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[ Abstract | Objective To establish a female mouse model of high serum folate levels during peri-pregnancy by
feeding a formula feed with high folate contents combined with serum folate testing, and to study the effects of high folate
levels caused by folate supplementation during peri-pregnancy on offspring heart development. Methods According to the
literatures, the formula feeds with normal folate content (2.0 mg/kg) and high folate content (10.0, 20.0, and 40.0 mg/kg)
were designed. Thirty 6-week-old female BALB/c mice were randomly divided into 5 groups (6 in each group), 1 of which
continued to be fed with common feed, and the other 4 groups were fed with the above 4 kinds of formula feeds. After 2
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weeks of feeding, 4 groups of mice fed with formula feeds were divided into normal serum folate group (serum folate level <<
2 000 pg/mL), high serum folate group (2 000 pg/mL<serum folate level<<3 000 pg/mL), and ultra-high serum folate group
(serum folate level =3 000 pg/mL). After grouping, the female mice continued to be fed with the corresponding formula feeds
and caged with male mice feeding with common feed. The gestational age was calculated as 0.5 d of pregnancy (E0.5) on
the day when the vaginal plug was found. Cardiac tissue samples from fetal mice of different gestational ages were obtained,
and cardiac development indicators at 10.5, 11.5 and 13.5 d of pregnancy (E10.5, E11.5, and E13.5) were detected by
hematoxylin-eosin and immunohistochemical staining. Results ~With the increase of folate content in feed, the average serum
folate levels of the female mice presented a gradually increasing trend, but there was no significant difference in serum folate
level among different groups (P=0.163). Compared to the normal and high serum folate groups, in the ultra-high serum folate
group the cardiac tissue of fetal mice showed a loss of mesenchymal tissue (E10.5), decreases in the number and proliferation
of myocardial cells (E10.5), thinner atrial and ventricular walls (E11.5, all P<<0.001), a decrease in the phosphorylated histone
H3 positive rate (E11.5, both P<<0.001), a loss of dorsal mesenchymal protrusion (E13.5), structural abnormalities in right
atrial appendage and ventricular outflow tract (E13.5), and ostium primum defect (E13.5). Conclusion It is feasible and
effective to construct a female mouse model with high serum folate level by folate supplementation during peri-pregnancy
combined with serum folate testing. The dramatic increase of serum folate levels in female mice during peri-pregnancy
induced by folate supplementation may lead to cardiac dysplasia in offspring.
[ Key words | peri-pregnancy; folate supplementation; serum folate level; cardiac development; animal models
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Tab 1 Serum folate levels of female mice after 2 weeks of feeding with different folate formula feeds

(pg*mL '), n=3,x

Feed grouping Mouse 1 Mouse 2 Mouse 3 Mouse 4 Mouse 5 Mouse 6
Common feed 1705.47 856.26 1056.98 1996.45 1974.50 1487.19
2.0 mgkg ' folate feed 2439.38 1 547.76 2266.01 818.37 2 084.40 984.22
10.0 mgekg ' folate feed 2956.01 1107.62 3112.37 2039.12 3493.93 1214.59
20.0 mg-kg ' folate feed 3837.78 2429.16 1 688.63 2528.32 3174.98 2021.42
40.0 mgekg ' folate feed 3195.60 2 655.64 4191.29 3490.67 1410.76 2 096.44
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Fig1 Hematoxylin-eosin staining analysis of cardiac
development of fetal mice in different serum folate
groups at 10.5 d of pregnancy (20 X)

A: Normal serum folate group; B: High serum folate group;
C: Ultra-high serum folate group. The left and right columns
correspond to different typical lesion sites of the same sample,
respectively. Black arrows indicate mesenchymal cells, blue
arrows indicate cardiomyocytes, red arrow indicates atrial wall,

and green arrow indicates epicardium.
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Fig2 Hematoxylin-eosin staining analysis of atrial and

ventricular wall thickness of fetal mice in different serum
folate groups at 11.5 d of pregnancy

A: Normal serum folate group; B: High serum folate group;

C: Ultra-high serum folate group. RA: Right atrium; LA: Left

atrium; RV: Right ventricle; LV: Left ventricle.
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Fig3 Expression of pHH3 in endocardial cushion of fetal

mice in different serum folate groups at 11.5 d of pregnancy
detected by immunohistochemical staining (200 X)

A: Normal serum folate group; B: High serum folate group;

C: Ultra-high serum folate group. Arrows indicate pHH3

positive staining cells. pHH3: Phosphorylated histone H3.
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Fig4 Hematoxylin-eosin staining analysis of heart

development of fetal mice in different serum folate
groups at 13.5 d of pregnancy (10 X)
A: Normal serum folate group; B: High serum folate group;
C: Ultra-high serum folate group. RA: Right atrium; LA: Left
atrium; RV: Right ventricle; LV: Left ventricle; DMP: Dorsal
mesenchymal protrusion; PAS: Primary atrial septum; AVSD:

Atrioventricular septal defect.
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