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ABSTRACT

Objective: To characterize the bile acid metabolomic profiles of umbilical cord blood
and meconium in healthy newborns.

Methods: Fifteen healthy newborns, which born in the Obstetrics Department of the
Affiliated Hospital of Southwest Medical University between July 1 and August 31,
2023, were selected as study subjects. Umbilical cord blood and meconium samples
were collected, and bile acid metabolomics were analyzed using ultra-high
performance liquid chromatography-tandem mass spectrometry.

Results: The ratio of primary to secondary bile acids in cord blood was significantly
higher than in meconium [2.64 (2.49, 5.70) vs. 0.99 (0.37, 1.58), Z = —3.80, P < 0.05].
The ratio of unconjugated to conjugated bile acids was notably higher in cord blood
than in meconium [0.14 (0.07, 0.18) vs. 0.01 (0.01, 0.04), Z = —3.88, P < 0.05]. The
ratio of cholic acid to chenodeoxycholic acid in conjugated primary bile acids was
significantly lower in cord blood than in meconium [0.59 (0.19, 0.75) vs. 2.21 (1.34,
3.04), Z = —4.21, P < 0.05], but the ratio of cholic acid to chenodeoxycholic acid in
secondary bile acids was significantly higher in cord blood than in meconium [0.42
(0.21, 0.63) vs. 0.03 (0.01, 0.05), Z = —4.54, P < 0.05]. Only three primary bile acids
(taurochenodeoxycholic acid, glycochenodeoxycholic acid, and
glycochenodeoxycholic acid 3-glucoside in umbilical cord blood) were correlated
with their downstream metabolites in meconium (with hyodesoxycholic acid

(r = -0.66, P = 0.01), tauro-w-muricholic acid (r = 0.52, P = 0.048) and
ursodeoxycholic acid-7S (r = —0.53, P = 0.04), respectively). In meconium, most of
primary bile acids were correlated with their downstream metabolites (P all < 0.05):
cholic acid was positively correlated with 3-dehydrocholic acid, taurocholic acid was
positively correlated with taurodeoxycholic acid and 3-dehydrocholic acid,
glycocholic acid was positively correlated with 3-dehydrocholic acid,
chenodeoxycholic acid was positively correlated with glycoursodeoxycholic acid,
taurolithocholic acid, and 7-keto lithocholic acid and negatively correlated with
isolithocholic acid. Taurochenodeoxycholic acid was positively correlated with
taurohyodeoxycholic acid, tauroursodeoxycholic acid, glycoursodeoxycholic acid,
taurolithocholic acid, tauro-w-muricholic acid, and glycohyodeoxycholic acid, while
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glycochenodeoxycholic acid was positively correlated with tauroursodeoxycholic
acid, glycoursodeoxycholic acid, taurolithocholic acid, and glycohyodeoxycholic acid,
and negatively correlated with isolithocholic acid.

Conclusion: The bile acid metabolites in umbilical cord blood and meconium differ
significantly, and the downstream bile acid metabolites in meconium are
predominantly correlated with their upstream bile acids in meconium, but not those
bile acids in umbilical cord blood. These findings contribute to a better
understanding of bile acid metabolism in utero and lay the foundation for future
research in this topic.

Subjects Pediatrics, Metabolic Sciences
Keywords Full-term newborn, Umbilical cord blood, Meconium, Bile acids

INTRODUCTION

Bile acids (BAs), synthesized in hepatocytes using cholesterol, are categorized into primary
bile acids (PBAs) and secondary bile acids (SBAs) (Monte et al., 2009; Russell, 2003; Zheng
et al., 2021). The originally generated BAs are the unconjugated PBAs, namely cholic acid
(CA) and chenodeoxycholic acid (CDCA). These unconjugated BAs have the capacity to
conjugate with glycine and taurine, resulting in conjugated BAs. Subsequently, under the
influence of intestinal flora, these conjugated BAs generate SBAs. As the principal
constituent of bile, BAs play a crucial role in enhancing the emulsification of fats, thereby
aiding in the digestion and absorption of fats and fat-soluble vitamins (Begley et al., 2005;
Monteiro-Cardoso, Corliano ¢ Singaraja, 2021). They also can be as metabolic signaling
molecules, playing a crucial role in regulating lipid and glucose metabolism (Hansen,
Sonne & Knop, 2014; Lefebvre et al., 2009).

Regarding the bile acid profiles during fetal development, CDCA conjugates become
prevalent in the first months of life (Brites et al., 1998; Niijima, 1985; Polkowska et al., 2001;
Suchy et al., 1981; Zihrer et al., 2016), in contrast to that in healthy older children and
adults (Brites et al., 1998; Jahnel et al., 2015; Serrano et al., 1998). In addition, in the first
days of life, the conjugation of BAs is predominantly done with taurine (Challacombe,
Edkins ¢» Brown, 1975; Zihrer et al., 2016) and soon afterward with glycine (Niijima,
1985). Thus, glycocholic acid (GCA) is the main bile acid in the neonatal period, and
between 1 and 3 months old, this predominance becomes from glycochenodeoxycholic
acid (GCDCA) (Niijima, 1985). Moreover, the elevation of primary to secondary BAs is
also characteristic of infants with less than 1 year of age (Niijima, 1985). Niijima (1985)
also described that, though GCA predominates in the neonatal period, after 1-3 months
GCDCA starts to predominate.

Increasing studies had highlighted the association of BAs with various aspects of fetal
development, including physical growth, respiratory and the nervous system. Notably,
PBA levels in umbilical cord blood (UCB) exhibit a significant positive correlation with the
risk of infants being small for gestational age or having a low birth weight (Xie ef al., 2024),
suggesting a potential role in regulating fetal growth and development. Animal studies
have further elucidated the involvement of BAs in regulating respiratory rhythm and even

Lu et al. (2024), PeerdJ, DOI 10.7717/peerj.18506 2117


http://dx.doi.org/10.7717/peerj.18506
https://peerj.com/

Peer/

directly influencing respiratory function (Wang et al., 2013; Zhao et al., 2014).
Additionally, serum bile acids have been found to inhibit the production of pulmonary
surfactant, which can lead to the onset of respiratory distress syndrome (Yu et al., 2014). In
the context of fetal rat models, serum total bile acid levels (TBAs) have been observed to
correlate positively with neuron-specific enolase concentration (7an ¢ Ding, 2007). These
levels have also been associated with adverse outcomes such as increased blood-brain
barrier permeability (Quinn et al., 2014), neuroinflammation (McMillin et al., 2017),
neurological decline (McMillin et al., 2016), and cerebellar sensorimotor deficits
(Henriksen et al., 2022). Furthermore, elevated SBA levels and the SBA/PBA ratio have
been significantly linked to poorer cognitive abilities (MahmoudianDehkordi et al., 2019).

Although previous investigations have observed many biological impacts of TBAs on
the fetus, the complexity of the bile acid metabolome, comprising numerous active
metabolites, poses a challenge to identify a specific active component in the comprehensive
network of bile acid pool. Establishing the bile acid metabolomic profile of healthy
newborns serves as a foundation for future research in this field. The fetal period, as a
unique phase in life, is dynamically influenced by liver metabolism (Grijalva ¢ Vakili,
2013) and the mother’s bile acids (Hassan ¢ Subbiah, 1980) in terms of bile acid
metabolomics. Furthermore, there is a correlation between the newborn’s metabolome and
that of the mother since pregnancy, suggesting that the newborn is plausibly
“programmed” by the maternal metabolism (Perrone et al., 2020). Meconium, composed
primarily of shed intestinal epithelial cells and swallowed amniotic fluid during fetal life,
contains high concentrations of BAs metabolized and excreted by the liver (Kumagai et al.,
2007). Given that PBAs are predominantly metabolized and synthesized in the liver and
subsequently converted into SBAs by intestinal flora upon entering the intestine, the
immature intestinal flora during the fetal period suggests that bile acid metabolomics in
meconium may exhibit greater stability than blood circulation. This stability offers
significant value in guiding subsequent research.

To date, limited studies have been conducted on the BAs present in UCB and fecal
samples from healthy newborns. The aim of this study was to comprehensively describe
the bile acid metabolomic characteristics of UCB and meconium, as well as to explore the
correlation between the upstream and downstream metabolites of BAs in both UCB and
meconium. Through this, we sought to obtain a more thorough and complete
understanding of the bile acid metabolomic profile of healthy newborns. Furthermore, this
establishes a foundation for further investigation into the relationship between BAs and
the development of fetal physical growth, respiratory function, and the nervous system.

MATERIALS AND METHODS

Study subjects

Fifteen healthy newborns, born in the Obstetrics Department of the Affiliated Hospital of
Southwest Medical University between July 1 and August 31, 2023, were selected for this
study. A total of 19 subjects were recruited for this study. Following recruitment, four
neonates were excluded from the study because only cord blood or meconium was
collected, resulting in incomplete specimens. The study protocol was approved by the
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Affiliated Hospital of Southwest Medical University’s Ethics Committee (Ethical
Application Ref: KY2023182). There was no further changes or amendments made after
protocol approval. In addition, we received written informed consent from participants of
our study prior to the collection of biological samples. All samples collected are numbered
so as not to reveal the subject’s name and other privacy details.

Inclusion and exclusion criteria

Inclusion criteria

1) Mothers without any diseases or complications during pregnancy and aged 18-45 years.
2) Gestational age at birth exceeding 37 weeks. 3) Natural conception. 4) Singleton birth.
5) Cesarean section delivery. 6) Willingness to participate in the study.

Exclusion criteria
1) Newborns with existed medical conditions at birth or newly occurred medical
conditions in the first day of life. 2) No intention to participate in the study.

Clinical data collection

Detailed records were kept of the mothers’ age, height, weight, medication history during
pregnancy, gestational age, and other relevant information before delivery. After delivery,
the newborns’ gender, Apgar score, height, weight, and head circumference were measured
and documented.

Sample collection

UCB: UCB was collected from the newborns within five minutes after delivery and before
the placenta was delivered. The samples were then preprocessed uniformly and stored at
—80 °C until further testing. Meconium: Researchers, wearing disposable sterile gloves,
collected fresh meconium (the first excretion within 24 h of birth) into specialized sterile
stool boxes. The meconium samples were quickly frozen in liquid nitrogen and stored at
—80 °C until testing.

Sample preprocessing

UCB: Initially, 50 uL of serum sample was added to a 1 mL 96-well plate, followed by the
addition of 400 uL of an acetonitrile/methanol (v/v = 8:2) mixed solvent containing an
internal standard. The 96-well plate was then centrifuged at 10 °C and 650 rpm for 20 min.
Subsequently, 250 pL of the supernatant was transferred to a 350 puL microplate and
lyophilized. The dried sample was reconstituted with 40 pL of acetonitrile/methanol
(80/20) solution, centrifuged again under the same conditions, and then 60 pL of deionized
water was added followed by another centrifugation step. The microplate was then frozen
at —20 °C for 20 min, centrifuged at 4 °C and 4,000 g for 30 min, and finally, a 5 uL
injection volume was prepared for testing.

Meconium: Initially, approximately 10 mg of meconium sample was carefully weighed
and placed into an Eppendorf centrifuge tube. Subsequently, about 25 mg of pre-cooled
grinding beads were added to facilitate homogenization. Following this, 200 pL of a mixed
solvent consisting of acetonitrile and methanol in an 8:2 ratio, containing 10 uL of an
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internal standard, was incorporated. After thorough homogenization, the mixture was
centrifuged at 4 °C and 13,500 rpm for 20 min. From the resulting supernatant, 20 pL was
extracted and diluted with 80 uL of a 1:1 mixture of acetonitrile/methanol (80/20) and
ultrapure water for further analytical testing. The final injection volume for analysis was set
at 5 pL.

Quantification of bile acid metabolites and quality assurance

For the determination of bile acid metabolites, UPLC-MS/MS was employed. The
instrument parameters were fine-tuned for accurate measurement of these metabolites in
UCB and meconium samples. To ensure data quality, stable isotope-labeled internal
standards and mixed quality control samples were utilized. Additionally, blank solvent
samples were run to guarantee optimal instrument performance.

Statistical analysis methodology

Data analysis was conducted using SPSS 27.0.1. The Shapiro-Wilk test was applied to
assess data normality. For normally distributed measurement data, the independent
sample t-test was used, and results are expressed as mean + standard deviation (Mean +
SD). For data that did not conform to a normal distribution, the Mann-Whitney U test was
employed, with results presented as median (first Quartile- third Quartile). Correlation
analysis was conducted using the Pearson linear method for normally distributed variables
and the Spearman rank method for non-normally distributed variables or hierarchical
data. In the present study, we only reported the correlations between bile acids that exhibit
upstream-downstream relationships or those potentially involved in the physiological
processes of the enterohepatic circulation. Statistical significance was determined at a
P-value less than 0.05.

RESULTS
Baseline information of study subjects

As shown in Table 1, the average age of the subjects’ mothers was 29.5 + 3.7 years old, and
the average gestational age of the newborns was 39.3 + 0.8 weeks.

Characteristics of bile acid metabolites in UCB and meconium of
healthy newborns

Composition of bile acid metabolites in UCB and meconium

In UCB of healthy newborns, a total of 30 bile acid metabolites were identified. These
metabolites were categorized into 8 (26.67%) types of PBAs and 22 (73.33%) types of SBAs.
In terms of content, PBAs were found to be the predominant component with a
concentration of 2,074.20 (1,508.03, 2,969.55) nmol/L, whereas SBAs had a concentration
of 772.18 (580.64, 892.19) nmol/L (Z = —4.63, P < 0.05).

Regarding the components, unconjugated BAs and conjugated BAs in UCB were
present at concentrations of 325.81 (222.87, 438.76) nmol/L and 2,375.99 (1,956.97,
3,740.23) nmol/L (Z = —4.67, P < 0.05), respectively. Within the conjugated BAs,
taurine-conjugated BAs were the main component with a concentration of 1,583.11
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Table 1 Baseline information of study subjects.

n=15
Mothers
Age (years) 295+ 3.7
Body mass index (kg/m?) before delivery 268 +£2.3
Admission glucose (mmol/L) 44+ 0.6
Prenatal antibiotics (Yes/No) 0/15
Smoking (Ever/Never) 0/15
Newborns
Gender (Male/Female) 9/6
First-minute Apgar score 10 (10, 10)
Weight (g) 3,347 + 348
Gestation week (Weeks) 393 +0.8
Length (cm) 50.5+ 1.1
Head circumference (cm) 335+ 1.2

(1,235.97, 2,389.81) nmol/L, followed by glycine-conjugated BAs at 820.63 (587.42,
1,350.42) nmol/L (Z = -2.72, P < 0.05). Individual metabolites with the highest contents
included taurochenodeoxycholic acid (TCDCA) (697.90 nmol/L, 27.2%), taurocholic acid
(TCA) (491.04 nmol/L, 19.1%), and GCDCA (488.65 nmol/L, 19.0%).

In meconium, a total of 35 bile acid metabolites were identified. These were classified
into six (17.14%) types of PBAs and 29 (82.86%) types of SBAs. The meconium was
composed of SBAs with a concentration of 3,093.78 (2,223.83, 4,048.72) nmol/g, PBAs
were present at a concentration of 2,825.39 (1,472.38, 5,065.02) nmol/g (P > 0.05). The
PBAs/SBAs ratio in UCB was significantly higher than that in meconium [2.64 (2.49, 5.70)
vs 0.99 (0.37, 1.58), Z = —-3.80, P < 0.05] (Fig. 1A).

In terms of composition, the unconjugated bile acid contents in meconium were only
118.12 (44.64, 171.40) nmol/g, whereas conjugated BAs were the main component at
5,292.88 (4,312.29, 7,719.61) nmol/g (Z = —4.67, P < 0.05). The ratio of unconjugated BAs
to conjugated BAs in UCB was significantly higher than that in meconium [0.14 (0.07,
0.18) vs. 0.01 (0.01, 0.04), Z = —-3.88, P < 0.05] (Fig. 1B). Among the conjugated BAs,
taurine-conjugated BAs were the dominant type with a concentration of 4,527.50
(3,692.15, 6,622.30) nmol/g, followed by glycine-conjugated BAs at 731.62 (584.60, 986.82)
nmol/g (Z = —4.13, P < 0.05). The individual metabolite contents were highest for TCA
(1,628.03 nmol/g, 28.3%), taurohyocholic acid (THCA) (1,522.10 nmol/g, 26.4%), and
TCDCA (986.06 nmol/g, 17.1%).

The composition of CA metabolites and CDCA metabolites in UCB and
meconium

Bile acids were categorized into CA metabolites and CDCA metabolites based on their
origins. In UCB, we observed that PBAs were predominantly derived from CDCA.
Specifically, the PBAs originating from CA were 676.73 (452.89, 947.40) nmol/L, whereas
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Figure 1 The composition ratio of primary bile acids to secondary bile acids and unconjugated bile
acids to conjugated bile acids in umbilical cord blood and meconium. (A) The composition ratio of
primary bile acids to secondary bile acids in umbilical cord blood and meconium; (B) the composition
ratio of unconjugated bile acids to conjugated bile acids in umbilical cord blood and meconium.
Full-size K&l DOT: 10.7717/peer;j.18506/fig-1

that from CDCA were significantly higher at 1,187.31 (1,032.32, 2,319.80) nmol/L

(Z = -2.97, P < 0.05). Similarly, SBAs in UCB were mainly derived from CDCA, with
CA-derived SBAs at 178.45 (112.37, 282.47) nmol/L compared to 507.32 (349.83, 634.25)
nmol/L for CDCA-derived SBAs (Z = —4.13, P < 0.05).

In meconium, our analysis revealed no statistically significant between the PBAs
content derived from CDCA and those from CA [1,065.83 (486.68, 1,560.61) nmol/g vs.
2,022.57 (652.54, 3,257.16) nmol/g, P > 0.05]. But there was a significantly lower ratio of
CA to CDCA-derived PBAs in UCB than in meconium [0.59 (0.19, 0.75) vs. 2.21 (1.34,
3.04), Z = —4.21, P < 0.05] (Fig. 2A).

Regarding SBAs in meconium, the contents derived from CA were substantially lower
than from CDCA [89.22 (24.02, 170.37) nmol/g vs. 2,948.27 (2,133.02, 3,864.00) nmol/g,
Z = -4.67, P < 0.05]. Although both were predominantly derived from CDCA, the ratio of
CA to CDCA-derived SBAs in UCB was significantly higher than that in meconium [0.42
(0.21, 0.63) vs. 0.03 (0.01, 0.05), Z = —4.54, P < 0.05] (Fig. 2B).

Correlation of bile acid metabolites between UCB and meconium in
healthy newborns

Correlation between PBAs in UCB and meconium

Among healthy newborns, our analysis revealed no statistically significant correlation
between the levels of PBAs in UCB and those found in meconium (P > 0.05).
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Figure 2 The ratio of cholic acid-derived metabolites to chenodeoxycholic acid-derived metabolites
in umbilical cord blood and meconium. (A) The ratio of cholic acid-derived primary bile acids to
chenodeoxycholic acid-derived primary bile acids in umbilical cord blood and meconium; (B) the ratio of
cholic acid-derived secondary bile acids to chenodeoxycholic acid-derived secondary bile acids in
umbilical cord blood and meconium. Full-size K&l DOT: 10.7717/peer;.18506/fig-2

Correlation between PBAs in UCB and its responding downstream SBAs in
meconium

As illustrated in Fig. 3, most PBAs in UCB did not correlate with their downstream
metabolites detected in meconium. Only a few PBAs in UCB were correlated with their
downstream metabolites in meconium: A negative correlation between TCDCA in UCB
and its responding secondary bile acid, hyodeoxycholic acid (HDCA) in meconium
(r=-0.66, P = 0.01). Glycochenodeoxycholic acid-3-glucuronide (GCDCA-3-Glu) in UCB
exhibited a negative correlation with ursodeoxycholic acid-7-sulfate (UDCA-7S) in
meconium (r = —0.53, P = 0.04), while a positive correlation was observed between
GCDCA in UCB and tauro-w-muricholic acid (TwMCA) in meconium (r = 0.52,

P =0.048).

Correlation between PBAs and their downstream SBAs in meconium
As depicted in Fig. 4, there exists a noteworthy correlation between most PBAs and their
responding SBAs in meconium:

1) CA exhibits a positive correlation with its 3-dehydrocholic acid (3-DHCA) (r = 0.71,
P =0.003).

2) TCA demonstrates a positive association with taurodeoxycholic acid (TDCA)
(r = 0.66, P = 0.01) and 3-DHCA (r = 0.62, P = 0.01).
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Figure 3 Correlation between primary bile acids in umbilical cord blood and their responding downstream secondary bile acids in meconium.
*P < 0.05; **P < 0.01. Full-size £l DOI: 10.7717/peerj.18506/fig-3

0.85
socs [T B _EEN B N A
0.24
oo [T N ElES = B O B EEE
-0.36
coex H Bl BN B EEN L el
oA = N N L] H E'E
s = B HEE TN BT
<
Q
o
=

e |
e |

o [

< « <
) ) )
= = =
a S
o v
Q

< < @ <<£ <£<<<< < < < < <«
: 2 3 29233 iggyyEggge
= 58 5.28 %85&53 HOEEE_
3} = g MIO = = Q
2 &
—

Figure 4 Correlation between primary bile acids and their downstream secondary bile acids in meconium. *P < 0.05; **P < 0.01.

Full-size K&l DOT: 10.7717/peerj.18506/fig-4

3) GCA is positively correlated with its downstream 3-DHCA (r = 0.76, P = 0.001).

4) CDCA shows a positive correlation with glycoursodeoxycholic acid (GUDCA)
(r =0.60, P = 0.02), taurolithocholic acid (TLCA) (r = 0.56, P = 0.03), and 7-ketolithocholic
acid (7-KetoLCA) (r = 0.52, P = 0.045), while being negatively correlated with
isolithocholic acid (isoLCA) (r = —0.53, P = 0.04).

5) TCDCA is positively correlated with taurohyodeoxycholic acid (THDCA) (r = 0.74,
P =0.002), tauroursodeoxycholic acid (TUDCA) (r = 0.84, P = 0.0001), GUDCA (r = 0.61,
P=0.02), TLCA (r =0.58, P =0.02), TwoMCA (r = 0.65, P = 0.01), and glycohyodeoxycholic
acid (GHDCA) (r = 0.55, P = 0.04).

6) GCDCA demonstrates a positive correlation with TUDCA (r = 0.65, P = 0.01),
GUDCA (r=0.78,P=0.001), TLCA (r = 0.61, P=0.02), and GHDCA (r = 0.70, P = 0.003),
while being negatively correlated with isoLCA (r = —0.66, P = 0.01).

These findings highlight the complex metabolic relationships between primary and
secondary BAs in meconium.
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Figure 5 Correlation between secondary bile acids shared by meconium and umbilical cord blood.
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Correlation between SBAs shared by meconium and UCB

As illustrated in Fig. 5, the majority of SBAs that are common to both meconium and UCB
did not demonstrate a statistically significant correlation. Only GUDCA exhibited a
positive correlation between UCB and meconium (r = 0.69, P = 0.004).

DISCUSSION

The findings of the present study reveal distinct distribution traits for bile acid metabolites
and exhibit less relationship between UCB and meconium. However, a correlation was
observed between PBAs and SBAs in meconium, suggesting that the fetal intestine is
capable of synthesizing SBAs.

Our research indicates that the predominant bile acid metabolites found in UCB are
PBAs, aligning with a previous study (Shoda et al., 1988). Within the maternal-infant bile
acid exchange system, PBAs are primarily transferred from the fetus to the mother (Marin
et al., 2008), leading us to hypothesize that the PBAs detected in UCB are likely derived
from fetal biosynthetic processes. A significant positive correlation has been demonstrated
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between PBA levels in UCB and the risk of having a small-for-gestational-age infant or low
birth weight (Xie et al., 2024). This suggests that PBAs may play a role in regulating fetal
growth and development. By elucidating the distribution patterns of bile acids in UCB of
healthy newborns, our study provides a foundation for further exploration into the role of
BAs in fetal growth and developmental regulation.

In this study, we detected large amounts of SBAs in meconium, aligning with a previous
study (Kumagai et al., 2007). However, no statistically significant distinction was observed
between the concentrations of PBAs and SBAs in meconium. This may be a result of the
influence of the fetal gut flora. Although some studies have confirmed the existence of fetal
intestinal flora (Satokari et al., 2009), it has been traditionally believed that the fetal
intestine lacks the flora necessary for bile acid metabolism and has limited capacity to
produce SBAs. However, our findings suggest that the fetal intestine possesses the ability to
synthesize SBAs, which are likely generated from PBAs under the influence of intestinal
flora. This raises the possibility that the fetal intestine harbors the flora required for bile
acid metabolism. Given that intestinal flora play a role in regulating various
pathophysiological processes, including growth and development, as well as the onset and
progression of metabolic diseases, and that BAs directly impact glucose and lipid
metabolism, our results offer valuable insights into the regulatory mechanism of bile
acid-intestinal flora interactions in the intrauterine origin of metabolic diseases.

Moreover, our findings indicate that the bile acid metabolites in UCB and meconium
are predominantly taurine-conjugated BAs. This is consistent with previous research
showing that taurine conjugates predominate in fetal liver bile acids (Itoh ¢ Onishi, 2000).
Since unconjugated BAs can be hepatotoxic, taurine conjugates, which are more polar than
their glycine counterparts (Gu et al., 1992), may serve as a protective mechanism for the
fetus. Taurine, the most abundant free amino acid in the human body, plays a crucial role
in processes like bile acid conjugation, calcium homeostasis, osmotic regulation, and
membrane stability (Marcinkiewicz & Kontny, 2014). It effectively reduces plasma and
liver cholesterol concentrations, participating in the cholesterol 7a-hydroxylase (CYP7A1)
-mediated regulatory mechanism of cholesterol and bile acid homeostasis (Chen, Guo ¢
Chang, 2012). Therefore, we hypothesize that taurine-conjugated BAs in UCB and
meconium may contribute to regulating cholesterol and bile acid homeostasis.

In healthy full-term infants, the SBAs present in UCB and meconium are
predominantly derived from CDCA, a finding that differs from the source of bile acid
metabolism after birth (Grijalva ¢» Vakili, 2013). According to a previous study, fetal bile
acid synthesis predominantly follows the alternative pathway of CDCA synthesis (Setchell
et al., 1988). When this alternative pathway dominates, it leads to the production of more
hydrophilic bile acids, subsequently reducing intestinal cholesterol and fat absorption
(Wang et al., 2003). Previous studies have indicated that SBAs in fetal blood could
originate from maternal bile transported via the placenta (Colombo et al., 1985; Itoh et al.,
1982; Sigurdsson et al., 2016). However, the composition of SBAs in UCB and meconium
was consistent in this study, suggesting that the source of fetal blood SBAs may involve
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intestinal reabsorption. Furthermore, our study observed a weak correlation between PBAs
in UCB and their counterparts and downstream SBAs in meconium. In contrast, a
significant correlation exists between PBAs and their downstream SBAs in meconium.
These findings indirectly support the notion that the newborn’s intestine has the capability
to synthesize SBAs, aligning with the research conducted by Shoda et al. (1988).

In addition, the present study demonstrated that GUDCA exhibited a positive
correlation between UCB and meconium. It has also been reported that enhanced fecal BA
loss is accompanied by enhanced hepatic BA synthesis (Herrema et al., 2010; Huang et al.,
2019; Out et al., 2011). This may be the mechanism by which the fetus regulates the balance
of its own BAs in order to maintain the dynamic balance of the various BAs in the fetus.
Furthermore, it has been demonstrated that GUDCA can diminish blood glucose,
cholesterol, and triglyceride concentrations in the livers and serum of mice (Chen et al.,
2023). It is hypothesized that the fetus may be involved in regulating its glycolipid
metabolism by modulating the balance of regulated GUDCA. However, this hypothesis
requires further investigation through additional animal experiments.

Compared to previous studies (Kumagai et al., 2007; Xie et al., 2024), this may be the
first report associating bile acid profiles in UCB with those in meconium in healthy infants.
The strength of this study is to use samples from the same individuals, nullifying the
interspecies differences in the bile acid physiology affecting other studies’ results. However,
several limitations of the present study should be noted. This study did not include bile
acid metabolomic analysis of pregnant women’s peripheral blood and cannot analyze the
correlation of serum BAs between maternal and fetal circulation. However, it has been
reported that the metabolic profile of the newborn correlates with that of the mother at 3
weeks prior to delivery (Perrone et al., 2020). Moreover, a previous report has indicated
that BAs in UCB can be influenced by bile acids in the maternal circulation (Itoh et al.,
1982). It is also important to note that our study was conducted at a single center with a
limited sample size (15 newborns). To confirm the reliability of our findings, further large-
scale, multi-center studies are warranted. In the future research, we can also explore the
implications of bile acid metabolism in different populations of newborns or investigate
the long-term health outcomes related to the findings. Additionally, as we did not test
intestinal flora, we cannot provide direct evidence of their involvement in bile acid
metabolism.

CONCLUSIONS

In conclusion, the bile acid metabolites in UCB and meconium differ significantly in
healthy newborns, and the downstream bile acid metabolites in meconium are
predominantly correlated with their upstream BAs in meconium, but not those BAs in
UCSB, this indirectly suggests the presence of SBA-synthesizing capability in the intestine.

ACKNOWLEDGEMENTS
Thank you to all the medical staft of the Neonatology Department of the Affiliated
Hospital of Southwest Medical University.

Lu et al. (2024), PeerdJ, DOI 10.7717/peerj.18506 12/17


http://dx.doi.org/10.7717/peerj.18506
https://peerj.com/

Peer/

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the Science and Technology Strategic Cooperation Programs
of Luzhou Municipal People’s Government and Southwest Medical University, Grant No.
2021LZXNYD-]J21 to Xiaoping Lei. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Science and Technology Strategic Cooperation Programs of Luzhou Municipal People’s
Government and Southwest Medical University: 2021LZXNYD-]21.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

¢ Chunxia Lu conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, specimen collection, and approved the
final draft.

» Zhiyong Gao conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, specimen collection, and approved the
final draft.

« Sigi Zhang analyzed the data, prepared figures and/or tables, and approved the final
draft.

¢ Ke Du performed the experiments, authored or reviewed drafts of the article, specimen
collection, and approved the final draft.

* Die Xu performed the experiments, analyzed the data, prepared figures and/or tables,
authored or reviewed drafts of the article, and approved the final draft.

* Wenbin Dong conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.

¢ Yujiao Zhang conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the article, and approved the final draft.

« Xiaoping Lei conceived and designed the experiments, prepared figures and/or tables,
and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

Clinical Trial Ethics Committee of the Affiliated Hospital of Southwest Medical
University granted Ethical approval to carry out the study within its facilities (Ethical
Application Ref: KY2023182).

Lu et al. (2024), PeerdJ, DOI 10.7717/peerj.18506 13/17


http://dx.doi.org/10.7717/peerj.18506
https://peerj.com/

Peer/

Data Availability
The following information was supplied regarding data availability:

The data is available at MetaboLights: MTBLS10266, MTBLS10267 and in the
Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peer;j.18506#supplemental-information.

REFERENCES

Begley M, Sleator RD, Gahan CG, Hill C. 2005. Contribution of three bile-associated loci, bsh,
pva, and btlB, to gastrointestinal persistence and bile tolerance of Listeria monocytogenes.
Infection and Immunity 73(2):894-904 DOI 10.1128/IA1.73.2.894-904.2005.

Brites D, Rodrigues CM, van-Zeller H, Brito A, Silva R. 1998. Relevance of serum bile acid profile
in the diagnosis of intrahepatic cholestasis of pregnancy in an high incidence area: Portugal.
European Journal of Obstetrics & Gynecology and Reproductive Biology 80(1):31-38
DOI 10.1016/S0301-2115(98)00086-4.

Challacombe DN, Edkins S, Brown GA. 1975. Duodenal bile acids in infancy. Archives of Disease
in Childhood 50(11):837-843 DOI 10.1136/adc.50.11.837.

Chen B, Bai Y, Tong F, Yan ], Zhang R, Zhong Y, Tan H, Ma X. 2023. Glycoursodeoxycholic acid
regulates bile acids level and alters gut microbiota and glycolipid metabolism to attenuate
diabetes. Gut Microbes 15(1):2192155 DOI 10.1080/19490976.2023.2192155.

Chen W, Guo JX, Chang P. 2012. The effect of taurine on cholesterol metabolism. Molecular
Nutrition ¢ Food Research 56(5):681-690 DOI 10.1002/mnfr.201100799.

Colombo C, Roda A, Roda E, Buscaglia M, del’Agnola CA, Filippetti P, Ronchi M, Sereni F.
1985. Correlation between fetal and maternal serum bile acid concentrations. Pediatric Research
19(2):227-231 DOI 10.1203/00006450-198502000-00018.

Grijalva J, Vakili K. 2013. Neonatal liver physiology. Seminars in Pediatric Surgery 22(4):185-189
DOI 10.1053/j.sempedsurg.2013.10.006.

Gu JJ, Hofmann AF, Ton-Nu HT, Schteingart CD, Mysels KJ. 1992. Solubility of calcium salts of
unconjugated and conjugated natural bile acids. Journal of Lipid Research 33(5):635-646
DOI 10.1016/S0022-2275(20)41428-2.

Hansen M, Sonne DP, Knop FK. 2014. Bile acid sequestrants: glucose-lowering mechanisms and
efficacy in type 2 diabetes. Current Diabetes Reports 14(5):482 DOI 10.1007/s11892-014-0482-4.

Hassan AS, Subbiah MT. 1980. Bile acids in the fetal rat: effect of maternal bile duct ligation.
Steroids 36(6):709-715 DOI 10.1016/0039-128X(80)90053-7.

Henriksen NL, Hansen SH, Lycas MD, Pan X, Eriksen T, Johansen LS, Sprenger RR, Ejsing CS,
Burrin DG, Skovgaard K, Christensen VB, Thymann T, Pankratova S. 2022. Cholestasis
alters brain lipid and bile acid composition and compromises motor function in neonatal piglets.
Physiological Reports 10(13):e15368 DOI 10.14814/phy2.15368.

Herrema H, Meissner M, van Dijk TH, Brufau G, Boverhof R, Oosterveer MH, Reijngoud D],
Miiller M, Stellaard F, Groen AK, Kuipers F. 2010. Bile salt sequestration induces hepatic de
novo lipogenesis through farnesoid X receptor- and liver X receptor alpha-controlled metabolic
pathways in mice. Hepatology 51(3):806-816 DOI 10.1002/hep.23408.

Huang F, Zheng X, Ma X, Jiang R, Zhou W, Zhou S, Zhang Y, Lei S, Wang S, Kuang J, Han X,
Wei M, You Y, Li M, Li Y, Liang D, Liu J, Chen T, Yan C, Wei R, Rajani C, Shen C, Xie G,

Lu et al. (2024), PeerdJ, DOI 10.7717/peerj.18506 14/17


http://dx.doi.org/10.7717/peerj.18506#supplemental-information
http://dx.doi.org/10.7717/peerj.18506#supplemental-information
http://dx.doi.org/10.7717/peerj.18506#supplemental-information
http://dx.doi.org/10.1128/IAI.73.2.894-904.2005
http://dx.doi.org/10.1016/S0301-2115(98)00086-4
http://dx.doi.org/10.1136/adc.50.11.837
http://dx.doi.org/10.1080/19490976.2023.2192155
http://dx.doi.org/10.1002/mnfr.201100799
http://dx.doi.org/10.1203/00006450-198502000-00018
http://dx.doi.org/10.1053/j.sempedsurg.2013.10.006
http://dx.doi.org/10.1016/S0022-2275(20)41428-2
http://dx.doi.org/10.1007/s11892-014-0482-4
http://dx.doi.org/10.1016/0039-128X(80)90053-7
http://dx.doi.org/10.14814/phy2.15368
http://dx.doi.org/10.1002/hep.23408
http://dx.doi.org/10.7717/peerj.18506
https://peerj.com/

Peer/

Bian Z, Li H, Zhao A, Jia W. 2019. Theabrownin from Pu-erh tea attenuates
hypercholesterolemia via modulation of gut microbiota and bile acid metabolism. Nature
Communications 10(1):4971 DOI 10.1038/s41467-019-12896-x.

Itoh S, Onishi S. 2000. Hepatic taurine, glycine and individual bile acids in early human fetus.
Early Human Development 57(1):71-77 DOI 10.1016/S0378-3782(99)00053-5.

Itoh S, Onishi S, Isobe K, Manabe M, Inukai K. 1982. Foetomaternal relationships of serum bile
acid pattern estimated by high-pressure liquid chromatography. Biochemical Journal
204(1):141-145 DOI 10.1042/bj2040141.

Jahnel J, Zohrer E, Scharnagl H, Erwa W, Fauler G, Stojakovic T. 2015. Reference ranges of
serum bile acids in children and adolescents. Clinical Chemistry and Laboratory Medicine
53(11):1807-1813 DOI 10.1515/cclm-2014-1273.

Kumagai M, Kimura A, Takei H, Kurosawa T, Aoki K, Inokuchi T, Matsuishi T. 2007. Perinatal
bile acid metabolism: bile acid analysis of meconium of preterm and full-term infants. Journal of
Gastroenterology 42(11):904-910 DOI 10.1007/s00535-007-2108-y.

Lefebvre P, Cariou B, Lien F, Kuipers F, Staels B. 2009. Role of bile acids and bile acid receptors in
metabolic regulation. Physiological Reviews 89(1):147-191 DOI 10.1152/physrev.00010.2008.

MahmoudianDehkordi S, Arnold M, Nho K, Ahmad S, Jia W, Xie G, Louie G, Kueider-
Paisley A, Moseley MA, Thompson JW, St John Williams L, Tenenbaum JD, Blach C,
Baillie R, Han X, Bhattacharyya S, Toledo JB, Schafferer S, Klein S, Koal T, Risacher SL,
Kling MA, Motsinger-Reif A, Rotroff DM, Jack J, Hankemeier T, Bennett DA, De Jager PL,
Trojanowski JQ, Shaw LM, Weiner MW, Doraiswamy PM, van Duijn CM, Saykin AJ,
Kastenmiiller G, Kaddurah-Daouk R. 2019. Altered bile acid profile associates with cognitive
impairment in Alzheimer’s disease-an emerging role for gut microbiome. Alzheimers &
Dementia 15(1):76-92 DOI 10.1016/j.jalz.2018.07.217.

Marcinkiewicz J, Kontny E. 2014. Taurine and inflammatory diseases. Amino Acids 46(1):7-20
DOI 10.1007/s00726-012-1361-4.

Marin JJ, Macias RI, Briz O, Perez MJ, Blazquez AG, Arrese M, Serrano MA. 2008. Molecular
bases of the fetal liver-placenta-maternal liver excretory pathway for cholephilic compounds.
Liver International 28(4):435-454 DOI 10.1111/j.1478-3231.2008.01680.x.

McMillin M, Frampton G, Grant S, Khan S, Diocares J, Petrescu A, Wyatt A, Kain J,
Jefferson B, DeMorrow S. 2017. Bile acid-mediated sphingosine-1-phosphate receptor 2
signaling promotes neuroinflammation during hepatic encephalopathy in mice. Frontiers in
Cellular Neuroscience 11:191 DOI 10.3389/fncel.2017.00191.

McMillin M, Frampton G, Quinn M, Ashfaq S, de los Santos M 3rd, Grant S, DeMorrow S.
2016. Bile acid signaling is involved in the neurological decline in a murine model of acute liver
failure. The American Journal of Pathology 186(2):312-323 DOI 10.1016/j.ajpath.2015.10.005.

Monte MJ, Marin JJ, Antelo A, Vazquez-Tato J. 2009. Bile acids: chemistry, physiology, and
pathophysiology. World Journal of Gastroenterology 15(7):804-816 DOI 10.3748/wjg.15.804.

Monteiro-Cardoso VF, Corliano M, Singaraja RR. 2021. Bile acids: a communication channel in
the gut-brain axis. NeuroMolecular Medicine 23(1):99-117 DOI 10.1007/s12017-020-08625-z.

Niijima S. 1985. Studies on the conjugating activity of bile acids in children. Pediatric Research
19(3):302-307 DOI 10.1203/00006450-198503000-00010.

Out C, Hageman J, Bloks VW, Gerrits H, Sollewijn Gelpke MD, Bos T, Havinga R, Smit MJ,
Kuipers F, Groen AK. 2011. Liver receptor homolog-1 is critical for adequate up-regulation of
Cyp7al gene transcription and bile salt synthesis during bile salt sequestration. Hepatology
53(6):2075-2085 DOI 10.1002/hep.24286.

Lu et al. (2024), PeerdJ, DOI 10.7717/peerj.18506 15/17


http://dx.doi.org/10.1038/s41467-019-12896-x
http://dx.doi.org/10.1016/S0378-3782(99)00053-5
http://dx.doi.org/10.1042/bj2040141
http://dx.doi.org/10.1515/cclm-2014-1273
http://dx.doi.org/10.1007/s00535-007-2108-y
http://dx.doi.org/10.1152/physrev.00010.2008
http://dx.doi.org/10.1016/j.jalz.2018.07.217
http://dx.doi.org/10.1007/s00726-012-1361-4
http://dx.doi.org/10.1111/j.1478-3231.2008.01680.x
http://dx.doi.org/10.3389/fncel.2017.00191
http://dx.doi.org/10.1016/j.ajpath.2015.10.005
http://dx.doi.org/10.3748/wjg.15.804
http://dx.doi.org/10.1007/s12017-020-08625-z
http://dx.doi.org/10.1203/00006450-198503000-00010
http://dx.doi.org/10.1002/hep.24286
http://dx.doi.org/10.7717/peerj.18506
https://peerj.com/

Peer/

Perrone S, Laschi E, De Bernardo G, Giordano M, Vanacore F, Tassini M, Calderisi M, Toni AL,
Buonocore G, Longini M. 2020. Newborn metabolomic profile mirrors that of mother in
pregnancy. Medical Hypotheses 137(12):109543 DOI 10.1016/j.mehy.2019.109543.

Polkowska G, Polkowski W, Kudlicka A, Wallner G, Chrzastek-Spruch H. 2001. Range of serum
bile acid concentrations in neonates, infants, older children, and in adults. Medical Science
Monitor 7(Suppl 1):268-270.

Quinn M, McMillin M, Galindo C, Frampton G, Pae HY, DeMorrow S. 2014. Bile acids
permeabilize the blood brain barrier after bile duct ligation in rats via Racl-dependent
mechanisms. Digestive and Liver Disease 46(6):527-534 DOI 10.1016/j.d1d.2014.01.159.

Russell DW. 2003. The enzymes, regulation, and genetics of bile acid synthesis. Annual Review of
Biochemistry 72(1):137-174 DOI 10.1146/annurev.biochem.72.121801.161712.

Satokari R, Gronroos T, Laitinen K, Salminen S, Isolauri E. 2009. Bifidobacterium and
Lactobacillus DNA in the human placenta. Letters in Applied Microbiology 48(1):8-12
DOI 10.1111/j.1472-765X.2008.02475 x.

Serrano MA, Brites D, Larena MG, Monte M]J, Bravo MP, Oliveira N, Marin JJ. 1998. Beneficial
effect of ursodeoxycholic acid on alterations induced by cholestasis of pregnancy in bile acid
transport across the human placenta. Journal of Hepatology 28(5):829-839
DOI 10.1016/S0168-8278(98)80234-1.

Setchell KD, Dumaswala R, Colombo C, Ronchi M. 1988. Hepatic bile acid metabolism during
early development revealed from the analysis of human fetal gallbladder bile. Journal of
Biological Chemistry 263(32):16637-16644 DOI 10.1016/S0021-9258(18)37438-6.

Shoda J, Mahara R, Osuga T, Tohma M, Ohnishi S, Miyazaki H, Tanaka N, Matsuzaki Y. 1988.
Similarity of unusual bile acids in human umbilical cord blood and amniotic fluid from
newborns and in sera and urine from adult patients with cholestatic liver diseases. Journal of
Lipid Research 29(7):847-858 DOI 10.1016/50022-2275(20)38479-0.

Sigurdsson V, Takei H, Soboleva S, Radulovic V, Galeev R, Siva K, Leeb-Lundberg LM, Iida T,
Nittono H, Miharada K. 2016. Bile acids protect expanding hematopoietic stem cells from
unfolded protein stress in fetal liver. Cell Stem Cell 18(4):522-532
DOI 10.1016/j.stem.2016.01.002.

Suchy FJ, Balistreri WF, Heubi JE, Searcy JE, Levin RS. 1981. Physiologic cholestasis: elevation of
the primary serum bile acid concentrations in normal infants. Gastroenterology 80(5):1037-1041
DOI 10.1016/0016-5085(81)90078-0.

Tan L, Ding YL. 2007. Effects of high cholic acid on fetal brains of pregnant rats. Zhonghua Fu
Chan Ke Za Zhi 42:840-845 DOI 10.3760/j.issn:0529-567x.2007.12.014.

Wang DQ, Tazuma S, Cohen DE, Carey MC. 2003. Feeding natural hydrophilic bile acids inhibits
intestinal cholesterol absorption: studies in the gallstone-susceptible mouse. American Journal of
Physiology-Gastrointestinal and Liver Physiology 285(3):G494-G502
DOI 10.1152/ajpgi.00156.2003.

Wang F, Zhao C, Tian Y, Yin Y. 2013. Effect of high blood levels of bile acid on respiratory
functions of New Zealand rabbits. Nan Fang Yi Ke Da Xue Xue Bao=Journal of Southern
Medical University 33:1181-1184 DOI 10.3969/j.issn.1673-4254.2013.08.18.

Xie Y, Fang X, Wang A, Xu S, Li Y, Xia W. 2024. Association of cord plasma metabolites with
birth weight: results from metabolomic and lipidomic studies of discovery and validation
cohorts. Ultrasound in Obstetrics & Gynecology 64(1):87-96 DOI 10.1002/uo0g.27591.

Yu L, Ding Y, Huang T, Huang X. 2014. Effect of bile acid on fetal lung in rat model of
intrahepatic cholestasis of pregnancy. International Journal of Endocrinology 2014(1):308274
DOI 10.1155/2014/308274.

Lu et al. (2024), PeerdJ, DOI 10.7717/peerj.18506 16/17


http://dx.doi.org/10.1016/j.mehy.2019.109543
http://dx.doi.org/10.1016/j.dld.2014.01.159
http://dx.doi.org/10.1146/annurev.biochem.72.121801.161712
http://dx.doi.org/10.1111/j.1472-765X.2008.02475.x
http://dx.doi.org/10.1016/S0168-8278(98)80234-1
http://dx.doi.org/10.1016/S0021-9258(18)37438-6
http://dx.doi.org/10.1016/S0022-2275(20)38479-0
http://dx.doi.org/10.1016/j.stem.2016.01.002
http://dx.doi.org/10.1016/0016-5085(81)90078-0
http://dx.doi.org/10.3760/j.issn:0529-567x.2007.12.014
http://dx.doi.org/10.1152/ajpgi.00156.2003
http://dx.doi.org/10.3969/j.issn.1673-4254.2013.08.18
http://dx.doi.org/10.1002/uog.27591
http://dx.doi.org/10.1155/2014/308274
http://dx.doi.org/10.7717/peerj.18506
https://peerj.com/

Peer/

Zhao C, Wang X, Cong Y, Deng Y, Xu Y, Chen A, Yin Y. 2014. Effects of bile acids and the bile
acid receptor FXR agonist on the respiratory rhythm in the in vitro brainstem medulla slice of
neonatal Sprague-Dawley rats. PLOS ONE 9(11):e112212 DOI 10.1371/journal.pone.0112212.

Zheng Q, Shen L, Zhao D, Zhang H, Liang Y, Zhu Y, Khan NU, Liu X, Zhang J, Lin J, Tang X.
2021. Metabolic characteristics of plasma bile acids in patients with intrahepatic cholestasis of

pregnancy-mass spectrometric study. Metabolomics 17(10):93
DOI 10.1007/s11306-021-01844-w.

Zohrer E, Resch B, Scharnagl H, Schlagenhauf A, Fauler G, Stojakovic T, Hofer N, Lang U,
Jahnel J. 2016. Serum bile acids in term and preterm neonates: a case-control study determining

reference values and the influence of early-onset sepsis. Medicine 95(44):¢5219
DOI 10.1097/md.0000000000005219.

Lu et al. (2024), PeerdJ, DOI 10.7717/peerj.18506 1717


http://dx.doi.org/10.1371/journal.pone.0112212
http://dx.doi.org/10.1007/s11306-021-01844-w
http://dx.doi.org/10.1097/md.0000000000005219
http://dx.doi.org/10.7717/peerj.18506
https://peerj.com/

	The bile acid metabolome in umbilical cord blood and meconium of healthy newborns: distinct characteristics and implications
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


