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Abstract

Intrauterine infusion of peanut oil at Day 10 postiation has been reported to prolong
dioestrus in mares. However, the effects of peaitdteatment on the endometrium and
whether the technique is painful have not beensasse The objectives of this study were, (i)
to determine the effect of intrauterine infusiorpefanut oil on endometrial health, (ii) to
determine whether use of intrauterine peanut ghisful and (iii) to confirm that peanut oll
causes prolonged dioestrus. Six mares aged 3-12 gkhwere used in a cross-over design
with each mare administered both 1 ml of intraupeanut oil and a sham treatment on
different oestrous cycles. The effect of intrauterninfusion of 1 ml peanut oil or sham
treatment were measured using interovulatory pettafine fluid accumulation as
determined by transrectal ultrasonography, serwggsterone levels, endometrial Kenney
biopsy scores and histological features, endonme&msinophil numbers and salivary cortisol
measurements. The individual mare response tatettiae infusion of peanut oil was
variable. Peanut oil infusion did not statisticgliyplong the luteal phase, nor elevate salivary
cortisol levels but did cause superficial erosibthe endometrial surface epithelium in all
mares and significantly increased eosinophil nusbethe endometrium (P=0.0068). The
Kenney grade for biopsies from 2/6 mares worseratsiently following infusion. In
conclusion, intra-uterine peanut oil does not stially increase the duration of the luteal
phase but results in an inflammatory response mer@ase in endometrial eosinophil
numbers suggesting treatment may be associatecaviagpersensitivity-type reaction. Those
contemplating using peanut oil to suppress oestiosld also be aware of the legislative and

regulatory implications.
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Introduction

Oestrus-related behavioural issues in mares carupdisathletic performance [1-6].
Altrenogest (Regumate Equideis probably the drug most commonly used to sugsmpre
oestrus in mares. Internationally, its use in masesot allowed by some governing bodies
(e.g. the British Horseracing Authority [7]), bug allowed by others (e.g. the FEI, under
certification, [8]; New South Wales Racing [9], attd Hurlingham Polo Association [10]).
However, the use of Regumate Eqdifi® not unproblematic since it has the potential to
cause positive drug test results for in-contacsésrivia feed contamination [11], and poses
risks to pregnant women, women of childbearing age, those with certain types of tumour
and thrombo-embolic disease. Furthermore, it regudaily administration, which can be

burdensome to some commercial operations.

Injectable Altrenogest may provide reliable, sherth suppression of the behavioural signs
of oestrus, and avoid some of the problems assatcwith handling the oral product [6, 12].
Such a product (Readysérvis currently licensed in Australia. The use of
medroxyprogesterone acetate (MPA) has been showe teeffective in suppressing oestrus
in mares [3, 12, 13]. Repeated injections with ldase intravenous [14] or high dose
intramuscular [15] oxytocin prolongs dioestrus (&g suppressing oestrus) in up to 70% of
mares. However, protocols require daily injectiolms 7-29 days [14, 15] which is
challenging for some owners, with some additionabnsidering the protocol a welfare
concern. Injection of human Chorionic Gonadotroplduring dioestrus also potentially
prolongs dioestrus, but has only been assessed smal number of mares [16].
Gonadotrophin releasing hormone (GnRH) vaccinegigneed in [4]) can be effective in
suppressing oestrus [5, 17]. However, there isviddal variation in response to treatment

with some (particularly older mares) requiring rafeel vaccinations, and other mares
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entering prolonged (> 12 months) suppression afodyctive cyclicity [4, 17]. This may be
undesirable in a commercial context, particulaflythe owner wishes to breed the mare

immediately following retirement from competition.

Reports of non-medicinal methods of oestrus sugmesnclude the insertion of a marble
into the mare’s uterus [18-20], manual disruptidnan early embryo (to induce pseudo-
pregnancy) [2]; and, anecdotally, covert ovariegtointrauterine marbles suppress oestrus
unreliably [19, 20] have been reported to fraci@¥, to be associated with colic [22] and
can damage the endometrium, impacting upon futewr@ify. There are also ethical issues
associated with failure to declare the insertiommofintrauterine marble, during competition,
or at sale. Establishing pregnancies in order Hatlk@ embryos is unlikely to be viewed by
the general public as ethically acceptable pra¢2teOvariectomy not only renders the mare
irreversibly infertile, but also surgical risks whi may be difficult to justify in an ethical
harm:benefit analysis, particularly since ovarietyodoes not always abolish oestrus

behaviour [23].

In 2011, intrauterine infusion of fractionated coab oil or peanut oil at Day 10 post-
ovulation was reported to cause prolonged dioestrusares [24]. Potentially, this method of
oestrus suppression has the advantages of notrirggumedical treatment at the time of
competition; of being non-painful; of not carryidgug-associated risks to in-contact humans

or horses, and not causing long-term disruptiaiéoreproductive cycle.

Peanut oil is a more probable candidate for oestuppression via prostaglandin synthesis
regulation than coconut oil, since peanut oil impased of mono- and poly-unsaturated fatty

acids (PUFASs) [25], whereas coconut oil is commripamarily of saturated fatty acids [26].
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Notably, the second most abundant fatty acid impeail is omega-6 PUFA, linoleic acid,
which has been shown to modulate prostaglandinhegig and influence the relative
production of PGF and PGE in ruminant endometie#lsclf these observations in ruminants
are applied to mare endometrial cells, it is pdedibat exposure of equine endometrial cells
to linoleic acid could decrease the synthesis of R&d subsequently inhibit luteolysis [27].
Anecdotally, peanut oil is being used in clinicahgtice as a method of oestrus suppression
in mares, following the publication of the papeMdiisher and Allen in 2011[24]. However,
a 2016 paper [28] showed that intrauterine cocoiluwtauses an inflammatory reaction in the
endometrium, which raises the possibility thatttreant with intrauterine plant oil can have a
detrimental effect on endometrial health and subsetyy future fertility. Furthermore, no
studies have been reported assessing whether tthetarine infusion of either coconut or
peanut oil is painful for mares. This paper theref@aimed to investigate the clinical
suitability of intrauterine administration of pearil as a reversible, welfare-friendly and
ethical method of oestrus suppression in mares. dijjectives of the study were (i) to
determine the effect of intrauterine infusion ofapet oil on endometrial health, (ii) to
determine whether use of intrauterine peanut giaisiful and (iii) to confirm that peanut oll

causes prolonged dioestrus.

2. Materials and Methods
2.1 Mares

All animal work was performed in accordance witk #inimals (Scientific Procedures) Act
1986 guidelines set by the Home Office and Ethicen@ittee of the Royal Veterinary
College (PPL 70/8577). Six mares were identified@isg suitable for inclusion in the study

following a clinical reproductive examination, agdading of a screening uterine biopsy



122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

sample as Kenney Grade | or lla. The mares werd hgawveen 3 and 14 years old. Two
were Dartmoor ponies (history of donation of muéipmbryos); one Standardbred type (no
history of foaling); two warmbloods (one maidenegaluriparous) and one Morgan (who had
donated multiple embryos and foaled herself onteg. study took place in the physiological
breeding seasons across two consecutive yearmakls were kept at grass. Before the start
of the experiment, mares were accustomed for 4 ttagatering the examination stocks for
up to 15 minutes, to rectal examination, and toirfgagaliva swabs taken (see below), in
order to minimise/ eliminate the potentially confiding stress which those procedures might

cause.

2.2 Sudy design

All six mares were used according to a cross-owesigh. For the cortisol and efficacy
studies, randomisation of treatment order was deduwith 3 mares receiving a sham
treatment at oestrous one and oil treatment iraestwo and a further 3 mares receiving oil
treatment in oestrous one and sham treatment itrooestwo. For the assessment of
endometrial health, all six mares had control hiepsollected at the oestrus prior to both the
oestrous periods referenced above. Randomisatrathifopart of the study was not possible

as pre-oil samples were required as controls.

Following initial induction of oestrus by intramusar injection of 125-250 mcg cloprostenol
(Estrumatd), each mare had pre-treatment endometrial biogsypkes taken during oestrus
(see below for biopsy methods). No further treattsi@vere carried out in the oestrus period
in which the pre-treatment endometrial biopsy sasplere collected. Having acquired these
baseline, pre-treatment endometrial biopsy sampbggeriments were undertaken across two

subsequent oestrus periods according to the ck@ssdesign above.
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2.3 Monitoring and manipulation of the reproductive tract

Reproductive status including return to oestrusylation and evaluation of the uterus was
monitored by a combination of rectal examinatisansrectal ultrasonographic evaluation of
the reproductive tract, and biweekly serum progest sampling (see belowBiweekly
serum progesterone continued throughout the inipabt-treatment return to oestrus,
subsequent dioestrus, and until subsequent retuoegtrus had been demonstrated, up to a
maximum of 60 days. Ten days after ovulation, maeesived either an intrauterine ‘sham’
treatment or peanut oil treatment according to diress over design (n=3 received sham
treatment at this first cycle later followed by gieatment at a subsequent cycle and n=3
received an oil treatment at this first cycle, la® have a sham treatment at a subsequent
cycle). The mare was placed in stocks, her rectamually evacuated, her tail wrapped in a
clean rectal glove and bandaged, and her vulva pedheum washed with dilute
chlorhexidine gluconate solution (Hibiscfylintil scrupulously clean, rinsed with water, and
dried. An Al pipette was introduced through the e@mdioestrus cervix using a conventional
sterile embryo transfer technique [29] taking aqaoéto digitally penetrate the cervical canal,
and to minimise trauma to it. The peanut oil walised as follows: 3.0 ml Peanut oil
(Arachis Oil BP20089 Table I) taken from a 5 ml aliquot which had beegrilised using a
Millex-GP Syringe 0.22 pm Filter Unitfowas loaded by aspiration into a sterile Al pipette
with a syringe attache@ne ml of oil was deposited into the uterine bodye fact that the

oil had been loaded by aspiration into the distal ef the pipette ensured that the full 1ml
was deposited. The catheter was not flushed, duethé potentially confounding,
inflammatory effects on the uterus of air or flughiliquids. The catheter was withdrawn,

and the uterus massaged per rectum to ensurehihatilt was distributed throughout the
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uterus. As a control (sham), the same proceduregpeddsrmed but no oil (or any other fluid)

deposited into the uterine body.

When mares received a sham treatment, they werdtoreoh until 240 minutes post-
treatment for any behavioural signs of discomfort,vulval discharge. During this time
mares were kept in a familiar stall or paddockhwtiteir normal companion. Saliva samples

were collected to measure salivary cortisol (sdevie

When mares received intrauterine peanut oil, theyewmonitored until 240 minutes post-
treatment for any behavioural signs of discomfortyulval discharge. Saliva samples were
collected to measure salivary cortisol (see belolwenty-four hours post treatment, the
mare’s reproductive tract was examined by rectdpgten and ultrasonography. The
ultrasonographic appearance of the corpus luteuoh tAe uterus, and the depth and
echogenicity [30] of any free intrauterine fluid iweassessed and recorded, as was the
presence of any vulval discharge. These examimatimre performed for 3-5 days or until

no abnormalities were recorded.

When progesterone values fell to 0-1 ng/ml follogvthe oil treatment, suggesting a return to
oestrus, this was confirmed by palpation and uwasl imaging of the reproductive tract.
Endometrial biopsies were taken at the first ossiramediately following oil infusion
according to the criteria and technique descrillme. This time point was chosen for post-
treatment biopsies as it reflected when mares miightassessed for future breeding use
following intrauterine treatment in a clinical seg. Additionally, to check for infection, in
addition to endometrial biopsies endometrial swabre taken (using a guarded technique) at

this oestrus in three mares that had free fluithenuterus 24 hours following administration
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of the oil. (Swabbing was only performed in mareghwsignificant ultrasonographically
visible free fluid in the uterus, because swabhimghe absence of clinical suggestion of
endometritis was not written into the experimetitansing protocol). If the Kenney grade
attributed to the post-treatment biopsy sample thassame or better than the pre-treatment
result from the same site in the same mare, nbdutiiopsies were taken. Where the Kenney
grade for the post-treatment sample was worse tthetnof the pre-treatment sample, further

biopsies were taken at the next oestrus periodn(i2i@s).

2.4 Endometrial biopsies

Pre-treatment (control) and post-oil treatment emekoial biopsies were taken from each
mare as follows. Reproductive status was monitansohg rectal palpation, ultrasound
imaging of the reproductive tract, and progesterassay, as described above. Pre-treatment
and post-treatment endometrial biopsies were t&ken each mare in oestrus, i.e. when she
had at least one ovarian follicle e85mm diameter; significant uterine oedema, and a
relaxed cervix, and recorded serum progesterongldevere 0-1ng/ml. One biopsy was
taken from the base of each uterine horn using\eg@ndometrial biopsy forceps (Kruuse
UK®), and conventional biopsying technique [31] undight sedation (40pg/kg i.v.
Romifidine, (Sedivet 1% Injectidh Endometrial biopsies were individually preseniad
10% buffered formalin. Each sample was attributedrelom code for labelling. The date,
identity of the mare, sample site (right or leftrig and code were recorded by the person
taking the biopsies. All endometrial biopsies weubmitted to the Royal Veterinary College
Diagnostic Laboratory, processed to paraffin waxl gectioned at 6 um using standard
techniques, then examined and graded using the égeand Doig system (1986) by a
specialist veterinary pathologist (KCS), who wasdéd to the identity of the mare and the

stage of treatment. Eosinophil counts were perfdriog counting the absolute number of
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eosinophils in ten randomly selected sections ofloeretrium examined at x400

magnification.

2.5 Saliva sampling and Cortisol Assay

An initial, baseline saliva sample (‘Paddock’) wa&en from the mare at rest (i.e. in a
familiar paddock or stable, in familiar company)tmiding a Salivetfeswab between locked
forceps and gently rolling the swab around the fsa@gue and between her tongue and
cheeks for approximately one minute. The Salivetis returned to ice fot 4 hours before
transportation to the laboratory. Mares were brougfo the breeding barn in the company of
a familiar companion, to minimise stress. The maas then placed in stocks, her rectum
manually evacuated, her tail wrapped in a cleatatgbove and bandaged, and her vulva and
perineum washed with dilute chlorhexidine glucorsattition (Hibiscruf) until scrupulously
clean, rinsed with water, and dried. With the marstocks, a second saliva swab was taken
(‘pre-treatment’). The mare was then treated eithién sham infusion, or with infusion of
peanut oil as above. Additional saliva swabs weken at 10, 30, 45, 60, 90, 120, 180 and
240 minutes post sham/oil treatment, when the maessin her familiar stable or paddock,

with her familiar companion.

Additionally, three mares underwent a further stodlyortisol reactions to being placed in

stocks, as follows. Mares had a baseline salivgpkataken at rest. They were then led into
the stocks and had a second swab taken whilstanstbcks (in the absence of a rectal
examination), 15 minutes after the first sample teken. The mares were removed from the

stocks and had further swabs taken at 45, 75, 48285 minutes after the first sample.

10
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Salivette swabs inside their collection tubes wst@ed on ice until transported to the
laboratory. Tubes were then centrifuged for 10 n@suat 1000xg. Recovered saliva was
transferred to a 1.5 mL centrifuge tube and state@0°C until analysis. All saliva samples
were frozen within 4 hours of collection. Salivargrtisol analysis was carried out using an
enzyme immunoassay based on a competitive formain{&rics, State College, PA) as
described by the manufacturer. Briefly, saliva sk®pwere thawed, vortexed, and
centrifuged at 1500xg to precipitate mucins. Saspled cortisol-HRP conjugate were added
to a microtiter plate pre-coated with monoclonati-aortisol antibodies. The plate was
incubated for 1 hour at room temperature. Each wal washed 4 times with phosphate-
based wash buffer. Tetramethylbenzidine substrateadded, and the plate was incubated in
the dark for an additional 25 minutes at room terajpee. Stop solution was added and the
optical density was read at 450nm on a Infinite B1Zo plate reader 11 Samples were
analysed in duplicate. The sensitivity was 0.Q0M, intra-assay coefficient of variation was

5.74% and inter-assay coefficient of variation w&l6%.

2.6 Progesterone assays

Twice weekly serum samples were collected from satarting at ovulation immediately
prior to oil infusion. Progesterone was determifgdcompetitive immunoassay (Immulite
Progesterone) and measured on an Immulite 1000/smraht Rossdales Laboratories, as

previously described [32].

2.7 Satigtical analysis

Statistical analysis was performed in GraphPadnPaY. Normality testing was performed

on all data sets. Inter-ovulatory period was comgansing a paired t-test. Differences in

11
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salivary cortisol in experiment 1 were assessedguai repeat measures two-way ANOVA
and post hoc Bonferroni’'s multiple comparisons teih the source of variation defined as
time and treatment and comparing all time pointsdmple 1 (‘Paddock’). Differences in

salivary cortisol in experiment 2 were assessedguaiFriedman test with a post hoc Dunn’s
multiple comparison test. A comparison of endorakenny Grade and eosinophil counts
before and after infusion of the oil was made usang/ilcoxon matched-pairs signed rank

test.

3. Results

3.1 Efficacy of treatment

There was no significant difference in interovutgitperiod when mares received a sham
(n=6) or intrauterine peanut oil infusion infusifm=6) (Supplementary Figure 1, P=0.8433).
The mean +/- SE inter-ovulatory period for maresengng sham treatment was 23+/- 2.1
days and for oil treatment 28.2+/- 5.8 days. larfmares, intrauterine oil infusion did not

extend the interovulatory period beyond what wobkl expected under physiologically

normal conditions (interovulatory periods of 14, 20 and 22 days) (Fig. 1, Mares I-1V).

Two mares that received intrauterine peanut infusgperienced prolonged interovulatory

periods of 45 and 47 days (Fig. 1, Mares V, VI).

3.2 Uterine response to treatment

No intrauterine fluid was detected using ultrasaapfy in any of the mares during oestrus
prior to pre-treatment control biopsies being takemor to sham treatment, or prior to oil

treatment. One of six mares exhibited opaque vulNstharge twenty four hours after oil

treatment, which was not obvious 48 hours aftaattnent. Ultrasonographic examination of

12
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the reproductive tract 24 hours after oil infusdemonstrated a ‘delineating’ pattern in the
uterine horns of all six mares (Fig 2A). In 4/6 ewrin whom oil treatment was not
associated with a prolonged interovulatory perimgherechoic free fluid of 0.5-3cm depth
was imaged within the uterine lumen 24 hours dftestment (Fig. 2B). No treatment was
given to clear this fluid. Endometrial swabs takerthe beginning of the next oestrus from
3/4 of the mares who had free fluid in the uterdh@urs after oil infusion, were found to be
negative for pathogenic bacteria and fungal gromtien cultured for 48 hours under aerobic
and anaerobic conditions on 5% sheep blood agar,cClelgkey agar, and
Staphylococcus/Streptococcus selective agar, &8 «€. The fourth mare (with a fluid depth
of 0.5cm) was not swabbed, for the reasons relatdidensing explained above. Culture of
the peanut oil from the same batch used to infosemares was also negative for bacterial

and fungal growth

Endometrial biopsies (n=6 mares, one each fromaladtright horn) collected prior to peanut
oil infusion showed no evidence of significant arfimatory or glandular disease. Following
intrauterine oil infusion, endometrial biopsies @amwllectedat the next return to oestrus.
This ranged from 10 to 40 days following oil infosi There was no significant difference in
the endometrial Kenney Grade before and after utgrane infusion of peanut oil (n=6,

p=0.999) (Table Il). There was no change in theoemgtrial Kenney Grade for biopsies from
both left and right uterine horns before or aftdgrauterine peanut oil infusion in 4/6 mares
(Table II). In 2/6 mares, the Kenney grade for oh¢he two biopsies collected from each
mare post-treatment transiently worsened from gradle grade lla, returning to pre-olil

classification by the second oestrus period pdsin@usion (Table Il). None of the mares
biopsied post oil infusion showed significant en@bnal inflammatory or glandular disease,

consistent with the failure to culture pathogemsrfrendometrial swabs. The four mares that

13
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returned to oestrus rapidly after oil treatmentsilbwed multifocal erosion of the surface
epithelium, and in some cases this was associatédseattered subjacent or transmigrating
neutrophils, consistent with surface or intralunhingtation (Figure 3A-D). Two mares only
showed small or rare surface erosion of the epititel As a direct result of the prolonged
dioestrus experienced by these two mares, thegsibswere collected significantly longer
after oil infusion (37, 40 days). The presence adimophils in endometrial biopsies was
noted in 4/6 mares post peanut oil infusion buydié mares prior to infusion of the peanut
oil (Fig. 4A). Eosinophil counts were quantifiedendometrial sections pre and post peanut
oil infusion. The median number of eosinophils e tendometrium was significantly
increased post peanut oil infusion (p=0.0068) whempared to numbers prior to the oll

infusion (Fig. 4B).

3.3 Sress response to treatment

In order to determine whether the infusion of peasibwas painful, salivary cortisol was
monitored prior and immediately following the initarine infusion of peanut oil or sham
treatment. There was no significant difference e tsalivary cortisol levels in mares
receiving intrauterine peanut oil or sham treatnagrany time point (Fig. 5A). There was a
significant increase in salivary cortisol followipiacement of the mares into the stocks and a
rectal examination (pre-treatment) when compareshtivary cortisol levels measured in the
paddock for both sham and oil groups (Fig. 5A).sTise in salivary cortisol was sustained at
10 minutes post oil/sham treatment but then droppadk to paddock levels for the
remainder of the measurement period. To furtheloeggpvhether the transient rise in salivary
cortisol was due to restraint or rectal examinatiansecond cortisol experiment was
performed whereby salivary cortisol was measureithénpaddock, after placement in stocks

(but with no rectal examination performed) the@t 60, 180 and 240 minutes after removal

14
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from stocks, to mimic a selection of the samplimgetin Fig 5A. There was no transient rise
in salivary cortisol following placement in stoc&kne (n=3 mares) (Fig 5B). There was a

significant decrease in salivary cortisol at 18@umes post removal from stocks.

One mare who did not experience an extended intéatory period following treatment
exhibited behavioural signs of mild discomfort {gleed tail, vulval ‘winking’) from 10-30

minutes following oil infusion. No behavioural sgyrof discomfort (elevated tail, vulval
‘winking’) were observed in the remaining 5 mare#idwing either the sham or peanut oil
infusion.

Discussion

The primary purpose of this paper was to investighé effects of intrauterine peanut oil - a
treatment which had previously been reported tabesfficacious method of suppressing
oestrus in mares - on endometrial health, andagligortisol levels. Intrauterine infusion of

peanut oil caused some superficial erosion of tinkase epithelium of the endometrium in all
mares. This was most pronounced in mares who diduimdergo a prolonged luteal phase,
and thus were biopsied much later in relation ®dhy of treatment. Though the superficial
nature of the damage makes it likely to repair s@ogously, the licensing constraints of this
project meant that we do not know for certain thaepair process occurred, or how long it
takes. Whilst it persists, the superficial erosainthe epithelium may compromise mares’
endometrial immune defence system, and make thene prone to endometrial infection

caused, for example, by environmental contaminahtsh access the reproductive tract.

Four of six mares also appeared to exhibit an inotagical reaction to the peanut oil, as
evidenced by ultrasonography, histology and bautayy. The ultrasonographic appearance

of oil in the uterus immediately and in the dayteminfusion - a ‘delineating’ pattern

15



369 believed to be caused by the hyperechoic oil linihg endometrial folds (which were
370 themselves not pronounced because the mares weliedstrus) - was very similar in this
371  study to that reported by Diel de Amorim et al [Z8he hyperechogenicity, distribution and
372 volume of this pattern allowed it to be easily iigished from non-oil, free fluid in the
373  uterus. None of the mares who underwent a prolohged| phase following oil treatment in
374  this study exhibited free intrauterine fluid onralionography 24 hours after oil infusion.
375 Conversely, all of the mares who did not undergpralonged luteal phase did exhibit
376 intrauterine fluid following treatment. Ultrasonaghically detected intrauterine fluid can be
377 either infectious or sterile. Possible sources wfeation include contamination with
378 environmental pathogens during the catheterisatidhe cervix, and bacterial contamination
379  with the oil. Mares were prepared for catheter@atccording to standard procedures which
380 are practiced during successful embryo transfethbyauthors. Guarded endometrial swabs
381 taken from three of the mares who had free fluithenuterus 24 hours after oil infusion were
382  negative for pathogenic bacteria (the fourth maas nwot swabbed). The fact that none of the
383 mares underwent a short luteal phase on the shala syggests that contamination due to
384 poor technique was unlikely. Bacteriological crdtuof the oil was negative. This is
385  consistent with the findings of Diel de Amorim ét[28], who cultured their coconut oil to
386 rule out infection as a cause of treated maresrgodey shortened luteal phases, and also got

387 negative culture results

388

389 Diel de Amorim et al [28] reported a lymphoplasmibcynflammatory cell infiltration and
390 neutrophilic inflammation of the stratum compactuoh the endometrium following
391 intrauterine coconut oil infusion, with occasionabsinophils seen. The inflammatory
392 response to intrauterine peanut oil infusion seehis study was predominantly eosinophilic,
393 with an increase in the number of eosinophils olegrin the endometrium following
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intrauterine peanut oil infusion. This is consistefith previous reports that eosinophils are
found only occasionally in endometrial biopsiesnir@linical normal mares [33], but are
frequently associated with an acute immune read@og. to seminal plasma [34]), and in
cases of pneumovagina / pneumouterus [31] . Indedgcute immunological response to oil

in the uterus has been described previously [35].

Although negative culture results from the mared #re oil make it unlikely, we cannot

definitively rule out infection, which subsequentlsolved, as the cause of the fluid which
was imaged in the uterus post treatment. Nonethelédse combination of the

ultrasonographical, biopsy and laboratory resutis4i6 mares who did not undergo a
prolonged luteal phase in response to treatmenmare suggestive of a transient, sterile,
eosinophilic, hypersensitivity-like endometrial lathmation, reaction to the peanut oil,
although to make this conclusion, this would need¢ assessed immediately following
treatment. Either way, this uterine inflammatiorgumably provokes a release of PGF2
from the endometrium, that out- competes any pizteanti-luteolytic effects of the peanut

oil fatty acids, leading to luteolysis.

The clinical significance of this eosinophilic ilifate in some mares following intrauterine
infusion of peanut oil needs to be further investieggl. We do not know whether repeated
intrauterine infusions of peanut oil in such mam® likely to result in a gradual
desensitisation to treatment, or, conversely, innaneased sensitisation, with an associated
possible risk of a more systemic reaction. Previmsearch on intrauterine inflammatory
reactions in the mare suggests that treatment witroidal or non-steroidal anti-

inflammatory drugs [36, 37] at the time of intraurte peanut oil infusion could dampen /
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abolish the hypersensitivity-like, eosinophilic pesse, thereby increasing the likelihood of
mares responding to treatment. However, this pibi$gils currently unproven and requires
further research. Furthermore, any injection (havewell tolerated) constitutes a welfare
harm, and the ethical justification of inflictingat harm in order to improve the chances of
an otherwise unsuccessful treatment working whemou-painful, efficacious, licensed

alternative treatment is available is doubtful.

One of the aims of this study was to determine wéreintrauterine infusion of peanut oil is
painful for mares. This was assessed using a catibm of observations of behavioural
indicators of stress / pain and measurements tfasglcortisol as an indicator of stress [38,
39]. The fact that one mare who did not undergor@opged interovulatory interval
following treatment exhibited behavioural signs rofld discomfort (elevated tail, vulval
‘winking’) from 10-30 minutes after oil infusion ehbld not be ignored. However, in 5/6
mares the oil treatment appeared to be well-ta@dravith no behavioural indicators of stress
/ pain (for example kicking/stomping feet, listlaess, reluctance to eat, abnormal facial
expressions) being observed. Furthermore, thesobmesults show that there was no stress
response associated with intrauterine infusion ibfiteelf. However, there was a stress
response associated with the rectal examinatioohwivas performed prior to oil infusion, as
confirmed by the additional experiment undertakerdifferentiate between the effects of
restraint in stocks and rectal examination on stréhis is consistent with a finding recently
reported by others [39] for lactating and non-lantapregnant mares, and, to the authors’
knowledge, is the first demonstration of a stressponse to rectal examination in non-

pregnant mares.
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This study took as its starting point the fact timatauterine infusion of peanut oil had been
previously shown to be an effective method of amsssuppression in mares. Our primary
aims were to assess the effects of that treatmreahdometrial health and salivary cortisol. It
is noteworthy, however, that the efficacy of intextne peanut oil at prolonging dioestrus
was significantly lower in this experiment thantive one previous report [24]. In that study,
luteal persistence for 30 days was reported inZLirdares following treatment. In the present
study, intrauterine oil infusion was associatedhwiicreased interovulatory periods (of 45
and 47 days) in 2/6 mares, however when taking atoount the 4/6 mares that did not
respond to treatment, this observation was notsstatlly significant. Such variability of

responses between mares has also been reporteth&rmethods of oestrus suppression
(e.g. [4, 15, 18, 19]). It is also consistent witle recent work of Diel de Amorim et al [28],

which failed to reproduce the results which Wilsaed Allen [24] obtained with coconut oil.

Furthermore, since mares are known to undergo apeatisly prolonged luteal phases [40,
41], it is possible that the prolonged interovutgtperiod in 2/6 mares was not actually

caused by the oil treatment.

The variability between our results and those olsWér and Allen [24] could potentially be
explained by a difference in the exact compositbithe peanut oil used in the two studies.
All experiments described in this paper used adstatised batch of peanut oil (Arachis Oll
BP2008) which was batch tested for fatty acid compositial{e 1), in order to enable
regulatory bodies to assess its permissibilityislimpossible to accurately compare the
composition of this batch with that of the peaniliused by Wilsher and Allen [24] because,
although those authors provided a table of the gé¢m®mposition of peanut oil, the paper
did not describe the exact composition of the bathlth they used. Nonetheless, when one
compares the generic composition provided by Wilstmel Allen [24] and the composition
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of the peanut oil which we used, there do not seebe differences sufficient to account for
a disparity in response. For example, it would hékaly that the slightly higher levels of
oleic acid in the batch used in this study (69.8étsus range 36.4-67.1%) would lead to
more rapid luteolysis. Previous studies have shdkat if one exposes pregnant ewe
endometrial cells to increasing concentrationsleiccacid, the ratio of PGE2PGE2 moves
in favour of PGE2 [42]. If one applies this concépthe non-pregnant mare endometrium,

the oil used in this study, if anything, should @dengthened the period to luetolysis.

Another possible reason that mares might havedfadeenter prolonged dioestrus following
treatment would be if the process of infusion ftselused luteolysis, via a prostaglandin
release provoked by cervical stimulation [29]. Wés and Allen [24] used Wilsher forceps
[43] to facilitate oil infusion. In the presentudl, a conventional, commonly-used non-
surgical embryo transfer technique [29] was use@ass the pipette through the cervix, as
this technique is what would more likely be useddiyicians in general practice. The
technique used in this study was also used intthayon intrauterine coconut oil by Diel de
Amorim et al [28]. It is unlikely that the differea in technique for cervical catheterisation
between this study and that of Wilsher and Alled][Besulted in a prostaglandin release
which would account for the failure of luteostasis4/6 mares. The operator has years of
successful experience with non-surgical embryosfeanusing the technique adopted in this
study. More importantly, if luteolysis was beingusad by insertion of the pipette through the
cervix, one would have expected that to occur dutine sham treatment as well oll
treatment, whereas in fact no shortening of theriovulatory period following sham

treatment was recorded.
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In addition to the clinical information provided likis study, those contemplating using
intrauterine peanut oil to suppress oestrus in snahmuld be aware of the legislative and
regulatory implications. Intrauterine peanut oillilely to be classified as a medicine by
medicines regulatory authorities. It is currenthlicensed for oestrus suppression, whereas
licensed products (e.g. Altrenogest, Regumate E4uamd Readysefy are available.
Furthermore, peanut oil might also be considereddoa medicine by sport regulatory
authorities. In that case, its use might be proddoduring competition, though its use prior to
the competition period (meaning that mares wefkistdioestrus at the time of competition)

might be permitted — this needs regulatory claatfimn.

Conclusions

The results of this study suggest that, like inane infusion of coconut oil [27] intrauterine

infusion of peanut oil is at least temporarily degntal to endometrial health. Veterinarians
recommending the use of intrauterine peanut oision should be aware that neither this
study nor the papers published by Wilsher and Al@f]l and Diel de Amorim et al [28]

included any assessment of pregnancy rates in rhe@dswvhen they returned to oestrus after
oil treatment. Until this data is made availablefbiyire research, the long-term implications
of intrauterine peanut oil infusion for fertilityr@ unproven. Furthermore, similar to recent
work using intrauterine treatment with coconut[@8], this study failed to demonstrate that

intrauterine peanut oil is an efficacious methodedtrus suppression.
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SUMMARY OF FIGURES AND TABLES: 2 tables and 5 figures

FIGURE LEGENDS

Table I: Composition of Peanut Oil (Arachis Oil BP2008,dmPE108505), measured by
gas liquid chromatography. SFA indicates saturafetty acid, MUFA indicates

monounsaturated fatty acid, PUFA indicates polyaturated fatty acid.

Table II: Endometrial histological features prior to andldaling infusion of peanut olil.
Results for the left horn and right horn are sh@sr/r. * indicates a valid biopsy was not
read. “Biopsies taken at an oestrus prior to infusion edrut oil.”“Biopsies taken at first
oestrus following infusion of peanut oiBiopsies taken at second oestrus following infusion

of peanut oil.

Figure 1. Serum progesterone in mares I-VI (Table Il) adstgred 1 ml intrauterine peanut
oil on day 10 post ovulation (indicated by *). D@ys the day of ovulation immediately prior

to administration of the oil.

Figure 2: Ultrasound images taken 24 hours after the ingrang infusion of peanut oil. The
image on the left was taken from a mare, who undetva prolonged interovulatory period
following intrauterine peanut oil infusion. This aks oil (hyperechoic) delineating the

dioestrus endometrial folds of the right uteringrhas it spreads and is trapped between
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them. The image on the right is taken from a met® returned to oestrus within 4 days
following treatment. Note the measurable quantitfcfn) of hyperechoic fluid within the
lumen of the uterine horn, which is believed torespnt a sterile inflammatory reaction to

the oil infusion.

Figure 3: Endometrial biopsies pre- and post-oil administrati H and E stained
representative sections in mares that had shagrt(fiare 1) and middle (Mare I1)) and long
(bottom panel (Mare VI)) inter-ovulatory perioddléoving oil infusion. Top panel pre-oil:
intact endometrial surface epithelium with scatiesgromal leucocytes; post-oil: endometrial
surface erosion with small to moderate numbergrofrgal leucocytesMiddle panel pre-oil:
intact endometrial surface epithelium with smalimibers of stromal leucocytes; post-oil:
endometrial surface erosion with small to moderatmbers of stromal leucocyteBottom
panel pre-oil: intact endometrial surface epitheliumwscattered stromal leucocytes; post-

oil: intact endometrial surface epithelium with seeed stromal leucocytes.

Figure 4 (A). Endometrial biopsy showing eosinophilic infilicat of superficial stroma with
associated oedema. Eosinophil arrowed. H&E x4®). Eosinophil numbers in the
endometrium prior to and following the administoati of intrauterine peanut oil (n=11

sections, line indicates median value).

Figure 5: Figure 5 (A). Salivary cortisol measured prior to and followithg administration
of 1 ml intrauterine peanut oil (n=6) or sham (npé)cedure. Saliva samples were taken in
the paddock prior to moving the mares into the kfd@addock), after restraint in stocks,
rectal examination and preparation of the vulvagioe and immediately prior to

administration of sham or peanut oil (pre-tx), ad@®-240 minutes following the
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696 administration of oil (black bars) or sham delivdgrey bars).B. Salivary cortisol was
697 measured in a paddock, after restraint in the st@pke-tx) and at 30-240 minutes following
698 removal from the stocks (n=3 mares). Cortisol waasared using an enzyme immunoassay
699 as described in materials and methods. * indicps®s05 and *** p<0.001 compared to the

700 paddock sample.

701

702
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Table Il Endometrial histological features prior to and following infusion of peanut oil. Results for the
left horn and right horn are shown as I/r. The * indicates a valid biopsy was not read. °Biopsies taken
at an oestrus prior to infusion of peanut oil. bBiopsies taken at first oestrus following infusion of
peanut oil. “Biopsies taken at second oestrus following infusion of peanut oil. dBiopsies taken at first
oestrus post infusion of intrauterine peanut oil.

Kenny Grade Erosion of Eosinophil Eosinophil
— — —1 surface Count Pre oil Count Post oil
Pre-Oil Post-Oil 1 Post-0il 2 epitheliumd Infusion LH/RH Infusion LH/RH
Normal interovulatory period
Mare | I/lla I1a/lla 1/l Multifocal 1/0 0/1
Mare | Ila/lla Ila/lla n/a Multifocal 2/3 20/30
Mare Ill 1/l Ia/l 1/l Multifocal 0/0 24/16
Mare IV I/* 1/l n/a Multifocal 2/* 6/0
Prolonged interovulatory period
Mare VI I/lla 1/l n/a Small 10/16 12/20
Mare VI 1/l 1/l n/a Rare 0/1 2/0




Table I: Composition of Peanut Oil (Arachis Oil BP2008, batch PE108505) as measured by gas liquid
chromatography. SFA indicates saturated fatty acid, MUFA indicates monounsaturated fatty acid,
PUFA indicates poly-unsaturated fatty acid.

Fatty Acid Classification Systematic Name Total fatty
acids (%)

Palmitic Acid SFA Hexadecanoic acid 6.24
Stearic acid SFA Octadecanoic acid 1.77
Oleic acid MUFA Omega-9 9-Octadecenoic acid 69.77
Linoleic acid PUFA Omega-6 9,12-Octadecadienoic acid 12.26
Linolenic acid PUFA Omega-3 9,12,15-Octadecatrienoic acid 0.22
Arachidic acid SFA Eicosanoic acid 0.92
Eicosenoic acid MUFA (z)-icosa-11-enoic acid 2.86
Behenic acid SFA Docosanoic acid 2.75
Erucic acid MUFA Omega-9 cis-13-docosenoic acid 0.45
Lignoceric acid SFA Tetracosanoic acid 2.05
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Highlights:

Campbell et a, The effects of intrauterine infusion of peanut oil on endometrial health,

salivary cortisol, and interovulatory period in mares

* Theresponseto intrauterine infusion of peanut oil in dioestrus maresis variable

* Intrauterine peanut oil does not statistically prolong the luteal phase in mares

* Intrauterine peanut oil causes superficial erosion of endometrial surface epithelium
* Intrauterine peanut oil causes an increase in endometrial eosinophil numbers

* Recta examination but not intrauterine peanut oil causes arise in salivary cortisol



