
Page 1/11

A biolabel research based on metabonomics reveals the therapeutic
potentials of Herba Lysimachiae in synovial diseases
Xu-zhao LI 

Guizhou University of Traditional Chinese Medicine
Shuai-nan ZHANG  (  laurahoney@163.com )

Guizhou University of Traditional Chinese Medicine https://orcid.org/0000-0002-5530-9238
Qi LIU 

Qiqihar Medical University
Yu-mei WANG 

Qiqihar Medical University

Research

Keywords: Herba Lysimachiae; synovial diseases; biolabel; prostaglandin E1/E2; metabonomics analysis

Posted Date: July 17th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-41279/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-41279/v1
mailto:laurahoney@163.com
https://orcid.org/0000-0002-5530-9238
https://doi.org/10.21203/rs.3.rs-41279/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/11

Abstract
Background: Previous research has demonstrated that Herba Lysimachiae (HL) exerts the dual effects on platelet aggregation in the synovium, which may
contribute to its protection against synovial lesions under different situations. However, the mechanism is unclear. In the present experiment, a biolabel
research based on metabonomics was used to mine more information about the intervention of HL on synovium at the metabolite level, which may help to
analyze the regulation of HL on synovial platelet aggregation and its possible treatment in synovial diseases.

Methods: Synovial metabolic pro�ling was analyzed using a Shimadzu Nexera UHPLC LC-30A system and an AB SCIEX Triple TOF 4600 mass spectrometer.
Enzyme-linked immunosorbent assay was used to verify the biolabels analysis results.

Results: Totally, thirteen common metabolites were differentially expressed after treating with HL, and implicated in 2 key pathways (arachidonic acid
metabolism and glycerophospholipid metabolism). ELISA showed that HL up-regulated the expression of prostaglandins E1 and E2 in synovial tissues.

Conclusions: This study reveals that HL may regulate the synovial platelet aggregation through prostaglandin E1/E2. Additionally, HL is suitable for treating
synovial diseases, especially osteoarthritis, which may be associated with the platelet aggregation, apoptosis, in�ammation, angiogenesis, and
carcinogenesis processes.

Background
Synovial lesions are evident in a variety of diseases, such as rheumatoid arthritis [1], osteoarthritis [2], and gouty arthritis [3], etc. Synovial membrane supplies
nutrients to cartilage and protects the joint structures [4], whose dysfunction is also one of the important inducers of cartilage damage in joint [5]. Additionally,
synovial diseases have a high prevalence rate around the world (eg. 0.5-1% in rheumatoid arthritis [1] and 2–6% in osteoarthritis [6]). In traditional Chinese
medicine theory, most synovial diseases belong to the category of rheumatism arthralgia syndrome, such as rheumatoid arthritis, osteoarthritis, and gouty
arthritis, etc.

Herba Lysimachiae (HL), also called “zhuifengsan” in Chinese, is the herb applied in traditional medicinal systems of China, and has a history of application in
treating rheumatic arthralgia [7]. Modern pharmacological studies have found that HL can play a certain protective role in synovial injury [8, 9]. Our previous
proteomics research has also shown that [2], in a model of osteoarthritis, HL may produce the therapeutic effects similar to the positive drug (diclofenac
sodium salt) by inhibiting synovial platelet aggregation. However, in physiological situations, HL may play a role similar to platelet-rich plasma to increase
platelet count in the synovium, which may display a preventive role in the potential synovial damage. The dual effects of HL on synovial platelet aggregation
may contribute to its protection against synovial injury under different conditions. However, the mechanism is unclear. The research information obtained
from the analysis of protein data alone is restricted and inadequate, which requires the use of another level of research data to supplement the relevant
content, in order to obtain more valuable information resources.

Metabonomics, the major components of systems biology, can be applied to explore the potential biolabels of drugs at the level of metabolic pro�ling [10, 11].
Biolabels are unique information groups composed of the drug-sensitive targets, which can be used to characterize the effects and mechanisms of drugs [2,
12]. Biolabel-led research pattern is an innovative research pattern to position the therapeutic potentials of Chinese material medicas (CMMs) in the
physiological state [2]. This pattern can effectively explore the therapeutic scopes and advantages of CMMs, and make the direction and purpose of the
follow-up researches clearer, so as to improve work e�ciency and shorten the research cycle [12]. In the present experiment, based on biolabel-led research
pattern, we used metabonomics to mine more information about the intervention of HL on synovium at the metabolite level. Based on the information, we may
analyze the regulation of HL on synovial platelet aggregation and its possible treatment in synovial diseases [2, 12].

Materials And Methods

Plant material and extraction
The crude drug (the dried entire plant of Lysimachia paridiformis Franch. var. stenophylla Franch. (Primulaceae)) was obtained from Guanling County of
Guizhou Province, PR China. The voucher specimen (GUCM-VS-2018-001) of the herb was authenticated by Prof. Xu-zhao LI, College of Pharmacy, Guizhou
University of Traditional Chinese Medicine. The preparation of aqueous extract of HL was shown in our previous study [2]. The yield of the extract is 12.65%
(w/w). The chromatographic pro�le of the same batch of extract is also shown in our previous study [2] and Supplementary Figure S1.

Animals and drug administration
All experimental treatments on the animals were performed in accordance with the Legislation on the European Council on Animal Care and Use of
Experimental Animals (Directive 86/609/EEC) and permitted by the Ethics Committee of Institute of Radiation Medicine of Chinese Academy of Medical
Sciences (Tianjin, PR China). All efforts were made to reduce animal suffering and the number of animals used. The health status of the experimental animals
was monitored twice daily through the experiment period. Sprague Dawley rats (male, ∼200 g) were purchased from Institute of Radiation Medicine of
Chinese Academy of Medical Sciences (Tianjin, PR China). Twenty-four rats (n = 6) were randomly divided into control, HL low-dose, HL middle-dose, and HL
high-dose groups. The low-, middle-, and high-dose groups were orally administrated with 0.11, 0.22, and 0.33 g/kg aqueous extract of HL, respectively, once
daily for 7 days. The rats in control group were administrated with equal volume saline once a day for 7 days.

Sample collection
All operations were performed under sterile conditions. Following the anesthesia of rats with an intraperitoneal injection of 400 mg/kg chloral hydrate,
synovial tissue samples were obtained from the joints of rats at 24 h after the last administration. All samples were immediately frozen in liquid nitrogen
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following accurate weighing, and then stored at -80 ºC for LC (liquid chromatography)-MS (mass spectrometry) and analysis and enzyme-linked
immunosorbent assay (ELISA).

LC-MS analysis
The frozen samples were added to 10 volumes of ice-cold methanol and homogenized with a tissue homogenizer for 90 s in the iced bath. The homogenate
was centrifuged at 13,000 g for 15 min at 4 ºC. The supernatant was transferred into the Eppendorf tube and stored at -80 ºC until used.

Synovial metabolic pro�ling was analyzed using a Shimadzu Nexera UHPLC LC-30A system (Shimadzu Corporation, Kyoto, Japan) and an AB SCIEX Triple
TOF 4600 mass spectrometer (AB SCIEX, USA). LC-MS analysis was performed according to our previous study [2].

The quality control (QC) samples were injected at regular intervals (every 10 samples) throughout the analytical run to provide a set of data from which
repeatability can be analyzed.

Multivariate data analysis
Metabonomics data were acquired using the Analyst® TF 1.7.1 software (AB SCIEX, USA). The mass data were introduced to EZinfo 2.0 software (Waters
corp., Milford, USA) for the principle component analysis (PCA) and orthogonal partial least-squares-discriminant analysis (OPLS-DA). Hierarchical clustering
analysis was performed by the heatmap tool implemented in MetaboAnalyst (http://www.metaboanalyst.ca/MetaboAnalyst/). PCA, OPLS-DA, and
hierarchical clustering analysis can be used to investigate the synovial metabolic pro�ling of control and HL-treated groups. Variable importance in the
projection (VIP) ranks the overall contribution of each variable to the OPLS-DA model, and the variables with VIP 1 are considered relevant for group
discrimination. The one-way analysis of variance was calculated with the R Programming Language (version 3.4.2). Differentially expressed metabolites were
selected in accordance with their VIP value (VIP 1) and prede�ned P-value thresholds (p 0.05).

Differentially expressed metabolites identi�cation
Differentially expressed metabolites were identi�ed using MasterView 1.0 software (AB SCIEX, USA). The MS and MS/MS data were introduced to the
software and analyzed by a standard database (AB SCIEX LibraryView, Version 1.0) and an in-house built database derived from HMDB
(http://www.hmdb.ca/).

Metabolic pathway analysis and biochemical network construction
Pathway analysis tool implemented in MetaboAnalyst was applied for the metabolic pathway analysis of differentially expressed metabolites. Biochemical
network was constructed by Cytoscape software (version 3.6.1).

The regulation of prostaglandins E1 and E2 levels by HL
Prostaglandin E1 (E-EL-0052c) and E2 (E-EL-0034c) ELISA kits were purchased from Elabscience Biotechnology Co., Ltd. (Wuhan, PR China). The frozen
samples were homogenized in ice-cold PBS. The homogenate was centrifuged at 5,000 × g for 10 min at 4 ℃, and the supernatant was removed in a tube for
the next assay. The levels of prostaglandins E1 and E2 in the tissue homogenate were analyzed with the ELISA kits according to the manufacturer's protocol.
Statistical analysis data were presented as mean ± standard deviation. The one-way analysis of variance was calculated with the R Programming Language
(version 3.5.2). Statistical signi�cance was accepted if P < 0.05.

Results

Metabonomics analysis and Differentially expressed metabolites identi�cation
Two thousand six hundred and seventy-one metabolite ions (1890 in positive ion mode and 781 in negative ion mode) were acquired through LC-MS analysis.
QC samples in PCA score plots (Supplementary Figure S2) clustered well, indicating good reproducibility of the sample process procedure and the
instrumental system. Both OPLS-DA score plots and hierarchical clustering analysis (Figs. 1 and 2) showed signi�cant separation between control and HL-
treated groups, suggesting that biochemical perturbation signi�cantly occurred in synovial tissues.

With the help of MasterView software, thirteen differentially expressed metabolites were identi�ed and considered as the potential biolabels responsible for the
interventions of HL on synovial tissue (Table 1). Compared with the control group, the levels of 6 metabolites were up-regulated, and 7 metabolites were down-
regulated in HL-treated groups.
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Table 1
Potential biolabels identi�ed of HL.

NO. HMDB ID Metabolites RT
(min)

m/z Adduct Delta
(ppm)

Ion
mode

Fold change
(Low-
dose/Control)

Fold change
(Middle-
dose/Control)

Fold 
(High
dose

1 HMDB0011714 Vanilpyruvic acid 8.03 209.0458 M-H 1.21 NEG 2.08 2.08 2.03

2 HMDB0010386 LysoPC(18:2(9Z,12Z)) 15.66 520.3385 M + H 2.44 POS 0.61 0.50 0.55

3 HMDB0002656 Prostaglandin A1 15.73 335.2229 M-H 0.35 NEG 6.23 5.72 4.06

4 HMDB0010382 LysoPC(16:0) 16.07 518.3229 M + Na 2.29 POS 0.63 0.60 0.68

5 HMDB0008558 PC(22:1(13Z)/14:0) 18.50 788.6165 M + H 0.15 POS 356.68 250.15 273.

6 HMDB0002925 8,11,14-Eicosatrienoic acid 18.52 329.2472 M + Na 6.37 POS 0.48 0.57 0.43

7 HMDB0001043 Arachidonic acid 18.68 305.2472 M + Na 1.01 POS 1.69 1.56 1.67

8 HMDB0013422 PC(o-
18:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z))

18.72 854.5869 M + Cl 5.16 NEG 0.16 0.53 0.81

9 HMDB0008590 PC(22:2(13Z,16Z)/14:0) 18.79 830.5926 M + 
HCOOH-
H

2.45 NEG 0.41 0.62 0.84

10 HMDB0005047 9E,11E-Octadecadienoic acid 18.82 281.2473 M + H 0.74 POS 0.62 0.68 0.49

11 HMDB0007880 PC(14:0/20:2(11Z,14Z)) 19.88 758.5673 M + H 2.81 POS 0.22 0.20 0.15

12 HMDB0013468 SM(d18:0/22:3(10Z,13Z,16Z)) 19.97 803.5984 M + Na 6.66 POS 38.95 83.56 34.9

13 HMDB0007881 PC(14:0/20:3(5Z,8Z,11Z)) 19.98 756.5530 M + H 1.04 POS 122.85 169.28 196.

Delta: ppm error between the observed mass and the theoretical mass.

Fold change: the ratio of the average level of metabolites in HL-treated group to that in control group.

The metabolites were detected in (POS) positive and (NEG) negative ESI mode.

Metabolic pathway analysis and biochemical network construction
Metabolic pathway analysis (Fig. 3) showed that the potential biolabels were involved in 6 pathways. Through an impact-value screen (impact-value 0.1),
arachidonic acid metabolism and glycerophospholipid metabolism were selected as the signi�cantly dysregulated pathways (Fig. 3). Biochemical network in
Fig. 4 showed that the potential biolabels participated in 4 biochemical processes, that is, in�ammation, apoptosis, platelet aggregation, and angiogenesis
and carcinogenesis.

The levels of prostaglandins E1 and E2 in synovial tissues
The regulation of prostaglandins E1 and E2 levels by HL were tested to con�rm the biolabels analysis results. Compared with the levels of prostaglandins E1
and E2 in control group (Fig. 5), those in low-dose group were increased by 157.4 and 206.4%, respectively; those in middle-dose group were increased by
243.8 and 290.6%, respectively; those in high-dose group were increased by 354.9 and 358.9%, respectively.

Discussion
To our knowledge, this is the �rst research using synovial metabonomic approach to explore the potential applications of HL in treating synovial diseases.
According to the pathway analysis of MetaboAnalyst, HL mainly affected two key pathways, that is, arachidonic acid metabolism and glycerophospholipid
metabolism. Previous studies have shown that both pathways are closely associated with some synovial diseases, such as osteoarthritis and rheumatoid
arthritis, which are involved in the pathogenesis of both diseases [13–17]. Previous proteomics study shows that HL also affects 4 key protein pathways
(ribosome, RNA transport, hematopoietic cell lineage, and mRNA surveillance pathway), which may participate in the degenerative synovial diseases [2].
Therefore, combined with the pathway analysis of both studies, we �nd that HL may have a therapeutic advantage for the treatment of osteoarthritis (one of
the degenerative diseases in synovium). The speculation is consistent with the validation test results of previous research [2].

Combined with the previous proteomics and current metabonomics studies, we �nd that both protein and metabolite biolabels of HL may affect the platelet
aggregation and apoptosis regulation processes in the synovium [2]. In addition, the present experiment also showed that HL can regulate the expression of
some endogenous metabolites, which are involved in in�ammation, angiogenesis, and carcinogenesis processes (Fig. 4). In the following sections, we brie�y
discuss the biochemical processes of these potential biolabels, which may be helpful to explore the therapeutic potentials of HL for synovial diseases.

The aggregation of platelets in the synovium is signi�cant for the treatment of synovial diseases, which can release the growth factors and promote synovial
tissue repair and regeneration [18, 19]. Our previous proteomics study has demonstrated that HL can signi�cantly increase the levels of Gp1bb, Itga2b, and
Itgb3 in physiological situation, which indicates that HL may promote platelet aggregation in the synovium [2]. In this respect, the data from the current
experiment complemented our previous research. Arachidonic acid is the precursor of prostaglandin E2, an increase in whose level may facilitate
prostaglandin E2 production. As shown in Fig. 5b, the levels of prostaglandin E2 are increased signi�cantly in HL-treated groups, which can potentiate platelet



Page 5/11

aggregation [20]. However, prostaglandin E1 may produce an opposite effect on prostaglandin E2 in this process, which inhibits platelet aggregation [21]. HL
reduced the content of 8,11,14-eicosatrienoic acid in synovial tissue. The metabolite can be converted into prostaglandin E1, whose levels were increased
signi�cantly in HL-treated groups (Fig. 5a). From these, we known that HL may promote the conversion of 8,11,14-eicosatrienoic acid to prostaglandin E1. In
addition, the up-regulation of arachidonic acid by HL can also induce prostaglandin E1 production [22]. Therefore, we speculate that the up-regulation of
prostaglandin E1 may be one of the important molecular mechanisms by which HL inhibits platelet aggregation in synovial membrane of osteoarthritis model
[2]. Combining the above description, through its regulation of prostaglandin E1/ prostaglandin E2, HL may selectively promote or inhibit platelet aggregation
in synovial membrane under different situations. This may also explain our previous research results showing the dual effects of HL on synovial platelet
aggregation in the joints of healthy rats and osteoarthritis rats [2].

Abundant mononuclear cells in�ltration and overexpression of in�ammatory factors are seen in synovial diseases including osteoarthritis and rheumatoid
arthritis [23, 24]. The changes in the levels of vanilpyruvic acid, 8,11,14-eicosatrienoic acid, arachidonic acid, and prostaglandin A1 may participate in the
mechanism of HL against synovial in�ammation. Vanilpyruvic acid is a catecholamine metabolite, an increase in whose level may mean the accumulation of
catecholamine in synovial tissue. One previous study has shown that catecholamine-producing cells are present in in�amed synovial tissue of osteoarthritis
and rheumatoid arthritis, and produced catecholamines has strong anti-in�ammatory activities [25]. Prostaglandin E1, converted from 8,11,14-eicosatrienoic
acid, may modify the in�ammatory response and suppress arthritis [26, 27]. However, prostaglandin E2 (one of the metabolites of arachidonic acid) may
antagonize the effects of prostaglandin E1, which is an in�ammatory mediator and triggers the in�ammatory response in the synovium [28]. Additionally,
synovial NF-κB plays a crucial role in synovial in�ammation [29]. Prostaglandin A1, a potent inhibitor of NF-κB, also has anti-in�ammatory effects [30]. From
these data, HL may also have a bidirectional effect on synovial in�ammation.

Apoptosis is one of the inducing factors of synovial diseases [31, 32]. The regulation of prostaglandin A1, 9E,11E-octadecadienoic acid, PC(o-
18:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z)), PC(22:2(13Z,16Z)/14:0), and PC(14:0/20:2(11Z,14Z)) by HL may show the possibility of inhibiting synovial apoptosis. In
addition to its anti-in�ammatory activity, prostaglandin A1 also exerts anti-apoptotic effects via inhibiting the activity of NF-κB [33, 34]. 9E,11E-
Octadecadienoic acid is a conjugated linoleic acid isomer, which can induce apoptosis [35]. Additionally, the phosphatidylcholines have pro-apoptotic
potentials as well [36], the dysregulation of which in synovial tissue is associated with osteoarthritis [37]. Suppression of these four metabolites by HL might
enhance the inhibition of prostaglandin A1on apoptosis. However, on the contrary, HL can signi�cantly increase the contents of two phosphatidylcholines
(PC(22:1(13Z)/14:0) and PC(14:0/20:3(5Z,8Z,11Z))), which might lead to apoptosis [36]. In addition, phosphatidylcholine can donate its phosphocholine to
ceramide for the synthesis of sphingomyelin, abnormal metabolism of which may affect the level of sphingomyelin to some extent [36].
SM(d18:0/22:3(10Z,13Z,16Z)) is a sphingomyelin, the activation of whose pathway is also involved in the apoptosis process [38]. From these point of view,
HL may produce the bidirectional effects on apoptosis, which was in line with the results of previous proteomics study [2]. Besides protein biolabels [2],
endogenous metabolites may also be used to characterize the apoptosis regulation potentials of HL.

LysoPC(18:2(9Z,12Z)) and LysoPC(16:0) are the lysophospholipids, which have a role in lipid signaling by acting on lysophospholipid receptors.
Lysophospholipids can promote angiogenesis [39]. Synovial angiogenesis is involved in the pathogenesis of various synovial diseases, such as osteoarthritis
and rheumatoid arthritis [40]. Antiangiogenic drugs used in synovial diseases are available [41]. Additionally, lysophospholipids also have stimulatory roles in
cancer progression and stimulate the proliferation/survival of cancer cells [39]. Therefore, the inhibitory effects of HL on these two lysophospholipids might be
conducive to the inhibition of synovial angiogenesis and carcinogenesis.

In summary, through the regulation of prostaglandin E1 and E2, HL exerts the dual effects on platelet aggregation in the synovium. This may be helpful for the
protection of HL from synovial lesions under different situations. Additionally, from the analysis at the level of metabolite, HL is suitable for treating synovial
diseases, especially osteoarthritis. The treatment may be associated with the platelet aggregation, apoptosis, in�ammation, angiogenesis, and carcinogenesis
processes, which may be applied to update the information characterizing the treatment of HL on synovial diseases.
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CMM, Chinese material medica; ELISA, enzyme-linked immunosorbent assay; HL, Herba Lysimachiae; LC, liquid chromatography; MS, mass spectrometry;
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Figure 1

OPLS-DA score plots based on the synovial metabolic pro�ling of control and HL-treated groups in (A) positive and (B) negative ion modes.

Figure 2

Hierarchical clustering analysis for endogenous metabolites expression pro�le. Heat maps show endogenous metabolites pro�les that differentiate (A) low-
dose, (B) middle-dose, or (C) high-dose groups from control group. Rows: metabolites; Columns: samples; Color key indicates metabolite expression value,
blue: lowest; red: highest.
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Figure 3

Metabolic pathway analysis by MetaboAnalyst. Through an impact-value screen (impact-value 0.1), arachidonic acid metabolism and glycerophospholipid
metabolism were selected as the signi�cantly dysregulated pathways.
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Figure 4

The network of potential biolabels in response to HL treatment.

Figure 5

The levels of prostaglandins E1 and E2 in synovial tissues. Data in histograms are mean ± standard deviation (n = 6 rats/group). Values are from three
independent experiments. *P < 0.05 vs control group.
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