leonuri Herba Seedling Guangdong, China 1844 81.56
S7 GD3 Leonuri Herba Seedling Guangdong, China 29.68 7032
S8 HB5 Leonuri Herba Seedling Hubei, China 34.24 65.76
S9 HB6 Leonuri Herba Flowering Hubei, China 31.06 68.94
S10 HB7 Leonuri Herba Seedling Hubei, China 2554 7446
S11 HN1 Leonuri Herba Flowering Henan, China 62.26 37.74
S12 HN2 Leonuri Herba Flowering Henan, China 61.68 38.32
S13 HN3 Leonuri Herba Flowering Henan, China 5212 47.88
S14 HN4 Leonuri Herba Flowering Henan, China 66.87 33.13
S15 HN5 Leonuri Herba Flowering Henan, China 63.37 36.63
S16 AH1 Leonuri Herba Flowering Anhui, China 63.29 36.71
S17 AH2 Leonuri Herba Flowering Anhui, China 53.69 46.31
S18 AH3 Leonuri Herba Flowering Anhui, China 66.13 33.87
S19 AH4 Leonuri Herba Flowering Anhui, China 38.12 61.88
S20 YNT Leonuri Herba Flowering Yunnan, China 5884 41.16
S21 YN2 Leonuri Herba Flowering Yunnan, China 4732 52.68
S22 YN3 Leonuri Herba Flowering Yunnan, China 53.26 46.74
S23 YN4 Leonuri Herba Flowering Yunnan, China 56.73 43.27
S24 Z)1 Leonuri Herba Flowering Zhejiang, China 40.64 59.36
S25 )2 Leonuri Herba Flowering Zhejiang, China 56.63 43.37
S26 SC1 Leonuri Herba Flowering Sichuan, China 4823 51.77
S27 SC2 Leonuri Herba Flowering Sichuan, China 52.92 47.08
S28 SC3 Leonuri Herba Flowering Sichuan, China 7261 27.39
S29 SC4 Leonuri Herba Flowering Sichuan, China 57.52 4248
S30 ZJ3 Leonuri Herba Flowering Zhejiang, China 4045 59.55

BEH-C18 guard column (2.1 mm x 5 mm, I.D. 1.7 um);
Mobile phase: 0.1% FA (A) and acetonitrile (B); Linear
gradient elution program: 0—-8 min, 25% B; 8—16 min,
25-75% B; 16—18 min, 75-100% B; 18-21 min, 100%
B; 21 min, 2% B; 21-24 min, 2% B; Flow rate: 0.35 mL/
min; Column temperature: 40 ‘C; Injection volume:
2 uL.

Mass spectrometry conditions

Mode: positive and negative(scanning from 100 to
900 m/z); Dry gas temperature 300 C; Dry nitrogen
gas flow rate 8 L/min; Nebulizer pressure 40 psi; Vcap
3500; Nozzle voltage 500 V; Fragmentor voltage 120 V.
The mass spectrum was calibrated by Tune mix every
time (positive mode, 118-1521 m/z; negative mode,
112-1634 m/z).

Fingerprint similarity evaluation

According to the UHPLC-MS/MS spectra of 30 samples,
the common chromatographic fingerprint peaks and
internal reference peaks contained in each batch of sam-
ples were confirmed. The Similarity evaluation system for
chromatographic fingerprint of TCM was used to estab-
lish the fingerprint of 30 batches of Leonuri Herba. The
similarity was calculated by the angle cosine method.

Hierarchical clustering analysis and principal component
analysis

For HCA, the common fingerprint peak area of Leonuri
Herba from different origins and batches are used as
the source data of hierarchical clustering analysis. The
hierarchical clustering algorithm in microarray analy-
sis software (MeV 4.7.4) is used. For PCA, the common
fingerprint peak area of Leonuri Herba fingerprints from
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different origins and batches are used as the source data
of PCA by using factor analysis in SPSS 20.0(SPSS Cor-
poration, Armonk, NY, USA).

Quantitative analysis

The accurately weighed powdered samples of 30
batches (0.5 g) were respectively extracted with metha-
nol (2.5 mL) for 60 min, and then cooled to 25 C. After
centrifugation at 3500g for 10 min, the supernatant was
transferred to a 10 mL volumetric flask. This process was
repeated twice and then the volume was adjusted to the
calibration mark with methanol. The extracted solution
was filtered through a 0.22 um PTFE syringe filter before
analysis. The standards were accurately weighed and dis-
solved into methanol. A series of standard solutions for
constructing working standard curves was prepared by
diluting the mixed stock standard solution with metha-
nol, and a calibration curve was established by plotting
peak areas (y axis) versus concentrations (x axis).

Statistical analysis

Peaks above the S/N ratio of the chromatogram were
labeled and manually integrated using version 7.2 of the
Chromeleon Chromatography Data System software
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(Thermo Fisher Scientific) to distinguish between the
different batches. PCA and OPLS-DA were performed
using the software SIMCA-P Version 13.0 (Umetrics).
Summary data were expressed as the mean = standard
deviation (SD) for n=3-7.

Results and discussion

Component authentication

Figure 1A shows the Base peak chromatogram (BPC) of
Leonuri Herba in negative mode. According to TR, Mass,
(—)-ESI-MS/MS Fragment Ions and compared with the
reference and standards, 49 components were identified
or preliminarily identified. There were 2 alkaloids, 18
flavonoids, 7 Terpenoids, 8 aromatic acids and 14 other
classes (Table 2).

Fingerprint analysis

According to the UHPLC-MS/MS spectrum of 30
batches of samples, the chromatographic peaks was
showed within 24 min. Thirty-three of them were the
common peaks to each batch of samples (Table 3). The
total peak area of each batch of samples accounted for
more than 85% of the total peak area and the reproduc-
ibility was good, which fulfilled the requirements of
fingerprints. Thus, they were determined as common
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Table 2 Structural information of compounds characterized in the Leonuri Herba by negative-UHPLC-QTOF-MS/MS

tz (min) MF Production Mass Mass (Tgt) Diff (ppm) (—)-ESI-MS/MS Fragment Identification [Reference]
lons (m/z)
1 2630  CgH;NO,  [M-H]™ 165.0797 165.0790 4.50 57.0355 Phenylalanine [6]
2 3838  CyH,N,O, [M4+COOH]™  204.0908 204.0899 443 Tryptophan [6]
3 4.14 CHeO3 [M-H]™ 138.0324 138.0317 532 Salicylic acid [9]
4 4548  CoH,404 [M4+COOH]~™  166.0640 166.0630 5.97 150.0330, 72.9938 Ethyl 4-hydroxybenzoate [10]
5 4764 Ci4H5004 [M-H]™ 3321118 3321107 3.25 316.0867,197.0473,61.9892 2,6-Dimethoxy-4-hydroxyphenol-
1-O-B-p-glucopyranoside [11]
6 4989  C,H,04,  [M-HIT 638.2439 638.2422 260 578.2197,461.2364, 2552342,  Leonoside F [12]
89.025
7 5223  CHO, [M-H]~ 1220376 122.0368 6.49 167.0335, 108.0221 Benzoic acid [13]
8 5340  CgHgO; [M+COOH]™ 152.0483 152.0473 6.41 123.0096 Vanillin [14]
9 5341 CgH,0s [M-H]~ 198.0538 198.0528 5.02 123.0096 Syringic acid [13]
10 5660  CyH;,05 [M+COOH]™ 226.0859 226.0841 7.82 256.0593, 123.0099, 59.0140 3-Hydroxyl-1-(4-hydroxy-3,5-
dimethoxyphenyl)-1-propanone
[1]
" 5865  CioH3,04 [M+COOH]~ 388.2109 388.2097 3.10 401.1477,197.0454, 61.9893 Staphylionoside E [12]
12 6533 CgHgO, [M-H]~ 168.0430 168.0423 445 108.0221 Vanillic acid [14]
13 6.542  CHO, [M-H]™ 122.0376 122.0368 6.51 167.0335, 108.0221 4-Hydroxybenzaldehyde [11]
14 6563  CigH304  [M-HI™ 386.1948 386.1941 1.91 189.1284, 85.0309 Citroside A [12]
15 6.617  Ci4Hy»N;O5  [M-HI™ 311.1497 311.1481 4.96 280.0956, 95.0148 Leonurine [15]
16 6646  CyH3004  [M-HIT 610.1556 610.1534 3.69 447.0039,300.0293, 151.0054 Quercetin-3-O-robinoside [16]
17 6.746  C,3H,,0;5 [M+COOH]™ 2241426 2241412 5.96 (2S,55)-2-Hydroxy-2,6,10,10-
tetramethyl-1-oxaspiro-[4.5]
dex-6-en-8-one [1]
18 6884  (C,;H,00q;  [M+COOH]™ 4481027 448.1006 4.73 284.0341,61.9894 Kaempferol-3-O-f3-p-
glucopyranoside [16]
19 6968  Cy5H30044  [M-HI™ 610.1558 610.1534 3.94 447.1139,300.0294, 151.0055 Rutin [13]
20 6997 CyHi04  [M-H] 194.0591 194.0579 5.97 134.0387, 58.0307 Trans-ferulic acid [11]
21 7173 CHy,0y,  [M-H] 464.0978 464.0955 4.93 300.0293, 61.9891 Hyperoside [16]
22 7306 CyHyO0p  IM-HIT 464.0976 464.0955 467 300.0293, 151.0048, 61.9891 Quercetin-3-O-3-p-
glucopyranoside [16]
23 7335 CyH30045  [IM-HI™ 594.1607 594.1585 376 463.0907, 284.0344,61.9891 Kaempferol-3-neohesperidoside
[16]
24 7494 C3HuO4  IM-HIT 756.2495 756.2477 2.37 593.2095, 461.1679, 357.1262, Lavandulifolioside [12]
223.0608, 161.0254
25 7507 CyH30045  [IM-HI™ 594.1607 594.1585 3.79 387.1094, 284.0344, 61.9891 Kaempferol-3-O-f3-
robinobinoside [13]
26 7832 CyH30045  [IM-HIT 594.1606 594.1585 3.56 387.1094, 284.0344, 61.9891 Kaempferol-3-O-rutinoside [11]
27 8083  CyHyOp  [M-HI™ 4481026 448.1006 466 284.0341,61.989%4 Kaempferol-3-O-3-p-
galactopyranoside [16]
28 8493  CiH, O3 [M-HI™ 2481427 2481412 600 Arteannuin B [17]
29 8903  CyeH30yp  [M-HI™ 790.1983 790.1956 342 609.1483, 473.1289, 379.1785, 2"-syringylrutin [18]
127.0408
30 9635  CpoHyOs  [M-HIT 2441327 2441311 647 207.1044,71.0506 (E)-4-Hydroxy-dodec-2-enedioic
acid [1]
31 9693  CyH3,0  [MHCOOH]™ 4122116 412.2097 4.67 327.1466,61.9893 7a(H)-Eudesmane-4,11(12)-
diene-3-one-23-hydroxy-13-3-D-
glucopyranoside [12]
32 1016 C15H300;4 [M+COOH]™ 282.2207 282.2195 4.37 (-)-(15*,25* 3R*)-3-Ethoxycupar-
5-ene-1,2-diol [1]
3310191 CysHy00, [M-H]™ 302.0441 302.0427 4.93 151.0046 quercetin [19]
34 10308  CyoHyO3  [M-H]™ 594.1395 594.1373 3.66 4470934, 285.0418, 145.0305 tiliroside [16]
35 10542 GyyHyO45 [M-H]™ 594.1396 594.1373 3.84 447.0630, 285.0417,145.0304 Kaempferol-3-O-( 6"-O-cis-p-

coumaroyl) -B-o-glucopyranoside
[11,18]
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tz (min) MF Production Mass Mass (Tgt) Diff (ppm) (—)-ESI-MS/MS Fragment Identification [Reference]
lons (m/z)

36 11216 CoHiOp  [M-HI™ 2860493 2860477 549 65.0044 Kaempferol [20]

37 11333 CoHi80, [M4COOH]~ 170.1319 170.1307 6.98 153.1285, 68.9956 2,6-dimethyl-2E,7-octadiene-
1,6-diol [16]

38 1145 CiHiOs  [MCOOCH,]~ 2700545 2700528 624 Apigenin [11]

39 12036  Ci3H0 [M4+COOCH,]™ 188.1192 188.1201 -5.09 185.9999, 75.0097 2-(1-Oxopentyl)-benzoic acid
methyl ester [16]

40 12241 CysHy00,  IM4HCOOH]™ 2422261 2422246 6.09 Methyl tetradecanoate [16]

41 12563 CHy50; [M-HI™ 284.0698 284.0685 4.58 268.0395,117.0356 Wogonin [20]

42 13244 CigH,,0;5 [M-H]~ 284.0700 284.0685 551 268.0395,117.0356 45-Dihydroxy-7-methoxyflavone
[18]

43 13444 CsH,04 [M4COOH]~ 254.0593 254.0579 561 284.0342,133.0305 Daidzein [18]

44 13978  CyHy,05  [IMHCOOH]™ 3802201 3802199 050 263.1668, 61,9892 (9-(55,7R8RIR,105,135,15R)-7-hy-
droxy-15-methoxy-9,13;15,16-
diepoxylabdan-6,16-dione [1]

45 15502  CoHp0,  [M-HI™ 2681687 2681675 472 7a(H),10a-eudesm-4-en-3one-
2(3,11,12-triol [14]

46 1829  CyHpgO,  [M+COOCHJ™ 3321981 3321988  -201 (-)-3a-Acetoxy-63-hydroxy-15,16-
dinorlabd-8(9)-ene-13-yne-7-one
(8l

47 19769 CyyHugO, [M-H]~ 4723571 4723553 3.80 409.3488, 171.1035, 61.9893 Messagenic acid [21]

48 19881  CyoHu0, [M4COOH]™ 4263516 426.3498 4.25 409.3488, 171.1035,61.9893 (24S)-Stigmast-4,28-diene-24-ol-
3-one [21]

49 20276  CyHuO  IMHCOOCH,I™ 2963097 2963079  6.14 Phytol [21]

fingerprint peaks. The common fingerprint peak was
determined by the standard retention time. When the
retention time was 6.53 min, it was leonurine (Fig. 1B).
Since the peak area of leonurine was relatively big, the
peak time was moderate and the shape was good, it was
selected as the reference peak. Using Similarity Evalua-
tion System for Chromatographic Fingerprint of Tradi-
tional Chinese Medicine (2004A edition). Thirty batches
of Leonuri Herba from different origins were introduced
(Fig. 2) and the time width was 0.1 min, gaining the con-
trol fingerprint by median generation method. The simi-
larity of 30 batches of samples was calculated by the angle
cosine method. The result showed the similarity between
each fingerprint and the control fingerprint was less than
0.90, indicating there was a big difference in each origin
including Hubei, Guangdong, Henan, Anhui, Yunnan,
Zhejiang and Sichuan. Thus, principal component and
hierarchical cluster analysis were further analysed to
clarify the relationship between origins and quality.

Results of hierarchical clustering analysis (HCA)

The analysis showed the samples could be roughly clus-
tered into two big groups. Five batches of Leonuri Herba
from Henan, Anhui and Sichuan could be classified as
one group, other samples could be classified as another
group by the first chemical component clustering

analysis. Based on the second to fifth chemical compo-
nent clustering analysis, they were further clustered
into small group: Anhui as a group; Yunnan as a group;
Guangdong and Hubei as a group; Henan as a group.
However, many factors such as harvest time, propor-
tion of medical parts, soil, environment, and water were
different, resulting in significant differences in chemi-
cal components of Leonuri Herba. Thus, it is necessary
to find quality markers in different origins to clarify the
relationship between habitat and quality. From the chem-
ical composition clustering analysis, as shown in Fig. 3,
the first component was leonurine. The second and third
classes were quercetin-3-O-robinosideand 4;5-dihy-
droxy-7-methoxyflavone. The fourth class was hypero-
side, quercetin-3-O-p-D-glucopyranoside and tiliroside.
The fifth class was rutin, lavandulifolioside, syringic acid,
salicylic acid and 2”-syringylrutin. The sixth to eighth
classes were apigenin. Other classes also included kaemp-
ferol, quercetin, tryptophan, 7a(H)-eudesmane-4,11(12)-
diene-3-one-2f-hydroxy-13-p-p-glucopyranoside,  etc.
These different classes of components could be used to
distinguish the quality of Leonuri Herba and as a basis for
quantitative analysis.

Leonurine (C1), 4,5-dihydroxy-7-methoxyflavone (C3),
rutin (C4), hyperoside (C11), apigenin (C15), quercetin
(C16), kaempferol (C17) and salicylic acid (C30) were
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Table 3 Common fingerprint peaks of the fingerprint of Leonuri Herba in different origins

Peak No Chemical type Compounds MF

@ Alkaloid Leonurine Ci4H2N30s
2 Alkaloid Tryptophan Cy4HioN0,
a3 Flavonoid 4,5-Dihydroxy-7-methoxyflavone Ci6H1205
C4 Flavonoid Rutin Cy7H300:6
a5 Flavonoid Quercetin-3-O-robinoside Cy7H300:6
c6 Flavonoid Tiliroside C30H26013
c7 Flavonoid Kaempferol-3-O-3-p-glucopyranoside Cy1Hy001,
(@] Flavonoid Kaempferol-3-O-B-p-galactopyranoside CyiHy014
c9 Flavonoid Kaempferol-3-neohesperidoside Cy7H300:5
c10 Flavonoid Kaempferol-3-O-rutinoside Cy7H500:5
cn Flavonoid Hyperoside Cy1Hy0015
c12 Flavonoid Quercetin-3-O-B-p-glucopyranoside Cy1H500:5
C13 Flavonoid Daidzein Ci5H100,4
C14 Flavonoid 2"-Syringylrutin C36H35050
15 Flavonoid Apigenin Ci5H,005
c16 Flavonoid Quercetin Cy5H100;
c17 Flavonoid Kaempferol CisH100¢
c18 Terpenoids Staphylionoside E CigH3,04
c19 Terpenoids Citroside A CigH3005
C20 Terpenoids 7a(H)-Eudesmane-4,11(12)-diene-3-one-2(3-hydroxy-13-3-p-glucopyranoside CyH3,04
C21 Terpenoids (-)-(55,7R,8R,9R,10S,13S,15R)-7-hydroxy-15-methoxy-9,13;15,16-diepoxylabdan-6,16-dione CyH3,06
C22 Aromatic acids (E)-4-Hydroxy-dodec-2-enedioic acid Ci5H5005
C23 Other types Phenylalanine CoH,;NO,
24 Phenylethanoid glycosides Lavandulifolioside C34H4019
€25 Other types (—=)-(15%,25% 3R*)-3-ethoxycupar-5-ene-1,2-diol Ci7H300;3
c26 Other types Messagenic acid C30Ha04
c27 Other types Phytol CyoHaoO
28 Aromatic acids Syringic acid CoH,005
29 Other types 2,6-Dimethoxy-4-hydroxyphenol-1-O-3-p-glucopyranoside Ci4H500
30 Aromatic acids Salicylic acid C,HgO;
31 Other types Ethyl 4-hydroxybenzoate CoH, 005
@32 Flavonoid Wogonin CigH,,05
@33 Terpenoids (—)-3a-Acetoxy-6(3-hydroxy-15,16-dinorlabd-8(9)-ene-13-yne-7-one CooH60,

selected for further quantitative analysis of the indicator
components.

Results of multivariate statistical analysis

The common fingerprint peak area of Leonuri Herba
fingerprints from different origins and batches were
used as the source data of PCA by using factor analy-
sis in SPSS 20.0. The results of SPSS analysis indicated
that the first principal component should integrate the
information of C1, C2, C3, C18, C21, C28, C29, C30
compounds. Thus, the chemical composition differ-
ences of different origins and batches of Leonuri Herba
were mainly reflected to these chemical components.
The results showed that the content of C1 (leonurine),

C3 (4,5-dihydroxy-7-methoxyflavone) and C30 (salicylic
acid) in Henan samples is higher, which was consistent
with the cluster analysis results. The matrix coefficient
of main components 1-8 in Leonuri Herba are shown in
Fig. 4. In Fig. 4A, PCA divided Leonuri Herba from dif-
ferent origins into four parts: Henan, Yunnan as a large
category; Zhejiang, Sichuan as a large category; Anhui
as a large category; Guangdong, Hubei (at seedling and
flowering stage) as a large category; Hubei (at mature
stage) as a small category, which is different from the
one at seedling and flowering stage. In order to further
characterize the differences in chemical profiles among
different Leonuri Herba samples, OPLS-DA, a super-
vised latent structures-discriminant analysis technique,
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Fig. 2 Overlay chromatograms of the 30 Leonuri Herba samples and the similarity of each chromatogram to their simulated mean chromatogram
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Fig. 3 Hierarchical clustering analysis of Leonuri Herba from different origins and batches

which utilizes class information to maximize the sepa-
ration between classes and minimize the discrimination
between intra-groups, was performed to achieve bet-
ter separation among different samples. The score plot
of OPLS-DA indicated that all 30 samples were unam-
biguously classified into seven groups (Fig. 4B). Inter-
estingly, these seven groups were highly consistent with
the collection locations of these samples (Fig. 4C), which

demonstrated that the chemical components of different
samples are heavily influenced by growing area.

Comprehensive evaluation analysis

The relationship formula between the principal com-
ponent load matrix U, the factor load matrix A and the
eigenvalue A was U;=A/ SQRT (),). By calculating the

(See figure on next page.)

Fig. 4 PCA/score plot (A) and OPLS-DA/score plot (B) based on the chemical profiling of 30 samples from different origins and the regional

distribution of the corresponding 30 samples (C)
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variables, eight eigenvectors Ul-8 were obtained, and Y5 =0.172X; — 0.188X5 + 0.038X3 — 0.100X4

the expressions of the 8 principal components could be
obtained, as follows.

Y; =0.226X; 4 0.239X3 4 0.229X3 — 0.045X4
4+ 0.213X5 4 0.161X¢ + 0.215X7 4 0.145Xg
+ 0.189X9 + 0.147X10 + 0.219X11 + 0.182X12
— 0.055X3 + 0.223X14 — 0.053X15 + 0.058X16
+ 0.040X17 + 0.252X38 + 0.192X19 + 0.183X99
+ 0.246X51 + 0.087X9y + 0.213X53 + 0.152X94

+ 0.208X5 4 0.017Xe — 0.017X7 — 0.204X3g

+ 0.068X9 4 0.010X19 — 0.020X11 + 0.137X12
+0.433X53 + 0.210X34 + 0.313X35 + 0.044X ;6
4 0.110X;7 4+ 0.174X33 — 0.114X19 — 0.168X>9
— 0.253X31 — 0.097X32 — 0.221X53 4 0.259X 54
— 0.210X25 + 0.318X6 + 0.138X57 — 0.006X g
+ 0.168X79 + 0.055X3p — 0.120X3;

+ 0.022X55 + 0.004X56 — 0.061X27 + 0.243X1g Ye =0.181X; + 0.190X5 + 0.098X3 + 0.087X4

+ 0.234X59 + 0.276X30 + 0.190X 31

Y, =0.023X; — 0.109X5 + 0.122X3 + 0.315X4
4+ 0.157X5 4+ 0.311X6 + 0.117X7 + 0.182X3
+ 0.200X9 + 0.293X10 + 0.198X11 + 0.205X
—0.100X13 — 0.140X 14 — 0.106X15 + 0.289X 14
+ 0.200X17 — 0.123X18 — 0.151X19 — 0.158X5
—0.171X51 + 0.245X57 — 0.011X53 — 0.221X>4
— 0.085X25 + 0.153X26 + 0.053X57 — 0.217X>g Y7
—0.167X29 — 0.139X3¢ — 0.069X3;

Y3 =0.046X; — 0.014X; + 0.195X3 — 0.065X4
—0.161X5 + 0.101X¢ — 0.277X7 — 0.090X3g
— 0.145X9 — 0.212X30 — 0.241X;; — 0.275X12
+0.102X;3 4+ 0.111X74 — 0.158X15 + 0.274X1¢
4+ 0.311X;7 — 0.021X;5 — 0.007X19 + 0.225X39
+ 0.078X31 + 0.275X37 + 0.150X33 — 0.170X4

—0.138X5 — 0.016Xg — 0.003X7 — 0.135Xg
—0.066X9 — 0.029X19 — 0.070X11 + 0.003X12
— 0.062X13 — 0.229X14 + 0.043X15 + 0.165X716
— 0.115X17 — 0.165X;8 + 0.010X;19 — 0.213X>0
— 0.080X31 + 0.243X27 + 0.271X>53 + 0.309X 24
4+ 0.073X35 — 0.204X26 + 0.516X27 + 0.096X2g
+ 0.133X39 + 0.121X39 — 0.322X3;

—0.146X; — 0.062X, — 0.083X3 — 0.053X4

+ 0.137X5 + 0.004Xs — 0.163X7 + 0.207Xg

+ 0.134X9 4+ 0.166X 19 — 0.082X17 — 0.006X 12
+ 0.139X43 — 0.286X14 + 0.644X;5 + 0.139X16
—0.095X17 — 0.201Xg + 0.316X19 + 0.208X>0
4 0.213X31 — 0.002X23 + 0.149X23 — 0.049X 24
4 0.017X25 4 0.096X26 4 0.084X27 — 0.021X2g
— 0.052X29 — 0.030X30 + 0.081X3;

— 0.147X25 4 0.335X26 + 0.167X57 + 0.051Xog Yg =0.187X; + 0.358X5 + 0.062X3 + 0.043X4

— 0.049X59 + 0.088X30 + 0.236X3;

Y4 = —0.126X; — 0.166X5 + 0.242X3 — 0.090X4
— 0.152X5 + 0.157X¢ + 0.139X7 + 0.375Xg
— 0.155X9 4 0.037X719 — 0.055X17; — 0.170X12
+ 0.367X13 — 0.007X14 — 0.099X ;5 + 0.012X5¢
+0.117X;7 + 0.083X13 + 0.226X19 — 0.160X>20
+ 0.014X5; 4 0.070X92 — 0.192X53 + 0.039X 24
+ 0.550X35 + 0.000X 26 — 0.024X57 4+ 0.007X23
+ 0.069X59 + 0.012X30 — 0.180X3;

— 0.072X5 — 0.157X¢ + 0.155X7 — 0.061Xg

— 0.020X9 — 0.043X109 — 0.036X1; — 0.040X12
+ 0.182X;3 + 0.041X14 + 0.216X;5 — 0.034X6
+ 0.296X17 — 0.174X18 — 0.186X19 + 0.015X5o
+ 0.012X5; + 0.065X23 + 0.321X3 + 0.158X24
+ 0.138X55 + 0.101X96 — 0.502X97 — 0.143X9g
—0.222X79 — 0.106X30 — 0.201X3;

Normalizing the original variables and using SPSS to com-
pute variables and calculate the principal componentsY1,
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Y2, Y3, Y4, Y5, Y6, Y7 and Y8. Taking the variance contri-
bution rate corresponding to each principal component as
the weight, the principal component scores and the cor-
responding weights were linearly weighted to construct a
comprehensive evaluation function of different habitats and
batches of Leonuri Herba:

Y =0.301Y; + 0.192Y5 4 0.131Y3 + 0.078Y4
+ 0.052Y5 + 0.043Yg + 0.038Y7 + 0.034Y3g

The comprehensive evaluation scores of Leonuri Herba
from different origins and batches were calculated from
the above formula are shown in Table 4. The higher of
the score, the higher content of active ingredient in the
sample. The comprehensive score was greater than 0.
The results showed that batch S8 (from Hubei at seedling
stage) had the highest comprehensive score, followed by
batch S4 (from Guangdong at seedling stage), S15 (Henan)
S10 (from Hubei at seedling stage) and S13 (Henan). The
above results showed that the quality of three batches at
seedling stage was better than the others. The chemical
components of Leonuri Herba produced in Hubei and
Henan are relatively higher than other origins.

Result of quantitative analysis

The LOD was calculated according to the signal-to-
noise ratio of 3:1; the LOQ was calculated according to
the signal-to-noise ratio of 10:1, and the results were
shown in (Additional file 2: Table S1). The precision test
results showed that the precision of the instrument was
good; the stability test results showed that the test solu-
tion had a good stability within 24 h after preparation;
the repeatability test results showed that the method
had a good repeatability; the results of the sample
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recovery rate showed that the accuracy was good (Addi-
tional file 3: Table S2). The results of 30 batches of
Leonuri Herba from different origins are shown in
Table 5. The detailed content trends of eight analytes in
the 30 samples from different origins are exhibited in
Fig. 5. In Fig. 5A, the results showed that Leonuri Herba
from Henan had the highest content in hyperoside
(C11) and salicylic acid (C30). The content of leonurine
(C1) in Anhui was the highest while the content of rutin
(C4) in Zhejiang was the highest. For apigenin (C15),
quercetin(C16) and kaempferol (C17), Hubei, Henan
and Sichuan had similar result (Fig. 5B). By adding all
the eight analytes together, the total content of Henan is
the highest (Fig. 5C).

In summary, the quality of Leonuri Herba at seedling
stage is better than the mature ones. Apart from the
quality of medicinal part, Leonuri Herba from differ-
ent origins are mainly clustered into four big categories:
Henan and Yunnan are grouped together; Zhejiang and
Sichuan are grouped together; Anhui is grouped as one
group; Guangdong and Hubei (at seedlings and flower-
ing stage) are grouped together while Hubei (at mature
stage) is in different group due to growing stage differ-
ence. The comprehensive evaluation analysis showed
that the quality of Leonuri Herba at seedling stage was
good. And the quality of Leonuri Herba in Henan was
relatively good when compared to other origins. How-
ever, the quality difference between stems and leaves
from different origins and different growing stage is
not very clear. Further studies should be conducted to
address this issue. Laser microdissection combined with
chromatographic analysis could be one of the power-
ful tools to investigate the chemical composition dis-
tribution and change in different growing stages of

Table 4 Principal component scores, comprehensive evaluation, and fine sorting of Leonuri Herba

Batchno Code Region Main components Comprehensive  Order
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 score

S8 HBS Hubei 0.25 142 231 —-079 =057 0.17 —063 132 1.89 1
S4 GD1 Guangdong 0.10 3.00 1.18 —0.83 —0.22 0.36 0.30 0.96 1.71 2
S15 HN5 Henan 7.64 —262 2.86 — 167 —1.85 —133 1.18 —044 1.53 3
S10 HB7 Hubei —0.17 1.28 275 092 217 —180 =035 073 142 4
S13 HN3 Henan 0.19 0.02 —2.69 —1.62 —1.08 0.46 0.44 1.73 133 5
S14 HN4 Henan 6.42 —266 —1.50 1.77 143 1.37 —0.32 —040 112 6
S23 YN4 Yunnan 0.12 —0.32 -0.12 0.30 —0.96 —0.15 —0.13 0.98 0.93 7
S7 GD3 Guangdong —0.62 1.96 1.03 —0.30 —0.32 —0.31 —0.73 0.45 0.73 8
S5 HB4 Hubei —0.389 0.50 037 5.90 —-215 =029 1.05 033 061 9
S19 AH4 Anhui —0.81 022 —0.55 —0.15 —0.75 1.74 —0.57 052 0.29 10
S9 HB6 Hubei 0.88 457 203 —-035 =059 234 0.76 —136 016 1
S27 SC2 Sichuang —0.86 1.65 —2.85 —049 215 —1.50 1.88 0.22 0.02 12
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Table 5 The Contents (ug/g) of the eight marker compounds in 30 samples of Leonuri Herba

Batchno  Region C1 c3 c4 cn Cc15 c16 c17 c30

ST Hubei 1004141214 68064573 2139341321 42414420 53394317 3254122 - 1344057
s2 Hubei 5830741324 98824048 3165141152 2115441553 665+067  1833+£405 4824071 7474161
s3 Hubei 4341241117 52344679 931541907 1031241830 2714047 4474192  0094+0024  1068+170
sS4 Guangdong 410384973 113294473 4220641545 2790441210 3684015 22574317 4164036 32904080
S5 Hubei 5247741319 118374896 1991241222 153814993 7014012 10414234 2204039 5584036
S6 Guangdong 48428+1123 111964207 2651543264 1592542200 3554026  1590£329 3594057 6744109
57 Guangdong 3082041756 10576+842 4538441486  267.73+£1756 7024095 15424178 2414023 18144053
s8 Hubei 6337841577 1343241086 2236541478 2202441585 4104020 25234332 5744016 58334136
59 Hubei 4458741238 138334480 5955542985 281674966 6584011 56064491 8034031 41504201
S10 Hubei 481324422 108574293 295444895 204894931 885+029 16274256 3444043 4244050
ST Henan 712634989 82274393 5432441373 4763041505 - 4194014  095+0.17 14794074
12 Henan 7742541637 90914831 5638941156 5049143163 - 2644073 1064071 17404265
S13 Henan 5847141123 9279+10.20 4121441042 429454688 28094159 5384146 0021400019 57.284387
S14 Henan 5909343627  87.64+355 2169241625 2776741809 11984084  146+0.13 - 22804152
S15 Henan 584.7146.50 89434407 1970641102 2082841538 1364033  704+18 118400059  250141.12
S16 Anhui 9035041753  47.57+6.09 789541199 62364992 14234121 - - 12734262
S17 Anhui 6268341369 90994282 2667741235 2534841200 36894161 2584018 04640051 23554167
518 Anhui 10214941423 38424283 14653+1199 63344538 29564064 - - 7734071
519 Anhui 584861131  133.85+295 2923141628 3157141243 3734060 10184157 2084031 38274271
520 Yunnan 5191141682  84.36+064 2822441908  31205+17.05 1254027 4694032  036+0035 1976+ 163
S21 Yunnan 8341841217  64.28+148 699.5342325  1680+246 2774032 - - 30904347
522 Yunnan 4361041856 67374879 2400642527 2714541889 07640049 3534044 01140021 14034163
523 Yunnan 684294569  131.20+822 2913441745  28458+2166  075+£0040 6194013 1794041 37254325
24 Zhejiang 3174641069 50384570 2759541922 110204936 45014189 - - 5494037
25 Zhejiang 17168+167 183504456 12684741115 46094361 22724042 12154367 2984034 15.8140.20
526 Sichuang 1630841002 101564367 408434839 16254082 23294034 - - -

27 Sichuang 177204954 150394578 7820241148 3945641630 64314245 18494203  4.18+020 -

528 Sichuang 8026141185  2653+139 10246+21.16 577641027 16924183 - - -

529 Sichuang 2747241967  5679+834 64124162 64.22+2.08 5804010  008+005 - 6.89+144
S30 Zhejiang 422634619 147584313 159.56+9.73 78624617  5018+994 36544512 10124086 25374147

Values represent means+SD, n=3;"-", below the detection limit

C1: leonurine, C3: 4;5-dihydroxy-7-methoxyflavone, C4: rutin, C11: hyperoside, C15: apigenin, C16: quercetin, C17: kaempferol, C30: salicylic acid, same below

Leonuri Herba. This may also help to unify the stand-
ard of Leonuri Herba so as to decrease the confusion in
markets.

Conclusion

The current study revealed a clear correlation between
quality and geographical origin of Leonuri Herba.
According to the correlation, the raw materials of
Leonuri Herba from different regions can be formu-
lated in a certain proportion and used for its traditional

Chinese medicine preparations, thereby ensuring the
safety, stability and effectiveness of clinical applica-
tion; however, extensive pharmacological research is
still required to address this issue. In a word, the pro-
posed fingerprint will be important for authentication;
the developed quantitative method will be useful for
quality control of Leonuri Herba and its preparations;
the revealed correlation could be significant for con-
servation and utilization of Leonuri Herba as a natural
resource.

(See figure on next page.)

Fig. 5 The contents of 8 components in the 30 samples from different regions. A The content of Leonurine (C1), 4,5-dihydroxy-7-methoxyflavone
(C3), rutin (C4) and hyperoside (C11). B The content of apigenin(C15), quercetin(C16), kaempferol (C17) and salicylic acid (C30). C The content of

combination of 8 components in 30 samples
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Abbreviations

BPC: Base peak chromatogram; LOD: Limit of detection; LOQ: Limit of
quantification; MF: Molecular formula; MS: Mass spectrometry; PCA: Principal
component analysis; TCM: Traditional Chinese medicine; UHPLC: Ultra-high
performance liquid chromatography; OPLS-DA: Orthogonal partial least
squares discriminant analysis.
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