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Objective: Traditional Chinese medicine (TCM) has been used for the treatment
of chronic liver diseases for a long time, with proven safety and efficacy in clinical
settings. Previous studies suggest that the therapeutic mechanism of TCM for
hepatitis B cirrhosis may involve the gut microbiota. Nevertheless, the causal
relationship between the gut microbiota, which is closely linked to TCM, and
cirrhosis remains unknown. This study aims to utilize two-sample Mendelian
randomization (MR) to investigate the potential causal relationship between gut
microbes and cirrhosis, as well as to elucidate the synergistic mechanisms
between botanical drugs and microbiota in treating cirrhosis.

Methods: Eight databases were systematically searched through May 2022 to
identify clinical studies on TCM for hepatitis B cirrhosis. We analyzed the
frequency, properties, flavors, and meridians of Chinese medicinals based on
TCM theories and utilized the Apriori algorithm to identify the core botanical
drugs for cirrhosis treatment. Cross-database comparison elucidated gut
microbes sharing therapeutic targets with these core botanical drugs. MR
analysis assessed consistency between gut microbiota causally implicated in
cirrhosis and microbiota sharing therapeutic targets with key botanicals.

Results: Our findings revealed differences between the Chinese medicinals used
for compensated and decompensated cirrhosis, with distinct frequency, dosage,
properties, flavors, and meridian based on TCM theory. Angelicae Sinensis Radix,
Salviae Miltiorrhizae Radix Et Rhizoma, Poria, Paeoniae Radix Alba, Astragali Radix,
Atrctylodis Macrocephalae Rhizoma were the main botanicals. Botanical drugs and
gut microbiota target MAPK1, VEGFA, STAT3, AKT1, RELA, JUN, and ESR1 in the
treatment of hepatitis B cirrhosis, and their combined use has shown promise
for cirrhosis treatment. MR analysis demonstrated a positive correlation
between increased ClostridialesvadinBB60 and Ruminococcustorques
abundance and heightened cirrhosis risk. In contrast, Eubacteriumruminantium,
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Lachnospiraceae, Eubacteriumnodatum, RuminococcaceaeNK4A214, Veillonella,
and RuminococcaceaeUCGO02 associated with reduced cirrhosis risk. Notably,
Lachnospiraceae shares key therapeutic targets with core botanicals, which can
treat cirrhosis at a causal level.

Conclusion: We identified 6 core botanical drugs for managing compensated
and decompensated hepatitis B cirrhosis, despite slight prescription differences.
The core botanical drugs affected cirrhosis through multiple targets and
pathways. The shared biological effects between botanicals and protective gut
microbiota offer a potential explanation for the therapeutic benefits of these key
herbal components in treating cirrhosis. Elucidating these mechanisms provides
crucial insights to inform new drug development and optimize clinical therapy
for hepatitis B cirrhosis.

KEYWORDS

hepatitis B cirrhosis, traditional Chinese medicine, data mining, network analysis, gut
microbiota, mendelian randomization

Introduction

Cirrhosis is the end-stage of chronic liver diseases, including
viral hepatitis, non-alcoholic steatohepatitis, autoimmune hepatitis,
etc (Gines et al., 2021). Globally, 30 percent of cirrhosis is caused by
HBYV infection (Tu and Douglas, 2020). Despite the inclusion of
hepatitis B vaccine in China’s routine infant immunization program
in 1992, the prevalence of hepatitis B in the general population has
remained at about 6.89% in recent years (Wang et al,, 2019). In a
large-scale clinical research study, the probability of progression to
hepatocellular carcinoma over a 10-year period in patients with
inactive hepatitis B cirrhosis was about 32.48%, highlighting the
need for individualized cirrhosis management beyond antivirals
(Liu et al, 2021). TCM is the characteristic culture of ancient
Chinese people for confronting disease, as well as a medical theory
system progressively formed and developed through extensive
medical practice under the guidance of simple materialism and
spontaneous dialectic thought (Xutian et al, 2012). It is worth
noting that TCM, which is regarded as an alternative therapy with
clear efficacy, has long been used to treat chronic liver diseases
(Daniyal et al,, 2019). Nowadays, modern extraction and analysis of
active compounds has further verified its clinical efficacy and safety
(Wang et al,, 2018; Wang et al., 2020).

Compensated hepatitis B cirrhosis represents the asymptomatic
stage, in which patients have no obvious clinical symptoms, with
weakness, abdominal distension, hepatosplenomegaly, liver palms
and spider nevus as common manifestations (Gines et al., 2021).
Without effective treatment, complications such as ascites, hepatic

Abbreviations: TCM, Traditional Chinese medicine; SCFA, short-chain fatty
acids; MR, Mendelian randomization; SNP, single nucleotide polymorphism; IV,
instrumental variable; OB, oral bioavailability; DL, drug-like properties; SEA,
Similarity Ensemble Approach; STP, SwissTargetPrediction; KEGG, Kyoto

Encyclopedia of Genes and Genomes; IVW, inverse variance weighting.
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encephalopathy, hepatorenal syndrome or variceal bleeding will
rapidly arise, progressing to decompensated cirrhosis (Engelmann
et al, 2021). Current standard management relies heavily on
symptomatic medications, which do not reduce the high rates of
hospitalization and mortality associated with hepatitis B cirrhosis.
(Li et al,, 2019; Li et al., 2021).

The clinical application of dialectical principles is fundamental
to TCM therapy. According to studies, TCM is an effective way to
halt cirrhosis progression and improve prognosis (Dong et al., 2015;
Nan et al, 2022). TCM treatment of hepatitis B cirrhosis has
gradually become a new trend. Rather than single herbs, TCM
formulas comprise principal, ministerial, adjuvant, and messenger
components to optimize treatment effects. However, TCM for
hepatitis B cirrhosis requires the adjustment of prescriptions at
different stages, causing the diversification of clinical usage, and a
unified understanding of the medication rules has not yet
been formed.

The liver and intestine share direct anatomical connections via
the portal venous system and biliary tract, as well as indirect links
through systemic circulation (Wang et al., 2022). Bacteria, bacterial
products, and intestinal metabolites enter circulation and play a
significant role in various liver diseases and complications
associated with portal hypertension (Xu et al., 2022). In patients
with cirrhosis, abnormalities in the immune, vascular, and
inflammatory systems are linked to decreased intestinal
microbiota function and compromised intestinal mucosal
integrity (Trebicka et al., 2021). The pharmacological
characteristics of Chinese medicinals and their compounds
include multi-component, multi-target, and multi-pathway
actions. The complex components of Chinese medicinals and
their compounds can directly target specific areas while also
adjusting bodily functions by affecting metabolic substances
produced by gut microbiota. Intriguingly, some metabolites
produced by probiotics have similar compositions or therapeutic
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targets as those found in botanical compounds. Consequently, when
probiotic levels decline, supplementing with botanicals can achieve
a similar effect to restoring probiotic levels.

Mendelian randomization (MR) is a method that uses genetic
variation in single nucleotide polymorphisms (SNPs) as an
instrumental variable (IV) to assess causal relationships between
exposures and outcomes, overcoming biases in traditional
observational studies (Ziegler et al., 2008; Yavorska and Burgess,
2017). Observational studies are limited by issues like confounding
and reverse causation that yield biased results and hinder causal
inference. However, MR can overcome these limitations because the
probability of inheriting either allele is random and independent of
confounders and reverse causation.

Systematic pharmacology is an effective method to combine
traditional medicine with modern medicine. By analyzing the cross-
targets and pathways of drugs and diseases, the biological
mechanism of TCM in treating diseases can be completely
described (Zhang et al., 2019). To conduct a comprehensive
prescription analysis, we utilized data mining to collect data from
330 clinical studies of TCM for treating compensated/
decompensated hepatitis B cirrhosis. Network analysis identified
core botanical targets for cirrhosis, which were compared to gut
microbial targets in the GutMGene Database (http://bio-
annotation.cn/gutmgene/). Microbes sharing targets with core
botanicals were identified. These botanicals may exert similar
biological effects to the associated microbes for cirrhosis
treatment. In turn, MR analysis was performed to confirm
whether these microbes are causally associated with cirrhosis. The
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results suggest that microbes with similar biological actions to the
botanicals are causally associated with the risk of cirrhosis, and that
the 6 botanicals may play an important role by maintaining the
biological actions of cirrhosis-associated gut microbiota.

Materials and methods
Datasets collection and analysis

The general flow of this study is shown in Figure 1. Data
source: Chinese National Knowledge Infrastructure (CNKI),
Wanfang database (Wanfang), VIP database (VIP), Chinese
Biomedical Literature database (CBM), PubMed, Embase and
Cochrane Library databases were searched for clinical research
literature on TCM for the treatment of hepatitis B cirrhosis from
the time of database creation to May 2022. The search terms were
(“Hepatitis B cirrhosis” OR “HBV-related hepatic cirrhosis” OR
“HBV-liver cirrhosis “ OR “hepatitis B-caused cirrhosis” OR
“cirrhosis” OR “liver cirrhosis”) AND (“traditional Chinese
medicine” OR “Chinese medicine” OR “oriental medicine” OR
“herbal medicine” OR “herb” OR “plant” OR “prescription” OR
“decoction” OR “natural product” OR “Chinese herbal formula”
OR “Chinese herbal medicine” OR “ Chinese medicinals”).
We have provided detailed search strategies and the details of
original literatures in Additional File 1: SI. All relevant literature
in the database was screened using Endnote to obtain the
relevant articles.

b 4

Targets of gut microbiota

Identification of cross-targets

»

Targets of hepatitis B cirrhosis

Analysis of similarities | Frequency, proportion, dosage of Chinese medicinals |

for medication rule

Core prescription
rules of Chinese
medicinals

- Properties, flavors, and meridians of Chinese medicinals

Identifying the gut microbial species that modulate
these cross-targets

8

Angelicae
Sinensis Radix

Salviae
Miltiorrhizae
Radix Et Rhizoma

Poria

Paconiae Radix

Association rules between Chinese medicinals

Astragali Radix

Atrctylodis
Macrocephalae
Rhizoma

Lachnospiraceae and core botanical drugs have
overlapping therapeutic targets, enabling
ic effects for treating hepatitis B cirrhosis

S 2

‘Targets of botanical drugs

6 Core Botanicals
May Treat Hepatitis
B Cirrhosis on a
Causal Level

=

progression

Gut Microbiota

% 1. MiBioGen consortium

I 2.18340 participants
bacterial traits

SNPs associated with Gut Microbiota  *
enome-wide significance: 1x105 &
lump = S00kb, 12 = 0.1

I 2.3970 cases
0

FIGURE 1
Overall flow figure of this study

03

Frontiers in Cellular and Infection Microbiology

sessnssnnsssnnnnnn
H H Cirrhosis H
H  1.FinnGen consortium R9

frontiersin.org


http://bio-annotation.cn/gutmgene/
http://bio-annotation.cn/gutmgene/
https://doi.org/10.3389/fcimb.2023.1273031
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhou et al.

Inclusion and exclusion criteria

Inclusion criteria: (1) The included studies were randomized
controlled trials or observational clinical studies that enrolled at
least one group of subjects receiving TCM treatment. (2) The study
subjects were all patients diagnosed with hepatitis B cirrhosis
according to the diagnostic criteria outlined in China’s 2019
guidelines for the prevention and treatment of chronic hepatitis
B. The criteria include a clear history of HBV infection and evidence
of cirrhosis based on pathological or imaging examination. (3) The
interventions included herbal soup, herbal granules and other
internal Chinese medicines, all of which had specified dosages. (4)
In case of duplicate publications, the literature with the most
complete clinical information was selected for inclusion.
Exclusion criteria: (1) Case reports, reviews, conference reports,
animal experiments and theoretical discussion articles. (2) TCM
treatment that included external therapies such as acupuncture. (3)
Patients included in the literature with comorbid cirrhosis due to
other etiologies, such as hepatitis C, hepatitis D, and non-alcoholic
fatty liver disease. (4) Literature in which it cannot be determined
whether the patient has compensated or decompensated cirrhosis.

Data extraction and normalization

Two researchers (ZC and YP) independently searched
databases and screened relevant literature. WJJ discussed any
disagreements or made further decisions. Information regarding
title, author, publication date, prescription composition, and dosage
were recorded for each article. The names of Chinese medicinals
were standardized in accordance with the Pharmacopoeia of the
People’s Republic of China (2020 edition).

Screening of active ingredients
and cross-targets

We obtained the bioinformatics data for 6 core botanical drugs
from the TCMSP database (http://tcmspw.com/tcmsp.php). According
to the ADME parameters, the active ingredients and related
corresponding targets were screened based on the oral bioavailability
(OB) screening threshold > 30% and drug-like properties (DL) > 0.18
(Lucas et al,, 2019). In the case of compounds without corresponding
targets, the SMILES structures of the compounds were downloaded
from the PubChem (https://pubchem Ncbi.nlm.nih.gov/) and
uploaded to the SwissTargetPrediction database (http://
www.swisstargetprediction.ch/) for target prediction (Gfeller et al,
2014). The targets of compound were entered into the Uniprot
database (https://www.uniprot.org), normalizing the names of the
genes corresponding to the target proteins. Additionally, we
conducted a literature search to identify any targets associated with
these 6 botanicals that were not present in the database. The
GeneCards database (https://www.genecards.org), DisGeNET
database (https://www.disgenet.org/) were searched for disease targets
known to be associated with hepatitis B cirrhosis (Fishilevich et al.,
2016; Pinero et al,, 2021). Access drug targets recommended for the
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treatment of hepatitis B cirrhosis in the AASLD 2018 Hepatitis B
Guidelines in the Drug Bank database (https:/go.drugbank.com/)
(Terrault et al, 2018; Wishart et al., 2018). GutMGene (http://bio-
annotation.cn/gutmgene/) was used to retrieve the metabolites of gut
microbes. We utilized the Similarity Ensemble Approach (SEA)
(https://sea.bkslab.org/) and SwissTargetPrediction (STP) (http://
www.swisstargetprediction.ch/) to predict the targets of metabolites
(Keiser et al., 2007; Gfeller et al., 2014).

Construction of gut microbiota action
network based on core targets

Targets closely associated with cirrhosis were considered to
overlapping targets of intestinal microbiota metabolites, disease,
and botanical drugs. The String database (https://string-db.org/)
was used to predict the interactions between targets. We utilized the
Cytohubba plugin in Cytoscape 3.9.0 software to visualize
interactions and identify the core targets. Based on the Kyoto
Encyclopedia of Genes and Genomes (KEGG) and the connection
between gut microbiota, metabolites, as provided by the GutMGene
Database, we constructed an interaction network involving gut
microbiota, metabolites, core targets, and signaling pathways.

Selection of data sources for
Mendelian randomization

We obtained genome-wide association data for the gut
microbiota from the MiBioGen (https://mibiogen.gcc.rug.nl),
which included 18,340 individuals. The dataset contained 122,110
host genetic variants mapped to genetic loci associated with
abundance levels in 211 taxonomic groups, including 9 phyla, 16
classes, 20 orders, 35 families, and 131 genera (Kurilshikov et al.,
2021). Cirrhosis data were obtained from the FinnGen consortium
R9 release, which included 3970 cirrhosis cases and 373,307
controls (Emdin et al., 2020). Information on genotypes, cohorts,
and other data from the FinnGen consortium is available on their
website (https://www.finngen.fi/fi).

Mendelian randomization analysis

Three hypotheses

To fulfill the three key assumptions of MR, we followed the
approach below. Firstly, we selected exposure data with P < 1 x 10
to obtain more correlation results, since few GWAS-identified gut
microbiota loci reached P< 1 x 10 ® (Liu et al., 2022). We set clump
= 500 kb and r* = 0.1 to exclude chained unbalanced SNPs.
Moreover, we calculated the F-statistic for each SNP and only
retained strongly correlated (F-statistic > 10) instrumental variables
(Burgess and Thompson, 2011). Secondly, we used PhenoScanner
V2 (http://www.phenoscanner.medschl.cam.ac.uk/) to assess
genetic variation for confounding factors (including hepatitis A,
hepatitis C, alcoholism, and autoimmune hepatitis) to prevent
potential pleiotropy (Staley et al., 2016). Thirdly, we conducted a
reverse MR analysis through the mr_steiger function to verify
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whether genetic variants affected the results only through exposure
and whether exposure had a directional causal effect on the results
(Hemani et al., 2017).

Sensitivity and horizontal
multiplicity analysis

We used random effects inverse variance weighting (IVW) as the
primary analysis since it is the most robust method that can control
for multiple biases (e.g., independence of genetic variants, balance,
validity) through weighted averaging and has higher statistical
efficacy when sample sizes are large (Burgess et al,, 2013; Burgess
et al, 2017). MR-PRESSO and MR-Egger assessed potential
horizontal pleiotropy (Bowden et al., 2015; Verbanck et al., 2018).
MR-PRESSO can detect potential outliers, correct for horizontal
pleiotropy, and maintain the integrity of the original data, while
MR-Egger can account for other biases (such as measurement error
and genetic heterogeneity) to improve the accuracy and reliability of
causal effects. Moreover, both MR-PRESSO and MR-Egger can
perform sensitivity analyses to assess the reliability and stability of
causal effects by testing the impact of outliers on the results.
Additionally, Cochran’s Q-test assessed heterogeneity among
genetic instruments as a reliable nonparametric method.

Data analysis

All statistical analyses were done with R studio (version 4.1.3).
Graphing or data analysis was performed using arules (version 1.7-
3), ggplot2 (version 3.4.2), TwosampleMR (version 0.5.7), MR-
PRESSO (version 1.0).

Results
Analysis of similarities for medication rules
By Bray-Curtis PCoA of Chinese medicinals in clinical trials to

carry out diversity clustering, which appeared strong aggregation. In
PCoA analysis, PC1 explained 13.25% and PC2 explained 10.65% of

10.3389/fcimb.2023.1273031

the total variation. The result of permanova revealed a strong F value
of 11.838, and P < 0.01 Figure 2A. It indicates that the core Chinese
medicinals are with big variations in different stages of hepatitis B
cirrhosis. It is meaningful to analyze the medication rules by dividing
cirrhosis into compensated and decompensated stages. We verified
the results with PLS-DA, component 1 explained 2.2%, component 2
explained 1.7% and component 3 explained 1.8% of the total
variation. The 3D PLS-DA model also demonstrated clear
separation and tight clustering by disease stage Figure 2B.

Frequency, dosage, and efficacy
of Chinese medicinals

Compensated hepatitis B cirrhosis

A total of 95 studies involving 98 prescriptions were included. One
prescription contained a maximum of 20 Chinese medicinals and a
minimum of 6, with an average of 10.97 per prescription. There were
12 Chinese medicinals that were used more than 20 times (with 511
times), accounting for 47.53% of the total frequency Table 1. The 6
Chinese medicinals with the highest frequency of prescription were
Paceoniae Radix Alba (58 times, 5.40% of total Chinese medicinals,
59.18% of the total prescriptions); Salviae Miltiorrhizae Radix Et
Rhizoma (54 times, 5.02%, 55.10%); Bupleuri Radix (54 times,
5.02%, 55.10%); Trionycis Carapax (53 times, 4.93%, 54.08%);
Atrctylodis Macrocephalae Rhizoma (53 times, 4.93%, 54.08%);
Poria (49 times, 4.56%, 50.00%). It is worth noting that the
frequency of Chinese medicinals for activating blood cir-culation to
dissipate blood stasis, dispersing stagnated hepatoqi and spleen-
invigorating amounted to 985 times. The dosages of Paconiae Radix
Alba, Salviae Miltiorrhizae Radix Et Rhizoma, Bupleuri Radix,
Atretylodis Macrocephalae Rhizoma, Poria, Angelicae Sinensis Radix,
Persicae Semen, Paeoniae Radix Rubra, and Curcumae Radix exceeded
the recommended dosages, indicating that the administration of this
category of Chinese medicinals is important in the treatment of
compensated hepatitis B cirrhosis.

Decompensated hepatitis B cirrhosis
A total of 235 studies involving 241 prescriptions were
included. A prescription contained a maximum of 24 Chinese

A
PERMANOVA: F = 11.838, P-value = 0.001
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TABLE 1 Chinese medicinals appearing over 20 times in prescriptions of compensated hepatitis B cirrhosis.

Chinese medicinals Frequency Rate Proportion Minimum  Maximum  Average Recommended
dosage dosage dosage dosage
Paeonia lactiflora Pall. [Paeoniaceae; 58 50.18% 5.40% 6 30 16.41 % 5.99 615
Paeoniae Radix Alba) e R B s
Salvia miltiorrhiza Bunge. [Lamiaceae;
Salviae Miltiorrhizae Radix Et 54 55.10% | 5.02% 6 30 17.30 £ 6.37 | 10-15g
Rhizomal)
Bupleurum chinense DC. [Apiaceae;
. . 54 55.10% = 5.02% 6 30 11.89 + 3.64 3-10g
Bupleuri Radix]
Trionycis Carapax 53 54.08% = 4.93% 4 30 1691 £6.19 | 9-24g
Atractylodes macrocephala Koidz.
[Asteraceae; Atrctylodis Macrocephalae 53 54.08% | 4.93% 5 30 13.17 £ 542 6-12g
Rhizoma)
Poria cocos (Schw.) Wolf. [Polypores;
Porial 49 50.00% = 4.56% 10 32 18.29 £ 7.18 10-15¢g
Astragalus mongholicus Bunge
. . 43 43.88% | 4.00% 10 50 23.86 + 791 9-30g
[Fabaceae; Astragali Radix]
Angelica si is (Oliv.) Diel
ngelica sinensis (Oliv.) Diels 40 40.82% | 3.72% 6 30 1324592 | 612
[Apiaceae; Angelicae Sinensis Radix]
1 hi L. [F; 5
Glyeyrrhiza glabra L. [Fabaceae 37 37.76% | 3.44% 3 15 673+239 | 2-10g
Glycyrrhizae Radix Et Rhizoma)
Prunus persica (L.) Batsch [Rosaceae;
. 25 2551% @ 2.33% 6 15 10.44 £ 1.92 5-10g
Persicae Semen]
Paeonia lactiflora Pall. [Paeoniaceae; 23 23.47% 2.14% s 30 16.43 + 471 612
Paeoniae Radix Rubra] -47% -14% 43 + 4, g
Curcuma longa L. [Zingiberaceae;
3 22 22.45% 2.05% 10 15 12.14 £ 2.85 3-10g
Curcumae Radix)

medicinals and a minimum of 2, with an average of 12.27 per
prescription. Of the 241 prescriptions, 204 Chinese medicinals
appeared 2958 times. Among them, there were 20 Chinese
medicinals used more than 40 times, which were used 1702
times, accounting for 57.54% of the total frequency Table 2. The
most frequently Chinese medicinal was Poria, which appeared
173 times (71.78%). The following are most commonly used
in descending order: Poria, Astragali Radix, Atractylodis
Macrocephalae Rhizoma, Salviae Miltiorrhizae Radix Et
Rhizoma, Trionycis Carapax, Alismatis Rhizoma, Glycyrrhizae
Radix Et Rhizoma, etc. What is known is that these Chinese
medicinals were preferred by those who have decompensated
hepatitis B cirrhosis in TCM treatment. The high-frequency
Chinese medicinals have a complicated range of actions
for activating blood cir-culation to dissipate blood stasis, spleen-
invigorating and diuresis-promoting. Poria, Salviae Miltiorrhizae
Radix Et Rhizoma, Atrctylodis Macrocephalae Rhizoma, Paeoniae
Radix Rubra, Angelicae Sinensis Radix, Persicae Semen, Curcumae
Radix, Alismatis Rhizoma, Polyporus, Arecae Pericarpium, Lycopi
Herba, Plantaginis Semen, Artemisiae Scopariae Herba were
exceeding the recommended dosage. In addition, we found that
the dosage tended to be higher in both compensated and
decompensated hepatitis B cirrhosis stages, potentially due to
the need for more active drug ingredients to achieve therapeutic
effects in this end-stage liver disease.

Frontiers in Cellular and Infection Microbiology

Properties, flavors, and meridians of
Chinese medicinals

Compensated hepatitis B cirrhosis

According to the 2020 edition of the Chinese Pharmacopoeia, we
analyzed the 34 most frequently used Chinese medicinals in
compensated hepatitis B cirrhosis in terms of properties, flavors,
and meridians Additional File 1: S2. Herba Hedyotis is not included in
the 2020 edition of the Chinese Pharmacopoeia, the information on
the properties, flavors, and meridians is obtained from the Chinese
Materia Medica. The results showed that the cumulative frequency of
flavors was recorded 1251 times, astringent Chinese medicinals were
not recorded, and the highest frequency of use was for the bitter (451
times, 37.87%), sweet (334 times, 28.04%), and pungent (225 times,
18.89%). The cumulative frequency of the properties was recorded
803 times, hot Chinese medicinals were not recorded, and the highest
frequency of use was for the cold (381 times, 47.45%), warm (221
times, 27.52%) and mild (190 times, 23.66%). A total of 11 meridian
attributions were involved in the analysis of 34 Chinese medicinals,
with a cumulative frequency of 1987 times. A total of 11 meridian
attributions were involved in the analysis of 34 Chinese medicinals,
with a cumulative frequency of 1987 times. The highest frequency of
meridians was Liver Meridian of Foot-Jueyin (507 times, 25.52%), the
Spleen Meridian of Foot-Taiyin (419 times, 21.09%), and Lung
Meridian of Hand-Taiyin (290 times, 14.59%) Figure 3A.
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TABLE 2 Chinese medicinals appearing over 40 times in prescriptions of decompensated hepatitis B cirrhosis.

Chinese medicinals Frequency Rate Proportion Minimum  Maximum  Average Recommended
dosage dosage dosage dosage
Poria cocos (Schw.) Wolf. [Polypores; 20.72 +
R 173 71.78%  5.85% 8 120 10-15g
Poria) 15.03
Astragalus mongholicus Bunge 166 68.88% | 5.61% 10 60 2755954 | 9-30g
[Fabaceae; Astragali Radix]
Atractylodes macrocephala Koidz.
[Asteraceae; Atrctylodis Macrocephalae 163 67.63% | 5.51% 6 40 16.58 + 6.43 | 6-12g
Rhizoma]
Salvia miltiorrhiza Bunge. [Lamiaceae;
Salviae Miltiorrhizae Radix Et 122 50.62% = 4.12% 10 40 20.78 £7.15 10-15g
Rhizomal)
Trionycis Carapax 107 44.40% = 3.62% 8 30 19.29 + 6.89 9-24g
Alisma plantago-aquatica subsp.
orientale (Sam.) Sam. [Alismataceae; 107 44.40% | 3.62% 6 30 16.35 + 5.72 6-10g
Alismatis Rhizoma]
\ hi L. [F 5
Glyeyrrhiza glabra L. [Fabaceae 95 39.42% | 3.21% 3 20 755+334 | 2-10g
Glycyrrhizae Radix Et Rhizoma)
Angelica sinensis (Oliv.) Diels
i . X . . 84 34.85% = 2.84% 8 25 13.55 + 3.69 6-12¢g
[Apiaceae; Angelicae Sinensis Radix]
Bupleurum chinense DC. [Apiaceae;
Bupleuri Radix] 78 32.37% | 2.64% 5 30 11.36 + 3.31 3-10g
Pol bellatus (Pers.) Fri
[;’oﬁ’;:::c:: ;0;;;2;5“) e 78 3237% | 2.64% 10 50 1783+ 763 | 6-12¢
A techu L. [A 5 A
P;j;;‘i;;]u [Arecaceae; Arecae 73 3029% | 2.47% 10 30 1792+ 611 | 5-10g
Paeonia lactiflora Pall. [Paconiaceae;
Paconiae Radix Rubra) 68 28.22% | 2.30% 5 40 14.17 + 6.94 6-12¢g
Codonopsis pilosula (Franch.) Nannf.
. . 60 24.90% | 2.03% 10 30 18.15 £ 6.11 9-30g
[Campanulaceae; Codonopsis Radix]
Lycopus lucidus Turcz. ex Benth var.
: . . 53 21.99% = 1.79% 8 30 18.38 £ 7.61 6-12¢g
hirtus Regel [Labiatae; Lycopi Herba]
P ica (L.) Batsch [R s
P“"?us pSerS‘ca ]( ) Batsch [Rosaceae 52 2158% | 1.76% 6 20 1110 £ 226 | 5-10g
ersicae semen
Paeonia lactiflora Pall. [Paeoniaceae;
Paconiae Radix Alba] 51 21.16%  1.72% 10 30 14.94 £ 5.06 6-15¢g
aeoni adix
Plantago asiatica L. [Plantaginaceae;
Plantaginis Semen] 44 18.26% = 1.49% 8 30 16.84 + 5.88 9-15¢g
Artemisia capillaris Thunb. [Asteraceae; 21.29 +
.. i 45 18.67% | 1.52% 9 60 6-15¢g
Artemisiae Scopariae Herba 11.89
C 1 L. [Zingib 5
CZ:::; (;I;g;x] [Zingiberaceac 44 1826% | 1.49% 10 20 1423 +372 | 3-10g
Citrus x aurantium L. [Rutaceae; Citri
i . . 40 16.60% = 1.35% 5 25 11.28 + 3.50 3-10g
Reticulatae Pericarpium)]
Codonopsis pilosula (Franch.) Nannf. 20.72 +
i . 173 71.78% | 5.85% 8 120 10-15¢g
[Campanulaceae; Codonopsis Radix] 15.03
Decompensated hepatitis B cirrhosis Hedyotis is not included in the 2020 edition of the Chinese

According to the 2020 edition of the Chinese Pharmacopoeia, = Pharmacopoeia, the information on the properties, flavors, and
we analyzed the 41 high-frequency Chinese medicinals used more  meridians is obtained from the Chinese Materia Medica. The results
than 20 times in decompensated hepatitis B cirrhosis in terms of =~ showed that the cumulative frequency of flavors was recorded 3377
properties, flavors, and meridians Additional File 1: S3. Herba  times, astringent Chinese medicinals were not recorded, and the
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highest frequency of use was for the sweet (1286 times, 38.08%),
bitter (956 times, 28.31%), and pungent (659 times, 19.51%). The
cumulative frequency of the properties was recorded 2146 times,
hot Chinese medicinals were not recorded, and the highest
frequency of use was for the cold (760 times, 35.41%), warm (746
times, 34.76%) and mild (596 times, 27.77%). The 41 Chinese
medicinals involved all the meridians, with a cumulative
frequency of 5964 times, and the highest frequency of use was in
the order of Spleen Meridian of Foot-Taiyin (1292 times, 21.66%),
Liver Meridian of Foot-Jueyin (1009 times, 16.92%), and Lung
Meridian of Hand-Taiyin (861 times, 14.44%) Figure 3B. There are
considerable variations in the treatment of compensated and
decompensated hepatitis B cirrhosis, as evidenced by the
noticeably increased frequency of sweet-warm Chinese medicinals
and the decrease of bitter-cold Chinese medicinals in
decompensated hepatitis B cirrhosis.

Association analysis between
Chinese medicinals

Compensated hepatitis B cirrhosis

To clarify the clinical application of Chinese medicinals in
combination, we performed association analysis of high-frequency
Chinese medicinals (frequency >10 times) using Apriori in R-
Studio. After the minimum support was set to 0.16 and the
minimum confidence was set to 0.9, a total of 23 association rules
appeared, and all association rules had a lift value greater than 1,
indicating that all association rules were valid Additional File 1: 54.
Among the 23 association rules, {Bupleuri Radix, Poriaj=>
{Atrctylodis Macrocephalae Rhizoma}, {Paeoniae Radix Alba,
Poriaj=>{Atrctylodis Macrocephalae Rhizoma}, {Atrctylodis
Macrocephalae Rhizoma, Paeoniae Radix Albaj=>{Poria} had the
highest support, all with 34.69%.{Astragali Radix, Paeoniae Radix
Alba, Salviae Miltiorrhizae Radix Et Rhizoma}=>{Bupleuri Radix}
had the highest confidence level at 100%. {Astragali Radix, Paeoniae
Radix Alba, Salviae Miltiorrhizae Radix Et Rhizoma} => {Bupleuri

10.3389/fcimb.2023.1273031

Radix} had the highest degree of lift at 1.81. We found 8 botanical
drugs under the association rule: Angelicae Sinensis Radix, Salviae
Miltiorrhizae Radix Et Rhizoma, Poria, Paeoniae Radix Alba,
Glycyrrhizae Radix Et Rhizoma, Astragali Radix, Atrctylodis
Macrocephalae Rhizoma, Bupleuri Radix. Paeoniae Radix Alba,
Atrcetylodis Macrocephalae Rhizoma, Poria, Bupleuri Radix,
Salviae Miltiorrhizae Radix Et Rhizoma were identified as hubs in
the parallel coordinates plot by association rules Figure 4A.

Decompensated hepatitis B cirrhosis

We conducted an association analysis of high-frequency Chinese
medicinals (frequency >20 times) in decompensated hepatitis B
cirrhosis. Similarly, the minimum support was set to 0.16 and the
minimum confidence was set to 0.9. A total of 42 association rules
appeared, all association rules had a lift value greater than 1,
indicating that all association rules were valid Additional File 1: S5.
Among the 42 association rules, {Alismatis Rhizoma}=>{Poria} had
the highest support, all with 41.08%.{Plantaginis Semenj=>
{Atrctylodis Macrocephalae Rhizoma}, {Plantaginis Semen, Poriaj=>
{Atrctylodis Macrocephalae Rhizoma}, {Astragali Radix, Atrctylodis
Macrocephalae Rhizoma, Polyporusj=>{Poria} had the highest
confidence level at 100%. {Atrctylodis Macrocephalae Rhizoma,
Polyporus, Poriaj=>{Alismatis Rhizoma} had the highest degree of
lift at 2.09. By showing commonalities and general rules in
association analysis, a total of 13 Chinese medicinals were
emphasized: Angelicae Sinensis Radix, Salviae Miltiorrhizae Radix
Et Rhizoma, Poria, Paeoniae Radix Alba, Glycyrrhizae Radix Et
Rhizoma, Astragali Radix, Atrctylodis Macrocephalae Rhizoma,
Polyporus, Plantaginis Semen, Alismatis Rhizoma, Trionycis
Carapax, Arecae Pericarpium, Codonopsis Radix. Atrctylodis
Macrocephalae Rhizoma, Poria, Polyporus, Alismatis Rhizoma,
Astragali Radix, Arecae Pericarpium were identified as hubs in the
parallel coordinates plot Figure 4B. Angelicae Sinensis Radix, Salviae
Miltiorrhizae Radix Et Rhizoma, Poria, Paeoniae Radix Alba,
Glycyrrhizae Radix Et Rhizoma, Astragali Radix, Atrctylodis
Macrocephalae Rhizoma were the core botanical drugs in the
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FIGURE 3

Heatmap of Properties, flavors and meridians of hepatitis B cirrhosis. (A) Compensated hepatitis B cirrhosis. (B) Decompensated hepatitis B cirrhosis.
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A Parallel coordinates plot for 23 rules

Paconiae Radix Alba

Atretylodis Macrocephalae
Rhizoma

Bupleuri Radix

FIGURE 4
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B Parallel coordinates plot for 42 rules

Glycyrrhizae Radix Et Rhizoma
Astragali Radix

Atretylodis Macrocephalae Rhizoma A 2}
Paconiae Radix Alba

Poria Y

Plantaginis Semen \ /

Salvide )

Parallel coordinates plot of hepatitis B cirrhosis. Each line indicates a combination. The depth of the color of the line indicates the degree of lift, the
darker the blue color, the higher the degree of lift. The width of the line indicates the degree of confidence, the wider the line, the higher the degree
of confidence. (A) Compensated hepatitis B cirrhosis. (B) Decompensated hepatitis B cirrhosis.

prescription, which are often used in combination. These botanical
drugs may play an influential role in clinical treatment.

Identification of targets for core botanicals,
gut microbiota and hepatitis B cirrhosis

To further revealed the potential pharmacodynamic
components, targets and related pathways in the treatment of
hepatitis B cirrhosis, we analyzed 6 core botanical drugs by
network analysis. We did not analyze the active ingredients and
targets of Glycyrrhizae Radix Et Rhizoma since it was found in
almost all TCM prescriptions and used in small amount. The active
ingredients of Angelicae Sinensis Radix, Salviae Miltiorrhizae Radix
Et Rhizoma, Poria, Paeoniae Radix Alba, Astragali Radix,
Atrctylodis Macrocephalae Rhizoma were searched through
literatures and TCMSP database (http://tcmspw.com/tcmsp.php),
which screened based on OB>30% and DL>0.18 (Ru et al., 2014).
We obtained information on the main components of 102
botanicals by conducting TCMSP database and the literature
search Additional File 1: S6. Targets of active ingredient were
retrieved from the TCMSP database, while missing active
ingredient targets were predicted by SwissTargetPrediction
database (http://www.swisstargetprediction.ch/) (Gfeller et al.,
2014). The UniProt database (http://www.uniprot.org/) was used
to normalize the names of 283 target names. We identified a total of
208 metabolites of the gut microbiota through GutMGene (http://
bio-annotation.cn/gutmgene/) and searched for metabolites’ targets
through the SEA(https://sea.bkslab.org/) and STP (http://
www.swisstargetprediction.ch/) databases. A total of 1256 targets
were identified in the SEA database, while 947 targets were
identified in the STP database, with 668 overlapping targets
identified. These targets are believed to be important for the gut
microbiota to regulate various biological processes. The GeneCards
database (https://www.genecards.org) and DisGeNET database
(https://www.disgenet.org) were searched for currently known
disease targets associated with hepatitis B cirrhosis (Fishilevich
et al., 2016; Pinero et al., 2021). Access drug targets
recommended for the treatment of hepatitis B cirrhosis in the
AASLD 2018 Hepatitis B Guidelines in the Drug Bank database

Frontiers in Cellular and Infection Microbiology

(https://go.drugbank.com/) (Terrault et al., 2018; Wishart et al,
2018). A total of 2191 disease targets were obtained.

Identification of cross-targets and related
biological effects

We conducted a Venn analysis on the targets of intestinal
microbiota metabolites, the targets of botanical drugs, and the
targets of hepatitis B cirrhosis. This analysis identified
overlapping targets, which are considered important for the
synergistic interaction of the six botanicals with the gut
microbiota Figure 5; Additional File 2: Table S1. We obtained 85
cross-targets such as CYP3A4/CYP2C19/CYP1B1/CYP1A2/
CYP1A1/CYP17A1, CASP8/CASP7/CASP3, MMP9/MMP3/
MMP2/MMP1, which mainly belong to cytochrome P450 family,
Caspase family, Matrix metalloproteinases family, etc. To further
elucidate the biological functions of these targets, we performed
KEGG pathway analysis on 85 cross-targets. KEGG pathway
annotation clearly demonstrated the mechanisms of action of the
botanicals Figure 6. The annotations of the pathways were divided
into Environmental Information Processing, Cellular Processes,
Organismal Systems and Human Diseases. The endocrine system
and tumor-related disease pathways were significantly more
enriched than other pathways, suggesting the botanicals may
primarily act by modulating the internal environment to inhibit
cirrhosis progression to malignancy.

Construction of gut microbiota
associations based on core targets

By importing 85 cross-targets to the STRING database (https://
string-db.org/), we predicted the interaction between targets. After
the confidence level was set to 0.4, we imported the data into
Cytoscape and used the degree value to explore the central targets in
the network Figure 7. Node color intensity indicates more
interactions and greater importance. The core proteins mainly
include MAPK1, VEGFA, STAT3, AKT1, RELA, JUN and ESR1,
which are the core targets of intervention in hepatitis B cirrhosis.
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This suggests targeted TCM drug development could incorporate
these key botanicals to enhance therapeutic effects. Using the R
Studio, we matched the 7 core targets with the gut microbiota and
metabolites in the GutMgene database (http://bio-annotation.cn/
gutmgene/) and established their network relationships with the gut
microbiota, metabolites, and pathways. We constructed a Sankey
diagram to represent the network relationships between gut
microbiota, gut microbiota metabolites, targets, and pathways.
Figure 8. In healthy symbiosis, gut microbiota maintain wellbeing
by competing with foreign microbes and metabolizing beneficial
substances like flavonoids. This mechanism becomes more critical
in hepatitis B cirrhosis, as beneficial metabolites act on multiple

targets through various pathways. Botanical drugs play a synergistic
role in this process. First, they can serve as substrates to promote
growth of beneficial microbiota. Additionally, botanical active
ingredients resemble microbial metabolites or share therapeutic
targets, allowing botanicals to mimic probiotic effects.

Selection of Mendelian randomization
instrumental variables

In the genetic analysis of bacterial taxa with cirrhosis, under the
filter of removing linkage disequilibrium as well as the level of
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FIGURE 6
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Analysis of the KEGG pathway for core targets. (A) KEGG pathway annotation. The x-axis is the number of genes. The y-axis is the pathway name.

(B) Cluster Analysis of KEGG Pathway. On the left is the clustering tree. The node size indicates the number of targets, the larger the circle, the more
targets are contained in the pathway. The color of the node indicates the importance of the pathway (smaller P-value is more important), darker red
means smaller P-value and darker blue means larger P-value. On the right are the main roles of KEGG pathways under clustering, and pathways with

uniform colors under the clustering tree have similar roles.
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Protein interaction network plot for core targets. The depth of the color of the circle, the greater the probability of becoming a core target

significance of loci (P <1x107%), we obtained a total of 2934 SNPs,
including 9 phyla (128 SNPs), 16 class (235 SNPs), 20 order (294
SNPs), 35 families (516 SNPs), and 131 genera (1761 SNPs). The F-
values ranged from 14.59 to 88.43 and were all greater than 10
Additional File 2: Table S2.

Associations of gut bacterial
taxa with cirrhosis

We performed Mendelian randomization analysis mainly by
five methods including Inverse variance weighted, MR-Egger,
simple mode, weighted median, and weighted mode. The results
of Mendelian randomization analysis for 211 taxa are shown in
Figure 9. To query the associated diseases that put SNPs under the
10 gut microbiota taxa causally associated with cirrhosis, we used
PhenoScanner V2 (http://www.phenoscanner.medschl.cam.ac.uk/).
This tool allows us to search for genetic associations with various
diseases and traits, including hepatitis A, hepatitis C, and alcohol
consumption Additional File 2: Table S3. The absence of SNPs
associated with confounding factors suggests that the causal
relationship between gut microbiota and cirrhosis is not
influenced by these factors. However, it is worth noting that
Coprococcusl and Erysipelatoclostridium had inconsistent beta
value directions in the analysis results, which may indicate that
different assumptions and constraints led to different results. In
addition, we analyzed the study for heterogeneity and horizontal
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pleiotropy by MR-PRESSO as well as Cochran’s Q test. All P-values
were greater than 0.05, indicating that there was no significant
heterogeneity and horizontal pleiotropy Figure 10.
ClostridialesvadinBB60 (OR=1.27, 95%CI:1.07-1.51, P=0.006),
Erysipelatoclostridium (OR=1.19, 95%CI:1.00-1.42, P=0.050),
Ruminococcustorques (OR=1.53, 95%CI:1.10-2.13, P=0.012), and
Coprococcusl (OR=1.34, 95%CI:1.03-1.75, P=0.031) were determined
to have a potentially positive causal effect on cirrhosis of Hepatitis B,
thereby increasing Hepatitis B cirrhosis Risk. On the other hand, we
found that 6 gut microbiota were associated with a reduced risk of
hepatitis B cirrhosis, including Lachnospiraceae (OR=0.77, 95%CIL0.61-
0.97, P=0.024), Veillonella (OR=0.73, 95%CI:0.55-0.98, P=0.03),
RuminococcaceaeUCG002 (OR=0.84, 95%CI:0.70-1.00, P=0.049),
Eubacteriumruminantium (OR=0.85, 95%CI:0.74-0.96, P=0.013),
Eubacteriumnodatum (OR=0.87, 95%CI:0.77-0.98, P=0.024),
RuminococcaceaeNK4A214 (OR=0.78, 95%CI: 0.63-0.98, P=0.034).
These microbial communities may still be playing a therapeutic role
after the onset of cirrhosis. After analyzing by the mr_steiger algorithm,
we did not find any reverse causality of these 10 taxa on hepatitis B
cirrhosis. Interestingly, Lachnospiraceae had a protective effect against
hepatitis B cirrhosis, and according to our analysis above, the
metabolites of Lachnospiraceae share common targets with the core
phytopharmaceuticals. These key botanicals may treat hepatitis B
cirrhosis by exerting similar biological effects as beneficial gut
microbiota, with Mendelian randomization indicating such
therapeutic effects occur through causal pathways. This elucidates the
mechanism of action and the reason for widespread clinical use.
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Sankey diagrams to represent the network relationships between gut microbiota, gut microbiota metabolites, targets, and pathways. The height of
the square and the width of the line both represent the correlation with the target, the stronger the correlation, the taller the square and the wider
the line. Gut microorganisms attributed to the Lachnospiraceae are highlighted

Discussion

This study systematically summarized the results of previous
studies on TCM for compensated/decompensated hepatitis B
cirrhosis, which is the first time to analyze the TCM treatment of
hepatitis B cirrhosis in stages. The core botanical drugs for the
cirrhosis stage of hepatitis B were screened based on association rule
analysis. Rather than demonstrate botanical target importance
through animal or cell experiments, we utilized the GutMGene
database to find microbiota sharing these targets. Mendelian
randomization analysis verified the strong links between these
microbes and hepatitis B cirrhosis. This illustrates the mechanism
and significance of core phytomedicines in treating hepatitis B
cirrhosis. This is the first systematic review of the prescription
composition, dosing rules and treatment principles of TCM in the
treatment of compensated/decompensated hepatitis B cirrhosis.
Furthermore, this is the first study to combine network
pharmacology with Mendelian randomization in analysis.

Data mining is the approach of searching for information with
special relationships hidden in a large amount of data. The
commonly used data mining approaches in the medical field
include association rule analysis, cluster analysis, factor analysis,
etc (Manhenke et al,, 2013). Cluster analysis and factor analysis are
known as exploratory classification methods, where similar data is
scientifically grouped into smaller classes based on complex
algorithms, and cannot figure out for core components.
Association rule analysis has been applied in many aspects of
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TCM, including the relationships between diseases, symptoms
and Chinese medicinals (Lu et al., 2020; Qi et al,, 2021). The
Apriori algorithm is mostly used to analyze the association rules,
which can recognize the characteristics of combinations at the
macro level, including searching for the core Chinese medicinals,
finding the interconnection between Chinese medicinals and the
overall medication rules.

Association rule analysis identified stage-specific prescriptions
aligning with compensated and decompensated hepatitis B cirrhosis
treatment principles. Since botanical drugs contain many active
ingredients, incorrect application may lead to drug-induced liver
injury (Ortega-Alonso and Andrade, 2018). Herb-induced liver
injury (HILI) was formally recognized in 2011 as a major public
health issue (Ma et al., 2023). Compared to Europe, herb use in Asia
is more prevalent and the problem of HILI is more serious.
Alarmingly, traditionally safe herbs increasingly cause HILI,
potentially due to low quality, contaminated ingredients, or
excessive dosage, as well as unsafe herb-herb interactions
(irrational combinations of herbs) (Teschke et al., 2020).
Currently, there is a global lack of widely applicable guidelines
and regulations for proper, safe herbal medicine use. Therefore,
reducing side effects and increasing efficacy are both aims of
researching medication rules.

Upon data mining of Chinese medicinals, we found that the
method of activating blood cir-culation to dissipate blood stasis is
the common treatment for hepatitis B cirrhosis. Due to the theory
of liver subjugating spleen, TCM treatment for hepatitis B cirrhosis
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phylum, class, family, and genus. The shades of color were reflections of the magnitude of the p-value as the label inside the circle.

often incorporates methods to strengthen the spleen to prevent the
disease from worsening. The property, flavor, and meridian of
Chinese medicinals are the accumulated experience of Chinese
medicine for thousands of years in the treatment of diseases,
which is another important information of Chinese medicinals
(Chen et al, 2019). By analyzing the properties, flavors, and
meridians, we found that there are some differences in Chinese
medicinals between compensated and decompensated cirrhosis.
Bitter, cold Chinese medicinals were more frequently used to
treat compensated cirrhosis, and the meridian with the highest
frequency is Liver Meridian of Foot-Jueyin, followed by Spleen
Meridian of Foot-Taiyin, which is consistent with the principle of
treatment. Sweet Chinese medicinals were commonly used in
decompensated cirrhosis, and the frequency of cold did not differ
much from that of warm, suggesting that decompensated cirrhosis
requires a more involved approach to therapy. The pathological
nature is intercalated with asthenia and sthenia, and the treatment
should take into account multiple aspects, both to restore vital
energy and eliminate pathogens. Spleen Meridian of Foot-Taiyin
was the most frequent, followed by the Liver Meridian of Foot-
Jueyin, with Chinese medicinals for spleen-invigorating increasing
in frequency as the disease worsened. TCM is for the essence of the
disease, focusing on the balance of yin and yang, treating the same
disease with different methods is a specific example of the treatment
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means for hepatitis B cirrhosis, and the prevention of deterioration
of existing diseases is an important principle of TCM treatment, the
previous data mining for hepatitis B cirrhosis have ignored
this point.

The second half of this study involves a fusion analysis of network
pharmacology and Mendelian randomization. It describes the
reasons for the frequent use of the core botanicals and the
mechanisms by which they are used to treat cirrhosis of Hepatitis
B. Previous studies (Li et al., 2022; Zhou et al., 2022) have utilized
network pharmacology primarily to explore the potential
mechanisms of drug action and demonstrate them through animal
or cellular experiments. However, it is worth noting that some
botanicals have numerous therapeutic targets for diseases but
demonstrate limited clinical efficacy. Through analyzing the
therapeutic targets, we identified gut microbiota possessing similar
effects to the botanicals. Previous studies (Bajaj et al., 2018; Shu et al.,
2022) have reported an association between the gut microbiota and
cirrhosis, and our findings are consistent with the suggestion that
Lachnospiraceae and Ruminococcaceae are protective factors against
cirrhosis. Lachnospiraceae is the main producers of short-chain fatty
acids (SCFA), including propionic, butyric, and acetic acids, which
are produced by fermenting dietary cellulose and other complex
polysaccharides (Vacca et al, 2020; Xie et al, 2022). SCFAs are
important for gut health, as they provide energy to intestinal cells,
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Forest plot of Mendelian randomization estimates between Gut microbiota and cirrhosis. The figure showed the MR-Egger, weighted median,nverse
variance weighted, simple mode and weighted mode of significantly cirrhosis-associated gut microbiota taxa. The blue dots represent the estimates,
and the blue bars represent the 95% confidence intervals of estimates. The OR > 1 indicates increased risk while< 1 indicates decreased risk. The last
three columns are analyses of directional pleiotropy and heterogeneity; P >0.05 indicates no directional pleiotropy and heterogeneity.

maintain the integrity of the intestinal mucosal barrier, modulate the
immune system, and reduce inflammation.

In conclusion, we found some variations in the medication rule
between compensated and decompensated hepatitis B cirrhosis.
Angelicae Sinensis Radix, Salviae Miltiorrhizae Radix Et Rhizoma,
Poria, Paeoniae Radix Alba, Astragali Radix, Atrctylodis
Macrocephalae Rhizoma may be botanical drugs for the treatment
of hepatitis B cirrhosis. We have conducted a preliminary
exploration of the therapeutic mechanisms of botanical drugs
through network analysis and Mendelian randomization. This
study on the pharmacological mechanisms of botanical drugs
provides new ideas for new drug discovery and development.

This study has several strengths. Firstly, we identified the core
botanicals currently used in the treatment of hepatitis B cirrhosis
through data mining methods, which is important for optimizing
the clinical regimen for patients. Secondly, we used MR analysis to
establish a causal relationship between gut microbiota and hepatitis
B cirrhosis, while accounting for confounding factors and reversing
causal inference. Lastly, we obtained genetic variation in gut
microbiota from the largest available GWAS meta-analysis,
ensuring the validity of instrumental variables in MR analysis.

However, there are also some limitations to this study. Firstly, we
were unable to determine if these botanicals produce more beneficial
metabolites in the gut, and we did not investigate the combined effect
of gut flora and botanicals. Secondly, Due to the limitations of GWAS
data, the Mendelian randomization analysis was for a European
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population. Despite the issue of ethnographic differences, our
results are consistent with previous studies in Asia, suggesting
that the protective effects of these core microorganisms (e.g.,
Lachnospiraceae) may be consistent across populations. Thirdly,
our study integrated and analyzed bioinformatic data from multiple
sources, but lacked the necessary experimental validation. Future
studies could validate the effects of these key botanicals on the gut
microbiota of hepatitis B cirrhosis patients via clinical trials utilizing
16S sequencing alongside multi-omics analysis.

Data availability statement

The datasets analyzed during the current study are available in
MiBioGen repository (https://mibiogen.gcc.rug.nl/), FinnGen
repository (https://www.finngen.fi/) and GutMgene repository
(http://bio-annotation.cn/gutmgene/).

Author contributions

CZ: Writing - original draft. JW: Conceptualization, Writing —
original draft. PY: Conceptualization, Writing - review & editing.
JY: Data curation, Writing — review & editing. TL: Software, Writing
- review & editing. RJ: Writing - review & editing. SW: Data
curation, Writing - review & editing. PS: Writing - review &

frontiersin.org


https://mibiogen.gcc.rug.nl/
https://www.finngen.fi/
http://bio-annotation.cn/gutmgene/
https://doi.org/10.3389/fcimb.2023.1273031
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhou et al.

editing. LY: Writing - review & editing. HX: Funding acquisition,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
has been supported by the National Natural Science Foundation of
China (No0.82074255), the Subject Innovation Team of Shaanxi
University of Chinese Medicine (N0.2019-YL06), Special Project for
Double First Class Scientific Research in Traditional Chinese
Medicine in Henan Province (HSRP-DFCTCM-2023-8-16) and
Graduate Student Research and Innovation Enhancement
Program Project (2022KYCX010).

Acknowledgments

The authors express their gratitude to the participants and
investigators of the FinnGen study. The authors appreciate the
MiBioGen consortium for releasing the gut microbiota GWAS
summary statistics.

References

Bajaj, J. S., Kakiyama, G., Savidge, T., Takei, H., Kassam, Z. A., Fagan, A, et al.
(2018). Antibiotic-associated disruption of microbiota composition and function in
cirrhosis is restored by fecal transplant. Hepatology 68 (4), 1549-1558. doi: 10.1002/
hep.30037

Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with
invalid instruments: effect estimation and bias detection through Egger regression. Int.
J. Epidemiol. 44 (2), 512-525. doi: 10.1093/ije/dyv080

Burgess, S., Butterworth, A., and Thompson, S. G. (2013). Mendelian randomization
analysis with multiple genetic variants using summarized data. Genet. Epidemiol. 37
(7), 658-665. doi: 10.1002/gepi.21758

Burgess, S., Small, D. S., and Thompson, S. G. (2017). A review of instrumental
variable estimators for Mendelian randomization. Stat. Methods Med. Res. 26 (5),
2333-2355. doi: 10.1177/0962280215597579

Burgess, S., and Thompson, S. G. (2011). Avoiding bias from weak instruments in
Mendelian randomization studies. Int. J. Epidemiol. 40 (3), 755-764. doi: 10.1093/ije/
dyr036

Chen, Z., Cao, Y., Zhang, Y., and Qiao, Y. (2019). A novel discovery: holistic efficacy
at the special organ level of pungent flavored compounds from pungent traditional
chinese medicine. Int. J. Mol. Sci. 20 (3), 752. doi: 10.3390/ijms20030752

Daniyal, M., Akram, M., Zainab, R., Munir, N., Sharif, A., Shah, S. M. A, et al. (2019).
Prevalence and current therapy in chronic liver disorders. Inflammopharmacology 27
(2), 213-231. doi: 10.1007/s10787-019-00562-z

Dong, S., Chen, Q. L., and Su, S. B. (2015). Curative effects of fuzheng huayu on liver
fibrosis and cirrhosis: a meta-analysis. Evid Based Complement Alternat Med. 2015,
125659. doi: 10.1155/2015/125659

Emdin, C. A,, Haas, M. E,, Khera, A. V., Aragam, K., Chaffin, M., Klarin, D., et al.
(2020). A missense variant in Mitochondrial Amidoxime Reducing Component 1 gene
and protection against liver disease. PloS Genet. 16 (4), €1008629. doi: 10.1371/
journal.pgen.1008629

Engelmann, C., Claria, J., Szabo, G., Bosch, J., and Bernardi, M. (2021).
Pathophysiology of decompensated cirrhosis: Portal hypertension, circulatory
dysfunction, inflammation, metabolism and mitochondrial dysfunction. J. Hepatol.
75 (Suppl 1), $49-566. doi: 10.1016/j.jhep.2021.01.002

Fishilevich, S., Zimmerman, S., Kohn, A., Iny Stein, T., Olender, T., Kolker, E., et al.
(2016). Genic insights from integrated human proteomics in GeneCards. Database
(Oxford) 2016. doi: 10.1093/database/baw030

Gfeller, D., Grosdidier, A., Wirth, M., Daina, A., Michielin, O., and Zoete, V. (2014).
SwissTargetPrediction: a web server for target prediction of bioactive small molecules.
Nucleic Acids Res. 42 (Web Server issue), W32-W38. doi: 10.1093/nar/gku293

Frontiers in Cellular and Infection Microbiology

15

10.3389/fcimb.2023.1273031

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www .frontiersin.org/articles/10.3389/fcimb.2023.1273031/

full#supplementary-material

Gines, P., Krag, A., Abraldes, ]. G., Sola, E., Fabrellas, N., and Kamath, P. S. (2021).
Liver cirrhosis. Lancet 398 (10308), 1359-1376. doi: 10.1016/s0140-6736(21)01374-x

Hemani, G., Tilling, K., and Davey Smith, G. (2017). Orienting the causal
relationship between imprecisely measured traits using GWAS summary data. PloS
Genet. 13 (11), e1007081. doi: 10.1371/journal.pgen.1007081

Keiser, M. J., Roth, B. L., Armbruster, B. N., Ernsberger, P., Irwin, J. J., and Shoichet,
B. K. (2007). Relating protein pharmacology by ligand chemistry. Nat. Biotechnol. 25
(2), 197-206. doi: 10.1038/nbt1284

Kurilshikov, A., Medina-Gomez, C., Bacigalupe, R., Radjabzadeh, D., Wang, J.,
Demirkan, A., et al. (2021). Large-scale association analyses identify host factors
influencing human gut microbiome composition. Nat. Genet. 53 (2), 156-165.
doi: 10.1038/541588-020-00763-1

Li, M., Bi, Z.,, and Huang, Z. (2019). Impact of vaptans on clinical outcomes in
cirrhosis patients: a meta-analysis of randomized controlled trials. Front. Pharmacol.
10. doi: 10.3389/fphar.2019.01365

Li, X, Wei, S., Niu, S., Ma, X,, Li, H,, Jing, M., et al. (2022). Network pharmacology
prediction and molecular docking-based strategy to explore the potential mechanism of
Huanglian Jiedu Decoction against sepsis. Comput. Biol. Med. 144, 105389.
doi: 10.1016/j.compbiomed.2022.105389

Li, Z. X,, Zhao, Z. M, Liu, P., Zheng, Q. S., and Liu, C. H. (2021). Treatment of HBV
cirrhosis with fuzheng huayu tablet () and entecavir: design of a randomized, double-
blind, parallel and multicenter clinical trial. Chin. J. Integr. Med. 27 (7), 509-513.
doi: 10.1007/s11655-020-3257-6

Liu, X,, Tong, X., Zou, Y., Lin, X., Zhao, H., Tian, L., et al. (2022). Mendelian
randomization analyses support causal relationships between blood metabolites and
the gut microbiome. Nat. Genet. 54 (1), 52-61. doi: 10.1038/541588-021-00968-y

Liu, M., Tseng, T. C., Jun, D. W., Yeh, M. L,, Trinh, H., Wong, G. L. H,, et al. (2021).
Transition rates to cirrhosis and liver cancer by age, gender, disease and treatment

status in Asian chronic hepatitis B patients. Hepatol. Int. 15 (1), 71-81. doi: 10.1007/
s12072-020-10113-2

Lu, P. H,, Keng, J. L., Kuo, K. L., Wang, Y. F., Tai, Y. C, and Kuo, C. Y. (2020). An
apriori algorithm-based association rule analysis to identify herb combinations for
treating uremic pruritus using chinese herbal bath therapy. Evid Based Complement
Alternat Med. 2020, 8854772. doi: 10.1155/2020/8854772

Lucas, A. ], Sproston, J. L., Barton, P., and Riley, R. J. (2019). Estimating human ADME
properties, pharmacokinetic parameters and likely clinical dose in drug discovery. Expert
Opin. Drug Discovery 14 (12), 1313-1327. doi: 10.1080/17460441.2019.1660642

Ma, Z. T., Shi, Z., Xiao, X. H., and Wang, J. B. (2023). New insights into herb-induced
liver injury. Antioxid Redox Signal 38 (16-18), 1138-1149. doi: 10.1089/ars.2022.0134

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2023.1273031/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1273031/full#supplementary-material
https://doi.org/10.1002/hep.30037
https://doi.org/10.1002/hep.30037
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21758
https://doi.org/10.1177/0962280215597579
https://doi.org/10.1093/ije/dyr036
https://doi.org/10.1093/ije/dyr036
https://doi.org/10.3390/ijms20030752
https://doi.org/10.1007/s10787-019-00562-z
https://doi.org/10.1155/2015/125659
https://doi.org/10.1371/journal.pgen.1008629
https://doi.org/10.1371/journal.pgen.1008629
https://doi.org/10.1016/j.jhep.2021.01.002
https://doi.org/10.1093/database/baw030
https://doi.org/10.1093/nar/gku293
https://doi.org/10.1016/s0140-6736(21)01374-x
https://doi.org/10.1371/journal.pgen.1007081
https://doi.org/10.1038/nbt1284
https://doi.org/10.1038/s41588-020-00763-1
https://doi.org/10.3389/fphar.2019.01365
https://doi.org/10.1016/j.compbiomed.2022.105389
https://doi.org/10.1007/s11655-020-3257-6
https://doi.org/10.1038/s41588-021-00968-y
https://doi.org/10.1007/s12072-020-10113-2
https://doi.org/10.1007/s12072-020-10113-2
https://doi.org/10.1155/2020/8854772
https://doi.org/10.1080/17460441.2019.1660642
https://doi.org/10.1089/ars.2022.0134
https://doi.org/10.3389/fcimb.2023.1273031
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhou et al.

Manhenke, C., @rn, S., von Haehling, S., Wollert, K. C., Ueland, T., Aukrust, P., et al.
(2013). ). Clustering of 37 circulating biomarkers by exploratory factor analysis in
patients following complicated acute myocardial infarction. Int. J. Cardiol. 166 (3),
729-735. doi: 10.1016/j.ijjcard.2011.11.089

Nan, Y., Su, H,, Lian, X., Wu, J,, Liu, S., Chen, P., et al. (2022). Pathogenesis of liver
fibrosis and its TCM therapeutic perspectives. Evid Based Complement Alternat Med.
2022, 5325431. doi: 10.1155/2022/5325431

Ortega-Alonso, A., and Andrade, R. J. (2018). Chronic liver injury induced by drugs
and toxins. J. Dig Dis. 19 (9), 514-521. doi: 10.1111/1751-2980.12612

Pifero, J., Saiich, J., Sanz, F., and Furlong, L. I. (2021). The DisGeNET cytoscape app:
Exploring and visualizing disease genomics data. Comput. Struct. Biotechnol. J. 19,
2960-2967. doi: 10.1016/j.csbj.2021.05.015

Qi, X,, Guo, Z,, Chen, Q., Lan, W., Chen, Z., Chen, W., et al. (2021). A data mining-
based analysis of core herbs on different patterns (Zheng) of non-small cell lung cancer.
Evid Based Complement Alternat Med. 2021, 3621677. doi: 10.1155/2021/3621677

Ru,J,, Li, P.,, Wang, J., Zhou, W., Li, B., Huang, C,, et al. (2014). TCMSP: a database of
systems pharmacology for drug discovery from herbal medicines. J. Cheminform 6, 13.
doi: 10.1186/1758-2946-6-13

Shu, W,, Shanjian, C,, Jinpiao, L., and Qishui, O. (2022). Gut microbiota dysbiosis in
patients with hepatitis B virus-related cirrhosis. Ann. Hepatol. 27 (2), 100676.
doi: 10.1016/j.a0hep.2022.100676

Staley, J. R, Blackshaw, J., Kamat, M. A,, Ellis, S., Surendran, P., Sun, B. B, et al.
(2016). PhenoScanner: a database of human genotype-phenotype associations.
Bioinformatics 32 (20), 3207-3209. doi: 10.1093/bioinformatics/btw373

Terrault, N. A, Lok, A. S. F., McMahon, B. J., Chang, K. M., Hwang, J. P., Jonas, M. M.,
et al. (2018). Update on prevention, diagnosis, and treatment of chronic hepatitis B:
AASLD 2018 hepatitis B guidance. Hepatology 67 (4), 1560-1599. doi: 10.1002/hep.29800

Teschke, R., Zhu, Y., and Jing, J. (2020). Herb-induced liver injury in asia and current
role of RUCAM for causality assessment in 11,160 published cases. J. Clin. Transl.
Hepatol. 8 (2), 200-214. doi: 10.14218/jcth.2020.00009

Trebicka, J., Macnaughtan, J., Schnabl, B., Shawcross, D. L., and Bajaj, J. S. (2021).
The microbiota in cirrhosis and its role in hepatic decompensation. J. Hepatol. 75
(Suppl 1), $67-s81. doi: 10.1016/j,jhep.2020.11.013

Tu, T., and Douglas, M. W. (2020). Hepatitis B virus infection: from diagnostics to
treatments. Viruses 12 (12), 1366. doi: 10.3390/v12121366

Vacca, M., Celano, G., Calabrese, F. M., Portincasa, P., Gobbetti, M., and De Angelis,
M. (2020). The controversial role of human gut lachnospiraceae. Microorganisms 8 (4),
573. doi: 10.3390/microorganisms8040573

Verbanck, M., Chen, C. Y., Neale, B., and Do, R. (2018). Publisher Correction:
Detection of widespread horizontal pleiotropy in causal relationships inferred from

Frontiers in Cellular and Infection Microbiology

16

10.3389/fcimb.2023.1273031

Mendelian randomization between complex traits and diseases. Nat. Genet. 50 (8),
1196. doi: 10.1038/s41588-018-0164-2

Wang, L., Cao, Z. M., Zhang, L. L,, Li, J. M., and Lv, W. L. (2022). The role of gut
microbiota in some liver diseases: from an immunological perspective. Front. Immunol.
13. doi: 10.3389/fimmu.2022.923599

Wang, S., Long, S., Deng, Z., and Wu, W. (2020). Positive role of chinese herbal
medicine in cancer immune regulation. Am. J. Chin. Med. 48 (7), 1577-1592.
doi: 10.1142/50192415x20500780

Wang, H., Men, P., Xiao, Y., Gao, P., Lv, M., Yuan, Q,, et al. (2019). Hepatitis B
infection in the general population of China: a systematic review and meta-analysis.
BMC Infect. Dis. 19 (1), 811. doi: 10.1186/s12879-019-4428-y

Wang, T., Zhou, X, Liu, H., Wang, J., Zhang, P., Zhu, Y., et al. (2018). Fuzheng
Huayu capsule as an adjuvant treatment for HBV-related cirrhosis: A systematic review
and meta-analysis. Phytother. Res. 32 (5), 757-768. doi: 10.1002/ptr.6009

Wishart, D. S., Feunang, Y. D., Guo, A. C, Lo, E. ], Marcu, A., Grant, J. R, et al.
(2018). DrugBank 5.0: a major update to the DrugBank database for 2018. Nucleic Acids
Res. 46 (D1), D1074-d1082. doi: 10.1093/nar/gkx1037

Xie, J., Li, L. F,, Dai, T. Y., Qi, X., Wang, Y., Zheng, T. Z,, et al. (2022). Short-chain
fatty acids produced by ruminococcaceae mediate a-linolenic acid promote intestinal
stem cells proliferation. Mol. Nutr. Food Res. 66 (1), €2100408. doi: 10.1002/
mnfr.202100408

Xu, M, Luo, K, Li, J., Li, Y., Zhang, Y., Yuan, Z,, et al. (2022). ). Role of intestinal microbes
in chronic liver diseases. Int. J. Mol. Sci. 23 (20), 12661. doi: 10.3390/ijms232012661

Xutian, S., Cao, D., Wozniak, J., Junion, J., and Boisvert, J. (2012). Comprehension of
the unique characteristics of traditional Chinese medicine. Am. J. Chin. Med. 40 (2),
231-244. doi: 10.1142/s0192415x12500188

Yavorska, O. O., and Burgess, S. (2017). MendelianRandomization: an R package for
performing Mendelian randomization analyses using summarized data. Int. J.
Epidemiol. 46 (6), 1734-1739. doi: 10.1093/ije/dyx034

Zhang, W., Huai, Y., Miao, Z., Qian, A., and Wang, Y. (2019). Systems pharmacology
for investigation of the mechanisms of action of traditional chinese medicine in drug
discovery. Front. Pharmacol. 10. doi: 10.3389/fphar.2019.00743

Zhou, W., Zhang, H., Wang, X., Kang, J., Guo, W., Zhou, L., et al. (2022). Network
pharmacology to unveil the mechanism of Moluodan in the treatment of chronic
atrophic gastritis. Phytomedicine 95, 153837. doi: 10.1016/j.phymed.2021.153837

Ziegler, A., Pahlke, F., and Koénig, I. R. (2008). Comments on 'Mendelian
randomization: using genes as instruments for making causal inferences in
epidemiology' by Debbie A. Lawlor, R. M. Harbord, J. A. Sterne, N. Timpson and G.
Davey Smith, Statistics in Medicine, DOI: 10.1002/sim.3034. Stat. Med. 27 (15), 2974—
2976; author reply 2976-2978. doi: 10.1002/sim.3213

frontiersin.org


https://doi.org/10.1016/j.ijcard.2011.11.089
https://doi.org/10.1155/2022/5325431
https://doi.org/10.1111/1751-2980.12612
https://doi.org/10.1016/j.csbj.2021.05.015
https://doi.org/10.1155/2021/3621677
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1016/j.aohep.2022.100676
https://doi.org/10.1093/bioinformatics/btw373
https://doi.org/10.1002/hep.29800
https://doi.org/10.14218/jcth.2020.00009
https://doi.org/10.1016/j.jhep.2020.11.013
https://doi.org/10.3390/v12121366
https://doi.org/10.3390/microorganisms8040573
https://doi.org/10.1038/s41588-018-0164-2
https://doi.org/10.3389/fimmu.2022.923599
https://doi.org/10.1142/s0192415x20500780
https://doi.org/10.1186/s12879-019-4428-y
https://doi.org/10.1002/ptr.6009
https://doi.org/10.1093/nar/gkx1037
https://doi.org/10.1002/mnfr.202100408
https://doi.org/10.1002/mnfr.202100408
https://doi.org/10.3390/ijms232012661
https://doi.org/10.1142/s0192415x12500188
https://doi.org/10.1093/ije/dyx034
https://doi.org/10.3389/fphar.2019.00743
https://doi.org/10.1016/j.phymed.2021.153837
https://doi.org/10.1002/sim.3213
https://doi.org/10.3389/fcimb.2023.1273031
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Convergent application of traditional Chinese medicine and gut microbiota in ameliorate of cirrhosis: a data mining and Mendelian randomization study
	Introduction
	Materials and methods
	Datasets collection and analysis
	Inclusion and exclusion criteria
	Data extraction and normalization
	Screening of active ingredients and cross-targets
	Construction of gut microbiota action network based on core targets
	Selection of data sources for Mendelian randomization
	Mendelian randomization analysis
	Three hypotheses

	Sensitivity and horizontal multiplicity analysis
	Data analysis

	Results
	Analysis of similarities for medication rules
	Frequency, dosage, and efficacy of Chinese medicinals
	Compensated hepatitis B cirrhosis
	Decompensated hepatitis B cirrhosis

	Properties, flavors, and meridians of Chinese medicinals
	Compensated hepatitis B cirrhosis
	Decompensated hepatitis B cirrhosis

	Association analysis between Chinese medicinals
	Compensated hepatitis B cirrhosis
	Decompensated hepatitis B cirrhosis

	Identification of targets for core botanicals, gut microbiota and hepatitis B cirrhosis
	Identification of cross-targets and related biological effects
	Construction of gut microbiota associations based on core targets
	Selection of Mendelian randomization instrumental variables
	Associations of gut bacterial taxa with cirrhosis

	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	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


