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Abstract

Purpose: The aim is to screen antioxidants in the in vitro maturation medium of sheep oocytes and to
develop a protocol for vitrification of oocytes at the germinal vesicle (GV) stage, with the goal of
improving the currently low maturation and blastocyst rates of sheep oocytes currently stored using
vitrification. This study aims to provide technical support for the establishment of a sheep oocyte bank in
Xinjiang and the conservation of genetic diversity.

Methods: (1) Sheep oocytes were collected from excised ovaries and cultured in in vitro maturation
(IVM) medium containing different concentrations of grape seed proanthocyanidins (OPC) for 24 hours.
The rate of the first polar body extrusion was recorded, and levels of reactive oxygen species (ROS),
glutathione (GSH), and mitochondrial membrane potential were measured. The relative expression levels of
antioxidant genes in oocytes and cumulus cells, as well as expansion genes in cumulus cells, was evaluated
using RT-qPCR to select the optimal concentration of OPC in the culture medium. Subsequently, the
optimal combination of OPC and chlorogenic acid (CGA) was determined. (2) Oocytes matured in the
optimal medium were subjected to vitrification, thawing, parthenogenetic activation, and evaluation of
cleavage and blastocyst rates to determine the optimal ratio of CGA and antifreeze glycoproteins (AFGP) in
the cryoprotectant. The cryopreservation efficiency of GV-stage oocytes was evaluated using the optimal
cryoprotectant, and parameters such as maturation rate, cleavage rate, blastocyst rate, hardness of the zona
pellucida of post-thaw GV-stage oocytes, morphological changes, and spindle morphology were assessed.
RT-gPCR was used to analyze the relative expression levels of genes related to freezing resistance,
antioxidation, anti-apoptosis, apoptosis induction in GV-stage oocytes, and genes related to freezing
resistance, expansion, anti-apoptosis, and apoptosis induction in cumulus cells.

Results: (1) Adding 25 pmol/L OPC to the in vitro maturation medium resulted in a maturation rate of
51.42% in sheep oocytes, with significantly lower ROS levels and higher GSH levels and mitochondrial
membrane potential compared to the control group (P<0.05). The expression levels of antioxidant genes
SOD-2 and GPX-3 in oocytes and expansion genes PTX-3 and HAS-2 in cumulus cells were significantly
higher than those in the control group (P<0.05). When 25 pumol/L OPC was combined with 30 pumol/L
CGA, the maturation rate reached 55.76%, with significantly lower ROS levels and higher GSH levels and
mitochondrial membrane potential compared to the control group (P<0.05). The expression levels of
SOD-2 and GPX-3 in oocytes and PTX-3 and HAS-2 in cumulus cells were significantly higher than those
of the control group (P<0.05). (2) Using a vitrification cryoprotectant containing 50 umol/L CGA, the
cleavage rate and blastocyst rate of MIIl-stage oocytes after freezing, thawing, and parthenogenetic

activation were 37.67% and 13.53%, respectively, significantly higher than those in the control group



(P<0.05). When 50 pmol/L CGA and 15 pg/mL AFGP were added together, the cleavage rate and
blastocyst rate were 40.56% and 15.73%, respectively, significantly higher than those in the control group
(P<0.05). After vitrification and thawing of GV-stage oocytes, the in vitro maturation rate is 44.17%, and
the parthenogenetic activation rate of oocytes is 37.63%, with an embryonic development rate of 12.86%,
all significantly lower than those for Mll-stage oocytes (P<0.05). Following spindle staining of post-thaw
GV-stage oocytes, it is evident that the microtubules and chromatin of oocytes are significantly damaged or
even disordered. The rate of normal morphology is significantly lower than that of the control group
(P<0.05). Post-thaw, the expression levels of PRKG-1, ENPP-7, UCP-1, BCL-2, BAX, Caspase-3, and
FOXO genes inside GV-stage oocytes are significantly higher than those in the non-frozen group (£<0.05),
whereas SOD-2 and GPX-3 genes are significantly lower (P<0.05). The difference in AKT gene expression
compared to the non-frozen group is not significant (P>0.05). Post-thaw, granulosa cells of the
cumulus-oocyte complex show significantly higher expression levels of ENPP-7, PRKG-1, HAS-2, PTX-3,
BCL-2, BAX, and Caspase-3 genes compared to the non-frozen group (P<0.05), while AKT and UCP-1
genes are significantly lower (P<0.05), and the difference in FOXO gene expression in the non-frozen
group is not significant (P>0.05).

Conclusion: The addition of OPC and CGA to the in vitro maturation medium improved the
maturation rate of sheep oocytes and enhanced their antioxidant capacity and developmental potential. The
optimal combination of CGA and AFGP in the vitrification cryoprotectant improved the cleavage and
blastocyst rates of Mll-stage oocytes after thawing and activation. However, the cryopreservation
efficiency of GV-stage oocytes was lower compared to MIl-stage oocytes, with significant damage
observed in post-thaw GV-stage oocytes. The gene expression analysis revealed changes in genes related to
freezing resistance, antioxidation, apoptosis, and expansion in both oocytes and cumulus cells after
vitrification.

Future studies should focus on further optimizing the cryopreservation protocol for GV-stage oocytes
to minimize damage and improve developmental potential. Additionally, investigating the long-term effects
of vitrification on the health and viability of the health and viability of the embryos and offspring resulting
will be crucial for the successful establishment of a sheep oocyte bank and conservation of genetic
resources.

Key words: sheep; GV stage oocytes; in vitro maturation; vitrification cryopreservation.
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Abbreviation
A FEILARR A FR
AFGP Antifreeze Glycoprotein PR EA
BSA Bovine albumin A 1MiE B
CGA Chlorogenic acid 2R JR IR
COC Cumulus-Oocyte Complex YN - N BEGH i 5 S AR
DMSO Dimethyl sulfoxide R 207
EG Ethylene glycol L
FBS Fetal bovine serum a4 i
GLY Glycerol H
GSH Glutathione A EH Ik
GV Germinal Vesicle AR
IVC In vitro culture of embryo JR G A4 A1 5 57
IVM In vitro maturation (AN ES
MII Metaphase of second meiosis BRI E R
mRNA Messenger Ribonucleic acid fEAAZPERL IR
OPC Oligomeric proanthocyanidin WA B &
complexes
PBS Phosphate buffered saline T R Eh 22 P
ROS Reactive oxygen species TG 1t 2
RT-gPCR The quantitative RT-PCR SEI 5 B PCR
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