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Abstract

The IVM of canine oocytes is characterized by low rates of metaphase II. The objective of this
study was to evaluate the effects of hCG on meiotic development of canine oocytes for culture periods
up to 96 h. Oocytes were collected after ovariohysterectomy. Only oocytes >110 pm in diameter,
with a homogeneous dark cytoplasm and three or more layers of compact cumulus cells were used.
For IVM, the COCs were cultured in TCM-199 + 10% fetal calf serum, without (medium A control)
or supplement with 10 [U/mL of hCG (medium B), or with a combination of both media (treatment B/
A). The COCs were randomly allocated into three groups. The first and second groups were cultured
in either medium A or B, respectively for 24, 48, 72, and 96 h. Oocytes of the third group (treatment
B/A) were incubated in medium with hCG (medium B) the first 48 h and then transferred to medium
without hCG (medium A) for an additional 24 or 48 h. The proportion of COCs with cumulus cell
expansion was also evaluated before fixation. Oocytes were stained with propidium iodide prior to
nuclear assessment (with epifluorescence microscopy). COCs with cumulus expansion were evident
after 48 h of culture. The proportion of COCs with cumulus expansion was higher (P < 0.05) for
media containing hCG (B or B/A) than for meda lacking hCG (A); this difference was maintained for
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72 and 96 h in culture. In media A, B and B/A, 23.3,31.7 and 29.5%, respectively, of oocytes were at
metaphase II after 72 h, with 20.7, 33.1 and 43.4% at this stage after 96 h. The advancement of
meiosis was directly proportional to the time of incubation; the highest percentage (P < 0.05) of
oocytes at metaphase II was observed after 96 h of culture when 10 IU/mL hCG was present for only
the first 48 h of culture.
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1. Introduction

The implementation of in vitro reproductive technologies in the domestic bitch would
be useful for this species, as well as a model for reproductive studies of endangered canine
species. Successful maturation of oocytes is a prerequisite for fertilization and further
embryo development. Although in vitro protocols for nuclear maturation in canine oocytes
have been conducted with various maturation media [1-6], IVM and IVF in canines have
not been as successful as in other mammalian species (e.g. livestock and laboratory
animals). This low efficiency may be due to differences in oocyte maturation; canine
oocytes are spontaneously ovulated at the germinal vesicle stage as primary oocytes,
whereas oocyte maturation occurs within the ovarian follicle in the majority of mammals
[7]. In the bitch, completion of meiotic maturation to second metaphase occurs in the
oviduct and requires an extended period (2-5 days) [8,9]. Acquisition of nuclear and
cytoplasmic competence is controlled by intercellular communication between cumulus
cell and the oocyte [10]. Another problem in obtaining in vitro maturation of canine
oocytes may be related to the failure of cumulus cells to stimulate meiotic resumption [11].

Most of the protocols for IVM of canine oocytes have been adapted from those used in
other mammals, without considering canine-specific requirements. Some culture
conditions, such as protein concentration, co-culture with supplementary oviductal
epithelial cells [2] and addition of glycosaminoglycan [12], are important factors for the
successful in vitro maturation of canine oocytes. Hormonal supplementation of culture
media has been previously attempted to improve oocyte development [13,14]. In other
species, the addition of gonadotrophins to the [IVM media enhanced nuclear maturation of
oocytes [15-21]. In canines, however, there was no improvement in maturation rate when
hormones were present during the entire incubation period [13,22]. In order to optimize
IVM of canine oocytes, it is important to consider the dynamics of the preovulatory follicle
and the physiological environment of the oviduct in the dog. The time of ovulation in
canines and its relationship with the subsequent gamete development in vivo has been
described [23]. Ovulation occurs 24—72 h after the surge of luteinizing hormone (LH) at the
beginning of estrus [8,24] and the LH surge lasts 48—96 h [25]. Both pre- and post-
ovulatory canine oocytes are exposed to varying concentrations of gonadotrophins;
therefore, oocyte maturation may be influenced by decreasing levels of LH, which exerts its
action through granulosa cells [26]. Yamada et al. [27] found that canine oocytes that had
been exposed to gonadotrophins in vivo matured faster than controls. For IVM in canines,
oocytes are removed from a gonadotrophin-rich environment; therefore, meiotic
maturation of oocytes may be affected by the degree and duration of hormonal exposure.
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The objective of the present study was to evaluate the effect of exposure of canine oocytes
to human chorionic gonadotrophin (hCG; with LH-like activity) during different culture
periods on IVM.

2. Materials and methods
2.1. Oocyte preparation

Ovaries were obtained from 70 healthy adult domestic bitches of different breeds by
ovariohysterectomy. Ovaries were transported to the laboratory (within 2 h after removal)
in pre-warmed saline solution at 37 °C (0.9% NaCl with 100 IU/mL penicillin). In the
laboratory, cumulus-oocytes complexes (COCs) were released by slicing the ovarian cortex
with a scalpel blade. After two washes in PBS (supplemented with 11.2 mg/mL pyruvic
acid, 10% fetal calf serum and 50 pg/mL streptomycin (all from Sigma, St. Louis, MO,
USA), the COCs were selected according to oocyte diameter (>110 pwm), measured with a
micrometer disc (Bausch and Lomb, USA), three or more compact cumulus cell layers, and
darkly granulated cytoplasm (Fig. 1). The selected COCs were placed in 35 mm petri
dishes (Falcon # 3001; Becton Dickinson, Lincoln Park, NY, USA), containing 0.5 mL of
TCM-199 (Earle’s salt, buffered with 25 mM Hepes; Invitrogen, Grand Island NY, USA),
supplemented with 10% FCS and 11.2 mg/mL pyruvic acid.

2.2. In vitro maturation of oocytes

In each replicate, COCs were randomly allocated into three groups of 40—50 oocytes for
culture under three different conditions. The first group of COCs were cultured in a

Fig. 1. Stereomicroscopic photograph of a selected bitch oocyte for in vitro maturation.
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medium (Medium A) which was prepared with TCM-199 (Earle’s salt, buffered with
25 mM Hepes; Invitrogen), supplemented with 10% FCS, 11.2 mg/mL pyruvic acid and
5 nL/mL antibiotic solution (12.2 mg/mL penicillin and 20 mg/mL streptomycin; Sigma),
pH 7.4. The second group of COCs were cultured in the same medium, but with the
addition of 10 IU/mL of hCG (CG-5, Sigma), designated as Medium B. Group 1 or Group 2
were cultured in media A or B, respectively for 24, 48, 72, and 96 h. The third group of
COCs were cultured in Medium B (with 10 IU/mL of hCG) for the first 48 h, then
subsequently transferred to Medium A (without hCG), for an additional 24 or 48 h (B/A).
In each experiment, COCs of each treatment were placed in 100 pL culture drops, each of
which contained not more than 8—10 COCs, covered with mineral oil (Sigma). All cultures
were performed at 38.5 °C in a humidified atmosphere of 5% CO,.

2.3. Assessment of oocyte maturation

The effects of hormonal culture conditions on cumulus expansion during each period
were assessed by stereomicroscope examination, subjectively considering mucification
when the oocyte was surrounded by completely dispersed follicle cells. For nuclear
development evaluation in each treatment group, the COCs were removed from the drops
and denuded by agitating in a test tube containing sodium citrate (5 mg/mL in PBS).
Denuded oocytes were mounted and fixed in acetic acid/methanol/chloroform (3:6:2 v/v)
[28,29] for 3 min and then in acetic acid/methanol (1:3 v/v) fixative for 3 d. The oocytes
were stained with 0.1% propidium iodide (PI; Molecular Probes, Eugene, Oregon, USA)
for nuclear assessment using an epifluorescence microscope Nikon Optiphot 2 (Nikon,
Kawasaki, Japan).

Nuclear stages were classified as: (a) immature or germinal vesicle (GV), when the
nuclear envelope was clearly visible; (b) resumption of meiosis or germinal vesicle break
down (GVBD), when the nuclear envelope was no longer visible and the chromatin was
dispersed; (c) metaphase I to telophase I (MI to Tel I), when chromosomes were condensed
and present in equatorial view or when the chromosomes were migrating to the poles; and
(d) mature (metaphase II), when chromosomes were in second metaphase with the
extrusion of the first polar body. Oocytes with unidentifiable chromatin were discarded.

2.4. Statistical analysis

Oocytes were allocated into groups for media used and duration of culture. More than
1200 COCs were evaluated for cumulus cell expansion in 10 experimental replicates.
Almost all those oocytes evaluated for cumulus expansion and additional oocytes in two
more experimental replicates (1500 oocytes) were evaluated for meiotic development (12
experimental replicates). The proportion of oocytes with expanded cumulus cell
(mucification) and the proportion of those reaching each stage of nuclear maturation in
each treatment group and during each culture period were arc-sine transformed, and
evaluated by ANOVA (Statistical Analysis System, SAS Institute, Cary, NC, USA) [30].
The model included the main effects of culture media, duration of culture, and their
interaction for each stage of nuclear development (P < 0.05 was considered significant).
Differences among means were located with Tukey tests.
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Table 1
Mean £ S.E.M. (total) number of canine oocytes with cumulus cell expansion following in vitro culture (different
media and duration of culture)

Medium Duration of culture (h)

24 48 72 96
A 3.8+ 1.7 (109) 21.7* £2.9 (120) 42.8" +3.3 (137) 422+ 2.7 (115)
B 6.3 £ 1.9 (103) 36.5" £ 3.3 (170) 62.8% + 3.2 (153) 64.1° + 2.1 (122)
B/A - - 64.8" + 2.0 (182) 70.1" + 3.8 (153)

(A) Medium: TCM-199; (B) Medium TCM-199 with hCG (10 IU/mL); B/A: B medium first 48 h and A medium
the last 24 or 48 h. There were effects of media (P = 0.0001) and duration of culture (P = 0.0001).
* Within a column, means with different superscripts are different (P < 0.05).

3. Results

The presence of hCG in the culture medium enhanced (P < 0.05) cumulus cell
expansion after 48 h of incubation. Maximum percentages (P < 0.05) of oocytes with
cumulus expansion were observed at 72 h after the start of incubation, with no further
increase at 96 h (Table 1). The progression of meiosis (Table 2) was evaluated after staining
with propidium iodide. The percentages of oocytes at the GV stage (Fig. 2a) were high at
24 h, irrespective of the presence of hCG in the culture medium. GVBD stages (Fig. 2b)
were especially abundant at 48 h. Higher percentages (P < 0.05) of oocytes at MI-Tel I
(Fig. 2c or d) and metaphase II (Fig. 2e) were observed after 72 and 96 h in culture
(Table 3).

Meiotic maturation was evaluated in nearly all oocytes. After 72 h of culture, there were
no differences (P > 0.05) in nuclear development when hCG was present for the whole
period (Medium B) or only for the first 48 h (Media B/A). After 96 h, the proportion of
oocytes arrested at the GV stage was low in all groups. At this time point, the percentage of
oocytes at metaphase II was different (P < 0.05) among the three treatments; the
percentage of oocytes that had reached metaphase II was highest in oocytes cultured with
hCG for only the first 48 h, whereas the lowest percentage was in those cultured without
hCG (Table 3).

The percentage of mature oocytes (metaphase II) increased (P < 0.05; Fig. 3) when
culture time was extended up to 72 h in culture, irrespective of hCG supplementation. At
96 h, the percentage of metaphase II was significantly higher in medium containing hCG
for the first 48 h, than that at 72 h in the same medium (B/A group) and than those in media
A and B at 72 or 96 h.

Table 2
Number of canine oocytes examined for nuclear development in each media and for each culture time
Medium Duration of culture (h)

24 48 72 96
A 109 159 116 125
B 103 238 150 142
B/A - - 116 315
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Fig. 2. Photomicrographs of canine oocytes stained with propidium iodide (PI) showing: (a) fluorescent germinal
vesicle (GV) (x100); (b) fluorescent nuclear labeling with chromatin condensation and dissolution of the nuclear
membrane. Germinal vesicle break down (GVBD) (x 100); (c) fluorescent nuclear labeling with chromosomes in
first metaphase (MI) (x200); (d) fluorescent nuclear labeling with chromosomes in first telophase (Tel I) (x400);
(e) fluorescent nuclear labeling with chromosomes in second metaphase with extrusion of first polar body (x200).

4. Discussion

In this study, the time of exposure of canine oocytes to hCG affected in vitro maturation.
The oocytes used were recovered from bitches at various reproductive stages; although the
number of oocytes recovered during estrous may have been numerically higher than
oocytes recovered during other stages, in most reports there was not association between
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Table 3
Mean £ S.E.M. of canine oocytes with different nuclear status following in vitro culture (different media and
duration of culture)

Nuclear status Medium Duration of culture (h)
24 48 72 96

GV A 682 +34 1.1+ 2.5 45+ 1.7 62+25
B 61.7+4.6 56°+1.2 30+ 14 1.8+1.3
B/A - - 38+ 1.7 32+0.8

GVBD A 28.5+3.3 73.3* +£3.1 59.2* +£34 53.8" £2.6
B 285+38 629"+ 2.5 39.9* +£2.7 334*+29
B/A - - 45.1* +£4.0 35.6°+24

MI-Tel 1 A 09+0.9 88+ 1.5 13.0" + 2.9 19.3* £2.6
B 24+12 8.1+1.6 254%+2.3 3170+ 2.1
B/A - - 217+ 1.9 17.9* £ 1.8

MIIL A 24+ 13 6.8+ 1.9 233*+3.2 20.7* +2.3
B 70+£19 234" +£2.6 31.7°+ 2.6 33.1"+£23
B/A - - 29.5°+2.8 434* +2.1

(A) Medium: TCM-199; (B) Medium TCM-199 with 10 Il hCG; B/A: B medium first 48 h and A medium the last
24 or 48 h. GV: germinal vesicle; GVBD: germinal vesicle break down; MI-Tel I: metaphase I to telophase I; MII:
metaphase II. There were effects of media (P = 0.0001) and duration of culture (P = 0.0001). Interaction media-
duration of culture was significant in GVBD and MI-TI (P < 0.05).

* Within a column, means with different superscripts are different (P < 0.05).

meiotic competence and reproductive state [1,28,31,32]. Therefore, the parameters used in
this study for selecting oocytes were those reported to favor meiotic competence, including
oocytes >110 wm in diameter [1,5,29], and homogeneous dark cytoplasm with three or
more layers of compact cumulus cells [33].

That canine oocytes are difficult to mature in vitro may be attributed to their in vivo
maturation in the oviduct [34] and probably to the inability of cumulus cells to stimulate
and control the resumption of meiosis [11]. In rat oocytes, there is a decrease in the net area
of cumulus cell gap junctions after administration of hCG [35]; the loss of cumulus gap
junctions has been associated with GVBD and cumulus expansion [36]. There are few
reports on cumulus cell function during oocyte development in canids. Wen et al. [37]
reported that hCG supplementation more effectively promoted cumulus cell development
at 24 and 36 h of IVM of silver fox oocytes. In contrast, in the present study, few oocytes
with cumulus cell expansion were observed at 24 h in each of the different culture systems.
Nevertheless, after 48 h of culture, a greater proportion of oocytes with mucification were
present, especially when cultured with hCG supplement. This is in accordance with in vivo
studies in fox oocytes; gap junctions were present within the ovary and each junctional
contact was disrupted 2-3 days after the LH surge [38]. Gap junction communications
between the cumulus cells and the oocyte are involved in the regulation of oocyte meiotic
maturation and development; this role of cumulus cells seems to be more essential in canids
than in other mammals [10]. Even though the use of other gonadotrophins (e.g. FSH) has
also been tried in canids [39] and other species [40-42], it caused a further arrest of meiotic
progression in blue fox oocytes [13]. In this study, we excluded other hormones, so as not to
confound the effects of hCG. Nevertheless, other gonadotrophins and steroids may have
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Fig. 3. Percentage of selected bitch COCs cultured in different maturation media reaching second metaphase,
according to the time of culture.

been present in fetal serum products. Since all maturation conditions contain serum
components, it becomes necessary to assess hormonal contributions in media with FCS or
BSA in order to support normal development.

In the current work, both duration of culture and the addition of hCG had a highly
significant effect upon the nuclear maturation of bitch oocytes. In contrast, Hewitt and
England [22] reported that supplementation with LH and/or FSH did not affect the
proportion of canine oocytes undergoing meiotic development. However, hormonal
supplementation may vary among culture systems. Furthermore, the concentration of
gonadotrophins is difficult to compare among studies due to potential differences in purity.

Duration of culture has been previously reported as influencing IVM of canine oocytes
[1,9,27]. In blue fox females, oocytes in metaphase I have been found in oviducts 24 h after
ovulation (i.e. 72 h post LH peak), and oocytes in the second metaphase have been
observed after 48—72h of ovulation [38]. Therefore, resumption of meiosis may be
achieved at 24 h and is more evident at 48 h under physiological conditions, when the
oocytes are still exposed to LH. This was consistent with our results; in the present study,
almost 30% of oocytes resumed meiosis at 24 h of culture (GVBD stage), but it was not
until 48 h of culture that a significant increase of meiotic development occurred. Prior to
this time, the proportion of oocytes that remained at the germinal vesicle neared 70% and
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no differences were observed between gametes cultured with or without hCG. Prolonged
culture (up to 72 h) lead to a majority of oocytes that underwent GVBD and reached first
and second metaphase in each culture media. Nevertheless, gametes which were under the
influence of hCG resumed meiosis earlier and had a higher proportion with meiotic
development versus those without hCG. One mechanism by which LH/hCG
gonadotrophins may enhance IVM of oocytes is by modification of the nutritional
environment to increase the energy available for oocyte development. In support of this
theory, it is known that these gonadotrophins increase glycolysis and mitochondrial
glucose oxidation in oocyte-cumulus complex [43] and enhanced glucose metabolism
during IVM of bovine oocytes has been associated with developmental competence [44].

The change in gonadotrophin concentration during culture has not been previously
described for canine oocytes; this may be an important factor, considering physiological
events in vivo. In previous studies, the addition of hormones (including hCG) was restricted to
the first culture period and improved the IVM and IVF rate in pig oocytes [45,46]. LH
promotes follicular luteinization prior to ovulation in the bitch [24,47] and it has been
suggested that the preovulatory development of canine oocytes (induced by exogenous
gonadotrophin) may be important for subsequent maturation in vitro [9]. The removal of hCG
supplement from maturation medium 48 h after the start of culture significantly improved the
ability of bitch oocytes to mature to the second metaphase (at 96 h of culture), as compared to
supplementation with hCG during the whole period or no hormonal supplementation. It is
noteworthy that the acquisition of meiotic competence is a two-step process; the oocyte first
achieves the ability to undergo germinal vesicle break down and later becomes progressively
more capable of completing meiotic maturation to metaphase II [48]. Perhaps in the initial
period of culture, the oocyte, via cumulus cells, may be more dependent on LH stimulation
than in subsequent culture periods; therefore, hormonal supplementation (mainly LH) is not
required throughout the entire culture period. Furthermore, canine oocytes that mature in vivo
in oviducts presumably complete meiotic development to metaphase II in the absence of LH
and FSH. Perhaps hormonal changes during maturation in vivo are of considerable
importance for gamete development and may help explain the differences in developmental
competence between oocytes matured in vivo and in vitro.

In conclusion, hCG supplementation was beneficial to meiotic resumption of canine
oocytes; exposure to hCG during only the first 48 h improved the rate of metaphase II after
96 h culture. Further investigations regarding the dynamics of hCG (and potentially other
hormones) on IVF are needed.
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