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Intrauterineplantoil infusion, including fractionated coconutoil, hasbeenpreviously found to
be a safe, inexpensive, and reversible method of prolonging the luteal phase in mares when
administeredonDay10of theestrous cycle. Ourobjectivewas tounderstand theuteroovarian
response to the administration of fractionated coconut oil infusion in the uterus of diestrous
mares.Wehypothesized that intrauterinecoconutoil administrationonDay10wouldprolong
luteal life span in a dose-dependent fashion and would result in higher serum progesterone
levels thanuntreatedmaresat theexpected timeof luteolysis. Light-horsemares (n¼18)were
examined using transrectal palpation and ultrasonography to determine if they had a normal
interovulatory interval andwere then examined daily in estrus until the day of ovulation (Day
0) and then every other day during an estrous cycle. Jugular blood was drawn on Day 11, Day
13, Day 15, and Day 17, centrifuged, and serum stored until assayed for progesterone (P4;
Siemens Coat-a-Count Progesterone RIA, Los Angeles, CA, USA). Mares were randomly
assigned to treatment and studied over one to two estrous cycles with a rest cycle after each
treatment cycle. Groups were: control (n ¼ 5), fractionated coconut oil 1.0 mL (Miglyol 810;
SasolOil,Witten,Germany) infused in theuteruswithanartificial inseminationpipetteonDay
10 (Group 1; n¼ 5) and fractionated coconut oil 0.5 mL infused in the uterus with an embryo
transfer gun, on Day 10 (Group 2; n ¼ 5). All statistical analyses were performed using
analytical software (Stata SE, version 13.1, College Station, TX, USA) at P< 0.05. Datawerefirst
evaluated using the Shapiro–Wilk test for normality. Differences between groups in days to
luteolysis (DTL)were examinedusinganalysis of varianceandBonferroni, and theeffectof day
and treatment on P4 levels were examined using the Kruskal–Wallis and Dunn’s all pairwise
test. Therewasa significantdifference inDTLbetween thegroups (P¼0.0083),with fewerDTL
inGroup 1 compared to control (P¼ 0.011) and toGroup 2 (P¼ 0.034). Therewas a significant
effect of day (P< 0.0001) on P4 levelswithDay 11 P4 levels higher thanDay 15 andDay 17 and
Day 13 P4 levels higher than Day 15 or Day 17 (P < 0.03). There was a significant effect of
treatmentgroup (P¼0.0098) onP4 levelswithcontrol andGroup2 levelshigher thanGroup1
mares (P¼0.0012, P¼0.0495, respectively).Weconcluded that intrauterineadministrationof
1mLof fractionated coconutoil lowered P4 levels in diestrus in a dose-dependent fashionand
did not prolonged the luteal phase of the mares.
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1. Introduction of plant oils on Day 10 after ovulation prevents luteolysis
and maintains endogenous levels of progesterone to sup-
Estrus suppression in the mare has only been truly
effective and reversible when achieved by administration
of antigonadotrophin releasing hormone vaccination [1],
application of treatments to prolong luteal function or by
the administration of exogenous progesterone/progestagen
[2]. Methods for estrus suppression through luteal lifespan
lengthening in the mare consists of the use of intrauterine
devices, such as marbles [2–4] or water-filled poly-
propylene balls [5], manual reductions of pregnancies from
Days 16 to 24 after ovulation [6], oxytocin therapy in mid
luteal phase [7–10] or through a prolonged 29-day oxytocin
treatment [11], administration of human chorionic gonad-
otropin to induce a diestrous ovulation [12], and intra-
uterine plant oil infusion on D10 after ovulation [13].

The use of intrauterine devices has been suggested to
prolong luteal function [3,5] by decreasing cyclooxygenase-
2 (COX-2) gene expression [14]. The effectiveness of the
devices has been reported to vary among studies, ranging
from 11% to 41.3% [2,3]. However, several recent reports
have found the deleterious effects of intrauterine glass
marbles on the endometrium and future fertility of mares,
where pyometra and glass fragments becoming embedded
in the endometrium were described as consequences
related to the prolonged use of such devices [15–19].

Manual reductions of pregnancies from Days 16 to 24
after ovulation [6] require breeding and may not be ethi-
cally acceptable for owners; hence, this method is not
widely used.

Serial oxytocin injections have found to be a cheap,
effective, and reversible way to prolong the luteal phase of
mares when administered from Day 7 to Day 14 after
ovulation once or twice a day [7–9]. The mid luteal phase
oxytocin treatment has been shown to be associated with
decreased plasma 13, 14-dihydro-15-keto-PGF2alpha
(PGFM) concentrations and reduced endometrial COX-2
expression [20]. A recent report by Vanderwall et al. [11]
(2016) reported that 29 consecutive daily treatments of
oxytocin starting at any stage of the estrous cycle is as
efficacious as the protocol of injecting mares with oxytocin
from Day 7 to Day 14 after ovulation. Oxytocin treatment
has been reported to have an efficacy of 60% to 83% in
prolonging diestrus in mares [7–10]; however, these
methods require multiple injections and may be problem-
atic in mares that are adverse to intramuscular injections.
Human chorionic gonadotropin administration has been
used in early diestrus to induce a second ovulation [12]. The
treatment is effective as long the mare has a large follicle
that responds to the hormone in early diestrus, and luteal
tissue of the newly formed diestrous second corpus luteum
is immature and nonresponsive to the endometrial secre-
tion of prostaglandin at Days 14 to 15 after ovulation [12].

Research performed by Wilsher and Allen in 2011, re-
ported that the intrauterine infusion of plant oils, such as
fractionated coconut oil on Day 10 after ovulation in mares
was an effective and practical method of prolonging luteal
function in 11 of 12 (92%) of mares [13]. A variety of similar
plant oils had similar effect on luteal function in mares
when administered on Day 10 [13]. No other studies have
reported themechanism bywhich the intrauterine infusion
press estrus or whether this effect is dose dependent.
Therefore, the objective of the study was to compare and
understand the uteroovarian response to two different
amounts of fractionated coconut oil administered into the
uterus of mares on Day 10 after ovulation.

2. Materials and methods

2.1. Animals

The experimental protocol was approved by the Insti-
tutional Animal Care Committee of the University of Sas-
katchewan. Mares (n ¼ 26) of Quarter Horse, Paint,
Warmblood, Thoroughbred, and Arabian breeds with a
mean age of 12 years and ranging in age from 4 to 28 years
were followed throughout multiple estrous cycles in 2013
and 2014. In 2013, a preliminary study was performed with
eight Quarter horse mares and a total of 10 estrous cycles.
Mares received 1 mL of sesame oil (2 cycles), coconut oil (4
cycles), or fractionated coconut oil (Mygliol 810; Sasol Oil; 4
cycles). In 2014, mares (n ¼ 18) were randomly assigned to
treatment and studied over one to two estrous cycles with a
rest cycle after each treatment cycle. Groups were: diestrus
control (n ¼ 5), fractionated coconut oil 1.0 mL (Group 1;
n¼ 5), and fractionated coconut oil 0.5 mL (Group 2; n¼ 5).
The three remaining mares also received fractionated co-
conut oil (1.0 mL); however, two mares had an endometrial
biopsy and biopsy cytology performed a day later, and the
third mare had an endometrial biopsy and biopsy cytology
performed 4 days after infusion; therefore, these mares
were excluded from the data analysis and were used solely
for the purpose of examining the endometrial reaction to
the fractionated coconut oil.

2.2. Reproductive procedures

Mares were followed throughout multiple estrous cy-
cles using transrectal palpation and ultrasonography of the
reproductive tract to determine if they had a normal
interovulatory interval, and were then examined daily in
estrus until the day of ovulation (Day 0), and then every
other day during an estrous cycle. Mares in the control
group only had transrectal ultrasound examinations of the
reproductive tract and blood collections performed. On Day
10 after ovulation, mares in Groups 1 and 2 were followed
using transrectal palpation and ultrasonography of the
reproductive tract, the perineum was aseptically prepared
using multiple washes with gentle soap (Jergens, Cincin-
nati, OH, USA), rinsed with water, and dried with paper
towels. Mares in Group 1 had 1 mL of fractionated coconut
oil (Miglyol 810, Sasol Oil) infused into the uterine body.
Intrauterine infusion was performed with a sterile artificial
insemination pipette (Minitube International, Ingersoll,
ON, Canada) aseptically in the same fashion as an embryo
transfer procedure. One milliliter (1 mL) of fractionated
coconut oil was withdrawn with a sterile syringe and 18G
needle from a sterile bottle and placed into a sterile conical
tube (Corning Centrifuge Tubes; 132 Corning Incorporated
Life Science, Tewksbury, MA, USA). The tip of the sterile
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artificial insemination pipette was placed into the tube and
using a sterile syringe attached to the other end of the
pipette, 1 mL of fractionated coconut oil was aspirated. The
intrauterine infusion of the oil was performed in a double-
guarded fashion using an outer open-ended rectal sleeve to
shield the pipette as it was advanced through the vagina
near the cervix. The outer sleevewas retracted to expose an
inner rectal sleeve and the insemination pipette held
guarded in a hand covered by a sterile surgical glove, and
the pipette was then introduced through the cervix into the
uterus being careful to minimally manipulate the cervix.
Mares in Group 2 had 0.5 mL of fractionated coconut oil
(Miglyol 810, Sasol Oil) loaded into a sterile 0.5 mL
insemination straw which was infused into the uterine
body using an embryo transfer gun (IMV Technologies,
Maple Grove, MN, USA) as previously described for the
mares in Group 1, in the same fashion as an embryo transfer
procedure. After oil infusion, all mares had a transrectal
massage performed for 30 seconds to help distribute the oil
within the endometrial lumen, followed by a transrectal
ultrasound examination to confirm the presence and dis-
tribution of the oil in the uterine lumen (Fig. 1A–C).

A transovarian luteal biopsy (TVLB) was performed on
Day 12 and Day 15 in mares in 2014, including the control
group as previously described [21]. The TVLB samples
collected in this study were obtained to examine the effects
of the fractionated coconut oil on gene expression in luteal
tissue for another study.

2.2.1. Laboratory procedures

2.2.1.1. Progesterone analysis. In preliminary study per-
formed in 2013, no hormone analysis was performed. In
2014, jugular blood was collected from all mares on Day 11,
Day 13, Day 15, and Day 17 after ovulation. Blood was
centrifuged for 10 minutes after clotting and serum was
stored at �20 �C until analysis for progesterone. The pro-
gesterone analysis was performed at the endocrinology
laboratory at theWestern College of VeterinaryMedicine in
a single radioimmunoassay (Siemens Coat-a-Count Pro-
gesterone RIA, Los Angeles, CA, USA).

2.2.1.2. Endometrial biopsy. Endometrial biopsies were per-
formed in three mares. Two mares had an endometrial
Fig. 1. (A) Transverse ultrasound image of the uterine body of a mare immediately af
the uterine lumen; (B) transverse ultrasound image of the uterine body of a mare a
the oil (arrow) into the endometrial folds; (C) transverse ultrasound image of the u
(arrow) dispersed in the endometrial folds.
biopsy, and biopsy cytology performed 1 day after oil
infusion. One mare had an endometrial biopsy, and biopsy
cytology performed 4 days after oil infusion. All endome-
trial biopsies were fixed in 10% buffered formalin and
processed routinely for hematoxylin and eosin by Prairie
Diagnostic Services Inc., Saskatoon, SK, Canada and for oil
red O by the Animal Health Diagnostic Center, Cornell
University.
2.3. Statistics

All statistical analyses were performed using analytical
software (Stata SE, version 13.1, College Station, TX, USA) at
P < 0.05. Data were evaluated using the Shapiro–Wilk test
for normality. Days to luteolysis (DTL) was examined using
analysis of variance, and post hoc analysis was performed
using Bonferroni. Luteolysis was defined as a progesterone
value below 2.0 ng/mL. The effect of group and day on P4
levels were examined using the Kruskal–Wallis tests and
post hoc Dunn’s all pairwise test.

3. Results

The DTL are shown in Table 1 and were (mean � SD)
Control (15.8 � 1.09), Group 1 (1.0 mL fractionated coconut
oil; 12.2 � 0.45), and Group 2 (0.5 mL fractionated coconut
oil; 15.2 � 2.48). There was a significant difference in DTL
between the groups (P¼ 0.0083), with a shorter number of
days in Group 1 compared to control (P ¼ 0.011), and when
compared to Group 2 (P ¼ 0.034).

Table 1 shows the overall median P4 level (median
[quartiles] ng/mL) from Days 11, 13, 15, and 17 in control-,
Group 1-, and Group 2-treated mares. There was a signifi-
cant effect of group (P ¼ 0.0098) and day (P < 0.0001) on
P4. Post hoc analysis reported that both control and Group
2 mares had higher P4 levels than Group 1 mares
(P ¼ 0.0012, P ¼ 0.0495, respectively). Regarding day ef-
fects, the Day 11 P4 levels were higher than Day 15, and Day
17 and Day 13 P4 levels were higher than Day 15 or Day 17
(P < 0.03). The oil of all types was easily visualized after
infusion as a hyperechoic fluid in the uterine lumen by
transrectal ultrasound (Fig. 1A–C). The oil was often visible
for a number of days after infusion (Fig. 1C).
ter oil infusion showing the bright echogenic appearance of the oil (arrow) in
fter oil infusion after transrectal uterine massage showing the distribution of
terine body of a mare 48 hours after oil infusion showing the echogenic oil



Table 1
Number of mare cycles in control, Group 1 intrauterine infusion of 1.0 mL
fractionated coconut oil, and Group 2 intrauterine infusion with 0.5 mL
fractionated coconut oil on Day 10 and the subsequent days to luteolysis
(DTL; meanþ SD), andmedian (quartiles) levels of progesterone (P4) from
Days 11, 13, 15, and 17 after ovulation.

Group Number of
mare cycles

DTL
(mean þ SD)

P4 level
(median [quartiles]; ng/mL)

Control 5 15.8 þ 1.009a 8.0 (1.5, 13.8)a

Group 1 5 12.2 þ 0.45b 0.7 (0.005, 6.1)b

Group 2 5 15.2 þ 2.48a 3.9 (0.35, 12.3)a

a,bStatistically different.
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An evaluation of the endometrial biopsies for inflam-
matory changes reported chronic mild lymphoplasmacytic
inflammatory cell infiltrates and mild-to-moderate
neutrophilic inflammation in the stratum compactum at
24 and 96 hours after treatment, respectively. Occasional
eosinophils were present in the stratum compactum. The
fractionated coconut oil could not be identified within
endometrial cells in the histological specimens stained
using hematoxylin and eosin or oil red O (Fig. 2A–D). There
were either no visible or a few degenerate neutrophils
present in the endometrial biopsy cytologies (Fig. 2E–F).

4. Discussion

Estrus suppression is desirable for: performance mares,
inhibiting undesirable behavior that some mares may
display in heat, or the prevention of breeding [22]. Prolon-
gation of luteal function may occur spontaneously in mares
[23]. Several options have been investigated, to reliably
induce prolongation of the CL [2]. The use of intrauterine
infusion of plant oils was reported to be an inexpensive,
reversible means of prolonging luteal function [13]. How-
ever, we failed to replicate the results of these investigators,
and in addition, therewere nomare cycles (n¼ 25) in either
year of this studywhere amare exhibited a prolonged luteal
phase. Our findings found that progesterone levels
decreased at the expected time of luteolysis in those mares
treatedwith fractionated coconut oil, with an early return to
estrus in mares treated with the 1 mL dose of the fraction-
ated coconut oil. The results from the preliminary study,
performed in 2013, comparing different oils (sesame, co-
conut and fractionated coconut oil) infused into the uterus
at Day 10 after ovulation in eight mare cycles yielded the
same results. The fractionated coconut oil used in this study
had the same chemical and fatty acid composition as pub-
lished by Wilsher et al. [13] and was the identical product
(Miglyol 810, Sasol Oil). Due to the fact that amajority of the
mares that had the 1 mL intrauterine fractionated coconut
oil infusion had a shorter DTL, and to rule out that the
fractionated oilwas not a source of bacteria, the fractionated
oil was submitted to Prairie Diagnostic Services Inc. for
culture and sensitivity and yielded no microbial growth. In
addition, these mares were selected for good reproductive
health, and none of the mares in previous cycles before oil
administration were noted to have intrauterine fluid accu-
mulations or an early return to estrus.

The intrauterine oil infusion technique used was the
same as a nonsurgical embryo transfer, which has been
used successfully over many years by the investigators to
establish pregnancies, where aseptic preparation of mare’s
perineum, a double-guarded introduction of the pipette
into the uterine body, and minimal dilation of the cervix
were part of the routine. Our practice performs commercial
embryo transfer using the same technique successfully;
and therefore, we are convinced that the technique for the
intrauterine oil infusion was not a contributing factor for
the failure to prolong the luteal phase. The use of the em-
bryo transfer gun to deliver the fractionated oil in Group 2
was to allow a precise delivery of a small amount of frac-
tionated oil, which we believed would be difficult to ach-
ieve using the pipette method. When an embryo transfer
gunwith a 0.5 mL strawwas used to infuse the fractionated
coconut oil in the mares in Group 2, these mares also failed
to have prolonged luteal phases and had no difference on
either progesterone levels or DTL compared to the control
animals. These data suggest either the lower dose of the
fractionated coconut oil or the different infusion equip-
ment or the combination resulted in that response. The
investigators believe that the effect of the fractionated co-
conut oil when delivered on Day 10 of diestrus is probably
dose dependent, with higher volumes being more likely to
induce an early return to estrus, and that lower volumes of
0.5 mL or less have no effect on the DTL. Although the
number of mare biopsies studied is small, the mild
neutrophilic reaction noted in the mare’s endometrial bi-
opsies after oil infusion indicated that an inflammatory
response occurred as a result of treatment. The endometrial
inflammatory response to the fractionated coconut oil may
be the underlying cause of the shorter number of DTL in the
mares treated with 1 mL of the fractionated oil. More mare
cycles would need to be studied to confirm these results.

The TVLB performed in some of the mares did not
contribute to early luteal regression, as we have published
recently in a larger study where both diestrus and pregnant
mares underwent identical procedures, on the same days,
without signs of early luteal regression or pregnancy loss
[21]. In addition, none of the control mares in this report
which also had TVLB had premature luteolysis. Group 1
mares had shorter DTL and lower levels of P4 than control
mares, demonstrating that the fractionated coconut oil
actually did not prolong the luteal phase, but it decreased it
significantlywhen 1.0mL of oilwas delivered in this fashion.

The mechanism by which the fractionated coconut oil
would act on the endometrium to suppress or induce PGF2-a
release is unknown. It was hypothesized by Wilsher et al.
[13] in 2011 that the oil would coat the luminal epithelium
of the endometrium and physically interfere with the pro-
duction or release of prostaglandin from the glandular
epithelium, or that the various plant oils which contain poly
unsaturated fatty acids (PUFA), could have an inhibitory
action on COX-1 and COX-2. In humanmyometrium in vitro
exposure to long-chain polyunsaturated acids (n-3 PUFA)
such as decosohexaneoic acid (DHA) and arachidonic acid
reduces prostaglandin E2 and PGF2-a significantly [24].
Penrod et al. [25] (2013) reported on the effects of the fatty
acids added to equine endometrial explant cultures that
were then challenged with oxytocin. The fatty acid DHA
lowered PGF and prostaglandin E production by equine
endometrial explants; however, this occurred without



Fig. 2. (A) Hematoxylin and eosin or (B) oil red O stained endometrial biopsy of a mare 24 hours after fractionated coconut oil infusion; (C) hematoxylin and eosin
or (D) or oil red O stained endometrial biopsy of a mare 96 hours after fractionated coconut oil infusion. (E) Wright Giemsa stained endometrial cytology from an
impression smear from a biopsy of a mare 96 hours after fractionated coconut oil demonstrating no inflammation and from another mare (F) demonstrating mild
inflammation. Arrows indicate the presence of neutrophils.
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decreasing the enzyme expression [25]. The investigators
proposed that this inhibition might be due to: shifting
production of PGs to a one- or three- series PG, competition
of the DHA with arachidonic acid for lipid metabolism and
incorporation into the phospholipid bilayer, and the incor-
poration of the DHA into the phospholipid bilayer influ-
encing signaling pathways [25]. It was suggested that the
plant oils of different sources with variable PUFA composi-
tionswould have different uptake rates byendometrial cells
and exert different effects on prostaglandin pathways [13].
Our histologic observations of the endometrial tissues
collected after treatment were that there were no visible oil
containing vacuoles in the secretory endometrial epithelial
cells of mares at 24 hours and 4 days after administration
(Fig. 2A–D). Oil Red O staining of the endometrial biopsies
also failed to demonstrate any residual oil staining material
in the luminal or glandular epithelial cells, which suggested
using this method that the fractionated coconut oil was
either not taken up by the endometrial cells or was not
detectable using this method (Fig. 2B,D). The fractionated
coconut oil may have been ejected through the cervix,
removed through phagocytosis, cleared through the
lymphatic and circulatory system, or a combination of these
mechanisms.
4.1. Conclusion

We concluded that intrauterine fractionated coconut oil
administration on D10 of diestrus lowered progesterone
levels at the 1.0 mL dose and shortened rather than pro-
longed the luteal phase of the mares.
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