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Niacin improves the quality of in vitro maturation of oocytes derived from aged mice by
modulating the SIRT3/SOD2 pathway

GUO Shuang, NI Man, CHENG Li, YAN Zhengjie, GAO Li, NING Song, LIU Jiayin®

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

[Abstract] Objective: This study aims to investigate whether the addition of niacin (NA)to in vitro maturation (IVM) cultures can
improve the quality of oocytes derived from aged mice and its mechanism. Methods: C57BL/6J mice at 8 weeks of age were used as the
young control group, and mice at 40 weeks of age were used as the old group. Oocytes at the germinal vesicle (GV) stage were taken
and supplemented with 100, 200, and 300 pwmol/L NA, respectively, and the rates of 2-cell and blastocyst formation were observed to
determine the optimal concentration. Qocyte quality was assessed by the first polar body extrusion (PBE) rate, cortical granule (CG)
distribution, spindle morphology abnormality rate and chromosomal abnormality rate. Mitochondrial function was assessed by
mitochondrial membrane potential and adenosine triphosphate (ATP) levels. Oxidative stress levels were assessed by detecting the
levels of reactive oxygen species (ROS) in oocytes and mitochondria. The levels of oxidative stress-related proteins: silent information
regulator 3 (SIRT3) , superoxide dismutase (SOD2) , and acetylated superoxide dismutase (Ac-SOD2) were detected by Western blot.
Results: Under the concentration of 200 pwmol/L. NA culture medium, the blastocyst formation rate of oocytes in the old+NA group

reached its highest level (P < 0.05) , therefore this concentration was selected as the optimal concentration. NA supplementation
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significantly improved the PBE rate and CG distribution in oocytes while reducing abnormal spindle rates and chromosomal aberration

rates, compared with that of the aged mice. NA supplementation also increased mitochondrial membrane potential, enhanced ATP

production, and reduced ROS levels in both oocytes and mitochondria (all P < 0.05). Western blot analysis demonstrated that NA

supplementation significantly increased SIRT3 and SOD2 protein expression (all P < 0.05) ; while markedly decreasing Ac-SOD2

protein expression (P < 0.05). Conclusion: Addition of 200 wmol/L NA to IVM culture medium improves oocyte quality in aged mice

by ameliorating mitochondrial oxidative stress and may act by affecting the SIRT3-SOD2 signaling pathway.
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A: Representative images of the 2-cell and blastocyst stages of oocytes, and red arrows represent blastocyst stages of oocytes (Scale bars=200 pwm).

B, C: The percent of the 2-cell(B), and blastocyst formation(C) in the young; old, and old+NA groups. ‘P < 0.05(n=20).
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Figure 1

Effects of different concentration of NA on the fertilization and subsequent blastocyst formation of IVM oocytes
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A: Representative images of the M Il -stage oocytes (Scale bars=200 wm). B: The percent of PBE in the young, old, and old+NA groups (n=20). C:
Representative figures of CG distribution in the young, old, and old+NA groups(Scale bars=25 pum). D: The statistical analysis of CG signals(n=15). E:
The statistical analysis of the percentage of mislocalized CG in M I -stage oocytes(n=15). P < 0.05, "P < 0.01 and P < 0.001.
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Figure 2 PBE and CG distribution in M Il -stage oocytes
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A: Representative images of the spindle morphology and chromosome alignment in M I -stage oocytes(Scale bars=25 pm). B: The rate of abnormal

spindles(n=30). C: The rate of misaligned chromosomes(n=30). P < 0.05 and ""P < 0.001.
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Figure 3 Spindle assembly and chromosome alignment in M Il -stage oocyles
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A: Representative images of the NA-FITC and the distribution of mitochondrion in M Il -stage COCs(Scale bars=25 m). B: JC-1 fluorescence sig-

nal in M I -stage oocytes (Scale bars=100 pm). C: Statistical analysis of JC-1 fluorescence signal (n=15). Red fluorescence represents JC-1 aggregates

and green fluoresence represents JC-1 monomer. D: Statistical analysis of ATP content in M 1 -stage 00(&ytes(n:20). ‘P <0.05 and P < 0.001.
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Figure 4 Fluorescence localization of NA and mitochondrial function in M I -stage oocytes
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A: Representative images of ROS levels in M Il -stage oocytes (Scale bars=100 pm). B: Statistical analysis of ROS fluorescence signal (n=15). C:

Representative images of Mito-SOX in M Il -stage oocytes (Scale bars=100 wm). D: Statistical analysis of Mito-SOX fluorescence signal (n=15). "P <

0.05 and "'P < 0.001.
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Figure 5 Intracellular and mitochondrial oxidative stress levels in M Il -stage oocytes
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A: Representative images of protein expression of SIRT3, SOD2, and Ac-SOD2 in M Il -stage oocytes. B: Western blot analysis of SIRT3 protein ex-

pression (n=180). C: Western blot analysis of SOD2 protein expression (n=180). D: Western blot analysis of Ac-SOD2 protein expression(n=180). P <

0.05 and "'P < 0.001.
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Figure 6 Expression of SIRT3,SOD2 and Ac-SOD2 proteins in M Il -stage oocytes
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