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Ovulation, maturation ovocytaire et fécondation in vivo chez la chienne
Résumé:
La détermination précise du jour de I'ovulation est considérée par la plupart des auteurs comme I'un
des facteurs les plus importants pour fixer le moment optimal d'insémination artificielle chez la
chienne. Ceci est particulierement important lors d’utilisation de semence congelée en raison de la
faible durée de survie de la semence congelée/décongelée dans l'appareil génital femelle. Notre
étude a tout d'abord tenté de déterminer la technique la plus précise pour identifier la survenue de
I'ovulation chez la chienne. Notamment, nous avons souhaité savoir si 'examen échographique des
ovaires pouvait étre un moyen fiable et précis pour déterminer I'ovulation chez la chienne. Notre but a
été de détecter l'ovulation par échographie dans différentes races et d'évaluer les intéréts et la
précision de cette technique, en comparaison avec les taux hormonaux autour de I'ovulation. Nos
résultats ont confirmé que I'échographie ovarienne était une technique précise de détermination de
I'ovulation chez la chienne. Nous avons également démontré que cette technique n’améliorait la
détection de I'ovulation que chez 15,3% des chiennes en comparaison des dosages de progestérone
sanguine. Au bilan, les concentrations de progestérone plasmatique sont extrémement constantes au
moment de I'ovulation quelle que soit la race et, de ce fait, les dosages de progestérone apparaissent
étre une méthode suffisamment précise pour déterminer le moment de l'ovulation. Utilisant les
échographies ovariennes pour la détection du moment de l'ovulation chez la chienne, nous avons
ensuite essayé d'évaluer le déroulement exact de la maturation ovocytaire in vivo chez la chienne,
ainsi que le développement embryonnaire précoce. De plus, nous avons cherché a vérifier si, in vivo,
les spermatozoides canins étaient capables de pénétrer des ovocytes encore a un stade immature.
Nous avons démontré que le stade de la vésicule germinative (VG) était le seul présent jusqu’a 44h
apres l'ovulation. Le premier stade métaphase Il n’est observé qu’a partir de 54h. Plusieurs stades de
maturation ovcytaire différents sont observés au méme moment pour une méme chienne. In vivo, la
fécondation se produit dans la plupart des cas a partir de 90h post ovulation dans des ovocytes ayant
complété leur maturation (métaphase Il). La pénétration in vivo d'ovocytes immatures par des

spermatozoides apparait extrémement rare.

Ces résultats devraient permettre une amélioration ou une simplification de la pratique vétérinaire
quotidienne, notamment lors d'utilisation d'insémination artificielle en semence congelée. De plus une
meilleure connaissance des processus impliqués dans la maturation ovocytaire in vivo, la
fécondation, et le développement embryonnaire précoce sont des étapes importantes pour améliorer

le développement des biotechnologies de la reproduction dans [I'espece canine.
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IN VIVO OVULATION, OOCYTE MATURATION AND FERTILISATION IN THE BITCH .

SUMMARY':

Timing the day of ovulation as accurately as possible is considered by most authors as one of the
most important factor in order to determine when to inseminate bitches. This is especially important
when using frozen semen, due to the relatively short survival of frozen/thawed semen in the female
genital tract after artificial insemination.

In our study, we first tried to find the most accurate technique to determine the exact occurrence of
ovulation in the bitch. We hypothesized that ovarian ultrasound examination could be a reliable and
accurate method to determinate ovulation in bitches. Our aims were to try to detect ovulation by
ultrasound in different breeds and to evaluate the interests and the accuracy of such a technique,
compared with hormonal levels around ovulation. Our study confirmed that ovarian ultrasound was
an accurate technique for timing ovulation in the bitch. We also found that, although more accurate,
ovarian ultrasound examinations improved the accuracy of ovulation detection in only 15.3 % of
bitches compared with progesterone. Altogether, progesterone plasma concentrations appeared
fairly constant around ovulation, whatever the breed, and, as a whole, progesterone assays
appeared as a precise method to time ovulation.

Using ovarian ultrasound examinations as the reference technique to time ovulation in the bitch, we
then aimed to evaluate the precise kinetics of in vivo oocyte maturation in the bitch, as well as early
embryonic development. Furthermore, we wanted to check if, in vivo, spermatozoa were able to
penetrate oocytes still at immature stages. We found that the germinal vesicle (GV) stage was the
only one present until 44 hours after ovulation. The first metaphase Il stage was observed at 54
hours. Various oocyte maturation stages were observed at the same time within each bitch.
Fertilisation occurred in most cases from 90 hours post-ovulation in mature oocytes (metaphase II).
In vivo penetration of immature oocytes by spermatozoa was extremely rare.

These fundamental results may lead to an improvement or a simplification in everyday veterinary
practice, especially for artificial insemination with frozen-thawed semen. Furthermore, a better
knowledge of the processes involved in in vivo oocyte maturation, fertilisation and early embryonic
development are important steps towards the improvement of reproductive biotechnologies in the

canine species.
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Introduction

This PhD thesis is a compilation of several presentations or publications, some of
which are more ancient than others. For the past 15 years, a large part of our
clinical and scientific activity has been devoted to a better understanding of the
processes and the factors underlying in vivo fertilisation in the dog. At the end of
the eighties, it was often stated in veterinary manuals that the optimal time of
insemination in the bitch was located around the time of ovulation, which happened
at the end of the pro-oestrous period or the beginning of the oestrous period.
Having tried several times to inseminate bitches with frozen semen at that period
with no results, it became clear for us that the timing of insemination and
fertilisation in the bitch had to be further studied.

Trying to improve the fertility results obtained after artificial insemination (Al) using
frozen semen, we co-published our first study related to the timing of canine in vivo
fertilisation in 1993 (Badinand, Fontbonne et al. 1993). We were not able at that
time to use DNA to evaluate the paternity of the puppies, and only phenotypic
evaluation was used to determine the days when in vivo fertilisation took place
(see Annex 1). In the meantime, we also demonstrated that, using frozen semen,
intra-uterine inseminations gave better fertility results than intra-vaginal depositions
of semen (Fontbonne et al. 1993). Our following data concerning Al with frozen
semen tend to show that the bitch seemed to be ideally inseminated quite late in
the oestrous period, when progesterone plasma level was already high (Fontbonne
et al. 2000). However, the understanding of this peculiar situation remained
partially unclear. In order to know the optimal time of insemination with frozen-
thawed semen, and may be diminish the number of inseminations per cycle, there
was a need to know precisely when oocytes are ovulated, and furthermore, when
they allow fertilisation to occur. In vitro oocyte maturation had been extensively
studied (Luvoni et al. 2005). But we could wonder if in vivo processes were
identical with what was observed during in vitro studies.

In order to further study in vivo occurrence of events, it was essential to be able to
determine ovulation as accurately as possible. Following the example of what was
performed in large animals (mostly cows and mares), we aimed to precisely

determine the exact time of ovulation in bitches, and to evaluate the interest of
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ovarian ultrasonography (Fontbonne et al. manuscript to be submitted). We first
compared ovarian ultrasound examinations with plasma LH and progesterone
levels for the prediction of ovulation. Using ovarian ultrasonography as a reference
in timing ovulation, and repeated intra-uterine Als, we then studied in vivo oocytes
meiosis resumption and fertilisation (Reynaud, Fontbonne et al. 2005).

The last — and the least - part of our contribution to the improvement of in vivo
fertilisation concerns the sperm. We have been involved in a better understanding
of dog sperm capacitation and ability to fertilise (Guerin et al. 1999). This will not
be discussed in this PhD thesis.

This PhD thesis is a summary of our scientific contribution in all these aspects of

canine in vivo fertilisation.
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In vivo oocyte maturation, ovulation and fertilisation in t he bitch: state of the
art.

1. The oestrous cycle of the bitch

The oestrous cycle of the bitch is composed of four successive periods: pro-
oestrus, oestrus, metoestrus (or dioestrus) and anoestrus.

Pro-oestrus is defined as the period from onset of vulvar bleeding to the first
acceptance of copulation. Its average duration is 9 days. However, it displays
considerable variation, as it can range from 0 to 27 days (Johnston et al. 2001).
The following phase is oestrus, the period during which the bitch accepts
copulation. Here also, the duration of this phase is highly variable: 3 to 21 days
(Beijerink 2007).

Metoestrus (Dioestrus) begins when the bitch is no longer willing to accept the
male. Its average duration is 70 days. It is associated with the presence of active
corpora lutea.

Anoestrus is the phase between the end of the metoestrus and the beginning of

next pro-oestrus. Its duration is variable, 2 to 10 months (Concannon 1993).

2. Pre-ovulatory events

2.1. Pre-ovulatory hormonal profiles.
Surprisingly, relatively little is known about the changes in, and temporal
relationships between, reproductive hormones around the time of ovulation in the
domestic bitch (De Gier et al. 2006).

2.1.1. Pituitary gonadotropins.

2.1.1.1.LH

The secretory pattern of LH at this period is characterised by frequent increases of
short duration (Kooistra et al. 1999).

Unlike the other mammalian species, the duration of the LH surge in the bitch is
relatively long, ranging from 1 to 5 days (Phemister et al. 1973, Wildt et al. 1978,
De Gier et al. 2006). Furthermore, Hase et al. (2000) found that the period in which

13



LH values peaked above 10 ng/mL continued for more than 12 hours. De Gier et
al. (2006) found that this LH peak had a bifurcated aspect in 4/6 Beagle bitches.

LH is often stated as the ideal technique for determining with accuracy the
ovulation period, as the LH peak induces ovulation and is, therefore, generally
stated as being the “Day zero” of the sexual cycle of the bitch. Assaying LH is in
fact not easy as it requires repeated blood samplings and a specific assay
technique. Furthermore, De Gier et al. (2006) doubt that assaying LH is a good

method to time ovulation, due to the individual variations among bitches.

2.1.1.2. FSH

At the beginning of pro-oestrus, the basal plasma FSH concentration is elevated,
but becomes relatively low during the progression of the follicular phase (De Gier
et al. 2006). Concurrent or slightly earlier than the LH peak, a pre-ovulatory surge
in FSH occurs that lasts about three times longer than the pre-ovulatory LH peak
(De Gier et al. 2006).

2.1.2. Oestradiol.

During pro-oestrus, as tertiary follicles develop within the ovaries, they produce
oestradiol, leading to peak plasma levels in late proestrus (Beijerink 2007). These
oestradiol peak levels differ considerably between oestrous cycles, both within and
between individual bitches (Olson et al. 1982). De Gier et al. (2006) demonstrated
that these high plasma oestradiol concentrations occur concomitantly or just before
the LH peak and have a positive feedback effect on LH release, leading to the pre-
ovulatory LH surge. However, as soon as the LH surge has occurred, there is a
decrease in the plasma oestradiol 173 concentration (Concannon et al. 1977).

Basal values occur around 80 hours after the LH peak (De Gier et al. 2006).

2.1.3. Progesterone.

During proestrus, plasma progesterone concentrations initially remain low but
fluctuate. At the start of the pre-ovulatory LH surge, granulosa cells begin to
luteinise and secrete progesterone (De Gier et al. 2006).

14



The exact temporal relationship between the initial rise in plasma progesterone
concentration and the pre-ovulatory LH surge is uncertain. Wildt et al. (1978) found
that there was a slight detectable rise in progesterone — 0.5 to 2.5 ng/mL —
concomitantly or within 24 hours following the burst of LH. In fact, the initial rise in
progesterone concentrations may occur just before, concomitantly or just after the
start of the LH surge (De Gier et al. 2006). After the initial rise, De Gier et al.
(2006) also found that the plasma progesterone concentration remained at about
the same level for 3 to 4 days before increasing again in 4/6 bitches. At the time of
the LH peak, the progesterone values are, according to different authors: 1.21 +
0.92 ng/mL (Concannon et al. 2001), 1.6 + 0.2 ng/mL (Concannon et al.1977), 2.2
+ 0.18 ng/mL (Kutzler et al. 2003), 2.95 + 1.2 ng/mL (Guerin et al. 1997) and 2 to
4.8 ng/mL (Wright 1990). According to England and Concannon (2002), 2.0 ng/mL
is the progesterone concentration typically observed at the time of the LH surge or
on the following day.

During metoestrus, plasma progesterone concentrations are high. They usually
plateau at 10 to 30 days after ovulation. In non-pregnant bitches, the progesterone
secretion declines slowly and reaches a basal level at about 75 days after the start
of the luteal phase.

2.2. Folliculogenesis

During anoestrus, follicular growth occurs, but terminal follicular differentiation is
absent and maximum follicular diameter is only 0.6-1mm (antral follicles —
Andersen and Simpson 1973). At the onset of proestrus, several follicles
measuring 1 to 1.5 mm are already present within the ovary, they grow and reach
1.5 to 5 mm at the end of proestrus, when progesterone concentrations are still
basal : <1 ng/mL (Hase et al. 2000).

During estrus, follicular diameters increase, reaching the pre-ovulatory stage.
Diameters of pre-ovulatory follicles have been reported to range from 3 to 8 mm
(Wildt et al. 1977, England and Yeager 1993, Hase et al. 2000). Prior to ovulation,
the follicles undergo luteinisation. Histologically, the granulosa cells layer takes at
this stage a plicated appearance (Andersen and Simpson 1973).

15



2.3. Pre-ovulation oocyte maturation

Pre-ovulatory oocytes are difficult to obtain because their collection requires
bitches in oestrus and because it must follow a precise monitoring of the heat
period to determine the exact time prior to ovulation.

In the majority of mammalian species, the pre-ovulatory LH peak represents the
stimulatory signal inducing, before ovulation, both the resumption of oocyte
meiosis (from prophase | to metaphase Il) and the mucification of cumulus cells
due to hyaluronic acid accumulation. In the bitch, this process is different: when
ovulation occurs, oocytes are still at the immature germinal vesicle (GV) stage at
that time. A few hours after the LH peak, mucification is clearly apparent in the
granulosa cells of the cumulus (Reynaud et al. 2006). However, the two or three
innermost layers of granulosa cells remain unmucified and compact around the
oocyte (Phemister et al. 1973). This mucification depends on the follicular maturity
and, in a pre-ovulatory ovary, all the oocytes originating from the antral follicles are
not mucified after LH and a minimal follicular diameter (linked to the differentiation,
i.e. the receptivity to LH) seems to be required (Reynaud et al. submitted). At the
pre-ovulatory stage, oocyte diameters can range from 100 to 120 ym (Andersen
and Simpson 1973).

3. Owvulation

3.1. Physiological aspects

3.1.1. Time of ovulation.

In the bitch, ovulation is assumed to occur approximately 2 to 3 days after the pre-
ovulatory LH surge (Phemister et al. 1973, England and Yeager 1993). However,
the period at which ovulation occurs ranges from as early as 24 hours until more
than 96 hours after the pre-ovulatory LH surge (Wildt et al. 1978).

3.1.2. Ovulation mechanism

At ovulation, the rupture site of a follicle can be recognised by a red pin-point area

(Andersen and Simpson 1973). This point is 0.4 to 0.8 mm in diameter. Follicular
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rupture does not seem to be associated with extensive haemorrhage (Wildt et al.
1977).

3.1.3. Ovulation rate

Mean ovulation rate in the canine species can be estimated by several methods
(ie: litter size or ultrasonography). However, litter size cannot take into account
embryonic or early fetal losses, and it is not clear whether ovarian ultrasonography
permits to correctly evaluate the number of pre-ovulatory follicles and if non-
ovulated follicles remain — and, if so, in which percentage - after ovulation (Wallace
et al. 1992). Some authors evaluated ovulation rate more precisely, after
ovariectomy and by counting corpora lutea present on both ovaries, and reported
an ovulation rate that ranged from 5.7 + 0.3 (n=22 bitches — Tsutsui and Shimizu
1975) to 6.0 £ 0.1 (n = 192 bitches — Shimizu et al. 1990). However, the role of the
size or the breed of the bitch on the size of pre-ovulatory follicles and on ovulation

rate remains to be further established.

3.1.4. Duration and synchronicity of the ovulation process.

After the LH peak, ovulation occurs but its duration and synchronicity are not well
known. Concannon et al. (1986) found that ovulation appeared to occur
synchronously in the two ovaries about 36 to 50 hours after the LH peak.
Concerning the duration of the ovulation process, Boyd et al. (1993) suggested
that the ovulation process seemed to begin in the right ovary and that the whole
process may take as long as 36 hours to be completed.

3.1.5. Number of oocytes released.

In the bitch, polyovular follicles are not uncommon (Telfer and Gosden 1987,
McDougall et al. 1997). However, it is not known whether these follicles can reach
ovulation and release one or more viable oocytes. Follicles containing more than
one oocyte are frequently observed in small growing follicles, but only rarely in
large pre-antral ones (Telfer and Gosden 1987). However, Bysted et al. (2001)
reported the collection after flushing of more oocytes or embryos than expected
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after counting the corpora lutea. We may therefore think that ovulation of more

than one oocyte per follicle may occasionally occur.

3.2. Timing of ovulation

Timing the day of ovulation as accurately as possible is considered by most
authors as one of the most important factor in order to determine when to
inseminate bitches. This is especially important when using frozen semen, due to
the relatively short survival of frozen/thawed semen in the female genital tract after
artificial insemination (Concannon and Battista 1988). In this respect, many
different techniques and plans for breeding have been tested by veterinarians over
the past twenty years.

When inseminating a bitch with frozen semen, it is recommended to perform it at
the optimal time of fertilisation which occurs between 2 to 4 days after ovulation,
when the oocytes are fully mature and have not undergone degeneration (England
and Concannon 2002).

None of the clinical assessments, like the vulval oedema, the quantity and aspect
of the vulval discharge (more or less haemorragic), the postural signs (i.e. turning
the tail aside when the veterinarian touches the perineal region) or the acceptance
to be mounted by the male, are precise enough to detect the day of ovulation
(Wildt et al. 1978, England and Concannon, 2002). Wright (1991) found that the
precision of the time of ovulation was 12 days based on a fixed day after the
beginning of heats (vulvar bleeding) and 5 days on the occurrence of positive
postural reflexes.

Furthermore, it is well known that there is no reliability on a predetermined
ovulation day, and consequently, a predetermined mating date. Some bitches may
ovulate as early as day 5 of the heat period, and others as late as day 30 (England
and Concannon 2002). In the same bitch, it has been shown that significant
variations of the day of ovulation may occur among successive heat periods in
around 44% of the cases (Badinand and Fontbonne 1993).

In these conditions, it is highly recommended to use complementary clinical tests
for accurately timing ovulation. Vaginal cytology cannot be used to detect ovulation

prospectively as it is not repeatable and precise enough. At the end of the heat
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period, the “onset of vaginal metoestrus”, when there is a sudden increase in
intermediate cells and parabasal cells, occurs around 5 days after ovulation
(N6thling and Volkmann 1993). But, it only helps to detect ovulation
retrospectively. Wright (1991) found that the precision of the determination of the
time of ovulation was 12 days based on vaginal smears (reaching an eosinophilic
index of 100%) and 6 days based on the first metoestrus smear.

Vaginal endoscopy is performed by some authors to determine the “fertile period”,
but once again, with this method, which requires to rely on an expensive
equipment, it is impossible to be accurate in timing the exact day of ovulation.
Jeffcoate and Lindsay (1989) stated that this technique may be useful to determine
the fertilisation period, i.e. the period during which a mating or an artificial
insemination with fresh semen may be successful, but the interpretation is likely to
vary between observers.

Variations in the electrical resistance of the vaginal mucus around the time of
ovulation may also be recorded using ohm-meters probes inserted at repeated
intervals into the vagina during the heat period. If this technique is used in foxes
(Farstad et al. 1992), data is lacking to confirm its degree of accuracy in detecting
ovulation in the bitch. However, unpublished data from our laboratory may indicate
that it is not highly repeatable among bitches (Fontbonne, unpublished).

Hormonal assays are therefore commonly used by veterinarians for this purpose.
LH assays are ideal in theory, but timing the LH peak may require at least two
blood samples per day every day, and, in most countries, no commercial assays
for canine LH are available. Researchers willing to perform LH assays therefore
have to rely on expensive and time consuming radio-immunoassay tests. Many
authors state that ovulation occurs 48 hours after the LH peak (Wright 1991) but in
fact the delay between the LH peak and ovulation may vary as much as 24 to 96
hours (Wildt et al. 1978).

Some authors estimate the day of the preovulatory LH peak using progesterone
assays, and consequently deduce the occurrence of ovulation (England and
Concannon 2002).

Other authors advise to continue assaying progesterone until it reaches a value

considered to indicate with certainty that ovulation has occurred. According to
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Arbeiter (1991), a reliable identification of mating time in bitches requires
monitoring of rising progesterone concentrations up to at least 32.0 nmol/L (11
ng/mL). Wright (1991) found that ovulation, estimated as occurring 48 hours after
the LH peak, happened when plasma progesterone concentrations were around
5.4 ng/ mL (range 3 to 8 ng/mL). De Gier et al. (2006) found that the rapid rise of
progesterone around ovulation, secondary to the early progesterone rise which
occurs at the time of the LH peak, may be a more reliable marker of ovulation than
the pre-ovulatory LH surge. However, Wright (1991) found that the precision of the
time of ovulation was 2 to 3 days based on an estimation of the time of the LH
surge based on plasma progesterone concentrations (2 to 4 ng/mL) and 2.5t0 5
days based on plasma progesterone concentrations (4 to 10 ng/mL). According to
this author, assaying progesterone to detect ovulation lacks precision.

Another technique to determine ovulation in the bitch is ovarian ultrasound
scanning. Unfortunately, it is in accordance to all authors that, in the bitch, the
ultrasound images of the ovaries around ovulation are more difficult to analyse
than in other species. Previous studies have shown that the ovarian follicles just
before and just after ovulation look very similar (England 2003), some follicles do
not collapse at the time of ovulation (Hayer et al. 1993, Yeager and Concannon
1996) and, furthermore, non-ovulated follicles often remain after ovulation (Wallace
et al. 1992). Considering these difficulties, some recommendations have been
edicted. For example, at least two daily examinations are recommended by some
authors in order to determine ovulation with accuracy (England and Yeager 1993).
However, even when following a very precise protocol and frequent examinations,
ovulation could only be diagnosed in 15.4 % (2/13) and 54.5 % (6/11) bitches
(Hayer et al. 1993, Hase et al. 2000). This lead some people to think that, in the
bitch, the accuracy of the detection of ovulation was difficult to obtain using
ultrasound.

Finally, direct observation of the ovaries has been performed by some authors,
using repeated laparotomies (Phemister et al. 1973, Tsutsui 1989) or laparoscopic
examinations (Silva et al. 1996). These techniques are not ethically and practically
usable in everyday practice.
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4. Post-ovulation oocyte maturation

This aspect has been poorly studied so far in the bitch. It is now well established
that the canine oocyte is ovulated at an immature stage (germinal vesicle,
prophase I) and must further undergo meiosis resumption before being fertilised.
This specificity has been found in foxes (Farstad et al. 1993) but it is not yet known
if it is the same in all canid species.

A few hours after ovulation, oocytes are found within the uterine tubes (Phemister
et al. 1973). Dense cumulus cell layers are still attached around the oocyte, and
will remain until the early embryonic development. This linkage between the
cumulus cells and the oocyte may participate in blocking the oocyte meiotic
resumption (Luvoni et al. 2001).

Twenty-four to forty eight hours after ovulation, the oocytes are found in the
proximal and medial parts of the uterine tubes. (Phemister et al. 1973, Tsutsui et
al. 1975 b.). In vivo, no oocytes at the metaphase | stage were observed until 48
hours post-ovulation, and the metaphase Il stage appeared even later (Tsutsui
1975 a.).

In vivo, Van der Stricht (1923) hypothesised that oocytes may be penetrated by
spermatozoa at an immature stage. This author, using optical light microscopy,
observed sperm heads inside the cytoplasm of oocytes at the germinal vesicle
(GV) or the metaphase | (MI) stage. These findings have also been observed in
vitro (Saint-Dizier et al. 2001), suggesting that sperm penetration may play a role in
the resumption of oocyte meiosis. It remains to be demonstrated if this
phenomenon may be confirmed in vivo using more recent techniques of
microscopy.

After ovulation, oocytes may also remain fertilisable for a significant time, up to 5
days (Tsutsui and Shimizu 1975) and even 7 or 8 days (England et al. 2006), and
even after the closure of the cervix (Verstegen et al. 2001). However, if the uterine
tubes are flushed between 4 to 10 days following ovulation, up to 50% of non-
fertilised degenerated oocytes are collected together with normal embryos (Bysted
et al. 2001, Tsutsui et al. 2006). Some of these oocytes are still at an immature
stage and may have been bad quality oocytes.
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The end of the oocytes ability to be fertilised may widely be due to changes in the
local environment (Hewitt and England 2001).

5. Sperm transport

In the dog, there are very few studies about the distribution and survival of
spermatozoa in the female reproductive tract. During natural mating, canine
spermatozoa are deposited in the cranial vagina. The role of the prostatic fraction
of the ejaculate is unclear, but it may play a role in increasing the number of
spermatozoa passing the cervix and entering the uterine body (Nothling and
Volkmann 1993). Prostasomes, small vesicles which have been found in seminal
plasma in horses, men and also dogs (Fabiani et al. 1995, Polisca et al. 2002) may
play an active role in the motility of spermatozoa deposited into the vagina. In the
cervix of the bitch, there are very few amounts of mucus, therefore this does not
seem to represent an important barrier to sperm transportation (England et al.
2006). Silva et al. (1995) demonstrated that the cervical opening and closing was
related to plasma oestradiol/progesterone concentrations ratio. According to these
authors, the cervix opened approximately 4 days before ovulation and closed
around 5 days after ovulation. Therefore, the cervix did not seem to form a barrier
to the passage of sperm during the oestrous period in the bitch.

After having passed the cervix, the spermatozoa are distributed rapidly in the
genital tract mainly due to a dynamic process involving vaginal and uterine
contractions. Using M-mode ultrasound, England et al. (2006) showed that
spontaneous contractions of the uterine body increased between the day of
ovulation and 5 days later.

The mating process at that period increased these contractions even more.
Spermatozoa were found at the tip of the uterine horns within 25-50 seconds after
mating (Evans 1933). Rijsselaere et al. (2004) postulated that these genital
contractions may be more active in case of natural mating than in case of artificial
insemination.

After 24 hours spent in the uterine lumen, spermatozoa attach themselves to the
uterine epithelium, mostly within luminal crypts and glands (England et al. 2006).

They especially accumulate at the utero-tubal junction, where an interaction may
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take place between the sperm head and the epithelium of the uterine tube
(England and Burgess 2003, Rijsselaere et al. 2004, England et al. 2006).

The utero-tubal junction may act as a barrier to spermatozoal ascent to the uterine
tubes, thus reducing the risk of polyspermia (England and Pacey 1998, Rijsselaere
et al. 2004). According to these authors, several factors may cause spermatozoa
to be retained at the utero-tubal junction, such as a narrow lumen, the presence of
a thick viscous secretion and the binding of sperm to species-specific receptors.
Only motile (but not hyperactivated) sperm enter the uterine tubes (England et al.
2006).

Furthermore, the period of the cycle of the bitch may play a role in sperm
distribution within the female genital tract after natural mating or artificial
insemination. In vitro studies demonstrated that the addition of plasma from an
oestrous bitch increased the hypermotility of spermatozoa (lguer-Ouada 2000).
Rijsselaere et al. (2004) found higher number of spermatozoa linked to the uterine
epithelium in bitches inseminated around ovulation compared with bitches
inseminated earlier or later during the heats.

After a certain period of time, the sperm detach from the uterine epithelium. The
mechanism of this detachment has been poorly studied in canids. England and
Burgess (2003) postulated that the rise of progesterone concentrations may be the
signal for sperm detachment. In vitro, the calcium influx and the acrosome reaction
could be induced in capacitated dog sperm exposed to progesterone (England et
al. 2006).

6. Fertilisation
6.1. Timing of fertilisation
Sperm survival is very long within the female genital tract. Matings performed as

early as 9 days before ovulation may still result in pregnancy and litters (England
and Pacey 1998).
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6.2. Optimal time of artificial insemination with frozen semen

The optimal time of insemination with frozen-thawed semen is often said to be 2 to
3 days after ovulation (Thomassen et al. 2006). Repeating daily artificial
inseminations with frozen semen, England et al. (2006) found that the greatest
pregnancy rates were obtained when the bitches were inseminated 2 to 5 days
after ovulation detected by progesterone concentration and ovarian ultrasound.
Tsumagari et al. (2003) found that better results were obtained with inseminations
performed between 5 to 7 days after the LH surge. This aspect will be widely

discussed later.

In the following chapters, we will investigate:
- in Chapter 1, if ovarian ultrasonography is the most accurate method to time
ovulation in the bitch;
- in Chapter 2, what are the timing and kinetics of in vivo oocyte maturation and
fertilisation;
- in Chapter 3, if bitches may be inseminated with frozen semen without trying

to detect the time of ovulation.
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Chapter 1. Determination of ovulation
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Practice and accuracy of ovarian ultrasound examina  tions for the
determination of the time of owvulation in bitches a nd comparison with
hormonal parameters.

Fontbonne A., Viaris de Lesegno C., Riviere S., Reynaud K., Ponter A., Rault D.,
Marseloo N., Bassu G., Noél F., Begon D., Biourge V., Chastant-Maillard S.

This study will be divided into two sub-articles that may be submitted to two

different journals.

Aims of this study:

This study is closely linked to the study presented in chapter 2. Our aim was to find
the most accurate technique to determine the exact occurrence of ovulation in the
bitch. We hypothesized that, using recent high-performing ultrasound machines,
ovarian examination could be a reliable and accurate method to determinate
ovulation in bitches. Our aims were to try to detect ovulation by ultrasound in
different breeds and to evaluate the interests and the accuracy of such a
technique, compared with hormonal levels around ovulation. Furthermore, we
aimed to be able to give a time reference (T zero) for ovulation in order to study in

vivo oocyte maturation and early embryonic steps (see Chapter 2).

Summary of the protocol.

This study was conducted in two successive steps.

In a first group of twenty-one Beagle bitches, we tried to compare the detection of
ovulation using daily ovarian ultrasound examinations — performed with a standard
guality machine with hormonal parameters (LH, progesterone). Furthermore, we
tried to confirm that the intra-ovarian modifications visualised by ultrasound around
the supposed time of ovulation were occurring at the time of ovulation. To confirm

this point, the Beagle bitches in this experimental group were mated naturally. The
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date of parturition was recorded and compared to the data concerning the length of
pregnancy (ovulation to parturition) in beagle bitches (Tsutsui et al. 2006).

In two other groups (fifteen Beagle bitches and thirty-seven non-Beagle bitches),
we tried to compare the detection of ovulation using two daily ovarian ultrasound
examinations — performed with a high quality machine - with hormonal parameters
(LH, progesterone). This high quality ultrasonic equipment enabled us to describe
the features of ovulation observed by ovarian ultrasound.

Furthermore, all the Beagle bitches and nineteen non-Beagle bitches were ovario-
hysterectomised 15 to 136 hours after ovulation. The number of ovarian structures
(corpora lutea or non-ovulated follicles) counted on the surface of the ovaries after
surgical removal was compared with what had been found inside the ovaries with

ultrasound.

Main conclusions of this study.

This study confirmed that ovarian ultrasound was an accurate technique for timing
ovulation in the bitch. In Beagle bitches, it was possible to detect the occurrence of
ovulation even with only one daily examination using a standard ultrasound
machine. However, even with a high quality machine, features of ovulation may be
difficult to visualise in large breeds.

Ovulation was completed in both ovaries for around 50% of the bitches in less than
12 hours and appeared synchronous between the two ovaries. The features of
ovulation were rarely a complete follicular collapsus but, more frequently, a
persistence of hypo-echoic intra-ovarian structures. Various amounts of liquid was
visualised just after ovulation around the ovaries, and non-ovulated follicles were
quite frequent. Altogether, the estimation of the number of follicles using ultrasound
appeared quite accurate.

We also found that, although more accurate, ovarian ultrasound examinations
improved the accuracy of ovulation detection in only 15.3 % of bitches compared
with progesterone. Altogether, plasma progesterone concentrations appeared fairly
constant around ovulation, whatever the breed, and, as a whole, progesterone
assays appeared to be a precise method to time ovulation. LH assays appeared

difficult to perform, to interpret and finally less accurate to time ovulation precisely.
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Introduction

Timing ovulation as accurately as possible is considered by most authors as one of
the most important factors in order to determine the moment of insemination in the
bitch. This is especially important when using frozen semen, due to the probably
short survival of frozen/thawed semen in the female genital tract (Battista et al.
1988, Concannon and Battista 1988). In this respect, ovarian ultrasound
examination in the bitch has been tested by several authors as a tool to diagnose
ovulation in bitches (Inaba et al. 1984, England and Allen 1989 a. and b., Renton
et al. 1992, Wallace et al. 1992, Boyd et al. 1993, England and Yeager 1993,
Hayer et al. 1993, Silva et al. 1996, Hase et al. 2000, Bocci et al. 2006) as it used
in women, or in cows and mares (Blanchard et al. 2003). However, some authors
state that, in the bitch, the images are more difficult to analyse than in other
species: the ovarian follicles just before and just after ovulation look very similar
(Concannon 1986, England and Allen 1989 a., England et al. 2003), not all the
follicles collapse at the time of ovulation (England and Allen 1989 a., Wallace et al.
1992, England and Yeager 1993, Hayer et al. 1993, Silva et al. 1996) and,
furthermore, non-ovulated follicles often remain after ovulation (Silva et al. 1996).
Considering these difficulties, England and Yeager (1993) recommend at least two
daily examinations to determinate ovulation with accuracy. However, even with
frequent examinations, ovulation could only be diagnosed in 15.4 % (Hayer et al.
1993), 42% (Renton et al. 1992) or 54.5 % (Hase et al. 2000) of the bitches.
Nevertheless, improvement of ultrasound technology, especially resolution
increase, may allow nowadays a better efficiency.

The present study was constructed in three complementary experiments designed
in order to check if, using recent high-performances ultrasound machines, ovarian
examination could be a reliable and accurate method to determinate ovulation in
bitches. Different breeds were included in this study. We also compared the
interests and the accuracy of ultrasonography, compared with hormonal blood

parameters (LH, progesterone) around ovulation.
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Material and methods

Animals:

- Experiment 1 : Twenty-one primiparous closely related Beagle bitches (group 1),
aged 8-14 months, were followed during their first detected heats. Matings were
performed by four closely related stud males, aged 2 to 4 years, and whose fertility
had been confirmed (good sperm analysis and several recent litters). These dogs
and bitches were housed outdoors in a large breeding kennel. They were fed ad
libitum using a commercial dry food (Royal Canin, France). Water was also
provided ad libitum.

- Experiment 2 : Fifteen non-related Beagle bitches (group 2), aged 9 months to 8
years, were included in this study. These dogs were housed indoors at the Alfort
Veterinary College by groups of 2 to 8 bitches. Most of these bitches had already
produced litters, but their precise reproductive history was unknown. They were fed
ad libitum using a commercial dry food (Royal Canin, France). Water was also
provided ad libitum.

- Experiment 3 : Thirty-seven bitches (group 3), among which 33 originated from
25 different pure breeds, and 4 were mongrels, were included in this study. These
bitches could be classified into four categories according to their body weight
(BW): small size (<10 kg BW; 9 bitches from 6 different breeds + 2 mongrels);
medium size (10-25 kg BW; 11 bitches from 8 different breeds + 2 mongrels); large
size (25 - 50 kg BWI; 13 bitches from 9 different breeds); giant size (> 50 kg BW; 4
bitches from 2 different breeds). All these bitches belonged to private owners. They
were all housed indoors in individual paddocks at the Alfort Veterinary College

during their heats and fed with different dry foods. Water was provided ad libitum.
Detection of heats:

The bitches were observed daily for pudendal enlargement and the presence of

vulval bleeding. They entered the experimental protocol as early as heats began.
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Protocols:

- Experiment 1 : Two blood samples were taken daily from the brachiocephalic
vein or the jugular vein on Heparin test tubes. Blood samples were centrifuged
immediately and divided into 2 aliquots. One aliquot was used immediately for
semi-quantitative progesterone assay (Premate®, Biovet, Canada). The other
aliquot was stored at — 20T for further LH and pro gesterone assay.

When the progesterone semi-quantitative assay indicated an early increase
(around 2 ng/mL), daily ovarian ultrasound examinations were performed, at the
beginning of the morning, to estimate the occurrence of ovulation. The bitches
were mated naturally daily from the day of ovulation until either the female or the
male refused to copulate after 30 minutes spent together in the same room, and,

when pregnant, the date of parturition was recorded.

- Experiment 2 : In all bitches, three blood samples were taken daily from the
brachiocephalic vein or the jugular vein for LH in Heparin test tubes. Blood
samples were performed daily around 8:00 am, 2:00 pm and 8:00 pm. Blood
samples were centrifuged as described above and divided into 2 aliquots. One
aliqguot was used immediately for quantitative progesterone assay. The other
aliquot was stored at — 20C for further LH quantit ative assay. When plasma
progesterone reached 2 ng/ml, two daily ovarian ultrasound examinations were
performed around 8:00 am and 8:00 pm. The ultrasound examinations were
continued at least one day after the complete transformation of the ovary following
ovulation. All bitches were ovario-hysterectomised using a conventional surgical
procedure from 15 to 136 h after ovulation. The number of corpora lutea within

each ovary was evaluated.

- Experiment 3 : In 18 bitches, one blood sample was taken daily from the
brachiocephalic vein or the jugular vein. In the remaining 19 bitches, two or three
blood samples were taken daily. When two blood samples were made, they were
performed around 8:00 am and 8:00 pm. When three blood samples were made,
they were performed around 8:00 am, 2:00 pm and 8:00 pm. All blood samples
were put into heparinised vacuum test-tubes (Venoject®, Terumo Europe, Leuven,
Belgium) and processed as described in Experiment 2. In all 37 bitches, when

31



plasma progesterone reached 2 ng/mL, ovarian ultrasound examinations were
performed twice daily at 12-hour-intervals. The ultrasound examinations were
continued at least one day after the complete transformation of the ovary following
ovulation. Nineteen bitches were ovario-hysterectomised according to the same

procedure described for Group 2.

Methods.
LH assay:
LH was assayed by RIA (Canine-LH ®, Biocode S.A., Belgium). The LH peak was
statistically estimated as follows: Lorentz peaks were fitted to the LH surges using
Microcal Origin software (Microcal software®, Northampton, USA), and the center

of the curves was used as the time reference.

Progesterone assays:

- Semi-quantitative assay (Experiment 1 only):
Progesterone was assayed by Elisa (Premate®, Biovet, Canada).

- Quantitative assay:

Progesterone was assayed by chemiluminescence (Progesterone Il ®, Roche
diagnostics, Germany). This chemiluminescent immunoassay was validated for
use in determining progesterone concentrations in canine serum and results were

previously found to be comparable to those obtained by RIA.

Ovarian ultrasonography:

- Material:

Two different ultrasound machines were used: a 7.5 MHz sector transducer
(Vetson Pro®, Kontron, France) in Experiment 1 and a 7.5 to 10 MHz sector
transducer (ATL HDI 3500®, Philips Systemes Médicaux, France) in Experiments
2 and 3. The two ultrasound machines differed in accuracy, which was respectively
1 mm and 0.19 mm.

- Technique:

The bitches were examined in dorso-lateral recumbency, lying in a contention

cushion (Doggy-Relax®), and sometimes standing if the ovary could not be found
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(Fig. 1). No medical sedation was used. Examinations always begun on the left
side with the transducer placed caudally to the area of the kidney (Fig. 1). The
usual procedure consisted in beginning with the left ovary, which was easier to
find. The caudo-lateral area of the kidney abdominal region was carefully scanned
in order to find the ovary, remembering that the ovary has a very superficial
location under the skin. The same procedure was used for the right side. The right
kidney being more cranial than the left kidney, the right ovary was usually located
more cranially than the left kidney.

The ovarian cortex appeared a little bit less echoic - “darker” - than the renal
cortex. As ultrasound examinations were performed once daily, ovulation was
supposed to have begun after the last ultrasound examination showing no follicular
modification (decreasing in size, shrinking or collapsing; see below) and the
following examination one day later showing a clear transformation of the image of

the ovaries.

Figure 1: Positions of the bitches to perform ovarian ultrasound examinations: 1
and 2: left and right dorso-lateral recumbency (respective examination of the right

and the left ovary), 3: standing position ( examination of the right ovary).
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Statistical analysis:

Pair-wise comparisons were used to compare the number of follicles within both
ovaries and also to compare the number of follicles counted under ultrasound
examination and the number of structures (corpora lutea + non ovulated follicles)
at gross examination after ovariohysterectomy. Results are expressed as means *

SEM. Differences were considered as significant when p < 0.05.

Results.

Practice of ovarian ultrasound and gualitative aspe cts.

Groups 2 and 3:
Three successive aspects of the ovaries by ultrasound could be determined: pre-
ovulation, ovulation and post-ovulation aspects.

- Pre-ovulation:

In the two to three days preceding ovulation, the pre-ovulatory follicles appeared
as anechoic fluid-filled structures with a thick surrounding wall measuring around
0.1 cm. It was easy to visualise them and to measure their inner diameter. Most
often, the pre-ovulatory follicles had a round shape (Fig.2). They were evenly
dispatched, giving the ovary a honeycomb aspect (Fig.2). However, when
numerous follicles were packed together within the same ovary, they had a rather
flattened-aspect (Fig.2). The inner diameter of the pre-ovulatory follicles —
measured at the last ultrasound examination before the clear transformation of the
ovary - was 0.52 £ 0.07 mm (Group 2) and 0.53 + 0.09 mm (Group 3).
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Figure 2: Different aspects of pre-ovulatory follicles: a. usual round or slightly
triangular aspect. Note the thick follicular wall; b. flattened aspect, c. round-shaped
pre-ovulatory follicles; d. honeycomb aspect, showing pre-ovulatory follicles evenly

dispatched inside the ovary.

The estimated number of pre-ovulatory follicles using ultrasound was, in the left
ovary: 2.9 + 1.2 (Group 2) and 4.6 £ 1.5 (Group 3) and, in the right ovary: 5 £ 1.9
(Group 2) and 4.6 £ 1.8 (Group 3). The number of follicles was significantly higher
in the right ovary in Group 2 (p<0.05) but not in Group 3. In the 19 bitches from
Group 3 that were due to be ovario-hysterectomised, the estimated number of pre-
ovulatory follicles using ultrasound was, in the left ovary 4.3 £ 1.6 and in the right
ovary: 4.1 £1.7 (p>0.05).

After ovario-hysterectomy, the number of corpora lutea counted macroscopically
on the ovaries was, in the left ovary: 2.3 £ 1.1 (Group 2) and 4.3 + 1.6 (Group 3, 19
bitches) and in the right ovary: 4.9 = 2.8 (Group 2) and 4.2 = 3.5 (Group 3, 19
bitches). If we considered the number of structures (corpora lutea + non-ovulated
follicles) counted macroscopically on the ovaries, the results were, in the left ovary:
2.5+ 0.3 (Group 2) and 3.3 £ 0.5 (Group 3, 19 bitches) and in the right ovary: 5.3 +
0.8 (Group 2) and 4.8 £ 0.8 (Group 3, 19 bitches). No statistically significant
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difference was found between the number of follicles estimated by ultrasound and
the number of ovarian structures visualised macroscopically after ovariectomy.
Ovulation:

The process of ovulation (complete and definitive transformation of the aspect of
the ovary by ultrasound) was completed in less than 12 hours — time between two
successive ultrasound examinations — in 9/15 (60% - Group 2) and 16/37 bitches
(43.2% - Group 3). In 2 bitches (Group 2) and 4 bitches (Group 3) there was a
delay in the start of the ovulation process between the two ovaries: one ovary
having begun to ovulate on one ultrasound examination and not the other. Two
bitches had only one active ovary (the other ovary bearing no follicle since the
beginning of the heat period until ovulation of the contralateral ovary (Figure 3). In
another bitch the right ovary could not be imaged by any of the ultrasound
examinations, although repeated twice daily, and despite the fact that the left ovary
was easily visualised.

Figure 3: Inactive left ovary in the pro-estrous period.

By ultrasound, a clear ovarian change at the supposed time of ovulation was
detected in 15/15 bitches (Group 2) and in 33/37 bitches (Group 3).

A complete or nearly complete disappearance of the follicular cavities, giving the
ovary a rather homogeneous aspect under ultrasound, was observed in 18/52
bitches (34.6 %) (Fig.4).
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Figure 4: Follicular collapsus at ovulation: a. and b. Ovary the day before (a.) and

the day of ovulation (b.) in the same bitch. c. Complete follicular collapse at

ovulation. d. Nearly complete follicular collapsus at ovulation.

In all the 34 remaining bitches (65.4%), intra-ovarian hypoechoic structures,
smaller than pre-ovulatory follicles and irregular in shape, were still observed in the
ovary after collapsus of other pre-ovulatory follicles, the ovary never showing an

homogeneous aspect at ovulation (Figure 5).

Figure 5: Hypoechoic structures at ovulation..

Unchanged follicles, keeping a “pre-ovulation” aspect, were observed in 9/15
bitches (Group 2) and in 17/37 (Group 3) bitches (Figure 6). In the bitches that
were ovario-hysterectomised after ovulation, persistent follicles were observed on

the ovaries after removal in 5/9 bitches (Group 2) and 4/17 bitches (Group 3).
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Figure 6: Persistence of round anechoic structures (non-ovulated follicles?) after

ovulation.

Visualisation of liquid around at least one ovary (between the ovary and the
ovarian bursa) was observed at ovulation in 6/16 (Group 2) and 15/37 (Group 3)
bitches, in variable amounts among bitches (Figure 7.). In all bitches, this collection

had disappeared within the following 12 hours.

Figure 7: presence of liquid (arrows) between the ovary and the ovarian bursa at

ovulation.
A hyperechoic spot (“white spot”) was sometimes observed inside at least one

follicle on ovarian ultrasound images in the 24 to 36 hours preceeding ovulation,

and was less often observed 12 hours after ovulation (Figure 8).
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Figure 8: Hyperechoic spot (“white spot”) visualised in some pre-ovulatory follicles

and occasionally in post-ovulatory follicles.

- Post-ovulation:

In the immediate post-ovulation period — 12 to 24 hours after the complete
transformation of the ovaries at ovulation — hypoechoic structures, very similar to
pre-ovulatory follicles, were seen in most cases. The ultrasound aspect was very

similar to the pre-ovulatory stage (Figure 9).

Figure 9: Ovaries one day after ovulation.
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Difficulties:
The right ovaries were sometimes difficult to visualise due to the proximity of
intestines (Figure 10). In such a case, it was useful to examine the bitch in a

standing position.

Figure 10: Bad image of the ovary due to the proximity of intestines.

The exact details and measurement of the follicles were also more difficult to
assess in 4 bitches, all belonging to large breeds (25 — 40 kg) (Dogo Argentino,
Labrador Retriever, German Shepherd, Belgian Shepherd) (Figure 11).

Figure 11: Pre-ovulatory follicles in two large bitches (Dogo Argentino and German

Shepherd), for which it was more difficult to assess the ultrasonographic details.

Group 1:

Using an ultrasound equipment with a lower resolution than for Groups 2 and 3, we
still had a global image which allowed us to detect the changes that occurred
within the ovaries around ovulation.

By ultrasound, the pre-ovulatory follicles appeared as round anechoic structures

with a thick wall visualised within the ovary (Figure 12).
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Figure 12: Ultrasonographic image of ovaries (Vetson-Pro ultrasound machine with
a 7.5 transducer): pre-ovulatory follicles (a.), aspect of the ovary at ovulation (b.).

A clear ovarian change at the supposed time of ovulation (at least 80% of the pre-
ovulatory follicles disappearing or clearly diminishing in size) was detected in 20/21
bitches, performing only one daily examination. It was considered as the day of
ovulation. No significant difference in the estimated ovulation time could be seen
between the left and the right ovary.

Quantitative aspects.

Group 1: Nineteen of 21 bitches conceived, with a mean litter size of 6.68 + 2.16
pups. The interval between the estimated time of ovulation (day during which the
aspect of the ovaries under ultrasound clearly changed) and parturition was 63.72
* 1.44 days.

The LH peak could be estimated in 19/21 bitches. The average value of the LH
peak was 4.85 + 1.96 ng/mL. In those animals, the interval between this LH peak
and the first ultrasound examination showing signs of ovulation was 50.47 + 1.01
hours (extreme values: 24 - 72 hours). The delay between the day when the LH
peak occurred and the start of parturition was 65.43 + 1.60 days. Considering that
in Group 1 progesterone was assayed only once daily, the mean progesterone
value on the day of occurrence of the LH peak was 2.20 + 0.53 ng/mL. When trying
to correlate the LH peak with the progesterone plasma level, the delay between
progesterone level reaching 2 ng/mL and ovulation was 39 + 14.86 hours.
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The mean progesterone value at ovulation estimated by ultrasound was 5.73 *
1.51 ng/mL (extremes values: 3.0 - 8.09 ng/mL). In 18/20 bitches, ovulation
occurred in less than 24 hours apart from the day at which progesterone reached 5
ng/mL.
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Figure 13: Plasma LH (ng/mL) and progesterone (ng/mL) before and after
ovulation estimated by ultrasound (noted 0) in Group 1. (n=19 for LH ; n=21 for

progesterone)

Group 2: The LH peak could be estimated in 11/15 bitches. The average value of
the LH peak was 8.85 + 2.96 ng/mL. In those animals, the interval between this LH
peak and the first ultrasound examination showing signs of ovulation was 46.16 +
1.60 hours (extreme values: 36 to 60 hours). The delay between progesterone
level reaching 2 ng/mL and ovulation was 49.38 + 9.84 hours. If we compare the
time when progesterone reached 2 ng/mL with the time of the maximum LH value,
it occurred 12 hours before (3 bitches), 6 hours before (1 bitch), at the same time
(5 bitches) or 12 hours after (2 bitches). In the 15 bitches of Group 2, the mean
progesterone value at ovulation estimated by ultrasound was 6.36 + 1.34 ng/mL
(extreme values: 4.55 ng/mL to 7.36 ng/mL). At the time of the last ultrasound
examination before the start of ovulation (which occurred 12 hours before) it was
4.64 + 1.04 ng/mL. Taking into account that in 9/15 bitches the ovulation process
was completed in less than 12 hours and that in the remaining 6/15 bitches, the
ovulation process — the complete ovarian change on ultrasound - was completed
after only two successive examinations at 12 hours intervals, the mean

progesterone value at the end of ovulation process was 7.28 + 1.92 ng/mL.
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The day at which blood progesterone reached 5 ng/mL was determined in 12
bitches. Ovulation occurred exactly the same day in 9/12 bitches. In the other
bitches, it occurred 24 hours before (1/12), 12 hours before (1/12) bitches and 12
hours later (1/12).
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Figure 14: Plasma LH (ng/mL) and progesterone (ng/mL) before and after
ovulation estimated by ultrasound (noted 0) in Group 2. (n=19 for LH ; n=21 for

progesterone). (n=11 for LH ; n=15 for progesterone)

Group 3: The LH peak could be estimated in 9/17 bitches. The average value of
the LH peak was 12.01+ 9.08 ng/mL. In those animals, the interval between this
LH peak and the first ultrasound examination showing ovulation was 51.62 + 3.73
hours. In these bitches, the mean progesterone value on the day of occurrence of
the LH peak was 2.58 + 0.57 ng/mL.

The delay between progesterone level reaching 2 ng/mL and ovulation was 50.0 £
14.0 hours. If we compare the time when progesterone reached 2 ng/mL with the
time of the maximum LH value, it occurred 24 hours before (1 bitch), 12 hours
before (2 bitches), at the same time (2 bitches), 6 hours after (1 bitch), 12 hours
after (1 bitch) and 24 hours after (2 bitches).

In these 37 bitches, the mean progesterone value at ovulation estimated by
ultrasound was 6.42 + 1.53 ng/mL (extreme values: 4.43 ng/mL to 9.81 ng/mL). At
the time of the last ultrasound examination before the start of ovulation (which

occurred 12 hours before) it was 4.41 + 1.03 ng/mL. Taking into account that in
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16/37 bitches the ovulation process was completed in less than 12 hours and that
in 21/37 bitches, the ovulation process — the complete ovarian change on
ultrasound - was completed after only two successive examinations at 12 hours
intervals, the mean progesterone value at the end of ovulation process was 7.71 +
1.99 ng/mL.

The day at which blood progesterone reached 5 ng/mL was determined in 27/37
bitches. It occurred on the same day of the estimated ovulation in 17/27 bitches. In
the other bitches, it occurred 78 hours before (1/27), 36 hours before (1/27), 24
hours before (4/27) and 12 hours after (4/27).
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Figure 15: Plasma LH (ng/mL) and progesterone (ng/mL) before and after
ovulation estimated by ultrasound (noted 0) in Group 3. (n=9 for LH ; n=17 for

progesterone)



Discussion/ Conclusion

Qualitative aspects.

Technically, in our study, ovarian ultrasound images were easy to obtain in bitches
belonging to different breeds, of various sizes and weights, using a recent and
high-performing ultrasonic equipment with a 7.5 MHz curvilinear transducer. This
frequency is a minimum, as ovaries occupy in the bitch a very superficial
anatomical position under the skin. Bocci et al. (2006) even used a 7.5 to 10 MHz
linear transducer. Boyd et al. (1993) used a frequency of 9.5 MHz. Furthermore,
the quality of the ultrasound machine and the image definition of the screen are
determining factors in order to get a good image of the ovaries (Renton et al. 1992,
Boyd et al. 1993).

In order to perform ovarian ultrasound examinations, we recommend to install the
bitches in a contention equipment (Doggy-relax®, Figure 1), having them laying in
a dorso-lateral right or left position, in order to scan respectively the left and the
right ovaries. Sometimes, however, especially when the bitches were reluctant to
lie on the back or when the presence of intestines near the right ovary was
interfering with the imaging of this ovary, it was useful to make the bitch stand on
the table. This standing position was also chosen by some authors (England and
Allen 1989 b., Boyd et al. 1993).

Altogether, it took an average of 20 minutes for carefully scanning the two ovaries;
it tended to be a little bit longer to find the right ovary than the left one. This ovary
was impossible to find in one bitch only, even after repeated trials. This bitch was a
25 kg Belgian Shepherd bitch (of Groenendael type) and the reason for not
visualising its right ovary remained unknown. The difficulty to image the right ovary
has been also stated by England and Allen (1989 a.). No bitch had to be put under
sedation. The hairs on the flanks were not systematically clipped, as some owners
of pure-bred bitches due to be inseminated with frozen semen were reluctant to
allow shaving. Using a lot of ultrasound gel allowed us most of the time to get a
good ultrasonic ovarian image in these bitches.

The features of ovulation were difficult to identify in 4 large breeds bitches. This

has been already stated by previous authors. Renton et al. (1992) and England
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and Yeager (1993) also stated that it was difficult to image the ovaries in fat
bitches. Our personal experience (Fontbonne, unpublished) also shows us that in
some breeds ovaries are difficult to scan, probably due to a peculiar acoustic
compatibility and/or due to the thickness of the skin. It is the case for example in
Shar Peis, Chow-Chows, Newfoundlands or Berneses. It may be a real limit in the
use of ultrasound to detect ovulation, except if trans-rectal ultrasound examinations
were performed under sedation, as it is the case in wild animals (Hildebrandt et al.
2000). Personal data record very good images obtained with this technique in the
bitch (Fontbonne, unpublished) but it may not be used in daily routine clinical work

due to sedation and the rather unethical approach.

OVAIRE GAUCHE

Figure 16: Images of pre-ovulatory follicles obtained by trans-rectal
ultrasonography in a Dobermann bitch, using a 7.5 MHz transducer and a Logic

Book® ultrasound machine, General Electrics, Germany.

In our study, we hypothesised that follicular collapse, shrinkage, clear change in
shape or decrease in size were the ultrasonographic signs of ovulation in the bitch.
Physiologically, these changes are consistent with those seen when follicles
ovulate, when they release some follicular fluid and, thereafter, when the young
corpora lutea become filled with blood. Results in Group 1 confirm this hypothesis.
In this experiment, among the 19 bitches that conceived, the interval between the
day of estimated ovulation by ultrasound, and parturition, was 63.72 + 1.44 days.
This is in accordance with the findings of Tsutsui et al. (2006) who found a
gestation length (ovulation — estimated from progesterone values - to parturition) of
63.9 £ 0.2 day in 36 Beagle bitches. However, these authors were assuming that
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ovulation was taking place on the following day after progesterone reached 2
ng/mL, which is very different from our findings (the mean plasma progesterone
being 5.39 £ 1.52 ng/mL at the estimated day of ovulation in our study). This may
be due to the difference in the progesterone assays between the two studies, but it
could be a difference in the estimation of ovulation. Timing the interval between
ovulation and the LH peak may also help to confirm that these ultrasonographic
modifications were signs of ovulation. In the 19 bitches in which the LH peak was
identified, the interval between the LH peak and the start of parturition was found
to be 65.43 £ 1.60 days, which is in accordance to Concannon et al. (1983) who
found an average gestation length, timed from the pre-ovulatory LH surge, of 65.1
+ 0.1 days in a Beagle colony. In our study, the interval between this LH peak and
the first ultrasound examination showing clear ovarian modifications was 50.47 *
1.01 hours, which is within the normal range stated in the literature. For example
Concannon et al. (2001) and Wallace et al. (1992), respectively estimating the
occurrence of ovulation by progesterone assays and ultrasound examination,
found respectively that ovulation occurred 38-58 hours and 2.0 = 1.9 days after the
LH peak. Wildt et al. (1978) claimed even a larger interval between LH and
ovulation: for these authors ovulation occurs between 24 and 72 hours after the LH
peak.

In our study, however, an additional procedure may have been to perform daily
vaginal smears, in order to determine the first metoestrus smear, assuming that
the interval between ovulation and the first day of metoestrus was constant. It is
said to occur 8.3 £ 1.2 days after LH peak according to Hayer et al. (1993) and 6.9
+ 2 days after ovulation according to Wallace et al. (1992). However, this criterion
which partly depends on a good and careful cytologic diagnosis may also show
some variations among authors. This is why this approach was not used .

In our study, the ultrasound examinations were not performed without knowing in
advance the progesterone level or at least the pre-ovulatory status of the examined
bitch, as recommended by Wallace et al. 1992. This could have influenced our
appreciation of the ultrasound images. However these images were recorded and
carefully re-examined at the end of the heats, and we always detected clear

differences at the time of expected ovulation.
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Finally, among the bitches that were ovario-hysterectomised after ovulation, four
bitches were operated in the 24 hours following ovulation detected by ultrasound
(Reynaud et al. 2005). In all these bitches, corpora lutea were seen
macroscopically within the ovaries. This confirms that we were right in considering
that ovulation had occurred.

Altogether, these results allow us to conclude that ultrasound examination of the
ovaries permits precise detection of ovulation and that ultrasound signs of
ovulation were follicular collapse, shrinkage or clear change in shape.

In one of the first published studies trying to assess ovarian ultrasound as a tool to
determine ovulation in the bitch, Inaba et al. (1984), performed ovarian scanning
only once daily and confirmed their images by repeated laparotomies. These
authors found that ultrasound was a reliable method of detecting ovulation. Later
studies were not so optimistic. Renton et al. (1992) assumed a level of detection of
ovulation of 33 to 42% depending on the quality of the ultrasonographic equipment.
In a more recent study, Hase et al. (2000) detected ovulation by ultrasound in only
6/11 bitches (54.5%). Our level of detection is higher: in the 3 groups of bitches,
clear ovarian changes corresponding with ovulation could be imaged in 68/73
bitches (93.2%). Only Bocci et al. (2006) claimed to identify ovulation in 100% of
the cases, but in 11 bitches only.

According to England and Yeager (1993) and to Hase et al. (2000), timing
ovulation by ultrasound necessitates several examinations per day. However most
authors performed only one daily ovarian control (Renton et al. 1992; Wallace et al.
1992; Hayer et al. 1993; Silva et al. 1996; Bocci et al. 2006). The results obtained
on Group 1, in which only one daily ultrasound examination was performed, and
still allowed us to time ovulation in 20/21 bitches, suggest that it is not necessary to
scan the ovaries twice a day. However, due to the fact that in Groups 2 and 3 the
process of ovulation appeared to be accomplished in less than 12 hours in 25/52
bitches (48%), the accuracy of the detection may probably be improved if two daily
controls were made in the period of time around the expected occurrence of
ovulation. However, even in these 25 bitches which completed ovulation in less
than 12 hours, the next ultrasound image of the ovary, 12 hours later, was clearly

transformed compared with the last ultrasound image preceding ovulation, and
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therefore in all cases, one daily examination would at least have been sufficient not
to miss the day of ovulation.

From our results, it is probable that the ovulation process does not take more than
24 hours. Boyd et al. 1993 stated that the ovulation process could take up to 36
hours. Our results do not tend to favour such a long process.

England and Allen (1989 a.) used another criterion to detect the ovulation time.
These authors noticed that, after 10 days of the heats, the follicles, that underwent
so far a slow development, were showing a period of rapid development. We could
not include this criterion in our study, due to the fact that we only began the ovarian
scanning at the pre-ovulation period, when progesterone plasma concentrations
began to increase. We therefore unfortunately cannot confirm or infirm the
statement of these authors.

As stated earlier, three successive aspects of the ovaries by ultrasound were found
in our study. During the pre-ovulatory period, due to the large amount of anechoic
fluid within the follicles, ovaries became really easy to visualise.
Ultrasonographically, the follicular walls became thicker, around 1 mm in width.
This was also noticed by England and Allen (1989 a.) and England and Yeager
(1993). Bocci et al. (2006) found a wall thickness of 1.6 + 0.5 mm 3 days before
ovulation and 1.9 + 0.4 mm one day before. Renton et al. (1992) wrote that pre-
luteinisation results in a rim of luteal tissue around the base of the follicles which is
present at least 24 hours before ovulation.

In our study, the maximum size of the pre-ovulatory follicles was 5.2 £ 0.7 mm in
Beagle bitches (Group 2) and 5.3 £ 0.9 mm in bitches from different breeds (Group
3). This is in accordance with Bocci et al. (2006) who found a mean internal
diameter of pre-ovulation follicles around 4 to 6 mm and 5.5 + 0.5 cm. This
diameter is inferior to what was written by England and Allen (1989 b.) and
England et al. (2003) who described respectively a diameter of 7 to 11 mm and 8
to 9 mm for pre-ovulatory follicles. Even if we observed some pre-ovulatory follicles
reaching 10 mm in diameter, most of them remained lower than 7 to 8 mm in size.
These authors made most of their studies in Labrador Retriever bitches and our
observations tend to show that the diameter of pre-ovulation follicles is higher in

large breeds. Taking into account the size of the bitches (Group 3), the mean
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diameter of pre-ovulatory follicles was 4.5 + 0.5 cm (small bitches, n = 9 bitches),
5.3 £ 0.9 cm (medium bitches, n = 11 bitches ), 5.6 + 0.4 cm (large bitches, n = 13)
and 5.8 =+ 1.0 (giant bitches, n = 4) (p>0.05). Furthermore, these authors do not
precisely state if they measured the outer diameter or the inner diameter of the
follicles, as we did. Indeed, in the bitch, on the contrary to other domestic species,
the pre-ovulatory luteinised follicular wall can be distinguished by ultrasound.
These pre-ovulatory follicles were usually wide circular anechoic structures,
however, when there were numerous follicles within the same ovary, they
sometimes appear flattened and packed together. Very often, they appeared as a
honeycomb, an image which resembles was is also described in the mare
(Blanchard et al. 2003). In Groups 2 and 3, we tried to estimate the number of pre-
ovulatory follicles under ultrasound. Wallace et al (1992), overestimated the
number of follicles due to the fact that individual follicles might be counted more
than once as they overlap each other in a scan plane. England and Yeager (1993)
thought, on the contrary, that they underestimated the follicles by ultrasound,
describing a bitch with 5 follicles on each ovary which produced 12 pups. However,
as already stated, in our study no statistically significant difference was found
between the number of follicles estimated by ultrasound and the number of ovarian
structures (corpora lutea + non-ovulated follicles) visualised macroscopically after
ovariectomy. It is also interesting to note that the number of follicles in the left
ovary was inferior to what was found on the right side, although not significant.
This difference in the number of follicles on the left or the right was more
pronounced in Beagle (Group 2) than in non-Beagle bitches (Group 3).

According to our results, the ovulation process seemed synchronous between the
two ovaries in most of the cases. This was also stated by Concannon et al. (1986)
who found that ovulation appeared to occur synchronously about 36 to 50 hours
after the LH peak. However, in 2 bitches (Group 2) and 4 bitches (Group 3) there
was a delay in the start of the ovulation process between the two ovaries: one
ovary having begun to ovulate on one ultrasound examination and not the other.
Boyd et al. (1993) suggested that the ovulation process seemed to begin by the
right ovary. This could be due to a higher number of follicles found on this side.
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At ovulation, we observed a complete follicular collapse in 18/52 (34.6%) bitches.
Wallace et al. (1992) also observed a follicular collapse in a similar proportion
(3/10 bitches). Such a finding is different from what is stated by several authors,
who describe no appreciable follicular collapse at ovulation by ultrasonographic
observation (England and Allen 1989 a., England and Yeager 1993). Silva et al.
(1996) observed no follicular collapse under laparoscopic observations but,
surprisingly, noted periods of inability to visualize the ovaries under ultrasound.
Compared to the signs that we observed by ultrasound, these periods may have
corresponded to ovulation.

Most of the time, hypoechoic structures, generally smaller than the pre-ovulatory
follicles observed 12 hours before, were visualised. As stated by England et al.
(2003), we do not know whether this change in appearance involves a change in
follicular fluid echogenicity, bleeding into the follicle or rapid proliferation of luteal
tissue inside the follicular antrum.

Persistence of unchanged and apparently non-ovulated follicles after ovulation was
observed in 26/52 bitches (50%). The presence of apparently intact follicles after
ovulation was also noticed by Wallace et al. (1992), who observed it in 7/10
bitches. Because the ultrasound examinations stopped 24 hours after ovulation,
we could think that either these follicles ovulated later than the expected (more
than 24 hours after the other follicles) or that what we visualised under ultrasound
was not non-ovulated follicles but follicles that did not collapse at all at ovulation.
Boyd et al. (1993) visualised the presence of both follicles and corpora lutea within
the same ovaries. This was confirmed laparoscopically by Silva et al. (1996) who
hypothesised that this could be due to an asynchronous luteinisation of follicles.
Visualisation of liquid around at least one ovary (between the ovary and the
ovarian bursa) was not noticed in Group 1 but was observed in 21/37 bitches in
Groups 2 and 3. The reason for not noticing it in Group 1 may be due to the rather
lower image definition with the ultrasound machine used for this Group. It may be
also due to the fact that the bitches in this group were studied first and that we had
less experience in scanning the ovaries at that time. By ultrasound, the presence
of peri-ovarian fluid was also observed by Wallace et al. (1992), but only in 3/10

bitches. We can hypothesise that this liquid is the intra-follicular fluid expelled at
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ovulation and remaining for some time trapped inside the ovarian bursa which is
very tight in the bitch. In all bitches in our study, the liquid seemed to disappear
fairly rapidly after ovulation. Using laparotomic investigations after ovulation,
Tsutsui (1984) noticed than from 12 hours before ovulation, the ovarian bursa
contained 2 to 3 mm of transparent fluid. Some haemorrhage occurred at ovulation
and the bursa became filled with pink or red fluid. Twelve hours after ovulation, a
small amount of more or less transparent fluid was still noticed. However, Boyd et
al. (1993) found some fluid up to seven days post-ovulation. Because we stopped
our ultrasound examinations too quickly after ovulation, we cannot confirm or infirm
this statement.

Another specificity of our study is the visualisation in some bitches of hyperechoic
spots (“white spots”) inside some — but not all — follicles on ovarian ultrasound
images. Such “white spots” were observed in the 24 to 36 hours preceding
ovulation in at least 14 bitches. We observed them also 12 hours after ovulation in
5 bitches. However, as stated previously, this criterion was not searched for from
the beginning of the protocol, therefore it is impossible to give an exact percentage
of bitches showing it. The exact nature of these spots is unknown. They could well
be the stigma that appear just before ovulation on the outer follicular surface.
Indeed, under laparoscopy, Wildt et al. (1978) noticed that approximately 24h
before ovulation, the follicular vessels increased in diameter and numbers. Just
prior to ovulation, a clear dark stigma was noted on the follicular dome (Figure 17).
For these authors, the presence of this stigma was the major morphological
criterion used for determining that ovulation was imminent or had recently
occurred. This is surprisingly very similar to what we observed under ultrasound.
But England and Allen (1989 b.), who have scanned ovaries in a water bath after
surgical removal, could see the ovulation papillae macroscopically but did not find
them ultrasonographically. We should probably have repeated this experimental
approach. However, these hyperechoic spots may also correspond to the cumulus
oophorus, making the pre-ovulatory oocytes surrounded by cumulus cells
protruding into the antrum. Reynaud et al. (2006) reported that, a few hours after
the LH peak, mucification was clearly apparent in the granulosa cells of the

cumulus. Some degree of mucification is found among cumulus cells in follicles
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above 4 mm in diameter (not all the cumulus cells however). At the pre-ovulatory
stage, oocyte diameters can range from 82 to 120 ym (mean 100 to 120 ym). The
diameter of the whole mucified mass may reach 1.5 mm (Reynaud et al.,
unpublished) and may therefore be seen by ultrasound. Furthermore, in personal
observations (Reynaud and Fontbonne unpublished), we have observed tiny
bands of fibrous tubular tissue inside the ruptured follicles after ovulation (Figure

17). This could lead to the observance of these hyperechoic “white spots”.

Figure 17: Three hypotheses concerning the origin of the” hyperechoic spot” which
is observed inside the follicles at the pre-ovulatory stage: a. ovary removed
surgically at the beginning of the ovulation process: a stigma (arrow) is seen on the
surface of a follicle that has not yet ovulated; b. ovary removed surgically at the
pre-ovulatory stage: a fibrous tubular structure is seen inside the ruptured follicle

(arrow); c. expanded mucified oocyte-cumulus complex.

In the immediate post-ovulation period — 12 to 24 hours after the complete
transformation of the ovaries — hypoechoic structures, very similar to pre-ovulatory
follicles, were seen in most cases. It is not surprising, as Concannon (1986) and
England and Allen (1989 a.), respectively examining the ovaries macroscopically
and under ultrasound, had noticed than pre-ovulatory or post-ovulatory follicles can
have an equivalent gross appearance. They are probably haemorrhagic corpora
lutea at that stage. They gave to the ovaries an ultrasonic aspect very similar to the
pre-ovulatory stage. England and Allen (1989 b.) report the statements of Evans
and Cole (1931) that CLs do not reach full compactness in the bitch until 28 days
after the onset of pro-oestrus. This is why ovarian ultrasound examinations should

— according to us — be performed at least once daily around the expected time of
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ovulation, so as to be sure not to mix up immediate pre-ovulation images with

immediate post-ovulation ones and therefore not to miss the day of ovulation.

Quantitative aspects.

In the past 20 years, different techniques have been described in order to
determine the time of ovulation. Our study aimed to compare the accuracy of the
determination of ovulation by ultrasound with the assessment of plasma LH and
progesterone.

LH is often stated as the ideal technique for determining with accuracy the
ovulation period, as the LH peak induces ovulation and is, therefore, generally
stated as being the “Day zero” of the sexual cycle of the bitch. Assaying LH is in
fact not easy as it requires repeated blood samplings and a specific assay
technique. However, in our study, making two or three blood samples a day, we
were only able to determine the LH peak in 39/53 bitches (73.6%). To ensure the
quality of the LH peak determination, two assays were done for each tube and
regular controls were performed in the course of the RIA assay. It is important to
note that each experimental group was assayed separately in three successive
series. We obtained average values for the LH peak of 4.85 £ 1.96 ng/mL (Group
1), 8.85 = 2.96 ng/mL (Group 2) and 12.01 + 9.08 ng/mL (Group 3). These levels
are within the range of many other studies: for example the LH peak has been
detected at 7.3 = 1.0 ng/mL (Concannon et al. 1977) or 6.9 to 14.8 ng/mL
(Badinand et al. 1993). They are however slightly lower than other studies which
found higher - although highly variable - quantitative values for the LH peak: 8 to
50 ng/mL (Wildt et al. 1978), 14.68 + 13.99 ng/mL (Wallace et al. 1992), 15.77 *
7.66 ng/mL (Nishiyama et al. 1999), 18.7 = 5.8 ng/mL (De Gier et al. 2006), 25.7 +
26.5 ng/mL (Hayer et al. 1993) or 29.1 = 0.8 ng/mL (Phemister et al. 1973).
Despite the fact that we were not able to determinate the LH peak in around 25%
of the bitches, we considered that our determination of the LH peak was probably
correct, especially because in Group 1, the interval between the LH peak and
parturition (65.43 + 1.60 days) was, as stated, totally coherent and within the
normal physiological range (Tsutsui et al. 2006).
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A restriction in taking into account LH assays alone to determine the date of
ovulation is that, according to most authors (Phemister et al. 1973, Wildt et al.
1978), the LH surge may be maintained more than one day, leading to a 24 hours
uncertainty. Hase et al. (2000) found that the period on which LH values were
above 10 ng/mL continued for more than 12 hours.

Due to the difficulty of assaying LH and to determine with accuracy the time of the
LH peak, many authors have stated that the pre-ovulatory rise of plasma
progesterone was the best way to time the ovarian events, including ovulation. At
the time of the LH peak, the progesterone values are, according to different
authors: 1.21 £ 0.92 ng/mL (Concannon et al. 2001), 1.6 £ 0.2 ng/mL (Concannon
et al. 1977), 2.2 + 0.18 ng/mL (Kutzler et al. 2003), 2.95 + 1.2 ng/mL (Guerin et al.
1997) and 2 to 4.8 ng/mL (Wright 1990). According to England and Concannon
(2002), 2.0 ng/mL is the progesterone concentration typically observed at the time
of the LH surge or on the following day. Wildt et al. (1979) found that there was a
slight detectable rise in progesterone — 0.5 to 2.5 ng/mL — concomitantly with or
within 24 hours following the burst of LH. In our study, we found an average
progesterone value at the time of the LH peak of 2.20 £ 0.53 ng/mL (Group 1),
2.91 = 0.68 ng/mL (Group 2) and 2.58 + 0.57 ng/mL (Group 3). According to all
these authors, we may therefore also conclude that assaying the early rise in
progesterone was a very accurate technique to predict the time of ovulation. In our
study, taking as a reference the day at which progesterone reached 2 ng/mL as
suggested by England and Concannon (2002), the interval towards ovulation
detected by ultrasound was 39 *= 14.86 hours (Group 1), 49.38 + 9.84 hours
(Group 2) and 50.0 + 14.0 hours (Group 3). The reasons for the slightly lower
progesterone level in Group 1 are unknown, but may be due to the relatively young
age of these Beagle bitches, or the fact that progesterone was assayed only once
a day in this group. It is interesting to compare these results with the intervals
between the real LH peak and ovulation in the same three groups, remembering
that LH peaks were not detected in all the bitches: it was respectively 50.47+ 1.01
ng/mL (Group 1), 46.16 = 1.60 hours (Group 2) and 51.62 £ 3.73 hours (Group 3).
It shows that this reference progesterone level of 2 ng/mL didn't fit exactly with the

LH peak. In fact, we calculated that it was distant from it of 17.57 £ 9.30 hours in
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Group 2 and 18.91 + 11.09 hours in the bitches of Group 3 for which the LH peak
was identified. In 13/16 bitches (81.3% - Groups 2 and 3), the plasma
progesterone reached 2 ng/mL before the occurrence of the LH peak. Phemister et
al. (1973) also found that the initial rise of progesterone may be prior to the LH
peak. Therefore, it may be more accurate to estimate the LH peak with a
progesterone level being grossly around 2.5 ng/mL, as it is the case for our results
(2.20 to 2.91 ng/mL). This may therefore be different from the statement of
Concannon et al. (1975, 1977) who found an average value of progesterone of 1.6
+ 0.2 ng/mL on the day of the LH peak and 2.6 + 0.2 ng/mL the day after. And it
differs from the statement of England and Concannon (2002) that 2.0 ng/mL is the
concentration of progesterone observed at the LH peak or on the following day.
However, this difference may be due to the use of different progesterone assays:
the chemiluminescent immunoassay that we used may have given slightly higher
progesterone values in our study.

We may anyway conclude that assaying plasma progesterone to detect this early
rise is a very accurate method to indirectly detect the LH peak and, furthermore,
ovulation. This is also the suggestion of De Gier et al. (2006) who thought that the
rapid early rise in plasma progesterone concentrations may be a more reliable
marker of ovulation than the pre-ovulatory LH surge itself. Kitzler et al. (2003)
recommended to perform at least one blood sample every other day to detect this
early rise. However, as stated by England and Concannon (2002), the less
frequent is the measurement, the less accurate the estimation will be.

Furthermore, some personal data (Fontbonne, unpublished) tend to show that, in
some cases, there may be an anticipated early rise in plasma progesterone not
concomitant to the LH peak and sometimes occurring several days before (Figure
18).
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Figure 18: Anticipated early rise in plasma progesterone in a German Shepherd
bitch. In this bitch, the progesterone reached 2 ng/mL on the 7" day of this heat,
although she ovulated only around the 14™ day of these heats (Fontbonne,

unpublished).

In our study, this was also the case in one Labrador Retriever bitch from Group 3,
which reached 5 ng/mL 72 hours before the occurrence of ovulation detected by
ultrasound (Figure 19). It is interesting to note that this bitch which had been
inseminated several times then ovario-hysterectomised three days post-ovulation,
according to the protocol described by Reynaud et al. (2005), was the only one
(out of 50 bitches) which showed in vivo a penetration of immature oocytes (in
metaphase | stage) by spermatozoa. Further studies may be done to investigate
the role of the follicular pre-luteinisation on the capacity of canine oocytes to be

fertilised in vivo.
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Figure 19: Progesterone profile in a Labrador Retriever bitch (Group 3) which
showed a peculiar early rise in progesterone above 5 ng/mL 72 hours before

ovulation.

Furthermore, some authors find slightly different average values of progesterone at
the time of the LH peak compared to what is generally stated: i.e. 4.2 £ 0.9 ng/mL
for Hayer et al. (1993). According to Renton et al. (1992) this early rise in
progesterone (0.5 to 3 ng/mL) is variable. According to these authors, it may reflect
the number of follicles present in the two ovaries. In conclusion, our study let us
think that we cannot always rely only on this early progesterone rise to detect
ovulation.

Very few reports recommend to assay progesterone at the time of ovulation,
without taking into account the date of the first rise of this hormone around the LH
peak. Two days after the LH peak, when ovulation is supposed to take place on
average, the progesterone values vary among authors: 2.5 £ 0.3 ng/mL (Jeffcoate
and England 1997), 3.4 £ 1.0 ng/mL (Bouchard et al. 1990), 5.44 = 0.93 ng/mL
(Concannon et al. 1977), 3 to 8 ng/mL (Wright 1990), 7.2 + 1.7 ng/mL (Hayer et al.
1997). Kutzler et al. (2003), counting from the initial rise of progesterone, also find
highly different progesterone values two days later, depending on the breed size:
4.62 (giant breeds) to 11.86 (small breeds). Wright (1990) did not consider the
method of estimating ovulation in counting the number of days after the LH peak
as being a good method, because it lacked precision, partly due to the fact — as
stated earlier — that ovulation in some bitches may occur as early as 24 hours and

58



as late as 72 hours after the LH surge. Wildt et al. (1978) even stated that
ovulation could occur up to 96 hours after the LH peak.

In our study, we found — without at all taking into consideration the day when the
LH peak had occurred — that the plasma progesterone level was remarkably
constant at the time of ovulation detected by ultrasound. The mean progesterone
value at ovulation estimated by ultrasound was 5.39 £ 1.52 ng/mL and 6.36 ng/mL
in Beagle bitches (Groups 1 and 2), and 6.42 £ 1.53 ng/mL in 26 other different
breeds (Group 3). It is interesting to note that there does not seem to be any breed
difference in this level. In reality, in our study ovulation began between the last
ultrasound examination showing an unchanged ovary and the first ultrasound that
showed clear ovarian modifications. Taking into account the last ultrasound
examination performed before but as close as possible from the occurrence of
ovulation (12 hours before in Groups 2 and 3), this level was 4.64 + 1.34 ng/mL in
Beagle bitches (Group 2) and 4.41 = 1.03 ng/mL in 26 other different breeds
(Group 3). Therefore ovulation in our study occurred grossly for progesterone
values being between 4.5 to 6.5 ng/mL. Our quantitative progesterone values at
ovulation detected by ultrasound confirm the estimated values of progesterone at
ovulation published by others: 5.5 ng/mL (Wright 1990) or 5 ng/mL (Arbeiter et al.
1991). Okkens et al. (1985) considered also that ovulation started around 5 ng/mL.
Concannon et al. (1977) considered that all follicles ovulated within progesterone
concentrations being between 3.3 to 6.9 ng/mL (4.4 ng/mL on average).
Concannon et al. (2001) stated that the day of ovulation was the day of increase in
progesterone concentrations from below 10 nmol/L to 12 nmol/L. Using ovarian
ultrasound, Wallace et al. (1992) stated that ovulation never occurred under a
minimal progesterone concentration of 4 ng/mL. Very surprisingly, in one of the few
recent studies which compared progesterone and ultrasound to detect ovulation,
Hase et al. (2000) found an average progesterone level of 2.34 £ 0.17 ng/mL at
ovulation detected by ultrasound. However, these authors agree with us that
progesterone concentration does not vary a lot at the time of ovulation.

We tried to check if, considering the progesterone value of 5 ng/mL as the
reference value for ovulation, we could be as precise as ultrasound in detecting

ovulation. In the three groups of bitches that we studied, when considering
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arbitrarily the day at which blood progesterone reached 5 ng/mL, the interval
between this value and the mean estimated time of ovulation by ultrasound was
inferior or equal to 24 hours in 50/59 bitches (84.7%). In the bitches from groups 2
and 3, for which ultrasound examinations were performed twice daily, it was even

smaller or equal to 12 hours in 26/39 bitches (66.7%). In conclusion, progesterone

assaying appears to be a highly precise method to detect ovulation.

Because our study was performed in 26 different breeds plus 4 mongrels, it also
answers the interrogations of Tsutsui et al. (2006) who wondered if there was an
influence of the breed and/or the number of follicles on the progesterone level at
ovulation and who stated that potential differences in the accuracy of the
estimation of the day of the LH surge or ovulation using progesterone assays
appeared not to have been studied.

Finally, using ovarian ultrasound, we detected the day of ovulation more precisely

than with progesterone in 9/59 (15.3%) bitches in which there was a clear ovarian

change under ultrasound with a delay = 24 hours compared with the day at which
progesterone reached 5 ng/mL (2/20 (10%) bitches in Group 1, 1/12 (8.3%) in
Group 2 and 6/27 (22.2%) bitches in Group 3). Wallace et al. (1992) considered
that the estimation of ovulation using ultrasound paralleled that predicted on the
basis of hormonal data in 9/10 bitches. According to Boyd et al. (1993), this
parallelism occurred only in 3/10 bitches (a delay of one day between the two
techniques being observed in 6 bitches and two days in 1 bitch). Renton et al.
(1992) and England and Yeager (1993) found that progesterone measurements
were more accurate to determine ovulation than ovarian ultrasound. But they used
less recent ultrasound equipment than the one that was used in our study. And
Renton et al. (1991) said that due to the improvement of ultrasound equipment,

ultrasound may approach the sensitivity of progesterone in the future.
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In conclusion , our study show that ovulation can be precisely and accurately
determined using ovarian ultrasonography in the bitch. However, compared with
progesterone assays, ovarian ultrasound examination improves the detection of
the exact day of ovulation in 15.3 % of bitches only. Furthermore, it does not seem
essential to perform two ovarian ultrasound examinations to be accurate, one daily
ovarian scanning appears sufficient. However, the progesterone plasma level at
the time of ovulation appears to be fairly constant (5 to 6 ng/mL), whatever the
breed.
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Aims of this study

Using ovarian ultrasound examinations as the reference technique to time
ovulation in the bitch (see chapter 1), we aimed to evaluate the precise kinetics of
in vivo oocyte maturation in the bitch, as well as early embryonic development.
Furthermore, we wanted to check if, in vivo, spermatozoa were able to penetrate

oocytes still at immature stages.

Summary of the protocol

Fifty bitches (twenty-two Beagle bitches and twenty-eight non Beagle bitches) were
included in the study. Ovulation in all these animals was carefully observed with at
least two daily ovarian ultrasound examinations. As soon as ovulation occurred, all
these bitches were inseminated each following day in the uterus with fresh semen.
The early inseminations ensured that spermatozoa were present within the uterine
tubes as soon as the oocytes entered the oviducts. Moreover, these inseminations
overfilled the female genital tract with semen, so that the number of sperm may not
be a limiting factor for fertilisation. All the bitches were ovario-hysterectomised
between 15 to 136 hours following ovulation. The uterine tubes were dissected and
flushed. The non-fertilised oocytes and early stage embryos were collected. Their
nuclear maturation and cytoplasmic organisation were assessed using confocal

microscopy after DNA and microtubules staining.
Main conclusions of this study

In all the 50 bitches, the germinal vesicle (GV) stage was the only one present until
44 hours after ovulation. The first metaphase 1l stage was observed for the first
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time at 54 hours. The striking feature was that various oocyte maturation stages
were observed at the same time within each bitch.

Fertilisation occurred in most cases from 90 hours post-ovulation in mature
oocytes (metaphase II).

The penetration of immature oocytes by spermatozoa was extremely rare (3 out of
112 immature oocytes), and concerned only one bitch out of fifty. We could
therefore conclude that this phenomenon, observed in vitro (Saint-Dizier et al.

2001) was an in vitro culture artefact.
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Abstract

Early development in canine species follows a very specific pattern. Crocytes are ovulated af the germinal vesicle stage and
meiolic resumplion eccurs in the oviducl, However, because of difficullies in the aceurate determination of ovulation lime
anid in the ohservation of socyte nuclear slage by light microscopy, these early events have not heen jully described. More.
over, the oocyle stage at which sperm penetration acours is shill uncerlan since feebilization of immature ooecyles has been
reported in vive and in vitee. The aim of this study was o establish the exact timing of in vive meiolic resumption, fertilizalion
and early smbrys development in the hitch with reference o avulation. Ovilation was first determined by ultrasonography,
arfificial inseminations were periormed daily and cocytes/embryos were collected between 17 and 1348 h after ovulation.
Adter fixation and DNAYwbulin staining, the nuclear stage was olserved by confocal microscopy. OF the 195 aocyles/embryos
collected from 50 hitches, the germinal vesicle stage was the only ane present until 445 post-ovulation, and the first meta-
plase 1l stage was observed for the first ime al 54 b Sperm penelralion of immalure oocy les appeared Lo be exceplional
ithree out of 112 immature oncyles). In most cases, ferlilization ocourred from 900 post-onulation in melaphase |1 nocyles,
Embryonic development was observed up (o the sight-cell stage. Mo significant influence of hitch breed and age on ovalation
rate, maturation and developmental kinetics was observed. However, some heterogeneity in the maluration/development yiro-
cess was observerd within the cahorl of socytes/embryos collected from one bitch. In conclusion, the most peouliar aspect of
the canine specics remains oacyle meiolic maluration whereas ferdilization follows the same pallern as in other mammals,

E-r:urudm faowy GRS 130 193201

Introduction

Among mammals, the canine species B well known for iz
unusieal pattern of oocyte mensis; at ovalation, an ooote
ks reloased in the germinal vesicle GV stage and mejotic
resumption occurs after aboul 48k spent in the oviduet,
Moreover, the endocrine environment at ovulation in the
hiteh, is highly different to that observed in other species,
since follicles undergo a preovulatory luteinization afier
thie futeinizing hormore (LH) peak ard seram progester-
onie has already reached high levels at ovulation.

The kinetics of meissis and embryonic development
with reference to ovulation has not, however, been fully
described, The precise determination of this chronelogy is
very important for canine reproductive biotechnologies,
eepecially to salect the aptimal moment for atificial inse
mination with frozen semen or embryo ransplantation. In
previous studies, the tme of ovolation has not been

B 08 Saciety o R,:pmd.u:ﬁm and Fartlity
S5SNI G20 (paper] 1P =T899 fomling|

precisely defined and embryvonic development was either
assossed in respect 1o the moment of the LH peak or
the progesterane level, or was observed by laparscapy
(Tsutsui & Shimizu 1975, Archbald et &l 1980, Bysted
o af. 2001), Secondly, determination of the noclear stage
nocanine oooytes by stereomicroscopy withoot EIRA
staining (Tsuwtsiei & Shimizu 1975 or fluorescent optic
microscopy {Sai-Dizier al al. 2004} is quite difficult ard
uncerain, because of the high lipid content of their opto-
plasm, Nowadavs, advanced observation technigues such
as  immunocytochernisiry coupled  with confocal
microscopy are available and have boen shown to be
especial by effecive in the observation of the bitch socode
(Revnaud ef al. 2004, Saini-Dizier er al. 2004}, Nevenhe-
fpss, the exact timing of the cocyte mataration sep
remains to be delerrmined, as well as the exact role of
spemm in meictic resumption. Indesd, sperm heads have
alveady been observed in vivo in immature bitch oocytes

D0 1015 30 ep. | 0050
L rline vemaon via wwwreproducion ool ine ong
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{Van der Stricht 1923, fox: Farstad et al. 1993). In vitro,
this penetration at an immature stage has been shown 1o
occur with a high frequency and to act as an inducer of
reiotic resiemption [Saint-Dizier of al 2001

The aims of this stady were thus o evaluate the precise
kinetics of oocyte nuclear matoration as well as earky
embryenic development in the bitch, and to examine
whether sperm penetration at immature stages is a physio-
logical featre i wivae, Owvulation time was accurately
determined through cvarian eltrasonograpby, and nuckear
stages wera defined by confocal microscopy after DN AM-
bulin staining.

Materials and Methods

Animals

Fifty bitches, aged B months to 9 years (rcan 3.80 = 0,34
years), were included in this study. Twenby-bwo were Bea-
gles (T0=13kgh from our research kennel and 28 were
mongrel or pure-bred bitches from owners and hreeders
(3-40kgl attending a consultation for routine  ovari-

ectorny. The protocol was approved by the Fthics commit-
tee off the Mational Veterinary College of Alfort.

Qestrus defection and determination of ovafation time

Crearian cycles of the bitches were followed weekly by
purfurn‘iing vagjnal simears (for our cxpurirnunbﬂ] kerinel
bitchesh and ohiarving vulvar bleeding to detect anset of
tha heat perod. During heat, serom progesterone |avels
were assayved every day. The progesterone assay was per-
formed using an Flecsys Kit (Roche Diagnostics, Mevlan,
Francel. When the concentration started to increase above
Tagiml, ovarian ultrasonography was performed  bao to
three times a day (ulrasonograph HIM 3500, probe
T.5MHz ATL, Phillips Systemes Médicaux, Suresnes,
France). Before owvulation, follicles were identified as
aned'lnﬂenic'. structures (starting froem 1Tmm in diameter
and reaching 5-7 mm just before ovulation). At the time
of ovulation, the follicular anechogenic cavity disappears
or its diameter dramatically decreases (2=3% mm) with the
inner follicular wall becoming fuzey. Furthermore, liguid
is often visible surrounding the svary [Hayer et al. 1993),
This process lasts for a few hours and therefore the refer-
ence o ovulation was sel al the mean time between the
last ultrasonography with all follicles visible and the one
where there was a significant change or complete disap-
pearance of ollicles,

Arilificial inseminalion

Tor allow eventual penetration of spermatozoa in immature
oocytes, the permanent presence of sperm in the oviducts
was maintained starting before evalation. Intra-uterine arti-
ficial inseminations wsing a Scandinavian catheter (Ander-
sen 1975) were thus performed once a day from the day
before ovulation (progestercne level around 2-3 ng'ml,

Reproduction (2005) 1340 153-201

large follicles =4 mm} to the day of ovariectomy, Semen
was collected daily from two Beagle males with known
high i wivo fertility, esing maneal stimulation. Afer evalue-
ation of the concentration and mobility, the two ejaculates
were peoled and fresh semen was used for ulering insemi-
nation spermatic and prostatic fractions.

Collection and iixation of canine oocyles and embryos

Ohariectomies were pesdommed using a conventional surgi-
cal procedure from 15 to 1360 after ovalation. Oharies,
oviducts and the tip of the uterine homs were immediately
collected and kept at 38°C. The number of corpora lutea
and non-ovulated follicles was evaluated and oviducs
were carefully dissected from the fat of the ovarian bursa.
A cannula 3.5 French {Tom Cat catheter; Kendall, Coveto,
miontaigu, Francel was inserted into the distal ostium of the
oviduct twhen surgery was performed during the first 24 b
after ovulation) or in the infundibulum (24h postove-
lation), Oviducts were Hushed with 20 ml warm medium
199 (M19% Sigma, 5t Quentin-Fallavier, France]l sup-
plemented with 20% fetal cali serermn (FCS; Invitrogen,
Cergy Pontoise, France). Oocytesfembryos were immedi-
ately fixed at 38°C in 2% parafermaldebyde (Merck, Fonte-
nay-sous-bois, France; wiv in phosphate-bueffered saline
[PES) from Sigmal for 30 min, and then in 4% paraformal-
debyde  (whie in PBS] for a further 30min. They
were rinsed in PBS <+ 1% fraction % BSA ‘bovine serum
albumin; Sigma). The diameter of the ooovte was measured
[Fona pe]hr::ida excheded; » 400 1X70 invered micro-
scope; Olympus, Rungis, France) and oocytes were then
stored at 4 °C until immunocytochemistry,

Flushing medium was centrifuged (5 ming 200g) and the
presence of spermatozoa was evaluated in the pellet by
oplical microscopy [ % 400; microscope BX41; Clympus),

Determination of maturation or developmental stage
of oocytes/embryos

When numerowes granulosa cells were still present aroend
the oocytes, decowonization was perdormed by gentle
pipeting or incebation n 0.7% pronase for 455 (Roche;
wiv in M199) (Revnawd af all 2004).

Microtubule visealization was performed by immuno-
cyvtochemistry according to the technigue wsed in the rab-
bit (Adenot et al. 1997 Brieily, after fixation and three
washes in PBS, oocyles were incubated in a blocking sal-
ution (PBS containing 20% FCS and 0.5% Triton X-100)
for 30min at 37°C, then incubated for 60min at 37°C
with mouse o-tubulin monoclonal  antibody  (Sigrmal
diluted 1:200 in PBS2% FCS/0.5% Triton. After three
washes in PBS/2% FCS/0.5% Triton, oocyles were Incu-
bated for 60min at 37 °C in Alexa huo-conjugated rabbit
anti-mouse antibody 4+ ethidiem homodimer-2 (Malecular
Probes, Interchim, Asnigres, France) diluted 1:500 in
PBS2% FCST.5% Triton (final concentration of 4 pgiml
and 2 pM respectivelyl. Stained oocytes were  then
mounted an slide:s with Vectashield (Vector Laboratories,

wawsareproduction-online.org
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Interchirm, Asnieres, France) The slides were examined
wsing confocal laser scanning microscopy (CLSM 310 Carl
Feiss, Cottingen, Cermany; excitation wavelength 488
nm). Oocytes were individually classified according to
chromatin configuration as GY, germinal vesicle break-
down (GVED), metaphase | and 11 (M1 and Ml telophase
1 and Il (Tl and TIl}, ‘picnotic DMNA and ‘unidentifiable
nuclear material’ as described in Saint-Dizier e al
12004). The presence of sperm heads in cocyte cytoplasm
and in zona pellucida was also noted. For embryos, the
number of cell nuclei was counted.

Examination of GV structure
Lamin detection

After fixation, nocytes were sectioned into two parts using
a scalpel blade in order to allow antibody penetration,
and then incubated in PES/2% BSA for 15 min, Incubation
with the primary antibody {anti-lamin B1 goat polyclonal
antibody; Santa Cruz Biotechnology, Santa Croz, CA,
LISAY at 17200 dilietion was allowed to proceed overnight
at 4°C before two washes with PBS0.5% Tween 20 and
two washes with PBS (10min each). Cocytes weme then
incubated with the secondary antibody (FITC-conjugated
anti-geat antibody; Jackson ImmunoResearch Laboratories,
Interchim, Franced at 1/300 dilution for Th at rooem tem-
perature, DMNA was then stained for 15 min with ethidium
homodimer-2 (2 pM in PBSBSA; Molecular Prabes) and
oocytes were post-fixed in 2% paraformaldebyde (15 min).
For confocal observation, oocyvtes were moumted on slides
in Vectashield.

Bemi-thin sections

Cumulus-oocyte compleses were fixed in 3% glutaralde-
biyeled0.2 M sodiom cacodylate’PBS for 90 min, post-iixed
in a solution of 2% osmium tetracxicde/3% polassium
ferrecvanide in 0.1 M sodium cacodylate/PES for 60 min,
dehydrated in a graded series of ethanol solutions
(30=-100%] and embedded in Epon. Semi-thin sections
i2pm} were cut uging an ultamicratome (Reichert E;
Leica Microsvstems, Rueil-Malmaison, Francel and stained
in a solution of 1% methylere blee and 1% azor 1 in 1%

borax,

Statrstical man‘rsk

Iniluences of breed (Beagle vs others) and age on matu-
ration and developmental kinetics were tested using Chi-
suare test. Vanance analysis (general linear model pro-
cedure; SAS 1992) was performed to test the influence of
bitch breed, age and their interaction on ovulation rate.
Pearson's linear comelation test was wsed to evaluate the
redationship between age and number of corpon lutea.
All data are presented as means =568, The level of stal-
istical significance was P= (.05,
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Results
Colfection of canine oocytes/embiyos

A mean total of 7.89 = 0.57 corpora lutea (2=22; n= 46
bitchest was detected in the ovaries. There were no signifi-
cant influence of bitch age, breed and o interaction
between age and breed. The number of corpora lulea was
significantly higher on the right compared with the beft
ovary 422 2040 and 315 £ 0.30  respectively;:
P =005y Non-ovulated follicles, defined as structures
full of serous liguid, larger than 5mm were observed in
12 bitches (3290 For these bitches, between one and four
nor-ovitlated follicles were observed per bitch, represent-
ing a mean of 23% {from 10 to 44%;} of the follicles pre-
sent on bath ovaries,

A total of 287 cocytes/embryos were collected from the
500 bitches (574 £ 0.48 par bitch, from O o T9 masim i
per hitch), Global recovery rate {(nember of structures col-
lectecnumber of corpora litea) was 72.4 * 3,9% varying
from 0 to 15086 according to the bitch. In two cases, the
number of oocytes collected was found 10 be higher than
the number of corpora lutea observed (respectively eight
and six striectures collected for seven and four corpora
lutea). Mo dilatation of the oviduct was ohserved,

Oocyle/embryo characleristics

Mean oocyte diameter was 82.4 * 0.6 pm [n= 166; from
58.8 to 100.7 pm) whers measured withowl zona pellucida
and 1113 = 0.7um (n=162 from B6.2 to 131.5 pm}
with the zona, when the limit between zona and granu-
losa cells was clearly defined. Some intra-bitch variability
imasimum 20,4 wm in the cohort of cocytes from the
same bitch) was olserved.

Mone of the cumulus-ooove complexss  presentecd
mucification at amy stage after ovulation (Fig. 1) Soon
after cvulation (Fig. 1al, oocytes were surrounded by two
fir three layers of dense granulesa cells. Later on, even if
the external laver became more loosely attached, the
inner ones remained compact (Fig. 1b), Despite the pre-
sence of very dense granulosa cells, some immatire
oacytes were found to be fertilized (Fig. To: fertilized MI
oacytesh. During their stay in the oviduct, oocytesfembryos
progressively bost the surounding cells (Fig. 1d and e} but
this denudation was not systematically observed [compare
two- and eight-cell embiryvos in Fig. Te and § respectively).

Kinetics of meiolic resumpiion and early embryonic
development

Duee 1o the high ovioplasmic lipid content, oocyte and
early embryo stages are impossible to determine wnder
light microscopy. OF the 43 bitches, 195 ooovtesfembryos
were stained and submitted to confocal microscopy.
Representative examples of all stages ohserved are shown
in Fig, 2. Maturation and developmental slages observed
for each bitch are summarized in Fig, 3.

Reprodinctian (Z005) 130 153201
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Figure 1 Canine cocytes and embryos observed under light microscopy at different stages after ovulation. Maturation stages were determined by
corocal micrscopy. (@) Cumulus-oocye complas at (a) 35 b post-ovulation and ) 69 h post-ova lagion, ic fertilized Ml oocytes at 72 h poss.
ovilation, idi twoepronuclel embryo at 110 postsovulation and (e and fi twos, foure and eiphtscell embryos 0112 hoand 1386 post=ovulation
respectivelyl. Scale bars represent (a, b and db 50 pm and ic, e and ) 100 pm.

Until 44 h after ovulation, all oocytes were at the GV
stage, with the nucleus peripherally located, Surprisingly,
during this post-ovulatory period, the appearance of germ-
inal wvesicles was singular. Mueclear membrane,  still
unfolded and contimeous, delimits 3 space of around
20 pm in diameter but DMA was restricted to moch smal-
ler zona of 4-5pm with chromatin organized around
nucleali (Fig. 2 a=c). Only one GV (out of 82) presented a
classical large round-shaped structure (21 pm in diam-
aterh, with the DNA dispersed through the whole valume,

After 44 b post-ovulation, some GV cocyles were still
present, but later stages began o be observed. No GYED
was seen at any time, Ml oocytes were detected starting
from 48h (Fig. 2d and the first M oocyte (Fig. 2g) at
54 h. Pronuclear stage embryos appeared in general after
92 h {Fig. 2h and i}. Two-cell embryos could be observed

from 112 h (Figs Td and 2j}, topether with embryos at the
four- and eight-cell stage (Figs Te-f and 2k and 1}

It was clear that maturation was very homogenous
brefore 44 h, since all cocytes (511 from 12 bilches were at
the GV stage. However, as early as meiosis resomed,
cohorts began to diverge, GV, M1, T1 and Ml stages could
be simultaneously observed in the same bich (Fig. 3,
hitch 115 Later, after fertilization, this heterogensity pes-
sisted, as one bitch could have, at the same time, two-,
three-, four- and eight-cell embryonic stages (Fig. 3, bitch
30L As a conseguence, one maturation stage could be
observed ower a long period 1OV from 17 o 10%h posi-
avulation, kil from 48 to 127 h and M1 from 54 to 127 hi.
However, no significant infleence of bitch breed  and
age on maturation and  developmental  kinetics was
oheerved,

Figure 2 {a) Semi-thin section of a canine oocyte collected 18h after avalation. k) Lamin (green) and DA sed) staining of the nuclewss of an
oocyte ol lected 42 b aiter ovidation. DNA dredh and a-tubulin (areen) staining in canime oocytesfembiros followed by confocal microscopy. i)
The cocyte, 30 h after cvulation, presents a germinal vesicle, perpherally located, containing uncondensed DMA orgamzed arsund small
nucleali, Ml cocyies collected (d) 56 h and to and ) 72 b after evulation and (g} an Ml cocyte collected 79 h after ovulation showing highly
condansed, aligned chromosomes formang the metaphase plate iph, polar body ). Ireerts {d, €, g} detail of the gamete DNA. Sperm peretration
was obsenoed in the cytoplasm of three immature oocytes: be and 1) slightly decendansed sperm head ishi was visibble at the vicinity of the M1
plate. 90 h post-ovulation, embrvonlc stages were akso chserved. {h and i Teo-pronuclel stage 110 b after ovalation, ([} two-cell stage 127 h
after ovulation and {k and 1) four and eight-cell stage collected 112 b after ovulason, Scale bars represent if and i 2.5 pm, by 10pm and {3, ¢,
d, & g hand |-l) 20 pm.
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ﬂnc,'!e maluralion stage al sperm penelration

Using confocal microscopy, the presence of sperm heacls
in oocyte cytoplasm could be investigated accurately.
Drespite the fact that bitches were inseminated during the
pericd ranging from the day before ovalation 1o surgery,
we did not ohserve any sperm penetration in GV oooytes
(= 821; 21 hitches). OF 30MITI cocytes examined, only
theee wese ferilized fone bitch out of T2} (Fig. 27 OF a
tofal of 112 immature oocytes (30 hitches), sperm pen-
etration in immature oocytes [(GV=T] stages) ocourred
anly i one bitch, at the M1 stage, at 71 b after ovalation,

Interestingly, despite the presence of spermatozoa in the
owiduct, sperm penetration was not observed in 9% MI
oocytes present from 54 1o 83h after ovualation (o= 29
nine bitches out of ten). Fedilization occurred generally
from 20 b afber ovalation,

Polyspermy was not observed whatever the oocyte
slage.

Discussion

Ciacyte maturation and embryonic development in canids
follow a number of specific characteristics with respect to
timing, site and duration. However, data available in the
literature are scarce and still unclear. Most stuedies, in both
the fox and the dng,. have been conducted on wery fuww
fernales (from six o 25) over a very large period of time
tirom O 1o 24 days after ovulation) (Doak el al. 1967, Tsul-
cui 1975, Tsutsui & Shimizu 1975, Renton &f al. 1991,
Bysted et al. 2001}, Furthermoare, the timing of maturation
and embrvonic development has been described with
reference to several events more or less timely related to
ovulation: onset of oestrus, acceptance of the male, LH
peak, aspect of follicles at laparotomy or serum progester-
one levels (see for example Tsutsui 1975, 1989, Archhald
et al. 1980, Renton et al, 1991, Bysted er al. 2007). Mo
study has been conducted with real visvalization of ovu-
lation, which appears 10 be the best reference for the
description of oncvie maturation and embovo develop-
ment. In owr present work, oocytesembyos of 50 bitches
wese collected during a restricted period of time covering
121 h soon after ovulation. Maoreover, ovarian ulirasonao-
graphy was vsad to assess the ocourrence of ovalation
precisely. This methad has been proven to be accurate for
the detection of ovulation (Boyd et al. 1993, Marseloo
et al. 2004} Moreover, in contrast 1o laparotomy (Tsutsui
1975), ultrasonography is a non-invasive  techniouee,
respecting the welfare of the animal and inducing less
stress which may disturh the LH peak and ovulation.
Finally, our abservations are physiologically maore relevant
as oocytesfembryos were collected during spontaneous
natural oestrus without any hormonal manipulation such
as induction of cestrus or suparovulation,

Another bias in most studies focusing on canine oocy-
tefermbryos is the high rate of undetermined nuclear stages
which is due to the darkness of the oocte cytoplasm, rich

Reproducton (2005) 130 193-201

in lipid droplets. Moreover, the occurence of sperm pen-
etration i nearly impossible o assess with conventional
methods. To overcome this difficulty, we et up and vali-
dated an appropriate staining methad coupled with conte-
cal laser scanning microscopy. Obsarvation with canfecal
micrascopy made it possible e reduce the rate of oocyte-
slembeyos with non-determined nuclear stage to a mini-
e (3% versus about 20-40% with optic microscopy;
Saira-Dizier et al. 20040,

In our study, the mean number of corpora lutea per
bitch was slightly higher than that obsernved classically
(Doak ef al. 1967, Tsulsui & Shimizu 1975, Shimizu ef al,
1990, Rerton e 2l 1991, Bysted et af. 20011

Cocytesfembrvos were collected between 17 and 138 h
(5.5 days} after avulation and all of them were found in
the oviduct: entry in the proximal part of the uteres has
been described to occwr between T8 and 240 b afier ove-
lation (16- and 32-cell, morla or blastocyst stage) (Tsutsui
1975, Harper 1988, Renton et al. 1991

Cur recovery rate (7 3%} was similar 1o that obtained by
others, ranging from 40 to 99% (Tsutswi 1975, Tsutswi &
Shimizu 1975, Renton el al. 1997, Bysted af al. 20010 In
twor cases, we collected respectively one and teo struc-
tures more than the nuember of copora letea counted at
macroscopic  examination.  Bysted er al (2001) also
reported this observation in one bitch out of nine. This
can be explained either by owalation of polyowualar fol-
licles {Andersen & Simpson 1973, Telier & Gosden 1987}
or by one for two) corpus luteum being not apparent at
the surface of the ovane.

In the dog, cocyte maturation is well known to be
delayed 2-3 days after cwarlation (Holst & Phemister 1971,
Tsutsui 1975} and embryonic development & much slower
than in other species |for review see Betteridge T945)
Heovwever, the exact timing of meiosis during the first 48 b
is not well described, In our study, 56 cocytes from
13 hitches were analyzed between 17 and 48h after ovu-
lation. The oocyles were found to be at the GV slage up
e 44 h, reached M1 between 44 and 48 h and the first Ml
appeared at 54h, This i in agreement with resulis
obtained by Tsitsui (1975) reporting that Ml oocytes can
be abserved botween 48 b and 72 b (also, in this study, the
tirme of ovalation was determined with a precision of only
24k} Mo GVBD was abserved in our sudy, or in those of
Farstael et al. (1993) and Tsutsui (1975} This is probably
becawse of the short duration of this phase in vive (Thin
maost species; Sirard et al 1989, Taieh er al. 1997} and, in
the case of Tsutsui (1975), the examination echnigque. On
the contrary, the presence of other maturation stages (OW,
Ml and 8N s spread over 70 to 90h in our study (Fig. 31
However, it is impossible to discriminate between normal
developing oocytes and blocked degenerating oocytes,

Inerestingly, the GV aspect that we observed in these in
vivo collected canine oocytes was very different; first,
from the one observed in other mammalian species and,
secondly, from the structure observed in fa vitro cultured
canine oocytes [Hewitt ef al. 1998, Saint-Dizier ef al,
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Figure 3 Timing of oocyte meiotic matuation and embryo development in reference 1o ovulation. Bitches were ovariectomized from 17 1o 138 h

thb-nu'l.ﬂaﬁnn. Collected

lrllr}'c; wrre stained for olmeration ender confocal rrl'trln:pn;‘:rrﬂn determine their nuclear stage Gy wocyte

to eight-cell embryc). PN, two-prosaclel and +spe, presence of spero head in oocyte oytoplasm. Heterogeneity of the developmental stages is
rrre visible on bitches (B) 11 and 30 jvertical linesh. Beagle bitches (shaded eincles) and other breeds and mongrels jopen cirches).

2004). Lamin  and  semi-thin  sections  showed  the
persistance of the neclear membrane and noeleoli were
still present, but suraunded by the DNA. Some GV of the
in wive collected oocytes drawn by Van der Stricht (1923)
also showed this particular aspect.

This kind of structure seems similar to the surrounded
nirclenlus observed in mowse and himan oocytes, this
configuration being thought to represent a transitional
stage of GV towards ovulation (Bouniol-Baly ef al, 1999,
Mivara et al. 20033,

All the collected oocytes presented two or three layers
of dense, compact granulosa cells, without any visible
mucification as described by Andersen & Simpson (1973)
who described one oocyte in an histological section of an
oviduct, Mo mucified masses were observed in the flush-
ing liquid,, However, in preovulatory follicles, after the
IH peak, some muciiication occurs in peripheral granu-
losa layers surrounding the three internal dense layers
tauthors’ enpublished data), Since granulosa cells have
been shown 1o be responsible for the inhibition of meiosis
resurnption (Whitaker 1996}, the persistence of close
relations between the oocyte and the corona radiata after
the LH peak may contribute 10 the delay between owu-
lation and meiotic resumption in the bitch.

Our protocol ensured a constant presence of spermato-
#oa in the oviduct starting before ovalation and  entil
oocylefembrye collection. Fertilization was thus possible
precociously as this event is physiologically possible in

wwwe eproduction-online omg

vive in the hitch. Howewer, penatration of spermatozoa in
immatiere socvies was only exceptionally observed in our
stuhy. In the fox, Farstad et af, (1993} reported the oppo-
site for i vivo sperm peretration in 46% of immature
oocytes. In vitrs, fertilization of immature oocytes in the
bitch is a frequent event {11-46% minimum; Yamada
et al, 1992, Nickson «t al. 1993, Saint-Dizier et al. 20013,
but finally probably artefactieal. Sperm penetration of
immature oocyvies can indeed be achieved i wifro in
species in which ovulation occurs in wivo at the bl stage
fmouse: lwamatsu & Chang 1975, cow: Chian er al. 1992,
human: Van Blerkom af al. 1994).

Or study has elearly demonstrated that fertilization in
the bitch occurs fn vive at the MI) stage. However, a strik-
ing feature was the observation of a delay in sperm pen-
etration in mature oocytes, Despite the presence of both
Ml oocytes and spermatozoa for several hours, fertiliza.
tion was delaved at beast up to B3 h after ovalation,
suggesting the need for a minimum peried in the oviduc
bejore fertilization. The determination of the exact time of
fertilization iz of clinical interest for reproductive bio-
technologies and espechal ly for artificial insemination with
frozen semen, because of its short lifespan. Two-pronucei
embryes were first oheeved in our study 92 h after ovue-
lation. At that time, oocytes are in the distal part of the
oviduct (Tsutsui 1975), in contrast to other mammals, in
which fertilization generally cccurs in the proximal par
[Harper 1988). Formation of armpulla was never ohserved.
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in viva fertilization appears o be a very efficient
phenomenon, with sperm penetration in 81% of fertilizable
oacytes. Polyspermy, observed at a high frequency after in
vitro cocyte maturation 6-59%; Yamada et al. 1992, Otoi
et al. 2000, Saint-Dhzicr of al, 20015, did not scem to ocour
in vivee, Suboptimal oocyte culture conditions before fertili-
zation and excessive sperm concentration in the fertiliza-
tion medium may be responsible foe in vitro polysperimy.

Very few precise data on embryonic development tim-
ing are available in the bitch, because most studies refer
to an imprecise ‘statting point’ such as the onset of the
heat pericd or the acceptance of the male. The ather limit-
ing factors are the restricted number of bitches analysed at
each time and the large interval {uswally 24 hy between
two abservations, With reference to ovulation detected by
ultrasancgraphy, we observed  two-pronuclel  stages
between 92 and 124 h, in accordance with Bysted er ail
(2007} but in contrast to Tsutsui (T975) and Renton et al.
(1991} who described this stage between 72 and 96 h. In
our study, two-cell embryos were present between 114
and 138h, and three- to four-cell embryos from 112h
amwards, which agrees with Tautsui (1975) and Byated
et al. (2001}, We observed eight-cell stages at a shghily
earlier time than previous studies.

Heterogeneity of oooyte maturation and embryo devel-
opmental stages was obvious between the oootesfem-
bryos of the same cobort. This was alse observed by
Renton et al. (1991) and may be panially related 1o the
asynchrony of follicle ovulation. This phenomenon can be
spread out over 12h (Bovd ef al. 1993}, leading to some
diversity hetween aooytes,

The precise knowledge of oocyte matwration timing
and early embryonic development is essential in the
hetter understanding of developmental physiology in the
hitch and consequently for the improvement of repro-
ductive biotechnology  efficiency in canids. The most
griking feature of these events is the delay in the
appearance of fertilizable oocyte. The precise determi-
nation of its duration is of great interest for anificial
insemination with frozen semen and embryo transfes,
However, further studies are necessary to identify the
factors responsible for the delay in meiotic resemption
in bitch oocyte,
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Chapter 3: Optimal timing of artificial inseminatio

with frozen-thawed semen.
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Artificial insemination with frozen semen in the bi tch: influence of
progesterone level, inseminating dose and number of inseminations
performed in the same bitch.

Fontbonne A, Buff S, Lepercq MF, Guerin P and Garnier F.

This study was presented as a short communication during the 4™ International
Symposium on Canine and Feline Reproduction (2" EVSSAR congress) in Oslo —
Norway , 29 June-1July, 2000 (Proceedings p. 58).

Aims of this study.

In this retrospective study, taking into account that our personal data tended to
show that bitches may be fertilised late during the oestrous period, we aimed to
determine if bitches could be successfully inseminated with frozen-thawed semen
without having timed ovulation and only using progesterone concentrations as a

time reference for inseminations.

Summary of the protocol.

Data from 49 artificial inseminations with frozen semen were recorded. Twenty-two
bitches were inseminated only once during their heat period, 19 bitches were
inseminated twice, 9 bitches were inseminated three times and one bitch was
inseminated four times at daily intervals. The time of the first insemination was not
calculated from the estimation of ovulation, but only taking into account high

progesterone plasma levels.

Main conclusions of this study.

The fertility results recorded in this study (70.2 % with a mean number of pups per
litter of 5.2 + 2.8 — range 1 to 11) were in accordance with the literature
(Thomassen et al. 2006). The interesting point was that, in this study, bitches were
successfully inseminated at high progesterone levels (mean value: 83.0 + 22.2
nmol/l, which is around 28 ng/mL). One bitch was successfully inseminated only
once with a progesterone concentration of 121 nmol/L (~ 40 ng/ml). These high

levels of progesterone at the time of insemination, not taking into account the time
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of ovulation, showed that bitches may be successfully inseminated very late in
oestrus.

The number of inseminations seemed to play a significant role as all the bitches

inseminated three or four times conceived.
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Artificial insemination with frozen semen in the bitch: influence
of progesterone level, inseminating dose and number of
inseminations performed in the same bitch

A. Fontbonne's, . Buff!, MLE. Lepercq, P! Guerin! & F Garnier®.
PCERREC, Feole Maronale Vétérinaire de Lyon, 69280 Marcy I'Ercile, France. * Tel: (+33)6 1415 91 24, Email:
fontbonne@vet-alfore fr. * Laboraroite de Bischimie - Endoatinalogie, Ecole Nationale Vérérinaire de Iyon, 69280
Marcy I'Ernile, France

Introduction i
Dara from 49 inseminations (Als) using frozen-
thawed dag semen are presented They inclade all che
Als performed ar the National Veterinary School of
Lyon, France, bevween January 1995 and Seprember
1999, withour any comrection or withdrawal

Materials and methods

ALwere petformed on 41 different bitches belonging
to privare dog owners inssminaced either with
imporwed semen (n=17, including Canada, USA,
Sweden, Noreay and UK}, or with semen thar had
been frozen in one of che chree fiench dog semen
banks (n=32} , using a Tris - frucrose - citric acid
exrender containing 6 4 % (v} ghecerol and 20

¥ (wiv)-egg yolk. The bitches belonged w 23 differ-
ent breeds (body weighs 7 o 88 kg). The inseming-
tons differed by several patameters: 22 birches were
inseminated only one time during their hear period;
19 birches were inseminated rorice ar 24 howrs inter-
vals, 7 bitches were inseminared three times ar 24
hoiss Intervals and one bich was inseminared fow
times at 24 hours interval, The aspects of vaginal
srmears were checked. Progesterone assays were pes-
formed wsing a competitive radivimmunoassay tech-
nique (Amerlex-M Progesterone RIAkie, Ortho-Clin-
ical Diagnostics, Roissy CDG, France The insernina-
tions wete pedfarmed at a mean plasma progesterone
level of 830 nmol/l (= 22 2): the mean value at the
time of the first Al being 74.4 amol/] (= 23 8) and
the mean value at the time of the last Al being 86.7
nmol/l (£ 25 1). The mean number of progressive
motile sperm/ Al (inseminating dose) was 206.2 x
108 (= 139.5), and differed significantly (p=0.01) in
imported semen (122 8 + 63 6 109 ot in semen
fiozen in France (245 2 £ 148 7 109, due ro the
quantity of semen that was available. The percentage
of progressive motile sperm after thawing varied from
40 % to 70 %. The'inseminaring rechnique included
Al performed with the nanscervical norwegian tech-
nigue (n=4 1}, the vaginoscopic transcetvical rech-

58

nique (=2}, intwaurcrine swgery (n=4) o1 vaginal
deposition of semen (n=2)

Results

Tiwo bitches pot pyometra soon after the end of theis
heat period. Oue of the 47 remaining birches, 33
conceived, with a fertility rate of 702 % and 2 mean
number of pups per litrer of 5 2 + 2 8 {ranged from
1eo 11}

Discussion

All the diffevent parameters described previously were
compared and found to exhibit oo significant differ-
ences. Especially, the level of progesterane 2t any time
did not diffes in the pregnant/non pregnant group.
s beagle bicch gave birth to 5 pups after only one
Al performed at 42 nmol/l and an afghan bitch had a
lirter of 11 praps after only one AL peiformed ar 121
nmol/l These high levels of progesterone ar the time
of Al compared with what is found in the lreracure
may show that Al could be performed very lage in
cestrus on some bitchés. The number of AT per bicch
was the only parameter that approzched significance,
as all the bitches inseminated 3 of 4 dmes conceived,
compared to the hitches inseminated onee or twice
(p=0.07} These resulis show that quantizative pro-
gesterone levels are not sufficlent 1w accurately define

the optimal time of inseminarion with frozen semen.. -

They seem to show that in order to get betver fertiline
vesules with a prederermined amount of frosen
semen, it could be more valuable to inseminare a
biteh with repeated Al using moderate inseminaring
doses rarher than only one AT with a large quantity
of sperm. The fact that increasing the number of Als
could enhanee the fertility resules was also suggested
tecently by Catharina Linde-Forsherg s af (1)

References
(1) C. Linde-Forsherg, B. Sudm Holstand G. Gor-

ete, Theriogenology 52:11-23, 1999

= Advamces In dog ot ard exetic comivors raproducion Gk, Marwoy, 2000 —~
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Discussion and Perspectives.

Detection of ovulation in the bitch.

In this PhD thesis, we investigated and compared different techniques in order to
detect ovulation as precisely as possible in the bitch.

Hormonal assays have been widely described in the literature in this purpose.

LH assays do not seem to be a practical method to assess ovulation, although
being stated as being the “day zero” of the sexual cycle of the bitch. As already
said, assaying LH is in fact not easy as it requires repeated blood samplings and a
specific assay technique. In the study presented in chapter 1, even when
performing two or three blood samples daily, we could only determinate the LH
peak in 73.6% of the bitches (39/53). Furthermore, the delay between the LH peak
and ovulation seems variable, varying as much as 24 to 96 hours (Wildt et al.
1978; our study in chapter 1). Also, the LH peak (high LH values) may lasts for
more than one day (Hase et al. 2000), or display a biphasic aspect (De Gier et al.
2006, our study in chapter 1 Figure 15) which makes it even more difficult to
determine with accuracy.

Detection of ovulation using plasma progesterone seems more available for
veterinarians in practice. It may be performed by two means: detecting the early
rise just before or concomitant to the LH surge, or waiting for a further increase
supposed to occur at the time of ovulation. England and Concannon (2002) stated
that 2.0 ng/mL was the progesterone concentration typically observed at the time
of the LH surge or on the following day. Our study was in agreement with others
(Katzler et al. 2003, De Gier et al. 2006) who found that this early rise in plasma
progesterone concentrations was a reliable marker of ovulation, may be even more
accurate that the LH peak itself. At the exception of one Labrador retriever bitch
(chapters 1 and 2) that reached 5 ng/mL 72 hours prior to ovulation, no bitch
showed an early rise in progesterone that was not followed by or concomitant with
the LH peak. Therefore, ovulation should occur 40 to 50 hours (2 days) after the
initial progesterone rise around 2 ng/mL. It seems to us better to estimate ovulation
just taking into account this early rise in plasma progesterone, and not taking care

about the occurrence of the LH peak. In practice, however, it may be rather difficult
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to convince the owners of the bitches due to be inseminated to come for daily
blood samples at the end of the proestrus period or the beginning of oestrus —
period when this early rise in progesterone is expected to occur - and that may be
the most limiting factor for detecting this early rise in progesterone to time
ovulation. This is why we would rather recommend, as recommended by Arbeiter
in 1993 to wait until a second increase of progesterone occurs concomitantly with
ovulation. In Chapter 1, we demonstrated that at the time of ovulation, the
progesterone level was remarkably constant whatever the breed. In this study,
taking as a reference the day at which plasma progesterone reached 5 ng/mL,
ovulation occurred within 24 hours in 49/59 bitches (83.1%). It occurred within 48
hours in 58/59 bitches (98.3%). We may therefore think that we could rely on this
criterion as an accurate estimation of the time of ovulation.

Altogether, is ovarian ultrasound a better technique to accurately detect ovulation
than assaying plasma progesterone? On a practical point of view, it does not seem
to be necessary to use a high quality — and expensive — ultrasound equipment to
diagnose ovulation, as we were able to precisely assess the day of ovulation in
Beagle bitches with a standard machine with a standard accuracy of 1 mm (Vetson
Pro®). Furthermore, it does not seem to be necessary to perform two daily ovarian
examinations, as one daily scanning with an average ultrasound machine was
enough to detect ovulation in 20/21 Beagle bitches. Nowadays, most veterinarians
involved in canine reproduction have ultrasound equipment available at their clinics
and therefore it may be easier and quicker — and less expensive — for veterinarians
to perform daily ovarian ultrasound examinations than to assess progesterone. It is
especially true taking into account that progesterone can either be assayed using
semi-quantitative immunoenzymatic tests, that lack accuracy, or quantitative radio
or chemiluminescent assays which are not always readily available.

However, even when using a much more accurate ultrasound machine (ATL HDI
3500 ®, accuracy 0.19 mm), it remained difficult to assess the intra-ovarian details
around ovulation in large breeds. In fat or large bitches, it may therefore be less
accurate to use only ovarian ultrasonographies to estimate the time of ovulation.
Ovarian ultrasound may therefore only be used in small or medium sized bitches,

less than 25-30 kg. Another further point remains unclear. What should be the
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frequency of ovarian scanning if we stopped assaying progesterone ? Indeed, it is
very easy to differentiate pre-ovulatory follicles (with a thick follicular wall and a
large anechoic center) from younger follicles visualised in proestrus, which have a
thin wall and a smaller hypoechoic center. Therefore, following the heats of a bitch
due to be mated or inseminated could begin with ovarian examinations performed
only every three or four days. But what about the pre-ovulation period? It may be
difficult to know exactly which maximum size of pre-ovulatory follicles we should
expect, whatever the size and the breed of the bitch. In other terms, it may not be
easy to know when to intensify the ultrasound examinations not to miss the precise
detection of ovulation. In our study, there does not seem to be significant variations
in the size of pre-ovulatory follicles within different sized bitches. This may partly
be due to the fact that pre-ovulatory follicles within the same bitch have different
diameters. Furthermore, it takes some time to get used to performing quick and
accurate ovarian examinations with ultrasound. For a veterinarian not trained to
this technique, it may not be easy to identify the images that prove that ovulation
has taken place. The fact that there is no follicular collapse in more than 60% of
the cases and the fact that non-ovulated follicles remain in the ovaries may make
these examinations more difficult to interpret for veterinarians beginning with this
technique. When we began practicing this technique, we often got confused,
waiting day after day for all the pre-ovulatory follicles to change their ultrasound

aspect, which did not always happen.

The role of progesterone on in vivo gamete maturation.

After ovulation, progesterone plasma concentrations increase. In parallel, in
chapter 2, we showed that oocytes reached the metaphase Il stage after 54 to 83
hours, i.e. in presence of high progesterone plasma concentrations. The factors
that trigger resumption of meiosis in vivo after ovulation in the bitch are currently
unknown (Luvoni et al. 2005). It has been reported that some form of pre-ovulatory
priming is required for canine oocytes to become receptive to oviductal factors
stimulating resumption of meiosis and full maturation (Luvoni et al. 2003).
Progesterone may be one of these factors. In vitro, the effect of addition of different

doses of progesterone in the culture medium to enhance oocyte maturation have
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been rather disappointing (Willingham-Rocky et al. 2003). However, as stated by
Luvoni et al. (2005), there is a need for further in vivo studies to define the
concentration of progesterone either in the follicular and the oviductal environment.
We clearly demonstrated in chapter 2 that fertilisation, in a high number of bitches,
occurs only in metaphase Il oocytes. Surprisingly, in our study, one Labrador
retriever bitch reached a progesterone plasma concentration of 5 ng/mL, 72 hours
before the occurrence of ovulation. It is interesting to note that this bitch was the
only one (out of 50 bitches) which showed in vivo a penetration of immature
oocytes (in metaphase | stage) by spermatozoa. Further studies may be done to
investigate the role of the follicular pre-luteinisation on the capacity of canine
oocytes to be fertilised in vivo.

Involvement of progesterone in the control of fertilisation may not only concern the
oocyte but also the spermatozoon during its stay in the female genital tract.
Indeed, Sirivaidyapong et al. (1999) have shown the presence of progesterone
receptors on canine spermatozoa. They also shown that progesterone induces the
acrosome reaction in vitro. This action is dose-dependent. England et al. (2006)
hypothesised that this high progesterone concentration may play a role in the
sperm fertilising ability.

Optimal time of artificial insemination with frozen -thawed semen in the bitch.
According to Tsutsui (1975 a.), fertilisation occurs between 48 to 83 hours post-
ovulation, in the medial and distal parts of the oviduct.

However, as already stated, when performing a natural mating or using artificial
insemination with fresh semen, it may not essential to be very accurate, as the
“fertile period”, i.e. the time during which a mating or insemination may result in
pregnancy, can sometimes be as long as 5 days before ovulation until 5 days after
ovulation, especially if the semen of the male is of good quality, therefore
remaining alive and able to fertilise oocytes for a long period of time in the genital
tract of the bitch after deposition (England and Concannon, 2002).

In 1989, Tsutsui stated that oocytes were fertilisable from 60 hours (2.5 days) to
108 hours (4.5 days) post ovulation. The sperm requires 7 hours for capacitation

(Mahi and Yanagimachi 1978). Thus, many authors recommend not to begin
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inseminating with frozen-thawed semen before four days after the LH peak.
However, it has been known for a long period that repeating the inseminations
improved the conception rate (Farstad and Andersen-Berg 1989). When two
inseminations are performed, it often means 4 and 6 days after the LH peak, or 2
to 5 days after ovulation (Linde-Forsberg et al. 1999). On the other hand,
Nishiyama et al. (1999) reported that the conception rate from inseminations
performed on days 5 and 7 after the LH surge was better than inseminations
performed on days 4 to 6. However, these authors used chilled semen — which
may have an increased longevity in the genital tract — and not frozen-thawed
semen. In a recent study, Tsumagari et al. (2003) inseminated twenty bitches, at
days 5 and 7 after the LH surge, with frozen-thawed semen from males of different
breeds. Parentage testing was performed on the pups born by canine
microsatellite markers. 7/16 bitches were fertilised on day 5, 5/16 bitches on day 7,
and 4/16 on both days 5 and 7 (two different fathers). The conception rate was not
affected by the delay after the LH peak, however bitches inseminated on day 5
post LH produced a lower number of pups per litter. This lower prolificity is not
discussed in their article. In fact, our study may help to understand these findings.
Firstly, on the contrary to other authors who used events such as the occurrence of
the LH peak, which do not precisely allow timing of ovulation, our study (chapter 2.)
was the first to precisely allowing the visualisation of ovulation, without the use of
an invasive technique like laparotomy or laparoscopy. After ovulation, the first
oocytes at the metaphase Il stage did not appear until 54 hours post-ovulation (> 2
days). Furthermore, despite early inseminations with fresh semen that ensured the
presence of high quantity of spermatozoa in the genital tract and the fact that
oocytes had completed their maturation, sperm penetration was delayed up to 83
hours post-ovulation (3.5 days), which is slightly later than stated by Tsutsui (1989)
who found that spermatozoa could enter the oocytes from 60 hours (2.5 days)
post-ovulation. The first two-pronuclei embryos were observed only 92 hours after
ovulation (3.8 days). This is in accordance with Nishiyama et al. (1999) who stated
that, after ovulation, canine oocytes needed an additional 2 to 4.5 days to develop
into the mature stage. It suggests a need for a minimum period of male and female

gametes in the oviduct before fertilisation. In practice, it means that veterinarians
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may be advised to inseminate later than often stated (i.e. not to begin inseminating
until 3.5 to 4 days post-ovulation for example), so as to be sure that the oocytes
have reached the metaphase Il stage, without the risk of diminishing the expected
results. A further study may be conducted to confirm this point, using ultrasound to
detect ovulation. Doing so, a second insemination may no longer be necessary
with inseminations performed at this rather “late” post-ovulation period. Indeed,
Thomassen et al. (2006) showed that one insemination only with frozen-thawed
semen gives the same conception rate as two inseminations when the optimal
timing of Al is carefully determined. It may also be useful to confirm that the
fertilising capacity of oocytes in vivo is reduced after 108 hours post-ovulation (4.5
days), as stated by Tsutsui (1989), as this author may not have determined
accurately ovulation in his study. Of course, these inseminations should be
performed using intra-uterine deposition, as it improves the conception rate (Linde-
Forsberg et al. 1999) and because the cervix closes around 4.7 days post-
ovulation (Silva et al. 1995).

Another striking feature of our results is the heterogeneity of in vivo oocyte
maturation found for each post-ovulation stage. Several maturation stages (and it
is the same for embryonic development) are observed simultaneously within the
same cohort originating from the same bitch. In practice, it may explain the interest
of repeating Als with frozen-thawed semen and the fact that single inseminations
with frozen-thawed semen, performed two days apart, may give similar fertility
rates (Tsumagari et al. 2003).

However, is it essential to detect ovulation to successfully inseminate the bitches
with frozen semen? In the study presented in chapter three, we inseminated
successfully bitches using frozen-thawed semen — with fertility results as good as
mentioned in the overall literature — without taking into account the time of
ovulation. Tsumagari et al. (2003) got the same conception rate 7 days post-LH
peak as 5 days after (around 5 days vs 3 days post-ovulation). It means that late
inseminations after ovulation are successful, without any reduction of the litter size.
After maturation, oocytes may remain fertilisable for quite a long period before
degenerating and therefore it may be an easier alternative to simply wait until

progesterone levels are already quite high before inseminating with frozen-thawed
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semen. In the study presented in chapter 1, among 17 Beagle and non-Beagle
bitches in which blood samples were performed after ovulation, the mean plasma
progesterone level 3 days (72 hours) after ovulation was 25.19 +7.79 ng/mL (17
bitches). Four days after ovulation, it was 25.66 + 4.52 ng/mL (7 bitches). At that
time, oocytes may still be at the peak fertilisation period. As a whole, it means that
literature recommends to perform Als with frozen semen a little bit earlier that what
our results may lead to do. For example, Linde-Forsberg et al (1999) estimated the
peak fertility as being when progesterone concentrations are between 30 to 75
nmol/L (around 10 to 25 ng/mL). Thomassen et al. (2006) performed inseminations
with frozen-thawed semen 2 to 3 days after ovulation estimated by progesterone
concentrations. According to our results, it may be wiser to inseminate at the end
of this supposed peak fertility period. Thomassen et al.(2006) got good pregnancy
results in bitches that were inseminated twice, the mean serum progesterone
concentration at the time of the second Al being 66.8 = 1.4 nmol/L (around 22.3
ng/mL). In a recent study conducted at the Alfort National Veterinary College, we
got more than 80% pregnancies when the bitches were inseminated 3 days after
ovulation detected by ultrasound (Benechet 2007).

As suggested by England et al. (2006), it may also be possible that spermatozoa
may not be able to enter the oviduct before a certain period of time. In the study
presented in chapter 2, we realised that, close to ovulation, it was completely
impossible to flush the oviducts after ovariectomy, as the utero-tubal junction
appeared tightly closed and not even allowing liquid to diffuse through it
(Fontbonne, unpublished). We may hypothesized that there could be a dynamics
of the utero-tubal opening that may allow the sperm to enter the uterine tubes at a
certain period of time only. This point should be further investigated. Another
hypothesis, as stated by Sirivaidyapong et al. (1999), could be that the slow
removal of unknown factors that block the progesterone receptors on dog
spermatozoa may delay the acrosomal reaction and thus the fertilisation process.
Petrunkina et al. (2003) demonstrated that tyrosine phosphorylation of head
membrane proteins and capacitation are delayed in canine spermatozoa being in
close contact with the oviductal epithelium. All these facts emphasize the needs for

further studies about in vivo sperm activation and capacitation.
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Further studies should also concern the survival and fertilising capacity of frozen-
thawed semen in the genital tract of the bitch after insemination. Several studies
have been conducted in order to improve the survival and the fertilising capacity of
canine frozen-thawed semen. Equex STM Paste®, a commercial detergent, was
found beneficial when added to the freezing medium to improve frozen sperm
survival rate. It increased the longevity of thawed spermatozoa incubated at
+38<C, prolonging both motility and plasma membrane integrity (Rota et al. 1997).
In our laboratory (Milani, Fontbonne et al. 2007), we recently investigated the
addition in the thawing medium of different chemical substances known to activate
sperm motility after thawing, by inhibiting phosphodiesterase activity, thus
enhancing the cAMP level. Recently also, low density lipoproteins were found
interesting to increase the protection of dog spermatozoa during the freezing
process and the conservation of sperm motility up to 50% for longer periods in
comparison with classical freezing media containing egg-yolk (Bencharif et al.
2006, Varela Junior et al. submitted).

General conclusion.

This work compiles complementary studies related to in vivo canine oocyte
biology. We combined synergic approaches using clinical, hormonal and cellular
levels of investigation. These fundamental results may lead to an improvement or a
simplification in everyday veterinary practice, especially for artificial insemination
with frozen-thawed semen. Furthermore, a better knowledge of the processes
involved in in vivo oocyte maturation, fertilisation and early embryonic development
are important steps towards the improvement of reproductive biotechnologies in

the canine species.
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Fertilisation time in the bitch in relation to plas ma concentration of
oestradiol, progesterone, luteinising hormone and v aginal smears.
Badinand F, Fontbonne A , Maurel MC and Siliart B.

This article has been published in Journal of Reproduction and Fertility (Suppl. 47);
1993:63-67.

Aims of this study.
The aims of this study were to determine the exact time of occurrence of in vivo

fertilisation in the bitch.

Summary of the protocol.

Seven bitches of different breeds were inseminated daily with frozen-thawed
semen taken from males belonging to widely disparate breeds. The choice of
frozen semen rather than fresh semen was especially made because of the short
survival of frozen-thawed semen in the genital tract of the bitch (Concannon and
Battista 1988). The inseminations began before ovulation, when progesterone
concentrations started to increase. The paternity of pups was controlled by
checking the physical appearance of pups subsequently born.

Main conclusions of this study.

The 6/7 bitches that conceived were inseminated 84-160 hours (3.5 days to 6.6
days) after the LH peak. Two different fathers were found in 4/6 bitches and no
more than two different fathers were found in any of the bitches, suggesting that

the oocytes remained fertile only 48 hours.

109



FPrinted in Grear Beitain
J. Reprod. Ferp , Suppd 47 (1993), 6367 & 1993 Journals of Beproduction & Fortility Ltd
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Summary. Seven bitches of several breeds were monitored during oestius by vaginal
smears and luteinizing hormone (LH), oestradiol and progesterone plasma assays
Each bitch was inseminated into the uterus with frozen spermatozoa from seven dogs
of different breeds. Each fernale was inseminated daily with about 200 x 10° motile
sparmatozoa. Six bitches defivered. The paternity of puppies (which indicated the ferti-
lization time} was determined by morphological analysis. Two bitches were fertilized
with one artificial insemination (AI) only and four bitches with two sucoessive Als
Fertilization occurred 84-130 b after the LH peak and 1-3 days before the first day of
metoestius. The gestation length, from fertilization to birth, was 58—63 days or 56-60

days after the first day of metoestius

Feywords. biteh; fertilization; frozen sperm; luteinizing hormeone; progesterons; oestradiol

Introduction

The exact time of fertilization is not precisely known in the bitch The usual tests using male
acceptance, bleeding from the vulva o1 vaginal smears, are not precise criteria (Phemister ef gl , 1973;
Concannon, [986). Fresh semen remains alive in the fennale genital tract for several days {Doak et al,
1967) and the time of insemination is not cotrelated with the lime of oocyte fettilization

Plasma hormone assays are more precise Concannon et af {1975, 1977) and Wildt et al {1978)
have suggesied that ovulation takes place 24-96h after the futeinizing hormene (LH) peak
Feldman & Nelson (1987) consider that matwation of oocytes is achieved in 4872 h and that
oocytes remain fertilizable for 24 h; Tsutsui (1989) has found that the first fertilization may occur
G6-144 h after ovulation

Frozen semen used in fertilization timing trials has the advantage of a very short life after
thawing (<12 h) (Battista et al, 1988) Repeated daily artificial insemination (AT} with fiozen
semen from widely disparate breeds therefore makes it possible to determine the exact day of
fertilization by checking the physical appearance of pups subsequently boin Such an experiment
was petformed in seven bitches.

Materials and Methods

Amimais. Scven bitches, 3-6 vears old, were nsed in this study during summer 1991 AT but one had been pregnant
from AT using frozen semen. The average body weight was 15 kg Bitches were pure-bred animals (n = 3) or were of

cross-hreed origin (v = 4)

*To whom correspondence should be addressed
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The Als were performed wsing (rozen semen obtained from seven pure-bred male dogs that were morphologically
very different: thess were heagle (A), griffon sivernais {B), golden retriever (iC), Siberian husky (I}, carlin (E), barger
picard (F} and eurasier (7} This difference was used 1o determine the paternity of the pups. Apart from two males
(E and €3), cach dog had previously given pupe from AT with frozen straws. The semen freesing diluent comprised
egg yolk (20% v/v), citrate, Tris and 3 2% glycerol (wv) 2nd had already given good resnlts in AT at this clinic
{Badinand et al | 1990) The sperm used in this study was of goed Quality {2 50% metility after thawing). The average
inseminating dose was 200 % 10° motile spermatozoa

Vaginal smears were stained by the Harris-Shorr techmique (Mialot, 1984) The ecainophilic index was wsed to
determine oestrus and the first day of AT metoestres was defined as the fime that parabasal cells appearsd in smears at
the end of oestius

Btood sempies. Blood semples wete collected twice daily (at 09:00 akd 18:00 k) in EDTA fest tubes duging the
whole osstrus of each bitch. Blood was centrifuged (2200 g for 10 min) within 20 min and plasma stored at —20°C
until assay. Progesterone and oestradiol were measured by radicimmuncassay {RLA) technigues [progesterone:
Amerlex-M RIA Kit {Kodak Disgnostic, BP 232, F 91943 Les Ulis Cedex, Franee); oestradiol: Clinical Assays RIA
Kit {Sorin, CP 32, F 92128 Antony Cédex, France)] LH was sssayed by an ELTZA kit that cen be used many
enimal species amnd for which INRA and CNRS have filed an interational patent {po, PCT/FRS1/00427). This
ELISA technique is canied out with two ant-I H palyclomal antibodies that captuze LH i a 'sandwich® A third
antibody, belled with peroxidase, gives rise to 2 tolonred reaction in witich the optical density s proportional to the
LH concentration in the Plas.ma sample The assay is performed on microtitre plates within 2 b; its detection limit for
caning LH iz 125 pg mi~

Artificial imvenrnation. All inseminations were performed at 13:00 k{4 [ h). Each bitch was first inseminated when
the vaginal smear showed characteristics of the oestrous perind and when the plasma progesierone concentration
was starting 1o increase Subsequent inseminations were performed daily vatil the first smear that shewsd signs af
tmetoestrus. The samen was deposited into the uterus by passing a rigid catheter through the corvix (Anderser, 1%75)

Results and Discussion

Of the seven bitehes, one developed pyometia and the other six whelped The main results of these
inseminations are shown in Table | and an example of the plasma hormone concentrations js
shown in Fig 1.

The oestradiol concentration varied between bitches Peak oestradiol ranged from & to 24 pgml™!
during the first oestrus. In five bitches it fell to undetectable values (<0 1 pg ml™ 1y 36 h after the
LH peak (60 hin one case) The vestiadiol concents ation appeared to be 100 variable to be a useful
criterion for timing Al in dogs

The LH peaks ranged from 69 to 148 ng ml ™" and always oceurted halfvay through its secretion
period (when LH was elevated above 1 ng ml™! for 26 to 96 h).

The time between the increase in progesterone concentration above 5ngml™? and the first dav
of metoestrus was 4 days (in four bitches) or 5 days (in two bitches). Progesterone was detectable
(>0-1 ngml™")in plasma when LH concentration was > 1 ngml™" Progestetone was > Sngml™!
0-24 hafter the LH peak and subsequently increased to 1532 ng m] ™ by the fir stday of metoestius.
The absolute value of progesterone concentration did not seem appropriate for determination of Al
time because the increase in plasma progesterone was highly variable between bhitches

Paternity of the pups born was cousidered to be accurately determined in five of the six post-
parturient bitches. The average prolificity (4—7 pups), was approximately the same as previously
observed in the same bitches, except bitch 6, which had only two pups She was inseminated the day
before the confirmed fertilization with sperm taken from dog E, which did not fertilize any of the
bitches

Spermatozoa progress very quickly up to the oviduct (< I5min; Doak er al, 1967) and the
sauvival timne of thawed spermatozoa is short (=12 h; Battista er af,, 1988) Hence, in this study the

time of successful AT may be considered to be very close to the time of fertilization (However, if

the spermatozoa used in this study survived in the genital tract of the bitch for =24 h, the results
obtained would 1equire a different interpretation )

Oocytes were fertilized during a period lasting for =24 h {i e. two successive AT} in four bitches
In all bitches it was <48h (ie never more than two AI). Fertilizations occuned as follows:
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Table 1. Dates of artificial insemination (AT) 2nd huteinizing hormone (LH) peaks for hitches whelping
pups of identifiable pareniage following insemination with frozen—thawed scmen of dogs of different

breads
Progesterone Metoesizus
Cestradinl concentration [date and
peak Dateof  LHpeak  at successfu] progesterons
Bitch Dates Male [date and IH sise  [date and AT concentiation  Dateof Mo, of
ne of AT breed® (pgml™')] =1ngmi~* (agml-")] {ngmi=") {ng mi="] hirth  pups
[ 1 Sep A 26 A 27 Ang 28 Aug 4 Sep 1Moy 0
2 Bep* B (7] pm pm 14 2
3 Sep™ C 22 z
4%p D (8) (14 §) (25) i
2 30 Ay A 26 Augp 20 Aug 26 Aug 3 Sep 30 Oct 0
3l Ang E am am pm L1
[ Sep* D 26 7
2 Sep i 0
3 Sep A (L3} ) (31 o
3 0 Ang A 25 Aug 25 Aug 25 Ang 3 Sep 31 et 0
WaAuw* F am am pIm ) 1
HNAwg* D 11 2
1 Sep B 23 (13 1) 20 0
4 I Sep A 28 Aug 9 Aug 29 Aug 5 Bep | Ot 0
2 Bep* E am am pm [2 5
3 Sep® F 2 2
485 22} (73 29 o
5 28 Aug E 22 Aug 22 Aug 231 Aug I Sep 30 O L
4 Aug A am pm pim 0
M Aug* O 16 3
AAyg* D (12 (10 6) 15 (15) 2
[ 27 Aug D 22 Aug 2T Aug 21 Avg 3l Aug 3Ot [l
28 Aug E am pm pm L]
20 Angt  C 12 2
3 Aug B amn (3] {20} 1]

A, beagle; B, priffon nivernaiz C, golden retriever; Dy Sibeiian husky; E, calin; F, bexger picard; G, eurasier;
= sucezsshul Al

§4-160 b after the LH peak; 96204 h after plasma LH inc¢reased above 1 ng ml~'; when the pro-
gesterone concentration was 9-26 ng mi ™', 36-108 h after progesterone increased above Sngml 1,
and 1-3 days before the first day of metoestius

These observations agree with the snggestions of Wildt ez af. (1978) and Concannon (1986) that
oocytes probably cannot be fertilized until 4 or more days after the preovolatory LH peak in dogs
Furthermore, the present results indicate that this delay may be 5 days or longer in some bitches.
The first 1ise in LH, rather than the LH peak, may be the more important event, and further
investigation is needed . )

The first AT in all bitches was performed just before the expected fertilization time, and four
successive daily Als were used. [t can therefore be considered that oocytes were fertilized as soon as
they permitted fertilization 1o occur (at the earliest possible moment), except where preceded by Al
with male E (bitches 2 and 6). If the first Al had occurred much later, it might also have been
successful and the life span of cocytes cannot be ascertained precisely

The actual length of gestation, from fertilization to birth, varied from 58 to 63 days and was
not related to the LH concentration, LIT seeretion period o1 progesterone concenfration, nor to
prolificity. In this study, the interval between LH peak and birth was 64 days (bitch 1), 65 days
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Fig. 1. Plasma coneentrations of {) cestradiol {pg inl "), (#) luteinizing hormone {ng mi~*)
and (M) progesterone (ng ml~ ') during pro-oestrus and oestros in an experimental bitch (bitch
1} Arrows indicate successful artificial inseminations; P, first dav of pro-oestrus; M, first day of

metoestins

{bitches 2 and 4) and 70 davs (bitches 3, 5 and 6). The interval between the first day of metoestrus
and delivery was 5660 days, similar to the interval of 54-60 days found by Concannon (1986).
Only a small variation was scen between the interval from the LH peak to the first day of

metoestrus (& + 1 days).

Conclosions

These results suggest that Al with frozen semen showld be performed 1-5-4-5 days after the pro-
gesterone coneentration s >35ng ml™". The interval between the LH concentration rising abave
Ingml™", or the LH peak, and the ealiest fertilization, seem too variable to indicate the exact time
of Al All criteria, including vaginal smears, progester one concentration, plasma LH and, most of
all, the monitoring of their changing values must be considered in order to detérmine the optimal

lime of AT
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