Effects of Docosahexaenoic acid (n-3 PUFA) on Bovine Oocyte
Maturation and Developmental Competence
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INTRODUCTION Yu

Several studies reported that dietary n-3 polyunsaturated fatty acids such as fish oil rich in eicosapentaenoic acid (EPA, C20: 5 n-3) and docosahexaenoic acid
(DHA, C22: 6 n-3) improved oocyte and blastocyst quality in bovine. Thus they tended to increase the number of large ovarian follicles and to improve the first
service conception rate at 21 days after the artificial insemination when compared to control diet. DHA and EPA are considered more effective than a-linolenic acid
(ALA; C18:3 n-3). In vitro maturation (IVM) studies showed that addition of palmitic, stearic and linoleic acid had a dose-dependent negative effect on bovine
oocyte maturation and developmental competence, in contrast to oleic and ALA which improved bovine oocyte developmental competence. There is few
information on the effects of DHA on bovine oocyte competence. The objective of this study was to investigate, in bovine, whether these positive effects of
DHA, showed in vivo, are partly due to its direct effect on oocyte maturation and developmental competence. We also aimed to study the effects of DHA on
progesterone secretion and gene expression in cumulus cells after VM of oocyte-cumulus complexes (COCs) with a presence of DHA during IVM.

MATERIALS AND METHODS =
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Experiment 1.

After 22h of IVM of COCs in the
presence or absence of 1, 10
and 100 uM of DHA, oocyte
viability was assessed through
incubation of denuded oocytes
in Live/Dead staining (Fig 1).
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After 26h of IVM, oocytes underwent parthenogenetic activation
by incubation with ionomycine (5uM, 4 min) and 6-DMAP (2mM, 4
h). The cleavage rate at day 2 was assessed by microscopic
observation (Fig 2) and the number of embryo cells at day 7 by
observation after DNA staining by Hoechst (Figure 3).

Experiment 3

Cumulus cells (CC) were removed from COCs after 22h of IVM. Total

Oocytes were fixed in 4% PAF CCvIabth

befer.e incubation in Hoechst - Pmsesgemnes:rlxﬂﬂ Kinaseactlvity in
staining and then observed spentmedia
under fluorescent microscope
for determination of oocyte
meiotic stages

(Figure 1).

RNA was extracted usig TriZol reagent, cDNA was produced with 200
ng of RNA using MMLV Reverse Transcriptase primed with oligo-dT.
Expression of 3 reporter genes and nine genes involved in different
functions was quantified by real-time PCR (Figure 4).

Experiment 4:

The concentration of the progesterone secreted by CC was
measured in spent IVM media using an enzyme-linked
immunosorbent assay (ELISA) (Figure 5).
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> At day 2,1 and 10 pM DHA |ncreased
significantly the cleavage rate and the %
of embryo exhibiting more than 4 cells
compared with the control. The
highest concentration (100 pM DHA)
reduced significantly both the cleavage
rate and % of embryo exhibiting more
than 4 cells (P < 0.05).
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Fig 3: Embryo cells number at day 7 following
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> At Day 7, in 1 pM DHA

treated group the % of

embryos  exhibiting more

than 80 cells was significantly

increased compared  with

the control (P < 0.05). Also the

% of embryo exhibiting

. between 16 and 30 cells

DHA10puM DHA100uM tended to be lower with 1 pM

DHA compared with the
control (P = 0.088)

Live oocyte appears green and
dead oocyte is red

A :lmmature oocyte, B Metaphase |, C : anaphase-l, D Telophase-I, E: Metaphase-Il.
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Fig 4: Expression of 3 reporter genes and 9 genes involved in different functions in CC removed from
COCs after 22 H of bovine oocyte in vitro maturation
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» Relative expression of CD36 (C) gene increased significantly in
the group of DHA 100 uM compared with other groups (P <
0.05). FASN mRNA levels (D) was significantly lower (P < 0.05) in
group of 100 pM DHA. Expression of other genes (FABP3,
FABP5, PLIN2, NFKB, CPT2, PNPL2, DGAT1, CPTA1) were not
significantly different between the groups (A-E-F-G-H-I-J).
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Fig 5: Progesterone secretion
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> After 22h of IVM, progesterone secreated
by COCs was increased significantly in
the presence of 100 uM DHA compared
with all other groups.

These results suggest that treatment of 1, 10 and 100 pM DHA during IVM did not affect bovine oocyte viability and nuclear maturation rate. However, the highest DHA concentration mlght delay the progression
through meiosis, as showed by a significantly higher rate of oocytes still in Telo-1 after IVM with 100pM DHA compared with the control. 1 pM DHA could improve the b oocyte d e
shown by increasing both the cleavage rate and the % of embryo with more cells at Day 7 after parthenogenetic activation. Expression pattern of all the lipid metabolism genes investigated did not dlffer in CC arising
from oocytes maturated with favorable concentration of DHA. Therefore, DHA effect on oocyte quality should be independent from lipid metabolism. However, high DHA concentration regulated FASN and CD36 genes.
An excessive FA amount in extracellular environment could up-regulated CD36 expression in CC. Indeed, CD36 is responsible of FA incorporation from extracellular environment, and CC protect maturing oocytes from
increased free FA levels by massive intracellular lipid storage and this may safeguard the oocyte from their lipotoxic effects. Therefore, increase in extracellular FA concentration could up-regulate CD36 expression in
order to increase FA intracellular incorporation, thus protecting the oocyte. Consequently, increase in intracellular FA amount would down-regulate FASN expression, which is involved in lipogenesis. The higher
progesterone level in the presence of 100 pM DHA could have negative effects on oocyte developmental competence.

In conclusion, this present study suggests that a low dose of DHA (1uM) during IVM might imp oocyte devel | comp e through possible effect on cytoplasm but not nuclear maturation. Also, we
confirmed that a high dose of DHA (100uM) is deleterious for oocyte developmental potential. Specific role of DHA on the cytoplasmic maturation, structure and function of bovine oocytes, and the mechanisms
through which the developmental potential is affected rests to be investigated.
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