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intestinal and extraintestinal
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1The High School Affiliated to Renmin University of China, Beijing, China, 2College of Veterinary
Medicine, China Agricultural University, Beijing, China, 3Tsinghua-Peking Center for Life Sciences,
Tsinghua University, Beijing, China, 4Center for Inflammation, Immunity, and Infection, Institute for
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Introduction: Liquiritigenin (LQ), a natural flavonoid found in traditional Chinese

medicine and often administered orally, holds potential to affect both the gut and

its microbiota, that potentially mediating or influencing its biological and

pharmacological effects. However, the effects of LQ on gut microbiota

composition and intestinal function remain poorly understood. In this study,

we aimed to explore the impact of LQ on gut microbiota and gene expression in

both intestinal and extraintestinal tissues.

Methods:We orally inoculated six-week-old SPF C57BL/6 mice with either LQ (a

concentration of 4 mg/ml diluted in dimethylsulfoxide, (DMSO)) or DMSO, and

administered daily for a duration of 2 weeks. At the end of the experimental

period, all mice were euthanized. Fresh fecal samples, as well as samples from

the intestine, lung, and liver, were collected for subsequent microbiota analysis,

RNA-seq, or histochemical and immunohistochemical (IHC) staining.

Results: Findings show that LQ alters gut microbiota composition, enhancing

microbial correlations in the colon but causing some dysbiosis, evidenced by

increased pathobionts, decreased beneficial bifidobacteria, and reduced

microbiota diversity. Gene expression analysis reveals LQ upregulates mucosal

immune response genes and antiinfection genes in both the intestine and lung,

with histology confirming increased Paneth cells and antimicrobial peptides in

the intestine. Additionally, LQ affects tissue-specific gene expression, triggering

hypersensitivity genes in the colon, downregulating metabolic genes in the small

intestine, and reducing cell motility and adhesion genes in the lung.

Discussion: These results suggest LQ’s potential to modulate common mucosal

immunity but also highlight possible risks of gut dysbiosis and hypersensitivity,

particularly in vulnerable individuals. Our study, while informative about the
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effects of LQ on gut health, lacks direct evidence on whether changes in gut

microbiota and gene expression caused by LQ impact inflammatory diseases or

are causally linked. Future research should investigate this through fecal

microbiota transplantation to explore the causal relationships and LQ’s

potential effects on immune responses and disease outcomes in

relevant models.
KEYWORDS

phytochemicals, flavonoid, liquiritigenin, gut microbiota, RNA-seq analysis, gene
expression, dysbiosis, mucosal immunity
1 Introduction

Phytochemicals are a diverse group of bioactive compounds found

in plants, which have gained significant attention due to their potential

health benefits and therapeutic properties (Ramalingam et al., 2018).

Among these phytochemicals, liquiritigenin (LQ), a flavonoid

predominantly found in the roots of Glycyrrhiza glabra (licorice),

has been reported to exhibit various biological activities, such as anti-

infection, antioxidant, and anticancer properties (Kim et al., 2008; Liu

et al., 2012; Chen et al., 2014; Ji et al., 2021). Many therapeutic

formulations containing LQ are administered orally, necessitating

their passage through the gastrointestinal tract. This interaction

between LQ and the digestive system suggests that LQ may have

significant effects on gut microbiota and overall intestinal health

(Wang et al., 2015). However, despite LQ’s promising attributes, the

full extent and nature of its impact on gut microbiota and intestinal

function remain largely unknown (Ramalingam et al., 2018). This

highlights the need for further detailed studies to elucidate how LQ

influences these crucial aspects of human health, potentially guiding

the development of more effective phytochemical-based therapeutics.

Empirical research has demonstrated LQ’s capability to inhibit the

growth of various bacteria and viruses and to suppress tumor growth,

indicating its potential to impact host immune status positively (Wang

et al., 2015). The gut microbiota plays a crucial role in sustaining host

health by modulating immune responses, metabolism, and other

physiological processes (Shen et al., 2013; Belcheva et al., 2014;

Wang et al., 2023). A balanced gut microbial community is essential

for the proper functioning of the gastrointestinal tract and overall well-

being (Selma et al., 2009; Verbeke et al., 2015). However, factors such

as diet, drug, and environmental exposure can disrupt this delicate

balance, leading to dysbiosis and potentially contributing to the

development of various diseases (Belcheva et al., 2014). Therefore,

understanding the effects of drug bioactive compounds like LQ on gut

microbiota and host immunity is crucial to use this drug properly to

maximize its effectiveness, avoid its side effects.

Gene expression is a key factor in determining the functional

status of cells and tissues and can be modulated by various external

factors, including dietary components (Wang et al., 2021b, 2022).

Recent studies have indicated that certain phytochemicals can
02
influence gene expression profiles in different tissues, which may

contribute to their health-promoting effects (Wang et al., 2022).

Exploring the impact of LQ on gene expression in both intestinal

and extraintestinal tissues of mice offers valuable insights into the

mechanisms through which it exerts diverse biological activities,

spanning anti-infection, antioxidant, and anticancer properties, and

its potential role in disease prevention. This study was conducted to

investigate the effects of oral inoculation of LQ on gut microbiota

and gene expression in intestinal and extraintestinal tissues. Our

findings showed that LQ treatment has a dual effect: it enhances gut

microbial correlations in the colon but also causes some gut

dysbiosis characteristics. Meanwhile, such changes may enhance

the mucosal immune response to pathogen infection while

triggering hypersensitivity, which serves as a warning for its use

in inflammatory diseases. Understanding these mechanisms is

integral to harnessing the benefits of LQ treatment effectively

while mitigating associated risks and side effects.
2 Materials and methods

2.1 Animals

Six-week-old specific pathogen-free (SPF) C57BL/6 mice were

obtained from Beijing Huafukang Biotechnology Co., Ltd. (Beijing,

China). The mice were provided with a pathogen-free diet and

access to water ad libitum throughout the study. Animal

experiments were conducted with approval from the Beijing

Administration Committee of Laboratory Animals, and all

procedures adhered to the guidelines outlined by the China

Agricultural University Institutional Animal Care and Use

Committee (AW122022-1-2), following the International Guiding

Principles for Biomedical Research Involving Animals.
2.2 Chemicals and antibodies

Liquiritigenin (CAS No.: 69097-97-8) and dimethylsulfoxide

(CAS No.: 67-68-5) were procured from Sigma-Aldrich (Shanghai,
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China). Ki67 polyclonal antibody (Cat No. 28074-1-AP, Proteintech

Group) and PCNA Polyclonal antibody (Cat No. 10205-2-AP,

Proteintech Group) were sourced from M&C Gene Technology

Ltd. (Beijing, China).
2.3 Liquiritigenin treatment and
sample collection

Six-week-old SPF C57BL/6 mice were randomly assigned to two

groups (n=8 mice per group): LQ treatment group and the vehicle

(dimethylsulfoxide, DMSO) group. Mice in the LQ group received

oral inoculation of 20 mg/kg of body weight LQ, a dosage established

based on previous studies demonstrating its efficacy in mouse models

(Ramalingam et al., 2018). LQ was diluted in DMSO to a

concentration of 4 mg/ml and administered daily for a duration of

2 weeks. The vehicle group received an equivalent volume of the

vehicle alone for the same duration. Throughout the experiment, the

mice were closely monitored for any clinical symptoms or

abnormalities. At the end of the experimental period, all mice were

euthanized. Fresh fecal samples, as well as samples from the intestine,

lung, and liver, were collected for subsequent microbiota analysis,

RNA-seq, or histochemical and immunohistochemical (IHC) staining.
2.4 Histology and immunohistochemistry

Freshly collected intestinal tissues were fixed in 4%

paraformaldehyde (Beyotime), embedded in paraffin, and sectioned.

Hematoxylin and eosin staining was performed for histological

assessment. For AB-PAS staining, sections were sequentially treated

with AB-PAS C, B, and A solutions, rinsed, dehydrated, and sealed.

Phloxine B staining involved dewaxing, hydration, staining with

hematoxylin and phloxine B solution, rinsing, dehydration, xylene

treatment, and sealing with neutral gum. IHC analysis was conducted

on 4 mm sections. After de-paraffinization and rehydration, antigen

retrieval was performed using Tris EDTA (pH 9.0) via a pressure

cooker. Sections were then blocked with 10% goat serum and

incubated with primary antibodies against anti-mouse Ki67

(Proteintech) or PCNA (Proteintech) overnight at 4°C or for 2

hours at room temperature. Immunostaining was carried out using

a kit from Vector Laboratories following the manufacturer’s protocol.

Analysis of the processed tissue sections was performed using an

Olympus IX71 microscope and an automated digital slide scanner at

Wuhan Servicebio Technology Co., Ltd. (Wuhan, China).
2.5 16S rRNA sequencing and
microbiota analysis

Fresh individual fecal and small intestinal content samples from 8

mice per group were collected at 2 weeks post LQ or vehicle treatment,

blended, and stored at -80°C in sterile 1.5 mL centrifuge tubes.

Microbial genomic DNA extraction was performed using the

QIAamp DNA Stool Mini Kit by QIAGEN following the

manufacturer’s instructions (Li et al., 2003). The V3-V4
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hypervariable regions of the 16S rRNA gene were PCR-amplified

from the extracted genomic DNA using barcoded fusion primers

(338-F: 5’-ACTCCTACGGGAGGCAGCAG-3’ and 806-R: 5’-GGAC

TACHVGGGTWTCTAAT-3’) (Gong et al., 2022). Sequencing of the

amplified products was conducted on the Illumina Miseq PE300

platform by Shanghai Majorbio Bio-pharm Technology (Shanghai,

China) (Ni et al., 2022). Sequences not meeting quality standards—

such as primer mismatches, lengths shorter than 100 bp, homopolymer

runs exceeding 6, and uncertain bases—were excluded. Paired end

reads of V3 and V4 that had an overlap of more than 10 bp without

mismatches were merged based on their overlapping sections;

unassembled reads were removed. The refined sequences underwent

taxonomic classification by comparison with Silva v138 databases. A

correlation heatmap illustrating the association between cell

differentiation-associated differentially expressed genes (DEGs) and

bacterial genera was created using the vegan package in R.

Additionally, SPSS 19.0 software was employed to conduct a Pearson

correlation analysis. Data analysis, including both heatmap generation

and correlation analysis, was carried out by Shanghai Majorbio Bio-

pharm Technology in China.

2.5.1 RNA extraction and RNA-seq
Total RNA from intestine, lung, or liver tissues was isolated using

TRIzol® reagent. RNA quality was assessed using the Agilent 5300

Bioanalyzer and quantified with the ND-2000 (NanoDrop

Technologies). RNA purification, reverse transcription, library

construction, and sequencing were conducted at Shanghai Majorbio

Bio-pharm Biotechnology Co., Ltd. (Shanghai, China) following

Illumina’s guidelines (Illumina, San Diego, CA). The RNA-seq

library for mice was prepared with the Illumina® Stranded mRNA

Prep Ligation Kit from Illumina (San Diego, CA) using 1 mg of total
RNA. Initially, mRNA was isolated through polyA selection using

oligo(dT) beads. Subsequently, it was fragmented using a specific

buffer. Double-stranded cDNA was synthesized with the SuperScript

kit (Invitrogen, CA) and random hexamer primers from Illumina.

This cDNA underwent end-repair, phosphorylation, and ‘A’ base

addition as per Illumina’s protocol. The resulting libraries were size

selected for 300 bp cDNA fragments using 2% Low Range Ultra

Agarose and amplified for 15 cycles with Phusion DNA polymerase

(NEB). Post quantification with Qubit 4.0, the RNA-seq library was

sequenced on the NovaSeq 6000 with a read length of 2 × 150 bp. The

raw reads underwent quality assessment and trimming using Fastp,

followed by alignment to a reference genome through HISAT2 (Kim

et al., 2015). StringTie was employed for assembling the mapped reads

of each sample using a reference-based approach (Pertea et al., 2015).
2.6 Differential expression analysis and
functional enrichment

Transcripts per million reads (TPM) was utilized to quantify the

expression level of each transcript, employing RSEM for gene

abundance estimation. Differential expression analysis was conducted

using either DESeq2 or DEGseq. Specifically, genes displaying |

log2FC|≧1 and FDR≤ 0.05 (DESeq2) or FDR ≤0.001 (DEGseq) were

considered statistically significant. Further analysis involved Gene
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Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes

(KEGG) enrichment assessments to identify DEGs significantly

enriched in GO terms and metabolic pathways. Enrichment was

determined against the entire transcriptome background, and

significance was established at a Bonferroni-corrected P-value ≤0.05.

GO analysis was executed using Goatools, while KEGG evaluations

were conducted through KOBAS (Xie et al., 2011).
2.7 Statistical analysis

The data are presented as the mean ± SEM. Statistical analysis

was performed using GraphPad Prism 8.0. T-tests and Mann-

Whitney test were utilized to determine the significance of

differences between distinct treatments. Statistical significance was

denoted as *P < 0.05, and **P < 0.01. Conversely, non-significant

differences (P > 0.05) were indicated as ns.
3 Results

3.1 Liquiritigenin impacts the microbiota
composition in both small intestine
and colon

To investigate the potential of LQ in modulating gut microbiota

composition, we administered LQ orally to mice for 2 weeks.
Frontiers in Microbiomes 04
Subsequently, we analyzed the gut microbiota communities in

colonic feces and small intestine contents using 16S ribosomal

RNA (rRNA) gene sequencing. We selected 1,798,769 high-

quality sequences, with an average of 56,211 sequences per

sample, and identified a total of 16,358 Operational Taxonomic

Units (OTUs). The rarefaction curves and the Shannon diversity

index based on these OTUs reached plateaus, suggesting that we

had captured most of the diversity (Supplementary Figures S1A, B).

A Venn diagram, based on these OTUs, illustrated the common and

specific OTUs in the small intestine and colon, with or without LQ

treatment, and suggested that LQ treatment may change the

microbiota in both small intestine and colon (Supplementary

Figure S1C). Furthermore, b-diversity analysis, conducted

through Principal Coordinates Analysis (PCoA) and Non-metric

multidimensional analysis (NMDS) using the OTU information,

highlighted a clear separation in microbiota composition between

the small intestine and large intestine without LQ treatment

(Supplementary Figure S1D), consistent with previous reported

(Kastl et al., 2020). Importantly, we also observed varying degrees

of impact on the gut microbiota in the small intestine and large

intestine after LQ treatment. Specifically, the bacterial structure was

distinctly separated between LQ-treated and vehicle-treated groups

in colonic feces but showed partial overlap in the small intestine

(Figure 1A). The noticeable divergence in bacterial composition was

prominently visualized at the phylum level using Circos

(Supplementary Figure S2A). Specially, mice treated with LQ

exhibited a trend of increased abundance of Verrucomicrobia and
FIGURE 1

Changes in Fecal Microbiota following Liquiritigenin Treatment. C57BL/6 mice (n=8) received daily oral inoculation of liquiritigenin (LQ) or vehicle
(DMSO) for 2 weeks, with fresh fecal samples in colon and small intestine (SI) collected for subsequent microbiota analysis. (A) Principal Coordinates
Analysis (PCoA) displaying microbiota community clustering. (B) Column diagram illustrating community composition at the phylum level. (C) Relative
abundance comparison of genera exhibiting significant differences between LQ and vehicle groups. D&E. Evaluation of gut microbiota diversity and
richness using Ace (D) and Shannon indices (E). Data are presented as mean ± SEM. T-tests and Mann-Whitney tests were used to evaluate differences
between treatments. Significance is marked as *P < 0.05 and **P < 0.01; ***P < 0.001, non-significant results are noted as ns (P > 0.05).
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Firmicutes, alongside a decrease in Actinobacteria and Bacteroides

in their intestinal microbiota (Figure 1B). Notably, Actinobacteria

exhibited significant reduction in both the small intestine and colon

(Supplementary Figure S2B).

Using linear discriminant analysis effect size, we identified

various taxa with differing abundances between mice treated with

LQ and those receiving the vehicle treatment (Supplementary

Figure S2C). Specifically, LQ treatment resulted in a significant

decrease in the abundance of bacterial genera such as

Bifidobacterium and Romboutsia in both the small intestine and

colon (Figure 1C; Supplementary Figure S2C). Moreover, in the

small intestine, we observed a more pronounced decrease in the

abundance of bacteria genera, including Staphylococcus ,

Corynebacterium, Facklamia, and others. Conversely, we observed

an increase in the abundance of a few bacterial taxa, including f-

Clostridiales in both the small intestine and colon, as well as Bosea,

which exhibited an increase limited to the small intestine

(Figure 1C; Supplementary Figure S2C). a-diversity analysis

indicated that LQ treatment resulted in a modest, albeit non-

significant, reduction in gut microbiota richness and diversity

indexes (Shannon, ACE) within both the colon and small

intestine (Figure 1D).

Furthermore, we conducted a co-occurrence analysis of gut

microbiota in mice to examine the impact of LQ treatment on

interspecies interactions. In the colonic microbiota, the vehicle
Frontiers in Microbiomes 05
group displayed 95 positive and 23 negative correlations, whereas

the LQ group exhibited 142 positive and 64 negative correlations

(Figures 2A, B). This suggests that LQ treatment enhances the

correlation networks within the colon’s microbiota. Notably, we

observed that Oscillospiraceae in the Firmicutes phylum played a

pivotal role in interspecies interactions within the vehicle group

(Figure 2A). However, following LQ treatment, the Muribaculaceae

in the Bacteroidetes phylum emerged as robust correlations and

assuming a central position in the colonic microbiota’s ecological

network (Figure 2B). Moreover, within the Actinobacteria phylum,

which exhibited a significant reduction after LQ treatment, the

genus Bifidobacterium showed significant positive correlations with

Corynebacterium and negative correlations with Muribaculaceae in

the colon of both vehicle and LQ-treated mice.

Comparing the colonic microbiota, the small intestinal

microbiota in vehicle-treated group displayed a stronger

correlation network (351 positive and 131 negative correlations).

Although LQ treatment did not significantly alter the total number

of correlations (334 positive and 120 negative correlations post-

treatment), it did change the overall clustering pattern of microbiota

in small intestine (Figures 2C, D). For instance, in the vehicle group,

the genera g:norank, g:A2, g:Lachnospiraceae_FCS020_group, and

g:family_XIII_UCG-001 showed the highest correlations with other

bacteria, while in the LQ-treated group, g:Eubacterium and g:

Enterorhabdus exhibited the highest correlations (Figures 2C, D).
FIGURE 2

Bacterium-Bacterium Ecological Networks in the Gut of Mice Treated with LQ and Vehicle. Co-occurring bacteria at the genus level are depicted in
vehicle-treated (A, C) and LQ-treated (B, D) groups within the colon (A, B) and small intestine (SI, C, D). Node size and color represent relative
abundance and differences in the microbiota. Positive and negative correlations are indicated by red and green lines, respectively. Each group
consisted of 8 mice.
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These shifts in the gut microbiota’s ecological network indicate a

significant alteration in interspecies interactions due to

LQ treatment.
3.2 Liquiritigenin differently impacts the
gene expression in colon and
small intestine

The modification of gut microbiota composition induced by LQ

treatment may potentially influence intestinal function. To explore

this possibility, we conducted an analysis of gene expression profiles

in the colon and small intestine using RNA-seq techniques, aiming

to investigate alterations in intestinal function after LQ treatment.

The transcriptome analysis of the colon revealed a total of 665

differentially expressed genes (DEGs) in LQ-treated mice when

compared to mice treated with the vehicle (590 upregulated and 75

downregulated, Figure 3A). To visually depict this difference, we

created a heatmap that illustrates the expression patterns of the

identified DEGs in both vehicle and LQ treated mice. Notably,

cluster analysis of the heatmap provided further evidence of

substantial differences in gene expression between the two groups

(Figure 3B). Moreover, to unveil the biological processes, molecular

functions, and cellular compartments associated with the identified

DEGs, we conducted Gene Ontology (GO) analysis (Figure 3C).

This analysis provided insights into the functional implications of

these gene alterations. Notably, our observations suggest that LQ
Frontiers in Microbiomes 06
treatment may have a substantial influence on increasing immune

cells function and inflammatory response in the colon. This is

exemplified by the significant enrichment of DEGs associated with

activation of immune response, regulation of mononuclear cells

proliferation, positive regulation of type II hypersensitivity, immune

response-activating cell surface receptor and signal transduction

among others (Figure 3D). Conversely, downregulation was

observed in categories related to cell differentiation and tissue

development (Supplementary Figure S3A). Along with enhanced

immune function by GO enrichment analysis, KEGG analysis

indicated that LQ treatment might bolster resistance against

pathogen infections. This was evidenced by the enrichment of

protective genes associated with infectious diseases such as

coronavirus disease, Staphylococcus aureus infection, tuberculosis,

among others (Figure 3E). This enrichment potentially elucidates

the anti-infectious disease and immune-regulatory functions

attributed to LQ.

In contrast to its impact on the colon, LQ treatment had a

milder effect on gene expression in the small intestine, leading to the

upregulation of 122 genes and the downregulation of 62 genes

(Figure 4A). Similar to the colon, the most enriched terms in

molecular function, cellular component, and biological process of

small intestine were binding, cell part, and cellular process,

respectively (Supplementary Figure S3B). Furthermore, cluster

analysis of the heatmap (Supplementary Figure S3C), which

identified differentially expressed genes (DEGs) between vehicle-

treated and LQ-treated mice, highlighted a distinct functional
FIGURE 3

Intestinal Transcriptomic Analysis of Colon in Mice Treated with Liquiritigenin. (A) Volcano plots depicting DEGs (Differentially Expressed Genes)
between the LQ and vehicle treatment groups (n=4 per group). (B) Heatmap displaying DEGs between the LQ and vehicle treatment groups.
(C, D) GO annotations (C) and enrichment (D) analysis of DEGs in the LQ versus vehicle treatment groups. (E) KEGG enrichment analysis of
upregulated genes in the LQ group compared to the vehicle group.
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landscape in the small intestine due to LQ treatment (Figure 4).

These gene alterations were associated with various biological

processes. Notably, there was enrichment of downregulated genes

observed in nutrient metabolic processes such as lipid and fatty acid

process, primarily occurring in the small intestine (Figure 4B).

Conversely, an upregulation was noted in genes enriched for

responses to bacterial stimuli and hypoxia, developmental

processes, and the regulation of hormone levels (Figure 4C).

Particularly, there was a notable enrichment of genes associated

with cell differentiation (Figure 4D).
3.3 Liquiritigenin increases the
differentiation of Paneth cells in small
intestine, that correlated with alteration in
the abundance of several bacterial species

The RNA-seq analysis indicated the potential of LQ treatment to

augment cell differentiation in the small intestine (Figure 4D).

Consequently, we proceeded to assess the fully differentiated cell

population, encompassing Paneth cells and goblet cells, within this

intestinal region. The results demonstrated a significant elevation in

Paneth cell numbers in LQ-treated mice compared to the vehicle

group within the small intestine (Figures 5A, B). Additionally, AB-

PAS staining analysis of goblet cells revealed that LQ treatment did
Frontiers in Microbiomes 07
not increase goblet cells in the small intestine (Figures 5C, D). The

significantly increasing of Paneth cells differentiation was further

supported by significantly increasing of Paneth cells related genes as

indicated by RNA-seq data (Figure 5E). Conversely, genes associated

with goblet cells, includingMuc2 and Tff3, did not exhibit an increase

(Figure 5E). Furthermore, we noted that the upregulation of cell

differentiation genes was associated with alterations in several

bacterial species in the small intestine, notably a reduction in

bifidobacteria due to LQ treatment (Supplementary Figure S4A).

Additionally, we evaluated the effect of LQ treatment on intestinal

stem cell proliferation using Ki67 staining. Our results indicated a

moderate, albeit statistically non-significant, increase in the

proliferation of intestinal cells (Supplementary Figure S4B).

Moreover, analysis of the overall intestinal structure showed that

LQ treatment did not cause any signs of intestinal epithelial damage

or disease (Supplementary Figure S5).
3.4 The influence of liquiritigenin
treatment on gene expression in the liver
and lung

To explore the impact of LQ treatment on extraintestinal

tissues, we conducted gene expression analysis via RNA-seq on

both the liver and lung. Interestingly, the gene expression in the
FIGURE 4

Intestinal Transcriptomic Analysis of Small Intestine in Liquiritigenin-Treated Mice. (A) Volcano plots displaying DEGs (Differentially Expressed Genes)
between the LQ and vehicle treatment groups (n=4 per group). (B, C) GO enrichment analysis of downregulated (B) and upregulated (C) DEGs in the
LQ versus vehicle treatment groups. (D) Heatmap representation of DEGs associated with cell differentiation in the LQ versus vehicle
treatment groups.
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liver showed minimal change, with only 2 upregulated and 4

downregulated genes after LQ treatment (Supplementary Figure

S6A). These differentially expressed genes exhibited a scattered

distribution across various pathways based on KEGG analysis

(Supplementary Figure S6B). In contrast, the analysis of gene

expression in the lungs of LQ-treated mice revealed 110

differentially expressed genes, comprising 103 downregulated and

7 upregulated genes (Figure 6A). A detailed display of these

differentially expressed genes was comprehensively depicted in a

heatmap (Figure 6B). Subsequently GO enrichment analysis was

conducted to delineate the biological functions associated with all

the DEGs (Figure 6C). The analysis revealed that the most

prominent alteration in enrichment degree among these DEGs

was observed in the fibrillar collagen trimer category, followed by

platelet-derived growth factor binding, as indicated by the Rich

factor. The GO enrichment analysis of DEGs revealed notable

downregulation in categories associated with cell motility,

adhesion, and developmental regulation (Figure 6D). Conversely,

there was significant upregulation in immune response categories,

particularly mucosal and antibacterial humoral responses, among

others (Figure 6E).

The data presented above demonstrate that LQ treatment alters

gut microbiota, enhancing intestinal mucosal immune responses

and anti-infection potential. Additionally, LQ treatment extends

these effects to the lungs, impacting mucosal immune responses

there as well. This suggests that LQ treatment induces a ‘common
Frontiers in Microbiomes 08
mucosal response’ across both the intestine and lungs. Moreover,

LQ treatment elicited tissue-specific impacts, as evidenced by the

enrichment of differentially expressed genes (DEGs) associated with

processes such as cell differentiation, structure development, and

metabolic activities in the intestine, while in the lung, DEGs were

linked to cell motility, cell adhesion, and structural organization.

Our analysis further reveals that many of these shared DEGs are

upregulated in the intestine but downregulated in the lung

(Supplementary Figures S6C, D).
4 Discussion

Several drugs containing LQ have been proven effective in

treating or preventing obesity, infections, and cancer through oral

administration (Feldman et al., 2011; Ramalingam et al., 2018;

Wang et al., 2021a). In our current study, by utilizing a mouse

model, our RNA-seq analysis revealed that LQ treatment led to the

upregulation of immune response genes in both the intestine and

lungs, potentially mediating its anti-infection properties.

Simultaneously, it resulted in the downregulation of genes related

to nutrient metabolic processes in the small intestine and cell

motility and adhesion in the lungs. These changes may contribute

to the prevention of obesity and lung cancer. Interestingly, LQ

treatment induced alterations in gut microbiota and enhanced

correlation networks within the colon’s microbiota, potentially
FIGURE 5

Impact of Liquiritigenin on Paneth Cell Differentiation in the Small Intestine. (A) The small intestine (n=4 per group) sections were stained using
Hematoxylin and Eosin (HE), and Paneth cells were identified and indicated by arrows. (B) Quantification of Paneth cells in randomly selected crypts.
(C) Visualization and analysis of goblet cells via AB-PAS staining. (D) Quantification of the Paneth cell count per crypt. (E) Heatmap representation of
DEGs linked to Paneth cells and goblet cells in the LQ versus vehicle treatment groups. T-tests was used to evaluate differences between
treatments. ** means p < 0.01, ns means p > 0.05.
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mediating or influencing its biological and pharmacological effects.

However, attention is warranted due to the observed induction of

certain aspects of gut dysbiosis by LQ.

In the current study, an intriguing discovery is the alteration of

gut microbiota induced by LQ treatment, particularly a notable

increase in the “so-called” pathobiont Clostridium sensu stricto 1

(Fan et al., 2017) in both the small intestine and colon. Accumulated

evidence suggests that certain commensal bacterial strains, termed

pathobionts, can exhibit beneficial effects on the host (Jochum and

Stecher, 2020). For example, segmented filamentous bacteria did not

cause intestinal damage; instead, they enhanced immune defenses

and provided protection against certain pathogen infections in

immunocompetent mice (Shi et al., 2019). Similarly, Mucispirillum

schaedleri, identified as another pathobiont, showed no harmful

effects in healthy mice while conferring protection against

Salmonella-induced colitis in these hosts (Herp et al., 2019). Our

current study demonstrated that increased immune cell function and

inflammatory response, coupled with the absence of epithelial

damage or colitis following LQ treatment, as indicated by the

enrichment of its related DEGs and histology analysis, associated

with the elevation of Clostridium sensu stricto 1 in healthy mice,

further supporting this notion. However, it should be noted that these

pathobionts were found to induce intestinal damage or colitis in

severely immune-deficient host, suggesting caution in the use of LQ

in immunocompromised patients.

Another intriguing finding is that LQ treatment significantly

decreases the abundance of several species, including Bifidobacterium
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spp., in both the small intestine and colon. Bifidobacteria, belonging

to the Actinobacteria phylum, are normal inhabitants in the host

intestine (O’Callaghan and van Sinderen, 2016). The presence of

bifidobacteria in humans has been associated with improvements in

overall health conditions, including enhanced immunity, reduced

intestinal infections, lower cholesterol, and anti-aging effects, among

others (Hidalgo-Cantabrana et al., 2017; Zhao et al., 2018; Chen et al.,

2021). Our short-term LQ treatment, which resulted in a reduction of

bifidobacteria, did not appear to have immediate side effects.

However, considering the potential implications of long-term LQ

consumption, it may be advisable to supplement it with probiotic

bifidobacteria or prebiotics like inulin, known to specifically promote

the growth of bifidobacteria (Zou et al., 2018, 2023). This

supplementation could potentially enhance the positive effects of

LQ or mitigate any undesirable side effects associated with the

reduction of bifidobacteria.

Growing evidence indicates that gut microbiota not only

influences mucosal immune responses in the intestine but also has

an impact on remote organs, such as the lungs (Keely et al., 2012;

Belkaid and Harrison, 2017). Various mechanisms may underlie the

influence of gut microbiota on lung immunity (Rastogi et al., 2022).

First, the gut microbes and their metabolites may traverse from

intestinal sites to stimulate mucosal immune responses in the

lungs (Trompette et al., 2014; Anand and Mande, 2018) Second,

effector immune cells induced by gut microbiota in the

intestine can migrate to the lungs through the lymphatic system,

thereby influencing mucosal immune responses in this distant
FIGURE 6

Transcriptomic Analysis of Lung in Liquiritigenin-Treated Mice. (A) Volcano plots depict the differential expression of genes (DEGs) between the LQ
and vehicle treatment groups (n=4 per group) for lung tissue. (B) Heatmap illustrating the expression pattern of DEGs between the LQ and vehicle
treatment groups in lung tissue. (C) Gene Ontology (GO) annotations analysis of the DEGs in the LQ versus vehicle treatment groups in lung tissue.
D&E. Go enrichment analysis displaying downregulated (D) and upregulated (E) genes in the LQ group compared to the vehicle group in lung tissue.
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organ, called a common mucosal immunity (Anand and Mande,

2018). Our study demonstrated that LQ treatment led to the

upregulation of genes associated with boosting immune response

and anti-bacterial infection in the lung rather than the liver, suggested

that LQ treatment may induce a common gut-lung mucosal

immunity. However, the precise role of gut microbiota in the

regulation of lung mucosal immunity induced by LQ treatment

remains unclear. This aspect is particularly relevant considering

the widespread use of licorice, which contains liquiritigenin as

its primary active component, in Traditional Chinese Medicine for

the relief of persistent long-term coughs. Therefore, it is crucial to

explore the potential mechanisms through which LQ treatment

influences lung immunity, particularly in the context of its

potential to alleviate persistent coughs, marking an important area

for future research.

It is well documented that flavonoids can interact with gut

microbiota in a bidirectional manner (Adamczak et al., 2019; Xiong

et al., 2023). They have antibacterial properties that can inhibit

the growth of certain bacteria while also serving as metabolic

substrates that promote the growth of others (Parkar et al., 2013;

Farhadi et al., 2019). In our study, we found that liquiritigenin, a plant-

derived flavonoid, significantly altered the gut microbiota composition

in mice following oral administration. This alteration led to a marked

decrease in several species, including Bifidobacterium, in both the small

intestine and colon, with the reduction being particularly notable in the

small intestine, indicative of its antibacterial activity. Conversely, the

abundance of a few bacterial species, notably those in the Clostridiaceae

family, increased in both the small intestine and colon after

liquiritigenin treatment. This suggests that some Clostridium isolates,

which have been shown to degrade flavonoids (Schoefer et al., 2003),

might metabolize liquiritigenin, potentially facilitating their growth.

This interaction warrants further investigation in future studies to

better understand the metabolic relationships between liquiritigenin

and specific gut bacteria.

Several flavonoids are known for their beneficial effects, including

anti-inflammatory, antioxidant, anti-infection, anti-aging, and

anticancer properties (Kurnia et al., 2019; Kopustinskiene et al.,

2020). Consistent with these effects, our study found that oral

administration of liquiritigenin significantly enhanced the immune

response in the colon, evident through increased complement

activation, phagocytosis, and B-cell-mediated immunity. These

enhancements may help the host fend off bacterial and viral

infections and potentially exhibit anticancer activities. However,

our study does present limitations that warrant consideration.

Firstly, our findings are derived from a single, two-week treatment

period with data collected at only one time point, and it is uncertain

how these effects might evolve over a longer duration, especially

concerning the gut microbiota. Secondly, the study was conducted

using normal mice; additional research is necessary to determine if

similar outcomes would be observed in disease models or human

subjects. Key gaps include exploring the causal relationship between

changes in gut microbiota and gene expression induced by LQ

treatment and assessing whether these modifications could

influence inflammatory-related diseases, such as inflammatory

bowel disease and diabetes. To address these limitations and gaps,

future research should employ techniques like fecal microbiota
Frontiers in Microbiomes 10
transplantation to establish whether changes in gut microbiota

induced by LQ have a direct role in mediating its biological effects,

including enhancing host immune responses and its potential anti-

infection and anticancer properties in disease-specific mouse models

with prolonged LQ treatment.
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SUPPLEMENTARY FIGURE S1

Alterations in Fecal Microbiota upon Liquiritigenin Treatment. (A, B)
Rarefaction and Shannon curves depicting operational taxonomic unit
(OTU) diversity and richness. (C) Venn diagram illustrating core OTUs

shared among LQ and vehicle-treated groups in the small intestine (SI) and
colon. (D) Principal Coordinates Analysis (PCoA) and Non-metric

Multidimensional Scaling (NMDS) plots exhibiting microbiota community
clustering in the small intestine and colon within the vehicle-treated groups.

SUPPLEMENTARY FIGURE S2

Impact of Liquiritigenin Treatment on Fecal Microbiota. (A) Circos

visualization depicting microbial community distribution at the phylum
level. (B) Relative abundance comparison of phyla showing significant

differences between LQ and vehicle groups. (C, D) Bacterial taxa displaying
Frontiers in Microbiomes 11
differential enrichment in colon and small intestine (SI) between LQ and
vehicle treatments, identified using the effect size (LEfSe) algorithm.

SUPPLEMENTARY FIGURE S3

Effect of Liquiritigenin Treatment on Gene Expression in the Intestine. (A) GO

enrichment analysis of downregulated DEGs in the colon of the LQ versus
vehicle treatment groups. (B) GO annotations analysis of DEGs in the small

intestine of the LQ versus vehicle treatment groups. (C) Heatmap depicting
the expression pattern of DEGs in the small intestine between the LQ and

vehicle treatment groups.

SUPPLEMENTARY FIGURE S4

Correlation heatmap depicting the association between cell differentiation-
associated DEGs and bacterial genera. (A) Correlation heatmap depicting the

association between cell differentiation associated DEGs and bacterial
genera. B&C. Cell proliferation in the colon and small intestine was

assessed using Ki-67 staining (B), and the density of Ki-67 positive cells was

quantified (C).

SUPPLEMENTARY FIGURE S5

Impact of Liquiritigenin Treatment on the Overall Intestinal Structure. (A, B)
The overall intestinal structure of the small intestine (A) and colon (B) was
assessed using hematoxylin and eosin (H&E) staining, and villus length and

crypt length were quantified.

SUPPLEMENTARY FIGURE S6

Impact of Liquiritigenin Treatment on Gene Expression in Extraintestinal
Tissues. (A) Volcano plots illustrating the differential expression of genes

(DEGs) between the LQ and vehicle treated groups in the liver. (B) Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of DEGs in

the LQ group compared to the vehicle group in the liver. (C) Heatmap

illustrating the expression pattern of tissue-shared differentially expressed
genes (DEGs) in the small intestine vs lung. (D) Heatmap illustrating the

expression pattern of tissue-shared DEGs in the colon vs lung.
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Selma, M. V., Espıń, J. C., and Tomás-Barberán, F. A. (2009). Interaction between
phenolics and gut microbiota: role in human health. J. Agric. Food Chem. 57, 6485–
6501. doi: 10.1021/jf902107d

Shen, J., Obin, M. S., and Zhao, L. (2013). The gut microbiota, obesity and insulin
resistance. Mol. Aspects Med. 34, 39–58. doi: 10.1016/j.mam.2012.11.001

Shi, Z., Zou, J., Zhang, Z., Zhao, X., Noriega, J., Zhang, B., et al. (2019). Segmented
filamentous bacteria prevent and cure rotavirus infection. Cell 179, 644–658.e613.
doi: 10.1016/j.cell.2019.09.028

Trompette, A., Gollwitzer, E. S., Yadava, K., Sichelstiel, A. K., Sprenger, N., Ngom-
Bru, C., et al. (2014). Gut microbiota metabolism of dietary fiber influences allergic
airway disease and hematopoiesis. Nat. Med. 20, 159–166. doi: 10.1038/nm.3444

Verbeke, K. A., Boobis, A. R., Chiodini, A., Edwards, C. A., Franck, A., Kleerebezem,
M., et al. (2015). Towards microbial fermentation metabolites as markers for health
benefits of prebiotics. Nutr. Res. Rev. 28, 42–66. doi: 10.1017/s0954422415000037
Frontiers in Microbiomes 12
Wang, J., Cao, W., Ji, T., Zhao, M., Liu, T., Wu, J., et al. (2023). Gut microbiota and
transcriptome profiling revealed the protective effect of aqueous extract of Tetrastigma
hemsleyanum leaves on ulcerative colitis in mice. Curr. Res. Food Sci. 6, 100426.
doi: 10.1016/j.crfs.2022.100426

Wang, K. L., Yu, Y. C., and Hsia, S. M. (2021a). Perspectives on the role of
isoliquiritigenin in cancer. Cancers (Basel) 13 (1), 115. doi: 10.3390/cancers13010115

Wang, L., Yang, R., Yuan, B., Liu, Y., and Liu, C. (2015). The antiviral and
antimicrobial activities of licorice, a widely-used Chinese herb. Acta Pharm. Sin. B 5,
310–315. doi: 10.1016/j.apsb.2015.05.005

Wang, N., Wu, T., Du, D., Mei, J., Luo, H., Liu, Z., et al. (2021b). Transcriptome and
gut microbiota profiling revealed the protective effect of tibetan tea on ulcerative colitis
in mice. Front. Microbiol. 12. doi: 10.3389/fmicb.2021.748594

Wang, W., Jiang, S., Xu, C., Tang, L., Liang, Y., Zhao, Y., et al. (2022). Transcriptome
and gut microbiota profiling analysis of ANIT-induced cholestasis and the effects of da-
huang-xiao-shi decoction intervention. Microbiol. Spectr. 10, e0324222. doi: 10.1128/
spectrum.03242-22

Xie, C., Mao, X., Huang, J., Ding, Y., Wu, J., Dong, S., et al. (2011). KOBAS 2.0: a web
server for annotation and identification of enriched pathways and diseases. Nucleic
Acids Res. 39, W316–W322. doi: 10.1093/nar/gkr483

Xiong, H. H., Lin, S. Y., Chen, L. L., Ouyang, K. H., and Wang, W. J. (2023). The
interaction between flavonoids and intestinal microbes: A review. Foods 12 (2), 320.
doi: 10.3390/foods12020320

Zhao, L., Zhang, F., Ding, X., Wu, G., Lam, Y. Y., Wang, X., et al. (2018). Gut bacteria
selectively promoted by dietary fibers alleviate type 2 diabetes. Science 359, 1151–1156.
doi: 10.1126/science.aao5774

Zou, J., Chassaing, B., Singh, V., Pellizzon, M., Ricci, M., Fythe, M. D., et al. (2018).
Fiber-mediated nourishment of gut microbiota protects against diet-induced obesity by
restoring IL-22-mediated colonic health. Cell Host Microbe 23, 41–53.e44. doi: 10.1016/
j.chom.2017.11.003

Zou, J., Ngo, V. L., Wang, Y., Wang, Y., and Gewirtz, A. T. (2023). Maternal fiber
deprivation alters microbiota in offspring, resulting in low-grade inflammation and
predisposition to obesity. Cell Host Microbe 31, 45–57.e47. doi: 10.1016/j.chom.
2022.10.014
frontiersin.org

https://doi.org/10.3389/fmicb.2016.00925
https://doi.org/10.3389/fmicb.2016.00925
https://doi.org/10.1016/j.anaerobe.2013.07.009
https://doi.org/10.1038/nbt.3122
https://doi.org/10.3389/fnagi.2018.00348
https://doi.org/10.3389/fnagi.2018.00348
https://doi.org/10.3389/fimmu.2022.954339
https://doi.org/10.1128/AEM.69.10.5849-5854.2003
https://doi.org/10.1021/jf902107d
https://doi.org/10.1016/j.mam.2012.11.001
https://doi.org/10.1016/j.cell.2019.09.028
https://doi.org/10.1038/nm.3444
https://doi.org/10.1017/s0954422415000037
https://doi.org/10.1016/j.crfs.2022.100426
https://doi.org/10.3390/cancers13010115
https://doi.org/10.1016/j.apsb.2015.05.005
https://doi.org/10.3389/fmicb.2021.748594
https://doi.org/10.1128/spectrum.03242-22
https://doi.org/10.1128/spectrum.03242-22
https://doi.org/10.1093/nar/gkr483
https://doi.org/10.3390/foods12020320
https://doi.org/10.1126/science.aao5774
https://doi.org/10.1016/j.chom.2017.11.003
https://doi.org/10.1016/j.chom.2017.11.003
https://doi.org/10.1016/j.chom.2022.10.014
https://doi.org/10.1016/j.chom.2022.10.014
https://doi.org/10.3389/frmbi.2024.1380152
https://www.frontiersin.org/journals/microbiomes
https://www.frontiersin.org

	Effects of oral liquiritigenin inoculation on gut microbiota and gene expression in intestinal and extraintestinal tissues of mice
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Chemicals and antibodies
	2.3 Liquiritigenin treatment and sample collection
	2.4 Histology and immunohistochemistry
	2.5 16S rRNA sequencing and microbiota analysis
	2.5.1 RNA extraction and RNA-seq

	2.6 Differential expression analysis and functional enrichment
	2.7 Statistical analysis

	3 Results
	3.1 Liquiritigenin impacts the microbiota composition in both small intestine and colon
	3.2 Liquiritigenin differently impacts the gene expression in colon and small intestine
	3.3 Liquiritigenin increases the differentiation of Paneth cells in small intestine, that correlated with alteration in the abundance of several bacterial species
	3.4 The influence of liquiritigenin treatment on gene expression in the liver and lung

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


