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Abstract — The process of oocyte maturation in the canine species is unique among mammals:
oocytes are immature at ovulation and the resumption and progression of meiotic maturation occur
in the oviduct. This study was performed to investigate (i) the effect of co-culture with infundibulum
and ampullar oviductal epithelial cells on the in vitro maturation of canine oocytes and (ii) the cul-
ture time necessary to reach full meiotic maturation. For this purpose the oocytes, collected from the
ovaries of bitches undergoing ovariectomies, were divided into three groups and cultured for 48 and
72 h with the following systems: (A) TCM 199 + 10% oestrus bitch serum + FSH (@nL1Y),

LH (0.1 IUmL™1)+ progesterone (jkg:-mL™1) + oestradiol (lug.mL™Y) + cysteamine (10QM);

(B) medium A plus infundibulum cells; (C) medium A plus ampullar cells. Infundibulum and ampullar
cells were recovered from the oviducts of bitches at the oestrus stage of their cycle. The results
showed that after 48 h of incubation, a significantly higher meiotic resumRiern0(01) was
observed in the oocytes cultured with infundibulum (59%) and ampullar cells (60.0%), than in the con-
trol group (40.0%). There was also a significanfy(0.01) higher meiotic progression to the M|

in systems B and C (15.6% and 16.7%) than in system A (4.0%). After 72 h of culture, the percent-
ages of meiotic resumption and progression were unchanged. These results showed that both the
infundibulum and the ampullar oviductal epithelial cells positively influence the meiotic resumption
and progression of canine oocytes and that 48 h are sufficient for the completion of nuclear maturation.
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1. INTRODUCTION due to the peculiar reproductive process of
this species including the hormonal environ-
The development of the assisted reproment and meiotic resumptlpn and progres-
ductive techniques including in vitro mat- sion. In fact, preovulatory follicular luteiniza-
uration (IVM), in vitro fertilization (IVF) tion occurs in bitches, resulting in the
and embryo culture (IVC) in Canids hasexposure to Increasing concentrations of pro-
been relatively slow compared to that ogesterone before ovulation. In most mam-
other species. Current methods for inducmals the oocyte is primarily exposed to high
ing bitch oocyte maturation in vitro are sub-concentrations of oestrogen before ovulation.
optimal and the results obtained are pooln addition, canine oocytes are ovulated at
compared to those achieved routinely irthe germinal vesicle stage; the completion
most other domestic animals [7]. The perof meiotic maturation takes place in the mid-
fection of in vitro maturation in the bitch is dle part of the oviduct and the oocytes reach
a prerequisite for in vitro embryo produc-metaphase Il by 3-4 days after the LH peak
tion for future salvage programmes in[15], whereas other mammalian oocyte mat-
endangered canine species. uration occurs within the ovarian follicle.

Several studies have attempted to improv  In the present study we investigated the
in vitro maturation of canine oocytes usingbenefits of co-culturing canine oocytes with
different culture systems and media [10—14]infundibulum or ampullar oviductal epithe-
Reports in the literature describe the effect clial cells collected during the oestrus stage.
the addition to the culture medium of dif- We studied its effect on the in vitro matu-
ferent types and concentrations of proteirration of bitch oocytes and the time neces-
sources including fetal calf serum [18, 28] sary to induce full meiotic maturation.
oestrus bitch serum [19, 20], bovine serun
albumin [10, 12, 14] and the addition of
gonadotrophins or steroids [10, 12]. Som¢ 2. MATERIALS AND METHODS
authors [14] have shown that supplemente )
tion with 0.3% BSA has a positive effect 2.1. Chemicals
on the in vitro maturation of canine oocytes
others [19, 20] have obtained a high mei- All chemicals in this study were pur-
otic maturation of oocytes after the additiorchased from the Sigma Chemical Company
of 10% oestrus bitch serum to the culture(St. Louis, MO) unless otherwise stated.
medium. The stage of the oestrous cycle ¢
the donor animal [10, 19], the age of the
bitches, oocyte size [11, 21] and nuclearan  2-2- OOCyte recovery

cumulus morphology are also important fac: ) )
tors related to the in vitro meiotic compe- Ovaries were harvested from 23 bitches

tence of canine oocytes [19]. at various stages of the oestrus cycle dur-
ing routine ovariohysterectomy at local vet-
erinary clinics. No attempt was made to
divide the oocytes according to the stage of
the oestrus cycle of the animals. The bitches,
of various breeds and aged 1-7 years, were
all healthy at the time of surgery. The
. X . ovaries were immediately placed in phos-
ggh'zeg e the highest maturation rates [8, 1‘phate-buffered saline (PBS) containing peni-
. 28]. cillin-G potassium (10Qg.mL™1) and strep-
The difficulty in obtaining high rates of tomycin sulphate (10Qg.mL™1) at 37 °C.
in vitro matured bitch oocytes is probablyWithin 2 h of collection the ovaries were

The time necessary for oocyte matura
tion in vitro in this species is still an open
guestion. Some authors [19, 23] repor
that full meiotic maturation occurs after
24-48 h of culture while others indicate the
need to culture oocytes for 72-96 h tc
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washed several times in fresh PBS and slicgiaphot, Nikon, Tokyo, Japan) and the
repeatedly to release oocytes. Only cumulusshromatin configuration was evaluated.
oocyte complexes with two or more dense

layers of cumulus cells and darkly granu- )

lated cytoplasm were selected for in vitro 2-5- Infundibulum and ampullar
maturation. Moreover, according to Hewitt  Oviductal epithelial cell collections

and England [11], oocytes > 1Q@n in

diameter were cultured to evaluate the mei- The infundibulum and ampullar oviduc-
otic competence. tal epithelial cells used in co-culture with

the oocytes during in vitro maturation
were obtained from bitches in the oestrous
2.3. Oocyte culture cycle immediately after ovariohysterec-
tomy. Oestrous was revealed by vaginal
A total of 1329 oocytes were recovereccytology and measurement of plasma pro-
from 23 bitches; amongst these, 667 (50.1%gesterone [6].
were selected for in vitro maturation. The 14 oviducts were dissected from the

mean number of oocytes recovered fromy, 4 rian tissue and washed in PBS and antibi-
individual bitches was 57.8 £20.9 (SD).  4tics. The epithelial cells from the infundibu-
For in vitro maturation, the selectedlum portion of the oviduct were collected
oocytes were randomly divided into threeby scraping the surface of the infundibulum
treatment groups for in vitro maturation: using a microblade. To recover the ampullar
(A) TCM 199 + 10% oestrous bitch serum +cells, the oviducts were slit lengthways and
FSH (0.1 IUmL-L, Pluset, Serono, Rome, the luminal surface of the ampulla was
Italy), LH (0.1 IUmL™1, Pluset, Serono, lightly scraped with a microblade. After sev-
Rome, ltaly ) + progesterone (g:-mL~Y) eral washes in TCM 199 + Hepes, oviductal
+ oestradiol (lug-mL~Y + 100uM cys- epithelial cells were suspended in the mat-
teamine G = 201; control group); uration medium immediately before culture
(B) medium A plus canine infundibulum with oocytes at a concentration of approxi-
oviductal epithelial cells { = 239); mately 1@ cells-mL=%. The cell concentra-
(C) medium A plus canine ampullar oviduc-tion was measured using a Burker haemo-
tal epithelial cellsif = 227). The oocytes Cytometer.
were cultured in 1 mL of medium in groups
of 30 per well, in four well dishes at 39 °C in

a humidified environment of 5% G air. 2.6. Statistical analysis

Data were evaluated by the chi-square
2.4. Assessment of nuclear maturation test. Differences were considered to be sig-
nificant atP < 0.05.

Assessment of nuclear maturation was
carried out after 48 h and 72 h of incuba-
tion. This process involved the removal of 3. RESULTS
the cumulus cells of the oocytes by mechan-
ical displacement with a small-bore glass The results of the in vitro maturation after
pipette. The denuded oocytes were theng h of culture (Tab. 1) show that a signifi-
stained with a solution of glycerol-bisbenz-cantly (P < 0.01) higher rate of meiotic
imide (10ug-mL~%; Hoechst 33342) between resumption was recorded in the systems con-
a slide and a coverslip. After 1 h of incuba+aining infundibulum (59%) and ampullar
tion at 4 °C in the dark, the slides werecells (60%, Fig. 1) than in the culture system
observed under a fluorescent microscopwithout cells (40%). Similar differences
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Table I. Meiotic progression of bitch oocytes after 48 h of culture with infundibulum and ampullar
oviductal epithelial cells.

Culture N° oocytes N° oocytes N°(%) oocytes that resumed meiosis
system examined degenerated
TOTAL GVBD Ml AT Ml
A 115 15 40 36 0 0 4
(13.0) (40.03 (36.0) (4.08
B 135 13 72 31 19 3 19
(9.6) (59.0y (25.4) (15.6) (2.4) (15.8)
C 131 11 72 33 15 4 20
(8.4) (60.0y (27.5) (12.5) (3.3) (16.D)

(GVBD: germinal vesicle breakdown; MI: metaphase |; AT: anaphase-telophase; MIl: metaphase Il). Different
superscripts are statistically differéns? P < 0.01.

Figure 1. Canine
oocytes matured
in vitro with oviduc-
tal epithelial cells.

(P <0.01) in the percentages of oocytes thaid.0%). In the culture system without cells,
reached metaphase Il (M, Figs. 2 and 3Dall the oocytes that resumed meiosis but did
were observed after co-culture withnot reach MIl were arrested at the germinal
infundibulum (15.6%) and ampullar cellsvesicle stage (GV), while in the systems
(16.7%) compared to the control groupwith infundibulum and ampullar cells
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Figure 2. In vitro
matured canine
oocytes after the
extrusion of the
first polar body.

respectively 25.4% and 27.5% were at the Our results showed that the presence of
GVBD stage (Fig. 3B), 15.6% and 12.5%oviductal cells collected from the infundibu-
progressed to Ml and 2.4% and 3.3% weréum and the ampulla region in the culture
at the A/T stage (Fig. 3C). No significantmedium increased the number of canine
differences were recorded between the sysocytes resuming and completing meiosis.
tems with infundibulum and ampullar cells
in the percentage of oocytes resuming ar:f _Several authors have reported the bene-
completing meiosis. When oocytes wer |C|alleffects of t.he use of cell co-culture or
cultured for 72 h the proportion of oocytesmedium conditioned by cell culture for in
that resumed meiosis and reached Mil did/{"© embryo development in other species

i 5, 9, 26]. Moreover, recent findings in pigs
t ch ficantly (Tab. Il d
?ootr::osagsv?ﬂs]lgg rllcgpcﬁl'furae. ) compare [5, 25] and horses [16] have shown that the

co-culture with oviductal epithelial cells
during in vitro maturation does not affect
nuclear maturation rates but positively influ-
ences in vitro embryo development. Thus
it is possible that co-culture with oviductal
In the present study, we evaluated (i) theepithelial cells during maturation enhances
effect of co-culture with infundibulum or cytoplasmic maturation in oocytes and
ampullar oviductal epithelial cells recov- thereby contributes to its potential for
ered from bitches at the oestrus stage on ttembryo development. In the canine species,
in vitro maturation of canine oocytes andHewitt et al. [13] previously investigated
(i) the culture time required to obtain a com-the effect of oviductal epithelial cells on
plete nuclear maturation. the in vitro maturation of canine oocytes,

4. DISCUSSION
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Figure 3.In vitro meiotic progression of canine oocytes stained with bisbenzimide: (A) germinal vesi-
cle stage; (B) germinal vesicle breakdown; (C) telophase I; (D) metaphase II.

Table Il. Meiotic progression of bitch oocytes after 72 h of culture with infundibulum and ampullar
oviductal epithelial cells.

Culture N° oocytes N° oocytes N°(%) oocytes that resumed meiosis
system examined degenerated
TOTAL GVBD Ml AT Ml
A 86 20 28 24 0 0 4
(23.3) (42.43 (36.4) (6.0%
B 104 12 54 26 11 0 7
(11.5) (58.7f (28.3) (11.9) (18.%)
C 96 10 50 25 5 0 20
(10.4) (58.1y (29.1) (5.8) (23.9

(GVBD: germinal vesicle breakdown; MI: metaphase |; AT: anaphase-telophase; Mll: metaphase Il). Different
superscripts are statistically differéws? P < 0.01.
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reporting that the oviductal cells do not exertresponsible for the induction of de novo

any beneficial effect on meiotic resumptionsynthesis and secretion of certain oviduc-
and maturation of bitch oocytes. In fact,tal secretory proteins and the inhibition of

after 96 h of co-culture they recorded a lowothers [4] and that the oestradiol treatment
percentage (9%) of oocytes maturing toof oviductal epithelial cells may increase

MI/AI/MII and this rate of maturation was the rate of zygote cleavage during early
not different from that observed in the sys-development in vitro [27]. We can there-

tem without the cells. Our results werefore suppose that the positive effect of
higher than those reported by Hewitt et al.oviductal epithelial cells collected at oestrus
[13]. The reason for this could be related toon nuclear maturation of canine oocytes
several factors, including the stage of themay be related to the secretion of specific
oestrus cycle when the cells were collectedviduct-related factors that are present in
and the various regions of the oviduct wherdhe upper regions of the oviduct after oocyte
the cells were recovered. In fact, theseovulation and are involved in the mecha-
authors used co-culture with epithelial cellsnism of the resumption and progression of
obtained from the whole oviduct of bitchesmeiosis.

not at the oestrus stage of the cycle, whereas .

in our study we supplemented the maturation !N @ddition to the cycle stage at the

medium with cells collected from the Moment of cell collection and the regions

infundibular and ampullar regions of the Where they were recovered, in our work,

oviduct of bitches at the oestrous stage. the culture of cells in the presence of oestrus
bitch serum could have sustained their via-

In other species, many histological stud-bility and their metabolic and secretory
ies have demonstrated regional variationsctivity better than the system used by
in both the morphological and ultrastruc-Hewitt et al. [14] in which bovine serum
tural features of the secretory cells in thealbumin was used.
oviduct epithelium during the different , ,
stages of the oestrus cycle [1, 24]. Histo- 10 date, the highest rate of maturation
chemical and immunocytochemical analysisi© Ml (39%) of oocytes has been reported
have also revealed regional differences if?Y Nickson et al. [19] who used a medium
the localization of various materials in the SONtaining 10% oestrus bitch serum and
oviduct epithelium, suggesting the possi-20ug-mL™"oestradiol. Yamada et al. [28]
bility of regional specificity in the produc- demonstrated that 32% of preovulatory
tion of various secretory materials by the0cytes collected from superovulated
oviductal epithelial cells [2]. In addition, Pitches reached MIl. In the present study,
recent biochemical and immunoelectron®0cytes were cultured in a medium with
microscopical research have shown that th@&Strus bitch serum but with a lower con-
biosynthesis of specific proteins or glyco- centration of oestradiol than that used by
proteins, is associated with region-specifidVickson et al. [19] and were collected from
variations in epithelial cells in different @nimals at different stages of the oestrus
oviductal segments and with the differentCycle. These differences may, therefore,
stages of the oestrus cycle [3]. account for the lower rate of maturation of

canine oocytes observed in our research. In

Moreover, at the oestrus stage the oviducfact, as Yamada et al. [28] observed, oocytes
tal epithelial cells were primed with oestro-from anoestrous bitches showed no ten-
gen, so their secretory activity could be dif-dency to resume meiosis. A similar effect of
ferent and could consequently positivelythe phase of the oestrous cycle on meiotic
influence the process of meiotic maturationcompetence has been described by Luvoni
of bitch oocytes. In other species, recentt al. [17] whose results indicate that dog
studies have demonstrated that oestrogen @mulus-oocyte complexes isolated from
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the ovaries during anoestrus are unable 8]
complete meiosis and that the communica-
tions between the germinal and somatic
compartment through gap junctions argy)
absent, thus suggesting a relation between
the presence of communications and mei-
otic competence. (5]

In the present study, the analysis of the
influence of different incubation times (48
and 72 h) showed that full maturation is®!
generally achieved within 48 h of culture in
both systems used. Similar results have been
reported in other studies [20, 28], while in[7]
previous research the highest rate of nuclear
maturation was observed after 24 h [19, 24 ]
or 72-96 h [10, 11, 14] of incubation.

The difference in maturation time may
be related to the different culture conditionstgl
used, the quality of the oocytes and the age
and stage of the oestrus cycle of the donor
animals.

[10]

In conclusion, the results of our experi-
ment demonstrated that the introduction in
the culture medium of epithelial cells col-
lected from the infundibulum and ampullarml
region of oviducts of bitches in oestrus pos-
itively influences the in vitro maturation of
canine oocytes. In this system of culture thél2]
completion of meiotic maturation was
obtained after 48 h of culture.

[13]

ACKNOWLEDGEMENTS

14
The authors wish to thank local veterinary[
clinics for help with ovary collection and Mrs
Vera Walker for language assistance.
[15]

REFERENCES 116

[1]  Abe H., The mammalian oviduct epithelium:
regional variations in cytological and functional
aspects of the oviductal secretory cells, Histol.
Histopath. 11 (1994) 743-768.

[2] Abe H., Numazawa C., Abe M., Onodera M.,
Katsumi A., Immunocytochemical localization
of oviduct-specific glycoproteins in the oviduc-
tal epithelium from cows at follicular and luteal
phases, Cell and Tissue Res. 274 (1993) 41-47.

[17]

L. Bogliolo et al.

Abe H., Onodera M., Suguwara S., Scanning
electron microscopy of goat oviductal epithe-
lial cells at the follicular and luteal phases of
the oestrus cycle, J. Anat. 183 (1993) 415-421.

Buhi W.C., Ashworth C.J., Bazer F.W., Alvarez
I.M., In vitro synthesis of oviductal secretory
proteins by estrogen-treated ovariectomized
gilts, J. Exp. Zool. 262 (1992) 426-435.

Bureau M., Bailey J.L., Sirard M.A., Influence
of oviductal cells and conditioned medium on
porcine gametes, Zigote 8 (2000) 139-144.

Eckersall P.D., Harvey M.J., The use of a bovine
plasma progesterone ELISA kit to measure pro-
gesterone in equine, ovine and canine plasmas,
Vet. Rec. 120 (1987) 5-8.

Farstad W., Assisted reproductive technology
in canid species, Theriogenology 53 (2000)
175-186.

Fujii M., Otoi T., Murakami M., Tanaka M.,
Une S., Sazuki T., The quality and maturation of
bitch oocytes recovered from ovaries by slicing
method, J. Vet. Med. Sci. 62 (2000) 305-307.

Gandolfi F., Moor R.M., Stimulation of early
embryonic development in the sheep by co-cul-
ture with oviduct epithelial cells, J. Reprod. Fer-
til. 81 (1987) 23-28.

Hewitt D.A., England G.C.W., Effect of pre-
ovulatory endocrine events upon maturation of
oocytes of domestic bitches, J. Reprod. Fertil.
Suppl. 51 (1997) 83-91.

Hewitt D.A., England G.C.W., The effect of
oocyte size and bhitch age upon oocyte nuclear
maturation in vitro, Theriogenology 49 (1998)
957-966.

Hewitt D.A., England G.C.W., Influence of
gonadotrophin supplementation on the in vitro
maturation of bitch oocytes, Vet. Rec. 144
(1999) 237-239.

Hewitt D.A., England G.C.W., Synthetic oviduc-
tal fluid and oviductal cell coculture for canine
oocyte maturation in vitro, Anim. Reprod. Sci.
55 (1999) 63-75.

Hewitt D.A., Watson P.F., England G.C.W.,

Nuclear staining and culture requirements for
in vitro maturation of domestic bitch oocytes,

Theriogenology 49 (1998) 1083-1101.

Holst P.A., Phemister R.D., The prenatal devel-
opment of the dog: preimplantation events, Biol.
Reprod. 5 (1971) 194-206.

Li X., Morris H.A., Allen W.R., Influence of
co-culture during maturation on the develop-
mental potential of equine oocytes fertilized by
intracytoplasmic sperm injection, Reproduction
121 (2001) 925-932.

Luvoni G.C., Luciano A.M., Modina S.,
Gandolfi F., Different stages of the oestrous
cycle influence cumulus-oocytes communica-
tions in canine oocytes: consequences on in vitro
maturation, J. Reprod. Fertil. Suppl. 57 (2001)
141-146.



(18]

(19]

[20]

(21]

[22]

(23]

Effect of co-culture on IVM of canine oocytes 273

Mahi C.A., Yanagimachi R., Maturation and [24] Thibodeaux J.K., Goodeaux L.L., Roussel J.D.,

sperm penetration of canine ovarian oocytes
in vitro, J. Exp. Zool. 196 (1976) 189-196.

Nickson D.A., Boyd J.S., Eckersall P.D.,
Ferguson J.M., Harvey M.J.A., Renton J.P.,
Molecular biological methods for monitoring

oocyte maturation and in vitro fertilization in [25]

bitches, J. Reprod. Fertil. Suppl. 47 (1993)
231-240.

Otoi T., Fujii M., Masaki T., Ooka A., Suzuki T.,

Effect of serum on in  vitro maturation of canine [26]

oocytes, Reprod. Fertil. Dev. 11 (1999) 387—-390.

Otoi T., Fujii M., Tanaka A., Suzuki T., Canine
oocyte diameter in relation to meiotic compe-

tence and sperm penetration, Theriogenolog)tzﬂ

54 (2000) 535-542.

Otoi T., Murakami M., Fujii M., Tanaka M.,
Ooka A., Une S., Suzuki T., Development of
canine oocytes matured and fertilized in vitro,
Vet. Rec. 146 (2000) 52-53.

Saint-Dizier M., Renard J.P., Chastant-Maillard [28]

S., Induction of final maturation by sperm pen-
etration in canine oocytes, Reproduction 121
(2001) 97-105.

Menezo Y., Amborski G.F., Moreau J.D., Godke
R.A., Effect of stage of the bovine oestrus cycle
on in vitro characteristics of uterine and oviduc-
tal epithelial cells, Human Reprod. 6 (1991)
751-760.

Vatzias G., Hagen D.R., Effect of porcine fol-
licular fluid and oviduct-conditioned medium
on maturation and fertilization of porcine oocytes
in vitro, Biol. Reprod. 60 (1999) 42-48.

White K.L., Hehnke K., Rickords L.F., Southern
L.L., Thompson D.L., Wood T.C., Early embry-
onic development in vitro by co-culture with
oviductal epithelial cells in pigs, Biol. Reprod.
41 (1989) 425-430.

Xia P., Rutledge J., Watson J.A., Armstrong
D.T., Effect of estrogen-treated porcine ampulla
oviductal epithelial cells on early embryonic
development in vitro and characterization of
their protein synthetic activity, Anim. Reprod.
Sci. 45 (1996) 217-229.

Yamada S., Shimazu Y., Kawaji H., Nakazawa
M., Naito K., Toyoda Y., In vitro maturation
and fertilization of preovulatory dog oocytes,
J. Reprod. Fertil. Suppl. 47 (1993) 227-229.

To access this journal online:
www.edpsciences.org




