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Maternal diet can alter oocyte mitochondrial number and function
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Equine maternal aging leads to reduced fertility by affecting
oocyte quality and, potentially, mitochondrial function. Mito-
chondria are needed to provide energy to oocytes and early
embryos through oxidative phosphorylation. The effect of dietary
fatty acids and antioxidant supplementation on old mare oocytes
is unknown. We hypothesized that diet impacts oocyte mito-
chondrial number and function, and developmental potential,
and that a high omega-3 (n-3) diet associated with antioxidant
supplementation would be beneficial. Mares (13-23 years, n¼10/
fxoup) were fed grass/alfalfa hay and paired by age prior to
randomization into supplementation groups: grain and corn oil
(n-6GR) or a complex of additives including flax seed oil (high in
omega-3) and antioxidants (n-3AC) for �6 weeks before sample
collections. Oocytes were collected by aspirations of dominant
follicles (� 35 mm) during the follicular phase and at 16�2h after
induction of follicular maturation. Recovered oocytes were
incubated in medium (TCM199) at 38.2�C in 7% CO2 and air for
26�2h. Metaphase II oocytes (n-6GR, n¼4 and n-3AC, n¼4) were
assessed for mitochondrial function using a novel microchamber
with sensors capable of measuring oxygen consumption rate
(OCR) from single oocytes. Basal (nonstimulated) OCR was
measured, followed by assessment of maximal noncoupled res-
piratory capacity obtained by titrating 1mM of carbonyl cyanide
m-chlorophenyl hydrazone (CCCP) at 8-min intervals. The highest
value observed during CCCP titrations was considered the
maximal OCR. After assays, individual oocytes were stored at -80o

C. To estimate mitochondrial numbers, mtDNA copy number was
quantified by qPCR (n-6GR, n¼16 and n-3AC, n¼18). Additional
oocytes were injected with frozen-thawed sperm, cleavage and
blastocyst development were assessed. Two-tailed Student’s t-
tests and Fisher’s exact tests were used for analyzing data. Basal
OCR was lower (p¼0.008) for oocytes from n-6GR (mean � SEM,
0.5 � 0.1 fmol/s) than n-3AC (1.7 � 0.3), although maximal OCR
was similar between groups (2.3 � 0.6 and 2.7 � 0.3). Mito-
chondrial efficiency was lower (p¼0.02) in oocytes from n-6GR
(0.3 � 0.1) than n-3AC (0.6 � 0.1), confirming a dietary effect on
oocyte metabolism. Oocyte mtDNA copy numbers were higher
(p¼0.04) for n-6GR (8.6x105 � 7.0x104) than n-3AC (6.7x105 �
4.7x104), suggesting a compensatory mechanism for mitochon-
drial disfunction. After sperm injections, cleavage rates were
similar between groups (12/13, 92% and 11/12, 92%), but blasto-
cyst rates were lower (p¼0.04) for oocytes from n-6GR (2/13,
15%) than n-3AC (7/12, 58%). Dietary supplementation of a
complex of nutrients with n-3 fatty acids and antioxidants to
older mares resulted in improved oocyte metabolic function and
embryo development, when compared to other grain-based ad-
ditives. In conclusion, mare diet altered oocyte mitochondrial
number and function, as well as potential for development into a
blastocyst, indicating that it is capable of affecting the oocytes’
quality and developmental capacity.
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