Arabian Journal of Chemistry (2022) 15, 103740

King Saud University

Sommion [ Arabian Journal of Chemistry

King Saud University

www.ksu.edu.sa
www.sciencedirect.com

ORIGINAL ARTICLE

Check for
updates

Comparative investigation of aerial part and root in
Lamiophlomis rotata using UPLC-Q-Orbitrap-MS
coupled with chemometrics

Tong Li, Li Jia, Ruijiao Du, Chengjuan Liu, Shengjie Huang, Heshui Yu, Lifeng Han,
Xiaopeng Chen, Yuefei Wang, Miaomiao Jiang "

State Key Laboratory of Component-based Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin 301617,
China

Received 3 December 2021; accepted 24 January 2022
Available online 29 January 2022

KEYWORDS Abstract Lamiophlomis rotata (Benth.) Kudo (L. rotata) belongs to Lamiaceae family, which is an
Lamiophlomis rotata (Benth.) important medicinal plant endemic to Qinghai Tibet Plateau. Traditionally, the whole herb of L.
Kudo; rotata is used for medicine, especially for the treatment of rheumatoid arthritis (RA) in clinical prac-
Different parts; tise. As a result of absolute digging, the plant has a long regeneration cycle after excavation and the
Comparative investigation; damage to plateau grassland ecological environment is difficult to recover. It has been encouraged
Non-targeted metabolomics; to use aerial part of the plant with the purpose of protecting environment and maintaning biological
UPLC/Q-Orbitrap MS diversity. At present, researchers have compared the primary metabolites and iridoids between

aerial parts and roots, but there are few reports on the chemical differences and activity comparison
of secondary metabolites. In order to characterize the secondary metabolites of different parts,
UPLC/Q-Orbitrap-MS was employed to collect data from the extracts of aerial parts and roots,
in combination with plant metabolomics technology to screen and quantify differential metabolites.
At the same time, network pharmacological analysis with rheumatoid arthritis and immunity as the
key words was carried out according to the identification results to clarify the active ingredients of
L. rotata in the treatment of RA, so as to speculate the pharmacological effects of aerial parts and
roots based on the distribution of active components. A total of 16 potential markers were selected
and identified to differentiate two parts. Among them, 8 characteristic flavonoids with similar skele-
tons were unique in aerial parts, while the other 8 components, including 2 iridoid glycosides and 6
phenylethanoid glycosides, were detected in both aerial parts and roots, but with differentiate con-
tents. Among the predicted 6 active components, there were 5 flavonoids, of which 3 (namely lute-
olin, apigenin and 2"-acetylastragalin) were still differential metabolites and mainly distributed in
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the aerial parts. The results revealed that certain flavonoids as potential markers made a distinction
between aerial part and root of L. rotata, and were the main active components against RA, which
provided a theoretical basis for the aerial parts to replace the whole herbs, and laid a material foun-
dation for further pharmacological research.

© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Lamiophlomis rotata (Benth.) Kudo (L. rotata) is a plant in
Lamiaceae family, which is a traditional Tibetan medicine
and an important medicinal plant in the Qinghai Tibet Plateau
(Jiangsu New Medical College, 1977). It was first published in
the “Four Medical Tantras” and “Yuewang Medicine Diagno-
sis”. Traditionally, it has the effects of promoting blood circu-
lation, stopping bleeding, dispelling wind and relieving pain,
and is widely used to treat traumatic injuries and rheumatoid
arthritis (RA) in clinical practice (Zeng et al., 2001; Zhao,
2004; Cui et al., 2020). At present, the chemical components
isolated and identified from L. rotata include flavonoids, iri-
doid glycosides and phenylethanoid glycosides (Luo et al.,
2007; Ji et al., 2007; Zhang et al., 2012; Fan et al., 2016;
Kang et al., 2012; Jiang et al., 2010b; Jiang et al., 2010c;
Yue et al., 2013; Dong et al., 2014). Modern pharmacological
studies have shown that these secondary metabolites have
many aspects and levels of efficacy. The researches have found
that flavonoids have anti-inflammatory and antibacterial
effects (Jiang et al., 2010a; Zhang et al., 2021), and iridoid gly-
cosides and phenylethanoid glycosides possess hemostatic and
analgesic properties (Li et al., 2009; Zhang et al., 2011; Jia
et al., 2005; Zheng et al., 2015).

The growth environment of L. rotata is special, existing all
year round in alpine grasslands or gravel beaches above
3000 m (Liu et al., 2006). In the past few years, roots and whole
herbs were mainly used as medicine (Pan et al., 2015b). Exces-
sive excavation caused serious damage to the ecological envi-
ronment of plateau grassland, and it was difficult to recover.
In addition, this dwarf herb had a long regeneration cycle,
and digging its roots would lead to low yield. (China
Pharmacopoeia Committee, 2005; China Pharmacopoeia
Committee, 2010). Therefore, the limited distribution and poor
growth once made L. rotata turn into an endangered Tibetan
medicine. In order to alleviate this situation, it has encouraged
to use the aerial parts as a medicinal position to protect the eco-
logical environment and maintain biodiversity. At present,
some researchers have distinguished the primary metabolites
in different parts by NMR (Pan et al., 2015b), and some have
compared the content and antioxidant capacity of iridoid gly-
cosides in aerial and underground parts (Zhang et al., 2018).
In this research, we mainly focused on the whole secondary
metabolites to study the distribution of various components
in aerial part and root and preliminarily explore the active
ingredients of L. rotata to treat RA.

From the perspective of a global view of metabolism and
characterization, non-targeted metabolomics technology has
unique advantages. It is an independent part of systems biol-
ogy, and has been applied in many fields, such as animals,
plants and microorganisms (Mendes, 2006; Lee et al., 2014;
Kim et al., 2012; Ku et al., 2009; Kim et al., 2015). Due to high

sensitivity and resolution, ultra performance liquid
chromatography-mass spectrometry (UPLC-MS) has become
the most widely used analysis platform in metabolomics
(Han et al., 2015). Network pharmacology is a commonly used
component-disease target association method, which can
accelerate the identification of drug targets and the discovery
of biomarkers (Wang et al., 2019). As many secondary
metabolites as possible were collected by UPLC-MS, and the
data were processed and analyzed by non-targeted metabolo-
mics method, which could be used for chemical composition
identification and differential metabolite screening. Through
network pharmacology prediction, the distribution of each
active ingredient in the aerial part and root could be cleared.

In this study, UPLC/Q-Orbitrap MS combined with non-
targeted metabolomics was used to analyze the collected data
and screen the potential markers. At the same time, the network
pharmacological analysis of each component was performed to
further clarify the basis for distinguishing the aerial part and
root of L. rotata based on the distribution of active components
in different parts, which provided a methodological reference
for the comparison of the compositional differences in different
parts of traditional Chinese medicine (TCM).

2. Materials and methods

2.1. Plant material

The plant was collected from Mozhugongka County, Tibet
Autonomous Region (30° N, 92° E, 3835 m above sea level)
with 3-4 year growth period in the traditional harvest time
and dried at source area, which leaves were 4-12 cm long
and 5-15 cm wide, and the roots were about 7-15 cm long
and 1-2 cm thick. All samples were identified by Wu Honghua,
associate researcher at Tianjin University of Traditional Chi-
nese Medicine.

2.2. Reagents and chemicals

Acetonitrile (chromatographic purity) was purchased from
Fisher company (USA), formic acid (MS grade) was purchased
from ACS company (USA), and distilled water was purchased
from Guangzhou Watsons food and beverage company
(Guangzhou, China). Specnuezhenide (internal standard, IS)
was purchased from Yuanye Biological Technology Co., Ltd.
(Shanghai, China, wkq20032004). All other reagents and
chemicals used were analytical grade.

2.3. Sample preparation

The 15 parts power of aerial part (A) and root (R) were accu-
rately weighed 0.1 g. The samples ultrasonically extracted
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(25 k Hz, 35°C) with 900 pL 70% methanol (v/v) and 100 pL IS
solution (4 mg/mL Specnuezhenide) for 15 min and then cen-
trifuged (14000 r/min) for 10 min. Subsequently, the 500 pL
supernatant was diluted with an equal amount of water, cen-
trifuged again, and the supernatant was obtained to inject
for LC-MS analysis.

2.4. Chromatographic and MS conditions

The UPLC separation was performed on Ultimate 3000 UPLC
System (Thermo Fisher Scientific, San Jose, CA, USA) with a
CORTECS UPLC C18 column (2.1 x 100 mm, 1.6 um) main-
tained at 35 ‘C. Mobile phases were 0.1% formic acid aqueous
solution (A) and acetonitrile (B), with the following gradient
elution procedure: 0-14 min, 5-13% B; 14-24 min, 13-20%
B; 24-27 min, 20-31% B; 27-30 min, 31-95% B. The Flow
rate of elution solvent was 0.3 mL/min and injection volume
of samples was 2 pL.

The mass spectrometry analysis was completed under Q-
Exactive MS coupled with Q-Orbitrap MS system (Thermo
Fisher Scientific, Bremen, Germany). The ESI source was
equipped under the following parameters: spray voltage, —3.
0 kV/+3.5 kV; capillary temperature, 320 °C; aux gas heater
temperature, 350 °C; normalized collision energy,
30/40/50 V; sheath gas (N,), 35 arb; aux gas (N,), 10 arb;
sweep gas (N»), 0 arb. Moreover, the scanning method of Full
MS/dd-MS? (TopN) was adopted. The full scan range of MS'
was 100—1500 m/z acquired with resolution R = 70000, and
MS? scan range was 200-2000 m/z with the resolution
R = 17500. Dynamic exclusion was 6.0 s and isolation window
was 4.0 m/z.

2.5. Data processing and analysis

In this research, non-targeted metabolomics processing flow
was employed for data analysis. Firstly, the processing soft-
ware Compound Discoverer 3.2 corresponding to Q-Orbitrap
mass spectrometry was used to process the mass spectra data,
and generate a large data matrix including retention time and
peak area. Then, the above data was normalized and imported
into Simca-P 14.1 software for orthogonal partial least squares
discriminant analysis (OPLS-DA) to compare the overall dif-
ferences and metabolic profiles of different parts, and the dif-
ferential metabolites were screened under the conditions of
VIP > 1 and P-value < 0.05. Finally, the selected differential
metabolites were identified according to the methods of stan-
dard comparison, database comparison and literature compar-
ison, and relatively quantified with the known concentration of
IS solution.

2.6. Network pharmacology

The chemical components of L. rotata were determined
according to the identification results of UPLC/Q-Orbitrap
MS, and the corresponding targets of each component were
predicted in Swiss target prediction database and selected with
a score > 0.7. L. rotata was mainly used to treat RA, contain-
ing anti-inflammatory and immune regulation, so “‘rheumatoid
arthritis” and “immune regulation” were searched as keywords
to obtain protein targets in TTD database, DrugBank data-

base, DisGeNET database and GeneCards database, and con-
verted them into corresponding gene names in UniProt
database. The intersection targets of the component targets
and the disease-related targets were entered into the String
database and predicted the interaction between the two. The
common targets were imported into the DAVID database
for GO analysis and KEGG analysis, where GO analysis
included three modules: biological process (BP), molecular
function (MF), and cell composition (CC). The top 10 items
of each module were selected as a histogram, and the pathways
with P-value < 0.05 were kept in a bubble chart. Regarding
the visual analysis, two networks were constructed by Cytos-
cape: an active ingredient-target interaction network and an
ingredient-target-pathway network diagram of L. rotata.

3. Results

3.1. Secondary metabolites profiling in aerial part and root of L.
Rotata

According to the experimental conditions described in Sec-
tion 2.4, combined with standard comparison and literature
comparison methods, 48 and 40 components were identified
from the aerial parts and roots respectively (Wang et al.,
2018; La et al., 2015; Wu et al., 2016; Zan et al., 2018; Tao
et al., 2014; Fan et al., 2012), of which there were 8 character-
istic components and 40 common components, mainly includ-
ing flavonoids, iridoid glycosides and phenylethanoid
glycosides. The UPLC-HRMS profiles of the sample solution
of aerial part and root in L. rotata was shown in Fig. 1, and
the 48 chemical components identified by mass spectrometry
were detailed in Table 1.

Flavonoids were a class of compounds with high content in
L. rotata, mainly based on luteolin and apigenin as the basic
core, connecting one molecule or two molecules of sugar to
form glycoside compounds. Among them, there were 11 spe-
cies in aerial parts and 3 species in roots. During the cleavage
process, these components were easy to lose the connected
sugar group, and produce the characteristic aglycone frag-
ments (Van der Hooft et al., 2011; Aldini et al., 2011; Fridén
and Sjoberg, 2014). Taking luteolin-7-O-f-D-glucopyranside
as an example (Sun et al., 2015), the deprotonated precursor
(m/z 447.0936) was easily produced in negative ion mode,
and m/z 285.0397 by neutral elimination of Glu (162 Da)
was obtained. In particular, the RDA fragments m)/z
151.0013 and m/z 133.0279 were characteristic products of
luteolin (see fragmentation process in Fig. 2A).

Iridoid glycosides were the characteristic components of L.
rotata, and 17 iridoid glycosides were tentatively identified in
all. Due to the diversity of substitution positions and sub-
stituent groups, its characteristic fragments were difficult to
determine. Generally, a molecule of hexose was lost, followed
by dehydroxylation, decarboxylation or dehydration to form
respective fragment ions (Es-Safi et al., 2007; Li et al., 2008;
Qi et al., 2009). Taking 8-O-acetyl shanzhiside methyl ester
as an exhibition (La et al., 2015), its precursor ion was yielded
at m/z 471.1462 for [M + Na]™*. Typical neutral losses (NL),
involving Glu (162 Da) and CH3;COOH (60 Da), were detect-
able in the fragmentation pathways. Diverse productions at m/
z 411.1247 (M + Na-CH;COOH]"), m/z 249.0730
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Fig. 1

The UPLC-HRMS profiles of sample solutions of aerial part and root for Lamiophlomis rotata, under positive and negative

ionization modes. The sample in aerial part under negative ion mode (A); the sample in aerial part under positive ion mode (B); the sample
in root under negative ion mode (C); the sample in root under positive ion mode (D).

(IM + Na-CH3COOH-Glu] ") and m/z 231.0624 (M + Na-
CH;COOH-Glu-H,0]") were generated (detailed procedure
in Fig. 2B).

Phenylethanoid glycosides were another significant metabo-
lites of L. rotata. A total of 14 phenylethanoid glycosides were
identified in aerial parts and roots. The fragmentation pathway
was mainly related to breaking of ester bond or C-O bond,
resulting in a series of degradation products (Sanz et al.,
2012; Han et al., 2012; Amessis-Ouchemoukh et al., 2014).
Taking salidroside for a witness (Guo et al., 2014), the depro-
tonated phenylethanol glycoside (m/z 299.1136) was readily
generated. In the process of further mass spectrometry cleav-

age, an aglycone ion at m/z 137.0592 after the loss of sugar
moiety (162 Da for Glu) was predominant. In another cleavage
pathway, m/z 179.0698 and m/z 119.0487 were also observed
(Fig. 2C).

3.2. Multivariate statistical analysis of UPLC/MS data

Non-targeted metabolomics technology has become more and
more common in the study of the metabolic processes and
metabolites of TCM, which can not only integrate the effective
information of overall metabolites, but also compare the sys-
tematic differences between multiple groups of metabolites.
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Table 1 Identification results of the chemical components of Lamiophlomis rotata.
Peak RT Compound Formula Calculated  Selected Ion Precursor Error Attribution
number (min) (Da) Ion (Da) (ppm)
1 1.91 phlomiol C17H26013 438.1373 [M + HCOO]- 483.1359 0.738 A, R
2 2.62  vanillyl--D-glucopyranside C14H50054 316.1158 [M—H]- 315.1089 1.140 A, R
3 3.33  lamalbid C17H26012 422.1424 [M + H]=+ 423.1487 —-2.369 A, R
4 3.33  schismoside C17H6012 422.1337 [M + Na]+ 445.1304 —5266 A, R
5 3.36  phlorigidoside C C17H2401; 404.1319 [M + H]=+ 405.1381 —-2.562 A, R
6 3.76  decaffeoylverbascoside C,0H30015 462.1737 [M—H]- 461.1669 0977 A, R
7 3.94 shanzhiside methyl ester C7H»601, 406.1475 [M + H]+ 407.1537 —-2.672 A, R
8 4.08 salidroside C14H007 300.1200 [M—H]- 299.1136 —0.087 A, R
9 4.40 lamiophlomiol A/lamiophlomiol B C11H 1404 242.2253 [M—H]- 241.0699 -7.721 A, R
10 4.40 sesamoside C7H240, 420.3653 [M + Na]+ 443.1145 —-3379 A R
11 4.56 cistanoside F C,1H5013 488.1530 [M—H]- 487.1456 —0.234 A, R
12 5.74  chlorogenic acid or its isomers Ci6H1309 354.3090 [M—H]- 353.0879 0.268 A, R
13 5.98  5-hydroxyloganin C17H»601, 406.1461 [M + H]+ 407.1537 —2.672 A,R
14 6.32 caffeic acid CyHgO4 180.0423 [M—H]- 179.0343 —-3.809 A, R
15 6.66 chlorogenic acid or its isomers Ci6H 509 354.3090 [M—H]- 353.0880 0.551 A, R
16 6.83 loganic acid C16H24010 376.3560 [M—H]- 375.1299 0.613 A, R
17 7.90 phloyoside II C17H5Cl0;,  456.1034 [M + Na]+ 479.0914 —4951 AR
18 9.42  7-epi-loganin C17H6010 390.1526 M + H]+ 391.1590 —-2.233 AR
19 10.60  penstemoside C7H»601,; 406.1475 [M + Na]+ 429.1357 —2.406 A,R
20 10.61  7,8-dehydropenstemoside C17H24014 404.1319 [M + H]+ 405.1401 2375 A,R
21 10.70  verbenalin C17H24019 388.3660 [M + H]+ 389.1432 —2.630 A, R
22 11.94 loganin C17H6010 390.1526 M + H]+ 391.1589 —-2489 A, R
23 14.23  campneoside 1T Cy9H36016 640.2003 [M—H]- 639.1936 0.848 A, R
24 1490 rutin Cy7H30016 610.5175 M + H]+ 611.1592 —-2.391 AR
25 15.37  8-O-acetyl shanzhiside methyl ester Ci3H»501» 448.1581 [M + Na]+ 471.1462 —-2329 A,R
26 17.50 luteolin-7-O-p-D-apiofuranosyl Co6H3015 580.1428 M + H]=+ 581.1488 —3.946 A
(1 - 6)-p-D-glucopyranoside
27 17.82  kaempferol-3-O-D-glucopyranoside C21H20011 448.3770 M + H]' 449.1065 —-2979 A,R
28 17.84 luteolin-7-O-B-D-glucopyranside C21H20011 448.1006 [M—H] 447.0933 0.035 A
29 18.53  betonyoside A/betonyoside B C30H35016 654.2160 [M—H]- 653.2094 1.059 A, R
30 18.75 forsythoside B C34H44019 756.2477 [M—H]- 755.2408 0.527 A, R
31 19.69  verbascoside/isoverbascoside CyoH36015 624.2054 [M—H]- 623.1985 0.572 A, R
32 21.05 verbascoside/isoverbascoside Cy9H36015 624.2054 [M—H]- 623.1983 0.251 A, R
33 21.11 apigenin-7-O-f-D-glucopyranoside C51H20010 432.1056 [M + H]+ 433.1121 —-1.901 A
34 21.37 orobanchoside CyoH34015 622.1898 [M—H]- 621.1831 0977 A, R
35 21.73  alyssonoside C35H46019 770.7280 [M—H]- 769.2567 0842 A, R
36 21.77 luteolin-7-O-p-D-(6"-O-acetate)- Cy3H,015 490.1111 [M—H]- 489.1038 —0.101 A
glucopyranoside
37 23.07 2"-acetylastragalin Cy3H,015 490.1111 [M—H]- 489.1039 0.104 A
38 23.16 leucosceptoside A C30H3505 638.2211 [M—H]- 637.2144 0.952 A, R
39 23.32 cistanoside C C30H330;5 638.6140 [M—H]- 637.2145 1.109 A, R
40 24.63 lamiophlomioside A C36H45019 784.2790 [M—H]- 783.2723 0.763 A, R
41 25.72  8-epi-7-deoxyloganin C19H609 374.1577 [M + Na]+ 397.1461 —-0.268 A, R
42 26.46  6f-n-butoxy-7,8- C,1H3,049 444.1995 [M + H]+ 445.2059 —-2.075 A, R
dehydropenstemonoside
43 26.88 luteolin Cy5H100¢ 286.0477 [M—H]- 285.0407 0.838 A
44 27.01 martynoside C31Hy40015 652.6400 [M—H]- 651.2302 1.162 A, R
45 28.58 apigenin-7-0-(6"-0-4-coumaroyl)-f-  C30H501> 578.1389 [M—H]- 577.1359 1.301 A
glucopyranoside
46 28.66  hyperoside C51H2012 464.3763 [M + H]+ 465.1016 —2478 A, R
47 28.66 apigenin C5H;¢Os5 270.0528 [M—H]- 269.0460 1.685 A
48 29.24  salviifoside A Cy0H2,09 406.1264 [M + Na]+ 429.1162 1.390 A, R

According to the research method of metabolomics, the mass
spectrum data of 30 batches of aerial parts and roots was pre-
processed and predicted in Compound Discoverer 3.2 soft-
ware, and then the normalized data was imported into
Simca-P 14.1 software for multivariate statistical analysis.
OPLS-DA analysis is a supervised pattern recognition
method, which can maximize the differences between different

groups. As reflected in Fig. 3, the aerial part and root of L.
rotata were respectively distributed in different quadrants
and had good clustering effect, indicating that there were obvi-
ous differences between different parts. In order to prevent the
model from overfitting, the permutation test (200 response
ranking test) was used to evaluate the model. The R*X value
was 0.549 and the R?Y value was 0.989, which could be deter-
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mined that the analyzed data has good adaptability to estab-
lish the model. At the same time, the Q2 of 0.976 was able to
confirm that the analytical model has good predictability.
Both VIP-value and P-value can represent the importance
of variables to grouped data, and reveal potential markers.
Normally, the larger the VIP-value, the more obvious the com-
pounds in multiple batches are. On the contrary, the smaller
the P-value, the more important the compound can be
reflected. Currently, the data with VIP > 1 or P-
value < 0.05 can be regarded as differential components. In
this experiment, a total of 578 variables were selected under
the condition of VIP > 1, and a total of 3737 variables were
selected under the condition of P-value < 0.05. Taking the
intersection of the two, 474 important variables were screened,
which would be used as potential markers for further analysis.

3.3. Identification and relative quantification of the differential
metabolites

Differential metabolites can be divided into characteristic com-
ponents and differential components. The characteristic com-
ponents are the components that can be distinguished from
other parts, and the differential components refer to the com-
ponents with different contents between different parts. Using
a variety of mass comparison methods to identify the differen-
tial metabolites screened above, a total of 16 components were
identified. Among them, it included 8 characteristic compo-
nents (Fig. 4A), mainly concentrated in aerial parts. Flavo-
noids occupied an absolute position, and the specific
compounds were apigenin, apigenin-7-O-f-glucopyranoside,
apigenin-7-0-(6"-0-4-coumaroyl)--glucopyranoside, luteolin,
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luteolin-7-O -f-glucopyranside, luteolin-7-O-p-apiofuranosyl-
(1 — 6)-p-glucopyranoside, luteolin-7-0-f-(6"-O-acetate)-
glucopyranoside, and 2”-acetylastragalin. In addition, there
were also 8 different components detected in both aerial parts
and roots, including 2 iridoid glycosides and 6 phenylethanoid
glycosides. Phlorigidoside C, phloyoside II, salidroside, camp-
neoside II and cistanoside F were high in aerial parts (Fig. 4B),
whereas lamiophlomioside A, decaffeoylverbascoside and leu-
cosceptoside A were high in roots (Fig. 4C).

In order to further analyze the content changes of differen-
tial metabolites in aerial parts and roots, the known concentra-
tion of IS solution was added to the samples for relative
quantification. Specnuezhenide is the iridoid compound with
similar chemical properties to the samples, but it is chained
while the iridoid glycosides in L. rotata are circular. Therefore,
specnuezhenide could be well dissolved in the samples without
overlapping with other signal peaks during the separation pro-
cess, so it was selected as the IS material. In this study, the con-
centration of the above differential metabolites were calculated
according to the known IS solution concentration and the nor-
malized peak area, then the content of them were derived
based on the solution volume and powder mass of each batch
of samples, and finally the box diagrams were made for the
content information of these 16 differential metabolites. As
seen in Fig. 5, the content and distribution of each component
could be more intuitively distinguish (detailed in table S1).

3.4. Network pharmacology results

According to the prediction results of the above database, a
total of 58 component targets, 1350 inflammation-related tar-
gets and 1992 immune-related targets were selected. There
were 28 common targets in the intersection of component tar-
gets and inflammatory targets, and 28 common targets in the

intersection with immune targets. Cytoscape was introduced
to construct the active ingredient-predicted target interaction
network (Fig. 6A). It was obvious that luteolin, apigenin and
caffeic acid had more predicted targets. In addition, the pre-
dicted active components were mainly flavonoids, indicating
that flavonoids might be the main active components of L.
rotata exerting medicinal effects. Taking the intersection of
compound targets and and disease targets, 34 common targets
were screened out. The relationship between them was pre-
dicted in String database, and PPI network visual analysis
was performed on Cytoscape platform (Fig. 6B). It could be
seen from the figure that matrix metalloproteinase 9
(MMPY), cyclooxygenase 2 (PTGS?2) and estrogen receptor o
(ESRI) were the key targets of the active ingredient of L.
rotata acting on inflammation and immune response, indicat-
ing that these targets played an important pharmacological
role in the treatment of RA.

Go analysis and KEGG analysis were carried out in David
database, and the enrichment results were shown in Fig. 7. The
results of GO analysis in biological processes included oxida-
tion—reduction process, response to drug, negative regulation
of apoptotic process, protein phosphorylation, collagen cata-
bolic process, extracellular matrix disassembly and other bio-
logical processes (Fig. 7A). Enrichment in cellular
component involved plasma membrane, integral component
of membrane, nucleus, cytosol, extracellular space, et al
(Fig. 7B). Enriched results in molecular function consisted of
zinc ion binding, ATP binding, enzyme binding, protein
homodimerization activity, protein kinase binding, identical
protein binding and other molecular functions (Fig. 7C). In
order to deeply understand the anti-rheumatoid arthritis mech-
anism of L. rotata, the KEGG pathway was enriched and ana-
lyzed. As a result, a total of 13 meaningful signal pathways
were found, and enriched pathways with P-value < 0.05 were
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Fig. 5 Box plots of 16 different metabolites in aerial parts and roots.

collected in a bubble diagram (Fig. 7D), which included the
steroid pathways and the cancer pathways accounted for the
largest proportion, such as ovarian steroidogenesis, estrogen
signaling pathway, steroid hormone biosynthesis, pathways
in cancer, microRNAs in cancer and bladder cancer. Other-
wise, there were also serotonergic synapse, ABC transporters,
bile secretion and prolactin signaling pathway. Furthermore,
the core analysis of the predicted pathway showed that RA
was found in immune diseases (Fig. 7E).

In order to further reveal the relationship between active
ingredients of L. rotata and RA effects, a component-target-
pathway network was constructed. As shown in Fig. 6C, the
chemical components associated with inflammation and
immune pathways were flavonoids except caffeic acid, includ-
ing 3 characteristic components screened from aerial parts and
roots, namely apigenin, luteolin and 2”-acetylastragalin. To
some extent, it showed the superiority of the characteristic
components (i.e., flavonoids) in aerial parts with the treatment
of rheumatoid arthritis.

4. Discussion

Metabolomics originated from life science research, and
later developed rapidly and penetrated completely into many

fields. At present, one of the branches is to apply the mass
spectrometry results of chemical components and the research
methods of metabolomics to the quality control of TCM
(Yang et al., 2017). Through metabolomics analysis in differ-
ent parts of the same Chinese medicinal materials, the different
metabolites and potential markers between different parts are
found to realize the purpose of recognition for different parts
and quality control of TCM. A total of 16 different metabo-
lites were identified in this study, and flavonoids were mainly
focused in aerial parts, which could be used as a theoretical
basis to distinguish aerial parts from roots. We speculate that
the aerial part of L. rotata is a place where the density and
strength of light are relatively concentrated, so that light
may have a stress effect on flavonoids in plants. Some schol-
ars pointed out that light probablely worked by regulating
the expression of related enzymes in flavonoid biosynthesis
pathway (Pan et al., 2016), such as phenylalanine ammonia
lyase (PAL) and chalcone synthase (CHS). As shown in
Fig. 8, the basic skeleton of flavonoids was the biosynthetic
product of three malonyl-CoA and one coumarinyl-CoA.
Among them, coumarinyl-CoA was synthesized under the
action of PAL using phenylalanine as a precursor, so PAL
was the key enzyme and rate-limiting enzyme in the shikimate
acid pathway. Malonyl-CoA and coumarinyl-CoA produced
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dihydroflavonoids under the action of CHS, and then other
flavonoids were generated under the action of various
enzymes. Therefore, CHS was the key enzyme connecting the
two parts in the biosynthesis of flavonoids. Besides, as the
quality parameters of Chinese Pharmacopoeia, shanzhiside
methyl ester and 8-O-acetyl shanzhiside methyl ester are also
characteristic components and active components of L. rotata.
No significant difference was found between aerial parts and
roots of the two components (this result was consistent with
the previous results (Zhang et al., 2018).), which reflected the
feasibility of aerial parts instead of whole herbs from the side.

Nowadays, mass spectrometry is the most frequently
applied analytical detector in metabolomics, with the majority
of separation platforms being UPLC based. Among them, the

hybrid Orbitrap mass spectrometer can provide higher mass
resolution and higher mass accuracy. In this study, the Q-
Exactive hybrid Q-Orbitrap mass spectrometer was used for
full scan and MS/MS data collection to realize the detection
of multiple secondary metabolites, which provided a basis
for clarifying the main components and technical support for
the rapid identification of L. rotata (Ossipov et al., 2020). A
total of 48 components were identified in this study, mainly
including 11 flavonoids, 17 iridoids, 14 phenylethanol glyco-
sides and 6 other components. However, it was difficult to fully
convincing the identification of each components by relying
solely on mass spectrometry data. Therefore, it is necessary
to use relevant separation methods to purify the identified
components, and further confirm the chemical structure of
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the isolated compounds by nuclear magnetic resonance and
other technologies, so as to achieve the accurate identification
of the chemical components of L. rotata.

As a modern means of activity prediction, network phar-
macology is mainly used in many fields, such as pathogenesis
exploration, drug development, drug target identification and
so on (Kibble et al., 2015). In this study, the component targets
were predicted based on the results of mass spectrometry, and
then intersected with inflammatory and immune targets, which
could reflect the anti-rheumatoid arthritis effect of L. rotata
from different aspects. Among the different metabolites
screened out, the component differences between aerial parts

and roots were mainly concentrated in flavonoids. Among
the predicted active ingredients, the major active ingredients
were also flavonoids. To a certain extent, the information
reflected that the aerial parts might be more dominant in phar-
macological efficacy, and provided a more powerful explana-
tion for the aerial parts to replace the whole herbs. Of
course, it was only the preliminary work of activity research,
but which could play a leading role. In the later stage, it is nec-
essary to conduct in-depth investigations in various aspects on
different models.

As a traditional Tibetan medicine, L. rotata has a variety of
pharmacological effects and has been clinically applied to treat
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RA (Pan et al., 2015a). Unfortunately, environmental prob-
lems and growth disadvantages gradually emerged with the
extensive development and application of L. rotata. Currently,
the aerial parts have been promoted, and there have been liter-
atures comparing the primary metabolites and iridoid glyco-
sides in the aerial and underground parts (Pan et al., 2015b;
Zhang et al., 2018). Therefore, this article was based on these
study with all secondary metabolites in order to provide a the-
oretical basis of the chemical composition and pharmacologi-
cal activity for the popularization of aerial parts in the
future. This study mainly compared the differences of chemical
components and pharmacological effects between aerial parts
and roots by adopting the research method of interdisciplinary
integration. First of all, the chemical composition network of
different parts was constructed, then the analytical logic of net-
work pharmacology was integrated, and finally the differences
in composition and activity between aerial parts and roots
were determined. This result means that flavonoids may be
the focus of attention for comparison of different parts in
the future.

In this study, 48 secondary metabolites were identified in
the aerial parts and roots of L. rotata, which laid a foundation
for the whole component analysis of this medicinal materials.
Subsequently, 16 different metabolites were screened and
quantified in aerial parts and roots, and 6 active components
were predicted by network pharmacology. The results revealed
that certain flavonoids as potential markers could make a dis-
tinction between aerial part and root of L. rotata, and the dis-
tribution of active components provided a theoretical basis for
aerial parts to replace whole herbs, which contributed to the
rational application of medicinal materials and promoted the
development of ecology and resources in some way.
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