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ABSTRACT
The objectives of this work were to describe some morphometric

characteristics and to establish quantitative parameters of different
regions of the equine oviductal mucosa from the isthmus, ampullary-
isthmic junction (AIJ), and ampulla. Twenty-one mixed-bred mares
were used for this study. Mares were selected in the following repro-
ductive phases: anestrus, estrus, and diestrus. The left oviducts were
examined with light microscopy, and rights ones were studied through
the intraoviductal molds. The isthmus showed the smallest luminal
area, mucosal area, epithelial perimeter, and luminal diameter. On the
molds surfaces, some grooves extended as longitudinal canals, reducing
their depth as they approached to the AIJ. Several small height projec-
tions, some obliquely positioned towards utero-tubal junction, were
observed in all reproductive phases. These formations may represent
pockets or cul-de-sacs in the basal areas of the epithelial folds. The AIJ
mucosa gradually changed from the smooth isthmic region toward
highly folded ampulla. The number and complexity of epithelial folds
showed moderate increase in the same way that many of the morpho-
metric parameters. Multiple curves were observed on the molds of the
AIJ, creating a zigzag path in the oviductal lumen. In the ampulla, the
high branched epithelial folds occupied most of the lumen, leaving a
small luminal area free. A linear relationship between epithelial
perimeter and mucosal area was found. The presence of glandular-like
structures was observed in all the reproductive stages studied. The
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equine endosalpinx reveals a highly complex tridimensional arrange-
ment where each region shows very particular and specific designs.
Anat Rec, 298:1950–1959, 2015. VC 2015 Wiley Periodicals, Inc.
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INTRODUCTION

The mammalian Fallopian tube plays a crucial role in
many reproductive events. Gamete and embryo transport,
sperm storage and final capacitation, fertilization, and
early cleavage-stage embryonic development occurs in the
oviductal environment (Su�arez, 2008). Its specialized
architecture enables this organ to coordinate these biolog-
ical processes. Therefore, the reproductive success of the
mammalian female depends initially on the oviduct
(Hunter, 1998). In mammals, the oviduct is traditionally
divided into several regions; infundibulum, ampulla,
ampullary-isthmic junction (AIJ), isthmus, and utero-
tubal junction (UTJ) based on histological and anatomical
characteristics. The gross anatomy and histology of the
uterine tube has been studied in many domestic species
(Barone, 1978; Banks, 1996; Bacha and Bacha, 2012). It
consists of three concentric layers; the serosa (mesosal-
pinx) composed of mesothelial and nonstriated muscular
cells derived from the uterine broad ligament; the middle
muscular layer (myosalpinx) organized in a particular
arrangement in different species (Muglia and Motta,
2001); and internally the mucosa (endosalpinx), with
dense lymphatic and blood vascular network; adrenergic,
cholinergic and peptidergic nerve fibers (Wrobel et al.,
1993). The complete endosalpinx have folds that project
centrally into the lumen. The height, width, and branch-
ing of the mucosa folds are more pronounced in the
ampulla and the infundibular region. This inner layer is
lined by a simple columnar or pseudostratified epithe-
lium, containing ciliated and secretory cells. Ciliated cells
play a role in the gamete and embryo transport (Teilmann
et al., 2006; K€olle et al., 2009), in collaboration with inter-
stitial Caja�ls cells present in the myosalpinx (Dixon et al.,
2009). Secretory cells are mainly involved in the synthesis
and release of different kinds of molecules that dissolve in
the oviductal fluid, together with a selective transudate of
serum (Oliphant, 1986; Willis et al., 1994; Leese et al.,
2001; Hugentobler et al., 2010; Killian, 2011). Qualitative
and quantitative analysis of secretory activity has been
demonstrated at different oviductal regions in many
mammals, eg. in the mouse (Nieder and Macon, 1987), rat
(Abe and Abe, 1993), pig (Buhi et al., 1992), sheep (Buhi
et al., 1991), baboon (Verhage and Fazleabas, 1988),
human (Hyde and Black, 1986), goat (Gandolfi et al.,
1993), and cow (Gerena and Killian, 1990). Cyclic morpho-
metrical, ultrastructural, and histochemical changes in
the oviductal epithelium have been studied in several
mammalian species (Abe, 1996; Nayak and Ellington,
1997; Steinhauer et al., 2004; Abe and Hoshi, 2008;
Desantis et al., 2011). These changes appear to respond to
gonadal steroids concentrations across reproductive
stages. Some particularities have been described about

the equine oviduct, such as selective developing embryo
transport (Betteridge et al., 1979; Weber et al., 1991),
luminal collagen-cellular masses (Aguilar et al., 1997;
Lantz et al., 1998), trabeculae of connective tissue divid-
ing the lumen (Aguilar et al., 2012), and crypts or
glandular-like structures in the mucosa (Aguilar et al.,
2010). Other reports have been published in relation to
lymphocyte subset characterization (Brinsko and Ball,
2006), in vitro sperm–epithelium interaction (Ellington
et al., 1993; Thomas et al., 1994), isolation of m-opiod
receptors (Desantis et al., 2008), and localization of glyco-
conjugates in the epithelium (Desantis et al., 2004, 2005).
Recently, prostaglandin E2 receptors have been character-
ized (Ball et al., 2013) and steroids regulation of gene
expression (Nelis et al., 2012). Aguilar et al. (2012)
described some histological characteristic in the mare ovi-
ductal epithelium at different reproductive stages. How-
ever, many morphometric features of the luminal surface
and tridimensional conformation of the mucosa in the
mare oviduct have not been described yet. Therefore, the
primary aim of this study was to describe some morpho-
metrical characteristics of the endosalpinx in transverse
histologic oviductal sections. In addition, other quantita-
tive parameters from isthmus, AIJ, and ampullary region
at different reproductive phases were studied through
intraoviductal corrosion casts.

MATERIALS AND METHODS

Animals

Twenty-one nonpregnant mixed-bred mares, 3–14
years old, were selected at a slaughterhouse located
5 km from our laboratory. Reproductive stages were
determined by rectal palpation and ultrasonography of
the genital tract. Animals were selected in each of the
following phases: anestrous mares (N 5 6) with small
ovaries, follicles <15 mm, and without corpus luteum;
estrous mares (N 5 9) with at least one follicle >35 mm,
uterine edema, and low uterine tone; and diestrous
mares (N 5 6) with an ultrasonographically visible cor-
pus luteum, increased uterine tone, and no uterine
edema. Anestrous and estrous mares were assigned to
be slaughtered on the day of selection, whereas diestrous
mares were monitored until ovulation and then assigned
to be slaughtered on days 7 or 8 after ovulation.

Sampling

Genital tracts were collected immediately after
slaughter and transported to the laboratory within 1 hr
in 378C tempered saline solution. Reproductive phases
were confirmed through ovarian structures examination.
Dissection was carried out to isolate the oviduct from
the rest of the reproductive tract. After dissection, the

MORPHOMETRIC STUDY OF THE MARE OVIDUCTAL MUCOSA 1951



left oviduct was reserved for light microscopy (anestrus
N 5 6, estrus N 5 9, diestrus N 5 6) and the right one for
intraluminal corrosion casts (anestrus N 5 5, estrus
N 5 5, and diestrus N 5 4). Seven oviducts were damaged
during the dissection procedure and therefore discarded.

Light Microscopy Examination

For histology, portions measuring 1 cm were taken
from the isthmus 2 cm proximal to the uterine-tubal
junction, the AIJ at about the middle third of the oviduct
and the ampulla at a distance of 2 cm distal from the
fimbria. Oviductal segments were fixed overnight in
BFS solution (pH 7,4), washed and dehydrated in etha-
nol series, cleared in xylene, and embedded in paraffin
wax. Transverse tissue sections 7 mm thick were cut,
and after dewaxing with xylene and hydration in an
ethanol series of descending concentrations they were
stained with hematoxylin and eosin. Morphological char-
acteristics from oviductal sections were examined using
digital stereomicroscopy1. Photomicrographs were taken
at 403 magnification and, morphometric quantifications
were registered using the software tools2. To measure all
variables, tissue sections obtained were analyzed only
transversely. The following parameters were measured:
luminal area (LA), epithelial perimeter (EP), and muco-
sal area (MA). Mucosal area was calculated from the dif-
ference between cross sectional area (CSA) and luminal
area. CSA was obtained measuring major and minor
diameter to transverse sections (including epithelium
and muscular layer but not serosa) and using the for-
mula (A 5 p 3 D2/4). Approximate volume (mL) was cal-
culated from the multiplication of the LA and length of
each tubular oviductal region.

Intraoviductal Corrosion Cast and
Morphometric Evaluation

Fourteen oviducts at different reproductive stages were
used to create intraluminal casts using a low viscosity poly-
urethane resin3. This resin was originally created for build-
ing casts accurately from cadaveric small blood vessels
(capillaries) and quantitative analysis by scanning electron
microscopy. For intraoviductal injection, the resin was
stained with pigment powder (at 1–2%, v/v)4, previously
dissolved in methyl-ethyl-ketona (at 30%, v/v)5. Shortly
before the injection, the hardener6 (ratio 100:16 v/v) was
added. The utero-tubal junction (UTJ) was dissected and
the oviductal papilla channeled with a 25G needle. To cre-
ate resin molds from the UTJ, retrograde injection was per-
formed (from isthmic region to uterine horn, cranial tip).
The oviduct was kept 24 for hours in saline tempered solu-
tion, until complete resin polymerization. The samples
with surrounding and support tissues were immersed over-
night in corrosion solution (KOH 7.5% at 508C). After the

corrosion process, the intraluminal casts were washed in
distilled water and air-dried (Fig. 1, Supporting Informa-
tion). Molds obtained were observed and photomicro-
graphed using Motic Images Plus 2.0ML digital
stereomicroscopy to obtain morphometrical parameters.
According to the macroscopic characteristics, each region
(isthmus, AIJ, and ampulla) was sequentially photo-
graphed along its length. Of each mold, 15 images of the
isthmus were taken, 5 of the AIJ, and 10 of the ampulla.
Each image included a segment of 6.4 mm length to the
segment evaluated, and five equidistant transverse meas-
ures were made to determined segment luminal diameter
(LD, mm). Values obtained from central segment were
taken as representative of each region. One additional
measure along median axis to determine segment length
(mm) was taken (Fig. 2, Supporting Information).

In addition, some molds were analyzed by scanning
electron microscopy (SEM). They were mounted on alu-
minium stubs, coated with gold, and examined in a Carl
ZeissVR Supra 55VP scanning electron microscope (USA).

Statistical Analysis

Data were analyzed to assess the effect of the reproduc-
tive stages of the estrous cycle (anestrus, estrus, and dies-
trus) on the fallopian tube region (isthmus, AIJ, and
ampulla) on LA, EP, MA, LD, and SL. Variables were
assessed for normality using the Shapiro-Wilks modified
test and analyzed using ANOVA and Tukey’s post hoc test.

RESULTS

Intraluminal molds from all processed oviducts
revealed an internal tortuous pathway in the different
regions of the duct, being very pronounced in the AIJ.
On the molds surface, the oviductal mucosa left many
grooves with different directions and depths marked,
according to the number and branching to the epithelial
folds, whose height, category, and branches increased
from the isthmus to ampulla.

Isthmus

In all histological sections, a narrow luminal area not
exceeding 0.5 mm2 was found (Table 1), with no signifi-
cant differences between reproductive stages (P> 0.05).
In photomicrographs, eight to ten broaden-base and
rounded primary folds, separated by shallow grooves
radially organized were observed (Fig. 3A). These few
primary folds and their low height determined an epi-
thelial perimeter of few millimeters.

Histological sections with large mucosal area, showed a
linear increase in the epithelial perimeter (r2 5 0.78).
However, in this segment, the lowest perimeter compared
to the other tubular regions was found, without signifi-
cant differences between reproductive stages (Table 1).

As in the histological sections, three-dimensional resin
molds showed that caudal isthmus and UTJ (papilla,
not shown) had the lowest luminal diameter, with no
significant differences among reproductive stages eval-
uated (P>0.05, Table 1). On the molds surfaces, three
or four grooves (corresponding to primary folds)
extended as a continuous longitudinal canal, reducing
their depth as they approached the AIJ (Fig. 3B–D).
Several low height projections, arranged in rows and

1Motic DM 39C-N9GO.
2Motic Images Plus 2.0ML, China Group Co., Ltd.
3PU4iiV

R

polyurethane for improved imaging; vasQtec; Zurich–
Switzerland.
4Farbpaste DW- 0113-5VR

5MEK, TaurusVR , Argentina.
6PU4ii HardenerVR ; vasQtec; Zurich, Switzerland.
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separated by small-interconnected secondary grooves,
some obliquely positioned toward utero-tubal junction,
were observed in all phases of the estrous cycle

(Fig. 3D). These formations may represent crypts, pock-
ets, or cul-de-sacs in the isthmic mucosa.

The caudal isthmus lumen, near the UTJ, was
arranged more rectilinearly and in the remaining seg-
ment, sigmoid shaped curves were observed, becoming
more U or V-shaped toward the AIJ (Fig. 2A, Supporting
Information and Fig. 3C). Isthmic region was the longest
segment of the oviduct, and with no significant differen-
ces between reproductive stages (P> 0.05, Table 2).

Ampullary-Isthmic Junction

The luminal area and epithelial perimeter determined
from histological sections increased substantially in the
AIJ compared with the isthmic region, showing signifi-
cant differences between reproductive stages (P< 0.05,
Table 1). The number and branching of epithelial folds
showed also considerably increase in the AIJ versus the
isthmus. Tertiary and sometimes quaternary folds were
observed in the junction and in the caudal ampulla. In
basal areas of the primary folds, epithelial crypts were
observed (Fig. 4A). In the AIJ as well as in the isthmus,
a linear relationship between epithelial perimeter and
mucosal area was found (r2 5 0.80).

The morphology of the AIJ endosalpinx gradually
changed from the isthmus toward the ampullary region.
This finding was also observed on the surface of the
resin molds. The three-dimensional luminal casts
showed a moderate complexity in their folds and grooves
compared with the smooth isthmus and high-folded
ampulla. Most primary folds branched and divided longi-
tudinally with a perpendicular or oblique position, creat-
ing a pattern of folds and grooves without a clear and
definite order on molds surfaces (Fig. 4C,D). This region
showed a slight increase in the luminal diameter, from

Fig. 1. Technique for intraoviductal repletion cast. A: PU4iiVR , hardener and pigment; B: papilla (op) and
the isthmus of the oviduct with the mesosalpinx (ms) and ovarian proper ligament (opl); C: dissected and
displayed oviduct; D: channeled papilla and fixation of the needle by Halsted forceps; E: immersed in
corrosive solution; F: mold of oviductal lumen (without infundibulum) after complete corrosion of tissue.

Fig. 2. A: Resin mold of the oviduct (without infundibulum) where a
segment is highlighted in the cranial isthmus; B: segment (6.4 mm
long) of the cranial isthmus, registered with Motic DM 39C-N9GO digi-
tal stereomicroscope at 403. Image analysis with the Motic Images
Plus 2.0ML software: white lines in five measurements are to
determine the width; and the green line marked on the median axis to
measure the length.

MORPHOMETRIC STUDY OF THE MARE OVIDUCTAL MUCOSA 1953



its junction with the isthmus, toward the ampulla, with
some differences among the reproductive stages studied
(Table 1).

Multiple continuous W-shaped curves were observed
on the molds of this region (Fig. 4B). They were pro-
duced by transverse folds of subserous connective tissue
that penetrated from opposite sides (mesosalpinx and
antimesosalpinx), creating a sinuous and zigzag path in
the oviductal lumen.

Ampulla

In histological sections and in all reproductive stages,
multiple epithelial folds of different complexity
were found; frequently short quaternary folds were also
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Fig. 3. A: Histological section of the central portion of the isthmic
region (H & E stained), showing broaden-base primary folds and radi-
ally arrangement grooves, and some lateral cul-de-sacs in basal areas
(arrows); B: cross-sectional of luminal cast of the isthmus, where eight
to ten grooves and folds were observed with digital stereomicroscope
at 403; C: Scanning electron microscopy (SEM, 453) of the resin
mold of the isthmus, showing grooves like longitudinal channels along
it (arrows); D: low height projections (molds of the cul-de-sacs),
arranged in rows (arrowheads) and separated by small-interconnected
secondary grooves, some obliquely positioned toward utero-tubal
junction, SEM, 1253. Some small air bubbles were located in depth
of primary and secondary grooves. Scale bar in A and B indicates 250
lm and in C and D, 200 lm.
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observed (Fig. 5A). Primary, secondary, tertiary, and
quaternary folds occupied most of the lumen, leaving a
small luminal area free. No significant differences
among the reproductive stages were detected (P> 0.05,

Table 1). Such as in AIJ, numerous epithelial crypts
(glandular-like structures) in basal areas of primary
folds were found (Fig. 5A).

TABLE 2. Length (mm) of the Different Regions of the Oviduct at Different Reproductive Stages, Calculated
from Resin Molds

Region Anestrus (N 5 6) Estrus (N 5 9) Diestrus (N 5 6) P value Length in all stages

Isthmus 96.36 (4.31) 108.02 (7.14) 88.71 (6.39) >.05 96.78 (3.32)a

AIJ 48.03 (3.63) 45.89 (6.02) 58.57 (5.38) >.05 50.24 (3.62)b

Ampulla 89.44 (4.86) 89.71 (8.06) 74.12 (7.21) >.05 85.66 (4,34)a

TLO 205.53 (9.99) 236.32 (16.57) 194.21 (14.82) >.05
P value <0.001

Different superscripts indicate statistical differences among regions of oviduct (P< 0.05).
Abbreviations: AIJ, ampullary-isthmic junction;TLO, total length of the oviducts.
Results are mean (6 S. E).

Fig. 4. A: Histological cross-section of the central portion of the
ampullary-isthmic junction (AIJ), with hematoxylin and eosin stain,
showing different categories of epithelial folds and some crypts (glan-
dular-like structures) in basal areas (arrows); B: stereomicroscopy of
resin mold of the AIJ, where deep and opposite grooves (arrows) pro-
duce W-shape curves (dotted line) and sinuous path in the lumen
(40x); C: Scanning electron microscopy (SEM, 21x) of the resin mold
of the AIJ showing a tortuous path and complex system of folds and
grooves without specific organization; D: primary (1), secondary (2)
and tertiary (3) shallow grooves, produced by epithelial folds, SEM,
703. Scale bar in A and D, indicates 100 lm, in B 500 lm, and in C
1mm.

Fig. 5. A: Photomicrograph of the central portion of the ampulla, (H
& E), where primary, secondary, tertiary, and quaternary folds occu-
pied most of its lumen. Numerous epithelial crypts (glandular-like
structures) in folds are shown (arrows); B: low magnification stereomi-
croscopy (7.53) of the mold of the ampulla, showing some curves in
the caudal portion (CaP), that gradually disappear toward its cranial
portion (CrP), where the lumen of ampulla becomes a rectilinear path;
C: Scanning electron microscopy (SEM, 333) of the resin mold of the
ampulla showing the intricate arrangement of the ampullary endosal-
pinx; D: branching of the primary, secondary (2), tertiary (3), and qua-
ternary (4) grooves (highlighted), corresponding to different categories
of epithelial folds, SEM, 653. Scale bar in A indicates 100 lm, in B
5 mm, in C 1 mm, and in D 200 lm.
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In resin molds, irregular grooves of different depth,
width, and orientations were observed, showing the
intricate arrangement of the ampullary endosalpinx.
Some longitudinal, deep and asymmetrical grooves (cor-
responding to the primary folds) were oriented toward
infundibular region, separating or joining with other
multiple small and shallow lateral grooves (Fig. 5C,D).

The numerous and branched epithelial folds induced a
substantial increase in epithelial perimeter, compared
with isthmic and ampullary-isthmic region. This finding
was observed in all reproductive stages of the estrous
cycle (Table 1). Similarly to the AIJ and isthmus, in this
ampullary region, a linear relationship between epithe-
lial perimeter and mucosal area was found (r2 5 0.79).

In the molds, the caudal portion of the ampulla (near
to AIJ) showed several curves in the lumen, gradually
disappearing into the cranial portion and toward the
infundibulum, where the lumen of ampulla adopted a
rectilinear path (Fig. 5B).

In this tubular segment of the oviduct, a larger intra-
luminal diameter was found, and some significant differ-
ences between the reproductive stages evaluated were
observed (Table 1).

The difference in the total length of the oviducts at
different reproductive stages was not statistically signifi-
cative (Table 2). The approximate volume in microliters
(mL) showed differences for each tubular region and
some phases of the estrous cycle (Table 3).

DISCUSSION

The gross anatomy of the oviduct of numerous species
of domestic mammals has been extensively documented
(Barone, 1978). Such as in the pig, cow, sheep, goat and
other mammals, the mare oviduct presents different
curves or convolutions, whose shape varies at different
morphological regions of the fallopian tube. Duct tortu-
osity is closely related to the oviduct length (Hunter,
1988), such as in the female rabbit, which has short and
practically straight oviducts (Pedrero-Badillo et al.,
2013). In sows, the length (and degree of sinuosity)
increases after first estrus post-weaning (Rigby, 1968),
and in cows the fallopian tubes growth is completed
after puberty (Hunter, 1988). In the mare, this informa-
tion has not been documented yet.

Several anatomical descriptions determined that the
oviduct of the mare is the longest of all species of domes-
tic mammals, reaching an average of 20 cm (Getty, 1982;
Dyce et al., 2010), and often 30 cm in length (Barone,
1978). One report describes some morphometric details
through direct observation of dissected mare’s oviducts

(Suzuki and Tsutsumi, 1979). They found a length of
20.9 6 1.2 cm from the oviducts evaluated. In the pres-
ent study, from the intraluminal molds, and in agree-
ment with the previous literature, similar lengths were
found. However, in this work the infundibular region
was not included, which would add a few centimeters
more to the whole length of the fallopian tubes in the
mare.

Of the different tubular regions of the duct, the isth-
mus had numerous curves along its path in all reproduc-
tive stages evaluated. This finding probably made the
isthmic region the longest of all the regions of the tube
evaluated. In agreement with Suzuki and Tsutsumi
(1979) and Dyce et al. (2010), the length of the isthmus
showed no statistical differences with the ampullary
region. Despite the large number of curves found, the
length of AIJ was approximately 2.5 times shorter than
the isthmic and ampullary region of the oviduct.

The curves on the AIJ (produced by transverse folds
of subserous connective tissue) and the sinuous path
observed in the oviductal molds are consistent with pre-
vious histological findings (Aguilar et al., 2012).

The lengths at the different regions of the oviduct, in
relation to hormonal milieu or at different reproductive
stages, have received little attention. Lewis and Berardi-
nelli (2001) described some gross morphometric and his-
tomorphometic changes in oviducts of post-pubertal
transition and mature ewes. The length of the isthmus
and ampulla from mature ewes was longer than those
for postpubertal transition sheep. In the present study,
no significant differences for this morphometric measure
between reproductive stages were observed.

The internal morphometry of the different tubular
regions of the oviduct have been studied in rabbit
(Leese, 1983; Pedrero-Badillo et al, 2013), bovine (Y�aniz
et al., 2000), swine (Su�arez, 2008), ovine (Y�aniz et al.,
2013), and canine (England et al., 2013) oviducts. These
previous studies described the internal diameter, the
luminal area, luminal perimeter, and area of folds pro-
truding into the oviduct lumen. In agreement with these
studies, we found that the isthmus of the mare oviduct
had the most constricted lumen of all portions of the
duct. The present study shows that the isthmus pre-
sented a luminal diameter around to 300 microns near
to the utero-tubal junction (oviductal papilla, data not
shown), around 500 microns in its middle part, and
approximately one millimeter (1 mm) at the join with
the AIJ.

Although in our study no differences were found in
the luminal diameter of the isthmus among reproductive
stages, the mucosal edema, muscle contraction, and vas-
cular congestion have been observed in the isthmic
region in the sow (Hunter, 1973, 1975a, 1975b, 2012)
and cow (Su�arez, 2002) oviduct, during estrus and peri-
ovulatory stage. This could explain the decrease in lumi-
nal diameter at this reproductive stage in their studies.

According to Suzuki and Tsutsumi (1979), the external
and internal diameter (lumen) of the oviduct gradually
increased from isthmus toward the ampulla. Similarly,
in our study the middle part of the ampulla had the
largest diameter (4–5 millimeters approximately) among
reproductive stages.

The equine endosalpinx presents epithelial folds with
different degree of branching and morphology, showing
the ampullary region a higher degree of complexity

TABLE 3. Approximate Volume (lL) of the Different
Regions of the Oviduct Among Reproductive Stages,

Calculated from Histological Section

Stage Isthmus AIJ Ampulla

Anestrus 21.54 (9.09) 125.05 (36.93)a 504.46 (38.73)a

Estrus 37.16 (5.03) 46.08 (18.03)b 283.63 (53.63)ab

Diestrus 21.84 (7.04) 108.02 (7.14)a 203.92 (51.90)b

P value >.05 <0.005 <0.01

Different superscripts indicate statistical differences among
regions of oviduct (P<0.05).
AIJ, ampullary-isthmic junction.
Results are mean (6S. E).
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(Trautman and Fiebiger, 1952; Barone, 1978; Bacha and
Bacha, 2012). Our results showed that the number and
branching of epithelial folds increased significantly from
the isthmus to the ampulla, where tertiary and quater-
nary folds were found frequently in all histological sec-
tions and reproductive stages. This finding was not
observed in the same way in the three-dimensional
molds because the epithelial folds were partially flat-
tened during filling of the lumen with the resin. The
luminal perimeter showed significant changes between
regions of the equine fallopian tube. The low-folded isth-
mic mucosa produced the lowest luminal perimeter com-
pared to the AIJ and highly folded ampullary region.
The larger luminal perimeter of the ampullary region
provides a large contact surface to support biological
events such as embryo development. Possibly this is
related to the fact that the ampulla appears to be the
most active secretory region, where more fluid is pro-
duced by epithelial cells, supplying the necessary
nutrients for gamete meeting, fertilization, and early
cleavage of embryos. Leese (1983) found similar results
in rabbit oviduct, where more fluid was produced in the
ampulla than in the isthmic region, reflecting the
greater surface area of the first one.

Ampullary-isthmic junction during estrus had the
smallest luminal perimeter and diameter compared with
the samples obtained in anestrus and diestrus. This find-
ing may be because of edema, thickening of the folds and
hypertrophy or hyperplasia of epithelial cells in response
to circulating estrogens. England et al., (2013) found simi-
lar results along the length of the bitch uterine tube at dif-
ferent stages of the estrous cycle. Although the isthmus
has a smaller epithelial surface outline (perimeter) for
sperm binding, studies on pig (Su�arez et al., 1991), equine
(Thomas et al., 1994), human (Baillie et al., 1997), rat
(Orihuela et al., 1999), and cow (Su�arez et al., 1997; Sosta-
ric et al., 2008) have shown that spermatozoa preferen-
tially bind to the isthmic mucosa (in vitro and in vivo)
compared with the ampulla. In the same study, England
et al., (2013) observed some differences in epithelial sur-
face outline (perimeter) among reproductive stages. In the
metoestrus and diestrus they found the smallest perime-
ter compared with proestrus and estrus in all regions of
the bitch oviduct.

It could be suggested that some folds and grooves may
be continuous along the isthmus, AIJ, and ampulla.
Through the molds, it was possible to replicate with
enough detail the complex tridimensional architecture of
the endosalpinx of the ampulla, with folds of different
height, category and tridimensional arrangement.

There is consensus in relation to the absence of glands in
the oviduct of most domestic mammals (Banks, 1996; Bacha
and Bacha, 2012). However, in all histological sections and
at different reproductive stages, epithelial crypts, whose
organization resembles glandular structures were found,
reinforcing previous histological descriptions (Aguilar et al.,
2010). In agreement with reports for other species, such as
rabbits (Jansen and Bajpai, 1982), cows (Y�aniz et al., 2000),
cats (Chatdarong et al., 2004), bitches (Steinhauer et al.,
2004), sows (Ekhlasi-Hundrieser et al., 2005; Tummaruk
and Tienthai, 2010), and sheep (Y�aniz et al., 2013) these
crypts were observed in the equine oviductal mucosa in his-
tological sections and some molds like small projections.

There are few morphological studies of the mare ovi-
ductal mucosa by scanning electron microscopy. The

existence of different subcompartments, cul-de-sacs and
crypts in the mucosa is widely described in the oviduct
of the sow (Wu et al., 1976; Y�aniz et al., 2006), cow
(Y�aniz et al., 2000), and recently in the sheep (Y�aniz
et al., 2013). Our findings from histology and tridimen-
sional molds suggests that the equine endosalpinx is
arranged in a very complex way and has all these differ-
ent subcompartments, sacculations, or cul-de-sacs at dif-
ferent regions, suggesting that each segment has
particular functions.

Since the 1990�s oocyte transfer has been used to
obtain pregnancies from mares considered infertile using
standard breeding methods or embryo transfer (Carne-
vale et al., 2005). In these technologies, empirical vol-
umes of 0.1 to 0.3 milliliters of transfer medium
deposited into the cranial ampulla were used during
oocyte transfer (OT) (Hinrichs et al., 1998; Carnevale
et al., 2001). In this study, we found an approximate vol-
ume of �215–345 lL for the ampulla that can house the
volumes used in OT during estrus stage. The values
found in the present study partially agree with those
reported for the oocyte transfer technic.

CONCLUSIONS

The combination of histology and intraluminal molds
allowed us to characterize some morphometric parameters
of oviductal lumen of the mare at different reproductive
stages. The findings presented provide useful information
to build a more complete model on the three-dimensional
organization of the oviductal mucosa of the mare. Knowing
the anatomic, histologic, and physiologic complexity of this
organ may be relevant for improving the application of
assisted reproductive technologies in horses.
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