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ABSTRACT  26 

Treatment with intrauterine devices (IUD) prolongs luteal phases in mares, but the 27 

mechanism for this has not been fully elucidated. The aims of the present study were to 28 

examine how IUDs affect the uterus to induce longer luteal phases, particularly the role 29 

of cyclooxygenase-2 (COX-2) in the maintenance of the corpus luteum (CL). Twenty-30 

seven reproductively normal mares were included: 12 were inseminated (AI), and 15 31 

were fitted with IUDs. Blood samples for progesterone were obtained on Days 0, 3, 5, 32 

7, 9, 11, 13, 14, and 15 (relative to day of ovulation). The groups were further divided 33 

into non-pregnant (AI-N, n = 4), pregnant (AI-P, n = 8), normal (IUD-N, n = 8) and 34 

prolonged luteal phase (IUD-P, n = 7) based on ultrasonic examinations and serum 35 

progesterone concentrations on Days 14 and 15. Blood sampling to quantify the PGF2 36 

metabolite (PGFM) was performed through a catheter hourly from 15:00 to 20:00 hour 37 

on Day 14, and from 6:00 until 13:00 hour on Day 15. On Day 15, a low-volume uterine 38 

lavage followed by an endometrial biopsy was performed. Estradiol concentration in the 39 

Day 15 serum and lavage fluid was determined, while the abundance of COX-2 was 40 

evaluated in the biopsy specimens using western blotting (WB) and 41 

immunohistochemistry (IHC). All pregnant mares were negative for COX-2 in IHC 42 

samples and 5 of 8 were negative in WB samples while all mares of the IUD-N group 43 

were positive for COX-2. Of the seven mares in the IUD-P group, five and four were 44 

negative for COX-2 with the IHC and WB samples, respectively. The results from this 45 

study indicate that IUDs, when effective, suppress COX-2, leading to the inhibition of 46 

PGF2 release and maintenance of CL.  47 

 48 
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1. Introduction  59 

Treatment with intrauterine devices (IUDs) induces prolonged luteal phases in 60 

mares (Nie et al., 2003; Rivera et al., 2008). The biological mechanism that induces this 61 

effect has not been elucidated, but endometrial inflammation and embryo mimicking 62 

have been suggested as possible explanations. 63 

Rivera del Alamo et al. (2008) reported that concentrations of prostaglandin F2 64 

(PGF2metabolite are basal and progesterone (P4) concentrations are relatively greater 65 

in mares in which the IUD induces luteostasis, but not in those in which the IUD fails to 66 

do so. No clear evidence for inflammation was observed in this previous study, and it 67 

remains unclear how the IUD causes the inhibition of PGF2actions.  68 

During maternal recognition of pregnancy, the presence of an embryo in the 69 

uterus results in the inhibition of the synthesis and/or release of PGF2 from the 70 

endometrium and, subsequently, leads to the maintenance of the corpus luteum (CL; 71 

Kindahl et al., 1982). The role of PGF2 is essential, the inhibition of its release from 72 

the endometrium leads to a sustained luteal function (i.e., luteostasis), and inhibition by 73 

different mechanisms at the expected time of luteolysis may lead to prolonged luteal 74 

activity (Santos et al., 2013).  75 



 4 

The enzyme cyclooxygenase-2 (COX-2) catalyzes the synthesis of prostaglandin 76 

H2 from arachidonic acid. The synthesized PGH2 is subsequently converted to 77 

prostaglandins, such as PGF2α. On Day 15 after ovulation, the presence of COX-2 in the 78 

endometrium was lower in pregnant mares than in cyclic mares (Boerboom et al., 79 

2004). In addition to being key regulators of reproductive processes, COX-2 and PGF2α 80 

are also involved in inflammation (reviewed by Jabbour and Sales, 2004).  81 

The aim of the present study was to elucidate the mechanisms for the IUD-82 

induced luteostasis by comparing mares with IUDs to pregnant and non-pregnant mares. 83 

The goal of this experiment was to study COX-2 (the immediate precursor for PG 84 

synthesis) in mares with IUDs and in inseminated mares. The hypothesis was that there 85 

would be a lesser abundance of COX-2 in mares with prolonged luteal function.  86 

 87 

2. Materials and methods 88 

2.1. Animals 89 

Twenty-seven mares (Finnhorses, Standardbreds and warmbloods) from the 90 

Equine College and MTT Agrifood Research Finland in Ypäjä, Finland, were included 91 

in the experiment. The mares aged between four and 17 years old (mean 9.6 years), had 92 

no history of reproductive failure, and were clinically normal. They were age-matched 93 

and divided into two different groups: the inseminated (AI) group (n = 12; mean age 9 94 

years, range 4–16) and the IUD group (n = 15; mean age 10.3 years, range 4–17 years). 95 

These two groups were further divided into two sub-groups, depending on the outcome 96 

of inseminations and insertion of IUD. The AI group was assigned to the AI-N (non-97 

pregnant mares: n = 4; mean age 14.8 years, range 13–16 years) and AI-P (pregnant 98 

mares: n = 8; mean age 6.1 years, range 4–9 years) groups. Similarly, mares in the IUD 99 

group were assigned to the IUD-N (IUD resulted in normal length luteal phase; n = 8; 100 
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mean age 10.8 years, range 5–17 years) and IUD-P (IUD resulted in prolonged luteal 101 

phase; n = 7; mean age 9.3 years, range 4–16 years) groups. 102 

 103 

2.2. Experimental design 104 

The Centre for Economic Development, Transport and Environment for 105 

Southern Finland granted permission for animal experimentation (permit number 106 

1102101). The mares were estrous synchronized with one or two i.m. injections of 107 

0.125 mg of cloprostenol (Estrumat vet®, Schering Plough A/S Farum, Denmark) and 108 

maintained in lots for easier management. The mares were examined by trans-rectal 109 

palpation and ultrasonography every other day while in early estrus. After a 35-mm 110 

diameter follicle was observed, the examinations were performed daily until ovulation 111 

was detected. The day of ovulation detection was assigned as Day 0. To induce 112 

ovulation, 1500 IU of hCG (Chorulon®, Intervet International B.V., Boxmeer, the 113 

Netherlands) was administered i.v. when the mare had a follicle of ≥35 mm. The mares 114 

of the AI group were inseminated approximately 24 h after the administration of hCG 115 

using semen from a stallion with normal fertility.  116 

A blood sample was obtained from the jugular vein on Days 0, 3, 5, 7, 9, 11, 13, 117 

14, and 15. The IUD was a water-filled polypropylene sphere with a diameter of 20 mm 118 

and an average weight of 3.6 g (Rivera del Alamo et al., 2008). It was inserted into the 119 

uterus on Day 3 using the double-glove technique (Portus et al., 2005). 120 

On Day 14, the mares were examined by transrectal palpation and 121 

ultrasonography to evaluate the stage of the estrous cycle, the presence/absence of an 122 

embryo in AI mares, and the location of the sphere in mares with an IUD. After this, a 123 

14-gauge, 5.25-inch polyurethane i.v. catheter-over-needle (Mila International Inc., 124 

Florence, KY, USA) was inserted into the jugular vein of all mares with an IUD and 125 
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four pregnant and four non-pregnant AI mares to obtain blood for PGFM analysis. 126 

Blood sampling was performed every hour from 15:00 to 20:00 hour on Day 14, and 127 

from 06:00 until 13:00 hour on Day 15. 128 

In the afternoon of Day 15, transrectal palpation and ultrasonography 129 

examination were performed, followed by a low-volume uterine lavage as previously 130 

described by Reilas and Katila (2002). The lavage fluid was kept in ice until centrifuged 131 

at 4 °C. The supernatant was collected and stored in aliquots at -80 °C until analyses 132 

were performed. 133 

The perineal area was washed again, and two endometrial biopsy specimens 134 

were obtained from the base of the uterine horn closest to the embryonic vesicle or the 135 

IUD, or from the right uterine horn in AI-N mares, as described by Kenney (1978). One 136 

of the specimens was frozen immediately in liquid nitrogen for western blotting 137 

analysis. The other specimen was processed for histology and for conducting IHC 138 

procedures. 139 

After this, all the mares not in estrus got an i.m. injection of 0.125 mg of 140 

cloprostenol (Estrumat vet®, Schering Plough A/S Farum, Denmark). After the mare 141 

was diagnosed to be in estrus, a uterine swab was obtained using a sterile, double-142 

guarded uterine culture swab (Equi-Vet®, Kruuse, Marslev, Denmark). The IUDs were 143 

removed by transrectal manipulation.  144 

 145 

2.3. Hormone analysis 146 

2.3.1. Analyses in blood  147 

Blood samples for serum P4 and estradiol-17β (E2) analyses were collected using 148 

10 mL vacuum tubes. The samples were centrifuged at 2,200 g for 10 min and aliquots 149 

of serum were kept frozen until analysis was performed. 150 
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The P4 concentrations were determined with the Spectra P4 radioimmunoassay 151 

(RIA) kit (Orion Diagnostica, Espoo, Finland), using the 1270 Rackgamma counter 152 

(Wallac Oy, Turku, Finland). The serum E2 concentration on Day 15 was determined 153 

with a commercially available human radioimmunoassay (ultra-sensitive E2 RIA, 154 

DSL4800, Immunotech a.s., Prague), according to the assay procedure of the 155 

manufacturer in the aliquots of the same serum samples used for P4 measurement. All 156 

samples were determined in duplicate in a single assay. The intra-assay coefficient of 157 

variation (CV %) was 8.7 (13.2 pg/mL) and 6.1 (39.7 pg/mL) calculated from six 158 

repeated measurements of two serum samples with different E2 concentrations. 159 

For 15-Ketodihydro-PGF2 (PGFM) analysis, blood was dispensed in 4 mL 160 

vacuum lithium heparin tubes and centrifuged at 2,200 g for 10 min. After 161 

centrifugation, 1 mL of plasma was dispensed in 1.5 mL Eppendorf tubes and stored at  162 

-80 °C until analysis. 163 

The concentrations of PGFM (the main initial PGF2 plasma metabolite) were 164 

quantified to monitor PGF2 release, as described by Granström and Kindahl (1982). 165 

The assay was performed with unextracted plasma (0.2 mL plasma or dilutions of 166 

plasma in 0.25% bovine gamma globulin buffer). Before the addition of the antibody 167 

and radioactive tracer, 0.3 mL if 0.25% (w/v) bovine gamma globulin (Sigma Chemical 168 

Co., Poole, St. Louis, MO, USA) in buffer was added, and the tubes were heat-treated 169 

for 30 min at 45 °C. The antibody cross-reacts with 15-keto-PGF2 (16.0%),  170 

13,14-dihydro-PGF2 (4.0%), and 15-ketodihydro-PGE2 (1.7%). The extent of cross-171 

reactivity with all other PGs tested is <0.1%. The detection limit of the assay is 172 

60 pmol/L. The intra- and inter-assay coefficients of variation are 6.6% and 11.7%, 173 

respectively. Concentrations less than the detection limit of the assay were considered to 174 

be equal to the detection limit of the assay. 175 
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 176 

2.3.2. E2 inuterine lavage fluid  177 

The concentration of E2 in fluid from uterine lavage was quantified with a 178 

commercial kit (ultra-sensitive E2 RIA, DSL4800, Immunotech a.s., Prague) using the 179 

procedures previously described by Gastal et al. (1999), with minor modifications. 180 

Initially, eight standard concentrations in the 0 to 108 pg/mL range were prepared from 181 

the standard of the kit with the greatest quantity of E2 by diluting with 0.1% gelatin in 182 

PBS. Control samples were diluted at a 1:5 dilution with the same buffer. Then the 183 

lavage fluids were concentrated five-fold. A 500 µL aliquot of each sample was 184 

extracted with 2.5 mL of diethyl ether. The ether phase was evaporated in a vacuum 185 

concentrator (RVC 2-25, Martin Christ, Osterode am Harz, Germany) and the dried 186 

extracts re-suspended in 100 µL of 0.1% gelatin in PBS. Extractions and determinations 187 

were all performed in duplicates.  188 

The range for quantitation was 1.69 to 108 pg/mL. Thus, whenever E2 189 

concentration exceeded 108 pg/mL, the samples were diluted and re-analyzed. The 190 

concentration of E2 in uterine lavage fluid was calculated by dividing the results of the 191 

concentrated extracts by five. Due to the fivefold concentration, the detection limit was 192 

0.34 pg/mL. The intra-assay coefficient of variation was calculated from sample 193 

duplicates for two concentration ranges, 1.85 to 7.80 pg/mL, and 29.2 to 126.3 pg/mL. 194 

The corresponding CV percentages were 21.3 (n = 33) and 6.7 (n = 6). 195 

 196 

2.4. Microbiology and cytology  197 

Culture and cytological slides from endometrial swabs and lavage fluid were 198 

processed and evaluated as described by Reilas and Katila (2002). Microbial growth 199 

was scored as none, +1 (1–10 colonies), +2 (11–100 colonies) or +3 (>100 colonies). 200 



 9 

The number of neutrophils per ten fields was evaluated at a magnification of 400 and 201 

scored as none, +1 (1–10), +2 (>10, but mostly isolated neutrophils), or +3 (large 202 

clumps of neutrophils).  203 

 204 

2.5. Western blotting (WB) protocol 205 

Protein extracts were prepared from frozen samples as described by Sirois and 206 

Dore (1997). Briefly, endometrial samples were homogenized in cold protein extraction 207 

buffer containing 50 mM of Tris (pH 8.0), 10 mM of EDTA, 1 mM of 208 

diethyldithiocarbamic acid (DEDTC), and 2 mM of octyl glucoside by means of an 209 

Ultra-Turmax T25 basic homogenizer (IKA®-Werke, Staufen, Germany). Subsequently, 210 

these samples were centrifuged at 30,000 g for 1 h at 4 °C. The supernatants were 211 

removed and the pellets resuspended in a buffer containing 20 Mm of Tris (pH 8.0), 212 

50 mM of EDTA, 0.1 mM of DEDTC, 32 mM of octyl glucoside, and protease 213 

inhibitors. Once resuspended, the pellets were sonicated (IKA®-Werke, Staufen, 214 

Germany) at 30% frequency. The samples were centrifuged at 16,000 g for 15 min at 215 

4 °C. The protein content of the supernatants was subsequently quantified by the 216 

Bradford method (Bradford, 1976) using a commercial kit (Bio-Rad Protein Assay Dye 217 

Reagent, BioRad, Hercules, CA, USA). 218 

Proteins were separated by SDS-PAGE and transferred to PVDF membranes, as 219 

described by Sirois and Dore (1997). The membranes were probed with specific antisera 220 

against COX-2 at a 1:1000 dilution (COX-2 polyclonal antibody, Cayman chemical, 221 

Ann Arbor, MI, USA). Detection was performed using an anti-rabbit polyclonal 222 

antibody at the concentration of 1:5000. The membranes were then incubated for 5 min 223 

with an Immobilon TM Western Chemiluminescent HRP Substrate (Millipore 224 

Corporation, Billerica, MA, USA) and exposed to a radiograph film. 225 
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After detection, membranes were immersed in a stripping buffer (1% (w:v) 226 

glycine, 0.1% (w:v) sodium dodecyl sulfate, 1% (w:v) Tween 20, pH 2.2) to remove the 227 

specific binding for COX-2, and then re-probed with an anti-mouse  228 

-tubulin antibody (ABR Affinity BioReagents, CO, USA). Alpha-tubulin was used as 229 

an internal control to verify that the same amount of protein was loaded in all lanes. The 230 

integral density of the bands was subsequently analyzed by means of a computer-231 

assisted image analysis system (Multi Gauge v 3.0 software system, Fujifilm, Tokyo, 232 

Japan). The software provides numerical values of intensity in arbitrary units. To 233 

transform these arbitrary units into percentages, intensity of binding for COX-2 in 234 

mares from the AI-N group was considered to be 100%, while the intensity of binding 235 

by the COX-2 probe in samples from mares of the AI-P group was considered to be 0%. 236 

From these values, an equation (y = 0.4919 + 149.88, being y the intensity of binding 237 

and x the percentage value) for abundance of COX-2 was obtained, and values for 238 

mares with an IUD were evaluated. 239 

 240 

2.6. Immunohistochemistry (IHC) protocol 241 

Biopsy specimens were fixed in 4% formalin for 24 h, embedded in paraffin 242 

according to standard protocols, and cut into 4 m sections. Immunohistochemical 243 

detection was performed by the immunoperoxidase method using the same antibodies as 244 

in WB at the concentration of 1:500 and 1:1000 for primary and secondary antibodies, 245 

respectively. Staining was performed by a 10 min incubation in a 3,3'-diaminobenzidine 246 

(DAB) peroxidase substrate solution. Prior to mounting, the slides were counterstained 247 

with hematoxylin-eosin. 248 

For analytical purposes, endometrial biopsies were histologically divided into 249 

different areas. These areas were the luminal epithelium, stratum compactum, 250 



 11 

superficial stratum spongiosum (considering the outer one-third of the total depth of the 251 

stratum spongiosum) and deep stratum spongiosum (the inner two-thirds of the stratum 252 

spongiosum). 253 

 254 

2.7. Statistical analyses 255 

The data were analyzed with a statistical package (IBM SPSS for Windows, 256 

Ver. 22.0; Armonk, New York; USA) and were tested for normality and homogeneity 257 

of variances through Shapiro–Wilk and Levene tests. When needed, the data were 258 

transformed with arcsine √x or with √x. The effects of factors (IUD/AI and P/N) were 259 

evaluated with a two-way analysis of variance (ANOVA), and Sidak’s test was used for 260 

pairwise comparisons. Scheirer–Ray–Hare ANOVA for ranked data was conducted for 261 

those variables that did not have a normal distribution and/or homogeneity of variances 262 

after transformation (Day 15_P4, lavage fluid E2 and COX_WB). In this case, 263 

calculation of the ‘H’ statistic occurred with use of the Mann–Whitney test. The data are 264 

shown as mean ± standard error of the mean (SEM). The level of significance was set at 265 

P < 0.05.  266 

 267 

3. Results 268 

3.1. Hormones  269 

3.1.1. Blood analyses 270 

The P4 concentrations and endometrial edema on Days 14 and 15 were used to 271 

assign mares with an IUD inserted to the IUD-P or IUD-N groups. Thus, mares that had 272 

a P4 concentration of 1 to 6 nmol/L on Day 15 were assigned to the IUD-N group, while 273 

mares with P4 concentrations of 10 to 33 nmol/L were assigned to the IUD-P group 274 

(Fig. 1, Table 1).Considering this endocrine milieu, 53.3% (eight of 15) had a normal 275 
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luteal phase, while 46.7% of the mares (seven of 15) had a prolonged luteal phase. The 276 

average P4 concentration in mares of the IUD-N group was 9.4 ± 6.1  and 277 

2.9 ± 2.0 nmol/L on Days 14 and 15 post-ovulation, respectively, while the values in 278 

mares of the IUD-P group were 21.1 ± 7.4 nmol/L and 19.0 ± 7.1 nmol/L, respectively 279 

(Fig. 2). 280 

Regarding inseminated mares, the average P4 concentrations of non-pregnant 281 

mares were 6.0 ± 4.9 nmol/L (range: 1–12 nmol/L) and 5.6 ± 6.0 nmol/L (range:  282 

1–14 nmol/L) on Days 14 and 15, respectively, whereas in pregnant mares the values 283 

were 14.9 ± 5.9 nmol/L (range: 9–25 nmol/L) and 16.0 ± 7.9 nmol/L (range:  284 

9–31 nmol/L). There were no significant differences in serum P4 concentration between 285 

mares of the AI-P and IUD-P groups on Day 14 or on Day 15. The values for mares in 286 

the IUD-P group were greater (P < 0.05) than those of mares in the AI-N and IUD-N 287 

groups on both days (Fig. 2). 288 

Non-pregnant mares had greatest serum E2 concentrations, and mares in the 289 

IUD-P group had the lowest. There were differences only (P < 0.05) in serum E2 290 

concentrations between mares in the AI-N and IUD-P groups (Fig. 3).  291 

Plasma concentrations of PGFM for individual mares during Days 14 and 15 are 292 

depicted in Figure 4. The mares from the IUD-N group had the greatest PG activity. 293 

There were values exceeding 200 pmol/L in one of four mares in the AI-N and AI-P 294 

groups, in all eight mares of the IUD-N group, and in two of the seven mares in the 295 

IUD-P group.  296 

 297 

3.1.2. Uterine lavage fluid analyses  298 
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Pregnant mares had greater concentrations of E2 in lavage fluid, with a mean 299 

concentration of 52.22 pg/mL, compared with the other groups, which had 300 

concentrations of <1 pg/mL (P < 0.05; Fig. 5). 301 

  302 

3.2. Microbiology and cytology  303 

Day 15 lavage fluid cultures had no detectable microbiological growth (0 or +1) 304 

after 48 h of incubation, and all the cytological smears were negative for PMNs. 305 

Endometrial swabs, taken 1 to 7 days after the uterine lavage and biopsies, were 306 

positive for neutrophils in most of the mares. Neutrophils (scores +1 or +2) were 307 

observed in all four mares of the AI-N, three of eight in the AI-P, six of eight in the 308 

IUD-N, and six of seven in the IUD-P groups. Microbiological growth from 309 

endometrial swabs was not significant (0 or +1). 310 

 311 

3.3. Endometrial cyclooxygenase-2 312 

Western blotting results for inseminated mares indicated COX-2 was detectable 313 

in three of four mares in the AI-N and three of eight mares in the AI-P groups. 314 

Regarding the mares treated with an IUD, COX-2 was detected in all of the mares in 315 

IUD-N and three of seven mares in the IUD-P groups (Fig. 6, Table 1).  316 

For the IHC samples, perinuclear COX-2 was primarily present in the luminal 317 

epithelium and the portion of glands located in the stratum compactum. There was 318 

sporadic detection of COX-2 in the glands located in the most superficial layer of the 319 

stratum spongiosum. In addition to epithelial and glandular cells, COX-2 was also 320 

present in several mares in the nucleus of leukocytes inside the vessels and in leukocytic 321 

infiltrations in the stratum compactum and spongiosum. 322 
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In the two mares of the AI-N group with relatively lesser P4 concentrations, 323 

there was COX-2 detected in the luminal epithelium and in the portion of glands present 324 

in the stratum compactum (Fig. 7A), while in the two mares with relatively greater P4 325 

concentrations there was no COX-2 detected in epithelia (Table 1). In the eight pregnant 326 

mares, COX-2 was not detectable in the luminal epithelium and in the most superficial 327 

glands (Fig. 7B, Table 1).  328 

All eight mares of the IUD-N group had COX-2 in the luminal epithelium. In 329 

seven mares, COX-2 was also present in the superficial glands (Fig. 7C), and in five 330 

mares in the leukocytes (Table 1). In the IUD-P group, two of seven mares had a 331 

marked abundance of COX-2 in the luminal epithelium (Table 1). Additionally, in one 332 

of these mares COX-2 was present in the glandular cells located in the stratum 333 

compactum. Serum P4 concentrations of these mares decreased by 50% from Day 14 to 334 

Day 15. In the remaining mares COX-2 was not detectable, neither in the luminal nor in 335 

the glandular epithelia (Fig. 7D, Table 1).  336 

Cyclooxygenase-2 was also observed to be present in leukocytes inside the 337 

vessels, and in infiltrations of the stratum compactum and stratum spongiosum in four 338 

of the mares of IUD-P group (Fig. 7E) while five of eight pregnant mares had a marked 339 

abundance of COX-2 in leukocytes located in the vessels and in the stratum compactum 340 

(Fig. 7F).  341 

 342 

4. Discussion 343 

The aim of the present study was to clarify how intrauterine devices inhibits 344 

luteolysis in mares and compare the results with what occurs in pregnant and non-345 

pregnant mares. The first challenge in the study was to establish which mares in the 346 

IUD group had a prolonged luteal phase. For that purpose, there was use of ultrasonic 347 
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examinations (uterine edema, CL), serum P4, and, to some extent, plasma PGFM. On 348 

Day 15, individual variations in the diestrus length made the classification of mares into 349 

correct categories difficult. Based on the findings, it is believed that at least 13 of the 15 350 

mares in IUD group were correctly categorized.   351 

As expected, all the pregnant mares had relatively greater values of P4 on 352 

Days 14 and 15 than mares of the other groups, with similar concentrations to those 353 

reported by Kindahl et al. (1982). Non-pregnant mares were expected to have lesser or 354 

abruptly decreasing values for P4 on days 14 and 15 (reviewed by Ginther, 2012); 355 

however, two of the four mares had values of 10 nmol/L and 14 nmol/L on Day 15. This 356 

may indicate these mares had spontaneously prolonged luteal phases (Neely et al., 357 

1979) or their diestrous phase was slightly longer than in the other mares (Ginther et al., 358 

2007). Day 15 was selected as the day for collecting samples in the present study, 359 

however, Ginther et al. (2007) have reported that the luteolytic period is from Day 15 to 360 

17 in mares. Consequently, only two mares in the AI-N group in present study were 361 

categorized as estrous mares on Day 15.  362 

In the present study, serum P4 concentrations greater than 10 nmol/L on Day 15 363 

were considered to indicate a prolonged luteal phase in the mares of IUD group 364 

(46.7%), while P4 concentrations less than 6 nmol/L were considered to be 365 

representative of mares having a normal luteal phase even when treated with the IUD 366 

(53.3%). Reports from earlier studies, however, indicate that some mares with 367 

prolonged diestrus have relatively lesser P4 concentrations at the time of the expected 368 

luteolysis (Rivera del Alamo et al., 2008; Ginther et al., 2015, 2016). These decreased 369 

P4 concentrations occurred concurrent with the day when there was the maximal 370 

diameter of a dominant follicle (Santos et al., 2015a) or may have resulted as a 371 

consequence of partial luteolysis (Ginther et al., 2016).  372 
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Mares in the IUD-N group had distinctive PGFM pulse releases, whereas in  373 

mares of the IUD-P group, the values were near basal. Only two mares in the IUD-P 374 

group had one or two PGFM pulse releases (200–350 pmol/L) but this did not lead to 375 

luteolysis. These results are consistent with those of a previous study (Rivera del Alamo 376 

et al., 2008). Two pulse releases of PGFM and a 50% decrease in P4 may imply that one 377 

of the two mares in the IUD-P group had a normal cycle. 378 

It was assumed that pregnant mares would have no pulse releases of PGFM, but 379 

one mare had a single sample with a value that was markedly greater than basal values. 380 

Inconsistent with expectations in the present study, only one mare of the AI-N group 381 

had PGFM concentrations that were greater than basal. It is possible that some pulsatile 382 

releases of PGFM had occurred before Day 14 of during the 8-hour period when no 383 

samples were collected between Days 14 and 15. Two mares with the relative greater P4 384 

concentrations and no pulse releases of PGFM may have had prolonged luteal phases. If 385 

these mares were cycling normally, sampling on Day 15 was too early (Ginther et al., 386 

2007) for detection of PGM pulse releases. One mare had already had an ovulation 387 

before Day 0 (P4 was 8 nmol/L on Day 0), and the P4 concentration had already 388 

decreased to the basal on Day 13. The detection that this mare had an ovulation was 389 

only confirmed after analyzing the P4 values. Hence, the mares of the AI-N group in the 390 

present study differed from what it was expected. 391 

There were no differences in serum concentrations of E2 among groups, with the 392 

exception of mares in the AI-N and IUD-P groups. Sato et al. (1977) reported that on 393 

Day 15 after ovulation, cycling mares had relatively greater concentrations of serum E2 394 

than early pregnant mares. Argo and Turnbull (2010) reported that there were no 395 

differences in plasma E2 concentrations between mares in a control and IUD-treated 396 

group. There is some evidence that in idiopathic luteal persistence, peripheral E2 397 
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concentrations are elevated on Day 12 compared to concentrations in diestrous mares 398 

(Santos et al., 2015b). Sampling days in the present study were later, and besides, the 399 

mechanisms for idiopathic persistence of CL are likely different from that induced by an 400 

IUD. 401 

Interestingly, the presence of the IUD was concomitant with time period during 402 

which there were relatively lesser of serum E2 concentrations. Results from previous 403 

studies in other species, such as sheep, rats and heifers (Battaglia et al., 1999; Kaneko et 404 

al., 2004; Faccio et al., 2013), indicate endometritis induces a decrease in serum E2 405 

concentration, either by suppressing the secretion of GnRH (Peter et al., 1989; Battaglia 406 

et al., 1999), or by interfering with the ovarian follicular synthesis of E2 (Battaglia et al., 407 

1999). Thus, these E2 results suggest that the device may induce endometrial 408 

inflammation.  409 

The E2 concentration in uterine lavage fluid from pregnant mares, however, was 410 

significantly greater than in the other groups. This result was expected because equine 411 

embryos start to synthetize estrogens from Day 6 of pregnancy (Paulo and Tischner, 412 

1985), and large amounts of estrogens are detected in the intrauterine fluid from Day 12 413 

to 20 of pregnancy (Zavy et al., 1984). In one mare in the present study, one of the twin 414 

conceptuses ruptured during the lavage, and the E2 concentration was twice that of the 415 

other mares. Although estrogen concentrations are greater in the yolk sac and uterine 416 

fluids of pregnant mares from Day 12 to 20, this is not discernible in the systemic 417 

circulation (Zavy et al., 1984).  418 

In the IHC samples, COX-2 was detected in perinuclear in cells of the luminal 419 

epithelium and the most superficial glands. These results are consistent with those from 420 

a previous study by Boerboom et al. (2004). Non-pregnant mares were expected to have 421 

large abundances of COX-2. The lack of detection of COX-2 in two mares of the AI-N 422 
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group with the relatively greater serum P4 can be explained by a spontaneous prolonged 423 

luteal phase or a delayed return to estrus (Ginther et al., 2007).  424 

Expectedly, in pregnant mares there was no COX-2 detected in IHC samples of 425 

the endometrium, but three samples were positive for COX-2 in WB samples. This 426 

inconsistency between IHC and WB results is difficult to understand. All pregnant 427 

mares received an injection of PG on Day 15, so it is unknown if the pregnancies would 428 

have been prolonged. It is unlikely that three young mares would have had abnormal 429 

pregnancies. Samples for IHC from these three mares, however, were positive for COX-430 

2 in leukocytes. Because with the WB technique there is not the capacity to differentiate 431 

between epithelia, stroma or leukocytes, the positive staining for COX-2 could be due to 432 

its presence inside the leukocytes. Six mares in the present study, however, were 433 

negative for COX-2 in the WB samples and were positive for COX-2 in the IHC 434 

samples. In addition, samples from two mares were positive for COX-2 in WB samples, 435 

however, were negative for COX-2 in the IHC samples. It should be noted that WB and 436 

IHC are very different techniques. Thus, the processing of samples for WB can allow 437 

for ligands to bind to some epitopes that cannot be detected with IHC techniques. 438 

All mares in the IUD-N group were positive for COX-2 both in IHC and WB 439 

samples, indicating that luteolysis occurred in these mares. Two mares in the IUD-P 440 

group were positive for COX-2 in IHC samples and three other mares of this group 441 

were positive in WB samples, although this occurrence was unexpected. Remarkably, 442 

the two mares of the IUD-P group that were positive for COX-2 in the epithelial cells 443 

were negative in WB. The P4 concentrations in the mares that were positive for COX-2 444 

in IHC samples were 11 nmol/L and 12 nmol/L (i.e., greater than the concentration that 445 

was considered to be indicative of the presence of an active CL on Day 15). Thus, the 446 

expectation was that these mares would be negative for COX-2 in IHC samples. A 447 
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possible explanation could be that these mares were nearing the time of initiation of a 448 

subsequent estrous cycle but had yet to do so (Ginther et al., 2007). The P4 449 

concentrations were decreasing during this time period and were somewhat less than 450 

those of the mares that were COX-2 negative in this group. Another explanation could 451 

be fluctuating P4 concentrations at the time of expected luteolysis, since P4 452 

concentrations decrease in both IUD-induced and idiopathic luteal persistence (Rivera 453 

del Alamo et al., 2008; Ginther et al., 2015, 2016). Partial luteolysis (Ginther et al., 454 

2016) could occur as a result of increased COX-2. 455 

In addition to endometrial cells, COX-2 was also present in the marginal 456 

leukocytes inside the vessels and in leukocytes from the stratum compactum. Boerboom 457 

et al. (2004) reported that COX-2 was present in the endothelium of vessels. There is 458 

COX-2 present in leukocytes - specifically in macrophages, monocytes, neutrophils and 459 

lymphocytes - as a response to an inflammatory stimulus (Glew, 2006), and this 460 

subsequently leads to PGF2α synthesis (Jabbour and Sales, 2004). The presence of 461 

COX-2 in endometrial cells is a reliable and sensitive marker of endometrial 462 

inflammation in mares (Palm et al., 2008; Melkus et al. 2013). Thus, the presence of 463 

COX-2 in WB and IHC endometrial samples of some mares might be due to 464 

inflammation. Perhaps the inflammation was not extensive enough to cause the release 465 

of PGF2α, yet intensive enough to induce an increase of COX-2.  466 

A question that requires discussion is why some mares respond to the presence 467 

of the IUD while others do not. Two possible factors have been suggested: the age of 468 

the mares, and the presence of angiopathies in the endometrial vessels (Klein et al., 469 

2016). Thus, younger mares and mares with normal endometrial vascularization have a 470 

greater incidence of prolonged luteal phases as a response to the IUD. The mean age of 471 

mares in the IUD-N group in the present study was 10.8 years (range: 5-17 years), while 472 
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for mares in the IUD-P group it was 8.3 years (range: 4–16 years). It, therefore, is 473 

expected that the efficacy of IUDs in suppressing estrous behavior in mares used for 474 

racing is greater than for those used in experiments with IUDs. Mares that are used in 475 

racing are young and maiden, unlike experimental mares, which usually have a wide 476 

range of ages. The efficacy of IUDs, however, continues to be less than desirable. In 477 

addition, serious complications have been reported for glass ball IUDs (Morris et al., 478 

2017), and for these reasons the use of these types of IUDs in estrous suppression is not 479 

recommended. There, however, is not breakage of polypropylene IUD devices, and 480 

apparently these devices do not induce significant histological changes in the 481 

endometrium after remaining in the uterine lumen for 2 months (Rivera del Alamo at 482 

al., 2008). 483 

Although the COX-2 results from the present study were not as consistent as 484 

expected, inflammation, partial luteolysis or varying times of luteolysis explain the 485 

inconsistent results (Ginther et al. 2007 and 2016). It seems reasonable, to conclude that 486 

the effect of the IUD is mediated by the inhibition of COX-2 synthesis and release, 487 

which leads to inhibition of PGF2and subsequent luteostasis. A similar sequence of 488 

events occurred in mares in which luteal maintenance was prolonged by repeated 489 

oxytocin injections during diestrus (Keith et al., 2013). 490 

Inflammation seems to be a logical explanation for the effect of IUDs, but the 491 

evidence for this is not consistent. After 1 year of IUD use in wild horses, all mares had 492 

chronic endometritis at the time of IUD removal (Daels and Hughes, 1995). In a 493 

previous experiment, six of nine mares in an IUD-P treatment group had non-echogenic 494 

intrauterine fluid in one to three ultrasonic examinations, although swabs indicated 495 

acute inflammation in only one mare, and inflammatory scores of biopsies did not 496 

change (Rivera del Alamo et al., 2008). Similarly, Nie et al. (2003) detected uterine 497 
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fluid in ultrasonography in a few mares in the first few days, but no inflammation was 498 

detected to be present when biopsy samples were assessed. Leukocytic infiltration 499 

within the endometrial stroma did not increase in biopsy samples taken after IUD 500 

implantation as compared to pre-treatment samples (Argo and Turnbull, 2010). In the 501 

present study, all lavage fluids were negative for leukocyte infiltration, but most swabs 502 

obtained 1 to 7 days after the lavage (when the mares returned to estrus) were positive 503 

in all groups of mares. This probably is a consequence of uterine manipulations, lavage, 504 

and particularly from conducting biopsies, more than inflammation.  505 

In endometrial biopsies of mares in the IUD-P group, increased lactoferrin 506 

concentrations indicate inflammation, however, there were no significant differences in 507 

any of the inflammatory cells (T-lymphocytes, B-lymphocytes, plasma cells, 508 

macrophages, neutrophils, eosinophils, mast cells) in the biopsy samples (Klein et al., 509 

2016). The presence of COX-2 in leukocytes and in mares that were not supposed to be 510 

positive for COX-2, and decreased serum E2 concentrations also indicate IUD-induced 511 

inflammation. Lavage fluids were negative for bacteria and PMNs, and biopsy histology 512 

assessments did not indicate that there were any differences between the groups for 513 

inflammatory cells. It is possible that the mares had previously had inflammation but 514 

that it was resolved by Day 15. Twelve days had elapsed from the insertion of the IUD 515 

and during this time acute inflammation may have been resolved and become chronic. It 516 

is also possible that the diagnostic methods used in the present study to detect bacteria 517 

and PMNs were not sensitive enough. 518 

In conclusion, abundance of COX-2 was less in mares in which an IUD was 519 

effective and, therefore, no PGF2α was synthetized, leading to the maintenance of the 520 

CL. In the present study, however, there was not an elucidation of how an IUD induces 521 

a decrease in COX-2. In the prostaglandin synthesis pathway, the product produced 522 
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before COX-2 is phospholipase 2 (PLA2) which is required to release arachidonic acid 523 

from the membranes of cells. It seems logical to assume that the IUD could inhibit 524 

PLA2, but this has yet to be proven. The role of inflammation remains obscure and 525 

there is need for further study with the use of more sensitive indicators of inflammation 526 

than those used in the present and previous studies.   527 
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 656 

Figure captions 657 

Fig. 1. Serum progesterone (P4) profiles for individual mares. AI-N: inseminated, non-658 

pregnant mares; AI-P: inseminated, pregnant mares; IUD-N: mares with intrauterine 659 

device and normal luteal phase; IUD-P: mares with intrauterine device and prolonged 660 

luteal phase. 661 

 662 

Fig. 2. Serum progesterone (P4) concentrations (mean ± SEM) on Days 14 and 15 post-663 

ovulation. AI-N: inseminated, non-pregnant; AI-P: inseminated, pregnant; IUD-N: 664 

intrauterine device, normal luteal phase; IUD-P: intrauterine device, prolonged luteal 665 
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phase.  Significant differences (P < 0.05) between groups on Day 14 are depicted with 666 

different letters. Differences (P < 0.05) between groups on Day 15 are depicted with 667 

different symbols (§ ‡ †).  668 

 669 

Fig. 3. Serum concentration of estradiol-17β (mean ± SEM) on Day 15 after ovulation. 670 

AI-N: inseminated, non-pregnant; AI-P: inseminated, pregnant; IUD-N: intrauterine 671 

device, normal luteal phase; IUD-P: intrauterine device, prolonged luteal phase. 672 

Different letters above the bars indicate differences between groups (P < 0.05).  673 

 674 

Fig. 4. Individual values for PGF2α metabolite (PGFM) on Days 14 and 15 post 675 

ovulation. AI-N: inseminated, non-pregnant (n = 4); AI-P: inseminated, pregnant 676 

(n = 4); IUD-N: intrauterine device, normal luteal phase (n = 8); IUD-P: intrauterine 677 

device, prolonged luteal phase (n = 7). 678 

 679 

Fig. 5. Estradiol concentration (mean ± SEM) in uterine lavage fluid. AI-N: 680 

inseminated, non-pregnant; AI-P: inseminated, pregnant; IUD-N: intrauterine device, 681 

normal luteal phase; IUD-P: intrauterine device, prolonged luteal phase. Different letters 682 

above the bars indicate differences between groups (P < 0.05).  683 

 684 

Fig. 6. Western blotting image for COX-2. AI-N(-): non-pregnant mare, negative for 685 

COX-2; AI-N (+): non-pregnant mare, positive for COX-2; AI-P(-): pregnant mare, 686 

negative for COX-2; AI-P(+): pregnant mare, positive for COX-2; IUD-N(+): device 687 
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mare with normal luteal phase and positive for COX-2; IUD-P(+): device mare with 688 

prolonged luteal phase and positive for COX-2; IUD-P(-): device mare with prolonged 689 

luteal phase and negative for COX-2. Non-pregnant mares were used as positive 690 

controls, while pregnant mares were used as negative controls. 691 

 692 

Fig. 7.  COX-2 presence evaluated by immunohistochemistry technique. A: AI-N mare 693 

(inseminated, non-pregnant). Blue arrows indicate positive staining cells of luminal and 694 

glandular epithelia. Non-pregnant mares were used as positive controls in the study. B: 695 

AI-P mare (inseminated, pregnant). Luminal and glandular epithelia were negative for 696 

COX-2. Pregnant mares were used as negative controls in the study. C: IUD-N mare 697 

(intrauterine device, normal luteal phase). Blue arrows indicate cells of luminal and 698 

glandular epithelia that were positive. D: IUD-P mare (intrauterine device, prolonged 699 

luteal phase). Luminal and glandular epithelia were negative for COX-2. E: Blue arrows 700 

indicate positive staining in infiltrated leukocytes. F: Blue arrows indicate positive 701 

staining of marginal leukocytes in vessels. 702 


