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Abstract

Penthorum chinense Pursh is a dietary medicinal plant widely distributed in Asia-

Pacific countries. The present study aimed to profile the chemical constituents of P. 

chinense and investigate its prebiotic role in modulating gut microbiota. Fifty 
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polyphenolic compounds were rapidly identified using UPLC-HR-MS. Total flavonoid 

and phenolic contents of P. chinense were 46.6% and 61.3% (w/w), respectively. 

Thirteen individual polyphenols were quantified, which accounted for 33.1% (w/w). P. 

chinense induced structural arrangement of microbial community in mice, showing 

increased microbiota diversity, elevated Bacteroidetes/Firmicutes ratio and enriched 

gut health-promoting bacteria. After a one-week drug-free wash, most of these changes 

were recovered, but the abundance of some beneficial bacteria was further increased. 

The altered composition of gut microbiota enriched several metabolic pathways. 

Moreover, P. chinense increased antioxidant capacity in vivo. The results suggest that 

polyphenol-enriched P. chinense modulates gut microbiota and enhances antioxidant 

capacity in mice toward a beneficial environment for host health.

Keywords: Penthorum chinense; mass spectrometry; polyphenol; gut microbiota; 

prebiotics; antioxidant

Chemicals: Quercetin (PubChem CID: 5280343), Quercetin-3-O-Glucoside 

(PubChem CID: 5280804), Quercetin-3-O-Arabinfuranoside (PubChem CID: 

5481224), Quercetin-3-O-Rhamnoside (PubChem CID: 5280459), Kaempferol 

(PubChem CID: 5280863), Kaempferol-3-O-Rutinoside (PubChem CID: 5318767), 

Pinocembrin (PubChem CID: 68071), Thonningianin A (PubChem CID: 10328286), 

Gallic Acid (PubChem CID: 370), Brevifolin Carboxylic Acid (PubChem CID: 

9838995).

Abbreviations ： ALD, alcoholic liver disease; CAT, catalase; ESI, electrospray 
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ionization; GSH, glutathione; GSH-Px, glutathione peroxidase; KEGG, Kyoto 

Encyclopedia of Genes and Genomes; LDA, linear discriminant analysis; LEfSe, linear 

discriminant analysis effect size; NALD, non-alcoholic liver disease; NASH, non-

alcoholic steatohepatitis; OUT, operational taxonomic unit; PCoA, principal co-

ordinates analysis; PLS-DA, partial least squares discriminant analysis; SCFA, short-

chain fatty acid; SOD, superoxide dismutase; T-AOC, total antioxidant capacity; 

UPLC-HR-MS, ultra high-performance liquid chromatography coupled with high 

resolution mass spectrometry.

1. Introduction

A diverse and complex microbial community residing in intestinal tract, a hidden 

metabolic organ, plays an important role in human health (Guinane & Cotter, 2013). 

Dysbiosis of gut microbiota has been associated with pathogenesis of many metabolic 

diseases including inflammatory bowel disease, chronic liver disease, obesity as well 

as diabetes (Carding, Verbeke, Vipond, Corfe, & Owen, 2015). It is widely 

acknowledged that diet significantly impacts host health and disease status in both 

direct and indirect ways. Dietary modulation of gut microbiota is increasingly believed 

as a promising approach for treatment of gut microbiota-associated diseases. Notably, 

polyphenol-enriched herbal products (e.g., grape seed extract, red wine, and green tea) 

have long been reported to have a protective effect against metabolic syndromes (Bose, 

Lambert, Ju, Reuhl, Shapses, & Yang, 2008). Polyphenols are usually of very low 

bioavailability, however, many recent studies have suggested that polyphenols (e.g., 
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silymarins, ellagitannins, resveratrol, and curcumin) modulated gut microbiota 

resulting in a beneficial environment to produce anti-inflammatory metabolites and 

promote host health (Selma, Espin, & Tomasbarberan, 2009). The prebiotic potential 

of polyphenols or polyphenol-enriched extracts is attracting increasing research 

attentions.

Penthorum chinense Pursh (P. chinense) is a medicinal plant of Penthoraceae family 

which is widely used in China for prevention and treatment of liver diseases such as 

alcoholic and non-alcoholic fatty liver and hepatitis (Wang et al., 2020). It is as well 

often applied in functional drink or as a vegetable by the locals. It has been prepared 

into standard extract in China and is available in market under the trademark of “Gansu” 

for treating chronic liver disease. Over 80 compounds including flavonoids, 

phenylpropanoids, organic acids and phenols (all belonging to polyphenols) have been 

identified from P. chinense (Wang et al., 2020). Pharmacological and biomedical 

experiments demonstrate that P. chinense has a protective role in animal models of 

alcoholic and nonalcoholic liver disease, liver fibrosis and chemical-induced liver 

injury potentially through exerting effects of antioxidation, anti-inflammation, as well 

as inhibition of stellate cell activation (Wang et al., 2020). Although P. chinense is a 

promising liver-protecting candidate for further research and development, however, 

both the chemical compositions and action mechanisms remain unclear in most parts. 

Therefore, the present study aims to rapid profile chemical constituents of P. chinense 

based on ultra high-performance liquid chromatography coupled with high resolution 
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mass spectrometry (UPLC-HR-MS) and to investigate whether and how P. chinense as 

a dietary product impacts gut microbiota in mice. The results will provide evidences on 

active principals and potential action mechanisms of P. chinense.

2. Materials and methods

2.1. Materials and Reagents

Acetonitrile, methanol and formic acid (HPLC grade) were obtained from Merck. 

Distilled water was prepared from Milli-Q system (Millipore, USA). Reference 

standards of quercetin, quercetin-3-O-glucoside, quercetin-3-O-arabinfuranoside, 

quercetin-3-O-rhamnoside, kaempferol, kaempferol-3-O-rutinoside, pinocembrin, 

thonningianin A, pinocembrin-7-O-[3''-O-galloyl-4'',6''-hexahydroxydiphenoyl]-

glucoside, catechin, epicatechin, rutin, luteolin, apigenin, gallic acid, bergenin, 

brevifolin carbocylic acid, and ethyl gallate (purity > 98%) were purchased from 

Chengdu Must Bio-Technology Co., Ltd.

The whole grass of P. chinense was obtained from Neautus Traditional Chinese 

Medicine Co., Ltd (Sichuan, China), and identified by Prof. Jin Pei, Chengdu 

University of Traditional Chinese Medicine. A voucher specimen was deposited at the 

herbarium of Institute of Chinese Medical Sciences, University of Macau. The 

preparation procedure is described previously (Wang, Wang, Jiang, Chen, Wang, & Lin, 

2016), which was consistent with its standard extraction procedure documented in 

Standards of Ministry of Health for Chinese Medicinal Preparations. In brief, the dried 

whole grass of P. chinense was ground into powder and extracted with boiling water 
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for three times (2 h for each time). After the concentration of the resulting decoction to 

a small volume, ethanol was added until 60% to precipitate the high-molecule proteins 

and polysaccharides for three times. Then the supernatant was collected and lyophilized 

to yield the dried P. chinense extract.

2.2. UPLC-HR-MS for chemical characterization

The ultimate 3000 hyperbaric LC system coupled with high resolution Orbitrap Fusion 

Lumos TribridTM via an electrospray ionization (ESI) interface from Thermo Fisher 

Scientific (Bremen, Germany) was used for a comprehensive analysis of the 

constituents in P. chinense extract. The chromatography system was equipped with an 

auto-sampler, a diode-array detector, a column compartment, and two pumps. The 

chromatographic conditions were optimized and a BEH C18 column (1.7 μm, 2.1 mm 

ID × 100 mm, Waters) maintained at 35 °C was finally chosen for separation of P. 

chinense extract. The mobile phase was composed of water (0.1% formic acid, A) 

mixed in gradient mode with acetonitrile (0.1% formic acid, B), at a flow rate of 200 

μL/min. The elution gradient was optimized as follows: 0-3 min, 3% B; 3-6 min, 3% to 

25% B; 6-28 min, 25% to 42% B; 28-30 min, 42% to 100% B; 30-32 min, 100% B. 

The injection volume was 3.0 μL and the sampler was set at 4 °C.

For identification of the components in P. chinense extract, positive full scan modes 

within the range of m/z (mass/charge ratio) 150-1500 at a resolution of 120,000 were 

used for acquisition of accurate molecular ion. The other parameters were set as follows: 

spray voltage, +3.0 kV; sheath gas flow rate, 35 arb; aux gas flow rate, 10 arb; sweep 
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gas, 2 arb; capillary temperature, 320 °C; vaporizer temperature, 250 °C; RF lens, 50%. 

The fragment ions in MS/MS data obtained by higher energy collision dissociation 

(HCD) at proper collision energy were further utilized for confirmation of the structures 

of the components. In addition, standards were also used for assistance of identification 

of the components. Xcalibur 3.0 software (Thermo Fisher) was used for UPLC-HR-MS 

control and data handling.

2.3. Determination of total flavonoid and phenolic contents

Total flavonoid and phenolic contents were performed using NaNO2/ AlCl3/ NaOH and 

Folin-Ciocalteu method, respectively, both according to the protocols reported by 

(Orsavová, Hlaváčová, Mlček, Snopek, & Mišurcová, 2019) using the respective 

standard of rutin and gallic acid. Cytation 3 Multi-Mode Reader (BioTek) was used for 

the detection. Results were expressed as grams of rutin equivalent (RE)/g of extract (g 

RE/g) and as grams of gallic acid equivalent (GAE)/g of extract (g GAE/g), respectively.

2.4. UPLC-QqQ-MS for quantitative analysis

2.4.1. LC-MS/MS condition

A Shimadzu Nexera UPLC tandem LCMS-8045 triple quadrupole (QqQ) mass 

spectrometry was used. Chromatographic separation was achieved on a Shim-pack XR-

ODSII C18 column (2.0×100 mm, 2.2 μm) coupled with a Shim-pack GIST-HP(G) 

C18 Guard column (1.5×10 mm, 2 μm). The mobile phase system included water (0.1% 

formic acid, A) and acetonitrile (0.1% formic acid, B). The eluting gradient was as 
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follows: 0-0.5 min, 0% B，0.5-1.20 min 0-5% B, 1.20-6.00 min 5-50% B, 6.00-11.00 

min 50-100% B, 11.00-12.00 min 100% B, 12.01 min 100-0% B, 12.01-14.00 min 0% 

B. The flow rate was set at 200 μL/min. The injection volume and column temperature 

were 10 μL and 35 ℃, respectively. 

The quantitation was optimized and performed in multiple reaction monitoring (MRM) 

mode. The mass spectrometer was operated at the following condition: Spary (N2), 4 

L/min; Heat Gas Flow, 11 L/min; Dry Gas, 11 L/min; Interface Temp, 340 ℃; DL, 300 

℃; Heat Block Temp, 350 ℃; Interface Voltage, 4 kV. The MRM parameters (Ion pair, 

retention time, Q1 Pre, Collision Energy, and Q3 Pre) for each analyte are displayed in 

supplementary Table 1.

2.4.2. Sample preparation 

P. chinense extract (10 mg) was accurately weighed and dissolved in 50% methanol 

with sonication for 2 min. The solution was further filtrated through 0.22 μm membrane 

for LC-MS/MS analysis.

2.4.3. Method validation

The quantitative method was validated with linearity, limit of detection (LOD), limit of 

quantification (LOQ), precision, accuracy, and recovery. The linearity of each analyte 

was established by plotting peak area of analyte against serial designated concentrations. 

The LOD and LOQ were determined at concentrations with the signal-to-noise (S/N) 

ratio of 3 and 10. The precision and accuracy of the methods were determined by 
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repeated analysis of a standard solution within 24 h. The precision was evaluated by 

the RSD value with replicate assays (n = 6), and the accuracy (n = 6) was evaluated 

based on the error of the assayed standard solution relative to the nominal 

concentrations. The stability of standard solution of analytes was determined by a 

repeated analysis at 0, 2, 4, 8, 12, and 24 h. To evaluate recovery, known amounts of 

each analyte were spiked into P. chinense extract, which was further extracted as 

described in sample preparation part for LC-MS/MS analysis. The results of method 

validation are displayed in supplementary Table 2 and supplementary Table 3, which 

suggested the suitability and robustness of the developed method for the quantification 

process.

2.5. Microbial diversity analysis

2.5.1. Sample collection

The care of animals and all experimental procedures were approved by the Committee 

on Use and Care of Animals of Southwest Medical University. SPF Male C57BL/6J 

mice (18-20 g) supplied by the Hua-Fu-Kang Biotechnologies (Beijing, China) were 

maintained under controlled conditions of temperature (22-24 oC), humidity (55-60 %), 

and a light/dark cycle of 12/12 h.

Before the start of experiment, all mice were allowed ad libitum access to food sterilized 

by 60Co irradiation from Dashuo Biotechnologies (Chengdu, China) and autoclaved 

water for accommodation in the first 2 weeks. Food was given at 17:00-18:00 p.m. of 

each day to avoid disturbance of the circadian clock. Mice (n = 10) were administered 
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with P. chinense extract at a dosage of 0.4 g (equivalent to 4 g crude herb)/kg via p.o. 

for 5 consecutive days (day 1-5) at 9:00-10:00 a.m. of each day. Fresh fecal specimens 

of all mice were collected at day 0, 6 and 13, respectively. Fecal specimens were 

collected at 15:00-17:00 p.m. to minimize possible circadian effects. Samples were 

placed into empty sterilized microtubes on ice and stored at -80 °C within 1 h after 

collection.

2.5.2. DNA extraction and PCR amplification

Microbial DNA was extracted from mice fecal samples using the E.Z.N.A.® soil DNA 

Kit (Omega Bio-tek, Norcross, GA, U.S.) according to manufacturer’s protocols. The 

final DNA concentration and purification were determined by NanoDrop 2000 UV-vis 

spectrophotometer (Thermo Scientific, Wilmington, USA), and DNA quality was 

checked by 1% agarose gel electrophoresis. The V3-V4 hypervariable regions of the 

bacteria 16S rRNA gene were amplified with primers 338F (5’-

ACTCCTACGGGAGGCAGCAG-3’) and 806R (5’-

GGACTACHVGGGTWTCTAAT-3’) by thermocycler PCR system (GeneAmp 9700, 

ABI, USA). PCR reactions were performed in triplicate 20 μL mixture containing 4 μL 

of 5 × FastPfu Buffer, 2 μL of 2.5 mM dNTPs, 0.8 μL of each primer (5 μM), 0.4 μL 

of FastPfu Polymerase and 10 ng of template DNA. The resulted PCR products were 

extracted from a 2% agarose gel and further purified using the AxyPrep DNA Gel 

Extraction Kit (Axygen Biosciences, Union City, CA, USA) and quantified using 

QuantiFluor™-ST (Promega, USA) according to the manufacturer’s protocol.
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2.5.3. Illumina MiSeq sequencing

Purified amplicons were pooled in equimolar and paired-end sequenced (2 × 300) on 

an Illumina MiSeq platform (Illumina, San Diego, USA) according to the standard 

protocols by Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, China). 

2.5.4. Processing of sequencing data

Analysis of the gut microbial community was carried out using the free online platform 

of Majorbio Cloud Platform (www.majorbio.com). Raw fastq files were demultiplexed, 

quality-filtered by Trimmomatic and merged by FLASH with the following criteria: (i) 

The reads were truncated at any site receiving an average quality score < 20 over a 50 

bp sliding window. (ii) Primers were exactly matched allowing 2 nucleotide 

mismatching, and reads containing ambiguous bases were removed. (iii) Sequences 

whose overlap longer than 10 bp were merged according to their overlap sequence. 

Operational taxonomic units (OTUs) were clustered with 97% similarity cut off using 

UPARSE (version 7.1, http://drive5.com/uparse/) and chimeric sequences were 

identified and removed using UCHIME. The taxonomy of each 16S rRNA gene 

sequence was analyzed by RDP Classifier algorithm (http://rdp.cme.msu.edu/) against 

the Silva (SSU123) 16S rRNA database using confidence threshold of 70%.

Rarefaction curves and alpha diversity were determined using mothur v1.30.1 and beta 

diversity was determined using QIIME. Partial least squares discriminant analysis 

(PLS-DA) was achieved in R tools using package mixOmics. Data structure was 

analyzed by principal co-ordinates analysis (PCoA) using the Bray-Curtis dissimilarity 
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matrices. Linear discriminant analysis (LDA) coupled with effect size (LEfSe) was 

performed using LEfSe program. 

Based on 16S rRNA gene sequence data, Tax4Fun, an open-source R package, was 

used to predict functional capacities of microbial communities mapping with Kyoto 

Encyclopedia of Genes and Genomes (KEGG) reference database.

2.6. Analysis of antioxidant capacity

In another set of study, male C57BL/6J mice (n = 6) were treated with P. chinense 

extract at a dosage of 0.4 g/kg via p.o. for 5 consecutive days. Control mice (n = 6) 

received vehicle. After treatment, mice were sacrificed after anaesthetization, and blood 

and liver tissues of each mouse were collected. Blood were further centrifuged at 4 oC 

at 4000 rpm/min for 5 min to obtain plasma. Fresh liver tissues were washed with cold 

PBS, and homogenized in normal saline at 4 oC. Protein contents of liver homogenate 

were determined using BCA Protein Assay kit (Beyotime Biotechnology, China) 

according to the manufacturer’s instruction.

Plasma was used to determine superoxide dismutase (SOD) level. Total antioxidant 

capacity (T-AOC), catalase (CAT), glutathione (GSH) and glutathione peroxidase 

(GSH-Px) levels were determined using liver homogenate. All these parameters were 

analyzed using appropriate detection kits based on the manufacturer’s instructions 

(Nanjing Jiancheng Bio-Engineering Institute Co.,Ltd, China).

2.7. Statistical analysis

Statistical difference was analyzed using GraphPad Prism software based on unpaired 
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student’s t test (for comparison between two groups) or one-way ANOVA with a post 

hoc Bonferroni test (for comparison among three groups). All the results are considered 

statistically significant at p < 0.05.

3. Results and discussion

3.1. Identification of polyphenols in P. chinense 

Based on LC-MS/MS, a total of 50 constituents were identified from the extract of P. 

chinense (Figure 1A and Table 1, m/z error < 5 ppm). Previous studies only reported 27 

compounds using LC-MS/MS method (Guo et al., 2015). Among 50 identified 

compounds, 18 were confirmed with reference standards, while 32 were tentatively 

identified based on their accurate mass weight, fragmentations and comparison with 

previous reports, with 6 compounds (39, 41, 42, 44, 45 and 49) as potentially novel 

ones. All of them are (poly)phenols, including flavonoids, phenylpropanoids, phenolic 

acids and others. Polyphenols are important indigents of many plants (Zhao, Qiao, Shao, 

Hassan, Ma, & Yao, 2020). Their structures are displayed in Figure 2.

3.1.1. Flavonoids

Most flavonoids were identified as derivatives of pinocembrin, quercetin and 

kaempferol. Quercetin (27) eluting at 9.85 min showed a [M+H]+ ion at m/z 303.0504 

(C21H21O11), which was identical with the reference standard. Compound 14 (Rt 9.32 

min) yielded a [M+H]+ at m/z 465.1041, producing a main fragment at m/z 303 

(C21H21O11) due to the loss of one glucose residue. It was confirmed with standard and 
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thus was identified as quercetin-3-O-glucoside. Compound 9 displaying a [M+H]+ at 

m/z 627.1577 was characterized by successive loss of two glucose residues to produce 

fragments at m/z 465 and 303. It was identical to quercetin-di-O-glucoside (Guo et al., 

2015). Both compounds 16 and 17 had a [M+H]+ at m/z 435.0934 corresponding to 

C20H19O11. The loss of 132 Da in their MS2 spectra indicated the presence of a xylose 

or arabinose moiety. Based on previous reports (Wang, Jiang, Liu, Chen, Wu, & Zhang, 

2014) or reference standard, compound 16 and 17 were quercetin-3-O-xyloside and 

quercetin-3-O-arabinfuranoside, respectively. Similarly, the characteristic fragment ion 

at m/z 303 in MS2 spectra of 18 ([M+H]+, m/z 449.1091), identical with reference 

standard, suggested that compound 18 was quercetin 3-O-rhamnoside.
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Table 1. Identified compounds from P. chinense by UPLC-HR-MS.
[M+H]+

No. Identified compounds
Retention time 
(min)

Molecular formula 
([M+H]+) Detected (m/z) Error (ppm)

MS2 data (m/z)

1 Chebulic acid* 1.43 C14H13O11 357.04413 -3.102 339, 321, 293, 275, 247, 203

2 Gallic acid* 2.41 C7H7O5 171.0292 -0.925 153

3 Penthorumnin B 4.09 C12H11O8 283.04389 -5.307 265, 237, 219, 191

4 Ethyl gallate* 7.17 C9H11O5 199.06059 2.462 181, 155

5 Bergenin* 7.80 C14H17O9 329.08734 1.919 311, 293, 275, 263, 247, 233, 221, 
209, 197, 181, 133

6 Catechin* 8.03 C15H15O6 291.0867 -0.457 273, 165, 147, 139, 123

7 Brevifolin carboxylic acid* 8.03 C13H9O8 293.02969 -0.178 275, 247, 219, 205, 191, 177

8 Epicatechin* 8.56 C15H15O6 291.08688 0.058 207, 165, 147, 139, 123

9 Quercetin-di-O-glucoside 8.70 C27H31O17 627.15771 3.403 465, 303

10 Brevifolin 8.85 C12H9O6 249.03860 -5.272 207, 193, 179

11 2,6-Dihydroxyacetophenone-4-O-
glucoside

8.89 C14H19O9 331.10291 1.665 169, 151

12 Penthorumin C 8.95 C26H25O17 609.10788 -2.124 591, 439, 295, 277

13 Rutin* 9.12 C27H31O16 611.15972 -1.540 465, 303, 129

14 Quercetin-3-O-glucoside* 9.32 C21H21O12 465.10410 1.718 303, 229, 127

15 Kaempferol-3-O-rutinoside 9.47 C27H31O15 595.16511 -1.070 449, 287, 169
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16 Quercetin-3-O-xyloside 9.52 C20H19O11 435.09341 1.549 417, 345, 303, 291, 167, 115

17 Quercetin-3-O-arabinfuranoside* 9.75 C20H19O11 435.09357 1.916 399, 303, 291, 115

18 Quercetin 3-O-rhamnoside* 9.85 C21H21O11 449.10910 1.589 413, 345, 303, 287, 273, 229, 129

19 Naringenin-7-O-glucoside 10.21 C21H23O10 435.12962 1.145 417, 339, 303, 273, 219, 153

20 Kaempferol-3-O-arabinfuranoside 10.42 C20H19O10 419.09827 1.07 383, 353, 287, 275, 247

21 Kaempferol-3-O-rhamnopyranoside 10.69 C21H21O10 433.11401 1.243 397, 329, 287, 211, 129

22 2,6-Dihydroxyacetophenone-4-O-
[4',6'-hexahydroxydiphenoyl]-
glucoside

10.90 C28H25O17 633.10798 -1.886 615, 597, 465, 303, 277, 259, 211, 
169, 153

23 Pinostrobin 10.95 C16H15O4 271.09701 -0.088 253, 167, 131

24 2,3′-Dihydroxy-3-methoxy-6′-
methanone-benzophenone-4-O-
glucoside

11.83 C25H29O11 505.16931 -3.319 487, 343, 325, 203, 151, 127

25 2,4-Dihydroxy-3-methoxy-6′-
methanone-benzo-phenone-3′-O-
glucoside

12.07 C25H27O11 505.16947 -3.002 487, 443, 343, 325, 203, 127

26 Luteolin* 12.57 C15H11O6 287.05545 -0.393 269, 153, 123, 107

27 Quercetin* 12.71 C15H11O7 303.05038 -0.322 285, 257, 229, 201, 165, 153, 137

28 Penthorumnin C 12.76 C27H25O17 621.10760 -2.534 603, 585, 453, 393, 291, 277, 259, 
211, 169

29 Pinocembrin-7-O-glucoside 14.38 C21H23O9 419.13484 1.510 383, 257, 239, 153, 131

30 Apigenin* 15.05 C15H11O5 271.06073 0.301 253, 229, 203, 153
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31 Pinocembrin-7-O-[3''-O-galloyl]-
glucoside

15.05 C28H27O13 571.14665 3.559 365, 297, 257, 219, 195, 171, 153, 127

32 Isomer of Pinocembrin-7-O-[3''-O-
galloyl]-glucoside

15.43 C28H27O13 571.14657 3.419 515, 449, 401, 365, 297, 257, 195, 
171, 153, 127

33 Kaempferol* 15.72 C15H11O6 287.05545 -0.393 269, 241, 213, 165, 153, 121

34 Isomer of Pinocembrin-7-O-[3''-O-
galloyl]-glucoside

16.24 C28H27O13 571.14676 3.752 553, 451, 401, 365, 315, 299, 281, 
269, 257, 219, 195, 177, 153, 131

35 Isomer of Pinocembrin-7-O-[3''-O-
galloyl]-glucoside

18.20 C28H27O13 571.14682 3.857 571, 535, 365, 347, 299, 269, 257, 
195, 171, 153, 131

36 Isomer of Pinocembrin-7-O-[3''-O-
galloyl]-glucoside

18.68 C28H27O13 571.14687 3.944 535, 365, 335, 269, 257, 171, 153, 131

37 2',4',6'-Trihydroxydihydrochalcone-
4'-glucoside

19.04 C21H25O9 421.14853 -3.151 337, 301, 259, 241, 133, 105

38 Pinocembrin-7-O-[4'',6''-
hexahydroxydiphenoyl]-glucoside

20.15 C35H29O17 721.13936 -1.545 637, 559, 465, 365, 303, 277, 257, 
243, 153, 131

39 2',6'-Dihydroxydihydrochalcone-4'-
O-[3''-O-galloyl]-glucoside

20.24 C28H29O13 573.15950 -2.295 315, 297, 259, 171, 153, 127, 105

40 Penchinone A 20.83 C19H19O6 343.11829 0.370 325, 203, 175

41 Isomer of 2',6'-
Dihydroxydihydrochalcone-4'-O-
[3''-O-galloyl]-glucoside

20.91 C28H29O13 573.15930 -2.644 537, 453, 367, 283, 259, 153, 105

42 Pinocembrin-7-O-[3''-O-galloyl-
4'',6''-hexahydroxydiphenoyl]-
glucoside isomer

21.87 C42H33O21 873.15015 -1.469 855, 617, 517, 447, 365, 303, 257, 
171, 153, 127
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43 Penchinone B 22.89 C19H19O6 343.11832 0.457 325, 203, 175

44 Isomer of 2',6'-
Dihydroxydihydrochalcone-4'-O-
[3''-O-galloyl]-glucoside

22.93 C28H27O13 573.15980 -1.772 529, 477, 367, 349, 315, 271, 259, 
171, 153, 105

45 Isomer of 2',6'-
Dihydroxydihydrochalcone-4'-O-
[3''-O-galloyl]-glucoside

23.41 C28H27O13 573.15992 -1.563 349, 337, 259, 171, 153, 105

46 Pinocembrin-7-O-[3''-O-galloyl-
4'',6''-hexahydroxydiphenoyl]-
glucoside*

24.22 C42H33O21 873.15082 -0.702 855, 705, 617, 517, 365, 303, 257, 
171, 153, 127

47 Pinocembrin-dihydrochalcone-7-O-
[4'',6''-hexahydroxydiphenoyl]-
glucoside

24.75 C35H31O17 723.15794 -0.757 705, 687, 555, 465, 367, 349, 303, 
277, 259, 241, 127, 105

48 Pinocembrin* 25.47 C15H13O4 257.08134 -0.170 239, 215, 173, 153, 131

49 2-hydroxyacetophenone 4-O-[4',6'- 
hexahydroxydiphenoyl]-glucoside

26.12 C27H21O17 617.07636 -1.565 599, 447, 303, 277, 153, 127

50 Thonningianin A* 28.38 C42H35O21 875.16956 0.130 857, 617, 555, 537, 447, 385, 367, 
303, 277, 259, 171, 153, 127, 105

* Confirmed with reference standards.
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Kaempferol (33, C15H10O6) was observed at 15.72 min. Compounds 15, 20 and 21 

displayed molecular ions at m/z 595.1651, 419.0983 and 433.1140, respectively, which 

produced a common fragment at m/z 287 (C15H11O6). The loss of 308, 132 and 146 Da 

corresponded to residues of rutinose, arabinose and rhamnose, respectively. Compound 

15, 20 and 21 were thus identified as kaempferol-3-O-rutinoside, kaempferol-3-O-

arabinfuranoside and kaempferol-3-O-rhamnopyranoside, respectively. On this basis, 

compound 15 was further confirmed with reference standard. 

Pinocembrin (48) along with other 14 derivatives (23, 29, 31, 32, 34-36, 38, 39, 41, 42, 

44, 45-47, 50) were identified. Pinocembrin eluted at 25.47 min with [M+H]+ at m/z 

255.0660 and was identical with reference standard. Compound 23 was identified as 

pinostrobin, showing [M+H]+ at 271.09701 (C16H15O4). The key fragment at m/z 167 

suggested that an O-methyl group in A ring. Compound 29 was identified as 

pinocembrin-7-O-glucoside, due to the characteristic loss of 162 Da (C6H10O5) 

corresponding to a glucose residue (He et al., 2015). Compound 31, 32, 34-36 showed 

a molecular ion at m/z 571.1468 ([M+H]+, C28H27O13). The presence of a key fragment 

at m/z 257 (C15H13O4) indicated that they are pinocembrin derivatives. The 

characteristic loss of 314 Da from the ion m/z 571 and the presence of a fragment at m/z 

153 (C7H5O4) suggested a galloyl-glucose residue in their structures. These five 

compounds were thus identified as pinocembrin-7-O-galloyl-glucoside and isomers 

(Guo et al., 2015). Compounds 38 and 47 were identified as pinocembrin-7-O-[4'',6''-

hexahydroxydiphenoyl]-glucoside and pinocembrin-dihydrochalcone-7-O-[4'',6''-
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hexahydroxydiphenoyl]-glucoside, respectively, which had [M+H]+ at m/z 721.1394 

(C35H29O17) and 723.1579 (C35H31O17) (Guo, et al., 2015). The presence of fragments 

at m/z 303 and 257 for 38 and ions at m/z 303 and 259 for 47 indicated the loss of a 

glucose moiety and a hexahydroxydiphenoyl residue. The fragment at m/z 153 was an 

indicator of the galloyl moiety. Similarly, 46 and 50 showing [M+H]+ at m/z 873.1502 

and 875.1696 were characterized as pinocembrin-7-O-[3''-O-galloyl-4'',6''-

hexahydroxydiphenoyl]-glucoside and thonningianin A, which were confirmed with 

reference standards. They presented characteristic ions at m/z 303, 257, 153 for 46 and 

m/z 303, 259, 153 for 50. Compound 42 having similar fragmentations with 46 was 

identified as an isomer of 46. Compound 39 showed [M+H]+ at m/z 573.15950 

(C28H29O13) with key fragment ions at m/z 259, 153 and 105. It was identified as 2',6'-

dihydroxydihydrochalcone-4'-O-[3''-O-galloyl]-glucoside. Three isomers (41, 44 and 

45) of 39 were found at 20.91, 22.93 and 23.41 min, respectively. They shared similar 

fragmentation pathways.

Other flavonoids included 4 (ethyl gallate), 6 (catechin), 8 (epicatechin), 13 (rutin), 19 

(naringenin-7-O-glucoside), 26 (luteolin) and 30 (apigenin). The retention time, MS 

and MS2 data of 6, 8, 13, 26 and 30 were identical with the reference standards. 

Compound 19 eluting at 10.21 min had a [M+H]+ at m/z 435.12962 (C21H23O10) . The 

loss of a glucose residue resulted in the presence of a key fragment at m/z 273. 

Taken together, a total of 34 flavonoids were identified. Among them, compound 39, 

41, 42, 44 and 45 were reported for the first time.



21

3.1.2. Phenylpropanoids

A total of four phenylpropanoids (24, 25, 40 and 43) were found in P. chinense. Both 

24 and 25 displayed [M+H]+ at m/z 505.16931 with calculated molecular formula of 

C25H29O11. They shared similar fragments such as ions at m/z 487 (C25H27O10, [M+H-

H2O]+), 343 (C19H19O6, [M+H-glucose residue]+), 325 (C19H17O5, [M+H-H2O-glucose 

residue]+) and 203 (C12H11O3). Based on previous report (Huang, Wang, Sun, Chen, & 

Sun, 2018), 24 and 25 were 2,3′-dihydroxy-3-methoxy-6′-methanone-benzophenone-

4-O-glucoside and 2,4-dihydroxy-3-methoxy-6′-methanone-benzo-phenone-3′-O-

glucoside, respectively. Compound 40 and 43 ([M+H]+, m/z 343.1183; C19H19O6) had 

key fragments at m/z 325 and 203. They were identified as penchinone A and 

penchinone B, respectively (He et al., 2015). 

3.1.3. Others

Several other phenolic compounds (1-3, 5, 7, 10-12, 22, 28, 37 and 49) were also 

identified, with 2, 5 and 7 confirmed with standards. Compound 1 was detected at 1.43 

min with calculated formula of C14H13O11. Its characteristic fragments included ions at 

m/z 339 (C14H11O10, [M+H-H2O]+), 321 (C14H9O9, [M+H-2H2O]+), 293 (C13H11O9, 

[M+H-H2O-HCOOH]+), 275 (C13H9O8, [M+H-2H2O-HCOOH]+), and 247 (C12H9O7, 

[M+H-H2O-2HCOOH]+), which was identical with chebulic acid. Compound 3 

([M+H]+, m/z 283.0439) underwent successive loss of HCOOH (46 Da) and H2O, and 

was identified as penthorumnin B (Era, Matsuo, Saito, Nishida, Jiang, & Tanaka, 2018). 

Compound 11 ([M+H]+, C14H19O9) had a characteristic fragment ion at m/z 169, 
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indicating the loss of a glucose residue. It is identified as 2,6-dihydroxyacetophenone-

4-O-glucoside (Sun et al., 2018). Compound 12 was identified as penthorumin C, 

showing main fragmentations at m/z 591 ([M+H-H2O]+), 439 ([M+H-C7H8O5]+), and 

295 ([M+H-C14H13O9]+) (Huang, Jiang, Chen, Yao, & Sun, 2014). Compound 22 was 

detected at 10.90 min with [M+H]+ at m/z 633.1080. The key fragments at m/z 303 and 

153 suggested the presence of a hexahydroxydiphenoyl-glucose residue. The fragment 

ion at m/z 169 was identical with the residue of 2,4,6-trihydroxyacetophenone. It was 

identified as 2,6-dihydroxyacetophenone-4-O-[4',6'-hexahydroxydiphenoyl]-glucoside 

(Huang, Jiang, Chen, Yao, & Sun, 2014). Compound 28 was penthorumnin C, which 

showed characteristic ions at m/z 453 (C19H17O13), 291 (C13H7O8) and 169 (C8H9O4) 

(Era, Matsuo, Saito, Nishida, Jiang, & Tanaka, 2018). Compound 37 eluting at 19.04 

min displayed [M+H]+ at m/z 421.1485, with main fragmentations at m/z 259, 133 and 

105. Fragment at m/z 259 was due to the loss of a glucose residue, and m/z 133 and 105 

corresponded to phenemyl and phenylacetyl groups, respectively. It was identified as 

2',4',6'-trihydroxydihydrochalcone-4'-glucoside (Sun et al., 2018). Compound 49 was 

identified as an analogue of compound 11 and 22, which had a dominant characteristic 

fragment at m/z 153 (a 2,4,6-trihydroxyacetophenone residue). The presence of ions at 

m/z 303 and 153 indicated a hexahydroxydiphenoyl-glucose group. It was thus 

identified as 2-hydroxyacetophenone 4-O-[4',6'-hexahydroxydiphenoyl]-glucoside 

(Huang, Jiang, Chen, Yao, & Sun, 2014). Compound 49 was reported for the first time. 

The proposed fragmentation is shown in Figure 1B.
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In summary, almost all identified compounds here are polyphenols. Some of them such 

as thonningianin A, thonningianin B, pinocembrin, pinocembrin-7-O-[3''-O-galloyl-

4'',6''-hexahydroxydiphenoyl]-glucoside, pinocembrin-7-O-glucoside and quercetin 

have been reported to possess remarkable antioxidant and anti-inflammatory effect and 

protect mice from liver injury induced by high-fat diet, alcohol or other chemicals (Sun 

et al., 2018). These polyphenols might be the most important active principals of P. 

chinense for alleviating liver diseases.

3.2. Total flavonoid and phenolic contents of P. chinense

Since polyphenols are identified as the main constituents of P. chinense, we further 

quantified the total flavonoid and phenolic contents. The results (Figure 1C) showed 

that the total flavonoid content of P. chinense was 465.6 ± 34.4 mg RE/g (46.6%, w/w), 

and the total phenolic content was 612.9 ± 45 mg GAE/g (61.3%, w/w), suggesting that 

P. chinense extract are enriched with polyphenols.

3.3. Determination of individual phenolic compounds in P. chinense

Since different pretreatment methods may significantly affect quality and chemical 

composition of herbal extract, here we performed LC-MS-based quantification on P. 

chinense extract to ensure its quality (Hassan, Umar, Ding, Mehryar, & Zhao, 2017; 

Zhao, Cao, Ma, & Shao, 2017; Qiao, Zhao, Shao, & Hassan, 2018; Zhang et al., 2019). 

We further determined the amounts of 13 polyphenols, including 7, 13, 14, 15, 17, 18, 

26, 27, 29, 30, 37, 46, and 50, in P. chinense extract using LC-QqQ-MS/MS. All these 

compounds have been reported to have remarkable bioactivities either in vitro or in vivo. 
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The results (Figure 1D) indicated that among all detected constituents the compound 

29 (Pinocembrin 7-O-glucoside) accounted for the highest contents (250.8 ± 13.4 mg/g), 

followed by compound 50 (52.2 ± 8.4 mg/g) and 7 (14.9 ± 1.2 mg/g). The contents of 

compounds 18, 27 and 46 were 5.75 ± 0.98, 1.18 ± 0.1 and 6.02 ± 0.64 mg/g, 

respectively. The amounts of other compounds were all below 1 mg/g. The total 

contents of all detected compounds accounted for 33.1% (w/w) of P. chinense extract. 

It is suggested that polyphenols are major chemical constituents of P. chinense.

3.4. Modulation of gut microbiota by P. chinense

P. chinense and its preparations have been widely used for treatment of several liver 

diseases, however, with undefined mechanism of actions. Previous studies have shown 

that alteration of gut microbiota compositions is closely associated with occurrence and 

progression of non-alcoholic and alcoholic fatty liver disease (NAFLD and AFLD), 

cirrhosis as well as hepatocellular carcinoma (Schnabl & Brenner, 2014). Disruption of 

the microbial homeostasis is often known as dysbiosis, which is tightly modulated by 

both environmental (e.g., diet, exposure to chemicals or antibiotics, hygiene, etc.) and 

genetic factors and a specialized mucosa-host immune system (Brandl et al., 2008). 

Intestinal microbiota has a profound impact on liver diseases via several ways. Many 

researches have thus highlighted the use of probiotics and prebiotics as new therapeutic 

strategies for liver diseases and other metabolic syndrome. 

Recent studies found that natural polyphenols or polyphenol-rich diet may be potential 

prebiotics to regulate compositions of gut microbiota (Selma, Espin, & Tomasbarberan, 
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2009). For instance, tea polyphenol intake (0.4 g, 3 times daily for 4 weeks) led to 

increased growth of Clostridium species and decreased level of Bifidobacterium 

(Okubo et al., 1992). Although polyphenols are usually of low bioavailability, they may 

have a direct impact on intestinal microbiota. Since polyphenols are identified as main 

constituents of P. chinense, we hypothesize that P. chinense may be a prebiotic herb in 

vivo. To see whether and how P. chinense shapes gut microbiota composition, we 

performed 16S rRNA gene sequencing with mice feces collected before and after daily 

oral administration of P. chinense extract (at 0.4 g/kg for 5 days). The dose used for 

mice is generally equivalent to that used in human after a compensation for species 

difference. The experimental design is shown in Figure 3A.

As shown in Figure 3B and 3C, after a 5-day ingestion of P. chinense, the richness of 

microbiota reflected as Sobs index had a minimal change, while the diversity of 

microbial community indicated by Shannon index was significantly elevated (p < 0.05). 

The result also showed that the P. chinense-induced changes in α diversity (Indicated 

by Shannon index) were recovered after one week of drug-free wash. As displayed in 

supplementary Figure 1 by rarefaction curves, the curves became much flatter to the 

right, suggesting that sufficient numbers of sequences were obtained and the α diversity 

of the sampled community was reasonably calculated.

Moreover, a structural rearrangement of gut microbiota was observed after P. chinense 

treatment as displayed by a supervised PLS-DA and PCoA (Figure 3D and 3E). The P. 

chinense-treated group was quite different from the control group, while after 1 week 
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of recovery they showed increased similarities with the control group. At phylum level, 

with the treatment of P. chinense extract, the abundance of Firmicutes, Actinobacteria, 

and Deferribacteres were decreased, while that of Bacteroidetes, Proteobacteria, 

Cyanobacteria, and Verrucomicrobia were increased (Figure 3F). In previous reports, 

the predominance of Firmicutes and decreased level of Bacteroidetes was positively 

associated with obesity, irritable bowel syndrome, and non-alcoholic steatohepatitis 

(NASH) (Boursier & Diehl, 2015). Here, P. chinense-induced change regarding 

decreased ratio of Firmicutes/Bacteroidetes (from 1.08% to 0.82%) might be a 

beneficial factor against dysbiosis.

The P. chinense-induced alteration in microbiota composition is displayed in Figure 4C 

(Bacterial taxonomic profiling at the genus level of gut bacteria). The heatmap showed 

the mean abundance of 50 main genus which were significantly altered. We also 

performed LEfSe analysis and identified a group of bacteria that were remarkably 

different among groups (Figure 4A and 4B). Generic differences are displayed in Figure 

4D. After P. chinense treatment for 5 days, the abundance of genus 

norank_f_Muribaculaceae was significantly decreased from 42.4% to 20.4% (p < 0.05), 

while that of Rikenellaceae_RC9_gut_group, Prevotellaceae_UCG-001, Bacteroides, 

Akkermansia, Ruminiclostridium, Ruminococcaceae_UCG-010, 

Ruminococcaceae_NK4A214_group, norank_Ruminococcaceae, and 

Ruminococcaceae_UCG-009 were significantly increased (p < 0.05). Compared to 
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control group, these changes in P. chinense-treated group became recovered, at least 

partially, after a 1-week drug-free wash.

The family Muribaculaceae, previously known as S24-7, has been reported to involve 

in complex carbohydrate degradation (Lagkouvardos et al., 2019). Several studies have 

indicated a correlation of alteration of Muribaculaceae with high-fat diet, NAFLD and 

experimental colitis (Brenner, Paik, & Schnabl, 2015). Enriched Muribaculaceae has 

been reported in diabetes-sensitive mice fed with a high-fat diet (Serino et al., 2012), 

as well as in mice with remission of colitis (Rooks et al., 2014), although its role in 

progression of these pathological processes is still unclear. The genus Bacteroides 

contains several potential pathogenic species such as B. fragilis and B. 

thetaiotaomicron as well as some beneficial bacteria (e.g., B. acidifaciens) (Wexler, 

2007). It is found that B. acidifaciens prevented obesity and improved insulin sensitivity 

in mice (Yang et al., 2017). With a closer look, after P. chinense treatment, the 

abundance of B. acidifaciens and B. sartorii were increased (supplementary Figure 2). 

The exact role of Prevotellaceae_UCG-001 (family Prevotellaceae) in health has not 

been recognized. One study showed that Prevotellaceae_UCG-001 was upregulated 

upon inulin treatment in ob/ob mice and was negatively correlated with markers of 

glycolipid metabolism disorders (Song et al., 2019). In rats with acute necrotizing 

pancreatitis, Prevotellaceae_UCG-001 level was decreased (Chen et al., 2017). 

Rikenellaceae_RC9_gut_group (in family Bacteroidetes) has an impact on 

polysaccharides which may promote short-chain fatty acids (SCFAs) synthesis (Liu et 
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al., 2017). A recent study showed that Rikenellaceae_RC9_gut_group was enriched 

upon treatment of dietary fiber (Tao et al., 2019). Akkermansia belongs to 

Verrucomicrobia family. Low levels of Akkermansia are associated with a variety of 

conditions, such as Crohn’s Disease, diabetes, and obesity (Derrien, Belzer, & De Vos, 

2017). Akkermansia bacteria (e.g., A. muciniphila) are known to be beneficial for 

intestinal health and glucose homeostasis (Derrien, Belzer, & De Vos, 2017). 

Ruminiclostridium, Ruminococcaceae_UCG-010, 

Ruminococcaceae_NK4A214_group, norank_Ruminococcaceae, and 

Ruminococcaceae_UCG-009 belong to the family Ruminococcaceae. The abundance 

of Ruminococcaceae is significantly and positively correlated with increased intestinal 

permeability (Leclercq et al., 2014). Ruminococcaceae bacteria are known to have a 

beneficial effect on gut barrier function (Madsen et al., 2001). Taken together, P. 

chinense-induced alteration of gut microbiota composition might contribute to the liver 

protection benefit of P. chinense.

Interestingly, the genus Alistipes and Odoribacter had a minimal increase after P. 

chinense treatment, however, their levels were increased significantly after 1 week post 

treatment (Figure 4B). Abundance of Alistipes has been reported to be decreased in 

patients with inflammatory bowel disease including ulcerative colitis and Crohn's 

disease (Dalal & Chang, 2014). A study showed a positive association between 

Alistipes bacteria and improvement of DSS-induced colitis (Walker et al., 2017). Both 

Alistipes and Odoribacter are known producer of acetate, propionate, butyrate (Göker 
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et al., 2011), and sphingolipids (Walker et al., 2017), which are important for 

maturation of intestine or immune system as well as regulation of host inflammation.

Putting the above pieces together, P. chinense alters compositions of gut microbiota in 

mice. Notably, the shifted gut microbiota is toward an increased abundance of some 

beneficially anti-inflammatory and gut health-promoting bacteria.

3.5. Metabolic features of the resulting bacterial communities

To see how the altered structure of the gut microbiota impacted its metabolic potential, 

we further profiled the 16S rRNA sequencing data using Tax4Fun to predict the likely 

functional changes within biochemical pathways. The results showed that P. chinense 

treatment significantly enriched genes encoding KEGG metabolic pathways involved 

in metabolism (Figure 4E). Specifically, the main altered metabolic pathways (with 

abundance > 1%) included ko00051 (fructose and mannose metabolism), ko00240 

(pyrimidine metabolism), ko00260 (glycine, serine and threonine metabolism), 

ko00300 (lysine biosynthesis), ko00550 (peptidoglycan biosynthesis), ko00564 

(glycerophospholipid metabolism), and ko00900 (terpenoid backbone biosynthesis) 

(Figure 4F). It is suggested that P. chinense administration may have an impact on 

metabolism of carbohydrate, nucleotide, amino acid, lipid as well as terpenoids. In 

addition, the two-component system pathway (ko02020 relating with environmental 

information processing) was also enriched (Figure 4F), suggesting an enhanced ability 

of bacteria to sense, respond and adapt to environmental changes. Collectively, 
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functional shift of the gut microbiota by P. chinense treatment was toward an 

environment that is not easily susceptible to metabolic stress.

3.6. Antioxidant Activity

Oxidative stress plays an important role in development of metabolic syndromes such 

as obesity, liver steatosis, diabetes and hypertension, which is often associated with a 

dysregulation of redox balance (Cichoż-Lach & Michalak, 2014). We thus 

subsequently analyzed the activity of several antioxidant enzymes in systems after P. 

chinense treatment in mice (Figure 5). It is shown that P. chinense treatment 

significantly enhanced plasma SOD activity (p < 0.05; 166.6 ± 20.1 vs 130.7 ± 6.6 

U/mL, P. chinense group vs control group) (Figure 5A). Moreover, the total antioxidant 

capacity (Figure 5B) as well as the activities of CAT (Figure 5C) and GSH-Px (Figure 

5D) in mouse liver were significantly increased after treatment of P. chinense. The GSH 

level in mouse liver showed a trend of increase but with no statistical significance 

(Figure 5E). The results suggest that P. chinense promoted antioxidant activity in mice. 

Alteration of gut microbiota might have contributed to the beneficial effect of P. 

chinense.

4. Conclusion

Taken all the above results together, we identified 50 phenolic constituents from P. 

chinense based on UPLC-HR-MS, with 6 of them potentially novel ones. Total 

flavonoid and phenolic contents of P. chinense were 465.6 ± 34.4 mg RE/g and 612.9 

± 45 mg GAE/g, respectively. Further determination of 13 polyphenols in P. chinense 
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revealed that all detected compounds accounted for 33.1% (w/w) of P. chinense. It is 

suggested that P. chinense is enriched with polyphenols. 

Notably, a 5-day treatment of P. chinense significantly altered composition of gut 

microbiota in mice toward a beneficially anti-inflammatory and gut health-promoting 

environment. Gut microbiota was characterized by decreased 

norank_f_Muribaculaceae, and increased level of Rikenellaceae_RC9_gut_group, 

Prevotellaceae_UCG-001, Bacteroides, Akkermansia, Ruminiclostridium, 

Ruminococcaceae_UCG-010, Ruminococcaceae_NK4A214_group, 

norank_Ruminococcaceae, and Ruminococcaceae_UCG-009. We further 

demonstrated that P. chinense enhanced antioxidant activity in mice, showing a 

potential prebiotic effect. This study provides a new mechanism insight into the health 

promoting effect of P. chinense and the potential protective role in fighting metabolic 

diseases.
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Table legend

Table 1. Identified compounds from P. chinense by UPLC-HR-MS.

Figure captions

Figure 1. (A) Base-peak UPLC-HR-MS chromatogram of P. chinense extract 

annotated with identified constituents (1-50). (B) Fragmentation of compound 49 based 

on MS/MS spectrum. (C) Total flavonoid and phenolic contents of P. Chinense extract. 



(D) Quantitative results of 13 polyphenols (7, 13, 14, 15, 17, 18, 26, 27, 29, 30, 37, 46, 

and 50) in P. Chinense extract. 

Figure 2. The structure of identified polyphenols from P. chinense extract. HHDP, 

hexahydroxydiphenoyl; glu, glucose; rha, rhamnose; xyl, xylose; ara, arabinfuranose.

Figure 3. Structural modulation of gut microbiota by P. chinense in mice. (A) 

Schematic illustration of experimental procedures. Male C57BL/6J mice were adapted 

in SPF-grade animal house for two weeks before conducting experiment. Mice were 

orally given PE at 0.4 g/kg once daily (at 9:00-10:00 AM of each day) for 5 consecutive 

days (Day 1-5). Mice feces were collected at Day 0, 6 and 13, respectively, at 15:00-

17:00 PM of each day. Fecal samples were stored at -80 oC before further analysis. PE, 

P. Chinense extract. (B) Sob and (C) Shannon index of colonic microbiota. Ctrl, control 

group; PE_R, mice with PE treatment afer a 7-day drug-free recovery. (D) Partial least 

squares discriminant analysis (PLS-DA) and (E) principal co-ordinates analysis (PCoA) 

of all groups. (F) Phylum difference among Ctrl, PE and PE_R groups. Data are 

expressed as mean with SD, n=7-10 per group. *p < 0.05.

Figure 4. (A) Linear discriminant analysis (LDA) score and LDA effect size (LEfSe) 

analysis (B) in the Ctrl, PE and PE_R groups. p, phylum; c, class; o, order; f, family; g, 

genus. (C) Generic differences among groups by heatmap. (D) Generic differences in 

norank_f_Muribaculaceae, Rikenellaceae_RC9_gut_group, Prevotellaceae_UCG-001, 

Bacteroides, Akkermansia, Ruminiclostridium, Ruminococcaceae_UCG-010, 

Ruminococcaceae_NK4A214_group, norank_Ruminococcaceae, 

Ruminococcaceae_UCG-009, Alistipes and Odoribacter among groups. Data are 

expressed as mean with SD. *p < 0.05. Functional features of the resulting bacterial 

communities with P. chinense treatment predicted by Tax4Fun (E & F). Changes in 

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways are shown at different 

levels, (E) and (F). Data are expressed as mean with SD. *p < 0.05.

Figure 5. Effects of P. chinense treatment on (A) plasma superoxide dismutase (SOD), 

as well as (B) total antioxidant capacity (T-AOC), (C) catalase (CAT) activity, (D) 



glutathione peroxidase (GSH-Px) activity and (E) glutathione (GSH) level in mouse 

liver. *p < 0.05, **p < 0.01.
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orally given PE at 0.4 g/kg once daily (at 9:00-10:00 AM of each day) for 5 consecutive 

days (Day 1-5). Mice feces were collected at Day 0, 6 and 13, respectively, at 15:00-

17:00 PM of each day. Fecal samples were stored at -80 oC before further analysis. PE, 

P. Chinense extract. (B) Sob and (C) Shannon index of colonic microbiota. Ctrl, control 

group; PE_R, mice with PE treatment afer a 7-day drug-free recovery. (D) Partial least 

squares discriminant analysis (PLS-DA) and (E) principal co-ordinates analysis (PCoA) 



of all groups. (F) Phylum difference among Ctrl, PE and PE_R groups. Data are 

expressed as mean with SD, n=7-10 per group. *p < 0.05.





Figure 4. (A) Linear discriminant analysis (LDA) score and LDA effect size (LEfSe) 

analysis (B) in the Ctrl, PE and PE_R groups. p, phylum; c, class; o, order; f, family; g, 

genus. (C) Generic differences among groups by heatmap. (D) Generic differences in 
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Figure 5. Effects of P. chinense treatment on (A) plasma superoxide dismutase (SOD), 

as well as (B) total antioxidant capacity (T-AOC), (C) catalase (CAT) activity, (D) 

glutathione peroxidase (GSH-Px) activity and (E) glutathione (GSH) level in mouse 

liver. *p < 0.05, **p < 0.01.

Highlights

1. Qualitative and quantitative analysis of polyphenols in P. Chinense by UPLC-HR-



MS and UHPLC-QqQ-MS.

2. Alteration of composition of gut microbiota by P. Chinense.

3. Enriched gut health-promoting bacteria by P. Chinense with enhanced metabolic 

resilience, suggesting a prebiotic effect.

4. Significantly increased antioxidant capacity in vivo by P. Chinense.


