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Abstract

The objective was to characterise the hormonal composition of follicular fluid from mares
with distinct anovulatory-cystic follicles. Follicular fluid was aspirated from six mares that
presented with cystic follicles and from pre-ovulatory follicles of five normal mares
(controls). Differences in progesterone, oestradiol, testosterone, IGF-1 and IGF binding were
analysed using Fisher’s exact test. There were greater (P<0.03) follicular fluid oestradiol
concentrations in normal follicles and the testosterone concentration of the cystic fluid was
greater (P<0.05) than that of the normal fluid. There also was a greater (P<0.03) percentage
of IGF-I binding and lower (P<0.02) IGF-I concentrations in the fluid collected from the
cystic structures compared with the fluid from normal follicles. Despite the limited number of
animals, the fact that fluid aspirated from cystic follicles had higher testosterone and lower
oestradiol concentrations could be of diagnostic value when a practitioner wants to
distinguish between a cystic and non-cystic persistent follicle. The research reported here
also indicates a likely role for the IGF system in the pathogenesis of the development and

maintenance of anovulatory follicular structures in mare ovaries.

Key words: Mare, abnormal follicles, IGF, pathogenesis, oestradiol, progesterone.
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Infertility in mares contributes to losses in the equine industry and can have multiple origins,
one of which is ovarian, with most pathologies being of follicular origin and the most
common conditions found are granulosa cell tumours (GCT’s), haemorrhagic follicles and
cystic follicles (McCue, 1998; Ginther et al., 2007). Follicular growth during the cycle is
tightly regulated by a number of locally as well as centrally produced hormones. Selection of
the future dominant follicle occurs due to a combination of two main processes: the
development of receptors for LH in its granulosa cells together with the increase of free IGF-I
(Beg and Ginther, 2006). Free IGF-I is available due to the influence of PAPP-A which
degrades insulin-like growth factor binding proteins (IGFBP) 4 and 5 within the follicular
fluid (Monget et al., 2002; Fortune et al., 2004; Spicer, 2004), leading to a decrease in IGFBP
concentration when the follicle grows (Canty et al., 2006). The activities of IGFBP-2, -4 and
-5 however, are less in growing dominant follicles compared with subordinate follicles
(Gerard et al., 2004) and are therefore suggested to be closely related to the physiological
state of follicles (Gerard and Monget, 1998)

Haemorrhagic follicles are the result of ovulation failure of endocrine origin (Ginther et al.,
2007) and are the result of haemorrhage into the follicle which is followed by re-organization
of follicular contents and in most cases luteinisation of the follicular wall (Ginther et al.,
2007; Cuervo-Arango and Newcombe, 2012). This condition, which can persist for up to two
months, can occur during the spring and autumn transition period as well as during the
normal breeding season and is also reported after hormonal treatment with cloprostenol to
short cycle mares (Cuervo-Arango and Newcombe, 2009; 2010). The majority of
haemorrhagic follicles will regress spontaneously over a period of one to four weeks (McCue,
1998).

Cystic follicles in mares have not been described as extensively as in ruminants but still

occur, although there is on-going discussion about their actual definition. Sometimes these
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follicles are referred to as persistent anovulatory follicles (McCue, 1998), which can lead to
confusion with a haemorrhagic follicle. Either way, the pathophysiology of a large follicle
that grows and does not ovulate remains unclear; although the assumption is that the follicles
persist and grow after ovulation failure similar to ruminants. The aim was to characterise the
composition of follicular fluid from mares with distinct anovulatory follicles of cystic
proportions and compare this with follicular fluid collected from normal mares. By doing this
we hoped to gain some more insight into the pathophysiology behind this presentation of
abnormal ovarian structures. The hypothesis was that follicular fluid of these abnormal
follicles would have different concentrations of oestradiol, IGF-1/IGFBP and testosterone
when compared with that of mares with normal follicles. We also hypothesised that there
would be a role for the IGF system in the pathogenesis behind the development of this type of

anovulatory (cystic) follicles in mares.

All procedures involving normal animals were approved by the University’s Animal
Research Ethics Committee (AREC-P-07-43) and were carried out under licence from the
Department of Health (Cruelty to Animals Act, Ireland, 1876, as amended by EU directive
86/609/EC). Six mares, all Irish sport horses ranging in age from 4-17 years presented with a
history of having one ovary with a follicle that did not respond to any exogenous hormone
treatment and that interfered with normal cyclicity. All mares were kept in commercial grass
based management systems. None of the follicles fitted the description of a haemorrhagic
follicle on ultrasound and thus were defined as cystic. All follicles were aspirated using a
transvaginal ovum pick up (OPU) procedure as previously described by (Mari et al., 2005).
Following collection, the follicular fluid was centrifuged to remove the granulosa cells after
which it was frozen and stored at -80 °C. Follicular fluid from pre-ovulatory follicles from

five normal mares was also collected to enable analyses and comparison with that from the
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cystic follicles. This was done once they reached a size of 40 mm following synchronisation
with 0.5 ml of a PGF2a analogue (125 pg of cloprostenol; Estrumate, Intervet, Dublin,
Ireland). Each mare was scanned transrectally (7.5MHz linear probe) to determine the status
of her follicular development and to determine when and which follicles could be aspirated.
After this was determined, follicular fluid was aspirated as described above. All mares
recovered well post aspiration, resumed normal cyclicity and were able to conceive during

subsequent matings.

After diluting the follicular fluid to 1:100, progesterone, oestradiol and testosterone
concentrations were measured using validated radioimmunoassay (RIA) procedures as
previously described (Prendiville et al., 1995; Forde et al., 2010; Garcia-Herreros et al.,
2010). Assay sensitivities were 0.2 pg/ml (oestradiol), 0.03 ng/ml (progesterone) and 2 ng/ml
(testosterone). Intra-assay coefficients of variation (CV) ranged between 1.0 and 7.8 % for
low, medium, and high reference samples in all three assays, all samples were analysed
within a single assay for each analyte. IGF-1 concentrations in follicular fluid were
determined using a radioimmunoassay following which followed ethanol-acetone-acetic acid
extraction (at a ratio of > 60:30:10, as described previously by Beltman et al., 2010) with
recombinant iodinated IGF-1 (Upstate, Millipore, Temecula, CA, USA) as the standard and
50 pl anti-human IGF-I (NHPP-NIDDK AFP 4892898; National Hormone and Peptide
Program, Torrance, CA, USA; dilution 1:750,000) as the primary antibody. The sensitivity of
the assay was 6 pg per tube (6 ng/ml). Follicular fluid IGF-I was run in one assay and the
intra-assay CV was 10.3% for samples containing a mean concentration of 149.7 ng/ml. Total
IGFBP activity in follicular fluid was determined following incubation with "*I-labelled IGF-
| by the method described by (Simpson et al., 1994). Briefly, 50 ul aliquots of follicular fluid
were incubated overnight at 4°C with 100 pul ?’I-labelled IGF-1 (1.9x10° cpm/100 ul) and 150

ul of assay buffer (PBS containing 2.5 mg BSA ml™, pH 7.5). Activated charcoal (500 pl;
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5% w/v in PBS containing 2.5 mg BSA/ml) was added to each tube to separate bound from
free '“I-labelled IGF-1. The tubes were then incubated for 30 min at 4°C, and centrifuged at
2000 rpm for 20 min at 4°C. The supernatant was counted using a gamma counter (Wizard

1470; Wallac/Perkin Elmer, Turku, Finland).

Differences in progesterone, oestradiol, testosterone, IGF-I and IGF binding were analysed
by using a Fisher’s exact test as described by (Snedecor and Cochran, 1989) using SPSS for

Windows.

The average size of the follicles aspirated from the normal mares was 42.5+1.2 mm with the
average size of the cystic follicles measuring 76.7+6.11mm (P<0.01). Follicular fluid
pogesterone, testosterone, oestradiol, IGF-1 and IGFBP binding percentage data are presented
in table 1. Follicular fluid oestradiol concentrations were lower (P<0.03) in the cystic follicles
than in the normal pre-ovulatory follicles. The testosterone concentration in the follicular
fluid from cystic follicles was greater than (P<0.05) that in normal fluid. There was a greater
(P<0.03) percentage of IGF-1 binding in the fluid collected from the cystic structures than in
normal follicles. The IGF-I concentrations were lower (P<0.02) in the cystic structures when

compared with the normal follicles.

True follicular cysts that are persistent and anovulatory are relatively uncommon in mares
with little evidence that they remain hormonally active to interfere with subsequent cyclicity
and fertility (McCue, 1998). However, in all the mares that we describe here, the persistent
follicular structure on one of the ovaries did interfere with normal cyclicity, resulting in
abnormal cyclical patterns and anoestrus. As such we believe that these follicular structures
were truly active cysts, which is also supported by the clinical finding that the mares resumed

normal cyclicity as well as fertility after the aspiration of the abnormal follicle.



132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

In mares, the concentration of free IGF-I is higher in large follicles in the follicular phase
when compared with the follicles from the luteal phase. This increased concentration was
also associated with an increase in oestradiol:progesterone ratio in the follicular fluid (Spicer
et al., 2005).

We found a larger percentage binding of IGF-1 in the fluid that was aspirated from the cystic
structures when compared with the fluid that was aspirated from the normal mares, together
with lower concentrations of total IGF-1 in the fluid. This would indicate that there was a
larger concentration of IGFBP’s present in this fluid, indicating that there could be a similar
role for the IGF system in the development of these follicles as has been shown in cattle
(Rodriguez et al., 2011). The lower concentrations of oestradiol that we found can be
explained by the fact that the free IGF-I in follicular fluid works synergistically with FSH to
enhance oestradiol synthesis within the follicle (Fortune et al., 2004). With the presence of
low concentrations of IGF-1 it is therefore not surprising that we found lower concentrations
of oestradiol in the cystic follicles.

The fact that we found higher concentrations of testosterone in the fluid from the cystic
structures than in the normal structures indicates that the theca cells in these follicles are
producing more of this steroid hormone, suggesting that there is either LH involvement in the
growth and maintenance of the cystic structures (Santiago et al., 2005; Vanholder et al.,
2006) or that there is less aromatase available to convert the testosterone to oestradiol (Bosh

et al., 2009).

In conclusion, despite the fact that we only had six mares with an abnormal follicle, there
were significant differences between the cystic and normal follicles. The pathogenesis of
cystic follicles in mares appears to be very similar to what is known about the

pathophysiology of follicular cysts in cattle, with the IGF system playing a role in both
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conditions causing the differences in testosterone and oestradiol concentrations that were
found Fluid aspirated from cystic follicles had higher testosterone and lower oestradiol
concentrations when compared with follicular fluid from normal follicles which could be of
diagnostic value when a practitioner wants to distinguish between a cystic and non-cystic
persistent follicle. However, reasons for the de-regulation in the IGF system in mares leading

to this condition remain unclear and should be explored further with more cases.
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270  Table 1: Characteristics of mare follicular fluid (mean % s.e.m) collected from normal preovulatory follicles (n=5), and cystic follicles (n=6).

Classification Oestradiol pg/ml Progesterone ng/ml  Testosterone ng/mi IGF-1 ng/ml IGF binding
normal 65374 + 27051.3 115.6 £93.1 4.02+1.33 166.32 £ 21.7 3.61+£0.74
cystic 927 £ 526.7 54+3.12 47.0 £ 16.86 107.64 £ 4.35 8.10+ 1.20
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