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ABSTRACT

The aim of this work was to study the effect of a long term enriched diet with polyunsaturated n-3 fatty acids (PUFA)
on endocrine and embryo development of rabbit females at preimplantation time. Multiparous rabbits does (n = 28)
with two previous parturitions were fed ad libitum during all their productive life with two supplemented diets with
different fat sources: 30 g/kg mixed fat for the control diet (group C; n = 14) or 60 g/kg of a salmon oil supplement
containing a 50% ether extract and 35% of total fatty acids as PUFA n-3 (group P; n = 14). After 84 h from artificial
insemination, all does were euthanized to determine the embryo development and a blood sample was taken to
determine plasma progesterone concentration. Neither embryo development nor plasma progesterone was affected
by diet. In conclusion, a long-time of PUFA supplementation as a dietary intervention had no effect on reproductive
and hormonal responses at early pregnancy in rabbit does.

Key words: Reproduction, Progesterone, Embryo, Developnientility.

INTRODUCTION

Concentration of PUFA in vegetable ingredients isimal and animals have to produce these fattysacid
from alpha-linolenic acid (ALA; C18:3 n-3) and lieic acid (LA; C18:2 n-6), through a complex
mechanism of elongation and desaturation, with re¢wmmpetitive limiting steps. This frequently disa

to suboptimal concentration of EPA (eicosapentaeaoid; C20:5n-3) and DHA (docosahexaenoic acid;
C22:6n-3) in cell membranes, which may negativelfeca physiological regulation, including
reproductive response and newborn survival (Waghed, 2007). Therefore, to increase concentrations
of EPA and DHA in plasma of females, these twoRLE-A have to be directly introduced into the body
via the diet. The EPA and DHA are found in fish a8 well as in microalgae oil.

The diet administered to females around the festiibon period and before implantation, affects the
oviductal ambient (Ashwortlet al, 2009) having unknown effects on process aslifation and early
embryo development. One mechanism that could eehé&ettility is that the n-3 diet decreases the
concentration of prostaglandin F2 alpha (P@Fih the uterus, thus potentially facilitating ermr
implantation and reducing embryo mortality (Matadsal, 2004). Paramiet al (2015) speculate that a
higher n-3 fatty acids profile in the folliculawuftl of goat ovaries could increase oocyte qualitgt the
possibility to reach blastocyst stage. In dairy spiliset al. (2016) have observed that a n-3 PUFA diet
tends to increase the number of large follicles dadreases the non-fertilization and/or early embry
mortality rate associating these effects with thepéementation period used (first 2 months postpa)t

In this line, we have observed that long time sep@ntation of rabbit females with n-3 PUFA diets
affected the composition of ovarian adipose tisanéd, progesterone concentrations on day 5 pofitiatti
insemination were higher in pregnant females fetth Wie supplemented diet (Rebol&ral, 2014). Our
hypothesis is that this nutritional strategy patdiyt could affect to ovarian structures (oocytemlgy,
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follicle rupture or corpora lutea development) acahsequently, to oviductal environment where trss f
phases of embryo development take place.

This study intends to determine if a long term depmentation of PUFA n-3 in rabbit does diet,
throughout their productive life, enhances embryaality and affects progesterone level in the
preimplantation period.

MATERIALS AND METHODS

Animals and experimental design

A total of 28 New Zealand x California sexually eptive multiparous rabbit does (diagnosed by vulva
colour) with two previous parturitions weighting44+ 0.17 kg were used. Animals were randomly
allocated in two groups and fedl libitumfrom rearing and during all their productive liféth two diets.
The composition of both experimental diets wasiizdd for energy and protein contents and only darie
in the type of added fat: 30 g/kg of mixed fat (d=dbes) for control diet (C group) and 60 g/kgahwon

oil supplement containing a 50% of ether extract 3% of PUFA n-3 (n=14 does) for PUFA n-3 diet (P
group) [13% DHA (C22:6 n-3), 3% docosapentaenoid doPA) (C22:5 n-3), 7% EPA (C20:5 n-3), 7%
stearidonic acid (SDA) (C18:4 n-3) and 3% linolgxd 8:3 n-3)].

All females were artificially inseminated (Al) at23days post-partum to avoid any lactation effect.
Seminal doses with at least 20 million spermatard&5 ml of diluent (Magapor S.L., Zaragoza, Spain
were prepared using a pool of fresh heterosperatitea from a group of bucks selected for high growth
performance. To induce ovulation, 20ug i.m. gonalior(Inducel-GnRH, Lab. Ovejero, Ledn, Spain)
were used.

To determine serum progesterone concentrationa&éh Al, blood samples were taken by collecting in
tubes containing EDTA. Plasma was obtained aftatrifegation at 1200 x g for 10 min at 4 °C and
stored at —20 °C until further analysed.

Ovulation rate and embryo study

Immediately after blood sampling, animals were anired according to the Spanish Royal Decree
53/2013, with an overdose of barbiturates (Doletiatoquinol, Espafia). Ovaries and reproductivet tra
were collected in PBS at 37 °C. Ovulations werefinomed observing early corpora lutea in the ovarian
surface and ovulation rate was determined by cognthe total number of corpora lutea per doe.
Subsequently, embryos were recovered by flushiageproductive tract from the end of the uterusihor
to the infundibulum with PBS + 0.1% BSA at 38.5 e flushing fluid was deposited in a Petri dish o

a warm plate and embryos were searched and evélwétea stereoscopic microscope (Nikon SMZ-800,
Tokyo, Japan). At the time of collection, the endsrywere classified into the following categories:
morula, blastocyst and retarded embryos. The e@ifteembryonic stages observed were defined on the
basis of conventional morphological criteria andaading to their stage of development following the
guidelines of the International Embryo Transfer i8gc Fertility rate (number of pregnant does dedd

by total inseminated does per group x 100) at 8Kt Al was determined considering as preghant those
females having corpora lutea and some embryo steicecovered from her reproductive tract.

Chemical Analyses

Plasma progesterone concentrations were analysim) @s commercial kit (Progesterone ELISA,
Demeditec Diagnostics GmbH, Germany) based on theiple of competitive binding. Previously,
plasma samples were extracted with petroleum etther5:1 (v/v) ether:sample ratio (extraction edncy
was 85%). Sensitivity was 0.045 ng/ml. The intnad inter-assay coefficients of variation were 5.866
6.9%, respectively.

Absorbance was measured in a Bio-Tek automatie pé&stder (EpochTM Microplate Spectrophotometer,
Bio-Tek Instruments, Winooski, Vermont, USA) at 4a06d 630 nm, and hormone concentrations
calculated by means of a software developed foiseth&echniques (Gen5TM ELISA, Bio-Tek
Instruments).
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Statistical Analysis

Data were analysed with Statistical Analysis Sysseftware (SAS, 1990) considering the feeding regim

as the main source of variation. Fertility rate veaslysed with > (CATMOD procedure). Ovulation
rate, progesterone concentrations anditro determinations were analysed as a completely rarmaol
design by using the GLM procedure. All means wemamared using a protected t-test. Differences were
considered significant at P<0.05 and a trend wheb. . Results are presented as least squared mean
(Ismeans).

RESULTS AND DISCUSSION

The results related to the study are shown in Tablgll does ovulated and no significant difference
ovulation rate was observed (P>0.05). A total ob&#8 102 embryonic structures were recovered from C
and P group, respectively. Although the presencandiryo structures in the oviductal fluid deterndiree
fertility rate at 84h post Al a 14% higher in C mhim P does, no statistical diet effect on thisapaster
was observed. The development of recovered stegtwas similar to that usually obtained on 3.5 days
after Al previously described by Arias-Alvarezt al (2010). Recovery rate was higher in does
supplemented with PUFA n-3 than in C does (P<0.B6yyever the structures recovered from C does
tended to show a more advanced state of developifre0t09).

Table 1 Ovarian and embryo parameters of rabbit doecdéedrol (C) and PUFA n-3 supplemented (P)
diets.

C P SE P>f

No of does 14 14

Ovulated does 14 14

Ovulation rate () 13.07 11.86 1.243 0.4959
Fertility (%) 78.6 (11/14) 64.3 (9/14) 0.4216
Recovery rate (%) 55.9 83.8 9.038 0.0410
Morula (%) 66.0 85.6 10.688 0.2107
Blastocyst (n) 18.6 2.7 6.318 0.0905
Retarded embryos (n) 154 11.7 10.283 0.8054

L number of corpora lutea per ovulated daenumber of does with some embryo structure ream/estal of does x100

Related to progesterone response at 84 h poshée twere no differences between diets with a noéan
3.4+0.31 ng/ml (P>0.05). However, Rebol&ral (2014) observed later, on day 5 post-partumgadri
progesterone concentration in does supplementddangimilar supplement compared with control does.
Although concentrations of n-3 PUFA in female rédspa and tissues are positively associated with
circulating concentrations of progesterone (Chtldl, 2008a), in cows fed with fish oils, the increase
corpora lutea on day 7 post-oestrus no determihetges in this hormone Chit al (2008b). More
studies are necessary to determine if n-3 PUFAdcaftfect corpora lutea functionality and progestero
concentrations in more advanced stages of embryel@@nent and implantation.

CONCLUSIONS
Long term dietary supplementation of 60 g/kg oflipement that contained 50% ether extract and more

than 30% unsaturated fatty acids as a fat sourcenuftiparous rabbit does neither affect early
progesterone response at 84 h post-Al nor embryeldiement at this preimplantational time.
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| THE MESSAGE p INTRODUCTION

This nutritional strategy potentially could affect to ovarian structures and, consequently, to oviductal
environment where the first phases of embryo development take place.
The aim of this work was to study the effect of a long term enriched diet with n-3 PUFA
on endocrine and embryo development of rabbit females at preimplantation time.

n-3 polyunsaturated fatty acids (PUFA) are
related with multitude of beneficial
processes to health, however, there are a
few studies of the effect of this fatty acids on
reproductive activity in rabbit does.

3 a4 MATERIALS & METHODS

28 multiparous rabbit does 84 h (3.5 days of gestation)
(from rearing to 37 artificial insemination)
2400 kcal ED/kg, 36% FND y 16% PB I T
14 does/Control diet Artificial ‘ Blood
Insemination Xy - sampling
] (Al) Euthanasia
EIA
13% DHA (C22:6 n-3) Commercial Kit
ELISA

7% EPA (C20:5 n-3)

Counting of corpora lutea (*)

Morphological evaluation of the embryos

84 h post Al = flushing the
reproductive tract with warm PBS

Ovulation rate Blastocyst

Ovarian and embryo parameters of rabbit does fed control (n=14) or n-3
PUFA supplemented (n=14) diets. Recovery rate 4 RESULTS

SE P>f
Plasma progesterone concentration (ng/ml) at 84 h post-Al
Ovulated does (%) 100 (14/14) 100 (14/14)
Ovulation rate (n)? 131 11.9 1.24  0.4959 °
Fertility (%)>? 78.6 (11/14)  64.3 (9/14) 0.4216 41
Recovery rate (%)3 55.9 83.8 9.04 0.0410 3 -
m Control (n=14)

Morula (%) 66.0 85.6 10.69 0.2107 2 | B PUFA (n=14)
Blastocyst (%) 18.6 2.7 6.32 0.0905 .
Retarded embryos (%) 15.4 1.7 10.28 0.8054

0 p

1: number of corpora lutea per ovulated doe.
2: number of does with some embryo structure recovered / total of does x100.
3: number of recovered structures / total of corpora lutea x100

Long term dietary supplementation with n-3 polyunsaturated fatty acids in multiparous rabbit does did not affect early progesterone response at 84 h
post-Al nor embryo development at this preimplantational time.
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