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Summary

Uterine acute post-breeding inflammation is a physiological tissue response to the
entry of exogenous elements, with persistent endometritis being the main pathology
responsible for subfertility in the mare (Equus ferus caballus; Linnaeus, 1758). Mares
can be classified as susceptible or resistant to endometritis according to their ability to
remove intrauterine fluid within 48 hr after experimental inoculation. Endometrial bi-
opsy is a technique that is commonly used to establish the degree of lesions that can
affect the fertility of the mare. Endometrial histomorphometry is an objective and
highly precise diagnostic method. The aim of this study was to compare, during oes-
trus, the endometrial histomorphometry of mares previously classified as susceptible
(SM) or resistant (RM) to endometritis. Endometrial biopsies from 24 mares at the
oestrus phase of the cycle were obtained. For the histomorphometric analysis, sam-
ples were histologically processed and subjected to routine Haematoxylin-Eosin
staining. For the evaluation, the variables were considered as follows: 1-Height of the
lining and glandular epithelia (Lining SM =15.9 um vs. RM = 13.3 um; Glandular
SM = 15.0 pm vs. RM = 13.0 pm); 2-Perpendicular diameters of endometrial glands
(SM=51.3pm vs. RM =448 um); 3-Number of endometrial glands per field
(SM = 24.8 glands/field vs. RM = 20.5 glands/field). The results from this study sug-
gest the existence of a relationship between the studied characteristics and the sus-
ceptibility/resistance to post-breeding endometritis in mares. Thus, increased epithelial
height, greater glandular density and greater development of the glands during oestrus

would be related to a higher susceptibility to endometritis.

The endometrium is a sterile mucosa that only communicates with

the outside during service or delivery. In mares (Equus ferus caballus;

The endometrium is composed of an epithelial layer and a lamina pro-
pria. The epithelial layer or luminal epithelium consists of a single row
of cells ranging from low cubic to tall cylindrical cells, either ciliated
or secretory, depending on the stage of the oestrous cycle; below
this layer, the basement membrane separates the epithelium from
the lamina propria, where the uterine glands, with a simple, tubular
morphology, are located. These glands can branch out and increase
their tortuosity according to the stage of the cycle (Gray et al., 2001;
Hanada, Maeda, & Oikawa, 2012; Van Camp, 1993).

Linnaeus, 1758), acute post-breeding inflammation of the uterus is a
physiological response of the endometrial tissue to the entry of ex-
ogenous elements during service. This physiological response is nec-
essary for the effective removal of microorganisms, spermatozoa and
other debris in the uterus, as well as extenders, in the case of artificial
insemination (Causey, 2006; Troedsson, 1999, 2006). If this acute in-
flammation persists for more than 48 hours, it becomes a pathologi-
cal condition (Woodward, 2012). This makes the uterine environment

incompatible with the survival of the embryo by the time it reaches
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the uterus, around day 6 post-fertilization (Battut, Colchen, Fieni,
Tainturier, & Bruyas, 1997).

Persistent post-breeding endometritis is the single most important
pathology responsible for subfertility in mares, resulting in large eco-
nomic losses for the equestrian industry (Troedsson, 1999; Watson,
2000). Furthermore, the specificity and sensitivity of the diagnostic
methods could influence its prognosis (Katila, 2016).

Mares can be classified as susceptible or resistant to post-breeding
endometritis according to their response to an experimentally induced
infection with Streptococcus zooepidemicus. Those females that are able
to remove the accumulation of intrauterine fluid within 48 hr are clas-
sified as resistant to endometritis, and those that do not are classified
as susceptible to endometritis (Brinsko, Rigby, Varner, & Blanchard,
2003; Fumuso et al., 2007; Hughes & Loy, 1969; Maischberger, Irwin,
Carrington, & Duggan, 2008).

Currently, there is no ideal method for diagnosing uterine patholo-
gies in mares (Katila, 2016). However, the widely described endometrial
biopsy (Kenney, 1975, 1978; Kenney & Doig, 1986; Leishman, Miller, &
Doig, 1982; Ricketts, 1975; Witherspoon, Goldston, & Adsit, 1972) is still
the best technigue to evaluate the endometrium as it is simple, safe, pain-
less and helpful in the diagnosis and prognosis of reproductive disorders
(Ferreira-Dias, Nequin, & King, 1999; Hanada et al., 2012; Katila, 2016;
Leishman et al., 1982; Ricketts, 1975). Along with other diagnostic meth-
ods, it is used to estimate fertility in accordance with the scale designed
by Kenney (1978) and improved by Kenney and Doig (1986). Uterine bi-
opsy is routinely used as it is one of the most sensitive techniques for the
diagnosis of alterations by histopathological analysis (Martins, Eigenheer-
Moreira, da Leite, & Ferreira, 2011). However, this is still a subjective eval-
uation (Mansour, Ferreira, Tavares Fernandes, & Henry, 2004).

One way to increase the objectivity is to apply histomorphom-
etry, that is, the measurement of histological structures (Mandarim-
de-Lacerda, 1994). This technique results in a more objective
morphological study that increases the diagnostic accuracy of the en-
dometrial pathologies (Mansour et al., 2004).

Several authors have shown that the height of the endometrial ep-
ithelium—both lining and glandular—varies depending on the phase of
the oestrous cycle due to the action of hormones. Thus, at oestrus, it
is characteristic to observe diffuse hyperplasia and stromal oedema
(Brandt, 1970; Kenney, 1978; Kenney & Doig, 1986 Mansour et al.,
2004; Van Camp, 1993). Changes are also recorded in response to
pathogenic organisms. Therefore, a morphometric study would be a
useful addition to the diagnosis (Samuel, Ricketts, Rossdale, Steven,
& Thurley, 1979).

The aim of this study was to compare the endometrial histomor-
phometry of mares either susceptible (SM) or resistant (RM) to per-

sistent post-breeding endometritis in the oestrus phase.

2 | MATERIALS AND METHODS

2.1 | Animals

In this study, 24 Criollo mares, ranging from 3 to 12 years old, weigh-
ing from 330 to 500 kg, with known reproductive histories and

maintained under the same conditions, were used. These mares were
classified as susceptible (SM) and resistant mares (RM), according to
the methodology established by Hughes and Loy (1969) with modi-
fications by Fumuso, Aguilar, and Giguére (2006). This methodology
allows to classify mares as susceptible or resistant to endometritis
based on their ability to remove the intrauterine fluid within 48 hr

after experimental inoculation with dead sperm.

2.2 | Approval by the Welfare Committee

The experiment in this study is endorsed by the Animal Welfare
Committee of the Faculty of Veterinary Sciences, UNICEN.

2.3 | Samples collection: biopsy and
histological processing

For proper collection of the endometrial sample, the manoeuvres
were performed after restraining the animal in a gynaecological chute
and under conditions of hygiene of the perineal region. The status of
the oestrous cycle of the mare was evaluated by ultrasound with a
5-MHz dual, linear transducer (Pie Medical, 360 Vet). The presence of
a follicle greater than or equal to 35-mm diameter was considered in-
dicative of oestrus. For sampling, a biopsy forceps designed for horses
(54-cm length, 4 mm x 28 mm cut-off area, Jackson Uterine Biopsy
Forceps J-116, Jorgensen Laboratories, Inc.) was used.

Samples were taken from the first portion of the uterine horn ac-
cording to the protocol established by Kenney (1978) and confirmed
by Hanada et al. (2012). They were placed in 10% buffered formalin
fixative solution for 24 hr. Then, they were stored in 70% ethanol
until further histological processing at the Laboratory of Histology
of the Department of Biological Sciences of the Faculty of Veterinary
Sciences, UNICEN.

From the paraffin-embedded samples, 5-micrometre-thick tissue
sections were prepared using a Microm HM 3152 microtome. These
histological sections were routinely stained with Haematoxylin-Eosin
and placed in an incubator at 30°C for 24 hr for their further mounting
with Canada balsam, observation under optical microscope and histo-
morphometric evaluation.

For the histomorphometric analysis, a binocular optical micro-
scope (MOTIC® Microscope) with a micrometre eyepiece was used.
The general histoarchitecture of each sample was observed, and the
height of the lining and glandular epithelia (LE and GE, respectively),
the diameter of the endometrial glands and the number of endometrial
glands per field were determined. For the assessment of the epithelial
heights and the glandular diameters, 12 endometrial biopsies (6 SM
and 6 RM) were evaluated, and to determine the glandular density, 24
endometrial biopsies (13 SM and 11 RM) were used.

For the determination of the height of the epithelia, the distance
from the basement membrane to the apical edge of the epithelial cell
was measured (Mansour et al., 2004), with a magnification of 100x.
For each of the individual samples, each one of the assessments was
performed as follows: (i) for the epithelial height, 30 measurements of
each epithelium type (lining and glandular) were made and expressed
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in micrometres (Figures 1 and 2); (i) for glandular diameter, the means
were estimated by measuring two diameters at right angles in 30
circular section glands randomly selected, examining the entire slice
surface, in both the spongiosum and compactum strata, and were ex-
pressed in micrometres (Figure 3); (iii) for glandular density, the glands
present in 10 fields were counted in the spongiosum and compactum
strata using a 40x magnification, and were expressed as glands per
field (Figure 4).

2.4 | Statistical analysis

The data obtained were statistically analysed by Student’s t test using
the GraphPad InStat software (GraphPad Software Inc., CA, USA).

Data are presented as mean + standard deviation.

3 | RESULTS

In accordance with the previous description, the analysed endome-
trium, in both resistant and susceptible mares, was integrated by sim-
ple columnar lining epithelium and loose connective tissue stroma.
The epithelial cells presented acidophilic cytoplasm, with elongated
densely stained nuclei, predominantly located in the basal third of the
cell. The stroma consisted of loose connective tissue with fibroblasts
and collagen fibres. In this layer, oedema, some inflammatory cells
and endometrial glands were observed dispersed at both the stratum
compactum and spongiosum. Those glands presented simple cuboidal
glandular epithelium, with acidophilic cytoplasm with secretory gran-
ules, and round densely stained nuclei.

For the height of the lining and glandular epithelia, significant
differences were not observed within each group of mares. When
comparing the data between the two groups, significant differences
(p < .05) were observed for all of the variables (Table 1). Thus, epithe-
lial height and glandular diameter were both greater in susceptible

100X

FIGURE 1 Microphotography at 100x exemplifying the
measurement of endometrial lining epithelium height; the height was
measured as the distance from basal lamina to apical border
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FIGURE 2 Measurement of glandular epithelium at 100x, the
same criterion used for lining epithelium was applied

FIGURE 3 Measurement of glandular diameters at 100x; for each
sample, two perpendicular measures were registered

FIGURE 4 Microphotography at 40x magnification showing
uterine glands as performed to calculate glandular density per field;
arrowheads mark out some glands as an example
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Height of
Height of lining glandular
epithelium epithelium Glandular diameter
pm (Mean * SD)
RM 13.3+4.1° 13.0 £ 2.6° 44.8 £ 8.6°
SM 15.9 + 6.9 150+ 5.2° 51.3 +17.0¢

TABLE 1 Height of the lining and
glandular epithelia, glandular diameter and
glandular density of mares resistant (RM)
and susceptible (SM) to post-breeding
endometritis

Glandular density

Glands/field
(Mean + SD)
20.5 +3.3°
248+ 6.1f

Different superscripts indicate statistically significant differences within each column °p < .01;

<fp < .05.

mares, with a glandular density which was also greater than that found
within resistant mares.

4 | DISCUSSION

The epithelium and the stroma of the healthy endometrium show cy-
clic morphological variations as a result of hormonal changes (Lehmann
et al.,, 2011). It is important to know the patterns of proliferation and
the histological changes during the oestrous cycle to be able to study
the alterations that might occur (Mansour, Moreira, & Ferreira, 2015).
Furthermore, the integrity of the endometrial epithelium plays an im-
portant role in the resistance to infections (Causey et al., 2010).

The histological examination of an endometrial biopsy is the
most reliable diagnostic test for endometritis and uterine infections
(Nielsen, 2005). By means of this test, it is possible to detect inflamma-
tory responses to infectious agents and to evaluate chronic, degenera-
tive endometrial disorders, all by the same procedure (Leishman et al.,
1982; Ricketts, 1999).

No references were found regarding either the existence of post-
coital endometritis in other species or a comparable classification of
resistance to endometritis as the one used in mares. Nevertheless,
some studies exist about the relationship among the endometrial
histomorphology and infertility in females.

In women, endometrial hyperplasia (Sharma, Saxena, & Khari,
2016) and lower gland density with greater glandular epithelium (Li
et al., 1993) were reported as causes of infertility. In rats with exog-
enous gonadotrophin stimulation, Kramer, Stein, and Van der Walt
(1990) observed that early increased in lining and glandular epithe-
lia heights, among others changes, affect implantation, and hypoth-
esized that the same may occur in women under in vitro fertilization
programs.

Hsueh, Erickson, and Lu (1979) reported that aged rats presented
higher epithelium, among other changes, and related those with lower
reproductive performance. However, Tchokonte-Nana and Longo-
Mbenza (2011) observed that in rats treated with peanut oil, higher
epithelia were associated with higher fertility and pup delivery.

In cows, Cupps (1973) identified histomorphological changes in
sterile animals. In endometritic cows, Rhyaf (2010) and Dolatkhah
et al. (2013) observed luminal epithelial hyperplasia and glands at-
rophy with a greater dispersal. However, no epithelial and glandu-

lar alterations were reported by Singh, Singla, Dhaliwal, Kumar, and

Banga (2008) in repeated breeding cows. Furthermore, in camels with
endometritis, uteri presented hyperplasic epithelium with increased
cytoplasmic inclusions and vacuoles (Fetaih, Pospischil, & Waldvogel,
1992).

Mansour et al. (2004) performed a histomorphometric analysis
in mares, which were grouped according to the categories described
by Kenney and Doig (1986). These authors compared oestrus vs. di-
oestrus data and they observed higher epithelial height in mares of
category lla (Kenney & Doig, 1986), in both phases. However, they did
not find significant differences between the heights of the epithelia in
the same phase of the cycle, even when the height of LE was greater
than that of the GE, probably due to a lower activity of the glands in
deeper strata. They considered that the histomorphometric study of
the glandular lumen would be useful to recognize glandular atrophy or
cystic glands, which is of great value in the prognosis of endometrial
conditions.

Leishman et al. (1982) studied normal mares and mares with a
history of infertility, based on the condition of endometriosis. These
authors did not observe significant differences in the height of LE
between groups. Furthermore, they did not find differences in the
density of the glands, except for the chronically infertile group, which
presented a lower glandular density.

Leishman et al. (1982) and Mansour et al. (2004) found variability
in the glandular density within groups. The authors attributed this to
changes in the oestrous cycle, as well as to individual variations in the
glandular density.

Despite having used a similar methodology, it is not possible to
trace an analogy with the present study as the population assessed
is different in terms of its reproductive conditions. The results of our
study suggest the existence of a relationship between the evaluated
endometrial histomorphometric characteristics and the susceptibility
to persistent post-breeding endometritis in mares. This would indicate
that the higher susceptibility to endometritis would be related to in-
creased epithelial height, greater glandular density and greater glan-
dular development during oestrus. Future studies could address the
modifications through other phases of the oestrous cycle, if any, re-
garding the cellular organization in epithelium and stroma, in addition
to how it may vary in accordance with resistance to endometritis and
what may be the factors that provoke such variations.

It is important to emphasize the significance of the histological
analysis—both morphometric and pathological—of the endometrium

in mares of breeding programs, which would mean an improvement in
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the diagnosis of females with reproductive disorders and a reduction

in economic losses.

CONFLICT OF INTEREST

The authors have no conflict of interest regarding the content of this

manuscript.

ORCID

M. Herrera http://orcid.org/0000-0001-9453-9055
J. M. Herrera http://orcid.org/0000-0002-1135-6243
REFERENCES

Battut, I., Colchen, S., Fieni, F., Tainturier, D., & Bruyas, J. F. (1997). Success
rates when attempting to nonsurgically collect equine embryos at
144, 156 or 168 hours after ovulation. Equine Veterinary Journal.,
Supplement, 29(25), 60-62. https:/doi.org/10.1111/j.2042-3306.
1997.tb05102.x

Brandt, G. (1970). The significance and interpretation of uterine biopsy
in the mare. In Proceedings of the 16th Annual Convention of the
American Association of Equine Practitioners (pp. 279-283). American
Association of Equine Practitioners.

Brinsko, S., Rigby, S., Varner, D., & Blanchard, T. (2003). A Practical Method
for Recognizing Mares Susceptible to Post-breeding Endometritis.
In Proceedings of the 49th Annual Convention of the American
Association of Equine Practitioners (pp. 363-365). New Orleans,
USA: American Association of Equine Practitioners. Retrieved from
http:/www.ivis.org/proceedings/AAEP/2003/brinsko2/chapter_frm.
asp?LA=1

Causey, R. C. (2006). Making sense of equine uterine infections: The many
faces of physical clearance. The Veterinary Journal, 172(3), 405-421.
https://doi.org/10.1016/j.tvjl.2005.08.005

Causey, R. C., Calderwood Mays, M. B., Anderson, K. J., Lyle, S. K,
Paccamonti, D. L., Eilts, B. E.,, & LeBlanc, M. M. (2010). Alteration
of the uterine epithelium in chronically infertile mares. Animal
Reproduction Science, 121(1-2), 92-93. https://doi.org/10.1016/j.
anireprosci.2010.04.052

Cupps, P. T. (1973). Uterine changes associated with impaired fertility in
the dairy cow. Journal of Dairy Science, 56(7), 878-884. https:/doi.
org/10.3168/jds.S0022-0302(73)85271-3

Dolatkhah, B., Mahdavi, A. H., Rahmani, H. R., Edriss, M. A., Khorvash, M., &
Ali, M. (2013). Cytologic and histologic characteristics of endometritis
in postpartum dairy cows. Annals of Biological Research, 4(4), 70-76.

Ferreira-Dias, G., Nequin, L., & King, S. (1999). Morphologic compar-
isons among equine endometrium categories |, Il, and Ill, using light
and transmission electron microscopy. American Journal of Veterinary
Research, 60(1), 49-55.

Fetaih, H., Pospischil, A., & Waldvogel, A. (1992). Electron microscopy of
the endometrium of camels in normal and some diseased conditions.
Journal of Veterinary Medicine Series A, 39(1-10), 271-281. https://doi.
org/10.1111/j.1439-0442.1992.tb00183.x

Fumuso, E., Aguilar, J., & Giguére, S. (2006). Interleukin-8 (IL-8) and 10
(IL-10) mRNA transcriptions in the endometrium of normal mares
and mares susceptible to persistent post-breeding endometritis.
Animal Reproduction Science, 94, 282-285. https:/doi.org/10.1016/j.
anireprosci.2006.04.006

Fumuso, E. A., Aguilar, J., Giguére, S., Rivulgo, M., Wade, J., & Rogan, D.
(2007). Immune parameters in mares resistant and susceptible to per-
sistent post-breeding endometritis: Effects of immunomodulation.

s
ANATOMIA HISTOLOGIA EVBRYOLOGIA _Wl LEY

Veterinary Immunology and Immunopathology, 118(1-2), 30-39. https:/
doi.org/10.1016/j.vetimm.2007.04.009

Gray, C. A, Bartol, F. F,, Tarleton, B. J., Wiley, A. A., Johnson, G. A, Bazer, F.
W., & Spencer, T. E. (2001). Developmental biology of uterine glands.
Biology of Reproduction, 65(5), 1311-1323. https://doi.org/10.1095/
biolreprod65.5.1311

Hanada, M., Maeda, Y., & Oikawa, M. (2012). Equine endometrial gland
density and endometrial thickness vary among sampling sites in thor-
oughbred mares. Journal of Equine Science, 23(3), 35-40. https:/doi.
org/10.1294/jes.23.35

Hsueh,A.J.W., Erickson, G.F., & Lu, K. H.(1979). Changes in uterine estrogen
receptor and morphology in aging female rats. Biology of Reproduction,
21(4), 793-800. https://doi.org/10.1095/biolreprod21.4.793

Hughes, J., & Loy, R. (1969). Investigations of the effect of intrauterine inn-
oculation of Streptococcus zooepidemicus in the mare. In Proceedings
of thel5th Annual Convention of the American Association of
Equine Practitioners (pp. 285-289). American Association of Equine
Practitioners.

Katila, T. (2016). Evaluation of diagnostic methods in equine endometri-
tis. Reproductive Biology, 16(3), 189-196. https:/doi.org/10.1016/j.
repbio.2016.06.002

Kenney, R. M. (1975). Prognostic value of endometrial biopsy of the
mare. Journal of Reproduction and Fertility. Supplement, 23, 347-348.
Retrieved from http:/www.ncbi.nlm.nih.gov/pubmed/1060804

Kenney, R. M. (1978). Cyclic and pathologic changes of the mare endo-
metrium as detected by biopsy, with a note on early embryonic death.
Journal of the American Veterinary Medical Association, 172(3), 241-262.
Retrieved from http:/www.ncbi.nlm.nih.gov/pubmed/621166

Kenney, R. M., & Doig, P. A. (1986). Equine endometrial biopsy. In D. A.
Morrow (Ed.), Current Therapy in Theriogenology: Diagnosis, treatment,
and prevention of reproductive diseases in small and large animals (pp.
723-729). Philadelphia: W.B. Saunders.

Kramer, B., Stein, B. A., & Van der Walt, L. A. (1990). Exogenous gonad-
otropins—serum oestrogen and progesterone and the effect on en-
dometrial morphology in the rat. Journal of Anatomy, 173, 177-186.
Retrieved from http:/www.ncbi.nlm.nih.gov/pubmed/2074223

Lehmann, J., Ellenberger, C., Hoffmann, C., Bazer, F. W.,, Klug, J., Allen,
W. R,, ... Schoon, H. A. (2011). Morpho-functional studies regarding
the fertility prognosis of mares suffering from equine endometri-
osis. Theriogenology, 76(7), 1326-1336. https://doi.org/10.1016/j.
theriogenology.2011.06.001

Leishman, D., Miller, R. B., & Doig, P. A. (1982). A quantitative study of
the histological morphology of the endometrium of normal and bar-
ren mares. Canadian Journal of Comparative Medicine, 46(1), 17-20.
Retrieved  from  http:/www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=1320187&tool=pmcentrez&rendertype=abstract

Li, T. C., Klentzeris, L., Barratt, C., Warren, M. A,, Cooke, S., & Cooke, I. D.
(1993). A study of endometrial morphology in women who failed to
conceive in a donor insemination programme. BJOG: An International
Journal of Obstetrics & Gynaecology, 100(10), 935-938. https://doi.
org/10.1111/j.1471-0528.1993.tb15111.x

Maischberger, E., Irwin, J., Carrington, S., & Duggan, V. (2008). Equine
post-breeding endometritis: A review. Irish Veterinary Journal, 61(3),
163-168. https:/doi.org/10.1186/2046-0481-61-3-163

Mandarim-de-Lacerda, C. (1994). Manual de quantificacdo morfoldgica:
Morfometria, Alometria e Estereologia, 2nd ed. Rio de Janeiro: CEBIO.

Mansour, G. D., Ferreira, A. M. R., Tavares Fernandes, F., & Henry, M. (2004).
Histomorphometry of epithelial structures of the mare’s endometrium.
Revista Brasileira de Ciéncia Veterindria, 11(1/2), 44-48. https://doi.
org/10.4322/rbcv.2014.341

Mansour, G. D., Moreira, L., & Ferreira, A. M. R. (2015). Expression of pro-
liferating cell nuclear antigen in the endometrium of mares during es-
trus and at early diestrus. Brazilian Journal of Veterinary Research and
Animal Science, 52(4), 356. https://doi.org/10.11606/issn.1678-4456.
v52i4p356-362


http://orcid.org/0000-0001-9453-9055
http://orcid.org/0000-0001-9453-9055
http://orcid.org/0000-0002-1135-6243
http://orcid.org/0000-0002-1135-6243
https://doi.org/10.1111/j.2042-3306.1997.tb05102.x
https://doi.org/10.1111/j.2042-3306.1997.tb05102.x
http://www.ivis.org/proceedings/AAEP/2003/brinsko2/chapter_frm.asp?LA=1
http://www.ivis.org/proceedings/AAEP/2003/brinsko2/chapter_frm.asp?LA=1
https://doi.org/10.1016/j.tvjl.2005.08.005
https://doi.org/10.1016/j.anireprosci.2010.04.052
https://doi.org/10.1016/j.anireprosci.2010.04.052
https://doi.org/10.3168/jds.S0022-0302(73)85271-3
https://doi.org/10.3168/jds.S0022-0302(73)85271-3
https://doi.org/10.1111/j.1439-0442.1992.tb00183.x
https://doi.org/10.1111/j.1439-0442.1992.tb00183.x
https://doi.org/10.1016/j.anireprosci.2006.04.006
https://doi.org/10.1016/j.anireprosci.2006.04.006
https://doi.org/10.1016/j.vetimm.2007.04.009
https://doi.org/10.1016/j.vetimm.2007.04.009
https://doi.org/10.1095/biolreprod65.5.1311
https://doi.org/10.1095/biolreprod65.5.1311
https://doi.org/10.1294/jes.23.35
https://doi.org/10.1294/jes.23.35
https://doi.org/10.1095/biolreprod21.4.793
https://doi.org/10.1016/j.repbio.2016.06.002
https://doi.org/10.1016/j.repbio.2016.06.002
http://www.ncbi.nlm.nih.gov/pubmed/1060804
http://www.ncbi.nlm.nih.gov/pubmed/621166
http://www.ncbi.nlm.nih.gov/pubmed/2074223
https://doi.org/10.1016/j.theriogenology.2011.06.001
https://doi.org/10.1016/j.theriogenology.2011.06.001
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1320187&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1320187&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1111/j.1471-0528.1993.tb15111.x
https://doi.org/10.1111/j.1471-0528.1993.tb15111.x
https://doi.org/10.1186/2046-0481-61-3-163
https://doi.org/10.4322/rbcv.2014.341
https://doi.org/10.4322/rbcv.2014.341
https://doi.org/10.11606/issn.1678-4456.v52i4p356-362
https://doi.org/10.11606/issn.1678-4456.v52i4p356-362

HERRERA ET AL.

6]
Wl L E Y— ANATOMIA HIS[OLOG%A{J\(BRYOLQS{\&

Martins, D. de C., Eigenheer-Moreira, J. F, da Leite, J. da S., & Ferreira,
A. M. R. (2011). Bidpsias endometriais de éguas: Avaliacdo imuno-
histoquimica e definicdo de protocolo. Revista Brasileira de Ciéncia
Veterindria, 18(2-3), 67-71. Retrieved from http:/www.rbcv.uff.br/
rbev/article/view/226 https:/doi.org/10.4322/rbcv.2014.123

Nielsen, J. M. (2005). Endometritis in the mare: A diagnostic study com-
paring cultures from swab and biopsy. Theriogenology, 64, 510-518.
https:/doi.org/10.1016/j.theriogenology.2005.05.034

Rhyaf, A. G. (2010). Histopathological study of endometritis of the cows.
AL-Qadisiya Journal of Veterinary Medical Science, 9(1), 69-74. Retrieved
from https:/www.iasj.net/iasj?func=fulltext&ald=33123

Ricketts, S. W. (1975). The technique and clinical appication of endometrial
biopsy in the mare. Equine Veterinary Journal, 7(2), 102-108. https:/doi.
org/10.1111/j.2042-3306.1975.tb03243.x

Ricketts, S. W. (1999). The treatment of equine endometritis in studfarm
practice. Pferdeheilkunde, 15, 588-593.

Samuel, C. A, Ricketts, S. W., Rossdale, P. D., Steven, D. H., & Thurley, K. W.
(1979). Scanning electron microscope studies of the endometrium of the
cyclic mare. Journal of Reproduction and Fertility. Supplement, 27, 287 -
292. Retrieved from http:/www.ncbi.nlm.nih.gov/pubmed/289802

Sharma, V., Saxena, V., & Khari, S. L. (2016). Histopathological Study of
Endometrium in Cases of Infertility. Journal of Clinical & Experimental
Pathology, 6(2), 1-3. https:/doi.org/10.4172/2161-0681.1000272

Singh, J., Singla, P., Dhaliwal, G. S., Kumar, A., & Banga, H. S. (2008).
Histomorphological alterations in uterus of repeat breeding cows
with subclinical endometritis following E. coli lipopolysaccharide and
autologous serum therapy. Indian Journal of Animal Sciences, 78(7),
710-713.

Tchokonte-Nana, V., & Longo-Mbenza, B. (2011). Histomorphometric and
radioimmunoassay studies of the rat endometrium following peanut
oil treatment. Iranian Journal of Reproductive Medicine, 9(4), 301-308.

Retrieved from http:/www.ssu.ac.ir/ijrm/index.php/ijrm/article/view/
474/425

Troedsson, M. H. T. (1999). Uterine clearance and resistance to persistent
endometritis in the mare. Theriogenology, 52(3), 461-471. https:/doi.
org/10.1016/50093-691X(99)00143-0

Troedsson, M. H. T. (2006). Breeding-induced endometritis in Mares.
Veterinary Clinics of North America: Equine Practice, 22(3), 705-712.
https://doi.org/10.1016/j.cveq.2006.07.003

Van Camp, S. D. (1993). Biopsia endometrial de las yeguas. Revisiéon y actu-
alizacién. In S. D. Van Camp (Ed.), Clinicas veterinarias de Norteamérica.
Prdctica Equina. Reproduccién (pp. 93-114). Buenos Aires, Argentina:
Inter-Médica.

Watson, E. D. (2000). Post-breeding endometritis in the mare. Animal
Reproduction Science, 60-61, 221-232. https:/doi.org/10.1016/
S0378-4320(00)00110-X

Witherspoon, D. M., Goldston, R. T., & Adsit, M. E. (1972). Uterine cul-
ture and biopsy in the mare. Journal of the American Veterinary Medical
Association, 161(11), 1365-1366. Retrieved from http:/www.ncbi.nim.
nih.gov/pubmed/4565067

Woodward, E. M. (2012). Breeding Induced Endometritis in the Mare: The
Local Innate Immune Response. Lexington, Kentucky: University of
Kentucky. Retrieved from http:/uknowledge.uky.edu/gluck_etds/5

How to cite this article: Herrera M, Herrera JM, Cantatore S,
Aguilar J, Felipe A, Fumuso E. Comparative histomorphological
study of endometrium in mares. Anat Histol Embryol.
2018;00:1-6. https://doi.org/10.1111/ahe.12335



http://www.rbcv.uff.br/rbcv/article/view/226
http://www.rbcv.uff.br/rbcv/article/view/226
https://doi.org/10.4322/rbcv.2014.123
https://doi.org/10.1016/j.theriogenology.2005.05.034
https://www.iasj.net/iasj?func=fulltext&aId=33123
https://doi.org/10.1111/j.2042-3306.1975.tb03243.x
https://doi.org/10.1111/j.2042-3306.1975.tb03243.x
http://www.ncbi.nlm.nih.gov/pubmed/289802
http://www.ssu.ac.ir/ijrm/index.php/ijrm/article/view/474/425
http://www.ssu.ac.ir/ijrm/index.php/ijrm/article/view/474/425
https://doi.org/10.1016/S0093-691X(99)00143-0
https://doi.org/10.1016/S0093-691X(99)00143-0
https://doi.org/10.1016/j.cveq.2006.07.003
https://doi.org/10.1016/S0378-4320(00)00110-X
https://doi.org/10.1016/S0378-4320(00)00110-X
http://www.ncbi.nlm.nih.gov/pubmed/4565067
http://www.ncbi.nlm.nih.gov/pubmed/4565067
http://uknowledge.uky.edu/gluck_etds/5
https://doi.org/10.1111/ahe.12335

