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Fecal microbiota transplantation
confirmed that 919 Syrup
reduced the ratio of erucamide
to 5-AVAB in hippocampus to
alleviate postpartum depression
by regulating gut microbes

Qiaoqi Zheng, Shusheng Wang™, Xinyun Tian*, Wen Liu®
and Pengfei Gao ®™*

‘Department of Traditional Chinese Medicine, Jinshan Hospital, Fudan University, Shanghai, China,
2Department of Radiology, Jinshan Hospital, Fudan University, Shanghai, China

Background: Postpartum depression has a crucial impact on the physical and
psychological comfort and the work of postnatal women, the growth and
development of infants and mental health in adulthood. Finding a safe and
effective anti-postnatal depression drug is currently an important research goal
in this field.

Methods: In this study, the forced swimming test (FST) and tail suspension test
(TST) were used to evaluated the depressive behaviors of mice, and the changes
of metabolites and intestinal microflora in mice with postpartum depression
were examined through non-target metabolomics and 16S RNA sequencing
respectively.

Results: We found that traditional Chinese medicine compound 919 Syrup could
alleviate postpartum depression in mice and inhibit the elevated erucamide level
in depressive hippocampus. However, mice treated with antibiotics were not
sensitive to the anti-postnatal depression effect of 919 Syrup, and the level of 5-
aminovaleric acid betaine (5-AVAB) in their hippocampus was significantly
decreased. Transplanting fecal microflora treated with 919 Syrup could
effectively improve the depressive behaviors of mice, upregulate the level of
gut-derived 5-AVAB in the hippocampus, and downregulate the level of
erucamide. Erucamide was significantly negatively correlated with increased
Bacteroides in intestine after 919 Syrup treatment or fecal transplantation, and
significantly positively correlated with Ruminococcaceae UCG-014 which was
increased in feces of mice with postpartum depression. The increase of
Bacteroides, Lactobacillus, and Ruminiclostridium in intestine after fecal
transplantation had a clearly positive correlation with 5-AVAB.
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Conclusion: In brief, 919 Syrup may downregulate the ratio of hippocampal
metabolites erucamide to 5-AVAB by regulating intestinal flora to alleviate
postpartum depression, laying a scientific foundation for future pathological
research and development of therapeutic drugs for postpartum depression.

KEYWORDS

postpartum depression, 919 Syrup, fecal microbiota transplantation, erucamide,
5-aminovaleric acid betaine

1 Introduction

Postpartum depression (PPD), one of the most common
postnatal complications, is that a typical depressive episode
occurs within one month after childbirth, usually manifested as
persistent depression, irritability, anxiety, negativity, and loss of
appetite. Most postpartum depression patients have a lack of
willpower, and serious cases can lead to suicide and infanticide
(1). In a 27-studies available for meta-analysis, the prevalence of
PPD worldwide was estimated to arrange from 5.0% to 26.32% (2).
In particular, the prevalence rate in China is as high as 21.4%, which
is the highest in the world, significantly higher than 8.6% in the
United States and 14.0% in Japan (2). Postpartum depression
negatively impacts the mothers, with suicide accounting for
approximately 20% of postpartum deaths (3), and has harmful
effects on behavioural, emotional, and cognitive development of
infant (4-8). Thus, understanding the underlying neurobiological
mechanisms contributing to PPD and seeking corresponding
therapeutic drugs for PPD play an imperative role on the health
of mothers and offspring physically and mentally.

The gut-brain axis, also known as the bidirectional
communication between the intestinal microbiota and the host’s
central nervous system, has been the subject of a growing number of
studies (9, 10). The ability of the gut microbes to secrete and
upregulate essential proteins and metabolites involved in the release
of neuropeptides and gut hormones, as well as govern the
production of neurotransmitters and their precursors, making it
an essential regulator of the gut-brain axis. (Such as serotonin,
GABA, and tryptophan) (11-13). Similarly, our preliminary
experiment found that it is possible that 919 Syrup could reshape
the intestinal flora of post-natal depression mice to regulate the level
of GABA in the hippocampus, thus treating post-natal depression
(13). Here, the relationship between the therapeutic effect of 919
Syrup and intestinal flora and its potential mechanism will be
further explored.

Abbreviations: PPD, postpartum depression; GABA, y-aminobutyric acid; FST,
forced swimming test; TST, tail suspension test; TCM, traditional Chinese
medicine; IBF, intestinal-Bacteria-Free; 5-AVAB, 5-aminovaleric acid betaine;
TMAO, trimethylamine n-oxide; IS, indoxyl sulfate; 4-AVAB, 4-aminovaleric
acid betaine; 5-AVA, 5-aminovaleric acid; GF, Germ Free; FMT, fecal

microbiota transplantation.
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919 Syrup is a national patent compound Chinese medicine
(Patent No. ZL 2020 1 1439679.6), the composition of which shown
in Table 1. Previous clinical studies revealed that 919 Syrup could
lessen PPD’s clinical signs. Our earlier animal studies demonstrated
that 919 Syrup greatly reduced the anorexia symptoms and weight
loss in postpartum stressed mice (14). Moreover, we further verified
that 919 Syrup could treat postpartum depression through forced
swimming test (FST) and tail suspension test (TST) (13). The level
of erucamide in the hippocampus of postpartum depression mice
increased (13). We also found that 919 Syrup could regulate
intestinal flora while treating postpartum depression (13). People
have gradually realized that there are inextricable links between
traditional Chinese medicine (TCM) and intestinal microflora.
After oral administration, Chinese medicine can interact with
intestinal microbiota: 1. Chinese medicine can regulate the
composition of intestinal microbiota; 2. TCM can regulate the
metabolism of intestinal microflora; 3. Intestinal microbiota can
transform traditional Chinese medicine compounds (15).

So, we proposed a feasible hypothesis that 919 Syrup may
alleviate postpartum depression by reshaping intestinal flora and
influencing hippocampal metabolism. In this work, we made every
effort to show the connection between 919 Syrup and gut
microorganisms during the treatment of PPD and to explain the
molecular mechanism. We hope to open up a new window
for the future development of therapeutic medicines for
postpartum depression

2 Materials and methods

2.1 Mice

7-week-old male and female BALB/c mice were purchased from
Shanghai Jihui Experimental Animal Feeding Co., Ltd (Shanghai,
China) [SCXK (7*) 2017-0012] and raised as SPF in the Animal
Laboratory Building of Fudan University’s Shanghai Public Health
Clinical Center (Shanghai, China). Each set of five mice was kept in
plastic cages (300 x 200 x 120 mm) with paper chips for bedding.
Rooms were kept at a constant temperature (23 * 3°C) and
humidity (50% + 10%), with simulated day/night cycles (12 hours
each day, lights on at 8:00 am). Except during the immobilization
phase, all mice had unrestricted access to regular food and
autoclaved water throughout the experiment. The animal study
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TABLE 1 The composition of 919 Syrup.

10.3389/fimmu.2023.1203015

Name Plant part Botanical family Proportion
Actinidia chinensis Juice Actinidiaceae 20g
Salvia miltiorrhiza Roots and rhizomes Lamiaceae 10g

Atractylodes macrocephala Rhizome Asteraceae 5g
Epimedium brevicornu Plant Berberidaceae 4g
Poria cocos Sclerotium Polyporaceae 4g
Schisandra chinensis fruitage Schisandraceae 5g
Elettaria cardamomum Fruitage Zingiberaceae 1.5g
Tangerine peel Pericarp Rutaceae 2.5g
Pseudostellaria heterophylla Root tuber Caryophyllaceae 5g
Bupleurum chinense Plant Apiaceae 2g

was reviewed and approved by Shanghai Public Health Clinical
Center Laboratory Animal Welfare (2021-A046-01). All authors are
informed and agree.

2.2 Drug preparation

919 Syrup was produced by Shanghai Wanshicheng
Pharmaceutical Co. Ltd. (Jinshan, Shanghai, China). According to
the drug proportion in Table 1, five medicines, including Schisandra
chinensis, Bupleurum chinense, Elettaria cardamomum, Tangerine
peel and Atractylodes macrocephala, were put into a distillation pot,
and three times of the weight of water was added for distillation.
Then, the water was added to boil the distilled dregs and filter the
juice. Salvia miltiorrhiza, Pseudostellaria heterophylla, Epimedium
and Poria cocos were put into the frying pan, boiled twice with
water, combined with the decoction twice, and filtered for juice.
Then we mixed the above filtrate, adopted the low temperature and
reduced pressure concentration method, concentrated to the liquid
with the specific gravity of 1:1. After adding white granulated sugar
at 30/10, the filtrate was boiled, dissolved and filtered. Then the
filtrate with kiwi juice at 20/10 was mixed with distilled water. It was
a liquid preparation with a concentration of 1.25g/ml. The
traditional Chinese medicinal ingredients in 919 Syrup were
published in the previous study (16).

Because our previous study concerning postpartum depression
showed that the therapeutic effect was the best to attenuate
depression-like behaviours in mice in the dose of 20 ml/kg (13),
the intragastric dose of mice was 20 ml/kg in this study.

2.3 Postpartum restraint stress

After 7 days of adaptive feeding, the female and male mice were
matched one by one and kept in each cage for 4 days until the
negative plug was positive, and then they were kept separately in
plastic cages. Delivery female mice (n = 30) were randomly divided
into three groups with 10 mice in each group: Control group, PPD
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group and 919T] group. We specified the birth date as the
postpartum zero day (PNDO). From PND2 to PND23, each female
in PPD group and 919T]J group was separated from the cubs and
subjected to restraint stress treatment for 3 hours from 13:00 to 16:00
every day. During this time, each mouse was fixed with a plastic
holder. Before daily restraint stress treatment, the female mice in
919T] group were given 20ml/kg 919 Syrup by gavage, and the other
two groups were given the same dose of normal saline. The body
weight and the number of offspring were recorded. (Figure 1A)

2.4 Antibiotic mixture treatment

According to the procedures outlined by Vuong, H., et al. (17),
seven-week-old SPF mice were given an oral mixture of neomycin
(100 mg/kg), metronidazole (100 mg/kg), and vancomycin (50 mg/
kg) twice daily (08:00 and 17:00) for one week. Ad libitum
ampicillin (1 mg/ml) was given in water at the same moment.
Other non-antibiotic treated mice were given the same dose of
normal saline by gavage. After one-week antibiotic mixture gavage,
mice were maintained on antibiotic drinking water (1 mg/ml
ampicillin, 1 mg/ml neomycin, and 0.5 mg/ml vancomycin) until
behavioural tests. Other non-antibiotic treated mice were given
normal water. Mice were given a one-week rest period before to
mating to reduce the daily stress of oral gavage of antibiotic
combination. After that, mice were matched and mated, where
conception could take up to ten days, and then were separated after
seeing the copulation plugs (Figure 2A).

2.5 Fecal microbiota transplantation

The method of faecal microbiota transplantation (FMT) refers to
the research of Cignarella, E,, etc (18). Up until delivery, BALB/c female
mice received a combination of antibiotics to deplete their gut flora
before being employed as FMT recipients. After production, recipients’
antibiotic-infused water was switched out for regular water. Faeces
from donor mice were given to recipient mice by oral gavage daily for
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FIGURE 1

(A) Postpartum restrain stress process and experimental grouping; (B) Immobility time of behavioural experiment TST on PND24; (C) Floating time of
behavioural experiment FST on PND25; (D) Line chart and (E) Histogram of postpartum weight changes in mice; (F) Survival curve of the new-born
mice during three weeks after delivery; (G) Body weight of all of 3-week-old offspring, Control, n=8; PPD, n=8; 919TJ, n=8; (H) Body weight of male
offspring at 5 and 7 weeks of age; (I) Immobility time of behavioural experiment TST of 7-week male offspring; (J) Floating time of behavioural
experiment FST of 7-week male offspring. (Sample capacity: (A, C-E): Control, n=8; PPD, n=8; 919TJ, n=8; (H-J): Control, n=8; PPD, n=6; 919TJ,
n=7. Statistics: (E, G-H): *: PPD vs Control; #: 919TJ vs PPD; ***: P<0.001; ****: P<0.0001; #: P<0.05; ##: P<0.01; ##4#: P<0.001; ####: P<0.0001;

n: P>0.05).

three weeks as part of the transplant procedure. In a nutshell, each
donor’s faeces pellets were collected every day, and each 6 gram was
dissolved in 1 mL of sterile PBS, filtered through a 100-m sterile filter
screen, and then the soluble fraction was given to the recipients via oral
gavage (200/each). It should be noted that the date of collection of
faeces by the providers corresponds to the date of post-natal of the
recipients. For example, the faeces of PPD mice in PND5 were taken
and orally administrated to FS mice in PND5 to ensure that the daily
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changes in intestinal flora of FS and FS+TJ mice were consistent with
those in PPD mice, as were the FT and 919T] groups. (Figure 3A)

2.6 Experimental grouping

BALB/c female mice (n=80) were randomly divided into 8
groups: Control, postpartum depression (PPD), 919 Syrup
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(A) Antibiotic treatment process; (B) Results of behavioural experiment FST and TST of PPD, 919TJ and ABX+TJ group; PPD, n=8; 919TJ, n=8; ABX
+TJ, n=7; (C) Results of behavioural experiment of Control vs ABX; Control, n=7; ABX, n=6; (D) Histogram and (E) line chart of postpartum weight
changes in mice; PPD, n=8; 919TJ, n=8; ABX+TJ, n=6; *: comparison of other groups with PPD, **: P<0.01; ****: P<0.0001, n: P>0.05;
(F) Differential hippocampal metabolites of ABX+TJ vs 919TJ, discriminative variants were identified on the basis of a VIP value>1, P value<0.05, log2
(FC) >|1]; (G) Volcanic map of hippocampal metabolites in ABX+TJ vs 919TJ, 29 was significantly upregulated and 12 was downregulated, Fold
change>|1.5|, P value<0.05; (H) Volcanic map of deferential faecal metabolites of ABX+TJ vs 919TJ, Fold change>|2|, P value<0.05; (I) Expression
quantity of 4-AVAB, 5-AVA, betaine, DL-proline and lysine in faeces of mice.
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FIGURE 3

(A) Faecal microbe transplantation process; (B) Results of behavioural experiment FST and TST of mice; (C) Histogram and (D) line chart of
postpartum weight changes in mice; PPD, n=8; FS, n=6; FT, n=6; FS+TJ, n=7; (E) Differential hippocampal metabolites of FT vs ABX+TJ and (F) of FT
vs FS, discriminative variants were identified on the basis of a VIP value>1, Fold change>|1.5], P value<0.05; (G) Expression quantity of 4-AVAB, 5-AVA
and betaine in faeces of mice; (H) Volcanic map of deferential faecal metabolites of FT vs ABX+TJ, VIP value>1, Fold change>|2|, P value<0.05. B, C:
*: comparison of other groups with PPD, *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.0001, n: P>0.05).

treatment (919T]J), antibiotic mixture treatment (ABX), antibiotic The mice in ABX, ABX+T]J, FS, FT and FS+TJ received the
antibiotic mixture treatment descripted above, among which, the

antibiotic drinking water of FS, FT and FS+TJ was replaced with

mixture and 919 Syrup treatment (ABX+TJ), feces transplantation
from PPD (FS), feces transplantation from 919T] (FT) and feces

transplantation from PPD+919 Syrup treatment (FS+T7). normal drinking water after delivery, making them as the recipients
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of FMT. Except for the mice in Control, the others were subjected to
postpartum restraint stress for three weeks after giving birth. One
hour before the daily postpartum restraint stress, mice in 919TJ,
ABX+TJ and FS+T7] were given 919 Syrup by gavage (20ml/kg), and
the other groups were given the same dose of normal saline. In
addition, the fecal suspension collected from PPD mice was orally
administered to FS and FS+TJ mice and that from 919T] mice was
given to FT mice by gavage once a day (200ul/each).

2.7 Tail suspension test

The tail suspension test (TST) was performed at 17: 00-19: 00
on PND24 according to the description by Dunn and Swiergiel (19).
The mouse tail was taped in place 30 cm above the table in a visual
isolation zone for six minutes. The mouse tail tip and the tape were
separated by about 2 cm. The first two minutes of the six-minute
trial session were considered the adaption phase, and the remaining
four minutes were used to measure the immobility time. When the
mouse’s hind paw was immobile and hung passively, it was
considered immobile.

2.8 Forced swimming test

The forced swimming test (FST) was used at 17: 00-19: 00 on
PND25 to estimate the depression-related behavior. The mice were
put inside a plexiglass cylinder that was 200 mm high by 140 mm in
diameter and filled with water, which was 21°C or slightly warmer,
to a height of 10 cm, preventing the mice from climbing out or
touching the bottom for 6 minutes, of which recorded the
immobility time of mice for the last 4 minutes. A mouse was
considered to be immobile if it floated in the water and made
no motion.

2.9 16S rRNA gene sequencing

According to the method we described earlier (13), around 12
am. on PND23, faecal samples were obtained from mice and
immediately frozen in liquid nitrogen. In simple terms, the CTAB/
SDS technique was used to extract whole genome DNA, and the
purity and concentration of the DNA were determined. Polymerase
chain reaction (PCR) was used to amplify a specified V3-V4 variable
area for sequencing utilizing barcode-specific primers and high-
fidelity DNA polymerase. The PCR results were identified using 2%
agarose gel electrophoresis, and the target fragment was gel-cut and
recovered. The sequencing libraries was created and the library
quality was evaluated. Lastly, the library was sequenced on an
Iumina HiSeq2500, yielding 300bp paired-end reads.

2.10 Untargeted metabolomics

Around 12 a.m. on PND23, faeces were collected and rapidly
frozen in liquid nitrogen. On PND23, mice were terminated by
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intraperitoneal injection of 2.5% tribromoethanol in normal saline.
The hippocampus was surgically removed from each mouse and
instantly frozen in liquid nitrogen following dissection. By
combining 10 mL of each sample, quality control (QC) samples
were made, and they were examined alongside the other samples to
evaluate the consistency and repeatability of instrument analysis. At
Shanghai Applied Protein Technology Co., Ltd., a UHPLC (1290
Infinity LC, Agilent Technologies) linked to a quadrupole time-of-
flight (AB Sciex TripleTOF 6600) was used for analysis. Samples
were analysed using a 2.1 mm x 100 mm ACQUIY UPLC BEH 1.7
pum column (Waters, Ireland) for HILIC separation. The mobile
phase in both ESI positive and negative modes contained A=25 mM
ammonium acetate and 25 mM ammonium hydroxide in water,
and B=acetonitrile. The gradient was 95% B for 0.5 minute, then
linearly reduced to 65% in 6.5 minutes, 40% in 1 minute and held
for 1 minute, and 95% in 0.1 minute, with a 3 minutes re-
equilibration period.

2.11 Correlation analysis

To begin with, the relative abundances (LefSe LDA>2 and p
value<0.05) of bacterial populations with significant differences at
the genus level obtained through 16S rDNA amplification
sequencing analysis in all experimental samples, as well as the
expression levels of significantly different metabolites (VIP>1) and
p-value<0.05 for t-test obtained through metabolomics analysis,
were collated in a table as input files for subsequent analysis.

2.12 Statistical analysis

2.12.1 16S rRNA gene sequencing

Statistical Analysis of Metagenomic Profiles (STAMP v2.1.3)
(20) was used to confirm differences in the abundance of individual
taxonomies between each group. LefSe was used to conduct
quantitative analyses of biomarkers in various groups. This
method was developed to analyse data with a large number of
species compared with samples, and to provide biological class
explanations to establish statistical significance, biological
consistency, and effect-size estimation for the predicted
biomarkers. Anosim and adonis were used to identify differences
in the microbial communities between the two groups using the
Bray-Curtis dissimilarity distance matrices. Anosim analysis is a
non-parametric test based on the Bray-Curtis algorithm that
determines whether differences between groups are significantly
greater than differences within groups in order to determine
whether the grouping is meaningful. Adonis is also known as
nonparametric MANOVA or permutational MANOVA. The
substitution test is used to determine the statistical significance of
this grouping based on the explanatory degree of different grouping
factors to sample differences.

2.12.2 Untargeted metabolomics

The sum-normalized data were then submitted to multivariate
data analysis using the R package (ropls), which included Pareto-

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1203015
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zheng et al.

scaled principal component analysis (PCA) and orthogonal partial
least-squares discriminant analysis (OPLS-DA). The model’s stability
was assessed using response permutation testing and 7-fold cross-
validation. Each variable in the OPLS-DA model had its variable
importance in the projection (VIP) value computed to show how it
contributed to classification. The significance of differences between
two sets of independent samples was assessed using Student’s t test.
Significantly altered metabolites were screened using VIP > 1 and a p
value < 0.05. The correlation between two variables was examined
using Pearson’s correlation technique.

2.12.3 Correlation analysis

Significantly different-expressed genes and metabolites were Z-
score adjusted and combined into a single matrix. R Version 3.4.2
(R-Foundation, Vienna, Austria) was used to compute the
correlation coefficient of each molecule in the matrix taking into
account the non-normal distribution of the original data.

2.12.4 Behavioural experiments, and etc.

Every trial was performed at least three times, and the standard
deviations were computed. In order to analyse the data, GraphPad
Prism 8.0 was used (La Jolla, CA, USA). Following a one-way analysis
of variance (ANOVA), a Bonferroni post-test was used to assess the
statistical significance of the results between groups. Offspring Survival
data’s between-group statistical relevance was assessed using the
survival curve. Statistical significance was defined as a p-value < 0.05.

3 Results

3.1 919 Syrup is effective in alleviating
postpartum depression

After suffering postpartum restraint stress, the weight of PPD
mice decreased obviously compared with Control, however, it raised
significantly in 919T] group. (Figures 1D, E) The immobility time of
TST and the floating time of FST both significantly increased in PPD
group compared with Control group, which were dramatically
reduced following intragastric injection of 919 Syrup in 919T]
group. (Figures 1B, C) Mothers with postpartum depression are
more prone to infanticide than the normal (21, 22), for which we kept
track of how long the offspring survived and how many of them
perished from the mother mice’s bite from the 2nd to 23nd day after
birth. The survival rate of PPD group’s offspring greatly declined
compared with Control one, whereas that of the 919T] group
significantly rose compared with PPD group. (Figure 1F) The
female mice in the 919TJ also ate their new-borns in the first six
days following delivery, but it had a very low probability of this
behaviour and thereafter vanished. (Figure 1F)

3.2 The effect of 919 Syrup on progeny in
the treatment of PPD

What’s more, we measured the weight of offspring at the age of
three weeks, five weeks and seven weeks respectively, finding that
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the weight of those whose mother suffered from PPD was
significantly reduced, while 919 Syrup treatment could promote
the growth and development of offspring, effectively increasing
their weight. (Figures 1G, H) At 7 weeks of age, which is
comparable to adolescence in humans (23), we decided to
undertake a behavioral evaluation of depression in offspring
mice. However, as female mice are more susceptible to the
abrupt hormonal changes associated with puberty, we focused
our research on depressed behavior in male pups. The male
progeny of mothers with PPD seemed to be more sensitive to
adolescent depression, which was verified by FST and TST.
(Figures 11, J) After the mother’s reception of 919 Syrup
treatment, the immobility time of their offspring in TST and the
floating time in FST were both significantly declined compared
with that of PPD group. (Figures 11, ])

3.3 The consumption of 919 Syrup
downregulates erucamide in hippocampus
of mice

Four metabolites were considerably elevated and nine
metabolites were significantly downregulated in the
hippocampus of PPD mice compared with controls. (Figure 4A)
Compared with PPD group, 919T] group significantly
downregulated 2 metabolites and upregulated 4 metabolites.
(Figure 4A) Among them, erucamide, which is also our focus,
was evaluated in hippocampus of PPD mice (P=0.0038),
consistent with our previous study (13), and decreased
significantly in 919TT mice (P=0.0118). (Figure 4B) L-fucitol was
apparently increased after postpartum restraint stress (P=2.89E-
05) but not reduced by 919 Syrup treatment. (Figure 4B)
Trimethylamine was downregulated in PPD status (P=0.0813)
but not reversed in 919T] mice (Figure 4B).

3.4 Changes of gut bacteria in PPD and
919TJ mice

The mice of Control, PPD, and 919T]J groups had significantly
different intestinal microbiota, according to beta diversity analyses.
(Figure 4C) The results of beta diversity analysis are shown in
Table 2. We then used STAMP analysis (Figures 4D, E) and LefSe
analysis (Figure 4F) to compare the differences in the composition
of intestinal microflora in mice. Compared with the Control group,
the intestinal microbiota of mice in the PPD group was significantly
increased in g Ruminococcaceae UCG-014 (P=0.0212), while
g_Errorhabdus (P=0.0293), g_Adlercreutzia (P=0.038) and
g uncultured_Bacterium (P=0.0436) was significantly decreased.
(Figure 4D) Compared with PPD group, the abundance of
g Bacteroides (P=0.021) in 919T] group increased significantly.
(Figure 4E) The dominant strains in PPD group mainly include
g Bifidobacterium, o_Bifidobacteriaceae, f_Bacteroidaceae and etc.
(Figure 4F) In the 919T] group, the dominant bacteria mainly
include o_Gastranaerophiles, f Bacteroidaceae, g_Basteroides and
etc. (Figure 4F) KEGG function analysis was performed on the
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(A) Fifteen differential hippocampal metabolites in PPD vs Control and 919TJ vs PPD; discriminative variants were identified on the basis of a VIP

value >1, P value <0.05, log2(FC) >|1

. *, P<0.05; **, P<0.01; **** P<0.0001. (B) Expression quantity of Erucamide, L-fucitol and TMA in hippocampus

of mice; (C) Anosim of beta diversity analysis of faecal flora; (D) STAMP analysis of faecal flora of PPD and Control mice (t test P value<0.05); (E)
STAMP analysis of faecal flora of PPD and 919TJ mice (t test P value<0.05); (F) LefSe analysis of faecal flora of mice; (G) Analysis of KEGG function of
different faecal microflora; (H) Faecal metabolites of mice, VIP value>1, Fold change>|2|, P value<0.05. (Sample capacity: Control, n=7; PPD, n=6;

919TJ, n=6)

different bacterial populations between groups. (Figure 4G)
Compared with Control group, 198 kinds of stool metabolites in
PPD group changed, of which 88 were upregulated and 110 were
significantly downregulated. The 919T] group contained 66
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different types of stool metabolites compared with the PPD
group, 44 of which showed substantially upregulated and 22
significantly downregulated expression. Some of the faecal
differential metabolites are shown here (Figure 4H).
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3.5 The therapeutic effect of 919 Syrup on
postpartum depression depends on the
existence of intestinal floras

We had constructed a relatively Intestinal-Bacteria-Free (IBF)
animal model of postpartum depression by antibiotic treatment.
(Figure 2A) The depressive behaviors of mice were unaffected by
simply removing the gut flora, and there was no discernible
difference between the IBF mice in FST and TST and the Control
group in terms of their immobility time. (Figure 2C) Through this
method, we first ruled out the effect of using antibiotic mixtures
alone on postpartum behavior in mice. However, when IBF mice
with postpartum depression received 919 Syrup treatment, the
immobility time in FST and TST was not different from that in
the PPD group and was significantly longer than that in the 919
Syrup treatment group. Intestinal flora is necessary for 919 Syrup to
be effective in treating postpartum depression symptoms.
(Figure 2B) What’s more, when the intestinal tract was sterile, the
weight loss associated with postpartum depression cannot be
reversed by the treatment of 919 Syrup (Figures 2D, E).

3.6 Antibiotic treatment reduces gut-
derived 5-AVAB and its downstream
metabolite TMAO in the hippocampus of
postnatal depression mice

In the hippocampus of ABX+T] mice, compared with 919T]
group, 29 metabolites were significantly up-regulated and 12
metabolites were significantly down-regulated. (Figure 2G)
Among them, 5-aminovaleric acid betaine (5-AVAB),
trimethylamine n-oxide (TMAO) and Indoxyl sulfate (IS) were
significantly decreased in hippocampus of mice in ABX+T]
compared with 919TJ, while L-fucitol was significantly
upregulated after antibiotic treatment. (Figure 2F) Compared with
919T7] group, 231 metabolites were significantly upregulated and
267 metabolites were significantly downregulated in the feces of
ABX+TJ mice. (Figure 2H) Among them, DL-proline and lysine
(Lys), the raw materials for synthesizing 5-AVAB, have increased
significantly. (Figure 2I) 4-aminovaleric acid betaine (4-AVAB), 5-
aminovaleric acid (5-AVA) and Betaine, the precursors for
synthesizing 5-AVAB, were significantly reduced (Figure 2I).

3.7 Alterations of intestinal bacteria after
Antibiotic treatment

When compared with 919T], several indications of Alpha
diversity study revealed considerable variations in intestinal
microflora during antibiotic treatment. (Figure 5A) Beta diversity
analysis also showed a significant difference in intestinal microflora
among mice of ABX+TJ and 919T] group. (R=1, P=0.001)
(Figures 5B, C) The results of beta diversity analysis are shown in
Table 2. After antibiotic treatment, 68 intestinal floras were
significantly upregulated and 39 were downregulated. (Figure 5D)
The upregulated intestinal microflora in group ABX+T] include
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p_Proteobacteria, o_Pseudomonadales, f Pseudomonadaceae,
g_Pseudomonas, g_Achromobacter and etc. (Figure 5D)
o_Bacteroidales,c_Bacteroidia,p_ Bacteroidetes,f Muribaculaceae,
p_ Firmicutes,g_ Lactobacillus,f_ Lactobacillaceae and et al. were
downregulated (Figure 5D).

3.8 Anti-postpartum depression effect of
fecal microbiota transplantation

So far, we have confirmed that the anti-postpartum depression
effect of 919 Syrup was closely related to intestinal bacteria in mice.
However, there are many kinds of connections. Here we put
forward two situations with the greatest possibility: 1. Intestinal
flora composition is regulated by 919 Syrup, which also affects
metabolites and their actions; 2. Certain components of the
traditional Chinese medicine compound can reach the blood and
actually function as a therapeutic agent after the digestion and
metabolism of intestinal flora, whereas the components cannot
enter the blood when the digestive tract is sterile. Therefore, we
designed three groups of fecal microbiota transplantation to verify
these two hypotheses. (Figure 3A) First of all, during the three
weeks after delivery, FS mice were given fecal suspension from PPD
mice every day. The results showed that the immobility time of FS
mice in FST and TST tests was not different from that of PPD mice.
(Figure 3B) Then, on the basis of FS group, FS+T] group mice were
given the same dose of 919 Syrup as 919 TJ group every day. The
behavioral results were consistent with FS group. (Figure 3B)
However, when FT mice were given fecal suspension from 919T]
mice by gavage, the behavioral test results showed that the duration
of immobility in FST and TST was significantly shorter than that in
PPD group. (Figure 3B) Consistent with this, FT group mice
showed better weight recovery effect in PND9 and PNDI16
compared with FS group (Figures 3C, D).

3.9 Transplanting feces from 919TJ group
upregulates the levels of gut-derived 5-
AVAB and downregulates erucamide in
hippocampus of mice

Having received fecal transplantation from 919T]J group, 5-AVAB
in the hippocampus of FT mice was significantly upregulated, while
erucamide and L-fucitol were significantly reduced. (Figure 3E)
Transplanting feces of 919T] group instead of PPD could
downregulated the level of erucamide in hippocampus of mice.
(Figure 3F) In the gut of FT mice, 236 kinds of stool metabolites
were upregulated and 216 were significantly downregulated, compared
with ABX+T] mice. (Figure 3H) Among them, 4-AVAB, 5-AVA and
Betaine, the precursors for synthesizing 5-AVAB, were significantly
upregulated (Figure 3G).

Indexes of Alpha diversity analysis showed significant
differences in intestinal microflora after fecal transplantation.
(Figure 6A) Beta diversity analysis also showed a significant effect
on intestinal microflora recovery after fecal transplantation. (R=1,
P=0.001) (Figures 6B-E) STAMP analysis found that the
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TABLE 2 The results of beta diversity analysis on faecal flora.

10.3389/fimmu.2023.1203015

Groups Beta diversity analysis R value P value
Adonis 0.237773139 0.001
Control_vs_PPD_vs_TJ919
Anosim 0.387091503 0.002
Adonis 0.801064407 0.001
TJ919_vs_ABX+TJ_vs_FT
Anosim 0.80620915 0.001
Adonis 0.75954452 0.001
ABX+T]_vs_FS_vs_FT
Anosim 0.633660131 0.001
Adonis 0.741298315 0.001
ABX+T]_vs_FT_vs_FS+T]J
Anosim 0.642923097 0.001
Adonis 0.151176802 0.003
PPD_vs_Control
Anosim 0.255813953 0.023
Adonis 0.11604696 0.063
TJ919_vs_PPD
Anosim 0.187037037 0.04
Adonis 0.5779752 0.001
ABX+T]_vs_TJ919
Anosim 1 0.001
Adonis 0.060915407 0.469
FT_vs_FS
Anosim -0.036241319 0.684
Adonis 0.594446025 0.001
FT_vs_ABX+TJ
Anosim 1 0.001
Adonis 0.565726839 0.001
FS_vs_ABX+T]J
Anosim 1 0.001
Adonis 0.103632328 0.062
FT_vs_FS+TJ
Anosim 0.103035366 0.102

transplantation of feces from mice of 919T] group mainly restored
the following levels of intestinal flora: g_Bacteroides, g_uncultured
Bacteroidales bacterium, g_uncultured bacterium and g_
Ruminiclostridium 9, same as 919T] group. (Figure 6F)
Compared to FS group, g_ Ruminiclostridium 9 was also
increased significantly (Figure 6G).

3.10 Correlation analysis of hippocampal
metabolites and intestinal floras

Next, we tried to find a potential relationship between
hippocampal metabolites and intestinal microbes through
correlation analysis. The upregulation of erucamide in the
hippocampus of PPD mice may be related to Megasphaera,
Bifidobacterium, and Ruminococcaceae_ UCG_014. (Figure 7A)
919 Syrup may downregulate the level of erucamide in the
hippocampus by regulating Bacteroides. (Figure 7A) The
downregulation of erucamide levels after 919T] fecal
transplantation may be also related to Bacteroides. (Figure 7A)

After antibiotic treatment, the level of 5-AVAB in the
hippocampus of mice was significantly decreased, which may be

Frontiers in Immunology

11

related to the decrease of Lactobacillus, Ruminiclostridium, and
Bacteroides. (Figure 7B) Transplantation of 919T] group feces could
restore these bacteria and increase the level of 5-AVAB in the
hippocampus. The correlation analysis results between other
hippocampal metabolites and intestinal microflora are shown in
Figures 7C-E and Supplementary materials.

4 Discussion

Postpartum depression is widely documented to have a
significant influence on the physical and mental health of
postpartum moms and their infants. It is important to find a safe
and effective anti-postnatal depression drug. In this study, 919
Syrup was demonstrated to alleviate postpartum depression,
promote the growth and development of offspring, and improve
the depressive behaviors of male progeny.

It has been confirmed that the mechanism of 919 Syrup in
treating postpartum depression is related with intestinal flora of
mice. Researches have shown that gut microbiota has a direct
impact on emotional behaviors, and there is a difference in
anxiety behaviors between Germ Free (GF) rats, mice and other
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animals with normal gut microbiota (24-27). The colonization of
normal intestinal flora in GF animals has been shown to improve
behavioral differences (25, 26, 28). Many human and animal studies
have reported that probiotics could reduce anxiety and depression
(29-33). Although there are many convincing evidences that
intestinal microbiota is related to emotional behaviors, we do not
fully understand its mechanism and clinical relevance. In the
process of interaction between TCM and intestinal floras, two
types of metabolites can be produced: metabolites of intestinal
microbiota (food and host sources) and TCM compounds
transformed by intestinal microbiota (15). Therefore, we
proposed two possible mechanisms for 919 Syrup to rely on
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intestinal microorganisms in the treatment of postpartum
depression. FMT has demonstrated that the way 919 Syrup
functions is related to the intestinal flora itself, but not to the
TCM compounds transformed by intestinal microbiota. On this
basis, we further search for key intestinal microflora and their
metabolites for the treatment of PPD.

We discovered that the erucamide in the hippocampus of PPD
mice significantly rose, which was consistent with our earlier study
findings (13). The experimental results were repeatable. After 919
Syrup treatment, erucamide in the hippocampus of mice decreased
significantly. Erucamide is a fatty acid amide that regulates
physiological activities through receptors, such as angiogenesis
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FIGURE 6

(A) Alpha diversity analysis of faecal flora of FS vs ABX+TJ and FT vs ABX+TJ; (B) PCoA analysis of faecal flora of FT vs ABX+TJ; (C) PCoA analysis of
faecal flora of FS vs ABX+TJ; (D) Anosim of beta diversity analysis of faecal flora of FT vs ABX+TJ, R=1, P=0.001; (E) Anosim of beta diversity analysis
of faecal flora of FS vs ABX+TJ, R=1, P=0.001; (F) STAMP analysis of faecal flora of FT and ABX+TJ mice (t test); (G) STAMP analysis of faecal flora of
FS and ABX+TJ mice (t test). (Sample capacity: ABX+TJ, n=6; FS, n=6; FT, n=7).

(34) and water balance (35). The plasma level of erucamide in pig
body organs was 3 ng/g, while the lung, kidney, liver, and brain
levels were 12, 2.5, 1.0, and 0.5 ng/g, respectively (35). The
concentration in brain was the lowest, and it was known to exist
in cerebrospinal fluid. The slight fluctuation of brain level might
have an unpredictable amplification effect (35). Li et al. compared
erucamide to the traditional antidepressant fluoxetine and found
that it had similar antianxiety and antidepressant effects in the
mouse model (36). However, in our study, the level of erucamide in
the hippocampus of mice with postpartum depression after
treatment with 919 Syrup, a traditional Chinese medicine
compound, decreased significantly. In mice with PPD, erucamide
seems to play a different role. In our study, the level of erucamide in
the hippocampus of FT group is significantly lower than that of FS
and ABX+TT group, suggesting that erucamide in the hippocampus
originates from the intestine, and 919 Syrup may mediate the
reduction of erucamide to alleviate PPD by regulating
intestinal microflora.

However, there was no statistically significant change in the
level of erucamide between ABX+TJ] and 919T] mice in the
hippocampus. Compared with 919T] group, the level of 5-AVAB
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and its metabolite TMAQO in the hippocampus of ABX+TJ] mice
were significantly reduced. 5-AVAB is a trimethyl compound, and
its sources mainly include three pathways: endogenous synthesis,
dietary sources, and gut microbiota (37). There is strong evidence
that this metabolite is at least largely generated by intestinal
microflora (17, 38-41), as indicated by certain research findings
that there is a positive association between intestinal microbiota and
5-AVAB abundance (17, 39, 40), which is consistent with our
research results. Several significant bacteria, such as Bifidobacteria
and Coriobacteriaceae, whose abundance is linked to the synthesis
of 5-AVAB, are present in the typical gut microbiome (39). One of
the most likely precursors in the biosynthesis of 5-AVAB is 5-AVA.
There is enough proof to conclude that L-lysine can be used as the
starting material for Pseudomonas bacteria to generate 5-AVA (42,
43). In addition, Enterococcus faecalis could utilize the DavB and
DavA enzyme pathways to directly synthesize 5-AVAB without the
need for trimethyl-lysine to synthesize 5-AVA intermediates (40).
5-AVAB could take advantage of the methyl group in betaine for
biosynthesis and, similar to betaine, conducted a pivotal role in the
growth and development of the fetal nervous system (37). 5-AVAB
has recently been demonstrated to be crucial in fetal tissue (41),
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FIGURE 7
(A) Network diagram of correlation analysis between erucamide and differential faecal microflora and (B) Network diagram of correlation analysis
between 5-AVAB and differential faecal microflora of ABX+TJ vs 919TJ; colour of dot represents different group, the width of the line represents the
correlation coefficient, yellow line represents a positive correlation, and grey line represents a negative correlation, coefficient>|0.6], P value<0.05;
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and of (E) FT vs FS; the red grid represents a positive correlation, while the green grid represents a negative correlation. (C-E: *: P<0.05; **: P<0.01;
***: P<0.001).

claiming to be an important component of brain development, and
its mechanism was related to promoting the growth of neural axons
(17), which to some extent proves that this substance plays a key
role as a mediator in the gut-brain axis.

Antibiotic-treated mice in our research had significantly lower
levels of 5-AVAB and its metabolite TMAO in the hippocampus
than normal mice, which indicated that 5-AVAB may be able to
mediate the anti-postnatal depression effect. Interestingly, although
both the fecal transplantation of PPD group and 919T] group could
increase the level of 5-AVAB in the hippocampus, the FS mice are
still in a depressive state, indicating that the remission of
postpartum depression was not only mediated by 5-AVAB.
Compared with ABX+T] group, 5-AVAB in hippocampus of FT
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group significantly increased and erucamide decreased, while only
5-AVAB in FS group increased, and erucamide of FT mice was
significantly lower than that of FS. Therefore, we believe that 919
Syrup can reduce the ratio of erucamide to 5-AVAB by regulating
intestinal flora, thereby alleviating postpartum depression.

Next, we searched for intestinal microflora that may synthesize
erucamide and 5-AVAB through correlation analysis. 919 Syrup
may downregulate the level of erucamide in hippocampus by
upregulating Bacteroides. The downregulation of erucamide after
fecal transplantation may be also related to Bacteroides. After
antibiotic treatment, the level of 5-AVAB in the hippocampus of
mice was significantly decreased, which may be related to the
decrease of Lactobacillus, Ruminiclostridium, and Bacteroides.
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FIGURE 8

Mechanism map of 919 Syrup regulating intestinal flora in the treatment of postpartum depression.

Transplantation of 919T] feces could restore these bacteria and
increase the level of 5-AVAB in hippocampus.

Proteobacteria and its subclasses such as Alpha-proteobacteria,
Gamma-proteobacteria and Delta-proteobacteria, were upregulated
in ABX+T] mice compared with 919 TJ and FT. Proteobacteria
growth has been suggested by researchers as a possible diagnostic
marker for intestinal ecological disorders and disease risks (44).
Studies have shown that Proteobacteria is associated with
depressive behaviors (45-49). The abundance of Bacteroides,
Proteobacteria, and Actinomycetes in the stool of depressive
patients was considerably higher than that of the healthy group,
according to a clinical trial that examined stool samples from 46
patients with major depression and 30 healthy volunteers (45). After
chronic unpredictable restraint stress, the abundance of
Proteobacteria in intestine of postnatal depression mice significantly
increased compared with normal postnatal mice (50). The relative
abundance levels of fecal Bacteroides generating GABA have been
shown to be inversely connected with brain patterns associated with
depression (51), consistent with our results. However, some studies
revealed that Bacteroides species had a higher proportion in major
depression disorder compared with healthy people (52, 53). One
research results showed that transplantation of Bacteroides into
antibiotic-treated mice induced depression-like behaviors and had
an impairment on hippocampal neurogenesis (54). Lactobacillales,
Lactobacillaceae and Lactobacillus were increased in 919T] and FT
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compared with ABX+TJ. As a type of probiotic, there is a popular
belief that Lactobacillus is beneficial to improve depression syndrome
(55, 56). Consuming a Lactobacillus strain was said to control GABA
receptor expression via the vagus nerves and decreased stress-induced
corticosterone and depression-related behaviors (31).

However, there are still some shortcomings in this study, the
most important of which is the verification of anti-postnatal
depression functions of hippocampal metabolites like 5-AVAB and
depression-inducing effects of erucamide, which is the most direct
evidence supporting the key arguments of this study. The second step
is to verify the causal relationship between specific bacteria and
hippocampal metabolites. For example, there is a need to selectively
detect the level of hippocampal metabolites after colonization of
specific bacteria in intestinal tract of mice. Finally, the molecular
mechanisms in central nervous system require to be further explored.
That is to identify target cells or signal pathways at the gene or protein
level after confirming the anti-postnatal depression effect of
hippocampal metabolites.

In summary, our research preliminarily suggests that 919 Syrup
may reduce the level of erucamide and increase 5-AVAB in
hippocampus of mice by augmenting abundance of intestinal
floras such as Bacteroides and Lactobacillus, thereby treating
postpartum depression, laying a scientific foundation for future
pathological research and development of therapeutic drugs for
postpartum depression to a certain extent (Figure 8).

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1203015
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zheng et al.

Data availability statement

The 16s rDNA sequencing data are deposited in the NCBI SRA
database (BioProject accession number: PRJNA949513). The
metabolomics data of hippocampus have been deposited in the
OMIX, China National Center for Bioinformation/Beijing Institute
of Genomics, Chinese Academy of Sciences (Accession no:
OMIX003710). Other data are available from the corresponding
author upon reasonable request.

Ethics statement

The animal study was reviewed and approved by Shanghai
Public Health Clinical Center Laboratory Animal Welfare (2021-
A046-01).

Author contributions

Conception and design of study: QZ, SW, XT, WL and PG.
Implementation of the experiment and acquisition of data: QZ, SW,
XT and WL. Analysis and/or interpretation of data: QZ, SW, and PG.
Drafting the manuscript: QZ and SW. Revising the manuscript
critically for important intellectual content: QZ, SW, XT, WL and
PG. Approval of the version of the manuscript to be published: QZ,
SW, XT, WL and PG. All authors contributed to the article and
approved the submitted version and agree to be accountable for the
content of the work.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 81973785).

References

1. Ushiroyama T, Sakuma K, Ueki M. Efficacy of the kampo medicine xiong-gui-
tiao-xue-yin (kyuki-chouketsu-in), a traditional herbal medicine, in the treatment of
maternity blues syndrome in the postpartum period. Am J Chin Med (2005) 33:117-26.
doi: 10.1142/50192415X05002710

2. Liu X, Wang S, Wang G. Prevalence and risk factors of postpartum depression in
women: a systematic review and meta-analysis. J Clin Nurs (2022) 31:2665-77. doi:
10.1111/jocn.16121

3. Lindahl V, Pearson JL, Colpe L. Prevalence of suicidality during pregnancy and
the postpartum. Arch Womens Ment Health (2005) 8:77-87. doi: 10.1007/s00737-005-
0080-1

4. Murray L. The impact of postnatal depression on infant development. J Child
Psychol Psychiatry (1992) 33:543-61. doi: 10.1111/§.1469-7610.1992.tb00890.x

5. Murray L, Cooper P. Effects of postnatal depression on infant development. Arch
Dis Child (1997) 77:99-101. doi: 10.1136/adc.77.2.99

6. Murray L, Cooper PJ. Postpartum depression and child development. Psychol
Med (1997) 27:253-60. doi: 10.1017/50033291796004564

7. Halligan SL, Murray L, Martins C, Cooper PJ. Maternal depression and
psychiatric outcomes in adolescent offspring: a 13-year longitudinal study. J Affect
Disord (2007) 97:145-54. doi: 10.1016/.jad.2006.06.010

Frontiers in Immunology

10.3389/fimmu.2023.1203015

Acknowledgments

We would like to express our sincere appreciation to teachers
Xiuhua Peng and Jinfang Cheng in the Animal Laboratory of
Shanghai Public Health Clinical Center of Fudan University for
their selfless help on our animal experiment during the COVID-19
epidemic in 2022.

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/fimmu.2023.1203015/
full#supplementary-material

SUPPLEMENTAL FIGURE
Correlation analysis between significantly differential hippocampal
metabolites and faecal flora of FT vs ABX+TJ. (*: P<0.05; **: P<0.01; ***:
P<0.001; n: P>0.05).

8. Feldman R, Granat A, Pariente C, Kanety H, Kuint J, Gilboa-Schechtman E.
Maternal depression and anxiety across the postpartum year and infant social
engagement, fear regulation, and stress reactivity. | Am Acad Child Adolesc
Psychiatry (2009) 48:919-27. doi: 10.1097/CHI.0b013e3181b21651

9. Dinan TG, Cryan JF. Brain-Gut-Microbiota axis and mental health. Psychosom
Med (2017) 79:920-6. doi: 10.1097/PSY.0000000000000519

10. Rieder R, Wisniewski PJ, Alderman BL, Campbell SC. Microbes and mental
health: a review. Brain Behav Immun (2017) 66:9-17. doi: 10.1016/j.bbi.2017.01.016

11. Bercik P, Verdu EF, Foster JA, Macri ], Potter M, Huang X, et al. Chronic
gastrointestinal inflammation induces anxiety-like behavior and alters central nervous
system biochemistry in mice. Gastroenterology (2010) 139:2102-2112.el. doi: 10.1053/
j.gastro.2010.06.063

12. Parada Venegas D, De La Fuente MK, Landskron G, Gonzalez MJ, Quera R,
Dijkstra G, et al. Short chain fatty acids (SCFAs)-mediated gut epithelial and immune
regulation and its relevance for inflammatory bowel diseases. Front Immunol (2019)
10:277. doi: 10.3389/fimmu.2019.00277

13. Tian XY, Xing JW, Zheng QQ, Gao PF. 919 syrup alleviates postpartum
depression by modulating the structure and metabolism of gut microbes and
affecting the function of the hippocampal GABA/Glutamate system. Front Cell Infect
Microbiol (2021) 11:694443. doi: 10.3389/fcimb.2021.694443

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1203015/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1203015/full#supplementary-material
https://doi.org/10.1142/S0192415X05002710
https://doi.org/10.1111/jocn.16121
https://doi.org/10.1007/s00737-005-0080-1
https://doi.org/10.1007/s00737-005-0080-1
https://doi.org/10.1111/j.1469-7610.1992.tb00890.x
https://doi.org/10.1136/adc.77.2.99
https://doi.org/10.1017/S0033291796004564
https://doi.org/10.1016/j.jad.2006.06.010
https://doi.org/10.1097/CHI.0b013e3181b21651
https://doi.org/10.1097/PSY.0000000000000519
https://doi.org/10.1016/j.bbi.2017.01.016
https://doi.org/10.1053/j.gastro.2010.06.063
https://doi.org/10.1053/j.gastro.2010.06.063
https://doi.org/10.3389/fimmu.2019.00277
https://doi.org/10.3389/fcimb.2021.694443
https://doi.org/10.3389/fimmu.2023.1203015
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zheng et al.

14. Xing JW, Chen MM, Tian XY, Pan DQ, Peng XH, Gao PF. 919 syrup inhibits
ROS-mediated leptin-induced anorexia by activating PPARY and improves gut flora
abnormalities. BioMed Pharmacother (2021) 138:111455. doi: 10.1016/
j-biopha.2021.111455

15. Feng W, Ao H, Peng C, Yan D. Gut microbiota, a new frontier to understand
traditional Chinese medicines. Pharmacol Res (2019) 142:176-91. doi: 10.1016/
j.phrs.2019.02.024

16. Xu YM, Xiao Q, Gao Q, Li B, Watanabe K, Chen BQ, et al. Effects of the Chinese
herbal medicine mixture 919 syrup on the isolation stress response in postpartum mice.
Int ] Clin Exp Med (2017) 10(4):6527-37.

17. Vuong HE, Pronovost GN, Williams DW, Coley EJL, Siegler EL, Qiu A, et al.
The maternal microbiome modulates fetal neurodevelopment in mice. Nature (2020)
586:281-6. doi: 10.1038/s41586-020-2745-3

18. Cignarella F, Cantoni C, Ghezzi L, Salter A, Dorsett Y, Chen L, et al. Intermittent
fasting confers protection in CNS autoimmunity by altering the gut microbiota. Cell
Metab (2018) 27:1222-1235.¢6. doi: 10.1016/j.cmet.2018.05.006

19. Dunn AJ, Swiergiel AH. Effects of interleukin-1 and endotoxin in the forced
swim and tail suspension tests in mice. Pharmacol Biochem Behav (2005) 81:688-93.
doi: 10.1016/j.pbb.2005.04.019

20. Parks DH, Tyson GW, Hugenholtz P, Beiko RG. STAMP: statistical analysis of
taxonomic and functional profiles. Bioinformatics (2014) 30:3123-4. doi: 10.1093/
bioinformatics/btu494

21. Susman JL. Postpartum depressive disorders. J Fam Pract (1996) 43:517-24.

22. Barr JA, Beck CT. Infanticide secrets: qualitative study on postpartum
depression. Can Fam Physician (2008) 54:1716-7.e5.

23. Andreollo NA, Santos EF, Araijo MR, Lopes LR. Rat’s age versus human’s age:
what is the relationship? Arq Bras Cir Dig (2012) 25:49-51. doi: 10.1590/S0102-
67202012000100011

24. Neufeld KM, Kang N, Bienenstock J, Foster JA. Reduced anxiety-like behavior
and central neurochemical change in germ-free mice. Neurogastroenterol Motil (2011)
23:255-6.€119. doi: 10.1111/§.1365-2982.2010.01620.x

25. Clarke G, Grenham S, Scully P, Fitzgerald P, Moloney RD, Shanahan F, et al. The
microbiome-gut-brain axis during early life regulates the hippocampal serotonergic
system in a sex-dependent manner. Mol Psychiatry (2013) 18:666-73. doi: 10.1038/
mp.2012.77

26. Nishino R, Mikami K, Takahashi H, Tomonaga S, Furuse M, Hiramoto T, et al.
Commensal microbiota modulate murine behaviors in a strictly contamination-free
environment confirmed by culture-based methods. Neurogastroenterol Motil (2013)
25:521-8. doi: 10.1111/nmo.12110

27. Crumeyrolle-Arias M, Jaglin M, Bruneau A, Vancassel S, Cardona A, Daugé V,
et al. Absence of the gut microbiota enhances anxiety-like behavior and
neuroendocrine response to acute stress in rats. Psychoneuroendocrinology (2014)
42:207-17. doi: 10.1016/j.psyneuen.2014.01.014

28. Diaz Heijtz R, Wang S, Anuar F, Qian Y, Bjérkholm B, Samuelsson A, et al.
Normal gut microbiota modulates brain development and behavior. Proc Natl Acad Sci
USA (2011) 108:3047-52. doi: 10.1073/pnas.1010529108

29. Rao AV, Bested AC, Beaulne TM, Katzman MA, Iorio C, Berardi JM, et al. A
randomized, double-blind, placebo-controlled pilot study of a probiotic in emotional
symptoms of chronic fatigue syndrome. Gut Pathog (2009) 1:6. doi: 10.1186/1757-
4749-1-6

30. Desbonnet L, Garrett L, Clarke G, Kiely B, Cryan JF, Dinan TG. Effects of the
probiotic bifidobacterium infantis in the maternal separation model of depression.
Neuroscience (2010) 170:1179-88. doi: 10.1016/j.neuroscience.2010.08.005

31. Bravo JA, Forsythe P, Chew MV, Escaravage E, Savignac HM, Dinan TG, et al.
Ingestion of lactobacillus strain regulates emotional behavior and central GABA
receptor expression in a mouse via the vagus nerve. Proc Natl Acad Sci USA (2011)
108:16050-5. doi: 10.1073/pnas.1102999108

32. Messaoudi M, Lalonde R, Violle N, Javelot H, Desor D, Nejdi A, et al.
Assessment of psychotropic-like properties of a probiotic formulation (Lactobacillus
helveticus R0052 and bifidobacterium longum R0175) in rats and human subjects. Br |
Nutr (2011) 105:755-64. doi: 10.1017/S0007114510004319

33. Liang S, Wang T, Hu X, Luo J, Li W, Wu X, et al. Administration of lactobacillus
helveticus NS8 improves behavioral, cognitive, and biochemical aberrations caused by
chronic restraint stress. Neuroscience (2015) 310:561-77. doi: 10.1016/
jneuroscience.2015.09.033

34. Bezuglov VV, Bobrov M, Archakov AV. Bioactive amides of fatty acids. Biochem
(Mosc) (1998) 63:22-30.

35. Hamberger A, Stenhagen G. Erucamide as a modulator of water balance: new
function of a fatty acid amide. Neurochem Res (2003) 28:177-85. doi: 10.1023/
A:1022364830421

Frontiers in Immunology

17

10.3389/fimmu.2023.1203015

36. Li MM, Jiang ZE, Song LY, Quan ZS, Yu HL. Antidepressant and anxiolytic-like
behavioral effects of erucamide, a bioactive fatty acid amide, involving the
hypothalamus-pituitary-adrenal axis in mice. Neurosci Lett (2017) 640:6-12. doi:
10.1016/j.neulet.2016.12.072

37. Haikonen R, Karkkdinen O, Koistinen V, Hanhineva K. Diet- and microbiota-
related metabolite, 5-aminovaleric acid betaine (5-AVAB), in health and disease.
Trends Endocrinol Metab (2022) 33:463-80. doi: 10.1016/j.tem.2022.04.004

38. Cheema MU, Pluznick JL. Gut microbiota plays a central role to modulate the
plasma and fecal metabolomes in response to angiotensin II. Hypertension (2019)
74:184-93. doi: 10.1161/HYPERTENSIONAHA.119.13155

39. Koistinen VM, Kirkkiinen O, Borewicz K, Zarei I, Jokkala J, Micard V, et al.
Contribution of gut microbiota to metabolism of dietary glycine betaine in mice and
in vitro colonic fermentation. Microbiome (2019) 7:103. doi: 10.1186/s40168-019-
0718-2

40. Zhao M, Zhao L, Xiong X, He Y, Huang W, Liu Z, et al. TMAV A, a metabolite of
intestinal microbes, is increased in plasma from patients with liver steatosis, inhibits -
butyrobetaine hydroxylase, and exacerbates fatty liver in mice. Gastroenterology (2020)
158:2266-2281.27. doi: 10.1053/j.gastro.2020.02.033

41. Pessa-Morikawa T, Husso A, Kirkkidinen O, Koistinen V, Hanhineva K,
livanainen A, et al. Maternal microbiota-derived metabolic profile in fetal murine
intestine, brain and placenta. BMC Microbiol (2022) 22:46. doi: 10.1186/s12866-022-
02457-6

42. Fothergill JC, Guest JR. Catabolism of l-lysine by pseudomonas aeruginosa. J
Gen Microbiol (1977) 99:139-55. doi: 10.1099/00221287-99-1-139

43. Revelles O, Espinosa-Urgel M, Fuhrer T, Sauer U, Ramos JL. Multiple and
interconnected pathways for l-lysine catabolism in pseudomonas putida KT2440. J
Bacteriol (2005) 187:7500-10. doi: 10.1128/JB.187.21.7500-7510.2005

44. 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

45. Jiang H, Ling Z, Zhang Y, Mao H, Ma Z, Yin Y, et al. Altered fecal microbiota
composition in patients with major depressive disorder. Brain Behav Immun (2015)
48:186-94. doi: 10.1016/j.bbi.2015.03.016

46. Zhang Y, Huang R, Cheng M, Wang L, Chao J, Li J, et al. Gut microbiota
from NLRP3-deficient mice ameliorates depressive-like behaviors by regulating
astrocyte dysfunction via circHIPK2. Microbiome (2019) 7:116. doi: 10.1186/
540168-019-0733-3

47. Barandouzi ZA, Starkweather AR, Henderson WA, Gyamfi A, Cong XS. Altered
composition of gut microbiota in depression: a systematic review. Front Psychiatry
(2020) 11:541. doi: 10.3389/fpsyt.2020.00541

48. Simpson CA, Mu A, Haslam N, Schwartz OS, Simmons JG. Feeling down? a
systematic review of the gut microbiota in anxiety/depression and irritable bowel
syndrome. J Affect Disord (2020) 266:429-46. doi: 10.1016/j.jad.2020.01.124

49. Zhang Y, Huang J, Xiong Y, Zhang X, Lin Y, Liu Z. Jasmine tea attenuates
chronic unpredictable mild stress-induced depressive-like behavior in rats via the gut-
brain axis. Nutrients (2021) 14:99. doi: 10.3390/nu14010099

50. Zhang Y, Zhang L, Shi B, Huang F, Gao Y, Miao Z, et al. Comparison of the
chronic unpredictable mild stress and the maternal separation in mice postpartum
depression modeling. Biochem Biophys Res Commun (2022) 632:24-31. doi: 10.1016/
j.bbrc.2022.09.063

51. Strandwitz P, Kim KH, Terekhova D, Liu JK, Sharma A, Levering J, et al. GABA-
modulating bacteria of the human gut microbiota. Nat Microbiol (2019) 4:396-403. doi:
10.1038/s41564-018-0307-3

52. Zheng P, Zeng B, Zhou C, Liu M, Fang Z, Xu X, et al. Gut microbiome
remodeling induces depressive-like behaviors through a pathway mediated by the
host’s metabolism. Mol Psychiatry (2016) 21:786-96. doi: 10.1038/mp.2016.44

53. Chen YH, Xue F, Yu SF, Li XS, Liu L, Jia YY, et al. Gut microbiota dysbiosis in
depressed women: the association of symptom severity and microbiota function. J
Affect Disord (2021) 282:391-400. doi: 10.1016/j.jad.2020.12.143

54. Zhang Y, Fan Q, Hou Y, Zhang X, Yin Z, Cai X, et al. Bacteroides species
differentially modulate depression-like behavior via gut-brain metabolic signaling.
Brain Behav Immun (2022) 102:11-22. doi: 10.1016/j.bbi.2022.02.007

55. Slykerman RF, Hood F, Wickens K, Thompson JMD, Barthow C, Murphy R,
et al. Effect of lactobacillus rhamnosus HN001 in pregnancy on postpartum symptoms
of depression and anxiety: a randomised double-blind placebo-controlled trial.
EBioMedicine (2017) 24:159-65. doi: 10.1016/j.ebiom.2017.09.013

56. Jang HM, Lee KE, Kim DH. The preventive and curative effects of lactobacillus
reuteri NK33 and bifidobacterium adolescentis NK98 on immobilization stress-
induced Anxiety/Depression and colitis in mice. Nutrients (2019) 11:819. doi:
10.3390/nu11040819

frontiersin.org


https://doi.org/10.1016/j.biopha.2021.111455
https://doi.org/10.1016/j.biopha.2021.111455
https://doi.org/10.1016/j.phrs.2019.02.024
https://doi.org/10.1016/j.phrs.2019.02.024
https://doi.org/10.1038/s41586-020-2745-3
https://doi.org/10.1016/j.cmet.2018.05.006
https://doi.org/10.1016/j.pbb.2005.04.019
https://doi.org/10.1093/bioinformatics/btu494
https://doi.org/10.1093/bioinformatics/btu494
https://doi.org/10.1590/S0102-67202012000100011
https://doi.org/10.1590/S0102-67202012000100011
https://doi.org/10.1111/j.1365-2982.2010.01620.x
https://doi.org/10.1038/mp.2012.77
https://doi.org/10.1038/mp.2012.77
https://doi.org/10.1111/nmo.12110
https://doi.org/10.1016/j.psyneuen.2014.01.014
https://doi.org/10.1073/pnas.1010529108
https://doi.org/10.1186/1757-4749-1-6
https://doi.org/10.1186/1757-4749-1-6
https://doi.org/10.1016/j.neuroscience.2010.08.005
https://doi.org/10.1073/pnas.1102999108
https://doi.org/10.1017/S0007114510004319
https://doi.org/10.1016/j.neuroscience.2015.09.033
https://doi.org/10.1016/j.neuroscience.2015.09.033
https://doi.org/10.1023/A:1022364830421
https://doi.org/10.1023/A:1022364830421
https://doi.org/10.1016/j.neulet.2016.12.072
https://doi.org/10.1016/j.tem.2022.04.004
https://doi.org/10.1161/HYPERTENSIONAHA.119.13155
https://doi.org/10.1186/s40168-019-0718-2
https://doi.org/10.1186/s40168-019-0718-2
https://doi.org/10.1053/j.gastro.2020.02.033
https://doi.org/10.1186/s12866-022-02457-6
https://doi.org/10.1186/s12866-022-02457-6
https://doi.org/10.1099/00221287-99-1-139
https://doi.org/10.1128/JB.187.21.7500-7510.2005
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.1016/j.bbi.2015.03.016
https://doi.org/10.1186/s40168-019-0733-3
https://doi.org/10.1186/s40168-019-0733-3
https://doi.org/10.3389/fpsyt.2020.00541
https://doi.org/10.1016/j.jad.2020.01.124
https://doi.org/10.3390/nu14010099
https://doi.org/10.1016/j.bbrc.2022.09.063
https://doi.org/10.1016/j.bbrc.2022.09.063
https://doi.org/10.1038/s41564-018-0307-3
https://doi.org/10.1038/mp.2016.44
https://doi.org/10.1016/j.jad.2020.12.143
https://doi.org/10.1016/j.bbi.2022.02.007
https://doi.org/10.1016/j.ebiom.2017.09.013
https://doi.org/10.3390/nu11040819
https://doi.org/10.3389/fimmu.2023.1203015
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Fecal microbiota transplantation confirmed that 919 Syrup reduced the ratio of erucamide to 5-AVAB in hippocampus to alleviate postpartum depression by regulating gut microbes
	1 Introduction
	2 Materials and methods
	2.1 Mice
	2.2 Drug preparation
	2.3 Postpartum restraint stress
	2.4 Antibiotic mixture treatment
	2.5 Fecal microbiota transplantation
	2.6 Experimental grouping
	2.7 Tail suspension test
	2.8 Forced swimming test
	2.9 16S rRNA gene sequencing
	2.10 Untargeted metabolomics
	2.11 Correlation analysis
	2.12 Statistical analysis
	2.12.1 16S rRNA gene sequencing
	2.12.2 Untargeted metabolomics
	2.12.3 Correlation analysis
	2.12.4 Behavioural experiments, and etc.


	3 Results
	3.1 919 Syrup is effective in alleviating postpartum depression
	3.2 The effect of 919 Syrup on progeny in the treatment of PPD
	3.3 The consumption of 919 Syrup downregulates erucamide in hippocampus of mice
	3.4 Changes of gut bacteria in PPD and 919TJ mice
	3.5 The therapeutic effect of 919 Syrup on postpartum depression depends on the existence of intestinal floras
	3.6 Antibiotic treatment reduces gut-derived 5-AVAB and its downstream metabolite TMAO in the hippocampus of postnatal depression mice
	3.7 Alterations of intestinal bacteria after Antibiotic treatment
	3.8 Anti-postpartum depression effect of fecal microbiota transplantation
	3.9 Transplanting feces from 919TJ group upregulates the levels of gut-derived 5-AVAB and downregulates erucamide in hippocampus of mice
	3.10 Correlation analysis of hippocampal metabolites and intestinal floras

	4 Discussion
	Data availability statement
	Ethics 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


