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Putrescine improves the quality of aged oocytes through mitochondria - associated

endoplasmic reticulum membrane

NI Man, CHENG Li, GUO Shuang, LA Boya, YAN Zhengjie, CUI Yugui, QIN Lianju’, LIU Jiayin"

State Key Laboratory of Reproductive Medicine and Offspring Health, Clinical Center of Reproductive Medicine, the
First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: The aim of this study is to evaluate the impact of putrescine on oocyte quality in aged mice during in vitro
maturation (IVM). Additionally, the effect of putrescine on mitochondria-associated endoplasmic reticulum membrane (MAM) in aged
mouse oocytes will be investigated. Methods: Germinal vesical (GV) stage mouse oocytes were cultured in vitro until they reached the
Meiosis (M) II stage. The young control group consisted of 8-week-old mice, while the old control group consisted of 40-week-old mice.
The old experimental group consisted of 40-week-old mouse oocytes supplemented with 0.5 mmol/L putrescine in the IVM solution. The
oocyte quality was assessed by detecting the first polar body (PB1) extrusion rate, 2-cell rate, blastocyst formation rate, cortical granule
distribution, spindle abnormality rate, and chromosome abnormality rate of oocytes at stage M 1. Additionally, MAM in M II -stage
oocyte was observed using transmission electron microscopy, the content of key molecules for Ca®* transfer was detected by qPCR, and
the Ca’* levels in mitochondria, endoplasmic reticulum, and cytoplasm were determined using Ca’* probes. Mitochondrial function was
assessed by measuring mitochondrial membrane potential, ATP content, and reactive oxygen species (ROS) levels. Results: Putrescine
increased the rate of PB1 extrusion (P < 0.05) and the blastocyst rate (P < 0.05) in oocytes of aged mice and significantly reduced the
rate of cortical granule distribution abnormalities (P < 0.01) , spindle abnormalities (P < 0.01) , and chromosomal abnormalities (P <

0.05). The oocytes contained MAM structures. Putrescine prevented the shortening of MAM spacing (P < 0.001) in oocytes of aged mice
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and reduced the levels of key molecules for Ca®" transfer between MAM (P < 0.05). Meanwhile, putrescine improved mitochondrial

function (P < 0.05)and reduced intracellular ROS levels (P < 0.001) by alleviating mitochondrial calcium overload (P < 0.001) caused

by rapid Ca’ transfer between MAMs. Conclusion: The addition of putrescine to in vitro maturation cultures significantly improved the

quality of oocytes of aged mice. Putrescine also alleviated mitochondrial calcium overload and improved mitochondrial function by

modulating inter-MAM Ca* transfer.
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Table 1 Primer sequences

Gene Forward(5°—3") Reverse(5’—3")
GAPDH AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
IP3R CGTTTTGAGTTTGAAGGCGTTT CATCTTGCGCCAATTCCCG
GRP75 ATGGCTGGAATGGCCTTAGC CATCTTGCGCCAATTCCCG
VDACI CCCACATACGCCGATCTTGG GTGGTTTCCGTGTTGGCAGA

IP3R: the inositol 1,4, 5-trisphosphate receptor; GRP75: G protein-coupled receptor 75; VDACI : voltage dependent anion channel 1.
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A': Representative images of the M Il , 2-cell, and blastocyst stages of oocytes (scale bars=200 wm). B=D: The percent of the PB1 extrusion (B) ,
2-cell(C), and blastocyst formation(D) in the Young, Old, and Put groups(n=20). 'P < 0.05, "P < 0.01 and ""P < 0.001. PB1: first polar body.
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Figure 1 Oocyte maturation and blastocyst formation
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A Representative figures of CG distribution in the Young, Old, and Put groups (scale bars=25 wm). B: The statistical analysis of CG signals
(n=15). C: The statistical analysis of the rates of mislocalized CG in oocytes (n=15). P < 0.05, "P < 0.01 and ""P < 0.001. CG: cortical granule.
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Figure 2 Distribution of CGs in M II -stage oocytes
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A: Representative images of the spindle morphology and chromosome alignment in metaphase Il oocytes(scale bars=5 pum). B: The rate of abnormal

spindles(n=15). C: The rate of misaligned chromosomes(n=15). 'P <0.05, P < 0.01 and ""P < 0.001.
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Figure 3 Spindle assembly and chromosome alignment in M II -stage oocytes
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A: Characteristic TEM images of mitochondria and ER in the M II -stage oocytes (scale bars=200 nm). The yellow parts represent mitochondria, the

green parts represent ER, and the blue parts represent MAM. B: Statistical analysis of the distances between the ER and mitochondria. C: Ratio of

the length of the mitochondria adjacent to the ER to mitochondrial circumference. D: Statistical analysis of mitochondrial perimeter (n=20). P < 0.01,

“"P < 0.001. TEM: transmission electron microscopy ; Mito: mitochondria; ER: endoplasmic reticulum; MAM : mitochondria-associated endoplasmic

reticulum membrane.
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Figure 4 MAM levels in M II -stage oocytes
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A-C: The relative mRNA expression levels of IP3R(A), GRP75(B) and VDAC1(C)in M II -stage oocytes were measured by qPCR. "P < 0.05,
P <0.01 and P < 0.001(n=20).
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Figure 5 Relative expression of key molecules for Ca* transfer between MAM
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A: Representative images of [ Ca™],,, [Ca® Jix, and [Ca® ], signal in M II -stage oocytes (scale bars=25 um). [Ca],,: mitochondrial calcium content.
[Ca’ Jix: ER calcium content; [ Ca’ ] ;: intracellular calcium content. B—D: Quantitative analysis of [ Ca®*],(B), [Ca’* ] (C), and [Ca’ ];(D) fluores-

cence intensity, P < 0.001(n=15).
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Figure 6 Distribution of Ca* in M II -stage oocytes
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Figure 7 mitochondrial function of M II -stage oocytes
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