Reproduction

OOCYTE GLUTATHIONE CONCENTRATION IN A RABBIT LINE
SELECTED FOR OVULATION RATE

Laborda P.»*, Santacreu M.AZ, Garcia E2, Mocé E2, Mocé M.L.2

!Departamento Ciencia Animal, Universidad Politéchiadencia, Camino de Vera s/n, 46022 Valencia, Spain
’Departamento Produccién Animal, Universidad Cardeteatera C.E.U., Avda. Seminario,
46113 Moncada, Valencia, Spain
3Centro Tecnologia Animal (CTA-IVIA), Poligono La Espnza 100, 12400 Segorbe, Castellén, Spain
*Corresponding author: patlavi@dca.upv.es

ABSTRACT

The present study wadesigned to determine glutathione concentratiomainbit oocytes and to
establish its relation to ovulation rate. Glutatidoconcentration is used to assess oocyte quaAlity.
total of 59 does belonging to a line selected farlation rate during seven generations were mated
with vasectomized males to induce ovulation. Femalere slaughtered fifteen hours later and
oocytes were collected by flushing the oviducts.cydes were processed and glutathione
concentration was determined by the enzymatic fexyassay of the 5,5-dithio-bis (2-nitrobenzoic
acid)-glutathione disulfide reductase. Glutathiosoecentration ranged from 4.7 to 10.3 pmol/oocyte.
Ovulation rate was classified into three levelsy I(10-14 corpora haemorragica), medium (15-16
corpora haemorragica) and high (17-24 corpora ha@agica). Oocyte glutathione concentration was
significantly lower in oocytes from females withghi (6.6+£0.3 pmol/oocyte) and medium (7.3+0.4
pmol/oocyte) ovulation rates than in oocytes froeméles with low ovulation rates (8.4+0.3
pmol/oocyte). It seems that high ovulation ratesld¢doe associated with poorer oocyte quality in
comparison with low ovulation rates.
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INTRODUCTION

Selection for ovulation rate was proposed as aitdodway to improve litter size. In pigs and mice,
response to selection for ovulation rate was high, the correlated response in litter size was not
significantly different from zero due to an increas prenatal mortality (Bradford, 1969; Land and
Falconer, 1969 in mice; Lambersen al, 1991; Rosendet al, 2007 in pig). High ovulation rate
might cause ovulation of immature oocytes (Koemigal, 1986), and might increase prenatal
mortality.

In order to develop adequate oocytes, cytoplasmit muclear maturation has to be completed
successfully. Glutathione (GSH) is considered aslevant biochemical marker of the cytoplasmic
maturation and consequently of the developmentvéatdllity of oocytes (Zuelket al, 2003). Mature
oocytes have higher glutathione concentration thanature ones (rewieved by Rausell and Tarin,
2005). Glutathione is the major non-enzymatic sydipil compound in cells (Luberda, 2005). It plays
an important role in protecting cells against tffeats of the reactive oxygen intermediates and fre
radicals (Meister, 1983 quoted by Luciagtoal, 2006) and maintaining the intracellular redcatss.
After fertilization, glutathione provides reducipgwer to initiate chromatin decondensation, proor t
male pronucleus formation. Formation of the malenpcleus depends upon the maturational state of
the oocyte (reviewed by Luberda, 2005; Rausell Badn, 2005). Glutathione synthesis is a critical
part of oocyte cytoplasmic maturation.

The aim of this work is to determine oocyte gluiatie concentration in rabbits and to study its
relation to ovulation rate in a line selected foulation rate.
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MATERIALS AND METHODS
Reagents and Media

All chemicals and reagents were purchased from &iGhmemical Company, Madrid, Spain: calcium-
free Dulbecco’s Phosphate Buffered Saline (DPB8&Yjri® Serum Albumine (BSA), hyaluronidase
(Hyaluronidase), EDTA (ethylenediaminetetraaceticida 5,5-dithio-bis (2-nitrobenzoic acid),

glutathione (GSH), glutathione reductase from Bsk¥east, NADPH, phosphoric acid, sodium
dihydrogen phosphate monohydrate (Mag6,H,0), di-sodium hydrogen phosphate {NRQ;).

The stock buffer solution pH 7.2 is prepared byim@x2 solutions: solution A, pH 4 (NaPOH,0,
27.6 mg/ml and EDTA, 3.72 mg/ml) and solution B, BNgHPQ;, 28.39 mg/ml and EDTA, 3.72
mg/ml).

Animals

All experimental procedures involving animals wexpproved by the Polytechnic University of
Valencia Research Ethics Committee. Animals beldrigea line selected for ovulation rate (Ibaéz
al., 2006). A total of 59 multiparous, lactating arahfactating females from seven generations were
mated with vasectomized males to induce ovulafitrey were slaughtered 15 hours after mating and
the reproductive tracts were removed. Does weradwindividually at the experimental farm of the
Polytechnic University of Valencia. Animals weredfavith a commercial diet and kept under
controlled 16 h light-8 h darkness photoperiod.

Oocytes

Oocyte glutathione concentration (Ggkld was measured as described by Funaheishl (1994)
with slight modifications. Oocytes were recovered flushing each oviduct with 5 ml of DPBS
supplemented with 2 mg/ml of BSA at room tempematdthe number of corpora haemorragica in
both ovaries was counted in order to estimate thdaton rate (OR). Recovery rate (RR) was
calculated as the ratio between recovered oocyi@®weulation rate.

Denuded oocytes were obtained by washing cumulagteacomplexes in 0.1% hyaluronidase, and
then in DPBS-BSA, and by stripping off their cumalcells by careful aspiration in and out of a
narrow-bore glass pipette using a binocular stexgme microscope, Leica MZ75-200x. After that,
oocytes were washed three times in stock buffertisol and were transferred to a microfuge tube in 5
ul of this solution. Then, &l of phosphoric acid 1.25 M was added, and it wamédiately frozen at
-20°C. Oocytes from each female were frozen insgpdubes.

Assay

Glutathione determination is based on an enzymedycling assay of the 5,5-dithio-bis (2-
nitrobenzoic acid)-glutathione disulfide reductdBaNB-GSSG reductase). This is a specific and
sensitive procedure (Anderson, 1985).

The assay was performed at room temperature amihvtito different sessions. At least 10 oocytes
per tube were used for the glutathione assay, meanl5 + 2.6 oocytes per tube. Five samples were
prepared with the following glutathione concentas: 0.00 mM, 0.01 mM, 0.02 mM, 0.10 mM and
0.20 mM. After addition of ful of phosphoric acid, 100l of 6 mM DTNB, 700ul of NADPH (0.3
mg/ml) and 19Qul of distilled water, 1QuL of glutathione reductase (266 U/ml) was addeuhitiate

the assay. The increasing absorbance was moniew&y 30 seconds during 3 minutes at 412 nm
(UV) with the spectrophotometer (Thermo electrompooation, H&los «). Standard curves were
estimated with the increasing concentrations ofagfione and the absorbance measured. After that,
the samples were thawed at room temperature and asgayed under the same conditions. The
amount of glutathione in each sample was determioyedomparison with the standard curve. This
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amount was divided by the number of oocytes instimple to obtain glutathione concentration per
oocyte (GSKueyd-

Statistical Analisys

Descriptive analyses were realized for OR, RR a8#if, with Statgraphics Plus 4.0.
Oocyte glutathione concentration (Ggktd was analyzed fitting the model:

Yi=H + $+ OR +OO0F + g

where S is the effect of session, with 2 levels, i©®ke effect of ovulation rate, with 3 levels (et
or 1: low ovulation rate (10-14 corpora haemorragidadvel or 2: medium ovulation rate (15-16
corpora haemorragica); Levgy 3: high ovulation rate (17-24 corpora haemorrgdiaad OOF is the
effect of number of oocytes frozen, with 3 levdls\el oor 1: low number of oocytes frozen (10-13
oocytes frozen); Levelor 2: medium number of oocytes frozen (14-16 oocfriezen); Leveloor 3:
high number of oocytes frozen (17-21 oocytes frizen

The GLM procedure of SAS (SAS, 1998) was used.e8ixtfemales were included in lewgl1, 15
females in Levehg 2 and 19 females in Levgk 3.

RESULTS AND DISCUSSION
In the present experiment, 3 of the 59 does didomatate after mating and were excluded from the
analysis. Raw means, standard deviations and maximwd minimum values of ovulation rate,

recovery rate and oocyte glutathione concentratiersummarized in Table 1.

Table I Raw means, standard deviation and maximum andnmm values of ovulation rate,
recovery rate and oocyte glutathione concentration

Mean Standard deviation Minimum Maximum
OR 16.1 2.8 10.0 24.0
RR 96.1 5.6 78.6 100.0
GSHyocyte 7,6 1.3 4.7 10.3

OR: ovulation rate, expressed as number of corpasmorragica; RR (%): recovery rate expressed asatltebetween
recovered oocytes and ovulation rate; Ggj# oocyte glutathione concentration, expressed inlfmocyte

Mean ovulation rate is high if compared to othardss in rabbits (Garcia and Baselga, 2002;
Santacretet al, 2005); in this study, females belonged to a Be&cted for ovulation rate during
seven generations. Recovery rate is high and sittlaesults published by Santacretual (1997)
using vasectomized males.

In this experiment the mean glutathione concemmapier oocyte varied between 4.7 and 10.3 pmol.
To our knowledge, there is no study reporting theasurement of oocyte glutathione in rabbits. A
great variability among species in terms of glutate concentration has been reportediforivo
matured oocytes. In pigs, Braat al (2003) studied a mean number of 10 oocytes pee and
obtained 36.2& 11.01 pmol/oocyte. Zuelket al. (2003) obtained 3.24 0.49 pmol/oocyte in hamster
(25-30 oocytes/tube). Other studies found 19.2 fwoolte in dogs (Kinet al, 2007) and 5.8% 0.48
pmol/oocyte in equine (Lucianet al, 2006). In these studies, the mean number oftesqgyer tube
was 10 and 11 respectively. In our experiment,nim@ber of oocytes frozen ranged from 10 to 21
with a mean value of 15.

Table 2 presents oocyte glutathione concentrattotinea different levels of ovulation rate. Oocytes
from females with low ovulation rates have highéutathione concentrations than oocytes from
females with medium and high ovulation rates. Thdgéerences are significant and relevant.
Glutathione concentration is a tool to determimevitro matured oocytes” quality. High glutathione
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concentrations indicate good oocyte quality. Moerow vivo mature oocytes have higher glutathione
concentration than immature oocytes. Thus, the dlati@gined in this experiment support that females
with low ovulation rate might have better oocyteality than females with high ovulation rate.

Females with high ovulation rate could ovulate inuma oocytes that might give rise defective
embryos that might die. However, no studies repgrtthe association between glutathione
concentration and ovulation rate have been found.

Table 2 Least square means and standard errors for oglthione concentration

GSHyocyte GSHyoeyte GSHyoeyte
Levelor 1 8.4+0.3 Level oo 1 6.2+0.4% Session 1 6.7+0.3%
Level or 2 7.3+04° Level gor 2 7.6+0.2° Session 2 8.1+0.2°
Level o 3 6.6 +0.3° Level gor 3 85+05°

Level ogr 1: low ovulation rate (10-14 corpora haemorragida@vel or 2: medium ovulation rate (15-16 corpora
haemorragica); Levealg 3: high ovulation rate (17-24 corpora haemorrggitavel oo 1: low number of oocytes frozen
(10-13 oocytes frozen); Levghgr 2: medium number of oocytes frozen (14-16 oocfiezen); Levelpor 3: high number of
oocytes frozen (17-21 oocytes frozen); Gk oocyte glutathione concentration, expressed inlfoocyte

a bifferent letters within column indicate signifitedifferences, P<0.05

Oocyte glutathione concentration at different Isvef oocytes frozen can be observed in Table 2.
Oocyte glutathione concentration was significahohyer for a small number of oocytes frozen than
for a medium and a high number of oocytes frozen.

Considerable variation between sessions was olséveocyte glutathione concentration (Table 2).
Variations in glutathione mean values between gassicould be explained by the laboratory
temperature, which increased more during the sesession. The enzymatic reaction accelerates with
the increasing temperature; therefore, oocyte tlitiae concentration is higher in the second sassio

CONCLUSIONS

Oocytes from females with high ovulation rate héweer glutathione concentration than oocytes
from females with low ovulation rate. Given thautgithione concentration is a measure of oocyte
quality, females with high ovulation rate seem &wén poor oocyte quality. That could be a possible
reason for the increase in prenatal mortality foumithe experiments of selection for ovulation rate
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