
Acta vet. scand. 1989, 30, 313- 319. 

Periovulatory Endocrinology and Oocyte Maturation 
in Unmated Mature Blue Fox Vixens 
( Alopex Iago pus) 

By W. Farstad, M. Mondain-Monval, P. Hyttel, A. J. Smith and D. Markeng 

Department of Reproduction and Forensic Medicine, Norwegian College of Veterinary Medicine, Oslo, 
The Foundation for Hormonal Research, Fresnes, France, 
Department of Anatomy, Royal Veterinary and Agricultural University, Copenhagen, Denmark 
and The Research Farm for Furbearing Animals, Heggedal, Norway. 

Introduction 

Farstad, W., M. Mondain-Monval, P. Hyttel, A. J. Smith and D. Markeng: Peri
ovulatory endocrinology and oocyte maturation in unmated mature blue fox vixens 
(A/apex lagopus). Acta vet. scand. 1989, 30, 313-319. - Nine of 10 mature blue 
fox vixens (Alopex lagopus) in spontaneous oestrus ovulated approximately 2 days 
after the preovulatory increase in luteinizing hormone (LH). Plasma concentra
tions of follicle-stimulating hormone and progesterone increased simultaneously 
with the LH peak, whereas oestradiol-17 peaked I day previously. In the tenth 
vixen, an LH peak was not observed, and neither visible follicles nor corpora lutea 
were found in the ovaries 6 days after peak vaginal electrical resistance. 
Eggs were ovulated as primary oocytes, but oocyte maturation was initiated within 
the day of ovulation (2 days after the LH peak). Within the next 2 days (3-4 days 
after the LH peak) the first polar body was extruded, and the cumulus mass was 
completely dissociated from the zona pellucida. 
The interval between the preovulatory LH peak and initiation of the final oocyte 
maturation is thus considerably longer in the blue fox than for example in the cow 
(48- 72 h compared with 9-12 h). This suggests that the relationship between these 
two events is somewhat different in the blue fox. 

endocrinology ; ovulation; oocyte maturation; 

Mammalian oocytes are not capable of un
dergoing fertil ization and embryonic deve
lopment until the first meiotic division has 
been completed. In most mammals, the first 
meiotic division takes place during the last 
few hours before ovulation (Staigmiller & 
Moor 1984). In the monoestrous domestic 
dog and silver fox , however, this division is 
not completed until 3 and I days after ovu
lat ion, respect ively. Until then the oocytes 
cannot be fertilized (Holst & Phemister 
197 1, Pearson & Enders 1943). 

fox vixens follows the pattern described for 
other Canidae, and to relate some of the fea
tures of oocyte maturation to endocrine 
changes and clinical parameters during 
oestrus. 

Materials and methods 
Ten mature blue fox vixens (average age: 5 
years old) in natural oestrus were used. 
Blood samples were collected weekly for 
hormonal assays from late anoestrus until 
pro-oestrus, when daily sampling was initi
ated. The vixens were tested for behavioural 
oestrus by males. Vaginal elect rical resist
ance was measured from pro-oest rus and 

The aim of the present study was to exam ine 
whether the final oocyte maturation in blue 
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through oestrus, using the technique descri
bed by Meller et al. (1984). The vixens were 
euthanised at varying intervals after peak 
vaginal electrical resistance (ER + 0): ER + I 
day (n = I), ER + 2 days (n = I), ER + 3 days 
(n = 2), ER+ 4 days (n = 3), ER+ 5 days (n = 
2) and ER + 6 days (n = I). None of the 
vixens were mated. Ovaries and reproduc
tive tracts were collected at euthanasia. 

Hormone assays 
Lutei nizing hormone (LH). Plasma LH 
concentrations were measured by a modifi
cation of the double-antibody radioimmuno
assay previously described (Mondain-Mon
val e1 al. 1984, Meller e1 al. 1984). The in
ter-assay and intra-assay coefficients of vari
ation were 4.9 and 2.0 %, respectively (n = 
10), at a level of 3.2 ng/ml. Minimum assay 
sensitivity was 0.5 ng/ml. 
Follicle-stimulating hormone. FSH 
concentrations were determined by a hetero
logous double-antibody radioimmunoassay 
described for the fox by Mondain-Monval et 
al. ( 1988). The inter-assay and intra-assay 
coefficients of variation were 7.2 % and 
5.5 %, respectively (n = 7), at a level of 130 
ng/ml. Minimum assay sensitivity was 20 
ng/ml. 
Steroids. Plasma concentrations of oestra
diol 17 13 and progesterone were determined 
by the radioimmunoassays previously de
scribed by Mondain-Monval et al. (1977) 
with the modifications of Meller et al. 
( 1984 ). The inter-assay and Intra-assay coef
ficients of variation were 6.9 o/o (n = 7) and 
6.3 % (n =· 13), respectively, for progeste
rone, and 10.0 % (n = 10) and 5.3 o/o (n = 10) 
for oestradiol-17 13. Minimum assay sensiti
vity was 0.16 nmol/l for progesterone and 
14.1 pmol/ I for oestradiol-17 13. 

Statistical analysis 
All values are reported as mean ± SD ex
cept in Fig. I where mean ± SEM is used. 
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Oocyte treatment 
Oocytes were collected from preovulatory 
follicles by aspiration, and/or from oviducts 
by flushing with 0.1 moll! phosphate buffer. 
A total of 85 fresh oocytes were isolated. 
Oocyte morphology was evaluated by use of 
a stereomicroscope at I 00 x magnification. 
Oocyte features such as the degree of cumu
lus investment and expansion and, if pos
sible, presence of the first polar body, were 
recorded. After evaluation, the specimens 
were fixed in 0.1 mol/I phosphate buffer 
with 3 o/o glutaraldehyde for I h, washed 
once in fresh phosphate buffer and aspirated 
into prelabelled French ministraws for post
age to Denmark. Upon arrival, the oocytes 
were processed for light- and transmission 
electron microscopy as described by Hyttel 
& Madsen (1987). 

Results 
The periovulatory profiles of FSH LH 
oestradiol and progesterone are 
Fig. I. 
In all but I vixen, a major preovulatory LH 
peak, and a concomitant FSH peak and in
crease in progesterone were detected. The 
durations of the LH peak (22.5 ± 2.9 ng/ml) 
and the FSH peak (200 ± I 06 ng/ml) were 
1-2 days. FSH levels were high in late ano
estrus, with large weekly fluctuations, peak 
values exceeding those of the preovulatory 
FSH peak (300-400 ng/ml). In pro-oestrus, 
FSH levels decreased to 30-40 ng/ml, pea
ked simultaneously with the LH peak, de
clined on the second day of oestrus (LH + 2) 
and then increased after LH + 5. The vixen 
in which no preovulatory LH peak was de
tected had high plasma FSH concentrations 
during the whole sampling period (Februa
ry-April) and had extremely high FSH va
lues ( > 1000 ng/ml) during pro-oestrus, in 
contrast to the other vixens (40-300 
ng/ml). 
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Figure I. Mean plasma concentrations ofFSH, LH, oestradiol-1713 and progesterone in the 7 vixens that 
ovulated, I vixen with luteinized follicles and I vixen with preovulatory follicles. The results are synchro
nized to the day of the LH peak. Values are means ± S.E.M. of3-9 animals on each sampling date. 

Oestradiol-17 13 concentrations peaked ap
proximately I day before the LH peak 
(mean 244.5 ± 107.2 pmol/I). 
The maximum vaginal electrical resistance 
occurred on average 112 day after the LH 
peak or 1 112 days after the oestradiol-17 13 
peak. Most vixens came into oestrus on the 
day of the LH peak or the day after. Mean 
progesterone levels were significantly eleva
ted above baseline levels at the time of the 
LH peak (9.5 ± 6.9 nmol/I), and values 
above 31.4 nmol/l were detected at the time 
of ovulation (mean 70.0 ± 38.6 nmol/I). 

The one vixen in which no preovulatory LH 
peak was found had no visible follicles or 
corpora lutea in the ovaries when sacrificed 
6 days after peak vaginal electrical resistance 
(ER+ 6). 
One vixen sacrificed the day after the LH 
peak (ER + I) had normal preovulatory fol
licles and had not ovulated. Seven of 8 
vixens sacrificed 2 or more days after the 
LH peak (SE + 2 to ER + 5) had started or 
completed ovulation, whereas I vixen had 
only luteinized follicles in the ovaries when 
sacrificed 4 days after the LH peak (ER + 2). 
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Figure 2. Oocyte maturation in the blue fox vixen. Light microscopic view of4 freshly-collected oocytes 
in different stages of oocyte maturation (magnification x l 00). 
a: Postovulatory tubal oocyte collected 2 days after the LH peak. The oocyte is partly denuded, but some 
cumulus cells (C) are still associated with the zona pellucida. 
b: A completely denuded oocyte collected 3 days after the LH peak. 
c: An ovum in the process of extruding the first polar body (Pb). 
d: An ovum where the first polar body (Pb) is completely extruded. The ova in c and d were collected 4 
days after the LH peak. 

Fig. 2 shows a light microscopic view of 4 
freshly-collected oocytes at different stages 
of oocyte maturation (JOO x magnification). 
The oocytes collected from preovulatory fol
licles were invested in an expanded multi
layer of cumulus cells, and the oocyte nu
cleus was intact. The oocyte nucleus was 
broken down shortly after ovulation (LH + 
2). Within the next day the first polar body 
was extruded (LH + 3), although in a few 
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oocytes the polar body was not observed on 
day LH + 3. The cumulus cell mass deta
ched from most ova after formation of the 
polar body. Ultrastructural studies. showed 
that disconnection of gap junctions between 
cumulus cell projections and the oolemma 
occurred simultaneously with the break
down of the oocyte nucleus. 
Many oviductal ova showed signs of degene
ration 4 to 5 days after the LH peak, and 
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some collected 6 or more days after the LH 
peak were fragmented. 

Discussion 
The clinical and endocrine events associated 
with pro-oestrus, oestrus and ovulation in 
the present material largely follow the pat
tern outlined by Meller et al. (1984). How
ever, we found that the maximum oestra
diol-17 peak occurred on average I day 
before the LH peak, whereas Meller et al. re
ported that these 2 events occur simulta11e
ously. In the dog, the oestradiol-17 peak 
has been reported to occur 1-2 days before 
the LH peak (Chakraborty 1987). This dis
crepancy may be due either to the small 
number of vixens in the 2 studies, thus ex
pressing a normal range of variation, or to 
the relatively infrequent blood sampling re
gimes. 
The FSH pattern found in this material 
closely resembles that described for the bitch 
(Olson et al. 1982). In the fox, plasma FSH 
concentrations have only previously been 
measured in males, where they increase 
shortly before onset of the mating season (a 
feature also characteristic for the vixens in 
this study). In periods with high androgen 
release, FSH concentrations have been 
shown to decrease in males, and a negative 
feedback mechanism for FSH similar to that 
for LH regulation has been proposed (Mon
dain-Monva/ et al. 1988). The obvious de
cline of FSH concentrations in pro-oestrus 
among all but I vixen in the present study 
indicates a possible modification of the le
vels due to increased levels of either oestro
gen and/or androgens, since both testoste
rone and androstenedione levels are relative
ly high in female foxes in pro-oestrus (Mel
ler et al. 1984). In addition, an inhibitory 
effect of follicular inhibin-like substances on 
FSH may be involved, as described in the 
human and a variety of domestic animals 

(Hiller et al. 1987, Leversha et al. 1987). 
Although the presence of inhibin in the fol
licles of the fox has not been investigated, 
lack of follicular inhibin production may 
explain why the vixen with inactive ovaries 
had continuously high FSH concentrations. 
Ovulation was confirmed in 7 of the 8 
vixens with ovarian activity which were eu
thanised after day LH + 2. This corresponds 
to data obtained from the bitch in which the 
majority of ovulations take place 24-72 h 
after the LH peak (Wildt et al. 1978). 
Oocyte nucleus breakdown was not initiated 
until after ovulation, and within the next 2 
days the first polar body was extruded in 
most cases. This suggests that the period of 
final oocyte maturation is shorter in the fox 
than in the dog, in which postovulatory ma
turation of up to 3 days is needed (Holst & 
Phemister 1971). 
The role of the cumulus cells in postovula
tory maturation has not been studied in the 
fox. In cattle, the disconnection between the 
cumulus cell projections and the oocyte oc
curs simultaneously with the breakdown of 
the oocyte nucleus (Hyttel 1987). During the 
preovulatory in vivo maturation of the bo
vine oocyte these features occur 9-12 h after 
the LH peak, which is believed to initiate 
the fi nal oocyte maturation (Hytte/ et 
a/.1986). In the fox , the same relationship 
between cumulus-oocyte disconnection and 
oocyte nucleus breakdown was detected, but 
in this species these events occurred approx
imately 3 days after the LH peak. Thus, in 
the fox a different relationship may exist 
between induction of final oocyte matura
tion and the occurrence of the preovulatory 
LH surge. 
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Sam mend rag 
Endokrinologi og oocytmodning omkring ovula
sjonen hos uparede eldre blarevtisper (Alopex 
lagopus). 
Hos 9 av 10 eldre blarevtisper i spontan 0strus 
skjedde ovulasjonen ca. 2 d0gn etter den preovula
toriske frisetning av luteiniserende honnon (LH). 
Det ble observert en stigning i follikkelstimule
rende honnon og progesteron i plasma samtidig 
med den preovulatoriske stigning i LH. 0stradiol-
17 nMde sitt maksimum ca. 1 d0gn for LH 
maksimum. 
Hos den tiende revetispen ble det ikke observert 
en preovulatorisk LH-stigning. Det ble heller ikke 
observert follikler eller corpora lutea i ovariene 6 
dager etter registrering av maksimal motstands
verdi. 
Eggene ble ovulert som primrere oocyter omgitt av 
en tykk cumulusmasse. F0rste meiotiske deling 
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ble igangsatt innenfor I d0gn etter ovulasjon, 2 
d0gn etter LH maksimum. lnnenfor 2 d0gn etter 
ovulasjon (3-4 dager etter LH maksimum) kunne 
f0rste pollegeme observeres hos de fleste oocytter, 
og cumulusmassene var helt dissosiert fra zona 
pellucida. 
Tidsintervallet mellom den preovulatoriske LH-

frisetning og igangsettingen av den endelige 
oocyttmodning er dermed betydelig lengre hos 
denne arten enn f. eks. hos ku (ca. 48-72 t mot 
9-12 t). Dette kan tyde pa at sammenhengen mel
lom disse begivenhetene er noe annerledes hos 
blarev. 
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