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Abstract

Objective: Uterine involution is a core process for the restoration of postpartum fertility in Hu sheep.
The timely completion of uterine involution is crucial for improving reproductive efficiency. Uterine
involution is a complex and prolonged process, wherein the degeneration and repair of the myometrium is
one of its key aspects. Our previous research found that oxytocin can promote postpartum uterine involution
in Hu sheep; however, the physiological mechanism by which oxytocin initiates the degenerative involution
of the myometrium remains unclear. Some studies indicate that oxytocin can induce cell autophagy.
Concurrently, other research has shown that autophagy in uterine smooth muscle cells (USMCs) is activated
during uterine involution. During involution, uterine contractions subject the myometrial tissue to
intermittent and transient hypoxia, a condition where autophagy plays a significant role. Therefore, this
experiment aims to investigate the role of the autophagy signaling pathways PI3K-Akt-mTOR and AMPK-
mTOR in oxytocin-promoted uterine involution in Hu sheep.

Methods : (1) Hu sheep uterine smooth muscle tissue was collected. USMCs were isolated using the
tissue explant adherence method and purified via differential adhesion. Cell type and purity were identified
through morphological observation and immunofluorescence. Cell growth and proliferation were detected
using CCK-8 assay. Cell viability before and after cryopreservation was assessed using trypan blue staining.
(2) USMCs underwent hypoxia pretreatment followed by oxytocin (OT) treatment, divided into OT-treated
and control groups. Ultrastructure was observed using transmission electron microscopy (TEM). RT-qPCR
was used to detect the transcript levels of key autophagy pathway genes (PI3K, Akt, AMPK, mTOR),
autophagy marker genes (BECNI1, LC3, ATGS, ATG7), and apoptosis-related genes (Bcl2, BAX) under
different OT concentrations to determine the optimal OT concentration. At this optimal OT concentration,
RT-gPCR was used again to measure transcript levels of autophagy pathway genes (AMPK, mTOR),
autophagy markers (BECN1, LC3, ATG5, ATG7), and apoptosis genes (Bcl2, BAX) under different
concentrations of the AMPK pathway inhibitor Compound C (Dorsomorphin) to determine its optimal
concentration. Western blot was used to detect the protein expression levels of key pathway components
AMPK, mTOR, and autophagy markers LC3-1, LC3-II, and BECN1. Ultrastructure was observed by TEM
after treatment with both Compound C and OT.

(3) Forty-eight primiparous Hu ewes were randomly selected and treated with either OT or Compound C
within 12 hours postpartum. Ewes were grouped by litter size: single-lamb (n=24) and twin-lamb (n=24)
groups. Each group was further divided into three treatment subgroups: Control (IM injection of 3 mL 0.9%
saline, n=8), OT (IM injection of 10 IU OT, n=8), and OT+Compound C (injection of 0.01 mg/kg Compound



C and 10 IU OT, n=8). Dynamic changes in uterine horn diameter and maximum caruncle diameter were
monitored from days 0-40 postpartum. Jugular vein blood was collected every 5 days from day 0 to 60
postpartum, and serum concentrations of progesterone (Ps4), estradiol (E.), follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) were measured by ELISA. The time to first postpartum estrus and
subsequent conception rates were recorded.

Results : (1) After Cells began migrating from the tissue explants after 5-6 days of culture. Rapid growth
occurred between days 6-11, with cells exhibiting irregular spindle or polygonal shapes. Extensive
proliferation and a "peak-valley" morphology appeared after day 12. Morphological observation and
immunofluorescence confirmed the successful culture of USMCs. The growth curve of passage 3 cells
roughly displayed an "S" shape. Cell viability before freezing and after thawing showed no significant
difference (P>0.05).(2) TEM observation showed significantly more autophagosomes in the OT-treated
group compared to the control. OT treatment significantly promoted the transcript levels of AMPK, BECNI,
LC3, ATGS, and ATG7 (P<0.01) and significantly inhibited mTOR transcript levels (P<0.01). No significant
differences were found in PI3K, Akt, Bcl2, or BAX transcript levels (P>0.05), indicating the PI3K-Akt-
mTOR pathway was not activated by OT. The optimal OT concentration was determined to be 10 mol/L.
At this concentration, subsequent treatment with Compound C significantly inhibited the transcript levels of
AMPK, BECNI1, LC3, ATGS, and ATG7 (P<0.01) and significantly promoted mTOR transcript levels
(P<0.01). The optimal Compound C concentration was 10¢ mol/L. OT also significantly promoted AMPK
and BECNI protein expression (P<0.01), significantly increased the LC3-II/LC3-I ratio (P<0.05), and
significantly inhibited mTOR protein expression (P<0.01). TEM observation showed significantly fewer
autophagosomes in cells treated with both Compound C and OT compared to those treated with OT alone.(3)
In single-lamb ewes, the uterine recovery time in the OT+Compound C group (31.55+4.11 days) was not
significantly different from the control group (30.92+3.82 days,P>0.05) but was significantly longer than
in the OT group (26.13 & 0.68 days,P<0.01). In twin-lamb ewes, the uterine recovery time in the
OT+Compound C group (31.8213.19 days) was not significantly different from the control (32.44 +-2.88
days,P>0.05) but was significantly longer than in the OT group (28.02 :=4.55 days,P<0.01). The patterns of
serum reproductive hormones (FSH, P4, LH, E>) were similar and showed no significant differences between
the control and OT+Compound C groups (P>0.05). The first peak of FSH concentration occurred on day 15
postpartum in all three groups (Control, OT, OT+Compound C). The second FSH peak occurred earlier in
the OT+Compound C group compared to the OT group (day 25 vs. day 30). The first P4 peak occurred earlier
in the OT+Compound C group than in the OT group (day 25 vs. day 30). The first LH peak occurred later in
the OT+Compound C group than in the OT group (day 35 vs. day 30). The first E; peak occurred later in the
OT+Compound C group than in the OT group (day 30 vs. day 25). The time to first postpartum estrus in the
OT+Compound C group (50.89 =+ 5.38 days) was not significantly different from the control group (52.75



+5.22 days,P>0.05) but was significantly longer than in the OT group (42.75+8.37 days,P<0.01). The
conception rates at 60 days postpartum did not differ significantly among the three groups (P>0.05).

Conclusion : (1) USMCs were successfully isolated using the tissue explant method and identified as
suitable for subsequent experiments.(2) In uterine smooth muscle cells, oxytocin can mediate the activation
of autophagy by activating the AMPK-mTOR autophagy pathway.(3) The AMPK pathway inhibitor
Compound C can inhibit the effect of oxytocin on promoting uterine involution in Hu sheep via the activation
of the AMPK-mTOR autophagy pathway.

Key words: Uterine involution ; Oxytocin ; Hu sheep ; Autophagy
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