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Effects of Atractylodes
Macrocephala Rhizoma
polysaccharide on intestinal
microbiota composition
in rats with mammary
gland hyperplasia

Yang Ping †, Changxu Li †, Lihong Wang* and Hong Zhao*

College of Pharmacy, Jiamusi University, Jiamusi, Heilongjiang, China
Background: In recent years, mammary gland hyperplasia (MGH) has been

considered to be one of the diseases caused by endocrine disorders. It has

been shown that diseases caused by endocrine disorders can be treated by

regulating intestinal microbial. As a commonly used medicine in clinical

practice, Atractylodes Macrocephala Rhizoma has good functions in

regulating intestinal homeostasis. Therefore, this paper studied the effect of

Atractylodes Macrocephala Rhizoma polysaccharide (AMP) on the intestinal

flora of MGH rats, providing a new idea for polysaccharide treatment of MGH.

Materials and methods: Eighteen female SD rats were selected and randomly

divided into three groups: blank control group (Con), model control group

(Mod), and AMP group, six rats in each group. MGH rat models were established

by estradiol-progesterone combination and treated with AMP gastric infusion.

The levels of E2, P, and PRL in the serum of rats were measured, the intestinal

contents were collected, and 16s rRNA high- throughput sequencing

technology was analyzed the changes of intestinal flora in the MGH rats.

Results: AMP has good therapeutic effects on MGH rats, decreasing estradiol

(E2) and prolactin (PRL) levels and increasing progesterone (P) levels; at the

same time, it can regulate the abundance and diversity of intestinal flora of

MGH rats, improve the disorder of intestinal flora caused by MGH, and change

the community structure, increase the abundance of beneficial flora, and

decrease the abundance of pathogenic flora.

Conclusion: AMP can improve the intestinal microbiological environment of

MGH rats, maintain the microecological balance of intestinal microbial, and

improve MGH symptoms.

KEYWORDS

Atractylodes Macrocephala Rhizoma polysaccharide, mammary gland hyperplasia,
intestinal microbial, endocrine disorders, high-throughput sequencing
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1 Introduction

The accelerated pace of life and the recent increase in

environmental pollution, unreasonable dietary habits, poor

living habits, and mental factors often accompany modern

women, causing a series of adverse reactions such as

Mammary gland hyperplasia (MGH). MGH is a degenerative

disease and progressive connective tissue growth caused by

hyperplasia of mammary fiber and epithelial tissue (1).

Modem medical research has shown that the development of

MGH is closely linked to endocrine disorders. An imbalance in

the ratio of estradiol to progesterone leads to excessive

proliferation and regression of the breast parenchyma (2–4). It

was reported that MGH was the disease with the highest

incidence among female breast diseases, and its incidence rate

is as high as 75%, and the incidence rate is still rising year by

year. The age of onset is also getting lower and lower, and even

some breast hyperplasia will have canceration, which has

become a major health problem for women around the world

(5–9). At present, for the examination and treatment of MGH,

pathological biopsy or surgical resection of suspicious nodules

revealed by some imaging examinations were typically utilized.

Oral drugs mainly include oral sex hormone drugs (such as

bromocriptine, tamoxifen, danazol, etc.) and non-sex hormone

drugs (thyroxine, iodine, evening primrose oil, etc.). However,

surgical resection has a large wound surface, which brings

irreversible psychological and physiological damage to

patients; drugs easily cause multiple toxic side effects such as

menstrual blood loss, menstrual disorder, dizziness, nausea,

vomiting, etc., and some drugs can also cause certain damage

to the human gastrointestinal tract and central nervous system

(10–12). Therefore, the search for a noninvasive, efficient

treatment of MGH drugs has become a research hotspot at

home and abroad.

Studies have demonstrated that endocrine imbalance can

affect the composition of the intestinal microbiota and can

directly or indirectly alter bacterial physiology and

independent gene expression (13–15). MGH is caused by

endocrine imbalance, in which the imbalance of estrogen

secretion is an important signal of MGH. The abundance of

intestinal microbiota is not simply related to the level of estrogen

but also can affect the level of estrogen secretion. In endocrine

balance, a variety of bacteria in the intestinal microbiota is

involved in estrogen metabolism. For example, intestinal

bacteria with structures such as b-glucuronidase and b-
glucosidase can facilitate the reabsorption of estrogen through

the intestine and re-enter the hepatic and intestinal circulation,

eventually reaching the target organs it regulates to act (16–18).

When there is an endocrine imbalance, the intestinal microbiota

is altered and the b-glucuronidase content increases, raising the
level of estrogen in the mammary glands. Breast epithelial cells

that are chronically exposed to high levels of estrogen and
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become lesions occur, leading to their excessive proliferation,

causing MGH (19, 20). Therefore, it was hypothesized that the

treatment of MGH can be obtained by regulating the intestinal

microbiota of homeostasis and balancing the level of

estrogen secretion.

The earliest understanding of the mammary gland in

Chinese medicine can be traced back to the Nei Jing, where it

is written that “a woman’s breast belongs to the liver, while the

nipple belongs to the stomach” and that “Chong and Ren

meridians can regulate the Qi and blood of the 12 meridians

and they stop at the breast upward and form menstruation

downward”, which explains the close relationship between the

breast and the spleen and stomach in terms of physiological

function and meridian affiliation. Chinese herbal medicine has a

very beneficial effect on the balance of the intestinal micro-

ecolozy, and the intestinal microbiota coincides with the theory

of “spleen and stomach” in Chinese Medicine (21–23).

Atractylodes Macrocephala Rhizoma is the dry rhizome of the

Asteraceae plant Atractylodes macrocephala Koidz, which has

the effect of strengthening the spleen and stomach, drying and

dampening water. Modern research shows that Atractylodes

Macrocephala Rhizoma contains a variety of volatile

components, polysaccharides, and amino acids, which have

various pharmacological activities such as improving the

function of the gastrointestinal tract and regulating the

intestinal microbiota (24, 25).Therefore, this project will use

AMP to treat MGH rats and analyze the effect of AMP on the

intestinal microbiota of MGH rats through 16S RNA high-

throughput sequencing, to provide theoretical support for the

treatment of MGH from the perspective of intestinal

microecology, as well as to provide an experimental basis for

fully exploiting the medicinal value of AMP. The research idea is

illustrated in Figure 1.
2 Materials and methods

2.1 Animals and reagents

Eighteen specific pathogen-free (SPF) grade female non-

pregnant SD rats (200 ± 20 g) were purchased from Changchun

Yisi Experimental Animal Technology Co., Ltd. (License No.:

SCXK (Ji)-2018-0007) and housed in the SPF grade animal

room. All animals were raised in the control room with a

temperature of 24 ± 2°C and a humidity of 60% ± 5%. The

light–dark cycle was 12/12 h. All experimental procedures

involving animals were approved by the Animal Ethics

Committee of the Animal Experimental Center of

Jiamusi University.

Estradiol benzoate and progesterone injection were

purchased from Shanghai Quanyu Biotechnology (Zhumadian)

Animal Pharmaceutical Co., Ltd. Estradiol (E2), progesterone
frontiersin.org
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(P), and prolactin (PRL) kits were purchased from Jiangsu

Enzyme Immunity Industrial Co., Ltd.
2.2 Medicine

Atractylodes Macrocephala Rhizoma was purchased from

Jiamusi Baicaotang pharmacy.

According to the previous research method to prepare AMP,

take degreased Atractylodes Macrocephala Rhizoma, add

distilled water according to the ratio of the material to liquid

of 1:18 g · ml-1; reflux at 90°C for extraction for 3 h, three times;

combine the filtrates; concentrate under reduced pressure;

centrifuge; add absolute ethanol to the filtrate, with

supernatant ethanol concentration of 80%; stand at 4°C for

12 h; centrifuge; collect precipitation; redissolve; concentrate;

freeze dry; and then obtain the Atractylodes Macrocephala

Rhizoma crude polysaccharide. AMP with a polysaccharide

content of 64.23% was obtained after deproteinization using

the Sevage method.
2.3 Experimental design

Eighteen female SD rats were chosen and fed adaptively for 7

days. They were randomly divided into the blank control group
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(Con), model control group (Mod), and AMP group, with six

rats in each group. Except for the Con group, which was injected

with the same amount of normal saline intramuscularly, rats in

the other groups were injected with estradiol benzoate 0.5 mg·kg-

1·D-1 intramuscularly for 25 days, followed by progesterone 5

mg·kg-1·D-1 intramuscularly for 5 days. After successful

modeling, rats in the AMP group were given a 280 mg·kg-1·D-1

polysaccharide solution, and rats in Con and Mod groups were

given the same amount of normal saline for 30 days.

2.3.1 Collection and detection of serum
samples

After the last administration, rats in each group fasted for

12h. After weighing, rats were anesthetized by intraperitoneal

injection of 2% pentobarbital sodium. The rats were done by

cervical dislocation. Blood was drawn from the abdominal aorta

and placed in the procoagulant tube for 20 min to separate the

serum. The serum levels of E2, P, and PRL were identified

by ELISA.

2.3.2 Collection of intestinal cecal content
samples

After taking blood from the abdominal aorta, the rats were

quickly executed by cervical dislocation. Under aseptic

conditions, the cecal content was taken with sterilized forceps

and placed in a 5 ml sterile EP tube, numbered, weighed, and
FIGURE 1

Experimental flow graph.
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quickly placed in liquid nitrogen. After the sample is collected, it

was moved to -80°C for storage.

2.3.3 16S rRNA genes high-throughput
sequencing

Take the cecal content. The total DNA in content was

extracted in strict accordance with the DNA extraction kit. A

nanodrop spectrophotometer was utilized to quantify DNA

(DNA quantitative analysis), and the purity and concentration

of the extracted genomic DNA were identified by

electrophoresis. Amplification was performed using the 16S

rDNA V3-V4 variable region, and the Quant-it PicoGreen

dsDNA Assay Kit was used for fluorescence quantification. For

further fluorescence quantification, samples should be combined

in the appropriate proportions. Afterward, Illumina’s NovaSeq

6000 sequencer was utilized for double-end sequencing of rat

cecal contents.

2.3.4 Bioinformatics and statistical analysis
OTU clustering of non-repetitive sequences was made with

97% similarity using QIIME2 DADA2 software. Species

classification was annotated using the Greensenes database

(release 13.8). alpha-Diversity indices (Chao1, ACE, Simpson,

and Shannon indices) were calculated to obtain the species

richness and diversity. Meanwhile, the beta-diversity was

analyzed in the gut microbiota of different samples; the

similarity and difference of community composition between

samples (or subpopulations) were obtained by analyzing the

beta-diversity of gut microbiota in different samples.

SPSS 26.0 statistical software was used for data analysis. All

data in the experiment were expressed as mean ± standard

deviation (X ± s). One-way ANOVA was used for comparison

between groups. p < 0.05 was considered statistically significant.

The drawing is expected to be completed by using the R 4.1.3

and GraphPad Prism 8 software.
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3 Results

3.1 General condition of rats and the
effect of AMP on the serum indicators

Before modeling, the rats had normal appetite and response,

smooth hair, and dry feces. After modeling, Mod group rats had

poor appetite, listlessness, and no light hair, and the body weight

decreased significantly compared with the Con group. The rat

teats were red, swollen, and elevated, and some rats showed thin,

soft, and yellow watery stools, which proved that the MGH

model was successfully prepared. After the AMP treatment

intervention, the AMP group rats returned to their gradually

normalized food intake, the body weight increased significantly,

and the nipple swelling and diarrhea symptoms of rats were

alleviated. Furthermore, it was suggested that AMP had a certain

therapeutic effect on MGH model rats, and it can improve the

unfavorable symptoms caused by breast hyperplasia. As showed

in Figure 2, compared with the Con group, the serum levels of E2
and PRL in the Mod group rats were significantly increased (p <

0.05), and P levels were significantly decreased (p < 0.01).

Compared to the Mod group, serum levels of E2 and PRL

levels in the AMP group were significantly increased (p <

0.01), and P levels were significantly decreased (p < 0.05).
3.2 Sequencing data quality assessment
of intestinal contents microbiota

According to the statistics of the length of the sequence

obtained in this sequencing, the length of the sequence obtained

in each sample is concentrated at around 400–500 bp. As shown

in Figure 3, the samples continued to increase, the rate of

increase in OTU number slowed down, and the curve tended

to flatten, demonstrating that with the addition of new samples,
A B C

FIGURE 2

Effect of AMP on serum indexes of MGH rats, n = 6 (A), effect of AMP on E2 of MGH rats; (B), effect of AMP on P of MGH rats; (C), effect of AMP on
PRL of MGH rats). Compared with Con group, # represents P < 0.05, ## represents P < 0.01; Compared with Mod group, * represents P < 0.05,
** represents P < 0.01.
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the total number of OTUs almost did not increase, which proved

that the sample of this study was sufficient to meet the needs of

the study.
3.3 Effect of AMP on OTU number and
alpha-diversity of intestinal contents in
the MGH rats

OUT and Venn diagrams reflected the similarity and overlap

of the bacterial community of different samples and visualized

the similarity and uniqueness of sample points at the OTU level.

As show in Figure 4, The total OTUs in the Con, Mod, and AMP

groups were 3128, 3647, and 1734, respectively, and the number
Frontiers in Endocrinology 05
of OTUs in the intersection of the three groups was 246. The

OTU number in the Mod group was significantly higher than the

Con group. MGH disease can lead to the imbalance of intestinal

microbiota in rats and increase in the number of harmful

microbiota. After treatment with AMP, the OTU number in

the rat intestine decreased significantly but was still lower than

that in the Con group.

alpha-Diversity describes the biodiversity within a given area

or ecosystem, i.e., it assesses the biodiversity of a given sample

and is usually characterized by the calculation of diversity

indices based on species richness or evenness, e.g., Chao1 and

Pielou indices are often used to estimate the total number of

species in a community: the larger the index, the greater the total

number of community species. Shannon and Simpson indices
A B

FIGURE 3

Quality evaluations of sequencing data of rat intestinal contents microbiota (A), sequence length distribution diagram; (B), species accumulation
curve diagram).
A B C

D E

FIGURE 4

Effect of AMP on the number of intestinal OUT and alpha diversity of MGH rats (A), number of intestinal OUT of rats; (B), Chao1 index; (C),
Pielou index; (D), Shannon index; (E), Simpson index). Compared with Con group, # represents P < 0.05, ## represents P < 0.01; Compared
with Mod group, * represents P < 0.05, ** represents P < 0.01.
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can take into account both species richness and evenness, and

they provide an objective picture of community species diversity.

The larger the value of the Simpson index, or the smaller the

value of the Shannon index, the lower the community diversity

(26, 27). In the alpha analysis, the Pielou and Chao 1 indices

were used to evaluate species richness, and the Simpson and

Shannon index were used to evaluate microbial diversity.

Compared with the Con group, the Mod group showed a

highly significant decrease in Chao 1 index (p < 0.01), a

significant decrease in Pielou index (p < 0.05), and Shannon

index and Simpson index both highly significantly decreased (p

< 0.01), indicating that MGH can reduce the richness and

diversity of rat intestinal microbiota. Compared with the Mod

group, the AMP group showed a highly significant increase in

the Chao 1 index of rat microbiota (p < 0.01); Pielou index (p <

0.05), Shannon index (p < 0.01), and Simpson index (p < 0.01)

were significantly increased, indicating that AMP could increase

the abundance and diversity of intestinal microbiota in

MGH rats.
3.4 Effect of AMP on intestinal beta-
diversity in MGH rats

beta-Diversity describes the differences in species

composition between habitat communities, i.e., the differences

between samples. Principal component analysis (PCA) is a

simplified data analysis technique that can reflect differences

and distances between samples by analyzing sample composition

at 97% similarity. PCA uses variance decomposition to reflect

differences across multiple data sets on a two-dimensional
Frontiers in Endocrinology 06
coordinate plot, with the axis distance best reflecting the two

eigenvalues of the variance value. The more similar the sample

composition, the closer the distances reflected in the PCA plot

(28). As showed in Figure 5A, the principal component variable

1 was 50.75% and the principal component variable 2 was

17.92%. The distance between the Con group and Mod group

was significantly different, indicating that MGH had a certain

effect on the composition of intestinal microbiota in rats.

Compared with the Con group, the distance between the AMP

group was small and relatively concentrated. The distance

between points in non-metric analysis (NMDS) reflects the

difference between samples and groups. The more distance,

the more different, and vice versa. As shown in Figure 5B,

compared with the Con group, the Mod group was relatively

dispersed, indicating that the species was very different.

Compared with the Mod group, the AMP group was relatively

concentrated, which was closer to the Con group, indicating that

there was little difference in species composition within the

groups. The PCA and NMDs showed that the AMP had a

significant restored effect on the species composition of

intestinal microbiota in MGH rats.
3.5 Effect of AMP on the relative
abundance of intestinal microbiota in
MGH rats

As shown in the Figure 6A, the relative abundance of

intestinal microbiota of MGH rats was shown at the phylum

level, in which four taxa, Firmicutes, Actinobacteres,

Proteobacteres, and Bacteroidetes, were the dominant phylum,
A B

FIGURE 5

Effect of AMP on intestinal beta diversity of MGH rats (A), PCA; (B), NMDS).
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accounting for a larger proportion of the total microbiota, about

95%. Compared with the Con group, in the Mod group the

relative abundance of Firmicutes decreased but was not

significant; the Bacteroidetes decreased significantly (p < 0.05),

and the Actinobacteres and Proteobacteres increased but were

not significantly different. The AMP group compared with the

Mod group, the relative abundance of Firmicutes and

Bacteroidetes increased, but there was no significant difference,

and the Actinobacteres and Proteobacteres decreased, but there

was no significant difference. Figure 6B shows the ratio of

Firmicutes and Bacteroidetes (F/B ratio). Compared with the

Con group, F/B was higher in the Mod group, and the AMP

group was higher too compared to Mod group. The Figure 6C

shows that, a heat map can simultaneously provide information

on community species composition and abundance and visually

reflect the similarities and differences in community

composition of different samples or subgroups through color

changes. In the changes of detected phyla, Con group and AMP

group were clustered into one category, while Mod group was

more dispersed due to the influence of MGH. As shown in

Figure 6D, at the genus level Allobaculum, Clostridiales,
Frontiers in Endocrinology 07
Lachnospiraceae, and Clostridium were the dominant genera.

Compared with the Con group, the relative abundance of

Actinobacteres and Clostridium in the Mod group decreased.

Lachnospiraceae decreased significantly (p < 0.05) and

Clostridiales increased. Compared with the Mod group, the

AMP group Lachnospiraceae was higher, Clostridium was

highly significant (p < 0.01), Clostridiales was higher, and

Allobaculum was lower.
4 Discussion

The human intestinal microbiome is a diverse and complex

ecosystem and is home to thousands of microorganisms that co-

evolve with their hosts and play important roles in health and

disease. The important role of intestinal microbial in health and

disease has become a research focus (28–31). Intestinal microbial

diversity is tightly associated with levels of estrogen and its

metabolites (32–34). A reduction in intestinal microbial diversity

can reduce the activity of b-glucuronidase that can reduce the

circulation form of estrogen in the body and break it down into
A B

C D

FIGURE 6

Effect of AMP on the relative abundance of intestinal microbiota in MGH rats (relative abundance (A), phyla level; (B), Firmicutes/Bacteroides;
thermogram of relative abundance at (C), phyla level; relative abundance at (D), genus level). Compared with Con group, # represents P < 0.05,
## represents P < 0.01; Compared with Mod group, * represents P < 0.05, ** represents P < 0.01.
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active ingredients, resulting in a large estrogen accumulation in

the mammary gland, and leading to endocrine disorders (35–

37). Modern medicine also believes that the occurrence of MGH

is linked to endocrine disorders, in particular, it is related to the

imbalance of balance hypothalamic-pituitary-ovarian-

mammary gland endocrine axis, in which the secretion of

estrogen increases and the secretion of progesterone decreases.

The imbalance of female/progesterone ratio is the main cause of

mammary gland hyperplasia (38–41). The mammary gland is an

important target organ for the effect of estrogen, and when

estrogen secretion in the female organism is too high, it will

cause the female breast tissue to be in a state of over-stimulation,

and the poor physical condition will have an impact on the

mammary gland, leading to MGH (42, 43). Metabolic enzymes

changed regulated by the intestinal microbiota will affect the

estrogen level change, which leads to endocrine dysregulation,

eventually causing MGH (36, 44). Thus, estrogen can be

participated in the development of MGH through changes in

the metabolic levels of intestinal microbiota.

In this experiment, E2, P, and PRL were significant indicators

to determine whether the rats had MGH. Compared with the

Con group, the Mod group E2 and PRL levels were increased

significantly and P levels were decreased significantly, compared

with the Mod group; the AMP group E2 and PRL levels were

reduced and P levels were increased, indicating that AMP could

alleviate the symptoms on rats MGH effectively. By 16S RNA

amplified sequencing, in alpha-diversity analysis, the Mod group

Chao1, Pielou, Shannon, and Simpson indices were decreased in

the intestinal tract of rats, indicating that MGH had an

inhibitory effect on the richness and diversity of intestinal

microbiota in rats. Compared with the Mod group, the AMP

group Chao1, Pielou, Shannon, and Simpson indexes in the

intestinal tract of rats were significantly increased, which was

similar to that in the Con group, indicating that AMP had a

certain improvement effect on the intestinal microbiota of rats

with MGH. In the beta-diversity analysis, AMP improved the

chances of microbial community structure in intestinal contents

of MGH rats and gradually restored it to the normal level.

However, there were still discrete individual samples in the Mod

group, which may be due to the inter-individual differences.

Under normal conditions, Firmicutes and Bacteroidetes are in

dynamic balance in the intestinal tract and the ratio of relative

abundance is seen as an importantmarker of intestinalmicrobiota

disorders, and an increase in F/B value represents an endocrine

disorder on the other hand (45–47). In this experiment, MGH

changed the structure and composition of the microbiota in the

intestinal contents of rats, and through the phylum level analysis

on the changes of the microbiota relative abundance, we can

further understand how AMP treats the MGH by regulating the

intestinalmicrobiota. In theMod group, the relative abundance of

Proteobacteres and the F/B value also increased, suggesting that
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MGH can lead to the imbalance of the intestinal micro-ecological

environment; after AMP treatment, the relative abundance of

Proteobacteres decreased, and the value was similar to the Con

group; the F/B value also decreased but was still higher than that

of the Con group. Therefore, it can be deduced that AMP is

beneficial to restore the major intestinal microbiota.

Actinobacteres are a gram-positive bacterium, which can

protect the host and nutrient from attack by pathogens in the

intestine (48–50). In this experiment, compared with Con group,

the relative abundance of Actinobacteres in the Mod group

increased, indicating that the MGH caused resistance of

intestinal microbiota. Compared with Mod group, the relative

abundance of Actinobacteres in the AMP group was reduced,

which indicated that the administration of AMP could alleviate

the intestinal microbiota disorder. According to the analysis of

genus level, Clostridiales is generally considered to be related to

body inflammation, Clostridium contains 20a-hydroxy steroid

dehydrogenase, which converts glucocorticoids into androgens,

whenClostridium is unbalanced, a large number of androgens will

be synthesized, which will cause intestinal microorganisms

dysregulation and eventually lead to endocrine disorders and

pathological lesions in women (51, 52). Combinedwith the results

of this experiment, compared to the Con group, the relative

abundance of Allobaculum, Clostridiales, and Lachnospiraceae

decreased and the Clostridium increased in the Mod group;

compared to the Mod group, the relative abundance of

Lachnospiraceae, Clostridium, Clostridiales increased, and

Allobaculum decreased in the AMP group. Further studies are

needed to investigate this difference. Based on the above

experiments, AMP can maintain the endocrine balance by

regulating the homeostasis of intestinal microbiota, so as to

affect the occurrence and progress of MGH.

In general, MGH caused by endocrine dysregulation breaks

the intestinal microbiota balance in rats, and the diversity and

richness of intestinal microbiota are destroyed to varying

degrees. Through the study of AMP in the treatment of MGH

and its effect on intestinal microbiota, this experiment proved

that AMP had a certain therapeutic effect on MGH and also had

a definite recovery effect on the diversity, richness, and

community structure of intestinal microbiota in MGH rats.

However, the therapeutic effect of a single polysaccharide

component on MGH by regulating intestinal microbiota has

not been excellent. Therefore, the therapeutic effect of the AMP

of MGH through intestinal microbiota needs further study.
Data availability statement

The original contributions presented in the study are publicly

available. This data can be found here: https://doi.org/10.5061/

dryad.gf1vhhmtc.
frontiersin.org

https://doi.org/10.5061/dryad.gf1vhhmtc
https://doi.org/10.5061/dryad.gf1vhhmtc
https://doi.org/10.3389/fendo.2022.1102605
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Ping et al. 10.3389/fendo.2022.1102605
Ethics statement

The animal study was reviewed and approved by the Animal

Ethics Committee of the Jiamusi University.
Author contributions

YP prepared the drafting of manuscript and interpretation of

data. CL performed the experiment and analyzed in the

analyzing of part of the data. LW and HZ designed the study

and revised the manuscript. All authors contributed to

manuscript revision, read, and approved the submitted version.
Funding

This study was supported by the Natural Science Foundation

of Heilongjiang Province (Grant No. LH2022H093), Science and

Technology Innovation Team Construction Plan Fund of the

Provincial Education Department (Grant No.2021-

KYYEF-0638), Postdoctoral Scientific Research Development

Fund of Heilongjiang Province (Grant No. LBH-Q20185),

Jiamusi University’s Scientific Innovation Team (cxtd202103),
Frontiers in Endocrinology 09
and the Jiamusi University Ph.D. Special Foundation

(JMSUBZ2020-14).
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/fendo.

2022.1102605/full#supplementary-material
References
1. Zhang H-B, Yan P-H, Lu J, Sun L, Zhao L-J, Du X, et al. Clinical observation
of electroacupuncture combined with scraping therapy for mammary hyperplasia.
World Journal of Acupuncture –Moxibustion (2020) 30(2):146–150. doi: 10.1016/j.
wjam.2020.02.011

2. Shi M, Ma Y, Xu P. Evaluation of the mechanism of Rujiling capsules in the
treatment of hyperplasia of mammary glands based on network pharmacologyand
molecular docking. Indian J Pharmacol (2022) 54(2):110–117. doi: 10.4103/ijp.ijp-
374-21

3. Li X, Xin P, Wang C, Wang Z, Wang Q, Kuang H. Mechanisms of traditional
Chinese medicine in the treatment of mammary gland hyperplasia. Am J Chin Med
(2017) 45:443–58. doi: 10.1142/S0192415X17500276

4. Tower H, Dall G, Davey A, Stewart M, Lanteri P, Ruppert M, et al. Estrogen-
induced immune changes within the normal mammary gland. Sci Rep (2022) 12
(1):18986. doi: 10.1038/s41598-022-21871-4

5. Ma D, Liu G, Zhang X, Zhang Q, Gao T, Liu M. Massage treatment of
hyperplasia of mammary glands: A protocol for a systematic review and meta-
analysis. Medicine (2020) 99(52):e23601. doi: 10.1097/MD.0000000000023601

6. Ma M, Zhang L, Wang X. Effect of auricular point pressing therapy on
hyperplasia of mammary glands: A protocol for systematic review and meta-
analysis. Med (Baltimore). (2021) 2:100. doi: 10.1097/MD.0000000000024875

7. Qian LQ, Pei XH, Xu ZY, Wang C. Clinical observation on treatment of
hyperplasia of mammary gland by lirukang granule. Chin J Integr Med (2007)
13:120–4. doi: 10.1007/s11655-007-0120-y

8. Wang L, Zhao D, Di L, Cheng D, Zhou X, Yang X, et al. The anti-hyperplasia
of mammary gland effect of thladiantha dubia root ethanol extract in rats reduced
by estrogen and progestogen. J Ethnopharmacol (2011) 8:134+136–140.
doi: 10.1016/j.jep.2010.11.071

9. Ma W, Jin ZN, Wang X, Fu FM, Guo WH, Xu YY, et al. Clinical practice
guideline for diagnosis and treatment of hyperplasia of the mammary glands:
Chinese society of breast surgery (CSBrS) practice guideline 2021. Chin Med J
(Engl) (2021) 134(16):1891–3. doi: 10.1097/CM9.0000000000001521

10. Wibowo E, Pollock PA, Hollis N, Wassersug RJ. Tamoxifen in men: A
review of adverse events. Andrology (2016) 4:776–88. doi: 10.1111/andr.12197

11. Wang X, Chen YG, Ma L, Li ZH, Li JY, Liu XG, et al. Effect of Chinese
medical herbs-huiru yizeng yihao on hyperprolactinemia and hyperplasia of
mammary gland in mice. Afr J Tradit Complement Altern Med (2013) 10:24–35.
doi: 10.4314/ajtcam.v10i4.5

12. Guan HL, Wang Y, Gui YF, Zhang CL. Effect of Chinese herbal medicine
compound on breast hyperplasia: A protocol of systematic review.Med (Baltimore)
(2020) 99(49):e23463. doi: 10.1097/MD.0000000000023463

13. Org E, Mehrabian M, Parks BW, Shipkova P, Liu X, Drake TA, et al. Sex
differences and hormonal effects on gut microbiota composition in mice. Gut
Microbes (2016) 7:313–22. doi: 10.1080/19490976

14. Harada N, Minami Y, Hanada K, Hanaoka R, Kobayashi Y, Izawa T, et al.
Relationship between gut environment, feces-to-food ratio, and androgen
deficiency-induced metabolic disorders. Gut Microbes (2020) 12:1817719.
doi: 10.1080/19490976.2020.1817719

15. Liu Q, Sun W, Zhang H. Interaction of gut microbiota with endocrine
homeostasis and thyroid cancer. Cancers (Basel) (2022) 14(11):2656. doi: 10.3390/
cancers14112656

16. Zhu J, Liao M, Yao Z, Liang W, Li Q, Liu J, et al. Breast cancer in
postmenopausal women is associated with an altered gut metagenome.
Microbiome (2018) 6:136. doi: 10.1186/s40168-018-0515-3

17. Plottel C, Blaser M. Microbiome and malignancy. Cell Host Microbe (2011)
10:324–35. doi: 10.1016/j.chom.2011.10.003

18. d'Afflitto M, Upadhyaya A, Green A, Peiris M. Association between sex
hormone levels and gut microbiota composition and diversity-a systematic review.
J Clin Gastroenterol (2022) 56(5):384–92. doi: 10.1097/MCG.0000000000001676
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.1102605/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.1102605/full#supplementary-material
https://doi.org/10.1016/j. wjam.2020.02.011
https://doi.org/10.1016/j. wjam.2020.02.011
https://doi.org/10.4103/ijp.ijp-374-21
https://doi.org/10.4103/ijp.ijp-374-21
https://doi.org/10.1142/S0192415X17500276
https://doi.org/10.1038/s41598-022-21871-4
https://doi.org/10.1097/MD.0000000000023601
https://doi.org/10.1097/MD.0000000000024875
https://doi.org/10.1007/s11655-007-0120-y
https://doi.org/10.1016/j.jep.2010.11.071
https://doi.org/10.1097/CM9.0000000000001521
https://doi.org/10.1111/andr.12197
https://doi.org/10.4314/ajtcam.v10i4.5
https://doi.org/10.1097/MD.0000000000023463
https://doi.org/10.1080/19490976
https://doi.org/10.1080/19490976.2020.1817719
https://doi.org/10.3390/cancers14112656
https://doi.org/10.3390/cancers14112656
https://doi.org/10.1186/s40168-018-0515-3
https://doi.org/10.1016/j.chom.2011.10.003
https://doi.org/10.1097/MCG.0000000000001676
https://doi.org/10.3389/fendo.2022.1102605
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Ping et al. 10.3389/fendo.2022.1102605
19. McIntosh FM, Maison N, Holtrop G, Young P, Stevens VJ, Ince J, et al.
Phylogenetic distribution of genes encoding b-glucuronidase activity in human
colonic bacteria and the impact of diet on faecal glycosidase activities. Environ
Microbiol (2012) 14:1876–87. doi: 10.1111/j.1462-2920.2012.02711.x

20. Yoon K, Kim N. Roles of sex hormones and gender in the gut microbiota. J
Neurogastroenterol Motil. (2021) 27(3):314–25. doi: 10.5056/jnm20208

21. Rooks MG, Garrett WS. Gut microbiota, metabolites and host immunity.
Nat Rev Immunol (2016) 16:341–52. doi: 10.1038/nri.2016.42

22. Zhou B, Yuan Y, Zhang S, Guo C, Li X, Li G, et al. Intestinal Flora and
Disease Mutually Shape the Regional Immune System in the Intestinal Tract. Front
Immunol (2020) 11:575. doi: 10.3389/fimmu.2020.00575

23. Yang S, Hao S, Wang Q, Lou Y, Jia L, Chen D. The interactions between
traditional Chinese medicine and gut microbiota: Global research status and trends.
Front Cell Infect Microbiol (2022) 12:1005730. doi: 10.3389/fcimb.2022.1005730

24. Zhu B, Zhang Q-L, Hua J-W, Cheng W-L, Qin L-P. The traditional uses,
phytochemistry, and pharmacology of atractylodes macrocephala koidz.: A review.
J Ethnopharmacology (2018) 226:143–67. doi: 10.1016/j.jep.2018.08.023

25. Feng J, Zhang C, Chen H, Chen Z, Chen Y, He D, et al. Shen-Ling-Bai-Zhu-
San enhances the antipneumonia effect of cefixime in children by ameliorating gut
microflora, inflammation, and immune response. Evid Based Complement Alternat
Med (2022) 2022::7752426. doi: 10.1155/2022/7752426

26. Li C, Zhou K, Xiao N, Peng M, Tan Z. The effect of qiweibaizhu powder crude
polysaccharide on antibiotic-associated diarrhea mice is associated with restoring
intestinal mucosal bacteria. Front Nutr (2022) 9:952647. doi: 10.3389/fnut.2022.952647

27. Wang H, Zhang H, Gao Z, Zhang Q, Gu C. The mechanism of berberine
alleviating metabolic disorder based on gut microbiome. Front Cell Infect Microbiol
(2022) 12:854885. doi: 10.3389/fcimb.2022.854885

28. Wang Y, Sheng HF, He Y, Wu JY, Jiang YX, Tam NF, et al. Comparison of
the levels of bacterial diversity in freshwater, intertidal wetland, and marine
sediments by using millions of illumina tags. Appl Environ Microbiol (2012)
78:8264–71. doi: 10.1128/AEM.01821-12

29. Li X, Deng N, Zheng T, Qiao B, Peng M, Xiao N, et al. Importance of
dendrobium officinale in improving the adverse effects of high-fat diet on mice
associated with intestinal contents microbiota. Front Nutr (2022) 9:957334.
doi: 10.3389/fnut.2022.957334

30. Zhang D, Liu J, Cheng H, Wang H, Tan Y, Feng W, et al. Interactions
between polysaccharides and gut microbiota: A metabolomic and microbial review.
Food Res Int (2022) 160:111653. doi: 10.1016/j.foodres.2022.111653

31. Ou J, Wang Z, Liu X, Song B, Chen J, Li R, et al. Regulatory effects of marine
polysaccharides on gut microbiota dysbiosis: A review. Food Chem X (2022)
15:100444. doi: 10.1016/j.fochx.2022.100444

32. Baker JM, Al-Nakkash L, Herbst-Kralovetz MM. Estrogen-gut microbiome
axis: Physiological and clinical implications. Maturitas (2022) 103:45–53.
doi: 10.1016/j.maturitas.2017.06.025

33. Xujie Y, Xiaohua P. Value and influencing factors of valid Traditional Chinese
Medicine compound prescription patents for mammary gland hyperplasia. J Tradit
Chin Med (2022) 42(6):1012–8. doi: 10.19852/j.cnki.jtcm.2022.06.010

34. Franasiak JM, Scott RTJr. Introduction: Microbiome in human
reproduction Fertil Steril. (2015) 104:1341–3. doi: 10.1016/j.fertnstert.2015.10.021

35. Shin NR, Whon TW, Bae JW. Proteobacteria: microbial signature of
dysbiosis in gut microbiota. Trends Biotechnol (2015) 33:496–503. doi: 10.1016/
j.tibtech.2015.06.011

36. Ma Y, Liu T, Li X, Kong A, Xiao R, Xie R, et al. Estrogen receptor b
deficiency impairs gut microbiota: a possible mechanism of IBD-induced anxiety-
like behavior. Microbiome (2022) 10(1):160. doi: 10.1186/s40168-022-01356-2
Frontiers in Endocrinology 10
37. Lin H, Liu Z, Liu Z, Lin Z. Incompatible effects of panax ginseng and
veratrum nigrum on estrogen decline in rats using metabolomics and gut
microbiota. J Pharm BioMed Anal (2022) 208:114442. doi: 10.1016/j.jpba.2021

38. Liu Y,Wu D,Wang K, Chen H, Xu H, ZongW, et al. Dose-dependent effects
of royal jelly on estrogen- and progesterone-induced mammary gland hyperplasia
in rats. Mol Nutr Food Res (2022) 66(5):e2100355. doi: 10.1002/mnfr.202100355

39. Attia MA. Neoplastic and non-neoplastic lesions in the mammary gland,
endocrine and genital organs in aging male and female sprague-dawley rats. Arch
Toxicol (1996) 70(8):461–73. doi: 10.1007/s002040050300

40. Song D, Shi X, Li C, Cao X, Lu Y, Li J. Effect of vitamin D3 on hyperplasia of
mammary glands in experimental rats. Gland Surg (2022) 11(1):136–146.
doi: 10.21037/gs-21-851

41. Harvell DM, Strecker TE, Tochacek M, Xie B, Pennington KL, McComb
RD, et al. Rat strain-specific actions of 17beta-estradiol in the mammary gland:
correlation between estrogen-induced lobuloalveolar hyperplasia and susceptibility
to estrogen-induced mammary cancers. Proc Natl Acad Sci U S A. (2000) 97
(6):2779–84. doi: 10.1073/pnas.050569097

42. Yan Z, Yun-Yun L, Zhou T, Li-Rong C, Xiao-Li Y, Yong L. The relationship
between using estrogen and/or progesterone and the risk of mammary gland
hyperplasia in women: a meta-analysis. Gynecol Endocrinol (2022) 38(7):543–7.
doi: 10.1080/09513590.2022.2076831

43. Li X, Wang Z, Wang Y, Zhang Y, Lei X, Xin P, et al. Anti-hyperplasia effects
of total saponins from phytolaccae radix in rats with mammary gland hyperplasia
via inhibition of proliferation and induction of apoptosis. Front Pharmacol (2018)
9:467. doi: 10.3389/fphar.2018.00467

44. Lin H, Liu Z, Liu Z, Lin Z. Incompatible effects of panax ginseng and
veratrum nigrum on estrogen decline in rats using metabolomics and gut
microbiota. J Pharm BioMed Anal (2021) 208:114442. doi: 10.1016/
j.jpba.2021.114442

45. Jose PA, Maharshi A, Jha B. Actinobacteria in natural products research:
Progress and prospects. Microbiol Res (2021) 246:126708. doi: 10.1016/
j.micres.2021.126708

46. Guo Y, Qi Y, Yang X, Zhao L, Wen S, Liu Y, et al. Association between
polycystic ovary syndrome and gut microbiota. PloS One (2022) 11(4):e0153196.
doi: 10.1371/journal.pone.0153196

47. Wang L, Xian YF, Loo SKF, Ip SP, Yang W, Chan WY, et al. Baicalin
ameliorates 2,4-dinitrochlorobenzene-induced atopic dermatitis-like skin lesions
in mice through modulating skin barrier function, gut microbiota and JAK/STAT
pathway. Bioorg Chem (2022) 119:105538. doi: 10.1016/j.bioorg.2021.105538

48. Qi X, Yun C, Pang Y, Qiao J. The impact of the gut microbiota on the
reproductive and metabolic endocrine system. Gut Microbes (2021) 13:1–21.
doi: 10.1080/19490976.2021.1894070

49. Dinesh R, Srinivasan V TES, Anandaraj M, Srambikkal H. Endophytic
actinobacteria: Diversity, secondary metabolism and mechanisms to unsilence
biosynthetic gene clusters. Crit Rev Microbiol (2017) 43(5):546–66. doi: 10.1080/
1040841X.2016

50. Arnone AA, Cook KL. Gut and breast microbiota as endocrine regulators of
hormone receptor-positive breast cancer risk and therapy response. Endocrinology
(2022) 164(1):bqac177. doi: 10.1210/endocr/bqac177

51. Sandhu BK, McBride SM. Clostridioides difficile. Trends Microbiol (2022) 26
(12):1049–50. doi: 10.1016/j.tim.2018.09.004

52. Sun WJ, Wu EY, Zhang GY, Xu BC, Chen XG, Hao KY, et al. Total
flavonoids of abrus cantoniensis inhibit CD14/TLR4/NF-kB/MAPK pathway
expression and improve gut microbiota disorders to reduce lipopolysaccharide-
induced mastitis in mice. Front Microbiol (2022) 13:985529. doi: 10.3389/
fmicb.2022.985529
frontiersin.org

https://doi.org/10.1111/j.1462-2920.2012.02711.x
https://doi.org/10.5056/jnm20208
https://doi.org/10.1038/nri.2016.42
https://doi.org/10.3389/fimmu.2020.00575
https://doi.org/10.3389/fcimb.2022.1005730
https://doi.org/10.1016/j.jep.2018.08.023
https://doi.org/10.1155/2022/7752426
https://doi.org/10.3389/fnut.2022.952647
https://doi.org/10.3389/fcimb.2022.854885
https://doi.org/10.1128/AEM.01821-12
https://doi.org/10.3389/fnut.2022.957334
https://doi.org/10.1016/j.foodres.2022.111653
https://doi.org/10.1016/j.fochx.2022.100444
https://doi.org/10.1016/j.maturitas.2017.06.025
https://doi.org/10.19852/j.cnki.jtcm.2022.06.010
https://doi.org/10.1016/j.fertnstert.2015.10.021
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.1186/s40168-022-01356-2
https://doi.org/10.1016/j.jpba.2021
https://doi.org/10.1002/mnfr.202100355
https://doi.org/10.1007/s002040050300
https://doi.org/10.21037/gs-21-851
https://doi.org/10.1073/pnas.050569097
https://doi.org/10.1080/09513590.2022.2076831
https://doi.org/10.3389/fphar.2018.00467
https://doi.org/10.1016/j.jpba.2021.114442
https://doi.org/10.1016/j.jpba.2021.114442
https://doi.org/10.1016/j.micres.2021.126708
https://doi.org/10.1016/j.micres.2021.126708
https://doi.org/10.1371/journal.pone.0153196
https://doi.org/10.1016/j.bioorg.2021.105538
https://doi.org/10.1080/19490976.2021.1894070
https://doi.org/10.1080/1040841X.2016
https://doi.org/10.1080/1040841X.2016
https://doi.org/10.1210/endocr/bqac177
https://doi.org/10.1016/j.tim.2018.09.004
https://doi.org/10.3389/fmicb.2022.985529
https://doi.org/10.3389/fmicb.2022.985529
https://doi.org/10.3389/fendo.2022.1102605
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Effects of Atractylodes Macrocephala Rhizoma polysaccharide on intestinal microbiota composition in rats with mammary gland hyperplasia
	1 Introduction
	2 Materials and methods
	2.1 Animals and reagents
	2.2 Medicine
	2.3 Experimental design
	2.3.1 Collection and detection of serum samples
	2.3.2 Collection of intestinal cecal content samples
	2.3.3 16S rRNA genes high-throughput sequencing
	2.3.4 Bioinformatics and statistical analysis


	3 Results
	3.1 General condition of rats and the effect of AMP on the serum indicators
	3.2 Sequencing data quality assessment of intestinal contents microbiota
	3.3 Effect of AMP on OTU number and alpha-diversity of intestinal contents in the MGH rats
	3.4 Effect of AMP on intestinal beta-diversity in MGH rats
	3.5 Effect of AMP on the relative abundance of intestinal microbiota in MGH rats

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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


