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Transrectal ovarian

ultrasonography

interovulatory interval, using

a

7.5

was

performed daily

in

eight

ewes

during

MHz, rigid, human prostate transducer, and

a

one

realtime

B-mode scanner to record the numbers, diameters and position of all follicles \m=ge\2 mm in
diameter and the corpora lutea in both ovaries. Blood samples were taken once a day and
were analysed for concentrations of FSH, progesterone and oestradiol. During the
interovulatory interval of 17.2 \m=+-\0.4 days, antral follicles (follicles > 2 mm in diameter)
emerged on all days except for days 1, 5, 15, 16 and 17. A significant increase in the
numbers of follicles emerging was seen on days 2 and 11. The ovulatory follicle
(6.9 \m=+-\0.1 mm diameter) was retrospectively traced to emergence on day 11.1 \m=+-\0.3 and
grew over a period of 4.1 \m=+-\0.1 days at a growth rate of 1.2 \m=+-\0.04 mm day \m=-\ 1. The largest
nonovulatory follicles of the same period grew at the same rate as ovulatory follicles and
regressed over a period of 2.6 \m=+-\0.2 days at a rate of 1.2 \m=+-\0.07 mm day \m=-\1 The mean
diameter of the largest follicles seen on each day of the oestrous cycle was lowest on the
day of ovulation (2.9 \m=+-\0.2 mm), increased from day 3 to day 5 (4.1 \m=+-\0.4 mm) and again
from day 11 to the day before ovulation (6.9 \m=+-\0.1 mm; P < 0.05). The mean number of
antral follicles \m=ge\2mm in diameter increased over the oestrous cycle from 4.5 \m=+-\0.4 on
day 3 to 7.2 \m=+-\0.7 on day 11 and showed a sharp decline starting on day 15, to a low of
3.5 \m=+-\0.3 on the day of ovulation (day 17.2 \m=+-\0.4). The corpus luteum could be identified by
day 3 of the oestrous cycle in all the ewes, at a mean diameter of 11.5 \m=+-\0.3 mm. The
diameter increased to 13.3 \m=+-\0.6 mm on day 5, and declined from day 11 to a diameter of
7.5 \m=+-\0.3 mm on the day of ovulation. Apart from increases before ovulation, there were no
clear associations between serum concentrations of FSH or oestradiol and the pattern of
follicular growth and regression. We concluded that follicle emergence appeared on many
days of the oestrous cycle of ewes, with two phases of increased emergence. There was no
discernible connection between follicle emergence and FSH secretion; the overall pattern of
growth and regression of follicles was not as distinctly wave-like as in cattle. Follicular
dominance was noted only just before ovulation, again, in contrast to cattle.
.

Introduction
The ovary of the ewe contains between 100 and 400 growing
follicles, of which 10—40 are visible on the surface of the ovary
(Cahill et al, 1979; McNatty et al, 1982). The control mech¬
anisms that allow, in most breeds of sheep, only one of the
developing follicles to complete growth and ovulate at the end
of each oestrous cycle are not well understood. Gross and
histological evaluation of ovaries of ewes killed at different
stages of the oestrous cycle have led to contrasting con¬
clusions. One study reported that two 'phases' of growth of
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follicles ¡> 2 mm in diameter occurred during an oestrous cycle
(Brand and de Jong, 1973), whereas Hutchinson and Robertson
(1966) concluded that the ovulatory follicle increased in size
between 4 h and 5 days after the onset of the oestrous cycle
and then remained constant in size until preovulatory enlarge¬
ment. Serial laparotomy and ink labelling of large follicles at
three different times during the oestrous cycle led to the
conclusion that three or possibly more phases of follicular
growth and atresia occurred during the oestrous cycle of ewes
(Smeaton and Robertson, 1971). The presence of follicles
sensitive to LH (Driancourt et al, 1988, 1990) and the growth
of follicles to diameters of 4-6 mm (Webb and Gauld, 1985)
have been documented during the luteal phase of the oestrous
cycle in ewes. Day to day accounts of ovarian follicular
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changes have

not been reported for individual ewes through¬
out the oestrous cycle, and the pattern of follicular develop¬
ment in ewes remains unclear. A detailed study of the pattern

of growth and regression of large antral follicles throughout
the oestrous cycle would give a basis to our understanding of
the regulation of antral follicle dynamics in ewes.
The use of ultrasonography to monitor day to day ovarian
follicular changes in cattle during an oestrous cycle have shown
clear wave patterns of growth and regression of large antral
follicles (Fortune et al, 1988; Pierson and Ginther, 1988; Savio
et al, 1988; Sirois and Fortune, 1988; Knopf et al, 1989). Such
studies have made it possible to begin to understand the
processes of follicular recruitment, selection and dominance and
the hormonal changes associated with these follicular events in
cattle. There are no similar studies in sheep, principally owing
to the lack of adaptation of techniques suitable for repeated,
non-invasive monitoring of ovarian follicular events to this
small ruminant. The purpose of the present study was to apply
the transrectal ultrasonography used in cattle to the ewe, to
monitor ovarian follicular events throughout the oestrous
cycle. The aim was to describe the growth and regression of
large antral follicles, and to relate ovarian changes to circulat¬
ing concentrations of gonadotrophins and ovarian steroid
hormones.

Materials and Methods

Animals and

experimental procedure

Eight Western White-Faced, cross-bred, adult ewes were
kept at pasture during the breeding season. The Western White
Face is largely of Rambouillet and Columbia breeding and
produces 1.5 ± 2 lambs per ewe (Rawlings el al, 1987) with a
mature weight of 70 kg. Oestrous detection was done with
three vasectomized rams fitted with colour-marking harnesses.
Ovarian follicular activity was studied throughout the second
oestrous cycle of the breeding season by daily transrectal
ultrasonographic examinations during September and October.

Ovarian images were obtained with a B-mode scanner (Aloka
SSD 500, Overseas Monitor Corp. Ltd, Richmond, BC)
equipped with a rigid 7.5 MHz transducer (shaft length, 35 cm;
shaft diameter, 1.6 cm), which was designed for transrectal
prostate examination in humans and has been validated for the

present application

in

sheep (Schrick et al, 1993).

The transducer was manipulated externally, with the ewe
in the standing position in a raised wooden crate and placed
in a cattle squeeze chute. The image on the scanner was
obtained at
1.5 magnification. At this magnification,
ovarian follicles ^ 1 mm were detected. However, to reduce
error, diameter and position in both ovaries of only those
follicles Î? 2 mm in diameter were recorded daily, as pre¬
viously described and validated for cattle (Pierson and
Ginther, 1987; Knopf et al, 1989) and sheep (Schrick et al,
1993). Similarly, the diameter and position of corpora lutea
were also recorded. Examinations were carried out daily
between 08:00 and 10:00 h. The ovaries of one ewe were
scanned in vivo to confirm the validity of our methodology;
they were then re-scanned in a water bath after the ewe was
killed and the ovaries were examined (Schrick et al, 1993) by

dissection. AU three methods gave similar results. Blood
samples (5 ml) were collected once a day by jugular
venepuncture from all the ewes throughout the period of
study. Serum was stored frozen at 20°C until analysed.
—

analysis
Serum samples

Hormone

were analysed by radioimmunoassay for
of FSH (Rawlings et al, 1984; Currie and
Rawlings, 1989), oestradiol (Joseph et al, 1991) and progester¬
one (Rawlings et al, 1984). Samples were analysed for FSH in
a single assay and the FSH concentrations expressed in terms of
NIDDK-oFSH-RPl. The sensitivity of the assays was defined
as the lowest standard different from zero (P< 0.05) using an
unpaired t test. Sensitivity was 0.25 ng ml ' serum for the
FSH assay and 3.67 pmol 1_I and 0.32 nmol 1_I for the
oestradiol and progesterone assays, respectively. The range of
standards used in the FSH, oestradiol and progesterone assays
were 0.125-16 ng ml-1, 3.67-367 pmol I"1 and 0.3232.0 nmol 1
respectively. The intra-assay coefficients of
variation for ovine reference sera with mean FSH concen¬
trations of 1.53 ng or 4.25 ng ml-1 were 3.4 or 5.4%,
respectively. The intra-assay and interassay coefficients of
variation for ovine reference sera with oestradiol concen¬
1
were 14.8 and 8.7% or 18.7
trations of 25.87 or 56.67 pmol
and 11.1%, respectively. The intra-assay and interassay coef¬
ficients of variation for ovine reference sera with progesterone
concentrations of 2.45 or 10.11 nmol 1_1 were 11.3 and 9.3%
or 14.9 and 12.8%, respectively. All of the follicle and hormone
data from the eight ewes were aligned to the day of ovulation
(day 0) for presentation.

concentrations

~

~

Follicle data

,

analysis

Ovarian follicle data were analysed for one interovulatory
interval (cycle). The day of ovulation was regarded as the day

which a large growing antral follicle that had previously
been identified and followed for several days was no longer
seen. The timing of ovulation was further confirmed by
detection of oestrus by the rams. The total numbers of follicles
^ 2 and ¡> 3 mm in diameter were assessed on each day. AH
the follicles in individual ewes were traced retrospectively to
the day on which they were 2 mm in diameter; this was
regarded as the day of emergence or day of growth into the
size range to be monitored. For the purpose of analysis of
follicle emergence, only the follicles that grew to a diameter of
at least 4 mm, or could be identified for at least 4 days and that
changed in diameter by at least 1 mm over this time, were
included. The numbers of follicles emerging on each day of the
cycle were tabulated. The duration of growth of a follicle was
the time taken by that follicle to grow from 2 mm in diameter
to its maximum diameter. The duration of regression of a
follicle was the time taken by that follicle to regress from its
maximum diameter to 2 mm in diameter. The period between
the end of the growing phase and the start of regression or
ovulation was the static phase. The mean diameter of the
largest follicle and diameters of corpora lutea were analysed for
each day of the cycle. Ovulatory follicles emerged on day 9 or
later in the cycle, with a peak emergence on day 11. The
on
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1. Photograph of ultrasound images of ovaries of ewes produced using a rigid, transrectal, 7.5 MHz human prostate
transducer. Images were obtained using a B-mode scanner at 1.5 magnification, (a) The arrowhead indicates an antral
follicle of 4 mm in diameter, (b) Arrowhead 1 indicates an antral follicle of 2 mm in diameter; arrowhead 2 indicates a
follicle 8 mm in diameter, (c) The arrowhead indicates a functioning corpus luteum 10 mm in diameter. Scale bar represents

Fig.

10

mm.

curves of the ovulatory follicle and the next largest
follicle emerging in this later period of the cycle were normal¬
ized to the mean day of emergence of the ovulatory follicle for
illustrative purposes. Similarly, there was a peak in follicle
emergence on day 2 of the cycle, with no follicles emerging on
day 1 or day 5. The growth curves for the largest and the next
largest follicles emerging in this period of time were normal¬
ized to day 2 of the cycle for illustration.

growth

Statistical

analyses

Mean diameters of the largest follicles, diameters of the
corpora lutea, the mean total number of follicles ^ 2 mm and

^3

mm

in

diameter, the number of follicles emerging each

day, and the mean daily concentrations of progesterone,
oestradiol and FSH were analysed by a repeated measures
analysis of variance (ANOVA), with Fisher's protected least
significant difference (LSD) as the post-ANOVA test (Statview,
1986). The characteristics of growth and regression and maxi¬
mum diameter of the largest and second largest follicles
emerging at about day 2 and day 11 of the cycle and the
largest follicle emerging in the intervening period (days 6—8
inclusive)

were

compared by paired

t test.

Results
Follicle

dynamics
Photographs of images of ovarian structures recorded in this

Fig. I. The mean interovulatory interval
days (n 8), and the mean day of emergence of
the ovulatory follicle was day 11.1 ± 0.3 of the cycle. Follicle
emergence occurred on all the days of the interovulatory
interval (cycle) except for days 1, 5, 15, 16 and 17 (days 0 and
17 were the days of ovulation; Figs 2, 3a). However, signifi¬
cantly more (P< 0.05) follicles emerged at about days 2 and
11. On day 2, more follicles emerged per ewe (P < 0.05) than
on days 0, 1, 4, 5, 14, 15, 16 and 17. On day 11, follicle
study

was

are

shown in

17.2 + 0.4

=

emergence

was

significantly greater (P < 0.05) than on all days
Six out of eight and seven out of

except for day 2 (P > 0.05).

follicle emergence on days 2 and 11,
the oestrous cycle the total number of
follicles ^ 2 mm in diameter increased from early to midcycle and fell from day 13 to day 17 of the cycle (P < 0.05;
Fig. 3b). The total number of follicles ? 3 mm in diameter
increased from the early to the late part of the cycle but
decreased from day 16 to day 17 (P<0.05; Fig. 3b). The
diameter of the largest follicle was low from ovulation (day 0)
to day 3 of the cycle, increased to day 5 and rose to a second
peak at day 16, before decreasing to a nadir at day 17

eight ewes showed
respectively. During

(P < 0.05; Fig. 3c).

Growth and regression characteristics and maximum diam¬
largest and second largest follicles emerging at
about day 2 and day 11 of the cycle, and the largest follicle
emerging in the intervening period (days 6-8 inclusive) are
shown (Table 1 and Fig. 4). The growth rates of follicles
emerging late in the cycle were greater than those emerging
early in the cycle, and follicles emerging in mid-cycle had
intermediate values (P < 0.05; Table 1). The duration of growth
of the ovulating follicle was greater than that of all other
follicles, and the second largest follicle emerging early in the
cycle had the shortest growth period (P < 0.05; Table 1).
Regression rates did not vary among follicles emerging at
different times in the cycle (P > 0.05). The regression was
longest for the largest nonovulating follicle emerging late in
the cycle, followed by the largest follicle emerging early in the
cycle, the second largest follicle early in the cycle and the
follicle emerging mid-cycle (P < 0.05; Table 1). Maximum
follicle diameter was greatest for the ovulating follicle; the next
largest follicle emerging late in the cycle and the largest follicle
emerging early in the cycle had similar but smaller maximum
diameters. The second largest follicle emerging in the early part
of the cycle and follicles emerging mid-cycle were similar in
size but reached the smallest maximum diameters (P < 0.05;
Table 1). Only 34% of follicles showed a static phase in their
growth curve and the average duration of this phase for those
follicles was 1.3 + 0.2 days.
eters of the
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Day of oestrous cycle
curves of all follicles emerging or growing from the
pool of follicles ^2 mm in diameter
the oestrous cycle in the eight ewes studied. The arrows indicate the diameter of the ovulatory
follicle on the day before ovulation. The number, size and location of all follicles ^ 2 mm in diameter were
recorded daily to the nearest 1 mm and the growth curves of individual follicles constructed retrospectively
based on the daily mapping.

Fig.

2.

The

throughout

growth

Corpus luteum and progesterone
The functioning corpora lutea of the oestrous cycle could be
detected ultrasonographically in all the ewes, from day 3
onwards, although in three of the ewes it could be seen on

as a structure 8—10 mm in diameter (Fig. 5a). The mean
diameter of the corpora lutea increased from 11.5 ± 0.3 mm on
day 3 of the cycle (P < 0.05) to 13.3 ± 0.6 mm by day 5; there
was no significant change in diameter between days 5 and 10
(P> 0.05). From a diameter of 11.7 ± 0.4 mm on day 11, the
size of the corpora lutea decreased to 9.9 ± 0.4 mm by day 14
(P<0.05) and 7.5 ± 0.3 mm on day 17 (day of ovulation).

day 2

Mean

reach

serum
a

peak

progesterone

gradually to
10 of the cycle
concentrations started

concentrations

of 14.2 ±2.1 nmol 1_I

on

rose

day

(P<0.05; Fig. 5a). Serum progesterone
to decline on day 11 (11.2 + 1.0 nmol 1 ), coinciding with the
start in decline in corpora lutea diameter, to reach a low level
of 0.83 ± 0.2 nmol 1_I (P< 0.05) on the day of ovulation.
~

Serum concentrations

of oestradiol

oestradiol concentrations (Fig. 5b) showed a
a low on day 11 (11.8 ±1.1 pmol 1 I) to
from
gradual
reach a peak of 31.1 ± 3.7 pmol 1_I on the day before
ovulation. They declined to 10.7 ±1.5 pmol 1_I on day 17
(ovulation day; < 0.05). Serum concentrations of oestradiol
were quite variable during the remainder of the oestrous cycle
Mean

serum

increase

~

(Fig. 5b).

Serum concentrations
Mean

serum

of FSH

FSH concentrations

(Fig. 5b)

day

on

16

were

significantly higher (P< 0.05) than on days 2, 10, 11, 13, 14, 15
and 17, but

were

not

different from that

(P > 0.05). Serum FSH
nadir

on

(P < 0.05).

day

on

days

1, 3—9 and 12

concentrations reached

14 of the

cycle, remaining

low

a

significant
day 15

on
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simultaneous emergence of follicles from a pool of small
follicles and establishment of a dominant follicle that continues
to develop, while apparently suppressing the growth of other
follicles (subordinates). The growth of the dominant follicle is
consistently associated with a reduction in both the number
and growth of the subordinate follicles (Fortune et al, 1988,
1991; Pierson and Ginther, 1988; Savio et al, 1988; Sirois and
Fortune, 1988; Knopf et al, 1989; Webb et al, 1992). Previous
studies of the growth of large antral follicles during the
oestrous cycle in ewes have been largely restricted to obser¬
vations at slaughter or limited periods of repeated observations
using laparotomy or laparoscopy. Such studies have suggested
that antral follicles are present in the ovaries of ewes through¬
out the oestrous cycle (Cahill and Mauleon, 1980; McNatty
el al, 1984, 1985; Webb and Gauld, 1985). However, previous
data led to conclusions that antral follicles grow early in
the cycle and then remain in the ovary to enlarge before
ovulation (Hutchinson and Robertson, 1966), or that there may
be two, three or more phases of antral follicle growth during
the cycle (Smeaton and Robertson, 1971; Brand and de Jong,

1973).

Our data showed antral follicles emerging or growing from
^ 2 mm in diameter on all days of the cycle
except days 1, 5, 15, 16 and 17. However, significantly more
follicles emerged on days 2 and 11 of the cycle. There appeared
a

3

5

7

9

11

13

Day of oestrous cycle

Fig. 3. Ovarian antral follicle dynamics in ewes during the interovu¬
latory interval, (a) The number of follicles (mean ± SEM) emerging
(starting to grow > 2 mm in diameter) per ewe on each day
throughout the oestrous cycle. No follicles emerged in any of the
eight ewes on days 1, 5, 15, 16 and 17. There were peaks of
emergence on days 2 and 11. Only the follicles that could be identified
for at least 3 consecutive days and grew to at least 4 mm in diameter,
or were identified for at least 4 consecutive days and grew to at least
3 mm in diameter, were included, (b) Total number of follicles ^ 2 mm
( ) and ^3 mm in diameter (a) throughout the oestrous
All the follicles detected on any day, whether or not seen on
subsequent days, were included. Mean number of follicles ^ 2 mm in
diameter increased gradually to mid-cycle and had fallen significantly
by day 17 (P<0.05). The mean number of follicles >3 mm in
diameter increased significantly up to the late part of the cycle and had
fallen significantly by day 17 (P < 0.05). (c) The mean diameter of the
largest follicles throughout the oestrous cycle. The mean diameter of
the largest follicles remained low until day 3, rose to day 5, reached a
peak on day 16, only to fall to a nadir on day 17 (P< 0.05).
in diameter

cycle.

Discussion
in cattle have shown that growth of
in two or three distinct waves
cycle. Each wave is characterized by

Ultrasonographic studies
large antral follicles
during the oestrous

occurs

pool of follicles

to be two major phases of growth of large antral follicles in the
ewes. In a recent study that used ultrasonography in ewes after
oestrus synchronized by PGF2ol, the authors concluded that
follicle emergence above 2 mm in diameter was a continuum
across the oestrous cycle, but that a peak occurred on day 2
(Schrick et al, 1993). The two phases of follicle emergence
observed in this study may reflect the waves of growth seen in
cattle. However, the significant changes in numbers of antral

follicles and emergence of follicles associated with waves of
follicular growth in cattle were not seen in the ewes in the
present study. The follicular dominance associated with
follicular growth waves in cattle was also not prominent in our
data.
In the present study, the observations made on follicle
growth and regression patterns, follicle diameters and total
numbers suggest that follicular dominance is a weak phenom¬
enon in sheep in contrast to the situation in cattle. This
contention supports the views of Schrick et al. (1993), who
studied ovarian follicular growth in cyclic ewes by ultrasonog¬
raphy. In cattle, the dominant follicle has been shown to be
larger than the subordinate follicle from the second day of the
wave of follicle growth. The subordinate follicle ceases to grow
4.4 days after the start of a wave, while the dominant follicle
grows

linearly (Ginther

et

al, 1989).

In

addition,

in

cattle,

dominance is also assumed because the growth of a large
number of small follicles emerging with the dominant follicle is
also rapidly suppressed. In the ewes studied here, the total
number of follicles ^ 2 mm diameter fell significantly only near
ovulation, when the ovulating follicle seemed to have sup¬
pressed the growth of other ovarian follicles. This suppression
was noted only fairly late in the growth phase of follicles
emerging at about the time of the ovulating follicle (day 15 of
the cycle, after luteolysis). During the luteal phase of the
oestrous cycle, the largest follicle growing from day 2 of the
cycle may have exerted dominance over the next largest
Downloaded from Bioscientifica.com at 01/08/2023 07:35:56PM
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Table 1. Growth and regression characteristics and maximum diameters of the largest and second largest follicles emerging at about
day 2 and day 11 of the oestrous cycle in ewes and the largest follicle emerging in the intervening period (days 6—8 inclusive)

Largest

Growth and

Follicles emerging between

regression

characteristics

days

growth (days)
Growth rate (mm day *)
Duration of regression (days)
Rate of regression (mm day )

2.9 ±

0.2"

0.0b
2.4 ± 0.2b
1.0 ±

~

and

Second

Largest

Duration of

2

4

of

cycle

largest

Follicles emerging after

day 9

Largest (ovulatory)

Second

cycle

largest

follicle

emerging

in

mid-cycle*

1.9 ± 0.2C

4.1 ± 0.1a

2.5 ±

0.9 + 0.06b

1.2 + 0.4a

1.1 + 0.07a

0.2bc
1.1 ± 0.08ab

2.6 + 0.2a

1.6 ± 0.3C

1.8 ± 0.3C

1.1 ± 0.06a

of

1.1 ± 0.15a

0.2b

1.2 ± 0.07a

2.0 ±

1.4 ± 0.2a

~

Maximum diameter

5.5 ±

(mm)

AU values are means ± SEM (n 8).
Values with different superscripts within
*Days 6—8 of the cycle.

0.3b

4.4 ± 0.2C

6.9 +0.1a

5.1 +

0.3b

4.3 + 0.3e

=

rows are

significantly different (P < 0.05).

et al.

5-

=

3

-1

1

3

5

7

9

11

13

15

17

Day of oestrous cycle
4. Diameters (mean ± SEM) of the two largest follicles emerging
at about day 2 (normalized to day 2: , ) and day 11 (normalized to
day 11; o, ·) of the oestrous cycle in ewes. The arrow indicates the

Fig.

diameter of the ovulating follicle on the day before ovulation.
Diameters with different letters are significantly different (P < 0.05).

(1993) reported a marked increase in numbers of follicles
from October to November.
In the study reported here, the similarity of growth rates of
the two largest follicles growing in the early period of the
oestrous cycle and the lack of a significant fall in the number of
follicles during any time, except near ovulation, indicated a lack
of or only a weak dominance and a pattern of growth and
regression of follicles that is not as distinctly wave-like as in
cattle. However, increased emergence and growth of follicles
during two periods of the cycle did show a tendency for two
phases of growth and regression. The fact that dominance is
weak or absent in sheep may be logical, since sheep are
multiple ovulators and so more than one follicle should retain
the potential to ovulate until late in the oestrous cycle. From a
recent study (Castonguay et al, 1990), it was concluded that
dominance by the largest follicle was not present in ewes of
prolific genotypes; this was based on the finding that there
was no difference in oestrus and ovulation rates between
control ewes and ewes in which the largest follicle was
destroyed, following withdrawal of progesterone-impregnated
sponges.

The

follicle, but compared with the definition of dominance in
cattle, this dominance was very weak.
Data from slaughtered ewes (Brand and de Jong, 1973)
revealed no systematic variation in the absolute or relative
numbers of normal and atretic tertiary follicles during the

cycle of ewes. This was also true when the follicles
were subdivided into classes according to stage of atresia.
However, the total number of follicles ^ 2 mm in diameter,
reported in the study above, and in other studies (Driancourt
et al, 1988; Schrick et al, 1993), seemed higher than observed
in the present study. The fewer follicles in our study may
reflect breed differences and also the stage of the breeding
season at which studies were undertaken. The oestrous cycle
described here was for relatively non-prolific Western WhiteFace ewes and it was the second cycle of the breeding season.
Ovulation rate increases to mid-breeding season (Ortavant
et al, 1988), when the studies mentioned above were per¬
formed (Driancourt et al, 1988; Schrick et al, 1993). Schrick
oestrous

ovulatory follicles emerged on day 11.1 ± 0.3 and grew
period of 4.1 ± 0.1 days at a rate of 1.2 ± 0.04 mm
was at a time when serum progesterone concen¬
This
day
trations started to decline, from a peak on day 10 of the
oestrous cycle. These results are in contrast to the data
over a

.

~

'

collected from ewes killed at different times of the oestrous
cycle, from which it was concluded that the ovulatory follicle
increased in size markedly from early metoestrus to the
early luteal phase and thereafter remained at this size until pre¬
ovulatory enlargement at oestrus (Hutchinson and Robertson,
1966). Other studies showed results similar to those reported
here, in that the ovulatory follicle was derived from a pool of
follicles > 2 mm in diameter at the time of luteolysis and
emerged as a growing oestrogenic follicle within 10 h of
luteolysis (McNatty et al, 1982; Driancourt et al, 1986; Webb
et al, 1989). In a study using ultrasonography ih ewes, it
that the ovulatory follicle grew beyond 2 mm in
diameter at about day 11 of the oestrous cycle (Schrick et al,

appeared
1993).
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sheep (Driancourt et al,

1986; Castonguay et al, 1990). Follicle
study reported here appeared
regression
to be slightly lower than those in an earlier report
(1.6 ± 0.6 mm day 1; Driancourt and Cahill, 1984) for follicles
in a follicular phase induced by PGF2tl, with observations made

20-, (a)

rates observed in the
~

at

laparotomy.
study reported here,

which involved white-faced,
cross-bred ewes, the mean maximum diameter of the ovulating
follicle was 6.9 + 0.1 mm. From several previous studies (Brand
and de Jong, 1973; Driancourt and Cahill, 1984; Driancourt
et al, 1988, 1990) either at slaughter, or at repeated lapar¬
otomies, with normal or prostaglandin-induced oestrus, a
range of 4—10 mm has been reported as the maximum diameter
of the ovulatory follicle. These studies involved breeds differ¬
ent from that used in the study reported here, with different
ovulation rates. The ewes in this study ovulated only one
follicle in the oestrous cycle examined; this is probably a
reflection of the fact that this was only the second cycle of the
breeding season and the ewes we used were from a non-prolific
breed.
Several studies that measured oestradiol concentrations in
the utero—ovarian venous blood, with samples taken daily or
several times a day, have examined oestradiol secretion and
ovarian follicular development. At any stage of the oestrous
cycle most of the oestradiol comes from the largest non-atretic
follicle in the ovary (Bjersing et al, 1972). A peak of oestradiol
on the day before ovulation was noted in our study as has been
noted by Scaramuzzi et al (1970) and Cox et al (1971).
Additional peaks of oestradiol on days 3 and 4 (Cox et al,
1971) and days 6-9 of the cycle (Scaramuzzi et al, 1970;
Mattner and Braden, 1972) have been shown to occur,
suggesting phases of follicular development at these times
during the oestrous cycle. Variability in the secretion of
oestradiol during the luteal phase in ewes has also been
demonstrated by Baird et al (1976); this did not support
a distinct wave-like pattern of development of follicles
throughout the luteal phase.
In the study reported here, fluctuations in serum concen¬
trations of oestradiol were quite variable during most of the
oestrous cycle, supporting the data on follicles that showed
emergence and growth of follicles on most days of the cycle.
There was no particular increase in serum concentration of
oestradiol due to the peak in follicle emergence on day 2 of the
cycle. Only the late preovulatory follicle produced a significant
peak in serum concentrations of oestradiol, as measured in
serum samples from jugular blood. There must be oestrogenic
follicles at other stages of the cycle but these must lack a
gonadotrophic stimulus during the luteal phase to produce
maximum amounts of oestradiol.
Evidence from blood sampling performed once or twice a
day and FSH radioimmunoassay (Adams et al, 1992, 1994)
shows that an increase in FSH secretion is associated with each
of the two or three follicular waves in the oestrous cycle of
cattle. However, in the present study, only a peak in serum
concentration of FSH was seen at about oestrus. With the
present blood sample collection protocol (daily samples) we
could not delineate the secondary metoestrous increase in
serum FSH concentration that has been reported by others
(Dobson and Ward, 1977; Pant et al, 1977; Baird and
In the

3

5

7

9

11

13

Day of oestrous cycle

Fig. 5. (a) Mean (« 8) serum concentrations of progesterone ( ) from
daily blood samples throughout the oestrous cycle of ewes and the
mean (n
8) diameters of the corpora lutea ( ) from day 3 to day 17
(day of ovulation) of the oestrous cycle of ewes. The mean progest¬
erone concentration increased significantly to reach a peak on day 10
of the cycle, started to decline on day 11 and reached a significantly
low concentration on day 17 (P < 0.05). The mean diameter of corpora
lutea significantly increased to day 5, and decreased from day 11 to
day 17 (P < 0.05). (b) Mean serum concentrations of FSH ( ; 8) and
=

=

=

oestradiol ( ;
7) from daily blood samples throughout the oestrous
+ SEM). Mean concentrations of FSH showed
of
ewes
(mean
cycle
minor fluctuations during the early and middle parts of the cycle, fell
significantly on day 14, and were low by day 15. There was a
significant peak on day 16 and a subsequent nadir on day 17
(P < 0.05). Mean oestradiol concentration showed a gradual increase
from a low on day 11 to a peak on day 16 and had fallen significantly
by day 17 (P<0.05). Concentrations were quite variable during the
remainder of the oestrous cycle.
=

The growth rate of the ovulatory follicle in our study was
similar to that observed by Driancourt and Cahill (1984) in a
study involving treatment of ewes with PGF2a and observation
of follicles by laparotomy. The ovulatory follicle in their study
~1
increased in diameter at a rate of 1.42 ± 0.9 mm day
between 6 and 30 h after PGF2a treatment and 0.38 ± 0.41 mm
day-1 between 30 and 54 h after PGF2a treatment. The
growth of the ovulatory follicle was slower in the second
period, which is similar to the observation in the study
reported here of a static phase of growth in some but notx all
follicles. Follicle growth rates ranging from 0.9 mm day to
1.7mm day""1, have been observed in different breeds of
~

McNeilly,

1981;

Medhamurthy et al, 1987).
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The importance of FSH in ovarian folliculogenesis in ewes
has already been demonstrated (Dufour et al, 1979; McNeilly
et al, 1986; Hunter et al, 1988; Baird et al, 1990). However, it
is not yet clear whether fluctuations in FSH concentrations
during the interovulatory period are important for the emerg¬
ence of follicles. The results of the present study appear to
indicate that a distinct increase is not needed for follicle
emergence or growth into the antral follicle size ranges we
studied. It must be stressed that we studied only follicles
^ 2 mm in diameter; endocrine-regulated recruitment and
selection may occur in smaller follicles. A fall in FSH concen¬
tration did occur in the early follicular phase, which was similar
to an earlier report (Cahill et al, 1981). This indicated that
growth of the ovulatory follicle occurred under conditions of
reduced FSH secretion. It has been suggested that this fall in
FSH occurs as a result of enhanced negative feedback by
oestradiol and inhibin (Martin et al, 1988), and a factor in the
selection of the ovulatory follicle may be the withdrawal of
FSH from all other potential ovulatory follicles. However, it has
been suggested by recent studies that this fall in circulating
FSH concentration may not be sufficient for selection of the
preovulatory follicle and that LH may also be important in this

process (Campbell et al, 1990; McNeilly et al, 1991, 1992;
Picton and McNeilly 1991). In the study reported here, the
ovulatory follicle grew to a significantly greater diameter over

duration than did any other follicle during the
oestrous cycle. Its growth rate, as well as that of the next
largest follicle of the same period, was also significantly greater
than that of the follicles emerging on day 2. This may be
indicative of the importance of LH for antral follicle growth.

a

longer

LH secretion is

suppressed by higher progesterone concen¬
phase and this suppression is withdrawn

trations in the luteal

following luteolysis.

of corpora lutea and regression in
different times during the oestrous cycle
(Hutchinson and Robertson, 1966) indicated that they
increased in size sharply between 36 h and 5 days after the
onset of oestrus. The increase in size from day 5 to day 10 was
slow, yet significant; after that, the corpora lutea began to
regress (Hutchinson and Robertson, 1966). The corpora lutea
were recognizable by transrectal ultrasonography in all the
ewes in the present study by day 3 (day 0, day of ovulation),
and had increased significantly in diameter by day 5. Contrary
to the observations of Hutchinson and Robertson (1966), a
significant increase in diameter between days 5 and 10 of the
oestrous cycle was not found. However, the serum progester¬
one concentrations increased to give a peak on day 10. In
agreement with the observations of Hutchinson and Robertson
(1966), corpora lutea in our ewes started to decrease in
diameter from day 11 onwards. Schrick et al. (1993) found that
they increased rapidly in size to day 8 of the oestrous cycle but
otherwise our data for corpora lutea diameter and serum
concentrations of progesterone are similar to theirs.
In conclusion, ultrasonography as used in cattle, with some
modifications, can be reliably used in sheep for the study of
ovarian follicular dynamics. Our results suggest that ovarian
antral follicular growth (follicles ^ 2 mm diameter) and re¬
gression occurs at most stages of the oestrous cycle of ewes
and that follicles emerge on many days throughout the
oestrous cycle. Although distinct waves of follicular growth

Observations

ewes

on

slaughtered

at

growth

and regression, as defined for cattle, were not evident in the
ewes, there were two significant peaks in follicle emergence at
about days 2 and 11. There was no correlation between the
pattern of FSH secretion during the oestrous cycle and follicle
emergence and growth. Dominance by large follicles was not
clearly evident in the ewes studied here, based on the definition
of dominance developed for cattle (Ginther et al, 1989), and
the pattern of growth and regression of the two largest follicles
during the early and late periods of the oestrous cycle and
number of follicles during the cycle in the ewes studied here.
However, during the late follicular phase (after day 14 of the
cycle and luteolysis) the ovulatory follicle appeared to suppress
the number of follicles and the growth of other follicles.
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