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Study on the effects on maternal and fetal oxidative stress via intestinal microbes-
derived hydrogen gas produced by feeding of nondigestible oligosaccharide to
pregnant mother
- Investigation of factors that offspring of pregnant excessive folic acid model

mouse induces abnormal glucose metabolism —

[Background and objectives]

Nondigestible oligosaccharides which is orally ingested, are fermented by
host intestinal microbes to produce intestinal microbes-derived hydrogen gas (IMDH),
short-chain fatty acids, vitamins, etc. as their metabolites. Oku et al. have been
studying the bioavailability of fructooligosaccharide (FOS) and its novel
physiological effects, and has shown that FOS feeding delays the onset of learning
and memory disorder and osteoporosis in a senescence accelerated model mice, and
that the mechanism of the delay is related to the antioxidant and anti-inflammatory
effects of IMDH. On the other hand, it has reported that exogenous hydrogen gas
alleviates symptoms via antioxidant and anti-inflammatory effects in animal models of
liver disease and skin invasion. Although it has been reported that maternal oxidative
stress is increased during pregnancy, no study on the antioxidant effects of exogenous
hydrogen gas and IMDH during pregnancy were found in my literature review. The
final purpose of this research is to clarify the novel physiological effects of
nondigestible oligosaccharides and contribute to maintain and promote the health of
mothers and children.

Recently, the National Institute of Health investigated the effects of maternal
excessive folic acid (EFA) on the health problems in mother and fetus and reported
that EFA during gestation increases the risk of developing obesity and insulin
resistance after the children are grown. Kintaka et a/l. established the mouse model of
the pregnant excessive folic acid model mouse (PEFAM) in order to investigate this
mechanism. The definition of PEFAM is that the female offspring develop abnormal
glucose metabolism at the age of 7 weeks after feeding of EFA diet to gestating
mother of C57BL/6J mice. I speculated that in PEFAM, the feeding of EFA increased



oxidative stress and induced dysfunction of pancreatic islet of Langerhans B-cells in
the fetuses, and decided to examine the following hypothesis using this mouse model.
My hypothesis is that when PEFAM are fed FOS during gestation, IMDH from the
mother is transferred to the fetus, suppresses the increase in oxidative stress caused
by EFA in the mother and fetus, and maintaining the function of pancreatic islet of
Langerhans B-cells to the normal status in the fetus. To clarify my hypothesis, I
examined folic acid accumulation, IMDH concentrations, oxidative stress indices,
antioxidant enzymes, and nuclear factor erythroid 2-related factor 2 (Nrf2), a nuclear
transcription factor, in mothers and fetuses. I also examined the expression of
pancreatic and duodenal homeobox 1 (Pdx1), forkhead box protein O1 (FoxO1), and
insulin, which are involved in the differentiation of pancreatic islet of Langerhans B-
cells in fetuses. Prior to the experiment using PEFAM toward my hypothesis, I
examined the effects of fasting on IMDH excretion in normal male rats fed the FOS
diet, and the distribution of IMDH in the body and its transfer to the fetus after
continuous intake of FOS in pregnant rats.

[ Test substance]

I selected FOS provided from Meiji Co., Ltd. as my test substance. The
oligosaccharide fraction of FOS has a purity of 98% and an average molecular weight
of 608.

[Experimental methods]
Experiment 1
1. Experimental animals, diets, and grouping

Twelve 8-week-old male Wistar rats (Crea Japan Co., Ltd.) were purchased
and fed a control (CONT) diet in which cellulose, the dietary fiber source in the AIN-
93G diet, was replaced with cornstarch, and a diet in which 80% of the sucrose in the
CONT diet was replaced with FOS (8% FOS). In addition, 20 Wistar rats (Crea Japan
Co., Ltd.) were purchased on the second day of gestation (GD2) and fed the CONT
diet or a diet in which half of the sucrose in the CONT diet was replaced with FOS
(5% FOS). The rats were kept ad libitum for both feeding and water supply.

2. Assay items and their methods

After euthanasia, excreted gases from rat and blood were collected in male
rats, while in pregnant rats, blood, organs, and fetuses were collected. IMDH
concentrations were measured in duplicate using a hydrogen/methane analyzer

equipped with gas chromatography.



3. Statistical analysis

Means and standard deviations were calculated, and after tests of normality
and equal variance, paired 7-test or Student's ¢-test were performed. Statistical
analysis was performed using SPSS ver. 26, and a probability of significance of less
than 5% was considered as a statistically significant.
Experiment I1
1. Experimental animals, diets, and grouping

C57BL/6J mice on GD1 were reared on the following three diets and
euthanized on GD18. The diets were: AIN-93G purified diet containing 2 mg/kg folic
acid as a control (CONT) diet, EFA diet with 38 mg/kg folic acid added to the CONT
diet according to the PEFAM definition, and a diet in which half of the 10% sucrose in
the EFA diet was replaced with FOS (EFA-FOS). As the restriction of food and water
intake during gestation was considered stressful, the supplies of diets and drinking
water were ad libitum. On GD 15, the maternal urine was collected, and on the GD18,
the mother was euthanized and dissected, and the fetuses and organs such as liver
were collected. Because the fetuses growing are rapid, the same experiments were
repeated so that samples could be collected under the identical conditions.
2. Measurement items and their methods

The methods for measuring IMDH concentrations in the maternal liver and
fetuses were the same as in Experiment I. Folic acid, 8-hydroxy-2'-deoxyguanosine (8-
OHdG), malondialdehyde (MDA), and antioxidant enzyme activity of the liver
mitochondrial fraction were measured in the maternal liver and amniotic fluid using a
specified kit. Protein expressions of antioxidant enzymes and Nrf2 in maternal liver
were measured by Western blotting, and mRNA expression of antioxidant enzymes and
cytokines were measured by real-time RT-PCR and corrected by Thp or Acth. Nrf2 in
fetal liver, and pancreatic Pdx1, FoxO1, and Insulin were quantitatively analyzed
using Imagel] after immunohistochemical staining.
3. Statistical analysis

Means and standard deviations were calculated, and after testing for
normality and equal variance, thereafter ANOVA and the Tukey HSD test were
performed. Statistical analysis was performed using SPSS ver. 26, and a probability of
significance of less than 5% was considered as a statistically significant.

[Results and discussion]

Experiment 1

In normal male rats, IMDH concentration in the 8% FOS were less than the



detection limit after fasting, however, it was significantly higher during non-fasting
than that after fasting (»p<0.05). In pregnant rats, IMDH concentrations in blood,
uterus, fetuses, liver, and perirenal adipose tissue of the 5% FOS were significantly
higher than those of the CONT (p<0.05). These results indicate that IMDH is
continuously distributed in the live body by continuous feeding of the FOS, and that
IMDH from the mother rats is transferred to the fetuses across the placenta by
continuous feeding of FOS to the mother rats.

Experiment 11

The folic acid accumulation in the liver and amniotic fluid of mothers by the
feeding of EFA, as well as EFA-FOS feeding, were significantly higher than those of
the CONT (p<0.05), however, no statistically significant difference was observed
between the EFA and EFA-FOS. On the other hand, no statistically significant
difference in folic acid in fetal liver was observed among the three groups. In addition,
IMDH concentration in the maternal liver and fetuses in the EFA-FOS were
significantly higher than that in the CONT and EFA (p<0.05). These results indicate
that the transfer of EFA from the mother to the fetuses was independent of the folic
acid feeding of the mothers and did not differ significantly. It was also found that
maternal IMDH was transferred to the fetus in PEFAM fed FOS.

Maternal urinary and fetal amniotic fluid 8-OHdG was significantly higher in
the EFA-FOS than those in the CONT (p<0.05), although no statistically significant
difference was observed in the EFA. Maternal liver superoxide dismutase (SOD) and
heme oxygenase 1 (HO-1) enzyme activities, protein expressions, and mRNA
expression, as well as Interleukin-1f mRNA expression and Nrf2 protein expression,
were not statistically higher in the EFA-FOS compared to the CONT (p<0.05),
however they were significantly higher in the EFA. Protein and mRNA expressions of
fetal liver SOD and Nrf2 protein expression were not significantly different between
the EFA-FOS and the CONT groups, however, those in EFA group was significantly
higher than those in the EFA-FOS group (p<0.05), These results suggest that in the
EFA-FOS, IMDH produced by FOS feeding in mother suppressed the increase in
oxidative stress induced by EFA feeding via the nuclear transcription factor Nrf2. As
the immaturity of heme metabolism during fetal life, the lack of statistically
significant differences in fetal HO-1 was observed among the three groups.

Protein expressions of Pdx1, FoxO1, and Insulin in fetal pancreatic islet of
Langerhans B-cells were significantly lower in the EFA group compared to the CONT

(p<0.05), however, no statistically significant difference was observed in the EFA-



FOS. The results suggest that the protein expressions in fetal pancreatic islet of
Langerhans B-cells were maintained via the antioxidant effect of IMDH produced by
maternal FOS feeding.

[Conclusion]

In this study, I clarified for the first time that IMDH in mother is transferred
to the fetus through the placenta by continuous intake of FOS to the mother. Next, I
clarified that the continuous feeding of FOS to PEFAM suppressed oxidative stress in
mothers and fetuses by transferring maternal IMDH to fetuses, and maintained the
protein expressions of Pdx1, FoxO1 and Insulin in fetal pancreatic islet of Langerhans
B-cells. In addition, I clarified for the first time that the mechanism of the antioxidant
effect of IMDH is Nrf2-mediated pathway that is the same as the mechanism of
exogenous hydrogen gas. Based on my results, I believe that I could prove my
research hypothesis.

I believe that this study reveals a novel function of IMDH by FOS ingestion
and will contribute to maintain and improve the of maternal and child health during
pregnancy in the future.

My research results of Experiment I and Experiment II were published in the
following scientific papers, respectively.
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