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Abstract: Objective: To elucidate the mechanism of how tonifying kidney and calming fetus method mediates Piezol
to improve angiogenesis at the maternal-fetal interface in a disease and syndrome combination rat model. Methods: Kidney

deficiency and corpus luteum inhibition rat abortion model was constructed. 8-10 weeks old pregnant rats were randomly divided
into 6 groups (9 rats in each group): blank control group, model group (hydroxyurea 45 mg/mL+mifepristone 0.4 mg/mL), model+
dydrogesterone (progesterone 0.31 mg/mL), model+Jianwei Shoutai Pill (JSP) low dose group (JSP 82.23 mg/mL, JSP-L), model+
JSP medium dose group (JSP 164.46 mg/mL, JSP-M), and model + JSP high dose group (JSP 328.92 mg/mL, JSP-H). The
embryonic and its vascular development of each group was analyzed by somatoscopy. Small animal ultrasound was applied to
analyze uterine artery flow resistance. Photoacoustic imaging was performed to analyze placental oxygen saturation. Hematoxylin-
eosin (HE) staining was applied to analyze the number of ovarian corpus luteum, corpus luteum vessels and placental vascular
abundance. Immunohistochemistry (IHC) was performed to analyze distribution and expression of Piezol, VEGFR2 and
VEGFRI1, VEGFA in the placenta. Protein expression of Piezo, VEGFR2, VEGFR1 and VEGFA in the placenta were examined
by Western Blot (WB). Results: Compared to the Control group, Model group showed a decrease in uterine and embryonic wet
weight (P<0.05), a decrease in embryonic diameter (P<0.05) and an increase in abortion rate to 65.73% (P<0.001). It also showed
an increase in uterine artery pulsatility index Pl and resistance index RI (P<0.01), a decrease in placental oxygen saturation (P<0.05),
a decrease in the number of corpus luteum and a decrease in placental vascular richness. IHC showed decreased expression of
Piezol and VEGFA (P<0.001) and increased expression of VEGFR2 and VEGFR1 in Model group (P<0.001). WB also showed
decreased expression of Piezo1(P<0.01) and increased expression of VEGFR2 and VEGFR1 in Model group (P<0.05). Compared
to Model group, Progesterone group and the JSP groups showed a decrease in abortion rate (P<0.01) and a decrease in uterine
artery Pl and RI (P<0.05). JSP-L and JSP-M group showed an increase in oxygen saturation (P<0.01). Progesterone group and the
JSP groups showed an increase in gestational corpus luteum and placental vascularity. IHC showed an increase in placental Piezol
and VEGFA expression in JSP groups (P<0.001). WB showed an increase in placental Piezol and VEGFR2 expression in JSP-M
group (P<0.01). Conclusion: The kidney deficiency and luteinizing body inhibition rat model is characterized by insufficient
angiogenesis, increased uterine artery resistance, and decreased oxygen saturation at maternal-fetal interface. JSP, representing
method of tonifying kidney and calming fetus, promotes angiogenesis by regulating the mechanosensitive ion channel Piezol-
mediated VEGFA, reduces maternal uterine artery blood flow resistance, enhances blood perfusion and improves blood oxygen
exchange at the maternal-fetal interface, thus exerting an effect on reducing miscarriage.

Keywords: Tonifying kidney and calming fetus method; Jianwei Shoutai Pills; Piezol; Angiogenesis; Spontaneous
abortion; Disease and syndrome combination animal models
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