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Abstract
The oocyte of the domestic dog is unique from that of other mammalian species studied to date.
Ovulation occurs either once or twice per year, with the oocyte released at the germinal vesicle stage
and then completing nuclear and cytoplasmic maturation within the oviduct under the influence of
rising circulating progesterone. In vivo meiotic maturation of the bitch oocyte is completed within
48 to 72 h after ovulation, which is longer than 12 to 36 h required for oocytes from most other
mammalian species. Due to these inherently novel traits, in vitro culture systems developed for
maturing oocytes of other species have been found inadequate for maturation of dog oocytes. On
average, only 15 to 20% of ovarian oocytes achieve the metaphase II stage after 48 to 72 h of in
vitro culture. Thus far, no offspring have been produced in the dog (or other canids) by transferring
embryos derived from in vitro matured oocytes. This review addresses current knowledge about dog
reproductive physiology, specifically those factors influencing in vitro developmental competence
of the oocyte. This summary lays a foundation for identifying the next steps to understanding the
mechanisms regulating meiotic maturation and developmental competence of the dog oocyte.
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1. Introduction
For thousands of centuries, the domestic dog has served as a primary companion animal to
humans (Vila et al., 1999; Leonard et al., 2002; Savolainen et al., 2002). There are more than
30 million families in the United States that own one or more pet dogs (Patronek, 1994) that
in some cases also serve to help hunt, farm and even assist the disabled. Besides being ‘man’s
best friend’, the domestic dog also has a historic and growing role as an animal research model
for studying human diseases. There are more than 370 canine genetic disorders (half of which
are breed-specific) and many of which resemble similar diseases and dysfunctions occurring
in humans (Patterson et al., 1982; Ostrander et al., 2000; Ostrander and Kruglyak, 2000;
Patterson, 2000; Kirkness et al., 2003). Retaining these genotypes requires high maintenance
(i.e., cost to maintain a colony and veterinary care) and intensive breeding. However, the
dividend is an array of canine genotypes that are invaluable for studying the mechanisms and
etiology of human genetic diseases, especially rare recessive disorders with complex
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inheritance that are difficult to study in human populations (Patterson, 2000). The significance
of the species as a model is best illustrated by the contemporary dog genome project that has
received substantial attention and financial support from the National Institutes of Health
(O’Brien and Murphy, 2003).

Although researchers have made significant progress in mapping dog genomic sequences, the
scientific community has been oddly incapable of enhancing or controlling reproduction in this
species. This is partially explained on the basis of the cost to maintain laboratory-based dog
colonies (i.e., the lack of adequate numbers of accessible research colonies). However, our
inability to regulate or promote reproductive success in the dog also is due to inherent
physiological uniqueness of the species and to the lack of research attention (few laboratories
study dog reproductive biology). Overall knowledge in this species compared to others is
rudimentary at best, and especially for the oocyte. The latter is a particularly important target
because an understanding of the mechanisms controlling oocyte maturation and development
would be helpful to developing assisted breeding in this species, especially embryo production
and transfer. Such technologies would be useful for managing specialized dog colonies (or
breeds), as well as rescuing genetic material from individuals that fail to reproduce or are
genetically under-represented in the population, geriatric, terminally ill or recently deceased.
If embryo techniques become consistently effective in the domestic dog, such technologies can
then be applied to rare canid species. Currently, there are 36 species in the family Canidae of
which nine are formally listed as threatened or endangered by extinction (IUCN, 2002).
Assisted breeding could be important for improving the genetic management of rare
populations maintained ex situ (in captivity) as insurance for counterparts living in nature
(Wildt et al., 1993; Wildt and Roth, 1997; Asher et al., 1999; Pope, 2000; Pukazhenthi and
Wildt, 2004).

The first study on in vitro maturation (IVM) and fertilization (IVF) of dog oocytes was reported
30 years ago by Mahi and Yanagimachi (1976). In that study, approximately 25% of ovarian
oocytes obtained from bitches at random stages of the reproductive cycle were able to resume
meiosis and developed to metaphase I (MI) or to MII stages after being cultured for 48 to 72
h. In vitro insemination of cultured oocytes resulted in 70% of oocytes penetrated by
spermatozoa and 20% containing decondensed sperm head(s). Since that report, little progress
has been made, and, on average, only 20% of ovarian oocytes complete nuclear maturation in
vitro (Cinone et al., 1992; Yamada et al., 1992, 1993; Nickson et al., 1993; Bolamba et al.,
1998, 2002; Hewitt and England, 1998, 1999a, Hewitt and England, b; Otoi et al., 1999,
2000, 2001, 2002; Luvoni et al., 2001, 2003; Saint-Dizier et al., 2001a, b; Songsasen et al.,
2002, 2003b; Rodrigues and Rodrigues, 2003a, b; Kim et al., 2004, 2005; Rodrigues et al.,
2004; de los Reyes et al., 2005). As a consequence of this inability to develop a consistently
effective IVM system, other techniques that require in vitro oocyte culture (e.g., IVF) also have
met with limited success (Yamada et al., 1992; Fulton et al., 1998; Otoi et al., 2000; England
et al., 2001; Songsasen et al., 2002; Rodrigues et al., 2004). For example, over the past 30
years, there has been only a handful of studies reporting embryonic development in the dog
after IVM/IVF (Yamada et al., 1992; Otoi et al., 2000; England et al., 2001; Songsasen et al.,
2002; Rodrigues et al., 2004). One reported producing a single blastocyst after in vitro
insemination of more than 200 oocytes (Otoi et al., 2000), and another described a single, non-
full term pregnancy after transferring close to 100 presumptive zygotes to recipient bitches
(England et al., 2001). Although domestic dog puppies were recently produced from somatic
cell nuclear transfer of in vivo matured oocytes (Lee et al., 2005), there has been no report on
the production of live young from transferring IVM/IVF-derived embryos.

Here we discuss current relevant knowledge on dog reproductive physiology and
folliculogenesis, largely because it is purported that species uniqueness has limited technology
effectiveness to date (Luvoni et al., 2005). This is followed by reviewing oocyte growth and
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maturation, especially aspects of intracellular changes during these processes and those factors
that influence oocyte developmental competency in vitro. This information also will be
integrated to give the reader a perspective on high priority future research needs in this arena.

2. Species reproductive norms, including ovarian folliculogenesis
2.1. Fundamental reproductive cycle interrelationships

The reproductive physiology of the domestic bitch is distinct from other common species, as
the dog generally is nonseasonal and monoestrous, ovulating only once or twice a year at a 5
to 12 month interval (reviewed by Concannon et al., 1989). The dog’s reproductive cycle is
characterized by a protracted proestrus and estrus (each about 1 week in duration). Irrespective
of whether pregnancy occurs, estrus is followed by diestrus (metestrus), a luteal phase of
elevated circulating progesterone with an average duration of about 2 months (Concannon et
al., 1989; Johnston et al., 2001). Toward the end of diestrus, corpus luteum function declines
as the bitch enters a prolonged anestrus period of 2 to 10 months duration. Anestrus is
characterized by the lack of any sexual behavior or gonadal activity, including nadir circulating
progesterone concentrations. From mid- to late anestrus, there is an increase in hypothalamic
gonadotropin releasing hormone (GnRH) secretion that elicits an increase in follicle
stimulating hormone (FSH) and episodic LH release. FSH plays a crucial role in the initiation
of folliculogenesis and the onset of proestrus in the bitch (Kooistra et al., 1999; Kooistra and
Okkens, 2001; Beijerink et al., 2004). Toward the end of proestrus, the LH surge stimulates a
rapid enlargement of mature follicles and preovulatory luteinization that leads to ovulation 40
to 50 h after the LH peak (Wildt et al., 1977; Concannon et al., 1989). Behavioral estrus and
ovulation occur in the presence of declining circulating estrogen and significantly elevated
progesterone (Wildt et al., 1979).

2.2. Ovarian folliculogenesis
Information on follicular development in the dog is rudimentary. Formation of oogonia can be
recognized in the dog fetus around Day 42 post-coitum (Andersen and Simpson, 1973). Dog
follicles can be categorized into five classes depending on morphology, size, type and number
of follicle cell layers and the presence of follicular fluid. Data in Table 1 summarizes follicle
classification and days in which each class is initially found in the ovaries. Primordial follicles
form from Day 17 to 54 after birth (Andersen and Simpson, 1973; Tesoriero, 1981; Blackmore
et al., 2004) and contain small oocytes (approx. 25 μm in diameter) with a single granulosa
cell layer but no zona pellucida (ZP) at this stage (Durrant et al., 1998; Blackmore et al.,
2004). Primary or early preantral follicles occur around Day 120 after birth and contain small,
pale oocytes (78 ± 15 μm) with a distinctive ZP (Durrant et al., 1998; Barber et al., 2001). Sizes
of primordial and primary follicles are not uniquely different from each other (Barber et al.,
2001); however, these significantly increase in size during the transformation to secondary and
tertiary stages due to proliferation and differentiation of follicle cells, as well as growth of the
oocyte and ZP (Barber et al., 2001). Secondary or advanced preantral follicles contain fully
grown oocytes (>100 μm) that are comprised of dark cytoplasmic lipid (Figure 1, Durrant et
al., 1998; Barber et al., 2001). Synthesis of follicular fluid is known to occur in tertiary or early
antral follicles which can be observed from Day 120 through 160 after birth (Andersen and
Simpson, 1973; Durrant et al., 1998; Barber et al., 2001). Thus, the time required for the
recruitment of primordial follicles to early antral follicles is around 70 to 150 days in
prepubertal bitches (Andersen and Simpson, 1973), which is similar to the required 110 days
for adult dogs (Spanel-Borowski and Calvo, 1982). Finally, advanced antral follicles are
present in bitches as young as 6 months of age during mid-proestrus (Concannon et al.,
1989). As a result of the LH surge, advanced antral follicles rapidly enlarge into 4 to 13 mm
preovulatory follicles (Wildt et al., 1979; Concannon et al., 1989; England and Allen, 1989)
and ovulate approximately 48 h later.
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Most growing follicles in the dog undergo atresia before reaching the preovulatory stage.
Secondary follicles (or advanced preantral follicles) exhibit two types of regression patterns.
In Type A the degeneration is characterized by necrotic changes of the oocytes and the ZP,
whereas Type B involves granulosa cell necrosis (Spanel-Borowski, 1981). Type B
degeneration results in development of a pseudoantrum, a structure similar to that found in a
tertiary follicle (Spanel-Borowski, 1981). It has been shown that condensation of chromosomes
and wrinkling of the nuclear envelope of the oocyte (similar to that of germinal vesicle
breakdown; GVBD) is indicative of atresia in growing follicles (Baker, 1982). This is important
in making accurate assessments of oocyte quality. During the physical recovery of oocytes
from recovered dog ovaries there is a high incidence of these cells that appear to be undergoing
GVBD (Hewitt and England, 1998b; Bolamba et al., 2002). However, it is likely that the
observation of many GVBD oocytes really represents an unusually greater incidence of
degenerative processes rather than a true resumption of meiosis.

Bitch age significantly influences numbers of follicles within the ovary (Telfer and Gosden,
1987; McDougall et al., 1997). Ovaries of peripubertal bitches (i.e., 6 to 10 months of age)
contain significantly more follicles than those of prepubertal (i.e., < 6 months old) and mature
counterparts (i.e., > 10 months old; McDougall et al., 1997). Telfer and Gosden (1987) reported
that follicle numbers declined from ~85,000 in 1 to 2 year old bitches to only 3,000 in 7 to 11
year old individuals. Therefore, there is a marked increase in follicular atresia before first estrus
and then what is likely a continuous loss in viability for the first decade of life. The development
of > 100 μm diameter follicles does not occur until shortly before the first estrus (McDougall
et al., 1997). One intriguing feature of dog gamete biology is that the bitch produces an
unusually high incidence (11%) of polyovular follicles (more than one oocyte/follicle),
considerably greater than, for example, the cat (4%) human (3%) and rhesus monkey (2%)
(Telfer and Gosden, 1987). The cause and significance of polyovular follicles remains unclear,
but perhaps results from a greater density of primordial follicles in the ovarian cortex of the
young dog so that some follicles actually merge with adjacent ones (Luvoni et al., 2005).
Polyovular follicles do not appear until shortly before the first estrus (Andersen and Simpson,
1973), and their number within the ovary is not influenced by bitch age (McDougall et al.,
1997). Interestingly, within the same follicle, the companion oocytes can be at different stages
of development or simultaneously one can be viable whereas the other is atretic (Barber et al.,
2001).

3. Oocyte growth
3.1. Structural aspects

The ultrastructure of dog oocytes at various stages has been described (Tesoriero, 1981). The
oocyte of the primordial follicle contains a large, central nucleus with nucleolus, many large,
rounded mitochondria, smooth endoplasmic reticulum and small Golgi bodies. At this early
developmental stage, the interconnection between the oocyte and follicle cells is incompletely
established (Tesoriero, 1981). The ZP in the oocyte of the primary follicle begins to form and
becomes more evident with cell growth. A more recent ultrastructural study has demonstrated
that the dog ZP is characterized by a mesh of fibrous network with numerous fenestrations of
intermediate size (Ström Holst et al., 2000). The thickness of the ZP of a fully grown oocyte
is ~10 μm, which interestingly is only two-thirds of that of another common carnivore, the cat
(Figure 1A) (Barber et al., 2001).

Mitochondria are present in increasing numbers throughout the oocyte’s growth period,
reflecting a natural increase in metabolic activity (Tesoriero, 1981). The cytoplasm of oocytes
from primary follicles has granular matrices and contains strands or lamellae of smooth
endoplasmic reticulum. Golgi bodies also increase in number. Lipid yolk bodies first appear
in the primary oocyte of growing follicles and increase throughout the entire process of
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oogenesis (Tesoriero, 1981, 1982). Although there is evidence for oocyte-granulosa cell
contact at this time, the two membranes are not fused (Tesoriero, 1981). In early antral follicles,
the oocytes fill with large, rounded mitochondria, and numbers of lipid yolk bodies continue
to increase. Cortical granules appear in the cortical region during this stage of oocyte
development. Regions of oocyte cytoplasm adjacent to the granulosa cell contact areas contain
large Golgi bodies and several mitochondria. Throughout development, the oocyte continues
to increase in size with increasing numbers of lipid yolk bodies giving it a dark appearance
that is markedly different from other noncarnivore mammalian species (Figure 1B) (Guraya,
1965; Tesoriero, 1982; Durrant et al., 1998). Thus far, it is unclear how this large amount of
intracellular lipid influences dog oocyte maturation and development. Nevertheless, we
speculate that some of the challenges associated with maturing dog oocytes using conventional
media and culture conditions are related to the inherently high intracellular lipid. Bitch oocytes
may require different culture conditions from those with lower lipid contents to allow them to
successfully mature and develop in vitro.

3.2. Biochemical aspects
3.2.1. Lipid yolk—Precursors of lipid yolk are transported from follicle cells through the ZP
(Guraya, 1965). In dogs of various breeds, analysis of total lipids extracted from oocytes has
revealed that intracellular lipids include saturated fats, triglyceride, cholesterol, phospholipids
and glycolipid. Furthermore, types and amounts of lipid fraction are consistent among
individuals within and between breeds (Tesoriero, 1982).

3.2.2. Zona pellucida—The ZP is easily visible in oocytes of developing secondary follicles
(although it is smaller in primary follicles and completely absent in primordial counterparts)
(Barber et al., 2001; Blackmore et al., 2004). There is remarkable species-specific carbohydrate
structure within the ZP and its cellular origin (Skutelsky et al., 1994; Barber et al., 2001;
Blackmore et al., 2004). Unlike the mouse ZP that is exclusively synthesized by the oocyte
(Rankin et al., 2000), dog ZP proteins originate from both granulosa cells and the oocyte and
are synthesized and expressed in a sequential fashion (Blackmore et al., 2004). Additionally,
expression of the ZP3 gene in dog oocytes cultured in vitro is dependent on the number of
cumulus cell layers surrounding the oocyte (Nickson et al., 1993). Oocytes with one layer of
cumulus cells show no (or little) ZP3 transcription during in vitro culture, and coincidentally
none of these oocytes are able to complete nuclear maturation in vitro. However, oocytes with
two or more layers of cumulus cells experience a rise in ZP3 expression with the peak of ZP3
transcripts occurring from 24 to 48 h after culture (Nickson et al., 1993). Moreover, oocytes
surrounded by > 2 layers of cumulus cells complete nuclear maturation at a greater frequency
than those surrounded by fewer layers (Nickson et al., 1993). This suggests that cumulus cells
play a crucial role in modulating dog oocyte nuclear maturation.

4. Oocyte maturation
Ovulation occurs from 2 days before estrus through 7 days after estrus (Phemister et al.,
1973) with most bitches ovulating by the third day after sexual receptivity (Holst and Phemister,
1971; Phemister et al., 1973; Tsutsui, 1989). The most distinctive feature of dog reproduction
is that oocytes are ovulated at the onset of the first meiotic division (i.e., the germinal vesicle
or GV stage; Pearson and Ender, 1943). Preovulatory follicles (4 to 13 mm diameter) release
oocytes (118 to 135 μm diameter) into the oviduct where GVBD occurs within 48 h (Holst and
Phemister, 1971; Farstad et al., 1989; Tsutsui, 1989; Renton et al., 1991; Reynaud et al.,
2005). Neither breed nor age of the bitch influences maturational kinetics of dog oocytes
(Reynaud et al., 2005). Nuclear maturation is completed 48 to 72 h post-ovulation in the
presence of elevated circulating progesterone (Wildt et al., 1978; Concannon et al., 1989;
Reynaud et al., 2005), when the oocyte reaches the mid-portion of the oviduct (Tsutsui,
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1989). A detailed study of oocytes/embryos obtained from 17 to 138 h post-ovulation
demonstrated that the first MII oocyte was observed at 54 h after oocytes were released from
the follicle (Reynaud et al., 2005). Cumulus expansion has been observed as oocytes mature
within the oviduct. However, the innermost layer of corona radiata remains attached to the
ovum after fertilization and until embryonic development to the morula stage (Pearson and
Enders, 1943; Holst and Phemister, 1971; Renton et al., 1991). Fertilized dog oocytes are
sustained within the oviduct for 9 to 10 days and then enter the uterus at the morula stage
(Holst and Phemister, 1971; Tsutsui, 1989; Renton et al., 1991) which is 3 to 5 days longer
than reported for the cat (Swanson et al., 1994), cow (Gordon, 1994) and mouse (Hogan et al.,
1986).

Because mating can occur as early as 3 days before ovulation (Renton et al., 1991), the
immature dog oocyte and spermatozoon meet in the oviduct, and sperm penetration may be
involved in inducing nuclear maturation, i.e., resumption of meiosis (Saint-Dizier et al.,
2001a, b). However, in vivo studies have reported that fertilization does not occur until 44 to
120 h after ovulation when the oocyte has completed nuclear maturation (Tsutsui, 1989;
Badinand et al., 1993; Reynaud et al., 2005). These observations in vivo contradict those made
in vitro. For example, Mahi and Yanagimachi (1976) demonstrated that maturation of the dog
oocyte is not a prerequisite for the spermatozoon to penetrate the ZP and undergo nuclear
decondensation. Additionally, Saint-Dizier et al. (2001a, b) recently have reported that dog
oocytes penetrated by spermatozoa in vitro resume meiosis and develop beyond MI at a greater
proportion than those devoid of spermatozoa. Thus far, there is no clear explanation for the
discrepancy between in vivo versus in vitro observations. It is known that oviductal cells can
maintain longevity of dog sperm by inhibiting calcium flux that, in turn, prevents sperm from
undergoing capacitation (Kawakami et al., 2001). Additionally, dog spermatozoa remain viable
in vivo for as long as 11 days after mating (Doak et al., 1967). Based on these observations, it
is possible that the discrepancy between in vivo and in vitro studies is related to delayed sperm
capacitation within the oviduct rather than the inability of oocytes to be fertilized.

There have been few studies on structural and biochemical alterations during oocyte maturation
in the dog. During meiosis, it is known that dog oocytes undergo cytoskeletal changes similar
to those observed in other mammalian species (Verlhac et al., 1994; Dedieu et al., 1996; Kim
et al., 1996; Velilla et al., 2005). Germinal vesicle-stage oocytes contain an extensive array of
subcortical microtubules and perinuclear tubulins. However, no well organized microtubule
network is detected at this developmental stage (Saint-Dizier et al., 2004). In GVBD oocytes,
a clear network of microtubules appears, and small tubulin asters are visible throughout the
ooplasm. At the MI stage, chromosomes are highly compacted, and microtubules are restricted
to the meiotic spindle. Microtubule organization of MII oocytes is similar to, but smaller than
that of MI oocytes (Saint-Dizier et al., 2004).

There also is a paucity of information on cell cycle control in canid oocytes. However, it has
been shown that activation of M-phase promoting factor (MPF) and mitogen activating protein
kinase (MAPK) is dependent on meiotic stage (Saint-Dizier et al., 2004). Kinase activities are
minimal in GV and GVBD oocytes, but significantly increase when oocytes develop to MI and
MII stages. Cumulus cells control MAPK activation and phosphorylation of blue fox (Alopex
lagopus) oocytes: ova completely surrounded by several layers of cumulus cells exhibit higher
MAPK activities than those surrounded only by the corona radiata (Kalab et al., 1997). Again,
this confirms a significant role(s) of cumulus cells in regulating development and maturation
of canid oocytes.
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5. Factors influencing developmental competence of oocytes cultured in vitro
5.1. Meiosis

Dog oocytes, like those of other species, are able to resume meiosis in vitro, but are not fully
competent to complete nuclear maturation. Since the first study reported by Mahi and
Yanagimachi (1976), numerous studies have been conducted on the impact of several factors
known to affect oocyte meiotic competency in other species.

5.2. Oocyte donor age, breed, stage of reproductive cycle and size of ovarian follicle
Age of the dog influences number of oocytes recovered from the ovary for maturation studies.
Durrant et al. (1998) and Ström Holst et al. (2001) have demonstrated that follicle and oocyte
yield were greatest in 1 to 6 year old bitches compared to younger (< 12 months) or older (≥
7 years) counterparts. It has been suggested that intraovarian oocytes from prepubertal bitches
(age 4 to 6 months) are incapable of resuming and completing meiosis (Haenisch et al.,
2003). At this stage of the dog’s life cycle, there seems to be few cell-to-cell connections
between the cumulus and either neighboring granulosa cells or the oocyte itself (Haenisch et
al., 2003). Oocytes from prepubertal bitches also have low protein synthesis, yet high metabolic
and transcription activities (Haenisch et al., 2003) indicating that these cells have not fully
acquired developmental competence. In contrast, when bitches are 6 months (peripubertal) to
7 years (fully mature) of age, there is no influence of donor age on oocyte meiotic competence
(Hewitt and England, 1998a; Songsasen et al., 2002). However, developmental abilities of the
oocyte are decreased substantially in bitches beyond the latter age (Hewitt and England,
1998a). Although limited data are available, it does not appear that bitch breed influences in
vitro nuclear maturational ability (Songsasen et al., 2002), although crossbred donors have
yielded more ovarian follicles than purebred bitches (351.8 ± 52.4 versus 288.1 ± 43.6) (Durrant
et al., 1998).

Published information on the relationship between stage of reproductive cycle and oocyte
meiotic competence is contradictory. Some investigators have indicated no association (Cinone
et al., 1992; Hewitt and England, 1997; Otoi et al., 2002; Rodrigues and Rodrigues, 2003b;
Songsasen and Wildt, 2005), whereas others have demonstrated that reproductive cycle stage
significantly impacts developmental capacity of the oocyte (Yamada et al., 1993; Luvoni et
al., 2001; Otoi et al., 2001; Willingham-Rocky et al., 2003; Kim et al., 2004; Rodrigues et al.,
2004). It does appear that oocytes obtained from preovulatory follicles and during the follicular
(estrous/proestrous) phase complete nuclear maturation more successfully than those
recovered during other reproductive stages (Yamada et al., 1993; Otoi et al., 2001; Kim et al.,
2004). Willingham-Rocky et al. (2003) similarly found that more oocytes from estrous bitches
develop to MII compared to those from proestrous and anestrous individuals. However, oocytes
from diestrous females were as able to achieve MII in vitro as those from females in estrus.
Stage of reproductive cycle also appears to influence fertilizing capacity because formation of
pronuclei has been observed more frequently in intraovarian oocytes collected from bitches at
the follicular compared to the luteal or anestrous stages (Rodrigues et al., 2004).

Differences in meiotic competence of oocytes across stages of the reproductive cycle are most
likely due to size distribution of follicles and oocytes during a given stage. Otoi et al. (2001)
have demonstrated that there are significant differences in mean (± SEM) diameter of follicular
oocytes recovered during estrus, diestrus and anestrus (119.2 ± 0.7, 107.7 ± 0.7 and 103.6 ±
0.8 μm, respectively). Moreover, more ≥ 120 μm diameter oocytes are recovered in a follicular
phase than in other reproductive stages (Otoi et al., 2001). This is important because we know
that oocytes must be at least 100 to 120 μm (Otoi et al., 2000, 2001) to allow meiotic resumption,
and nuclear maturation is enhanced in oocytes of 120 μm compared to smaller sizes (Otoi et
al., 2001). Although oocyte size appears important, it does not seem to be the sole factor limiting
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IVM success. Only approximately 20% of large oocytes (i.e. > 120 μm in diameter) complete
nuclear maturation in vitro (Otoi et al., 2000, 2001).

Recently, we demonstrated that follicle size significantly influences developmental
competence of the dog oocyte (Songsasen and Wildt, 2005). As many as 80% of oocytes from
follicles > 2 mm in diameter complete nuclear maturation in vitro compared to only 16 to 38%
of those from smaller (0.5 to < 2 mm) source follicles (Songsasen and Wildt, 2005).
Furthermore, we have discovered a relationship between stages of reproductive cycle and the
distribution of different size follicles. For example, ovaries of anestrous and diestrous bitches
contain more small follicles of < 0.5 mm diameter, whereas large follicles (> 2 mm) are mostly
observed mostly during proestrus/estrus (Songsasen and Wildt, 2005). Nevertheless, small
follicles can be observed within the ovaries of proestrous bitches, and occasionally a few large
follicles can be found in some diestrous individuals. When data were pooled based on
reproductive cycles, there were no significant differences in proportion of oocytes completing
meiotic maturation among groups (Songsasen and Wildt, 2005). Therefore, it is apparent that
the size of donor follicle is an important factor influencing developmental competency of the
dog oocyte. Most investigators recover oocytes using a random slicing technique (Luvoni et
al., 2005), thus resulting almost inevitably in a heterogeneous oocyte population that varies in
developmental stage and ability to complete nuclear maturation. This no doubt at least partially
explains differences in results among laboratories, across stages of the reproductive cycle and
the overall lesser incidence of IVM success for the species as a whole.

In anestrous bitches, there is a lack of communication between the ooplasm and cumulus cells
(Luvoni et al, 2001), and oocytes obtained during this reproductive stage may require different
culture conditions from those obtained during other periods. For example, culture density
significantly influences the ability of oocytes collected during anestrus to complete nuclear
maturation in vitro (Otoi et al., 2002). At high density (20 oocytes/100 μl of culture medium),
most oocytes obtained during anestrus (80%) arrest at the GV stage, while only 50% of those
obtained during diestrus arrested. When the culture density was decreased to 10 oocytes/100
μl of culture medium, more oocytes obtained during anestrus resumed meiosis and completed
nuclear maturation; these numbers were not significantly different from those of diestrous
counterparts (Otoi et al., 2002). Therefore, it appeared that differences in meiotic competence
between oocytes obtained from anestrous and diestrous bitches were eliminated by using
optimal culture density.

5.3. Culture medium
Three culture media have been tested for effectiveness in supporting maturation of dog oocytes
in vitro: TCM 199, synthetic oviductal fluid (SOF) and CMRL1066. Originally Hewitt and
England (1999b) reported no differences in maturation success between canine oocytes
cultured in a complex medium, TCM 199 versus SOF, a simple medium. But in a more recent
study, TCM 199 was found to be superior to SOF based on numbers of oocytes resuming
meiosis and developing to MI/AI/MII stages (Rota and Cabianca, 2004). Songsasen et al.
(2002) compared two complex media, TCM 199 and CMRL 1066 (routinely used for IVM of
rhesus monkey oocytes) and demonstrated that higher proportions of oocytes cultured in the
former (7 to 16%) completed nuclear maturation compared to the latter (0–1%). From a
constituency perspective, TCM 199 contains more vitamins and has a greater concentration of
cysteine and ascorbic acid than CMRL. It has been shown that cysteine and ascorbic acid
protect cells from oxidative stress and improve maturation of cow and mouse oocytes (de Matos
et al., 1997; de Matos and Fernus, 2000; Eppig et al., 2000). Furthermore, Kim et al. (2004)
showed that addition of a thiol compound, β-mercaptoethanol, to maturation media improved
meiotic maturation of dog oocytes. Perhaps the presence of these antioxidants is crucial for
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maturation of dog oocytes that contain large amount of intracellular lipid and are likely to be
susceptible to oxidative stress.

5.4. Culture interval
Dog oocytes require 48 to 72 h to complete nuclear maturation in vivo within the oviduct
(Tsutsui, 1989; Reynaud et al., 2005), an inordinate time interval perhaps related to the inherent
challenges of stimulating maturation in vitro. When recovered directly from ovarian follicles
and incubated, some oocytes advance to the MII stage by as early as 24 h of culture (Robertson
et al., 1992; Yamada et al., 1992, 1993; Nickson et al., 1993; Saint-Dizier et al., 2004).
Increasing the culture period to 48 h has resulted in more oocytes completing nuclear
maturation, but with few exceptions (Otoi et al., 2004; de los Reyes et al., 2005) a more
protracted incubation (beyond 48 hours) fails to increase the total number of MII oocytes
produced (Robertson et al., 1992; Yamada et al., 1992, 1993; Nickson et al., 1993; Songsasen
et al., 2003b; Saint-Dizier et al., 2004) and even increases oocyte degeneration (Nickson et al.,
1993; Luvoni et al., 2003; Songsasen et al., 2003b). Thus, the optimal interval for IVM of dog
oocytes appears to be 48 h, which also correlates to best embryonic development after IVF
(Otoi et al., 2004). Otoi et al. (2004) reported that more oocytes reached MII when they were
cultured for 72 h than those cultured for only 48 h, but the optimum maturation period was
found to be 48 h based on embryonic development after IVF.

5.5. Protein supplementation
The influence of protein supplementation on cultured dog oocytes has been examined
extensively, albeit with conflicting results (Hewitt et al., 1998; Otoi et al., 1999; Bolamba et
al., 2002; Songsasen et al., 2002; Rodrigues and Rodrigues, 2003a). Hewitt et al. (1998)
demonstrated that supplementing culture media with 0.3% bovine serum albumin (BSA) or 10
to 20% fetal bovine serum (FBS) appeared optimal for dog oocyte maturation when TCM 199
was the culture medium. When SOF, a simple medium was used, there was a need for a greater
concentration of BSA (4% w/v) to achieve a beneficial effect (Hewitt and England, 1999b).
However, Bolamba et al. (2002) contradicted these results by finding that protein
supplementation was nonessential for in vitro nuclear maturation of dog oocytes cultured in
SOF. Likewise, Songsasen et al. (2002, 2003b) and Songsasen and Wildt (2005) reported
greater proportions of MII oocytes after 48 h culture in a protein-free medium. Furthermore,
in vitro insemination has resulted in 30% of these oocytes developing into early stage embryos
(Songsasen et al., 2002).

Adding serum to maturation media results in greater percentages of oocytes with
undistinguishable nuclear organization after maturation (Hewitt et al., 1998). Addition of BSA
to media containing serum decreased the percentages of degenerated oocytes compared to
serum alone (Bolamba et al., 2002). Yet most studies to date have used serum as the protein
supplement in maturation media with the results being highly variable. Robertson et al. (1992)
supplemented culture media with 20% estrous cow serum (ECS), estrous bitch serum (EBS)
or FBS and found that more oocytes developed to MI/MII stage when cultured in the presence
of FBS. Estrous bitch serum (which has greater concentrations of estradiol and progesterone;
Otoi et al., 1999) has been found effective in supporting nuclear maturation in dog oocytes
(Nickson et al., 1993; Otoi et al., 1999). However, (Rodrigues and Rodrigues, 2003a)
demonstrated that there were no differences between BSA and ECS in supporting dog oocyte
maturation, but ECS was superior to EBS. The reasons for the differences among studies are
unclear, but may be due to how the bitch was classified at the time of blood collection (as a
source for supplemental serum). For example, Otoi et al. (1999) categorized that status of the
blood donor according to histological analysis of the ovaries. However, Rodrigues and
Rodrigues (2003a) used clinical signs (i.e., receptivity to mounting) and vaginal cytology as
criteria for classifying reproductive stage. Thus, it is likely that differences in progesterone and
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estradiol concentrations between the source of serum samples used to create the supplements
may have contributed to the conflicting results between studies.

5.6. Hormonal supplementation
5.6.1. Estrogen and progesterone—It has been suggested that canine oocytes may
require an environment with a greater estrogen concentration to stimulate nuclear maturation
(Nickson et al., 1993). Kim et al. (2005) recently reported that adding estradiol-17β to
maturation media significantly increased the proportion of dog oocytes developing to the MII
stage in vitro. However, this effect only occurred when follicular phase oocytes were used,
with minimal impact on those recovered during the anestrous or luteal phases. Progesterone
or the combination of progesterone and estradiol also positively influence nuclear maturation
of dog oocytes isolated during the follicular phase (Kim et al., 2005). In contrast, Willingham-
Rocky et al. (2003) found no benefits of progesterone supplementation on meiotic maturation
regardless of reproductive stage of the oocyte donor.

5.6.2. Gonadotropins—Unlike the domestic cat (Schramm and Bavister, 1995; Pope et al.,
1997; Comizzoli et al., 2003), supplementation of culture medium with gonadotropins fails to
promote meiotic maturation of the dog oocyte (Hewitt and England, 1999a). Furthermore,
adding LH to IVM media for the entire culture period significantly reduces the proportion of
dog oocytes developing to the MII stage (Songsasen et al., 2002). Although culturing oocytes
with gonadotropins for the entire incubation period is not beneficial, short-term or temporary
exposure of oocytes to FSH or LH may support nuclear maturation. For example, brief exposure
of oocytes to FSH induces mouse cumulus cells to produce a meiosis activating agent (Byskov
et al., 1997) and stimulates nuclear maturation and extrusion of the first polar body in mouse
and pig oocytes (Byskov et al., 1997; Xia et al., 2000). Similar results also have been reported
in the domestic dog wherein brief exposure of oocytes to equine chorionic gonadotropin (eCG)
promotes resumption of meiosis and enhanced ability to develop to MI/MII stages (Songsasen
et al., 2003b).

Because meiotic maturation occurs within the oviduct over a prolonged interval, the dog oocyte
is exposed to a vastly fluctuating extracellular environment that includes substantial alterations
in the endocrine milieu (Wildt et al., 1978; Concannon et al., 1989). Therefore, it could be that
more successful nuclear maturation in the dog is dependent on a culture system that more
effectively mimics the natural in vivo hormonal environment (Nickson et al., 1993; de los Reyes
et al., 2005). Especially intriguing may be the role of LH in promoting early preovulatory
follicular luteinization in the bitch (Wildt et al., 1978; Concannon et al., 1989). The induction
of preovulatory follicular development using exogenous steroid (estrone) and gonadotropins
(equine chorionic gonadotropin and human chorionic gonadotropin; hCG) is known to provoke
IVM of the dog oocyte (Yamada et al., 1993). Furthermore, culturing dog oocytes in the
presence of 10 IU of hCG for 48 h followed by an additional 48 h in its absence seems to
enhance the incidence of MII formation (de los Reyes et al., 2005). In the latter study,
supplementing culture medium with hCG promoted GVBD, probably by stimulating cumulus
expansion and disassociation of gap junctions between the cumulus cells and oocytes.
Interestingly, omitting hCG from the medium during the second half of the 96 h culture
increased MII oocyte formation compared to those cultured with hCG for the entire period (or
those cultured completely in its absence). In vivo, the dog oocyte completes nuclear maturation
several days after the LH peak occurs (Concannon et al., 1989). Therefore, it is likely that LH
exerts its influence on initiation of meiotic maturation through the cumulus cells (i.e., promotes
cumulus expansion and disrupts communication between cumulus cells and the oocyte).
However, its extended presence in vitro may not be essential or could even be detrimental to
oocytes during their progression from GVBD to MII stages.
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5.6.3. Growth hormone and growth factors—Supplementing IVM medium with bovine
somatotropin (BST) enhances meiotic maturation in the blue fox oocyte in the absence of
cumulus cell expansion (Sršeň et al., 1998). However, BST fails to improve the proportion of
domestic dog oocytes developing to the MII stage, although it appears to enhance meiotic
resumption (Songsasen et al., 2002). Furthermore, in contrast to observations in the blue fox
(Srŝeň et al., 1998), exposure to growth hormone seems to promote cumulus cell expansion in
the dog oocyte ( ure 1C) (Songsasen et al., 2002). Although expansion of the outer layer of
cumulus granulosa cells has been observed, the corona radiata has remained tightly packed
making it difficult to remove (Songsasen et al., 2002). Such patterns of cumulus expansion
have been found in blue fox oocytes exposed to FSH, but in the absence of enhanced nuclear
maturation (Srŝeň et al., 1998).

For several mammalian species, epidermal growth factor (EGF) in IVM medium is asserted to
be beneficial to oocyte development (Gomez et al., 1993; Schramm and Bavister, 1995; Izadyar
et al., 1998; Gall et al., 2005; Purohit et al., 2005; and see Farin et al., this volume). EGF
activates MAP kinase and EGF-receptors in the cumulus cells causing cumulus cell expansion
(Conti et al., 2006; Gall et al., 2005). In dogs, EGF influences meiotic maturation of oocytes
in a dose-dependent manner. The greatest numbers of MII oocytes were obtained after 72 h of
culture in the presence of 20 ng/ml of EGF (Kim et al., 2004). Furthermore, there appear to be
synergistic effects between LH and EGF, and between EGF and estradiol on nuclear maturation
(Bolamba et al., 2006). The proportion of oocytes developing to MI to MII stages increased
when EGF was added to a medium containing LH or estradiol compared to those cultured with
the gonadotropin or steroid alone. It has been suggested that LH enhances the meiotic
promoting effect of EGF via the cumulus cells by stimulating EGF mRNA expression (Conti
et al., 2006). Interestingly, adding EGF to medium containing FSH inhibits nuclear maturation
in the dog (Bolamba et al., 2006), probably due to the inhibitory effect of EGF on differentiation
of FSH-stimulated granulosa cells (Rusovici et al., 2005). Because of its possible interaction
with gonadotropins and estrogen, it is not surprising that EGF has failed to promote canine
oocyte maturation when FSH, LH and estrogen were present together in the culture medium
(Rota and Cabianca, 2004).

5.7. Meiotic inhibitory substances
Dog oocytes from small follicles are inherently unable to easily achieve meiotic maturation in
vitro (Bolamba et al., 1998; 2002; Songsasen and Wildt, 2005). Thus, a sequential culture
system that allows the oocyte to initially arrest at the GV stage and complete transcription and
undergo ultrastructural modifications essential for meiotic and cytoplasmic maturation could
be an effective means of enhancing IVM. In other mammalian species, the temporary inhibition
of meiosis using phosphodiesterase or a cyclin-dependent kinase inhibitor improves oocyte
developmental competence, including those obtained from small follicles (Funahashi et al.,
1997; Pavlok et al., 2000). Exposure of dog oocytes to the phosphodiesterase inhibitor,
dbcAMP, temporarily inhibited meiosis resumption (Songsasen et al., 2003b). Roscovitine (a
cyclin -dependent kinase inhibitor) has been found less effective than dbcAMP in maintaining
dog oocytes in meiotic arrest. Despite its ability to temporarily inhibit meiotic resumption,
dbcAMP fails to improve meiotic competency of dog oocytes after culturing them for an
additional 48 h in its absence (Songsasen et al., 2003b). It is likely that the duration of dbcAMP
exposure was insufficient for the oocytes to acquire the capability to complete nuclear
maturation (Pavlok et al., 2000).

5.8. Other supplements
Substances known to protect cells from oxidative damage and to promote oocyte maturation
(e.g., beta-mercaptoethanol or βME and insulin-transferrin-selenium combinations) also have
been tested on dog oocytes. Supplementation of TCM 199 with insulin-transferrin and selenium
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increases the number of oocytes developing to the MI/AI/MII stages (Rota and Cabianca,
2004). Besides protecting cells from oxidative stress, βME increases the production of
intracellular glutathione, which improves developmental competence of mammalian oocytes
(Abeydeera et al., 1998; de Matos and Furnus, 2000; Songsasen and Apimeteetumrong,
2002). In the dog, βME enhances nuclear maturation of follicular phase oocytes in a dose-
dependent fashion (Kim et al., 2004); the optimal concentration was 50 to 100 μM. At a lower
concentration (25 μM), βME failed to exert an effect (Songsasen et al., 2002).

Although it is well known that energy substrates play an important role in regulating oocyte
maturation (Downs and Mastropolo, 1994; Downs, 1995), few studies have examined their
influence on dog oocyte maturation. Glucose alone may not be sufficient as an energy source
for canine oocytes (Songsasen et al., 2002). It also appears that increased concentrations of
glucose (11.0 mM compared to 5.5 mM) in the absence of pyruvate inhibits developmental
competence of the dog oocyte cultured under high oxygen tension (~20%, Songsasen et al.,
2002; Songasen et al. 2003a). Furthermore, although supplemental pyruvate has no impact,
glutamine appears essential for ensuring nuclear maturation of the dog oocyte (Songsasen et
al. 2003a). Most recently, it has been determined that the dog oocyte utilizes glucose
predominantly, but that overall maturation in vitro is linked to both glucose and glutamine
metabolism (Songsasen et al., 2005).

5.9. Co-culture
The oviductal environment is comprised of the luminal oviductal cell surface (that is available
for cell-to-cell interaction between the sperm and ovum) and the oviductal fluid (Boatman,
1997; Verhage et al., 1997). Oviduct-specific proteins (high molecular weight glycoproteins)
are the major products produced by the oviductal epithelial cells (Verhage et al., 1997). It has
been suggested that the production of these oviductal proteins (OP) is regulated by the
reproductive cycle and, specifically, circulating estrogen (Verhage et al., 1997). The proteins
facilitate sperm capacitation and prevent polyspermic fertilization in the cow and pig (Verhage
et al., 1997) and promote embryo development in cultured mouse embryos (Xu et al., 2001).
Because dog oocytes complete maturation, undergo fertilization and develop up to the morula
or blastocyst stage within the oviduct (Renton et al., 1991; Reynaud et al., 2005), it is possible
that oviductal epithelial cells and proteins play a major role in successful maturation,
fertilization and early preimplantation embryo development in this species.

Hewitt and England (1999b) co-cultured dog oocytes with conspecific oviductal epithelial cells
and found no improved developmental competence. However, most of the epithelial cells were
derived from diestrous bitches, which may well lack the proteins essential for promoting
meiotic maturation because oviductal secretory cells are mostly active during estrus (not
diestrus). Intraoviductal concentrations of glycosaminoglycans are higher in estrual compared
to anestrous bitches (Kawakami et al., 2000). In fact, culturing dog oocytes with oviductal cells
recovered from an estrual bitch improved the proportions of oocytes resuming meiosis and
developing to the MII stage (Bogliolo et al., 2002; Luvoni et al., 2003).

Because the morphological and ultrastructural features of secretory cells can vary along the
length of the oviduct (Abe, 1994), it makes sense that region of the oviduct where the cells are
recovered could impact type and concentration of protein produced, thus dictating the ultimate
effect on the developing oocyte. However, Bogliolo et al. (2002) has partially addressed this
issue in the dog, discovering that oviductal cells from both the infundibulum and the ampulla
are equally able to promote meiotic maturation in this species. It also is worth noting that
physical interaction between the oocyte and the oviduct may positively influence oocyte
maturation (Luvoni et al., 2003). Co-culture of oocytes within the ligated oviduct increased
the proportions of GVBD and MI-MII oocytes compared to those cultured without oviduct or
on the mucosal epithelium of the open oviduct. However, culturing oocytes in ligated oviducts
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for longer than 30 h resulted in degeneration of a greater proportion of oocytes (Luvoni et al.,
2003), probably due to a hostile environment caused by degenerating somatic cells. In a
subsequent study, Luvoni et al. (2003b) described a sequential system comprised of 24 h culture
of oocyte in the presence of oviductal cells followed by 48 to 72 h in medium devoid of somatic
cells. Compared to culturing oocytes with oviduct cells for the entire period, the sequential
system improved the ability of dog oocytes to resume meiosis and reduced numbers of
degenerating oocytes.

Thus far, production of blastocysts after IVF of in vitro matured oocytes has been reported in
only one study (Otoi et al., 2000). In this case, the oocytes were cultured in a feeder layer of
bovine cumulus cells that had been cultured with bovine embryos for 13 to 14 days. Although
frequencies of oocyte maturation and development were low, successful production of in
vitro-derived embryos might have resulted from embryotropic factors produced by bovine
cumulus cells or embryos.

The influence of spermatozoa on oocyte maturation in the domestic dog still remains to be
investigated. Dog spermatozoa are known to have the capacity to penetrate immature,
conspecific oocytes in vitro and to form a male pronucleus (Mahi and Yanagimachi, 1976).
Saint-Dizier et al. (2001a, b) recently reported that sperm penetration resulted in greater
percentages of dog oocytes resuming meiosis and developing beyond the MI stage compared
to nonpenetrated counterparts. In a contemporary investigation, Rodrigues et al. (2004) found
that only 4% of dog oocytes cultured for 48 h developed to MII. However, when cultured for
48 h and inseminated in vitro, more oocytes fertilized (24% forming pronuclei) and developed
to early stage embryos (13% becoming 4 to 8 cells). If and how the spermatozoon exerts its
influence is unknown. However, during mammalian fertilization, spermatozoa induce
oscillatory changes in the oocyte’s intracellular Ca2+ that are essential for completing the
second meiotic division and proceeding with embryo development (Whitetaker and Partel,
1990). It has been suggested that extra- and intra-cellular Ca2+ may play an important role in
resumption and completion of meiosis (Whitetaker and Partel, 1990; Kaufman and Homa,
1993; Homa, 1995). Thus, it is possible that penetration of the dog oocyte by the spermatozoon
induces meiotic resumption via one or more Ca2+-dependent pathways.

6. In vitro fertilization and embryo production
In vitro embryo production has not been successfully and reliably applied to the dog. Mahi and
Yanagimachi (1976) reported the first IVF attempt in this species and achieved approximately
20 to 30% fertilization judged by the presence of swelling sperm nuclei within the oocyte.
Songsasen et al., (2002) inseminated in vitro cultured oocytes and found that 34% of these
oocytes were penetrated by spermatozoa. Normal fertilization (judged by the presence of two
pronuclei and a single sperm tail within the cytoplasm) was observed only in 4% of the oocytes.
In the same study, these authors obtained 7 early stage embryos (2- to 12-cells) after IVF of
85 oocytes (Figure 1D). In a more recent study, Rodrigues et al. (2004) achieved 30%
fertilization of oocytes, half of which were polyspermically fertilized. These authors also
reported that overall fertilization rate was superior with oocytes derived from bitches at the
follicular (42.5%) and anestrous (34.3%) than at the luteal stages (18.6%). Overall embryonic
development in that study was 10% with none of the embryos developing beyond the 8-cell
stage.

There has only been one study reporting blastocyst development after IVM/IVF of dog oocytes
(Otoi et al., 2000). In that study, 217 cultured oocytes were inseminated, but only one blastocyst
was produced. Thus far, there has been only one attempt at transferring IVM/IVF dog embryos.
England et al. (2001) obtained oocytes from estrus-induced bitches and cultured them for 24
to 72 h before IVF. The authors transferred 88 1- and 2-cell embryos to recipients and reported
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a single pregnancy by ultrasound on Day 20 after embryo transfer. However, the pregnancy
was lost two days later.

7. Conclusions and priorities for the future
Meiotic maturation is a biologically complex event that proceeds under the orchestrated
influences of intrinsic and extrinsic factors. The foundation for successful oocyte maturation
and fertilization is established during the gamete’s growth and differentiation when it is in
intimate communication with the follicle. Although mechanisms regulating nuclear maturation
have been extensively studied in the mouse and cow, direct application of knowledge from
these two animals to other species, including the dog, has not been successful. Clearly, there
are species-specificities in mechanisms regulating meiotic maturation.

Because there are no data on mechanisms controlling oocyte maturation in the dog, future
research should be directed toward identifying intrinsic and extrinsic factors regulating oocyte
maturation in this species. These include (1) molecular and cellular studies on activation and
phosphorylation of protein kinase and expression of gene (mRNA and protein concentrations)
controlling cell cycle during the processes of folliculogenesis and oogenesis and (2)
identification of the role of the follicle, oviduct and spermatozoa on oocyte maturation.
Furthermore, determining metabolic rates of the oocyte would be particularly useful for (1)
establishing normative metabolic requirements, and (2) optimizing culture conditions for
enhanced IVM and IVF.

We assert that the study of a unique species – the dog - will shed light on novel mechanisms
that will increase our overall understanding about mammalian oocyte maturation. For dogs,
this scholarly knowledge will be beneficial to advancing in vitro culture and fertilization
systems targeting immature oocytes that eventually will be useful in the management and
conservation of valuable canine genotypes.
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Fig. 1.
Photomicrographs of: (A) domestic dog and cat oocytes; (B) a dog oocyte surrounded by
several layers of cumulus cells; (C). a dog oocyte after 48 h culture in a medium supplemented
with 1 to 10 μg/ml bovine somatotropin; and (D). dog embryos (48 post insemination) derived
from in vitro matured oocytes.
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Table 1
Follicle classification and diameter in relation to fetal (or bitch) age during which each class are found within
the ovary

Classifications Age (days) Follicle diameter (mm) References

Primordial 17–54 0.04 – 0.05 Andersen and Simpson (1973); Tesoriero
(1981); Barber et al. (2001); Blackmore et al.
(2004)

Primary or preantral 120 0.050 – 0.08 Durrant et al. (1998); Barber et al. (2001);
Secondary or advanced
preantral

NA 0.148 – 0.211 Durrant et al. (1998); Barber et al. (2001)

Tertiary or early antral 120–160 0.350 – 0.360 Durrant et al. (1998); Barber et al. (2001).
Advanced antral 240 2–13 Wildt et al. (1977); England and Allen (1989)
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