








Figure 43

PCR amplification of CDNA from the accessory and the natural CLs

Top: Amplification by RT-PCR, using primers for GAPDH (1),
P450scc(2) and P450arom (3) of RNA isolated from the accessory
structure. Lane M contained 100bp DNA ladder.

Middle: Amplification by RT-PCR, using primers for P450 170, of RNA
isolated from the accessory (lane 1) and the natural (lane 2) CL

Bottom: Southern blot hybridisation of PCR products using FSH
receptor primers. cDNA was prepared from the accessory (lane 1) and
the natural (lane 2) CL.
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Transmission electron microscopy revealed that the secondary corpus luteum had
ultrastructural features typical of luteal tissue (fig. 42). Large and small luteal cells
contained abundant smooth endoplasmic reticulum, polymorphic mitochondria,
lipid droplets and dark granules The dark secretory granules were present in both

small and large luteal cells.

3.4.2.2 Tissue hormone concentrations

Mean progesterone and oestradiol-178 concentrations were determined for five
tissue samples from each corpus luteum. Mean tissue progesterone content in
samples from the accessory corpus luteum was 31.15 + 3.11pg/g compared with
58.29 + 6.32 ng/g tissue for the natural corpus luteum (P<0.001) Mean tissue
oestradiol was significantly higher (P<0.05) than that found in the secondary

corpus luteum (108 + 11.6 compared with 74.2 £ 7.81 pg/g tissue).

3423 Enzyme studies

Using PCR, cDNA corresponding to P450scc and P4507, was detected in both
the natural and the secondary corpus luteum. Complementary DNA corresponding
to P4504. mRNA was not detected in the natural corpus luteum but was present

in the secondary structure (fig.. 43).

3424 Receptor studies

Southern blotting for FSH-receptor cDNA revealed it to be expressed in full length

in the accessory structure but not to be expressed in the natural corpus luteum (fig

43)
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Figure 44  Plasma oestradiol concentration in samples collected every 15
min, for four hours before and eight hours after aspiration of the
dominant follicle during the early luteal phase(arrow) from four
representative cows
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Figure 45 Plasma oestradiol concentration in samples collected every 15
min, for four hours before and eight hours after aspiration of the
dominant follicle during the mid luteal phase(arrow) from four
representative cows
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Figure 46 Plasma oestradiol concentration in samples collected every 15 min,
for four hours before and eight hours after aspiration of the dominant

follicle during the late luteal phase(arrow) from four representative
COWS
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343 Plasma oestradiol after dominant follicle aspiration

A large variation between individual cows in plasma oestradiol concentration was
detected during each of the three stages of the luteal phase. Mean plasma
oestradiol concentrations in the period before aspiration were found to be 1.38 +
0.94pg/ml, 1.8 £1.22pg/ml and 1.7 + 1.05pg/ml in the early, mid and late stages of
the luteal phase respectively with ranging from 0.6 to 2.5 pg/ml, 0.3 to 3pg/ml and
0.74 to 3.7pg/ml in the early, mid and late stages respectively. No significant
difference was detected between pre-aspiration plasma oestradiol levels at any
stage of the luteal phase. The plasma oestradiol responses to the aspiration of the
dominant follicle during the three luteal phase stages of four cows are shown in

figures 44, 45, 46.and summarised in table 15.

Dominant follicle aspiration resulted in a substantial decrease in mean plasma
oestradiol concentration regardless of the stage of the cycle. Thus, the overall
mean plasma oestradiol concentration in the eight hour period after aspiration was
found to be reduced to 0.72 £ 0.26, 0.96 + 0.2 and 0.76 + 0.28pg/ml in the early,
mid and late luteal stages respectively (P<0.001, P<0.01and P<0.05 respectively).

The mean plasma oestradiol concentration during each hourly interval (four
samples) was compared to the mean of the pre-aspiration concentration using the
two-tailed Tukey’s procedure for pairwise comparison of means, followed by
analysis of variance for a single factor experiment with repeated measurements.
This analysis revealed that in the early and late stages of the luteal phase, the mean
plasma oestradiol during the first hour post-aspiration was significantly lower than
the pre-aspiration values, while in the mid-luteal stage, the oestradiol concentration
two hours after aspiration was significantly lower than the pre-aspiration mean.

During the early luteal phase the dramatic decline in plasma oestradiol:(to around
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Figure 47  FSH, LH and oestradiol after aspiration of the dominant follicle during
the early stage of the luteal phase. Each point is the mean of the -
aspirated cows balanced by subtraction of the pre-aspiration mean
value,
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Figure 48 FSH, LH and oestradiol after aspiration of the dominant follicle during
the mid stage of the luteal phase. Each point is the mean of the
aspirated cows balanced by subtraction of the pre-aspiration mean

value.
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Figure 49  FSH, LH and oestradiol after aspiration of the dominant follicle during
the late stage of the luteal phase. Each point is the mean of the
aspirated cows balanced by subtraction of the pre-aspiration mean
value.
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0.7 pg/ml) concentration was maintained throughout the bleeding period, while in
the mid luteal stage, there was a tendency for a gradual increase in mean plasma
oestradiol concentration to 1.25 * 0.88pg]ml six hours after aspiration, which was
not significantly lower from the pre-aspiration levels. During the late luteal phase,
there was a tendency for an increase in plasma oestradiol concentration five hours
after aspiration but the mean plasma concentration was still significantly lower than
the pre-aspiration levels (figs. 47, 48, 49).

In one cow (No 47) following an aspiration in the mid luteal stage, no significant
difference was found between plasma oestradiol during the pre and post-aspiration
periods (fig. 45)

Mean oestradiol pulse frequency decreased significantly following aspiration
During the mid and late stages of the luteal phase, ie. from 5.42 £ 1.5 to 3.57 £
1.13 and from 4.57 £ 0.97 to 3.14 + 0.7 pulses/8hours respectively. In contrast,
aspiration did not seem to influence oestradiol pulse frequency in the early luteal
stage (4.0 £ 1.15 and 4.5 * 0.97 pulses/8hours in the pre- and post-aspiration

samples respectively)

344 Plasma FSH after dominant follicle aspiration

Hourly mean plasma FSH concentration in pre- and post- aspiration samples is
summarised in Table 15. In each of the three stages of the luteal phase, post-
aspiration plasma FSH concentrations were significantly higher compared to the
pre-aspiration values in all eight cows studied (fig. 50, 51, 52). Thus, mean plasma
FSH increased from 1.05 + 0.72 to 1.78 + 0.88ng/ml, from 1.65 £ 0.87 to 2.9 *
0.73ng/ml and from 0.84 £ 0.8 to 1.86 * 0.85ng/ml in the early, mid and late stages

repectively. However, the response to dominant follicle aspiration varied between
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cows and also depended on cycle stage (fig. 50). In the early stage of the luteal
phase a small but significant increase (from 0.94 *+ .15 before aspiration to 1.18 £
0.29ng/ml after aspiration) was observed in cow 68, while in cow 96 an immediate
and more sustained increase in plasma FSH was detected (from 2.35 + 0.76 to 3.44
* 0.48ng/ml (fig. 50). Tukey’s analysis revealed that during the early and mid
stage, the first significant increase in mean plasma FSH concentration, occured two
hours after aspiration. During the late stage of luteal phase, plasma FSH
concentration rose but this was only apparent by three hours after aspiration except
in cow 68 in which the post-aspiration rise in FSH concentration started almost an
hour earlier than in the other animals.

During the early stage of the luteal phase there was a tendency for FSH pulse
frequency to increase after aspiration from 3.25 = 1 to 3.5 £ 0.5 pulses /8 hours. In
the late luteal phase there was no significant change in FSH pulse frequency after
aspiration, while in the mid luteal phase, the FSH pulse frequency was slightly

decreased in the post-aspiration period (from 4 = 1 to 3.25 + 0.4 pulses/8hours,

P=0.09).

3.4.5. Plasma LH after dominant follicle aspiration

A remarkable uniformity was observed between the animals in mean plasma LH
concentration before aspiration regardless of cycle stage. During the early stage of
the luteal phase mean plasma LH concentration was 1.62 + 0.37 ng/ml ranging
from 1.2 (cows 100 and 131) to 1.99ng/ml (cows 156 and 97). During the mid
luteal stage a small non-significant increase to 1.72+0.4ngLH/ml was observed

ranging from 1.3 (cow 131) to 2.25ng/ml (cow 47). A further slight increase to
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Figure 50 Plasma FSH concentration in samples collected every 15 min during the
early luteal phase, for four hours before and eight hours after aspiration
(arrow) from four representative cows
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Figure 51 Plasma FSH concentration in samples collected every 15 min during the
mid luteal phase, for four hours before and eight hours after aspiration
of the dominant follicle (arrow) from four representative COws
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Figure 52  Plasma FSH concentration in samples collected every 15 min during the
late luteal phase, for four hours before and eight hours after aspiration
of the dominant follicle (arrow) from four representative cows
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1.8240.56ng/ml was detected during the late stage of the luteal phase ranging from
1.3 (cow 131) to 2.56ngLH/ml (cow 97).

Aspiration of the dominant follicle at any stage of the luteal phase did not appear to
influence the mean plasma LH concentration. During the early and mid stages, no
change between pre- and post-aspiration values was detected (fig. 47, 48) even
when data from individual cows were considered (fig.53, 54, 55, Table 15)

During the late luteal phase there was a clear but not significant tendency for mean
plasma LH concentration to increase approximately five hours after aspiration and
in cow 97 this achieved statistical significance increasing from 2.56ng/ml before
aspiration to 4.2ng/ml six hours later.

LH pulse frequency was affected by aspiration, increasing from 2 to 3.1+1 pulses/8
hours(P<0.05) during the early luteal stage, and decreasing during the mid and late
stages (from 3.42 + 1.5 and 3.14 = 1.5 to 3 £ 1.15 and 2.7 £ 0.7 pulses/8hours

respectively)
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Figure 53 Plasma LH concentration in samples collected every 15 min during the
early luteal phase, for four hours before and eight hours after
aspiration of the dominant follicle (arrow) from four representative

cCows
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Figure 54 Plasma LH concentration in samples collected every 15 min
during the mid luteal phase, for four hours before and eight
hours after aspiration of the dominant follicle (arrow) from four
representative cows
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Figure 55 Plasma LH concentration in samples collected every 15 min
during the late luteal phase, for four hours before and eight
hours after aspiration of the dominant follicle (arrow) from four
representative COws
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Figure 56 Mean progesterone (open bars) and oestradiol (closed bars)
concentration in follicular fluid of dominant follicles aspirated
during the early, mid and late luteal phases.

155



>
Z
]

=
3

(]
=

ANRTNRVRINNRNNY

TR
BN /////

AHTHERBTEMOMGRGNINRR

——

AR ////////////4

AR,

=

o<

=

P4

P4

(%]
w

g

100 4

8 8

Q

m 0

P4

E2




Table 15.

Mean +SD (even rows) plasma oestradiol, FSH and LH

concentrations before and at hourly intervals after aspiration.

Stage of
cycle Time (hours)
Pre- 1 2 3 4 5 6 7 8
E2 Early 262 127 057 031 076 066 073 0.78 0.75
21 14 072 1 1.2 1.17 1 1 0.71
Mid 1.8 118 064 077 091 087 091 125 1.15
122 165 061 075 079 072 076 0.88 0.74
Late 1.7 123 087 067 019 073 086 0.68 0.7
1 089 079 079 0.56 0.67 0.68 0.64 0.85
FSH Early 105 138 176 178 187 1945 175 179 199
072 048 095 081 088 026 09 057 122
Mid 165 188 289 289 301 313 326 3.13 3.06
087 095 151 138 147 15 1.64 1.6 1.62
Late 084 087 1.5 1.62 222 222 239 198 2..1
08 081 1 064 121 1.1 122 09 1.14
LH Early 162 164 165 165 165 . 167 167 172 1.65
035 043 038 036 037 031 045 039 045
Mid 1.72 171 1.7 .72 171 1.8 1.76 174 1.73
042 04 03 04 035 039 044 034 035
Late 1.82 185 187 177 2 2.1 207 223 2.16
056 058 068 064 09 087 079 094 0.8
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3.4.6. Follicular fluid oestradiol and progesterone concentrations

The ratio of oestradiol : progesterone concentrations in follicular fluid is a safe
criterion to determine if a follicle is healthy or atretic. To that end follicular fluid
obtained after aspiration of the dominant follicle was analysed for oestradiol
concentrations after serial dilutions ranging from 1:50 to 1:1000. Progesterone
concentration was measured in follicular fluid either undiluted or diluted 1:1 in
assay buffer. In all cases but one (cow 47 in mid luteal phase) the ratio of
oestradiol : progesterone concentration was greater than two. In cow 47 oestradiol
: progesterone was 1.2. The highest follicular oestradiol concentration and the
highest follicular progesterone concentrations were found during the early and mid
luteal stages respectively (Tablel6, fig. 56) but overall, three were no significant

differences in follicular fluid steroid content at different stages of the luteal phase.

Table 16. Mean (£ sd) of oestradiol and progesterone concentrations in

follicular fluid during the three stages of the luteal phase.

QOestradiol (ng/ml) Progesterone (ng/ml)
My 88.1+23.9 20£7.3
Mid 72+19.2 31+12.1
Late 66.8+20.4 27.5+13.5
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Figure 57 Plasma FSH, LH and oestradiol concentrations in samples
collected every 15 min during the early luteal phase, for four
hours before and eight hours after aspiration of the dominant
follicle (arrow) from two representative cows
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Figure 58 Plasma FSH, LH and oestradiol concentrations in samples
collected every 15 min during the mid luteal phase, for four
hours before and eight hours after aspiration of the dominant
follicle (arrow) from two representative cCows
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Figure 59 Plasma FSH, LH and oestradiol concentrations in samples
collected every 15 min during the late luteal phase, for four
hours before and eight hours after aspiration of the dominant
follicle (arrow) from two representative cows
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34.7 Enzyme studies

Follicular luteinisation is characterised by the shift from oestradiol to progesterone
secretion by the granulosa cells. The production of the two steroids is regulated by
certain enzymes which are produced after the expression of particular genes.

A clear GAPDH band of approximately 320 bp was obtained in the agarose gell
electrophoresis, confirming effective transcription of the mRNA to complimentary
DNA (fig. 57).

Using primers for P450arom and P450scc, single bands corresponding to 400 and
350 bp respectively, were detected in agarose gell electrophoresis following
reverse transcription-PCR amplification of granulosa cell RNA, (fig. 57).

FSH receptor

FSH receptor cDNA was amplified by PCR, following granulosa cells mRNA
reverse transcription. At least four PCR products were detectable in the agarose

gel, ranging from 800 to 300 bp.
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Figure 60 PCR amplification of cDNA from granulosa cells collected after
aspiration of the dominant follicle.

Amplification by RT-PCR, using primers for

P450scc (top panel)

P450arom (middle panel)

FSH receptor ( bottom panel). Bant at 800bp is very faint.
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Chapter 4

DISCUSSION



4, Discussion

The aims of the present study were a: to improve existing techniques for follicular
aspiration, to increase the oocyte recovery rate, b: to describe the effects of
follicular aspiration on interoestrus intervals and on circulating hormone
concentrations and ¢: to investigate the hypothesis that under certain conditions

follicular aspiration can cause follicular luteinisation.

4.1. a. Follicular aspiration

A number of technical problems were encountered during the experiments.

The crush used for the aspiration was not suitably designed for the procedure.
Although the animal was sedated and the crush was fitted with side padding, the
cow was still able to move slightly from side to siden and this disrupted the
accuracy of the needle handling. Furthermore the crush was too long and this
created additional problems since the operator had to work in the crush and very
little space was left for the assistant to handle the needles efficiently. This was
even worse when small cows were aspirated since it was impossible for the
operator and the assistant to work next to each other, and the latter had to
manipulate the needles from a position behind the operator. A different crush type
with adjustable side panels, of shorter length and with floor at ground level might
have helped to overcome these problems. Alternatively, the cow might be kept
between two parallel horizontal bars fixed in the ground and fitted with a pair of
adjustable bars to restrain the animal. The front panel of a crush might be used in

this case to immobilise the cow’s head.
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Certain problems were encountered using the different types of needles. The 45
cm long, 19g needles tended to bend very easily and they were replaced by the 18g
32 and 45 cm long ones. The 32cm needles were found to be more effective, since
it was easier to pass them through the stylette and they bent less frequently. The
use of a stylette was a modification of the technique initially introduced by our
group (Scott et al., 1994). It helped to overcome the problems of bent and blunt
needles and made the procedure less traumatic, since it enabled aspiration of a
number of follicles with only one puncture of the vaginal wall. The manipulation
of the needle was much easier, enabling very delicate movements of the needle to
be performed, since the latter was not in contact with the vaginal wall.. However,
even when using a stylette and when the aspiration needle was only required to
puncture the ovarian tissue it still blunted quickly. Sterilisation and re-use of the
same needles probably reduced their sharpness.When blunt needles were used, the
force applied by the assistant to overcome the resistance of the ovarian tissue
resulted in sudden rupture of the follicle giving no time for aspiration and in some
instances additional damage was done to the ovary and the intestine. Sharpening
the needles never gave the effectiveness of new ones. To that end an improvised
system was tested, consisting of the 3cm tip of a 19g disposable needle attached
with epoxy glue to the blunt end of a 18g, 32 cm needle. After the first attempt
though this system was abandoned because it was obvious that the connection was
not strong enough, and there was a danger that the 19g tip might break off in the
peritoneal cavity.

Another problem was related to successful aspiration of follicular fluid. The initial
plan was to apply suction as soon as the operator felt the popping sensation of the
needle puncturing a follicle and when the tip of the needle was visible in the follicle

by ultrasound scanning. However, time inevitably elapsed between the operator’s
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signal and activation of the pump by the assistant, resulting sometimes in failure to
collect the follicle contents since the puncture caused the follicle to burst. A burst
occurred more frequently in large follicles having high intrafollicular tension and
also in very small follicles. The effectiveness‘of the technique was improved when
suction was constantly applied from the moment of insertion of the aspiration
needle in the stylette, but follicular fluid from small follicles (3-4 mm) still could
not be recovered in some cases. It seems probable that an 18g needle was too big
in relation to the size of the smaller follicles. The Watts - Marrow 501 peristaltic
pump caused some problems related to generation of a pulsatile vacuum.

In many cases, although the needle tip was clearly visible in the follicle and the
suction was applied the follicle did not collapse. Sometimes aspiration was re-
established after rotation and gentle forward and backward movements of the
needle. In such cases it was assumed that the needle was blocked by a fold of the
collapsing follicular wall. However in other cases it was impossible to resume
aspiration without replacement of the needle since it was found to be blocked by
either a small plug of ovarian tissue or a blood clot.

Co-ordination between the operator and the assistant was of paramount
importance for the successful aspiration. However, it was very difficult for the
assistant to follow the operator’s instructions exactly on time. During the final
experimental sessions, a transvaginal transducer modified for use in embryonic
fluid recovery (Makondo 1996) was tested for use in follicular aspiration. The
handle of the transducer was extended to 44cm with a rigid plastic tube. This
extension enabled the operator to stabilise the transducer with his chest and with
his free hand to manipulate the needle (Salaheddine personal communication). This
technique allowed more accurate manipulation of the needle and shortened the

duration of the aspiration session.
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There was a variability in the oocyte recovery rate between individual cows. This
can probably be attributed to factors such as the docility of the cow and to
anatomical diéferences. Despite the drug treatment, some cows were still nervous
in the crush and constantly moved from side to side. Increasing the dose of
detomidine hydrochloride caused some cows to fall in the crush and endangered
the operator. The broad ligament was very short in some cows and this made the
manipulation of the ovary very difficult especially when the ovary was small.

The initial oocyte recovery rate was quite discouraging (around 9%) but this was
mainly attributed to operator inexperience and the need for some modification of
the equipment. After gaining experience, the recovery rate increased to 17% in the
third session and remained above 30% during the successive sessions exceeding
50% during the last two sessions. Improved oocyte recovery rate was highly
correlated to operator experience. This becomes apparent when looking at the
results published from the Utrecht group who improved their recovery rate from
18% in 1988 to 55% in 1994 (Pieterse et al., 1988; Kruip et al., 1991; Kruip et al.,
1994). Most of the recent studies report average oocyte recovery rates well above
40% (Kruip et al., 1991, 50.5%; Bols et al., 1995, 42%; Bungartz et al., 1995,
65%). Overall recovery rate in this study was 30.5%. However, if the very poor
results of the initial trials are omitted, then the average does not differ substantially
from that published by other groups. The highest recovery rate was achieved
during the early luteal stage in agreement with results published by Pieterse et al.,
(1991). Although more follicles were available for aspiration in the mid stage of the
luteal phase, the recovery rate was lower when compared to the early stage. In the
mid and late stages of the luteal phase, the corpus luteum is fully developed and
occupies a large proportion of the ovarian tissue. In order to avoid puncturing the
corpus luteum, it was attempted to aspirate follicles from different angles and this

reduced the success rate.
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The size of the follicles from which oocytes were collected was not recorded in
this study. Establishment of the origin of each oocyte would require replacement
of the collection tube and flushing of the needle after every aspiration, causing
serious delay to the completion of the procedure. The majority of the aspirated
follicles were 4-6mm in diameter and it is reasonable to expect that they yielded the
majority of the oocytes. This would be an advantage for the IVM/IVF protocols
since there would be a relative uniformity between the maturity of the cocytes.
Aspiration of larger follicles (>12mm) was sometimes difficult since although some
follicular fluid was initially withdrawn, aspiration might be suddenly interrupted,
presumably because the needle became blocked by a fold of the collapsing follicular
wall. This tendency of the large follicles to collapse around the needle is probably
the reason for the low oocyte yield from these follicles and it is also believed likely
that the oocyte might remain trapped in follicular folds (Pieterse et al., 1991; Vos
etal., 1994).

The majority of the oocytes collected were categorised as grade three or four
which is consistent with previous reports (Kruip et al., 1991; Looney et al., 1994;
Scott et al., 1994). Other research groups (e.g. van der Schams et al., 1991;
Pieterse et al., 1991 and Gibbons et al., 1994) have reported very high yields of
good oocytes but this may reflect less strict criteria set by these latter groups. It is
believed that passage of the oocyte through the needle and the aspirating tubing
results in partial or even complete removal of its cumulus layer thus drastically
reducing its quality since the cumulus cells are vital for cytoplasmic maturation
(Chian et al., 1994) and for the formation of a functional monolayer during the
maturation process. Nevertheless, oocytes obtained by follicular aspiration
exhibited similar (Bugartz et al., 1995) or even better (Kruip et al., 1990) yields of

transferable embryos compared to oocytes collected from abattoir material.
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A follicular wave is defined as the contemporaneous appearance of a cohort of
follicles, one of which becomes dominant several days later (Fortune et al., 1991;
Savio et al., 1993). In the cow, two or three follicular waves usually occur in
every oestrous cycle. Subordinate follicles of the first follicular wave maintain the
capacity to develop further, but only until the fifth day of the cycle unless
exogenous FSH is administered, or the dominant follicle is removed (Ko, et al.,
1991; Adams et al., 1993). Such interventions prevent atresia from occurring. It
might be assumed that two aspirations performed on a weekly basis, would reduce
the incidence of advanced atresia, since a dominant follicle could only recently have
become established. Furthermore, it has been found that when aspiration was
performed every 3-4 days, more grade-one oocytes were collected and excellent
embryos were generated, presumably because the oocytes had been derived from
non atretic follicles at a similar stage of development (Gibbons et al, 1994;
Bugartz et al., 1995). Addition of granulosa cells to oocytes in culture medium
enhances the developmental competence of grade three and four oocytes derived
from follicular aspiration, indicating that despite their morphological imperfections,
these oocytes maintain the potential to develop (Konishi et al., 1996).

More follicles were available for aspiration during the mid luteal phase (70 vs. 42
in the early and 65 in the late stages of the luteal phase). These results are in
agreement with Stubbings & Walton (1995) who reported an increased number of
follicles in unstimulated cows following follicular aspiration, as well as results from
Bergfelt et al. (1994), who demonstrated that follicle ablation at any stage of the
cycle increased the number of the follicles in the subsequent follicular wave. The
explanation for these effects concerns the fact that ovarian follicles grow after FSH
stimulation, and that oestradiol and inhibin produced by the growing follicles exert
negative feedback on FSH secretion (Ireland, 1987; Fortune et al., 1991). There is

empirical evidence that an increase in plasma FSH concentration precedes the
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emergence of each follicular wave, while the selection of the dominant follicle on
day 3 and 5 of the cycle is associated with the suppression of plasma FSH
concentration (Adams et al.,, 1992). In this study we have demonstrated that,
follicular aspiration causes a dramatic drop in plasma oestradiol concentration
lasting for several hours regardless of the stage of the cycle. Furthermore, ablation
of just the dominant follicle caused an increase in plasma FSH concentration soon
after the drop of oestradiol concentration. It was assumed that this increase in
FSH concentration initiated the development of a new cohort of follicles, just as
exogenous FSH induces superovulation. Inhibin is another factor that appears to
contribute directly, or indirectly through FSH modulation, to the regulation of the
ovarian follicular population, since immunisation against inhibin enhanced the
number of follicles (Glencross et al.,, 1990). Badinga et al. (1992) reported that
after unilateral ovariectomy of cows, there was an increase in the number of small
follicles in the remaining ovary associated with an increase in plasma FSH.
Pieterse et al. (1988) reported that the follicular population was greater in FSH-
stimulated cows when compared to that of unstimulated cows. However, in the
latter experiment, it is difficult to judge whether the increase in follicular number
was caused by the exogenous PMSG or by elevated levels of FSH caused by
follicular aspiration before the administration of the PMSG. Recent reports reveal
that no differences in the number of follicles available for aspiration were observed
between unstimulated and superovulated cows (Stubbings and Walton, 1995,
Bungartz et al., 1995). This being the case, it must be assumed that the increase in
FSH concentration following aspiration pre-empts the effects of exogenous FSH or
PMSG.

Repeated follicular aspirations did not appear to disrupt the cyclicity of the cows, -
as indicated by continuation of a mean interoestrous interval of 21.62+1.45 days.

An exception to this was cow 156 which only returned to oestrus after

169



prostaglandin injection to cause regression of a persistent corpus luteum. It is
generally accepted that inflammatory lesions, such as endometritis and pyometra,
usually extend the lifespan of the corpus luteum by disrupting the normal luteolytic
mechanisms initiated by the uterus (Noakes et al., 1990; Gilbert et al., 1990). No
explanation can be found fora persistent corpus lutetium in this particular animal,
since no pathological condition was diagnosed. These findings are in agreement
with those of (Pieterse et al., 1991a; Kruip et al., 1994; Gibbons et al., 1994 and
Bungartz et al., 1995), but they are in contrast to the findings of Stubbings &
Walton (1995) who reported that a follicular aspiration of all visible follicles
performed only once during the mid luteal phase was sufficient to extend the
interoestrous interval by four days. There is enough evidence that if follicular
aspiration is conducted twice weekly it results in the interruption of the cows
cyclicity, apparently because no dominant follicle can develop and subsequently no
ovulation can occur (Kruip et al., 1994; Bungartz et al., 1995). However, a five-
day interval between aspirations is sufficient time for the selection of a dominant
follicle and its subsequent development to preovulatory size (Kruip et al., 1994).
Even if all follicles larger than 5 mm are destroyed on day 18 of the cycle (when
luteolysis has begun) oestrus occurs at the expected time, indicating that selection
and growth rate of the ovulatory follicle is a fairly rapid process (Matton et al.,
1981). Our results indicate that cows could delay to return to oestrus only after
aspiration conducted during the follicular phase. From our observations and others
(Cattoni 1991) oestrus follows prostaglandin injection by approximately 80 hours.
In two animals, when follicular aspiration was performed immediately after PG, the
cows came in heat after 120 and 124 hours, indicating that less than two days are

sufficient time for the selection and development of the preovulatory follicle.
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4.1 b. Hormonal studies

Despite the main purpose of this section of the study being to study the endocrine
consequences of multiple follicle ablation, the experimental design allowed detailed
study of endocrine profiles in cows in the early, mid- and late stages of the luteal
phase before aspiration. This section will discuss the results obtained before
aspiration at different stages of the cycle and then cover the effects of multiple

follicular aspiration.

To our knowledge this is the first study to examine the impact of follicular
aspiration on the mode of secretion of reproductive hormones. The methodology
used in this study introduces an alternative to the techniques of ovariectomy,
immunisation and cautery of the follicle for studying ovarian endocrinology at

different stages of the oestrous cycle.

Pre-aspiration blood sampling revealed that during the early luteal phase, mean
plasma oestradiol concentration did not differ in aspirated and control cows.
During the mid stage of the luteal phase, plasma oestradiol concentration in the
aspirated cows was found to be lower than in the early luteal phase and slightly
lower than in the control cows, possibly because the follicular population was
younger and had not attained the same maturity as the control animals. Plasma
oestradiol concentrations in the control cows did not differ from that of the early
luteal phase in agreement with previous reports (Walters et al., 1984;
Schallenberger et al.,, 1985). During the late luteal phase an increase in plasma
oestradiol was detected in the pre-aspiration samples in both groups when
compared to the mid and early stages. Of interest was the finding that in this stage

of the cycle, although the diameter of the dominant follicle was greater in the
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aspirated cows, mean plasma oestradiol was higher in the control animals. This
suggests that follicular size and follicular oestradiol contents are not necessarily
proportional.

It has long been known that ovarian follicles are the main source of oestrogens in
the female animal and that follicular fluid is a rich source of these steroids.
Following aspiration, a dramatic decrease in plasma oestradiol concentration was
detected regardless the stage of the luteal phase. The decrease in mean plasma
oestradiol was detected within one hour from aspiration indicating that diffusion of
oestradiol into the blood stream is an unhampered process. A major feature of the
plasma oestradiol response to aspiration was the variability between individual
cows (Fig3.3a,b,c). Thus, in cow 100, plasma oestradiol was reduced to
undetectable levels after aspiration during the mid luteal phase, while in cow 61
after aspiration in the early .luteal phase, a moderate decrease in plasma oestradiol
was detected. This variation might be due to incomplete aspiration of the
dominant follicle, or the failure to aspirate some smaller follicles. Oestradiol
concentration in small subordinate follicles is remarkably lower than in the
dominant follicle (Ireland & Roche, 1982a;1983) but it seems that small follicles
contribute to the overall peripheral concentration (Ireland & Roche, 1987). This
concept is supported by the results of the present study indicating a positive
correlation between the number of follicles aspirated and the degree of oestradiol
reduction. Around day seven and between days 9 to 13 of the cycle most of the
heifers were found to have only a single oestrogenically active follicle but this
study was carried out at stages of the cycle when dominance had already been
established and the subordinate follicles would have been in advanced atresia
(Ireland & Roche, 1983). In the case of follicular aspiration performed on a
weekly basis, it is likely that more than one dominant follicle would develop and in

any case the subordinate follicles would not have progressed to atresia within this
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time. In addition, the capacity of granulosa cells to synthesise oestradiol is
dependent on the location of the cell within the follicle. Thus, granulosa cells
aspirated along with follicular fluid from small follicles maintain their capacity to
secrete oestradiol in culture for longer periods than cells obtained after scraping
the follicular wall (Roberts & Echternkamp 1994). This being the case, it could be
hypothesised that any remaining small follicles after aspiration are an additional
source of oestradiol.

In seeking to explain the observation that plasma oestradiol concentration
rebounded about six hours after aspiration, and that this renewed oestradiol
secretion was maintained in the longer term, two observations are of importance.
Firstly, atresia does not seem to be an irreversible process at least in the early
stages of the luteal phase, since follicles that are recognised as subordinates on day
three of the cycle, on the basis of size in comparison to an existing larger follicle,
are capable of attaining dominance (to become oestrogenically active) if the
dominant follicle is removed or they are exposed to exogenous FSH (Ko et al,,
1991; Adams et al.,, 1993). Secondly, it seems unlikely that the steroidogenic
properties of mural granulosa cells within the dominant follicle are lost after
aspiration, since in many cases large follicles were found to be refilled the day after
aspiration, indicating that the follicular components left in the follicle are at least
partially functional. Combining these two observations would suggest that the
increased plasma oestradiol concentration observed six hours post-aspiration was
initially attributed to oestradiol secretion by the mural granulosa cells of the
aspirated dominant follicle and that the significant increase in plasma oestradiol
concentration, which was observed approximately 30 hours after aspiration, was
due to oestradiol secreted by a new wave of follicles which were rescued from

atresia after aspiration of the dominant follicle. This indicates that the emergence
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of the subsequent follicular wave after aspiration occurs sooner than the two days
that has been reported by other researchers (Bergfelt et al., 1994).

During the early luteal stage of the cycle, the observed increase in plasma
oestradiol concentration 30 hours after aspiration resulted in significantly higher
plasma concentrations than were seen pre-aspiration. It seems unlikely that this
increase was derived from granulosa cells remaining in the aspirated dominant
follicle, because although these follicles in many cases were found refilled the day
after aspiration they never regained dominance, suggesting that the new wave
produced the extra amounts of oestradiol. Since these follicles were still small in
size, it is assumed that follicular aspiration induced the formation of more than one
oestrogenically active follicle. Alternatively, the increase in plasma oestradiol seen
30 hours after aspiration might have been facilitated by the elevated LH
concentration which was observed at any stage of the cycle. LH itself cannot
directly increase oestradiol synthesis, but it may act by supplying the granulosa
cells with increased androgen substrates after stimulation of the theca cells
(McNeilly et al., 1991). The rebound increase in plasma oestradiol concentration
occurring after aspiration during the mid and late stages of the luteal phase never
exceeded pre-aspiration levels, probably because the preceding aspiration seven
days previously had induced multiple oestrogenically active follicles, unlike the
situation in the early luteal phase when there had been no previous aspiration
during the same cycle. Unfortunately, the plasma samples from this series of
experiments were not analysed for FSH concentration because radioimmunoassay
was not available at the time. However, results from a subsequent experiment on
dominant follicle ablation (which started 16 months later) revealed that a
substantial increase in plasma FSH concentration does occur after aspiration.
There are no reasons to doubt that a similar increase in plasma FSH would have

occurred after the aspiration of all visible follicles from both ovaries and it was
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probably this FSH increase that triggered the development of highly oestrogenic
follicles, similar in some respects to the stimulation of ovarian follicles by

superovulatory drugs.

Gonadal steroids are often thought of as having an inhibitory effect on
gonadotrophin secretion as exemplified by the dramatic increase of plasma
gonadotrophin concentration which follows castration in both female and male
animals (Roche et al., 1970; Nett et al., 1974; Wise et al., 1979).

The effects of follicular aspiration in the present study also demonstrate certain
interesting aspects of ovarian feedback control of gonadotrophins. The LH results
reveal that oestradiol, or another unknown follicular factor, is an important
component of the negative feedback mechanism on LH secretion. At all three
stages of the luteal phase, follicular aspiration resulted in an increase in plasma LH
concentration, which was maintained throughout the bleeding period (figs. 29, 30,
31). It is thought that the mechanism of regulation of pituitary gonadotrophin
secretion by the gonadal steroids differs according to the stage of the cycle. Thus
oestradiol acts to induce the LH surge by positive feedback on hypothalamus in
follicular phase, (Karsch et al., 1992), while during the mid-luteal phase, it exerts a
negative feedback on gonadotrophin release (Schallenberger & Prokopp, 1985). In
addition, during the luteal phase oestradiol synergises with progesterone to
suppress LH secretion (Tamanini et al., 1986). Even during the follicular phase
when oestradiol exerts positive feedback in LH secretion, it is believed that
oestradiol concentration must be transiently suppressed for a few hours to allow a
high amplitude LH and FSH surge to occur (Walters & Schallenberger, 1984).

The present study showed that the highest increase in plasma LH concentration
occured as a result of follicular aspiration during the early luteal phase, either

because it coincided with the most dramatic drop of oestradiol concentration or
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because at this stage of the cycle progesterone circulates in very low
concentrations. However, in the present study, it appears that changes in plasma
LH could be attributed to decreased oestradiol secretion after aspiration. This
speculation is made because the increase in plasma LH occurred regardless of
differences in the concentration of plasma progesterone in individual cows.
Progesterone’s role in controlling LH secretion in cattle by decreasing LH pulse
frequency and increasing its pulse amplitude is well established (Rahe et al., 1980).
Oestradiol exerts a negative feedback effect on LH secretion resulting in reduced
pulse amplitude (Goodman & Karsch, 1980). The combined effect of oestradiol
and progesterone on LH secretion appears to be greater than either hormone alone
(Beck et al., 1976; Hauger et al., 1977). Results from ovariectomised cows and
ewes indicate that oestradiol has a biphasic effect on LH secretion: initially
suppressing mean plasma LH concentration for upto 12 hours and then inducing a
preovulatory-like LH surge lasting for around eight hours. = However,
administration of a combination of oestradiol and norgestomet causes a substantial
decrease in plasma LH concentration without any subsequent rise (Bolt et al,
1990, Caraty et al., 1989).

The present LH data obtained after aspiration of all follicles demonstrate that there
is a close relationship between oestradiol and LH secretion. It is assumed that
after aspiration and ablation of the follicular contents, the negative feedback
exerted by oestradiol on LH is removed. This caused higher amplitude LH pulses
to occur and this raised the mean plasma LH concentration. This increased LH
might have indirectly triggered the subsequent increase in plasma oestradiol, by
enhancing secretion of androgens by the theca cells of both aspirated and small
follicles that escaped ablation. Gradually elevated oestradiol levels would mediate
the maintenance of the relatively high LH concentration probably by acting on the

pituitary. It seems unlikely that oestradiol would exert an inhibitory effect on LH

176



secretion through an action on pituitary GnRH receptors since treatment of
ovariectomised ewes and cows with oestradiol results in increased numbers of
GnRH receptors and increased pituitary responsiveness to GnRH (Moss et al.,
1981; Schoeneman et al., 1985). In vitro studies provide compelling evidence that
oestradiol acts on dispersed pituitary cells enhancing basal LH production and
evoking a preovulatory-like LH surge by increasing the sensitivity of the cells to
GnRH (Padmanabhan et al., 1978). However, presence of progesterone in such a
culture, blocks both basal and GnRH-induced LH release (Padmanabhan &
Convey, 1981).

It appears that an additional critical factor for the action of oestradiol on the
hypothalamus-pituitary axis is the rate of change of plasma oestradiol
concentration. The disagreement between studies investigating the effects of
gonadal steroids on gonadotrophin secretion can possibly be attributed to such
considerations, so although similar doses of oestradiol were used, it may have been
administered by different means e.g. ranging from subcutaneous implants with slow
oestradiol release (Imakawa et al, 1986), to multiple intravenous oestradiol
injections with rapid effects on circulating oestradiol concentration (Bolt et al.,
1990). In the present study, animals with different degrees of oestradiol reduction
after follicular ablation showed similar increases in plasma LH indicating that rapid
changes in oestradiol concentration could be equaly effective in LH regulation
regardless of the absolute oestradiol reduction.

In the present study, the number of LH pulses recorded in the 42 hours after
aspiration at any stage of the luteal phase was much lower than that described by
other researchers ( e.g. Rahe et al., 1980; Walters et al., 1984; Scallenberger et al.,
1985). This indicates that the sampling frequency was not high enough to pick up
all the pulses. This was the reason why the association between LH and oestradiol

pulses was not investigated. Nevertheless, during the mid and late stages of the
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luteal phase, LH pulse frequency in the control cows was lower than that in the
early luteal phase, which is similar to that showed by Rahe et al.(1980) and Walters
et al.(1984). LH pulse frequency between the pre- and post- aspiration periods
cannot be compared as only four samples were taken before aspiration. Thus
studies on pulse frequency were exclusively based on the comparison between

aspirated and control cows.

4.1.c. Aspiration-induced follicular luteinisation

The experiment using selective ablation of the dominant follicle was conducted to
investigate the hypothesis that accessory luteal structures could form in the
presence of the natural corpus luteum after the aspiration of the dominant follicle.
However, the ablation protocol also proved to be a novel approach to studing the
role of the dominant follicle in regulation of gonadotrophin secretion.

The first dominant follicle can be identified by day four of the cycle using
ultrasonography (Pierson & Ginther, 1987; Savio et al., 1988) and subordinate
follicles that are considered to be oestrogenically inactive at this time can begin to
synthesise oestradiol around day eight or nine (Ireland & Roche 1982a). In the
present study, however, the reduction in plasma oestradiol when all follicles were
aspirated was higher than when only the dominant follicle was ablated, suggesting
that follicles classified as subordinates and therefore destined to undergo atresia are
actually producing some oestrogen.

During the early luteal phase aspiration of the dominant follicle resulted in a
dramatic decrease in plasma oestradiol concentration which lasted for the entire
bleeding period. In the mid and late stages of the luteal phase, a decrease in

plasma oestradiol was also observed but not to the same extent as in the early
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luteal phase. Additionally, there was a tendency for plasma oestradiol to increase
after a lag of five to six hours after aspiration during the mid and late stages of the
luteal phase. This difference in the oestradiol response to aspiration at the three
stages of the luteal phase indicates that the increase in plasma oestradiol
concentration might be derived from a source other than the aspirated dominant
follicle. It could be hypothesised that during the early luteal phase oestradiol
secretion by the subordinate follicles either had been boosted after the end of the
bleeding period or the subordinate follicles were incapable to respond to the signal
of aspiration by increasing their oestradiol production. It is believed that each
follicle develops spontaneously to a certain size beyond which it must be stimulated
by FSH to initiate further development, otherwise it undergoes atresia (Cahill et al,,
1981; Quirk & Fortune 1986) but that each follicle has its own threshold of
responce to FSH. The dominant follicle is believed to have the lowest FSH
threshold and its development can therefore start early in a low FSH milieu.
Oestrogens subsequently produced by the dominant follicle decrease FSH secretion
to concentrations too low to sustain development of the subordinate follicles
(Hillier 1994). Increased FSH levels after ablation of the dominant follicle

probably permitted renewed development of follicles with higher FSH thresholds

Of considerable interest from the present work was the observation that aspiration
of the dominant follicle alone did not affect LH secretion during the subsequent
eight hours, while aspiration of all ultrasonically visible follicles from both ovaries
did alter LH secretion This may be linked to the finding that aspiration of all
ultrasonically visible follicles resulted in a higher degree of oestradiol reduction
compared to that seen after aspiration of the dominant follicle only. It could be
suggested that the decline in plasma oestradiol after aspiration of the dominant

follicle was not sufficient to alter the mode of LH secretion. Furthermore, if
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oestradiol is not the only factor regulating LH secretion, but another unidentified
substance is also responsible; then this putative factor might originate from the
subordinate follicles and might act to suppress LH either alone or in synergy with
oestradiol. Of interest was the significant increase of plasma LH concentration
after the dominant follicle was aspirated during the late stage of the luteal phase in
cow 97. However, from a careful inspection of figure 46 it becomes apparent that
in this cow unlike the others, there was a dramatic drop in oestradiol concentration
immediately after aspiration, in levels below the detection limit of the assay, which
lasted for the subsequent three hours.

Studies in ovariectomised heifers have revealed that administradion of low doses of
oestradiol had little if any effect on mean LH concentration, while higher doses of
oestradiol significantly suppressed both mean LH concentration and pulse
amplitude in a dose dependent manner (Price & Webb, 1988; Wolfe et al., 1992).
Moreover, Price and Webb (1988) have demonstrated that, in the absence of
progesterone, there is a ceiling to oestradiol induced LH suppression, above which
oestradiol is unable to exert any further negative feedback on LH, but this ceiling
does not apply to inhibition of LH pulse frequency. However, the action of

oestradiol on LH pulse frequency was enhanced in the presence of progesterone.

On the other hand, plasma FSH increased significantly shortly after aspiration of
the dominant follicle at any of the three stages of the luteal phase (figs.57, 58,59).
Gonadotrophs of the anterior pituitary are the cells that synthesise FSH and LH in
response to stimulation of the hypothalamic GnRH (Fink 1988). However, it
appears that the regulatory mechanisms for synthesis and secretion of FSH and LH
are different. Thus in the ewe, GnRH antagonists acutely suppressed LH secretion
but had no effect on FSH concentration (Campbell et al,, 1990), while GnRH

agonists induced minor increases in FSH concentration in cows (Foster et al.,
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1980). The fact that in the present study, LH concentrations remained unaltered
after aspiration of the dominant follicle indicates that ablation of the dominant
follicle does not induce changes in GnRH secretion. It therefore seems reasonable
to hypothesise that factors other than GnRH triggered the increase in plasma FSH
concentration.

It has been known for many years that oestradiol is the main inhibitor of FSH
secretion. Thus immunisation against oestradiol increased FSH concentration in
ewes (Scarramuzzi et al., 1980), while oestradiol injections caused suppression in
FSH concentration in cows and ewes (Butler et al., 1983; Salamonsen et al., 1973).
Inhibin is another factor that actively suppresses FSH secretion in the female
animal (Robertson et al., 1985; Demoulin et al., 1987; Findlay et al., 1991). The
source of inhibin is the large antral follicles, that are not necessarily oestrogenically
active (Baird et al., 1991). In the ewe, inhibin production appears to be
independent of gonadotrophic stimulation (McNeilly & Baird, 1989) and
exogenous gonadotrophins, in a dose equivalent to high physiological levels, failed
to cause any significant increase in the secretion of inhibin (Campbell et al., 1989).
Higher amounts of FSH can cause increased inhibin secretion, probably due to
increased numbers of developing follicles, rather than to enhanced production by
individual follicles (McNeilly et al., 1991).

Injections of charcoal-treated follicular fluid caused a significant drop in plasma
FSH concentration (Ireland et al., 1983; Quirk & Fortune, 1986). The relative
contribution of the two hormones oestradiol and inhibin to suppression of FSH is
not clear. However, from experiments in ovariectomised ewes it was revealed that
low doses of oestradiol and inhibin injected together, were able to prevent the FSH
rise that occurs after ovariectomy, while each hormone alone failed to suppress the
rise so effectively (Martin et al,, 1988). In addition, immunisation against both

hormones induced a higher increase in plasma FSH concentration than did

181



immunisation against either hormone alone (Mann et al., 1990). The temporal
correlations between oestradiol and FSH on one hand and inhibin and FSH on the
other at different stages of the ovine oestrous cycle have led to the proposal that
oestradiol regulates day to day fluctuations in the pattern of FSH secretion while
inhibin exerts a long-term negative feedback in FSH secretion (Baird et al., 1991).
This being the case, it could be suggested that the increase in FSH concentration
observed in the present experiment after aspiration was probably attributed to the
withdrawal of oestradiol rather than inhibin from the dominant follicle, firstly
because the changes of FSH concentration occurred almost two hours after
aspiration, and secondly because aspiration of the dominant follicle resulted in
depletion of the oestrogenic reserves of the ovary but probably only in partial
reduction of inhibin.

Our results indicate that progesterone plays only a minor role in the regulation of
FSH secretion since mean FSH concentrations were maintained at high levels post-
aspiration regardless of the stage of the cycle and therefore regardless of the
concentration of plasma progesterone. This is in agreement with previous reports
where FSH concentrations were found to remain unaltered after administration of
progesterone to intact or ovariectomised cows (Ireland & Roche, 1982; Price &
Webb, 1988).

Another interesting observation is that during the mid and late stages of the luteal
phase there was a tendency for a delayed increase in mean oestradiol concentration
several hours after aspiration yet there was no tendency for mean plasma FSH
concentration to decrease at this time. This cannot be explained by the proposal of
Baird et al. (1991) that oestradiol establishes the fine tuning of FSH secretion while
inhibin sets the long-term FSH concentration. However, in some cases (eg cow 96
aspirated in the mid and late luteal stages, and cow 97 in the late luteal phase)

oestradiol pulses during the post-aspiration period appeared to be followed by
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temporal suppression of FSH secretion. These data may indicate that the ratio of
oestradiol and inhibin concentration in the blood is more important in regulating
FSH secretion than the concentration of each hormone alone. Moreover, FSH
secretion appeared to be acutely affected by the sudden disruption of the oestradiol
: inhibin ratio but FSH did not seem to respond to gradually increasing oestradiol,
probably until this ratio had been re-established. Further, aspiration of the
dominant follicle of cow 47 during the mid luteal phase would provide some
support to the hypothesis of the critical role of oestradiol : inhibin ratio. In the
case of cow 47 aspirated during the mid luteal phase, post-aspiration plasma
oestradiol concentration was not significantly different than that of the pre-
aspiration period and in addition the ratio of oestradiol : progesterone
concentration in the follicular fluid was the smallest observed in the experiment
(1.2), indicating that although the follicle appeared dominant it had lost its
functional dominance (Fortune et al., 1991). It must be assumed that the main
source of oestrogens in this case was a smaller follicle which had apparently
remained intact. However, in the same case, aspiration of the largest follicle
resulted in a substantial increase in plasma FSH concentration, in a way that did
not differ from that of the other animals during the same stage of the cycle,
suggesting that either a short-term decrease in plasma oestradiol, or disruption of
the equilibrium between oestradiol and inhibin was sufficient to increase FSH
secretion.

Follistatin, another ovarian peptide has been isolated from bovine follicular fluid
(Robertson et al., 1987) where it selectively suppresses FSH synthesis. Follistatin
has also been detected in the peripheral blood of sheep, but it may not originate
exclusively from the ovary (Findlay et al., 1992). The physiological role and
contribution of follistatin in FSH secretion is still unclear. Nevertheless, Wood et

al. (1993) have reported that steroid free bovine follicular fluid injected in either
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normal or inhibin-immune heifers resulted in suppression of FSH con_centration to a
similar extent in each case, indicating that follicular non-steroidal components
other than inhibin play a role in the regulation of FSH secretion, acting either alone
or in synergy. It therefore seems that the physiolocal role and contribution of

follistatin in FSH secretion is still unclear.

4.3 Accessory corpus luteum.

Despite finding that cow 9 developed a corpus luteum after aspiration of all
follicles during the late luteal phase this structure was not considered to be
accessory corpus luteum since its formation followed a preovulatory-like LH
surge. In addition plasma progesterone concentration had already begun decreasing
(fig. 36) Nevertheless, there are a series of events indicating that the aspiration
hastened the formation of the new corpus luteum. Firstly, standing heat was not
detected although the animals were observed for oestrus signs each day. Secondly,
plasma progesterone levels were found to be decreasing, but they were still not as
low as they are normally found to be around oestrus. Thirdly, oestradiol
concentration in the pre-aspiration period was relatively high but it would be risky
to judge if it was increasing or decreasing at the time. However, it seems likely
that plasma oestradiol levels were increasing since oestradiol concentration
normally reaches its peak at the time when progesterone concentration is at its
nadir. If this was the case, the LH surge occurred earlier than expected since the
preovulatory surge of gonadotrophins takes place when oestradiol levels start

declining. Further, Walters & Schallenberger (1984) have reported that oestradiol
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concentration needs to be depressed some hours before the gonadotrophin surge in
order to evoke positive feedback on both gonadotrophins. Maybe in the present
study, the decline in oestradiol induced by the follicular aspiration imitated the

naturally occurring drop in oestradiol levels and triggered the LH surge.

In another case (cow 158) an accessory corpus luteum developed after aspiration
of all follicles during the early luteal phase. Hormonal profiles are not available in
this example, and therefore the explanation of the accessory corpus luteum will be
based on the data collected from other animals treated in an identical manner as
described in chapter 3.2.

The current understanding of the mechanisms of follicular luteinisation is that
corpus luteum formation is dependent on a surge of LH in a hormonal milieu
characterised by low plasma progesterone and high levels of oestradiol. In the
present case an accessory corpus luteum was seen to develop after follicular
aspiration on day three of the oestrous cycle and in the presence of a new natural
corpus luteum. While the role played by the LH surge in ovulation and
luteinisation is well documented, the role of the contemporary FSH surge is not
clear. Experiments in hypophysectomised rats show that FSH injections can cause
ovulation and luteinisation in the absence of detectable levels of LH. In addition,
the number of follicles which underwent luteinisation was dependent on the FSH
dose (Hubbard & Erickson, 1988) and in separate studies, intrafollicular injection
of FSH induces ovulation in sheep (Murdoch et al., 1981). Early studies by
Nalbandov showed that removal or death of the oocyte led to luteinisation of rat
granulosa cells, and cultured granulosa cells in the vicinity of oocytes failed to
luteinise, while those cultured in a distance from the oocyte showed clear signs of
luteinisation (Nekola & Nalbandov 1971; Stolskowa & Nalbandov 1972).

However, other researchers have failed to detect such an inhibitory action of the
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oocyte (Linder et al., 1974) and others have suggested that the follicular fluid does
contain a luteinisation inhibitor, but not of oocyte origin (Channing & Tsafriri,
1977). Similarly, follicular fluid prevented luteinisation of granulosa cells in vitro
(Bernard & Psychoyos, 1977), but luteinisation occurred if granulosa cells were
previously exposed to high gonadotrophin concentrations or if high concentrations
of gonadotrophins were added to the culture medium (Berndtson et al., 1995).
Results from the present study demonstrate that follicular aspiration at any stage of
the luteal phase causes a dramatic drop in plasma oestradiol concentration and an
increase in plasma LH levels. However, this LH increase never resembled the
amplitude of the preovulatory LH surge. Further, an increase in plasma FSH
concentration was detected after the aspiration of the dominant follicle, and would
presumably have occurred after aspiration of all follicles on both ovaries. Such
alterations in the pattern of the hormone secretion, in synergy with withdrawal of
the putative luteinisation inhibitor of the follicular fluid might have triggered
luteinisation of the punctured follicle.

Histological examination of the accessory structure revealed morphological
features typical of the cyclic corpus luteum. The presence of the dark secretory
granules in both large and small luteal cells is in agreement with some researchers
(Chegini et al., 1984) but some (Hansel et al., 1991) have reported that secretory
granules are present only in the large luteal cells. Tissue levels of progesterone
were within the normal range for corpora lutea, though progesterone content of
the accessory structure was half that of the natural corpus luteum, and oestradiol
content was 45% higher, perhaps indicating incomplete luteinisation. Preovulatory
follicles produce mainly oestradiol and androstenedione before the surge of
gonadotrophins, while shortly after the surge, production of these steroids declines
and progesterone synthesis increases (Fortune & Hansel, 1985). This shift of

steroid production by the preovulatory follicle is accompanied by a decrease in
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P450-17a0 mRNA and P450,,.n after the LH surge (Voss & Fortune, 1993). These
mRNA species are normally expressed only in theca and granulosa cells
respectively and their expression is down regulated as granulosa and theca cells
differentiate into luteal cells (Rodgers et al., 1986; Voss & Fortune, 1993). The
high oestradiol concentration in the accessory structure can be explained by the
detection of mRNA encoding P450,um. Although it is well documented that the
gonadotrophin surge initiates the changes in steroidogenesis in theca and granulosa
cells, very little information is available about the molecular mechanisms that
regulate this shift.

As described above, the presence of a high oestradiol concentration in the
accessory structure together with detection of aromatase activity, probably
indicates incomplete luteinisation, suggesting that there was a luteinising signal that
was not strong enough to stimulate luteinisation of the entire cellular population of
the punctured follicle. Thus, some granulosa and theca cells luteinised as apparent
from the histological studies, but others did not and continued producing
appreciable quantities of oestradiol. The detection of the FSH receptor is further
support for the concept of incomplete luteinisation.  Although if 1s well
documented that LH is the main luteotrophic factor in the cow, formation and
develépment of the corpus luteum it seems to be independent of FSH support as
progesterone secretion by bovine luteal cells cultured with purified FSH did not
increase (Chopineau et al.,, 1993). Although Manns et al. (1984) detected FSH
receptors in the bovine corpus luteum, recent attempfs using techniques of high
sensitivity (RT-PCR) have failed to detect mRNA for the bovine FSH receptor in
the corpus luteum while they despite confirming the existence of FSH receptor in
granulosa cells (Houde et al., 1994; Rajapaksha et al., 1996). Furthermore, in the
latter study it was reported that a low level of full length FSH receptor mRNA was

detectable on day one of the cycle but by day three, the receptor was undetectable
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and remained so until the end of dioestrus (Houde et al., 1994). It seems probable
that factors other than the surge of gonadotrophins down-regulate the FSH
receptor from granulosa cells, since the receptor is not expressed during the
luteinisation of granulosa cells in vitro (Rajapaksha et al., 1996).

Interestingly P450,7,, was detected in both the natural corpus luteum and the
accessory structure formed after follicle aspiration. In the normal cycle levels of
P450,7, decrease by almost 94% approximately 20 hours after the surge of LH
(Vos & Fortune, 1993). P450,7, mRNA is abundant in antral follicles but virtually
undetectable in the corpora lutea except for weak expression in young corpora
lutea (Rodgers et al., 1987). In the present study it was expected to detect P450,7,
in the accessory structure since there was detectable aromatase activity there
indicating that some follicular cells remained undifferentiated. The fact that
P450;7, was found in the natural corpus luteum probably indicates that PCR
amplification enables very small amounts to be detected.

The observed incidence of accessory luteal structure formation is low, 4
observations made after aspiration of 45 cows with an average of 4.2 aspirations
per cow. In a separate trial five structures were recognised after aspiration of
approximately 96 cows (Salaheddine, personal communication), the experimental
a protocol in this case requiring aspiration of all ultrasonically visible follicles
(>5mm) during the early luteal phase (days3-5). However no examination of these
structures was performed.

In the experiment in which only the dominant follicle was aspirated in early, mid
and late stages of the luteal phase, no accessory luteal structures were produced.
Probably the aspiration of only the dominant follicle is not sufficient to induce the
favourable hormonal environment for the luteinisation of the punctured follicle.
These results suggest that the LH surge which occurs prior to ovulation is essential

for the rupture of the preovulatory follicle and for down-regulation of some but not
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all mRNA species expressed in the granulosa and theca cells. However it appears
that the LH surge is not the only factor required for the differentiation of the
corpus luteun. Under certain circumstances, the process of follicular aspiration

might be sufficient to induce development of a normal corpus luteum.
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