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Here, we show that this loss of oocyte quality with age accompanies declining levels of the
prominent metabolic cofactor nicotinamide adenine dinucleotide (NAD*). Treatment with
the NAD* metabolic precursor nicotinamide mononucleotide (NMN) rejuvenates oocyte
quality in aged animals, leading to restoration in fertility, and this can be recapitulated by
transgenic overexpression of the NAD*-dependent deacylase SIRT2, though deletion of this
enzyme does not impair oocyte quality.

These data from orthogonal pharmacological and genetic approaches show that increasing
NAD* enhances ovulation rate, oocyte quality, and overall live birth rates in aged female mice,

though they point to an optimum range of dosing.

Pups per animal
(14-16 months)

- cirl
Young Aged Control Aged NMN o —&- NMN(0.5g/l)
2 ‘ 2 3{-e NWN(2gL)
£ . B
L M
= P, N = g
9‘ l i g- *dekd
= S -
o
0_ = e s e
123 4567829
Weeks
R -
FEK — GIAHRE o HOLBEMEI G, NAD(P)H 3% W L RS KRR I, Drn e HLERRE
ns,

#FH—14-16 7 HlimD~ v 2 (e b T3 40 RESHICHNY) D HER, #i~v 247z
DHE L 2o %R L TH Y., NMN (0.5g/L) DK% G 8 CEMICE S Z £ L 72,



2. MR S D AEFERE S IZINHIIE O E DK T 21 5 AR 7o e X TR, £ D
HED—2I1C NAD*L_XAUDEK TG L CwE T, E{EOMERTH 52— = K
FOLVILTHEHELR =2 - VAT 2=V XKF, VLY v 7 KREREEENTE
T2 72D 2020 DT A Y A ORFHEE ICHR TN TE Y, ZOFMLTOWMEIC LY
FFe. 12 AkO~y A (e FTix40 RICHE L £9) oiiffiidcik, 4-5 7 Ao~
7A (e b T 20 fRUISHS L EF) &L T NAD(P)H 2K F L TwE L7275 NMN
DHICE Y, NADPHOL A% EF3 e pnTEZ LA (EX), 13 7 Ao~ T =

(e FTld 40 fRICHY L £3) 1 NMN Z8AKICEE T 05 B XU 2g/L DR T4
5 L7245, NMN o 51c X 0, HEROEZHEC L E L2, ZOMRIMERD
NMN D A TR® bi7z7-%, NMN % @iRE CTHWTH, MR, HEICHR L TT' 7 X D%
RiEmwrgEz il cwEd (HFX),
* Cell Rep. 2020 Feb 11;30(6):1670-1681.

MHAFERIE, FXOETEZERLEDDTIEARL, EEZERLZDDTT,

Reproductive aging in female mammals is an irreversible process associated with declining
oocyte quality, which is the rate-limiting factor to fertility. Consistent with our hypothesis, we
found that NAD(P)H levels declined in oocytes from aged animals, compared with young (4-
to 5-week-old) animals, and NMN treatment increased NAD (P)H levels in oocytes from aged
animals. We treated a cohort of 13-month-old animals with two different doses of NMN
(drinking water, 0.5 and 2 g/L) for 4 weeks before the introduction of a male of proven fertility.
NMN treatment improved the time to first live birth and the overall proportion of animals
achieving live birth during the breeding trial, though this surprisingly occurred at the lower
dose of NMN (0.5 g/L), suggesting that previous experiments were performed at a dose that

benefited oocyte quality but may have adversely affected other aspects of fertility.
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Increasing maternal age and subsequent infertility have rapidly become a significant challenge
to family planning, as a result of the irreversible decline in female fertility in mammals.
In the current study, we show that oocyte levels of NAD(P)H decline with age and
demonstrate that NAD* repletion using NMN restores oocyte quality and enhances ovulation
rate and fertility. One unexpected aspect of this study was that treatment with a lower dose of
NMN resulted in improved functional fertility, as assessed by pregnancy and live birth in aged
animals. This could suggest that there is an optimum range for dosing of NAD* precursors

beyond which other aspects of fertility could be adversely affected, lowering functional fertility.
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Despite maternal age being the greatest clinical challenge for reproductive medicine, there
are no therapeutic treatments to improve oocyte quality. In the current study, we show that
oocyte levels of NAD(P)H decline with age and demonstrate that NAD* repletion using NMN
restores oocyte quality and enhances ovulation rate and fertility.
Future studies should aim to test NAD*-raising compounds in a clinical setting, both as an
oral therapeutic and as an additive to embryo media, to assess the relevance of these

findings to human infertility.
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