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Prolonging the lifespan of bovine follicles is known to result in reduced fertility after
ovulation and insemination. In this study, the effect of prolonged development of follicles
on oocyte viability was examined. In Expt 1, six cows in the aspirated-prolonged-follicle
group received a vaginal progesterone releasing device on day 4 of the oestrous cycle (day
1 = ovulation) and prostaglandin F2\g=a\(40 mg) on day 6. Ultrasound-guided follicular
aspiration was performed on day 13. Six cows in the aspirated-growing-follicle group
received prostaglandin F2\g=a\on day 6, and follicular aspiration on day 7. In Expt 2, all cows
were stimulated with 36 mg FSH-P to develop multiple large follicles for study. Three cows
in the prolonged-multiple-follicle group received the same treatment as did cows in Expt 1,
but were ovariectomized on day 13. Three cows in the growing-multiple-follicle group
received prostaglandin F2\g=a\on day 6 and were ovariectomized on day 7. Oocytes recovered
in both experiments were stained to reveal the stage of nuclear development. All oocytes
from aspirated-prolonged and prolonged-multiple follicles showed expanded cumulus cells
and condensed chromatin dispersed in the ooplasm, with possible germinal vesicle
breakdown. Oocytes from aspirated-growing and growing-multiple follicles showed com-
pact cumulus cells and an intact germinal vesicle. Plasma concentrations of oestradiol in both
growing follicle groups increased until oocyte recovery. Oestradiol in the aspirated-
prolonged-follicle group increased after luteolysis on day 6 and remained high until
follicular aspiration. In contrast, in the FSH-stimulated prolonged-multiple-follicle group,
oestradiol fell to trace amounts on day 8 and remained low. Oestradiol concentrations in
follicular fluid were consistent with plasma concentrations for all groups. Bovine oocytes
from prolonged dominant follicles undergo premature maturation in vivo, which perhaps
accounts for the poor fertility observed in other studies when oestrous synchronization with
progestins prolongs follicle lifespan.

Introduction

For decades, researchers have attempted to develop successful
programmes to synchronize oestrus in cattle (for review see

Jöchle, 1993). Progestins such as melengestrol acetate (MGA),
controlled internal drug release-bovine device (CIDR-B),
progesterone-releasing intravaginal device (PRID) and nor-

gestomet implants (Syncro-Mate B) have been used to syn¬
chronize bovine oestrous cycles. Treatments used for more
than 7 days result in good synchronization, but low fertility
is observed at the first oestrus after progestin treatment (Hill
et al, 1971; Henricks et al, 1973; Butcher and Pope, 1979;
Macmillan et al, 1991; Jöchle, 1993; Savio et al, 1993a; Stock
and Fortune, 1993; Wehrman et al, 1993). Several reports have
noted that treatment with progestins induces prolonged devel¬
opment of the dominant follicle present at the time of
treatment (Ulberg et al, 1951; Trimberger and Hansel, 1955;
Zimbelman, 1963; Sirois and Fortune, 1990; Savio et al, 1993a).

When the progestin treatment is terminated, oestrus occurs

followed by the LH surge and ovulation of the prolonged
dominant follicle (Sirois and Fortune, 1990; Jöchle, 1993; Savio
et al, 1993a; Stock and Fortune, 1993; I. Revah and W. R.
Butler, unpublished). Since the corpora lutea that arise from
persistent dominant follicles produce normal concentrations of
progesterone, infertility cannot be attributed to luteal insuf¬
ficiency (Stock and Fortune, 1993). However, infertility may be
due to effects of prolonged follicular development on the
oocyte or on the reproductive tract.

High oestradiol concentrations in plasma (Sirois and Fortune,
1990; Savio et al, 1993b; Custer et al, 1994) from cows with
prolonged follicles, and higher LH pulse frequency (Roberson
et al, 1989; Savio et al, 1993b; I. Revah and W. R. Butler,
unpublished), result in an abnormal endocrine milieu in which
the oocyte develops. It seems likely that protracted follicular
development provoked by progestin treatment may compro¬
mise viability of oocytes leading to reduced fertility (Wise and
Maurer, 1994; Wise et al, 1994). Maintaining follicles in

prolonged dominance may cause premature maturation of the
oocyte, i.e. the chromosomes condense and meiosis progresses
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to metaphase II, before the LH surge (Mihm et al, 1994). The
objective of the present study was to compare the state of
nuclear development of bovine oocytes obtained from normal
and prolonged dominant follicles.

Materials and Methods

Experiment Í
Twelve lactating Holstein cows (3-4 years old) with regular

oestrous cycles were used for ultrasound-guided follicular
aspiration. Cows were housed at the Animal Science Teaching
and Research Center at Cornell University. Animals were

randomly assigned to two groups: aspirated-prolonged follicle
(PF-ASP,  = 6) and aspirated-growing follicle (GF-ASP,  = 6).
Cows were monitored twice a day for oestrus after prosta¬
glandin F2a (PGF2a)-induced luteolysis (PGF2u; 25 mg i.m.,
Lutalyse: Upjohn, Kalamazoo, MI). Cows in the PF-ASP group
were fitted with a vaginal progesterone releasing device
(CIDR-B, controlled internal drug release-bovine, Eazi-breed:
InterAg, Hamilton) on day 4 of the oestrous cycle (day 1 = day
of ovulation as determined by ultrasonographic examination),
which remained in place for 9 days. On day 6, cows in the
PF-ASP and GF-ASP groups received PGF2(1 (25 mg a.m. and
15 mg p.m., i.m.). Oocytes were recovered by ultrasound-
guided follicular aspiration, using the technique described by
Presicce et al (1995). An Aloka SSD-500V medical ultrasound
unit (Corometrics Medical Systems, Inc., North Branford, CT)
with a 5 MHz convex array transducer was used to aspirate
persistent dominant follicles from cows in the PF-ASP group
on day 13 and growing dominant follicles from cows in the
GF-ASP group on day 7. The stainless steel needle guide on

the probe was replaced with a 12-gauge 60 cm echogenic
double lumen needle (Cook Veterinary Division, Spencer, IN),
which was used to penetrate the vaginal wall and ovarian tissue
for aspiration and flushing of the individual follicles. A vacuum

pump was used for aspiration and the flow rate was adjusted to
20-30 ml min"1. Each follicle was flushed with 70-100 ml
sterile heparinized PBS. Most oocytes were found in the first
35 ml flush, but some oocytes were found in the second
or third flushes. Follicular fluid and flushing medium were

aspirated into conical tubes and allowed to sediment. Tubes
were transported at 35°C to the laboratory, where the media
fractions were searched and oocytes were recovered. Follicular
fluid was stored at

—

20°C for steroid analysis.

Experiment 2
Large numbers of oocytes were obtained for evaluation by

stimulating cows with FSH to produce multiple prolonged
dominant and growing dominant follicles. Six non-lactating
Holstein cows (3-4 years old) with regular oestrous cycles
were randomly assigned to two groups: prolonged-multiple-
follicle (PMF,  

—

3) and growing-multiple-follicle (GMF,
 = 3). Cows were monitored twice a day for oestrus after
PGF2[I-induced luteolysis (25 mg i.m.). Cows were stimulated
with FSH using the following regimen: starting on day 1 (day
of ovulation as determined by ultrasonographic examination),
cows in the PMF and GMF groups received 3 mg FSH (FSH-P:

Schering-Plough Animal Health Corp., Kenilworth, NJ) admin¬
istered i.m. twice a day every 12 h until day 6 of the oestrous
cycle (a total of 36 mg FSH per cow; modified from Stock et al,
1993). On day 4, cows in the PMF group received a CIDR-B
which remained in place intravaginally for 9 days. On day 6,
cows in the PMF and GMF groups received PGF2(I (25 mg a.m.
and 15 mg p.m., i.m.). Cows in the PMF group were ovari¬
ectomized on day 13, and cows in the GMF group were

ovariectomized on day 7 of the cycle. Ovariectomy was

performed by colpotomy, as described by Hofmeyer (1987).
All cows were fasted for 12 h before surgery. Cows were

prepared for surgery and were given an epidural block (5 ml
2% (w/v) injectable Lidocaine; The Butler Company, Columbus,
OH).

Oocyte recovery

After ovariectomy, ovaries were immediately transported to
the laboratory (about 10 min) in warm (approximately 35 °C)
sterile saline solution. The cumulus—oocyte complexes and
follicular fluid were first aspirated from preovulatory follicles
(diameter range between 8 and 13 mm) with an 18-gauge
needle, and then each individual follicle was flushed with a

comparable amount of PBS containing 10 iu heparin ml
~

(heparin sodium 10 000 USP (United States Pharmacopeia)
units ml

~
; Lyphomed, Deerfield, IL). The aspirated follicular

fluid and flushing medium were transferred to separate conical
centrifuge tubes, kept at 39°C and allowed to sediment for
10—15 min. After recovery of oocytes, follicular fluid was

stored frozen for later analysis of oestradiol and progesterone.

Monitoring follicular development
In both Expts 1 and 2, ovaries were examined once a day

starting on the day of oestrus (day 0) by ultrasonographic
examination with a 7.5 MHz intrarectal probe (Technicare
210DX, Corometrics, North Branford, CT) connected to a

real-time B-mode linear array ultrasound scanner. Ovaries were
scanned several times in at least two planes and examinations
were recorded on videotape. The tapes were later reviewed to
count the number and to measure the size of follicles through¬
out the treatment period. Only follicles > 8 mm were counted
and measured.

Blood sampling and endocrine analysis
In both experiments, blood samples were collected daily

from a coccygeal vessel to measure the concentrations of
progesterone and oestradiol. Sampling started on day 0 (day
of standing oestrus) and continued until ovariectomy or

ultrasound-guided follicular aspiration. Samples were centri¬

fuged immediately (1000 g for 20 min) and plasma was stored
frozen at

—

20°C for later analysis. Progesterone (Elrod and
Butler, 1993) and oestradiol concentrations (Schemm et al,
1990) in plasma and follicular fluid were measured by radio¬
immunoassay. Intra- and interassay coefficients of variation
were 7.6% and 13.2% for progesterone (n = 3) and 8.5% and
14.6% for oestradiol (n = 4), respectively. All animal exper¬
imentation was performed in compliance with regulations set
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by the Center for Research Animal Resources, Institutional
Animal Care and Use Committee (Cornell University, Ithaca,
New York).

Fixation and staining of oocytes
Oocytes were processed as described by Aman and Parks

(1994). Briefly, oocytes were denuded of cumulus cells by
vigorous vortexing in a microfuge tube (1.5 ml) for 1 min in
PBS. Oocytes were fixed in 5% (w/v) paraformaldehyde for at
least 1 h and were stained with Hoechst 33342 stain (H-33342,
0.1 mg ml-1, Sigma, St Louis, MO) in PBS. Stained oocytes
were mounted in Dulbecco's PBS:glycerol (1:1, w:w) under
coverslips sealed with clear nail polish. A Zeiss microscope
with phase contrast and epifluorescence capabilities at magni¬
fications of  100,  200 and  400 was used to examine the
nuclear chromatin of oocytes.

Statistical analyses
A 2 x 2 chi-squared contingency table was used to compare

the stage of development of oocytes from cows in the PF-ASP
and GF-ASP, or PMF and GMF treatment group. Analysis of
variance with repeated measures was used to compare plasma
concentrations of progesterone and oestradiol. Paired f tests
were used to measure the incremental change in progesterone
and oestradiol from day 4 to day 5. Student's I test was used
to compare the final diameter of dominant follicles from treated
and control cows for both Expts 1 and 2 and to compare
oestradiol and progesterone concentrations in follicular fluid.

Results

Experiment Í
All oocytes (6 of 6) recovered from follicles from the

GF-ASP group showed compact cumulus cells and an intact

germinal vesicle (Fig. la). In contrast, all oocytes (6 of 6;
P< 0.005) recovered from follicles from the PF-ASP group (Fig.
lb, c) showed expanded cumulus cells and partially condensed
or very condensed chromatin, which was often dispersed in the
ooplasm, indicating a possible breakdown of the germinal
vesicle. The final diameter of the dominant follicle before
aspiration was significantly different between PF-ASP and
GF-ASP cows (21.4 ± 1.6 mm and 15.2 ± 0.8 mm, respectively;
 =0.01). Daily ultrasound examinations verified that the

aspirated follicles had been present and developed from day 1.

Plasma progesterone and oestradiol concentrations. As

expected, plasma concentrations of progesterone increased in
cows in the PF-ASP group from day 4 (insertion of CIDR-B) to
day 5 (Fig. 2). Mean progesterone concentrations in plasma for
GF-ASP cows increased until day 6, when luteolysis was

induced (Fig. 2). In cows in the PF-ASP group progesterone
concentrations also decreased after luteolysis and were main¬
tained at 1.3 ± 0.3 ng ml"1 (days 7-13 of the cycle) by the
CIDR-B. Cows in the GF-ASP group showed a continuous
increase in plasma oestradiol concentrations starting on day 3

Fig. 1. Epifluorescent photomicrographs of bovine oocytes stained
with Hoechst 33342 for DNA. (a) Oocyte with an intact germinal
vesicle from a control cow from the GF-ASP group (  82.5). (b)
Oocyte with partially condensed chromatin with possible germinal
vesicle breakdown from a cow in the PF-ASP group (  82.5). (c)
Oocyte showing an extruded polar body (arrow) bordering the zona
pellucida on the focal plane of the oocyte from a cow in the PF-ASP

group; note granulosa cells on the surface of the oocyte (  165). Scale
bars represent 30 µ  .

(Fig. 3). Oestradiol concentrations in cows in the PF-ASP group
(Fig. 3) remained low until luteolysis was induced (day 6) and
then increased until follicular aspiration (day 13).
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Fig. 2. Mean plasma concentrations of progesterone (ng ml"1) in Expt 1. Cows with an aspirated
prolonged follicle (PF-ASP group, I) received a controlled internal drug release-bovine device on day
4 (*) and injections of PGF2a on day 6 (arrow) of the oestrous cycle (follicular aspiration on day 13;
 = 6). Cows with an aspirated growing follicle (GF-ASP group, D) received injections of PGF2u on day
6 of the oestrous cycle (follicular aspiration on day 7;  = 6; sem for progesterone = 0.15).

Steroid concentrations in follicular fluid. Mean progesterone
concentrations in follicular fluid were 71 ± 10 ng ml"1 for
cows in the PF-ASP group and 30 + 7 ng ml ~

1 for cows in the
GF-ASP group (P=0.05). Mean oestradiol concentrations in
follicular fluid were 1.2 ± 0.3 pg ml"1 for PF-ASP and
1.3 ± 0.3 pg ml "

1 for GF-ASP cows (P = 0.84).

Experiment 2
Most oocytes (24/29, 83%) recovered from cows in the

GMF group showed compact cumulus cells and an intact
germinal vesicle (Fig. 4a, 5b). In contrast, all oocytes (23 of 23,
100%;  < 0.005) recovered from PMF cows showed expanded
cumulus cells, partially condensed or very condensed chroma¬
tin, which was often dispersed in the ooplasm indicating a

possible breakdown of the germinal vesicle (Fig. 4b, 5a, c).
Ultrasonography verified the continuing development and
persistence of follicles from day 1 until ovariectomy (day 13).
The final diameter of dominant follicles before ovariectomy
was greater for cows in the PMF group than for cows in the
GMF group (11.4 ±0.1 mm and 9.15 + 0.1 mm, respectively;
 =0.067).

Plasma progesterone and oestradiol concentrations. Plasma con¬
centrations of progesterone increased in cows in the PMF

group from day 4 (insertion of CIDR-B) to day 5 (Fig. 6), as
observed in Expt 1. The incremental change in progesterone
concentration was significantly different between PMF and
GMF cows (P = 0.016). On day 6, after PGF2„-induced

luteolysis, the mean progesterone concentration declined in all
cows, but was maintained at 1.6 ± 0.3 ng ml ~

 by the CIDR-B
in cows in the PMF group.
In cows in the GMF group, plasma oestradiol concentrations

increased from day 3 and remained high until day 7 (day of
ovariectomy; Fig. 7). In cows in the PMF group, plasma
concentrations of oestradiol decreased on day 5 (after CIDR-B
insertion on day 4), but increased again on day 6 and 7, before
falling and remaining at basal concentrations from day 8 until
day 13 (day of ovariectomy; Fig. 7).

Steroid concentrations in follicular fluid. Mean progesterone
concentrations in follicular fluid were 185 ± 28 ng ml

~

1 and
30±12ng ml"1 for cows in the PMF and GMF groups,
respectively (P = 0.036). Mean oestradiol concentrations in
follicular fluid were 5.3±0.2ng ml"1 for cows in the PMF

group and 233.7 + 4.4 ng ml"
J for cows in the GMF group

(P< 0.005).

Discussion

The results of the study reported here confirm that oocytes
recovered from follicles maintained under prolonged domi¬
nance undergo premature nuclear maturation in vivo. The
results are in agreement with a preliminary report by Mihm
et al (1994). Results from other studies have shown that LH
pulse frequency is increased (Roberson et al, 1989; Savio et al,
1993b; Stock and Fortune, 1993; Custer et al, 1994; I. Revah
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Fig. 3. Mean plasma concentrations of oestradiol (pg ml"1) in Expt I. Cows with an aspirated
prolonged follicle (PF-ASP group,  ) received a controlled internal drug release-bovine device on day
4 (*) and injections of PGF2u on day 6 (arrow) of the oestrous cycle (follicular aspiration on day 13;
 = 6). Cows with an aspirated growing follicle (GF-ASP group, D) received injections of PGF2l< on day
6 of the oestrous cycle (follicular aspiration on day 7;  = 6; sem for oestradiol = 0.21).

and W. R. Butler, unpublished) and the LH surge is suppressed,
when progesterone is maintained at lower concentrations to
prolong follicular dominance (Savio et al, 1993a; Stock and
Fortune, 1993; Vos et al, 1994). Mattheij et al. (1994) showed
that an infusion of LH (14 ng LH min

~

 for 50 min) in rats can
induce oocytes to undergo premature maturation without
induction of ovulation. Bomsel-Helmreich et al (1989) also
showed that low doses of hCG (5 or 10 iu) were sufficient to
induce resumption of meiosis, but were insufficient to induce
ovulation in rabbits. The effects of injections of LH or hCG on

oocytes suggest that prolonged exposure to increased LH

pulse frequency may be sufficient to promote oocyte matu¬
ration in cows. Normally, oocyte maturation in vivo is induced
by the preovulatory LH surge, but the maturation process must
be mediated through granulosa cells, since oocytes lack recep¬
tors for LH (Eppig, 1991). One of the hypotheses to explain
LH-induced maturation in rats is that LH induces degradation
of gap junctions that couple mural granulosa cells to cumulus
cells, resulting in a decreased flow of meiosis-arresting sub¬
stances from granulosa cells to the oocyte (Wert and Larsen,
1990). It is possible that, in cattle, the increased LH pulse
frequency resulting from low progesterone concentrations
(I. Revah and W. R. Butler, unpublished) slowly affects the gap
junctions between mural granulosa cells and cumulus cells. The
deterioration of gap junctions may then allow the oocyte to
resume meiosis, while still within the follicle.
The results of the present study indicate that maintaining

follicles in prolonged dominance would have led to ovulation
of a mature oocyte (i.e. an oocyte that had resumed meiosis),
and that this would be expected to result in lower fertility

after insemination. In rats, delaying ovulation of preovulatory
follicles for 2 days resulted in decreased fertilization rates,
decreased implantation rate, increased early embryonic death
and increased incidence of chromosomal abnormalities owing
to alterations of the preovulatory oocyte (Fugo and Butcher,
1966; Butcher and Fugo, 1967). Ahmad et al (1995) reported
that embryos obtained from cows that ovulated persistent
follicles were compromised and could not reach the 16-cell
stage.
Plasma concentrations of progesterone in cows in PMF and

PF-ASP groups were maintained below mid-luteal concen¬

trations ( < 2 ng ml - x) by the CIDR-B after induced luteolysis
on day 6. Low plasma concentrations of progesterone resulted
in prolonged growth and development of dominant follicles.
Peripheral oestradiol concentrations were used to monitor
functional development. Plasma oestradiol concentrations for
cows in the GF-ASMP and GMF groups increased with
follicular development until the day of oocyte recovery. In
contrast to the rising oestradiol pattern in cows in the GF-ASP
group, there was a suppressive effect of progesterone on

oestradiol production in cows in the PF-ASP group; plasma
oestradiol remained low ( < 1 pg ml ~ ) until after luteolysis on
day 6. The combined progesterone produced by the corpus
luteum and the CIDR-B apparently inhibited oestradiol produc¬
tion by the developing dominant follicle until luteolysis
occurred, after which follicular oestradiol production rapidly
increased. In cows in the PMF group, similar inhibitory effect of
progesterone was observed; plasma concentrations of oestra¬
diol increased initially and then fell on day 5 in response to
rising progesterone after CIDR-B insertion and in spite of
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Fig. 4. Epifluorescent photomicrographs of bovine oocytes stained
with Hoechst 33342 for DNA. (a) Oocyte with an intact germinal
vesicle from an FSH-stimulated cow in the GMF group; note

granulosa cells on the surface of the oocyte. (b) Oocyte with
condensed and dispersed chromatin in the ooplasm and germinal
vesicle breakdown from an FSH-stimulated cow in the PMF group

.Scale bars represent 30 µ  .

continuing FSH stimulation. After luteolysis and lower
progesterone concentrations oestradiol concentrations
increased again until day 7, but the recovery was short-lived
and oestradiol concentrations declined to trace amounts until
ovariectomy (day 13). A similar effect was reported by Hunter
and Southee (1987), who found that ewes treated with proges¬
terone produced large follicles with a significantly reduced
capacity for oestradiol production owing to inhibition of
aromatase.
Progesterone concentrations in follicular fluid confirm an

earlier report by Wise et al (1994), who found that follicular
progesterone concentrations were increased in follicles with
mature oocytes. Whether increased intrafollicular progesterone
is a cause or effect related to early oocyte maturation remains
to be determined. However, increased intrafollicular progester¬
one might be expected in this situation as a response to the
prolonged exposure to LH pulse stimulation.
Oestradiol concentrations in follicular fluid were highest in

follicles that were not stimulated by FSH (PF-ASP and GF-ASP)
groups compared with FSH-stimulated follicles (PMF and GMF

Fig. 5. Epifluorescent photomicrographs of bovine oocytes stained
with Hoechst 33342 for DNA. (a) Oocyte with very condensed and
dispersed chromatin and possible germinal vesicle breakdown from an

FSH-stimulated cow in the PMF group, (b) Oocyte with intact

germinal vesicle from an FSH-stimulated cow in the GMF group, (c)
Oocyte with very condensed and dispersed chromatin from an

FSH-stimulated cow in the PMF group. Scale bars represent 30 µ  .

groups), which confirms previous reports (Fortune and Hansel,
1985; Assey et al, 1994). These combined results indicate that,
in response to exogenous gonadotrophin stimulation, the
development of multiple large follicles is associated with
reduced oestradiol synthesis. A related observation was that,

Downloaded from Bioscientifica.com at 08/25/2022 02:21:20PM
via free access



3
-

E
O)

 
TO

2
CL
CO
E
 S
 ¬

 
-

 -1-1-1-1-1-1-1-1-1-1-1-1
1 2 3 4 5 6 7 8 9 10 11 12 13

Day of cycle
Fig. 6. Mean plasma concentrations of progesterone (ng ml ~  ) in Expt 2. Cows with prolonged follicles
(PMF group,  ) received a controlled internal drug release-bovine device on day 4 (*) and injections
of PGF2o on day 6 (arrow) of the oestrous cycle (ovariectomy on day 13;  = 3). Cows with growing
follicles (GMF group, D) received injections of PGF2[1 on day 6 of the oestrous cycle (ovariectomy on
day 7;  = 3; sem for progesterone = 0.17).
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Fig. 7. Mean plasma concentrations of oestradiol (pg ml ~ ') in Expt 2. Cows with prolonged follicles
(PMF,  ) received a controlled internal drug release-bovine device on day 4 (*) and injections of PGF2(I
on day 6 (arrow) of the oestrous cycle (ovariectomy on day 13;  = 3). Cows with growing follicles
(GMF group, D) received injections of PGF2ll on day 6 of the oestrous cycle (ovariectomy on day 7;
 = 3; sem for oestradiol = 1.95).
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by the day of ovariectomy, FSH-stimulated persistent follicles
(PMF group) retained relatively little oestradiol synthetic
capability based on follicular fluid oestradiol concentrations
(5.3 ng ml"1). Plasma concentrations of oestradiol suggested
that oestradiol production from follicles from the PMF group
had diminished by day 8. The apparent explanation is that the
presence of the CIDR-B prolonged follicle persistence, but
some aspect of oestradiol biosynthetic development had been
compromised. Since FSH stimulation without CIDR-B yielded
oocytes of normal appearance in the GMF group and the
expected superovulatory response was obtained as in a pre¬
vious study (Stock et al, 1993), FSH stimulation appears to

provide the background for lower oestradiol production from
multiple follicles, but this does not itself compromise oocyte
viability. Furthermore, lack of oestradiol production in FSH-
stimulated large persistent follicles cannot be ascribed simply
to their longevity, since concentrations of oestradiol in follicu¬
lar fluid from individual persistent follicles (PF-ASP) was

equivalent to that in single growing follicles (GF-ASP group). It
is possible that lower oestradiol production during FSH stimu¬
lation results from inhibitory endocrine signalling among the
cohort of multiple large follicles.
In summary, the results of the present study indicate that

oocytes from prolonged dominant follicles have undergone
premature maturation in vivo. This alteration of oocyte status in
persistent follicles may be responsible for the poor fertility
observed after oestrous synchronization in cattle administered
progestin treatment for longer than 7 days. Prolonged
dominance seems to be responsible for altering the micro-
environment for normal development of the oocyte and,
thereby reducing the chances of successful embryo develop¬
ment and pregnancy.

The authors thank S. W. Beam, R. S. Marcucio, G A. Presicce and
R. R. Saatman for their technical assistance with surgeries and oocyte
manipulations, InterAg (Hamilton, New Zealand) for providing the
CIDR-B devices used in this project, USDA Regional Research Project
NE-161 for funds allocated to the project and the personnel at the
Dairy Unit of the Animal Science Teaching and Research Center at
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