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Abstract

Objective: Seasonal estrus is an important evolutionary result of sheep adaptation to survival, and the relative
quiescence of sheep ovaries in the lackluster season limits the reproductive efficiency of sheep in actual
production. At present, the research on the molecular regulation mechanism of sheep seasonal estrus mainly
focuses on photoperiod, while other regulatory mechanisms are rarely reported, especially nutritional factors.
Previous research by members of this laboratory found that sheep will show estrus in non-breeding season
after the nutritional level is guaranteed to a certain extent, and the use of energy feed glycerin to induce sheep
estrus is better. Based on this, this experiment analyzes the molecular regulation mechanism of glycerol and
its metabolite on estrus in sheep in non-breeding season from the effect of supplemental glycerol on estrus in
sheep non-breeding season.

Methods: (1) In the dull season from April to June, 40 Kazakh sheep weighing 40+0.5 kg and aged 3-5 years
old were selected and randomly divided into blank, 1%, 7% and 12% glycerol groups, and glycerol was
irrigated at 10:00 every day. Starting from the estrus of sheep, continuous jugular venous blood collection
for 18 days, ELISA detected the concentration of P4 (progesterone), E» (estradiol), LH (follicle-stimulating
hormone) and FSH (luteinizing hormone), combined with the ram test, the most suitable concentration was
screened. (2) From April to June, another 20 ewes were selected and divided into GLY (7% glycerol) group
and CON (blank), and glycerol was filled at 10:00 daily. On the 90th day of glycerol feeding, 6 sheep in the
GLY and CON groups were randomly selected and slaughtered, and the ovaries were taken to determine the
follicle number and volume. After feeding, serum was collected from 10 sheep in each group at 0, 15, 30, 60,
90, 120 min and 0, 30, 60 and 90 days, and ELISA was used to detect the concentrations of glucose, insulin,
NEFA, urea, leptin and triglycerides. (3) On the 90th day after feeding, 6 GLY and CON sheep were randomly
selected, serum was collected, and differential metabolites were screened and identified by liquid
chromatography-mass spectrometry (LC-MS). (4) ELISA test was used to detect the effect of PC
(phosphatidylcholine) on the secretion of E; and P4 by GCs (ovarian granule cells). qRT-PCR, Western Blot
and other methods were used to explore the effect of PC on the levels of mRNA and protein in estrus-related
genes.

Results: (1) Supplemental feeding of glycerin in the diet can obviously induce sheep to estrus in the non-
breeding season, which is suitable for 7%. During the estrus cycle, ewe in heat P4 showed fluctuation changes
during the estrus cycle, and E», LH and FSH showed pulsive changes. (2) Supplemental glycerol promotion
of 2.5-3 mm follicles and reduced the number of atresia of 3-3.5 mm follicles. Supplemental glycerol was
very significant and increased the number of = 4.0 mm follicles in the GLY group. Supplemental glycerol
led to increased serum triglyceride, leptin, glucose and insulin concentrations in sheep and decreased serum



NEFA and urea concentrations. (3) The most significant differential metabolite was screened out as PC, which
was associated with estrus in sheep. Screening of pathways related to estrus, purine metabolism; Steroid
synthesis; Glycine, serine, and threonine metabolism and bile secretion pathways. (4) When the PC
concentration is 25 ng/mL, cell viability is the best, and it can also promote the secretion of E; and P4 by
GCs. PC may stimulate ovarian follicle development by upregulating the relative expression of estrus-related
steroid synthesis genes, mRNA and protein of CYP1/A (cytochrome P450 family 11 subfamily A member 1)
and SCARBI (scavenger receptor class B member 1).

Conclusion: The diet is supplemented with 7% glycerol, which helps Kazakh ewes to come into heat during
the non-breeding season. Its regulatory mechanism may be: triglycerides, a metabolite of glycerol, are
converted into PC through the steroid synthesis pathway, and PC upregulates the steroid-producing genes
CYP1IA and SCARBI, stimulates the ovaries to secrete E> and P, thereby promoting follicle development
and inducing estrus in sheep during the non-breeding season.

Key words: Glycerol; Sheep; estrus during the non-breeding season; Reproductive hormones; Metabolites
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