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Follicle selection in domestic ruminants
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Summary. Ultrasound imaging has shown that cattle exhibit 2 or 3 waves of follicular
development during an oestrous cycle. The waves consist of the contemporaneous
appearance, about every 7 days, of a group of follicles > 5 mm in diameter. One follicle
gradually becomes larger than the rest (i.e. dominant). There are several lines of evi-
dence suggesting that the waves occur regularly under conditions of basal LH and
FSH. (1) Cycles with 3 waves of follicular development are longer and have longer
luteal phases than do cycles with 2 waves, indicating that the number of waves in a cycle
is determined by the time of luteal regression. (2) Cycles with 4 or 5 waves of follicular
development can occur when the luteal phase is artificially prolonged with exogenous
progesterone. (3) Waves of follicular development occur during pregnancy. However,
the secondary surge of FSH may be important in initiating new follicular recruitment
after ovulation, since suppression of the secondary surge delays the first wave of fol-
licular development. Follicles are functionally dominant (capable of ovulating after
luteal regression) while they are still growing and early during their plateau in growth.
Functional dominance is lost some time between the early and late plateau phases,
while the follicle is still morphologically dominant (i.e. the largest follicle). The factors
that lead to dominance of one follicle and the mechanisms that suppress the growth of
subordinate follicles are not well understood. When the luteal phase is artificially
extended with low doses of exogenous progesterone, the normal pattern of follicular
development is altered and the ovulatory follicle grows for a prolonged period of time.
This finding indicates that subtle changes in the hormonal milieu can dramatically alter
follicular dynamics and that the experimental model of prolonged dominance may be
useful in studying the mechanisms of follicular dominance.

In contrast, patterns of follicular development in sheep must be assessed in more
indirect ways, but sheep offer the advantage of breeds that differ in ovulation rate.
Correlation of the endocrine environment with ovulation rate in this species provides a
valuable approach to understanding the mechanisms controlling follicle selection and
ovulation rate. It has been suggested that in some species a high ovulation rate is
achieved by increased recruitment, whereas in others there is increased selection. There
is evidence that oestradiol is involved in regulating the number of dominant follicles in
sheep.

Follicular recruitment requires the presence of gonadotrophins, particularly FSH.
In general, the mechanisms that regulate follicular selection and dominance in domestic
ruminants are not well understood. Further experiments may determine the relative roles
of paracrine factors and ovarian—pituitary—hypothalamic interactions in regulation of
follicular selection and dominance in cattle and sheep.
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Introduction

In general two processes lead to the development of the normal, species-specific number of ovula tory
follicles. First, follicle recruitment results in the development of a pool or cohort of follicles from
which the preovulatory follicle(s) is drawn and then, as a result of follicle selection, one follicle (or
more, depending on the species or breed) becomes dominant and continues development towards
ovulation, while the others regress. Understanding the processes of recruitment and selection and
the phenomenon of dominance are of considerable practical importance. It is these processes that
must be subverted or modulated to superovulate domestic animals or humans.

The approaches used for elucidating mechanisms of follicular selection have differed in cattle
and sheep. In cattle, ultrasound imaging allows tracking of individual follicles as they grow and/or
regress over time and patterns of follicular development can thus be determined with relative pre-
cision. In contrast, patterns of follicular development in sheep have been assessed in more indirect
ways, although sheep offer the advantage of breeds that differ in ovulation rate. Correlation of
the endocrine environment with ovulation rate in this species provides a valuable approach to
understanding the mechanisms controlling follicle select on and ovulation rate.

Follicular dynamics in cattle

Patterns of follicular development have been carefully characterized in rodents (e.g. see review by
Richards, 1980), but it has been more difficult to follow the dynamics of follicle development and
regression in cattle and sheep. It is not clear how long it takes a follicle to grow from the resting
stage to preovulatory status in the cow, but the process takes about 6 months in sheep (Cahill,
1981). Antrum formation occurs when bovine follicles are about 0.5 mm in diameter (Marion et al.,
1968). Some researchers had suggested that the growth and regression of large follicles in cattle
occur in waves (Rajakoski, 1960; Swanson et al., 1972; Ireland & Roche, 1983), whereas others
proposed that follicular growth is continuous and independent of stage of the oestrous cycle
(Choudary et al., 1968; Donaldson & Hansel, 1968: Marion & Gier, 1971). In either case though, it
seems clear that large follicles develop (and regress) during the luteal phase in cattle, in contrast to
observations in primates (see Hodgen et al., 1985, for review). If all follicles > 5 mm are destroyed
on Day 18 of the bovine cycle, oestrus still occurs around the expected time (Matton et al., 1981),
indicating that follicles can grow from <5 mm to ovulatory size (1-2 cm) fairly rapidly.

Until recently the techniques used in studying patterns of follicular development in cattle
involved measurement, counting, and histological evaluation of ovaries of animals killed at various
times during the oestrous cycle or marking of follicles with ink, followed by serial laparoscopy.
These techniques generated much useful information on the development and regression of large
follicles in cattle, but they clearly have limitations. In contrast, the development of ultrasonic
probes that can be used intrarectally to visualize bovine ovaries opened new possibilities for
examining the dynamics of follicular growth and regression in cattle. Pierson & Ginther (1984) first
used ultrasound imaging to count the numbers of follicles of various sizes in bovine ovaries
throughout the cycle. On the basis of such counts, they suggested that 2 follicles of ovulatory
size develop during the oestrous cycle, one during dioestrus and the other during the pre-
ovulatory period (Pierson & Ginther, 1987). In addition they provided evidence suggesting that the
ovulatory follicle is selected (i.e. becomes dominant) 3-4 days before ovulation (Pierson & Ginther,
1988).

We used ultrasound imaging to follow the growth and regression of individual follicles in
bovine ovaries (Quirk et al., 1986) and found that individual follicles with antral diameters > 5 mm
can be followed with certainty by videotaping each ultrasound examination and reviewing the tapes
sequentially. Our results indicated that, in cattle, there is variability amongst heifers in the size of
the ovulatory follicle at various times before oestrus, that size alone is not a reliable predictor of the
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ovulatory follicle until the day of oestrus, and that other large follicles regress as the ovulatory
follicle enlarges during the follicular phase (Quirk et al., 1986).

More recently ultrasonography has been used to follow the development of individual follicles
> 5 mm in diameter during complete oestrous cycles (Fig. 1). We found that follicular development
occurs in waves, with each wave consisting of the contemporaneous appearance of 3-6 follicles
> 5 mm in diameter (Fortune et al., 1988; Sirois & Fortune, 1988). Several days after the emergence
of a wave, one follicle has become larger than the rest; it continues to grow while the smaller
follicles in the cohort regress. In our herd most heifers exhibit 3 successive waves of follicular
development during an oestrous cycle, beginning on average on Days 2,9 and 16, with ovulation of
the dominant follicle of the third wave. In an alternative pattern, in about 25% of our heifers, there
are 2 waves of development with ovulation of the dominant follicle of the second wave. Savio et al.
(1988) also reported the emergence of 3 dominant follicles during most cycles, but Knopf et al.
(1989) found a predominant pattern of 2 waves of follicular development and an alternative pattern
of 3 waves in their herd. The finding that follicular development in cattle occurs in waves is exciting,
since it may help to explain the variability observed when cattle are superovulated and because it
offers new opportunities for studying the regulation of ovarian follicular development.

0 2 4 6 8 10 12 14 16 18 20 0 1
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Day of cycle

Fig. 1. Patterns of growth and regression of individual follicles (solid lines) during complete
oestrous cycles with 3 (a) and 2 (b) waves of follicular development. The asterisk indicates the
last day on which the ovulatory follicle was observed and the broken line shows progesterone
concentrations.

Morphological versus functional dominance

Since dominant follicles appear to suppress the development of subordinate follicles, at least
part of the variability in the response to superovulatory treatments may be due to the presence or
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absence of a dominant follicle at the beginning of the superovulatory regimen. Because the presence
of a dominant follicle may diminish the response to superovulatory treatments (Pierson & Ginther,
1988; Grasso et al., 1989), it is important to know when functionally dominant follicles are present.
Since analysis of follicular dynamics shows that dominant non-ovulatory follicles remain as the
largest follicle for several days after the start of the succeeding wave, it seemed possible that a
dominant follicle retains morphological dominance (largest follicle on a pair of ovaries) longer than
it retains functional dominance (ability to suppress the growth of other follicles).

We used the first wave of follicular development to explore the relationship between morpho-
logical and functional dominance in non-ovulatory, dominant follicles (Lavoir & Fortune, 1990).
The first wave was chosen because it begins at a predictable time (Day 1-3), in the absence of a
previous dominant follicle (which has just ovulated), and, in contrast to the second wave of follicu-
lar development, is never the ovulatory wave. The ability to ovulate in response to a luteolytic
injection of prostaglandin (PG) F-2a was used as the criterion for functional dominance. Luteolysis
was induced in a total of 15 heifers at 3 times during the first wave of follicular development:
(1) while the dominant follicle of the first wave was still growing, (2) early during its plateau in
growth, or (3) late in its plateau in growth (Fig. 2). Growth and regression of individual follicles

5 mm were followed by daily ultrasonography. Of 5 heifers injected during the growing phase of
the first dominant follicle, 4 ovulated that follicle. Of the 6 heifers injected during the early plateau
phase, 4 ovulated the largest follicle and 2 ovulated a new follicle, which was already visible at the
time of PGF-2a injection. All 4 heifers injected during the late plateau phase failed to ovulate the
largest follicle and ovulated a follicle recruited from the second wave of follicular development.
Control heifers (N = 3), injected with saline at similar stages of follicular development, had normal
oestrous cycles with typical waves of follicular development.

The results suggest that, while the dominant follicle of the first wave is still actively growing,
morphological dominance usually coincides with functional dominance. In contrast, by the late
plateau phase this congruence between morphological and functional dominance has been lost.
The early plateau phase appears to be a transitional period when the morphologically dominant
follicle may or may not be functionally dominant. Since the largest follicle of the first wave may be
functionally non-dominant while it remains morphologically dominant, size alone is not a good
indicator of functional dominance. Therefore, assessment of the effects of a dominant follicle on
ovarian responses should focus on analysis of the effects of functionally dominant follicles.

Regulation of follicular waves in cattle

It is clear that the development of medium-sized and large follicles in cattle occurs in waves.
The regularity of the patterns allows experimental manipulations designed to determine how these
patterns are controlled. The consistent pattern of follicular waves during the oestrous cycle led us
to propose that, when the ovaries are exposed to basal concentrations of gonadotrophins, a follicu-
lar wave is produced about every 7 days. This regular succession of waves could explain why some
heifers have 2 waves of follicular development, whereas most heifers in our herd exhibit 3 waves.
That is, heifers with longer cycles, or cycles in which the 2nd wave of follicular development begins
several days later than average, would have 2, rather than 3, waves of follicular development,
because at the time of luteal regression the dominant follicle of the 2nd wave would still be healthy
and capable of ovulating. We tested this hypothesis by comparing 2- and 3-wave cycles in a group
of 16 heifers. Animals that exhibited 2 waves had significantly shorter cycles and luteal phases. In
these heifers the dominant follicle of the first wave grew larger on average and this was associated
with a later time of appearance of the second wave (Fortune & Sirois, 1989). These results are
consistent with the observations of Ginther et al. (1989a), who also found that the luteal phase was
significantly shorter in heifers with 2 waves of follicular development.

To test experimentally the idea that the number of waves per cycle is at least partly determined
by the length of the cycle, we artificially extended the luteal phase of the cycle with proaesterone-
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Fig. 2. Patterns of growth and regression of individual follicles (solid lines) after injection of a
luteolytic dose of PGF-2a during the growing phase (a), early plateau phase (b, c), or late
plateau phase (d) of the dominant follicle of the first wave of follicular development. The
asterisk indicates the last day on which the ovulatory follicle was observed and the broken line
shows progesterone concentrations.

releasing devices (CIDRs) placed intravaginally for 14 days beginning on Day 14 of the cycle (Sirois
& Fortune, 1989). Treating the animals with 2 CIDRs that were changed at regular intervals main-
tained progesterone at normal luteal levels. Of the 6 animals treated, 3 exhibited regular waves
under these conditions, having 4 or 5 waves during their 30-day 'cycle' (Fig. 3c). However, in the
other 3 animals, and in 6 animals in which treatment with 1 CIDR maintained progesterone at sub-
luteal levels (about 1.5 ng/ml) for a prolonged period, only 2 or 3 waves of follicular development
occurred during the 30-day cycle (Fig. 3b). In these animals the final wave of follicular develop-
ment was considerably prolonged, the dominant follicle grew larger than normal, and the
development of other follicles was completely suppressed for a prolonged period of time. These
experiments indicate that, although additional waves of follicular development can occur if the
luteal phase is prolonged, subtle changes in endocrine milieu can dramatically change the timing of
follicular waves and prolong the period of dominance. The phenomenon of prolonged dominance
provides direct evidence suggesting that the dominant follicle regulates the appearance of the
succeeding wave. In addition, experimentally prolonged dominance provides a very useful model
for studying follicular dominance in cattle.

Additional evidence for the regularity of waves under conditions of basal LH and FSH comes
from the observation of Ginther et al. (1989b) that regular follicular waves continue during
pregnancy. Taken together, these results suggest that in cattle waves of follicular development
occur regularly during the oestrous cycle and pregnancy, when LH and FSH are at basal concen-
trations. The gonadotrophin surges perturb the pattern of regular waves by triggering ovulation of
the follicle that is functionally dominant at the time of oestrus. However, an additional, secondary
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Day of cycle

Fig. 3. Representative patterns of ovarian follicular development during a normal oestrous
cycle (a), a cycle artificially lengthened with low levels of progesterone (b) and an oestrous cycle
lengthened with high levels of exogenous progesterone (c). The open rectangle indicates the
interval of treatment with an intravaginal progesterone-releasing device (CIDR) or a blank
device (control; for details see text).

surge of FSH occurs about 1 day after the LH/FSH surge. Experiments with rats provided evidence
for a role for a similar secondary surge of FSH in the development of follicles for the next ovulation
(Grady et al., 1982). We explored the relationship of the secondary surge of FSH to follicular
development in cattle by suppressing the surge with injections of steroid-free, bovine follicular fluid
(bFF, containing inhibin; Turzillo & Fortune, 1990). Five injections of bFF, given every 12 h
beginning 12h after the onset of oestrus, completely suppressed the secondary surge (Fig. 4), with-
out affecting LH concentrations, in 6/6 heifers. Control heifers (N = 5) injected with saline exhibited
the secondary surge at the expected time. Daily ultrasonographic examinations revealed that the
appearance of the first wave of follicular development was delayed in bFF-treated heifers (Day
3.3 + 0.3 compared with Day 1.4 + 0.2, P < 0.0001; Fig. 5). This was accompanied by a concomi-
tant delay in the early luteal increase in plasma oestradiol (peak concentrations on Day 6.3 + 0-6
compared with Day 4-2 + 0-2; P < 0.05). The 2nd wave of follicular development was also delayed
in treated heifers (Day 12.7 + 0.4 compared with Day 10.4 + 0-6, P < 0-01). Of 6 bFF-treated
heifers, 5 had 2 waves of follicular development, whereas 4/5 control heifers had 3 waves of follicu-
lar development. Concentrations of LH and progesterone and cycle length were not affected by
bFF treatment. Taken together, these results suggest that the delay in the 1st wave of follicular
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development led to a delay in the 2nd wave, which resulted in the presence of a healthy dominant
follicle of the 2nd wave at the time of luteolysis in most treated heifers and subsequent ovulation of
that follicle. Although a direct effect of some component(s) of bFF on ovarian follicles cannot be
ruled out, delayed follicular growth associated with suppression of the secondary FSH surge
suggests that this surge is important in the re-initiation of follicular development after ovulation.

Hours from onset of oestrus

Fig. 4. Concentrations of FSH (mean + s.e.m.) in plasma collected at 4-h intervals from heifers
injected with 10ml bovine follicular fluid (bFF) or 10ml saline (control) every 12h during the
injection period indicated by the horizontal bar.

Day of oestrous cycle

Fig. 5. Patterns of growth and regression of individual follicles during complete oestrous cycles
in 2 representative heifers: (a) control, (b) treated with bovine follicular fluid (bFF). Arrows
indicate day of appearance of dominant follicles of the first wave of follicular development.
Asterisks denote ovulatory follicles. Symbols denote follicles from the previous cycle (—•—)
and follicles in the first ( 0 ), second ( • ), and third (— --) waves.

Follicular recruitment and selection in sheep

Insight into the patterns and regulation of ovine follicular development has been gained by
comparison of follicle populations in hypophysectomized and intact ewes and by serial laparoscopy
following dye marking of individual follicles. It has been estimated that follicular development
takes 6 months, with 2-3 follicles leaving the pool of resting follicles to begin growth each day
(Turnbull et al., 1977; Cahill & Mauléon, 1980). Driancourt & Fry (1988) have divided folliculo-
genesis in sheep into two stages—basal and tonic. Basal folliculogenesis includes development up to
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2 mm in diameter and is apparently not dependent on gonadotrophins, since hypophysectomized
sheep exhibit follicular development up to this stage (Dufour et al., 1979; Driancourt et al., 1987).
Tonic folliculogenesis includes growth from 2 mm to preovulatory size and is gonadotrophin-
dependent. Recruited follicles are > 2 mm in diameter and selection occurs from among the pool of
follicles of this size. All follicles that can be clearly identified as 'selected' are > 4 mm in diameter.
Therefore, to be recruited and selected a follicle must have entered the gonadotrophin-dependent
phase of development. Granulosa cells from follicles > 4 mm have acquired LH receptors (Carson
et al., 1979) and exhibit maximal responses to FSH in terms of cAMP and oestradiol production
(Tsonis et al., 1984b; Henderson et al., 1985; McNatty et al., 1986). When some follicles > 2 mm in
diameter were cauterized ovulation still occurred at the normal time, as long as some follicles
> 2 mm remained in the ovaries. However, destruction of all follicles with diameters > 2 mm
significantly delayed ovulation (Tsonis et al., 1984a).

In contrast to cattle, in which multiple ovulations are rare, sheep offer the advantage of breeds
that vary in prolificacy. This affords the opportunity to explore various potential mechanisms for
control of ovulation rate by comparing various characteristics in breeds differing in natural prolifi-
cacy. One approach has been characterization of the numbers of follicles at different stages of
development at various times relative to ovulation in breeds differing in ovulation rate. In some
experiments follicles have been marked with dye and followed by serial laparoscopy. Driancourt et
al. (1986) have determined that different prolific breeds achieve a high ovulation rate by different
mechanisms (Fig. 6). Romanov ewes recruit a larger number of follicles (6.6 + 1.4 vs 2-8 + 1-4 in
Ile-de-France ewes), whereas Finns recruit about the same number of follicles as non-prolific
breeds, but a greater percentage are selected for ovulation. In contrast Booroola ewes appear to
achieve prolificacy through continuous recruitment during the follicular phase coupled with a
higher rate of selection. Driancourt et al. (1990b) have also examined lines of Finn and Merino
sheep that differ in prolificacy. There was a lower proportion of atresia in follicles > 3 mm in
diameter in Merinos selected for higher prolificacy compared with control Merinos. Finn ewes
with high ovulation rates recruited more follicles than did Finn ewes with lower ovulation rates.
In addition, the response of different breeds to hCG-induced ovulation during the prepubertal
period, anoestrus, and the luteal phase was similar to the adult ovulation rate, indicating that the
mechanisms that promote prolificacy operate at stages other than the follicular phase of the cycle
(Driancourt et al., 1990a).

A second approach to understanding the mechanisms of prolificacy has been to examine the
characteristics of selected follicles in different breeds. The only features that prolific breeds
appear to have in common are a reduced diameter of ovulatory follicles and unaltered growth rates
(Driancourt & Fry, 1988). Brown & Driancourt (1989) have suggested that differences in capillary
blood flow may be related to the smaller size of ovulatory follicles in breeds with high fecundity.
They found that capillary blood flow per unit volume of theca was greatest in 3-1-5-0-mm follicles
in prolific Romanov ewes, whereas blood flow was maximum in larger follicles (5-1-7 mm) in the
non-prolific Prealpes-du-Sud breed. Webb et al. (1989) analysed follicular populations in 3 breeds
differing in ovulation rate from the day before until 2 days after injection of a luteolytic dose of
PGF-2a. They found that follicles that produced low amounts of oestradiol in vitro (oestrogen-
inactive follicles) had lower numbers of granulosa cells. Although oestradiol production by
oestrogen-active follicles was similar in all 3 breeds, granulosa cell number was significantly lower
in follicles from the prolific Finnish Landrace ewes than in two less prolific breeds. Therefore,
granulosa cell number and oestrogen production differed in atretic (non-selected) follicles, but
differences in these measures do not explain differences in numbers of selected follicles among
breeds differing in ovulation rate.

A third approach has been analysis of the endocrine environments in breeds differing in
fecundity. Cahill et al. (1981) analysed concentrations of LH, FSH, prolactin, oestradiol and pro-
gesterone in prolific Romanov and non-prolific Ile-de-France ewes. Progesterone concentrations
during the luteal phase were highly correlated with the number of preovula tory follicles, but the
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Fig. 6. Schematic representation of preovulatory enlargement in control (Ile-de-France) and
prolific (Romanov, Finn, Booroola) ewes. Taken from Driancourt et al. (1986).

concentrations of LH, oestradiol and prolactin did not differ between breeds. In contrast, the
secondary FSH surge was significantly larger in Romanov ewes and the area under the peak was
correlated with the number of antral follicles present during the succeeding follicular phase.
Analysis of the binding of FSH to granulosa cells from Booroola ewes that were homozygous,
heterozygous or non-carriers of the F gene (which influences ovulation rate), showed no differences
among the 3 groups (McNatty et al., 1989). Therefore, differences in binding of FSH do not appear
to be responsible for the earlier maturation of follicles in FF or F + ewes.

Mechanisms of follicular selection

Development of antral follicles up to the stage of recruitment appears not to depend on gonado-
trophins, since it can proceed in the absence of the pituitary (see above). However, studies with
sheep indicate that recruitment requires at least basal levels of gonadotrophins (Driancourt et al.,
1987). There is evidence suggesting that in cattle the secondary surge of FSH may play a role in
initiating follicular recruitment following ovulation (Turzillo & Fortune, 1990). Driancourt & Fry
(1988) have concluded that both FSH priming and LH administration are necessary for follicular
recruitment in anoestrous sheep. However, superovulation of cattle with preparations of pure FSH
indicates that basal levels of LH are sufficient to support recruitment and selection of additional
follicles in that species. These results provide evidence for a critical role for FSH in regulation of the
number of follicles selected for dominance and ovulation. However, Baird et al. (1985) found that
doubling plasma FSH concentrations by FSH infusion increased ovulation rate in only 30% of
treated sheep. There is not a clear relationship between plasma FSH concentrations and ovulation
rate in breeds differing in prolificacy (see Driancourt & Fry, 1988, for review), but sensitivity to
gonadotrophins and feedback mechanisms may also vary among these breeds. The dose and
duration of treatment with exogenous FSH may be critical in determining effects of FSH concen-
trations on ovulation rate. Zeleznik (1989) has reported that in rhesus monkeys administration of
low doses of FSH for a longer period was more effective in raising ovulation rate than were higher
doses for shorter periods. In the future a careful analysis of the effects of alteration of gonado-
trophin concentrations on follicular recruitment and selection could determine more clearly the
relative roles of LH and FSH in follicular recruitment and selection in domestic ruminants.
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There is some evidence that dominant follicles may achieve and maintain dominance by
feedback effects on gonadotrophin secretion. FSH declines during the follicular phase in cattle
(e.g. Quirk & Fortune, 1986) and sheep (Cahill et al., 1981) and it has been inferred that production
of oestradiol and/or inhibin by the dominant follicle(s) is responsible for this decline, thereby
depriving subordinate follicles of sufficient amounts of FSH for their further development. Ewes
treated with oestradiol implants during the follicular phase had significantly reduced ovulation
rates (Adams et al., 1989). In primates there is experimental evidence suggesting that higher
concentrations of FSH are needed for follicular development in the early follicular phase than are
necessary to support the dominant follicle later during the follicular phase (Zeleznik, 1989). How-
ever, if lack of FSH support is the primary factor involved in the regression of subordinate follicles,
FSH should decline during the dominance phase of dominant, non-ovulatory follicles in cattle.
There are no obvious depressions in FSH in bovine plasma except during the follicular phase, but
careful analysis of plasma FSH in conjunction with ultrasonographic studies could determine
whether subtle changes in FSH concentrations are associated with follicular dominance during
non-ovulatory waves of follicular development.

It is not clear what role autocrine and paracrine (i.e. ovarian) factors play in follicular selection
and dominance. Follicular fluid is known to contain substances that are inhibitory or stimulatory
to follicular function in vitro. The extent to which the production of these substances by one follicle
can influence development of follicles in the ipsilateral or contralateral ovary is not clear. It
is possible that the balance of inhibitory and stimulatory factors within an individual follicle
influences its ability to respond to changes in concentrations of endogenous gonadotrophins and in
this way determines whether it is selected for further development.
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