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Abstract

Project Code: MRG4980002
Project Title:  The studies of morphological changes and expression of hormonal receptors
in uterine tube of swamp buffalo (Bubalus bubalis) during estrous cycle
Investigator:  Assistant Professor Dr. Paisan Tienthai
Faculty of Veterinary Science, Chulalongkorn University
E-mail Address: Paisan. T@chula.ac.th
Project Period: July 1, 2006 — June 30, 2008

The purpose of this study was to investigate the morphological changes, the immune
cell infiltration, the estrogen (ER) and progesterone receptor (PR) in the Thai swamp buffalo
uterine tube at follicular and luteal phases. The uterine tubes from 40 buffalo cows were taken
after slaughter at the abattoir, classified into follicular and luteal phases by the ovarian status
and cut into infundibulum, ampulla, isthmus and uterotubal junction (UTJ). The histological
changes, periodic acid-Schiff (PAS) staining, epithelial cell height and intraepithelial immune
cell distribution were performed by light microscopy; the ultrastructural features of the
epithelium were examined by scanning electron microscopy (SEM) whereas the localization of
ER and PR was detected by use of immunohistochemistry. A higher degree of the histological
and morphometric changes was found in the ampulla and infundibulum compared with the
isthmus and UTJ at both follicular and luteal phases. However, a strong PAS intensity was
obviously shown in the isthmus and UTJ during follicular phase. In the infundibulum and
ampulla, cytoplasmic protrusions of the epithelial cells were prominent during luteal phase. The
epithelial cell height significantly decreased in the infundibulum and ampulla from the follicular
phase to luteal phase. The number of intraepithelial immune cells was significantly different
between parts and highest in the infundibulum at the luteal phase. By SEM, noticeable cyclic
changes were observed on the epithelial surface of the infundibulum and ampulla. Both ER
and PR were present in the nuclei of the epithelial cells in all parts of buffalo uterine tube and
the staining was very clear in the epithelium during follicular phase. The intensities and
proportion of both receptors were significantly higher in the isthmus and UTJ at the follicular
phase. In conclusion, the histological and ultrastructural changes including the expression of
ER and PR receptors of Thai swamp buffalo uterine tube revealed marked changes in cellular
differences associated with the main functions in segmental variations of the uterine tube

under the influence of female steroid hormones throughout the estrous cycle.

Keywords: buffalo, estrous cycle, morphology, hormonal receptor, uterine tube (oviduct)
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Abstract

The samples from the infundibulum, ampulla, isthmus and uterotubal junction (UTJ)
of the Thai swamp buffalo oviduct were taken immediately after slaughter at the local
abattoir. The histological changes of the epithelium including general characteristics,
intensity of periodic acid-Schiff (PAS) staining, cell height and immune cell distribution
were investigated by light microscopy. The degree of the histological and morphometric
changes was shown to be high in the ampulla and infundibulum compared with that of the
isthmus and UTJ at both follicular and luteal phases of the estrous cycle. In the infundibulum
and ampulla, cytoplasmic protrusions of the epithelial cells with extruded nuclei were
prominent at the luteal phase and disappeared during the follicular phase. However, a strong
intensity of PAS reaction was obviously shown in the epithelium of isthmus and UTJ during
the follicular phase. The epithelial cell height significantly decreased in the infundibulum
and ampulla from the follicular to luteal phases, but not in other regions. The number of
intraepithelial leukocytes was significantly different between the stages of the estrous cycle
and highest in the infundibulum at the luteal phase. In conclusion, histological observations
of Thai swamp oviductal epithelium revealed marked cyclic changes in cellular differences
associated with functions of segmental variations.
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1. Introduction

It is clear that buffaloes play an essential role in rural livestock production,
particularly in Asia, and factors affecting productivity are of paramount important to
agricultural economics in this region (Singh et al., 2000). We have known that reproductive
efficiency is the main factor influencing productivity and is hampered in the female buffalo
(Madan and Raina, 1984). To improve the buffalo reproduction, better understanding of the
cellular differences in relation to the functions that occur in the female reproductive tract,
particularly in the oviduct, throughout the stages of estrous cycle in buffaloes is primarily
required.

The oviduct is a considerable organ in mammalian reproduction because the
reproductive processes of male and female gametes occur in the oviduct (Hunter, 1988;
Ellington, 1991). The caudal isthmus and uterotubal junction (UTJ) of the bovine oviduct are
involved in events of sperm transport, storage and capacitation that need preservation of the
motility, viability and fertilizing ability of spermatozoa (Pollard et al., 1991; Lefebvre et al.,
1995) whereas the infundibulum and ampulla are involved in the oocyte pick-up, transport,



maturation and fertilization (Hunter, 1988). The oviductal epithelium consists of two
morphologically distinct cell types, ciliated and secretory or non-ciliated cells (Abe and
Oikawa, 1993). The ciliated cells are implicated in the transportation of oocytes into the
oviduct (Odor and Blandau, 1973), while the secretory cells synthesize secretory products
composed of nutrients, specific compound proteins and glycoproteins into the lumen to form
oviductal fluid for the reproductive process (Suarez et al., 1997; Leese et al., 2001). In
ruminants, the pattern of oviductal secretion and ciliary activity also coincides with changes
of the estrous cycle (Abe and Oikawa, 1993; Abe et al., 1993, 1999). Furthermore, there are
several mechanisms for maintaining an aseptic micro-environment (Ellis et al., 1986)
including the mucosal immune systems of intraepithelial lymphocytes (Morris et al., 1986;
Jiwakanon et al., 2005) relating to the function of the oviduct.

To better understand the basic structure and physiology of the buffalo oviduct, more
information is needed regarding the differences between the segments associated with the
stages of estrous cycle. Therefore, the aim of the present study was to investigate the
histological changes of the mucosal epithelium (infundibulum, ampulla, isthmus and UTJ)
and the immune cell infiltration of Thai swamp buffalo oviduct with reference to the
follicular and luteal phases of estrous cycle.

2. Materials and Methods
2.1 Animals and tissue collection

The sexually mature female buffaloes (n = 27) at various ages (2-8 years) were
slaughtered at the local abattoir and genital tracts were immediately collected and kept in a
cool container (~4°C) for 30 min until analysis in a laboratory. The reproductive organs were
examined and the ovarian status of the estrous cycle, i.e. follicular and luteal phases, was
determined by the morphological appearance of the corpus luteum (Ali et al., 2003). The
samples from four different parts including the infundibulum, ampulla, isthmus and UTJ
were fixed in 10% buffered formalin. The specimens were stored at 4°C until being
embedded in paraffin using standard procedures, cut in 5 um thick sections and mounted on
glass slides for hematoxylin and eosin (H&E) and PAS staining.

2.2 Cytomorphometric and immune cell evaluations

Samples of all collected buffalo oviducts were stained with H&E and PAS to
evaluate the general morphological features, the epithelial cell height and intraepithelial
immune cell distribution. A light microscope was used with a x40 objective and x10
eyepieces. The height of epithelium was determined by using Motic Image 2.0 Software and
a Moticam digital microscopic camera (Motic Incorporation Ltd., Hong Kong). For this
measurement, 150 cells in different locations from each region were selected only if the
plane of section clearly passed through the cell nucleus, and the section was parallel to the
longitudinal axis of the cell and the apex and base of the cell could be easily distinguished
(Verhage et al., 1979). Cell counts were performed using an ocular reticule with 25 small
squares placed in one eyepiece of the light microscope. At 400x magnification, each length
of 25 small squares of the reticule corresponded to 125 pum of real tissue length; therefore,
the area of 25 small squares of the reticule was equal to 15,625 um? of the real tissue area.
The cells were counted on the non-overlapping epithelia of at least 50 small squares of all
segments in 4 different sections.

2.3 Statistical analyses

Data were statistically analyzed using the SAS statistical package (version 8.0, SAS
Institute, Inc., 1998, Cary, NC, USA). The normal distribution of residuals from the
statistical models was tested using the UNIVARIATE procedure option NORMAL. Mean
differences in numbers of immune cells and cell heights were tested using analysis of
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variance (Proc MIXED). The statistical model included the fixed effects of the stage
(follicular and luteal) and segment (infundibulum, ampulla, isthmus and UT]J), the
interaction between stage and segment, and the random effect of buffalos nested within
stage. The Bonferroni t-test was used to compare the least-square means between groups
when overall significance for that was found. P value < 0.05 was considered statistically
significant.

3. Results

The morphology of the epithelial mucosa in four different segments of the buffalo
oviduct regarding the follicular and luteal phases of the ovarian cycle is shown in Figure 1.
Two distinct cell types, ciliated and secretory cells were clearly distinguished by light
microscopy in the sections stained with PAS. In the follicular phase, ciliated cells were
predominating in the infundibulum (Fig. 1a) and ampulla (Fig. Ic). Intense staining at the
apical cytoplasm of the secretory cells in the isthmic (Fig. 1e) and UTJ epithelia (Fig. 1g)
were displayed very intensely at the follicular phase, whereas the PAS positive cells in the
epithelium of other oviductal regions in the follicular (Fig. 1a, ¢) and luteal phases (Fig.
1b,d,f,h) were not clear and showed individual variations (Table 1). In addition, the
characteristics of secretory cells found in the infundibulum (Fig. 1b) and ampulla (Fig. 1d)
were slender-shaped and various degrees of protrusion during luteal phase were found. The
cytoplasmic protrusions of secretory cells with/without nuclei of these segments were
usually extended beyond the tips of the cilia. Except for the PAS positive cells in the
follicular phase, no difference in the morphology of the isthmic and UTJ epithelial cells was
observed between the follicular and luteal phases.

The epithelial cell height and intraepithelial leukocyte distribution of the
infundibulum, ampulla, isthmus and UTJ during the follicular and luteal phase are shown in
Figs. 2 and 3. The height of epithelium in all segments significantly decreased from the
follicular phase to luteal phase and was most dramatic in the infundibulum and ampulla (P <
0.05), while this reduction was not significant in the epithelium of the isthmus and UTJ (P >
0.05). The characteristics of intraepithelial leukocytes, usually close to basement membrane
of the oviductal epithelium, found in the buffalo oviduct were presented as thin, light
cytoplasm with large round-shaped nucleus (Fig. la,b,d). The numbers of intraepithelial
immune cells significantly differed (P < 0.05) among segments (Fig. 3) and differed between
stages only in the infundibulum (Fig. 4). However, a high variation in the numbers of
intraepithelial leukocytes was found among individual buffaloes.

4. Discussion

The general histological changes in four different segments of buffalo oviducts
during the follicular and luteal phases in this study were relatively similar to the previous
observations in the bovine oviduct (Suarez et al., 1997; Bergqvist et al., 2005a,b). The
secretory cells of the infundibulum and ampulla in the present study dramatically extended
beyond the ciliated cells as the bulbous protrusions in the luteal phase, while this
phenomenon was not found in the UTJ and isthmus. Murray (1995) and Hollis et al. (1984)
who investigated the ewe oviduct suggested that shedding of extruded secretory cells into the
oviductal lumen during the luteal phase was a process of cell death. Similar patterns have
been seen in sows including the presence of macrophages which normally take care of dead
cells in the oviductal epithelium (Jiwakanon et al., 2005). Moreover, the secretory cell in
caprine ampullar epithelium showed entire atrophy, and apoptosis-like fragments were
observed in the late luteal phase (Morita et al., 1995). Apoptosis in the oviductal epithelium
of cats has been exhibited to be hormonally regulated, induced by a rise of progesterone
coupled with a decline in serum estradiol (Bareither and Verhage, 1981). These findings
indicate that the cytoplasmic protrusions might be a part of the process in which dead
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epithelial cells are eliminated. However, it is very difficult to observe all details in the
changes of secretory cells and the macrophage is not recognized in buffalo oviduct by
routine histological techniques. Therefore, more special techniques, for example, the
immunohistochemical staining of CD68 (Kar et al., 2004) and TUNEL (Gavrieli et al., 1992)
might be used for differentiating macrophages and apoptosis along the oviductal epithelium
in the near future.

The cytomorphometric data have revealed the tendency of epithelial cell height to be
reduced in all segments during luteal phase but this reduction noticeably occurred in the
infundibulum and ampulla. Our findings were not exactly similar to those of the previous
study in cow oviducts (Abe and Oikawa, 1993) where both ciliated and secretory cells were
measured. They reported that the height of ciliated cells significantly decreased in all regions
at the luteal phase and were most dramatic in the fimbriae and ampulla as related to the low
percentages of these cells in both segments, while the secretory cells decreased in the UTJ
and isthmus at luteal phase. Although the present study did not use semi-thin sections stained
with toluidine blue, the measurement of the entire epithelium in the buffalo oviduct can be
representative of both ciliated and secretory cells. Therefore, the changes of epithelial cell
height found in the buffalo oviduct could be mainly dependent on the presence (ciliation) of
ciliated cells at the follicular phase and the loss of ciliated cells (deciliation) at the luteal
phase, especially in the infundibulum and ampulla, as it occurs in the rat oviduct (Reeder and
Shirley, 1999). Considering the UTJ and isthmus, the results have shown no difference in
epithelial cell height between both phases of estrous cycle. As described earlier, the
epithelial cell height of the oviduct is involved in the number of ciliated cells. Since the
seeming proportion of epithelial cells in UTJ and isthmus showed a little change, the
epithelial cell height in these regions did not differ as well. However, the question is why the
epithelial cell height in the infundibulum and ampulla was higher than in the UTJ and
isthmus. Reeder and Shirley (1999) suggested that epithelial cells in the rat oviduct may
transform from one functional cell type to another, which is supported by the fact that
ciliated and secretory cells alternately increase and decrease in number without evidence of
much mitotic activity in either type. These mechanisms under the influence of steroid
hormones of ciliated and secretory cells in the infundibulum and ampulla could be much
more sensitive and functional than these cells in UTJ and isthmus. These findings strongly
suggest the regular cycle of ciliogenesis and deciliation by epithelial cells of buffalo oviduct
depends on the estrous cycle and reflects the functions in different regions.

The present study showed that the secretory cells in UTJ and isthmus intensely
contained the PAS-positive reaction in the apical compartment at the follicular phase as it
occurred in porcine (Walter and Bavdek, 1997; Johansson et al., 2000) and bovine (Suarez et
al., 1997), while the other regions showed a variation of PAS-staining throughout estrous
cycle. Generally, the PAS-positive material detected in the lumen and epithelial cells of the
oviduct indicated the presence of mucopolysaccharides and acidic glycoproteins (Oliphant
and Ross, 1982) and very high intensity of staining during follicular phase related to the
changes in secretory activity under the influence of estrogen (Nayak et al., 1976; Buhi et al.,
1996). However, Abe et al. (1993) reported that the intense labeling of oviductal
glycoprotein in bovine was observed in the ampullar and fimbriae epithelia at the follicular
phase, while the reaction was weaker in the isthmus at both phases. This finding with the
variable PAS-positive reactions in infundibulum and ampulla suggested that there would be
different in types of glycoprotein or mucopolysaccharide existing in each portion of the
oviduct which is important in different functions and segments throughout estrous cycle. For
instance, Bergqvist et al. (2005b) indicated that hyaluronan (HA) in the secretory fluid was
at peak in the isthmus and UTJ at follicular phase and played a role in arresting sperm
capacitation and preserving sperm viability. Thus, the appearance of PAS-reaction in these
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regions might be one of the important factors involved in the formation of functional sperm
reservoir in bovine (Lefebvre et al., 1995) and could occur in buffalo.

The intraepithelial leukocyte can be found in all regions of the oviduct in both phases
of estrous cycle. The characteristics and position of intraepithelial immune cells in the
buffalo oviduct have been related to ‘type I basal cells’ which are identified as the
‘lymphocyte’ and it was the most common immune cell type in the epithelium of the bovine
oviduct (Abughrien et al., 2000). It is known that the oviduct of domestic animals has a
mucosal immune system which is required for maintaining an aseptic intraluminal fluid
(Ellis et al. 1986). Therefore, the presence of intraepithelial lymphocyte (IEL) in the buffalo
oviduct might involve in the regulation of local immune response and production of antigen-
specific antibodies (Ogra et al., 1994). Quantitative examination by light microscopy
revealed that a significant difference in the number of IEL was found among segments of the
buffalo oviduct corresponding to the previous study of the bovine oviduct (Abughrien et al.,
2000), indicating different regulatory mechanisms of IEL within the oviduct. In the present
study, the number of IEL in the UTJ and isthmus was less significantly than that in the
infundibulum and ampulla. Although detailed knowledge of the IEL in ruminant oviducts is
limited, there are several investigators studying in the sow oviduct. In cyclic sow, the
number of IEL did not differ among segments and estrous stages. However, it was
interesting to note that the number of lymphocytes in the subepithelial connective tissue of
the infundibulum and ampulla was clearly higher than that in the isthmus (Jiwakanon et al.,
2005). They indicated that the immune cell reaction had to be low in the isthmus because
both spermatozoa, as stored before fertilization, and the semi-allogenic conceptuses could
survive. This is exemplified by other immune cells, i.e., neutrophils, which are not present in
the isthmic epithelia of cyclic sows (Jiwakanon et al., 2005) or inseminated gilts (Rodriguez-
Martinez et al., 1990). The present results also show the tendency of IEL to increase in the
luteal phase of all segments, particularly in the infundibulum, in contrast to the numbers of
IEL in oviducts of sow (Jiwakanon et al., 2005) and heifer (Abughrien et al., 2000) that did
not significantly differ between estrous stages. It was probably because of differences for
technical reasons and individual animals. However, this increase could be explained by the
appearance of estrogen and progesterone receptors in the IEL of the human oviduct which
fluctuated depending on the menstrual cycle but tended to increase in a progesterone-
dependent manner mediating via membrane progesterone receptors (Ulziibat et al., 20006).
For better understanding, further studies on the different types of immune cell distribution in
different segments of the buffalo oviduct are needed.

In conclusion, the present morphometric studies of the buffalo oviduct revealed a
marked change in cellular differences related to the main functions of regional variations
throughout the phases of estrous cycle. However, the physiological make-up of buffalo
oviductal epithelial cells in the reproductive process needs to be further investigated,
especially the localization of female steroid receptors and the presence of glycoproteins and
glycosaminoglycans.
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Table 1. PAS staining in the epithelial cells of the infundibulum (INF), ampulla (AMP),
isthmus (IST) and uterotubal junction (UTJ) at the follicular and luteal phases (+; weak, + +;
moderate, + + +; intense)

Estrous Phases INF AMP IST uTJ
Follicular +++ +/++ +++ +++
Luteal + + ++ + ++ +

Fig. 1. Light microscopic photographs of the buffalo oviduct in cross-section stained by PAS
showing the infundibulum (a, b), ampulla (c, d), isthmus (e, f), and uterotubal junction (UTJ)
(g, h) at the follicular phase (a, c, e, g) and the luteal phase (b, d, f, h). The apical
compartment and surface of non-ciliated secretory cells in the isthmus (e) and UTJ (g) at the
follicular phase react with the PAS staining (arrowheads). Notice the lymphocyte-like cells
(arrows) are located at the basal compartment of the epithelium. Bars = 20 um.
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Fig. 3. Distribution of intraepithelial immune cells (number of cells/25 small squares) in
different segments of the buffalo oviduct. Values are presented as means + SEM. Bars within
the same stage of estrous cycle marked by different letters are significantly different
(P<0.05). (INF, infundibulum; AMP, ampulla; IST, isthmus; UTJ, uterotubal junction)
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The purpose of this study was to investigate the morphological changes in the epithelium of
Thai swamp buffalo oviducts at the follicular and luteal phases by histological technique and
scanning electron microscopy (SEM). The samples from the infundibulum, ampulla, isthmus
and uterotubal junction (UTJ) of the oviduct were taken immediately after slaughter at the
local abattoir. Noticeable cyclic changes were observed on the epithelial surface of the
infundibulum and ampulla, but few changes were present in the isthmus and UTJ. At the
follicular phase, the epithelium of infundibulum and ampulla were densely covered with
ciliated cells whose cilia concealed the apical processes of the secretory cells. In contrast, the
secretory cells dominated in the epithelium at the luteal phase and most of the ciliated cells
were hidden by the bulbous processes of these cells. In the isthmus and UT]J at the follicular
and luteal phases, the secretory cells were almost flat or gently rounded and covered with
numerous microvilli at their apical surface. In conclusion, the histological and ultrastructural
observation of Thai swamp oviduct epithelium revealed marked cyclic changes in the
cellular differences associated with the main functions of segmental variations.

*Corresponding author: Tel.: +66(0)22189658; Fax.: +66(0)22189657
E-mail address: Paisan.T@chula.ac.th

Introduction

Because reproduction is a critical factor in maintaining and improving the efficacy of
animal reproduction, better understanding of the cellular differences and functions that occur
in the female reproductive tract in domestic animals is of primary importance. The oviducts
play an important role before fertilization, transporting the oocyte from the ovulated follicle
in the ovary through the infundibulum and ampulla to the site of fertilization (Ellington
1991). The caudal isthmus and uterotubal junction (UTJ) of the bovine oviduct are involved
in events such as sperm transport, storage and capacitation that require preservation of the
motility, viability and fertilizing ability of spermatozoa (Pollard et al. 1991; Lefebvre et al.
1995). The oviductal epithelium consists of two morphologically distinct types of cell,
ciliated and secretory or non-ciliated cell (Abe and Oikawa 1993). The ciliated cells are
implicated in the transportation of oocytes into the oviduct (Odor and Blandau 1973), while
the secretory cells synthesize secretory products composed of nutrients, specific compound
proteins and glycoproteins into the lumen to form oviductal fluid (Suarez et al. 1997; Leese
et al. 2001) which is essential for the reproductive process. In ruminants, the pattern of
oviductal secretion and ciliary activity also coincides with changes of the estrous cycle (Abe
and Oikawa 1993; Abe et al. 1993, 1999).

Detailed morphological observations of the oviductal epithelium have been reported in
ruminants, for instance goats (Abe et al. 1993), ewes (Hollis et al. 1984) and cows (Nayak
and Ellington 1977; Abe and Oikawa 1993) but not in buffalo. To better understand the
structure and physiology of the buffalo oviduct, more information is needed regarding the
differences between the segments associated with the stages of estrous cycle. Therefore, the
objective of the present study was to examine the histological and ultrastructural changes of
the mucosal epithelium (infundibulum, ampulla, isthmus and UTJ) and the immune cell
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infiltration of Thai swamp buffalo oviduct with reference to the follicular and luteal phases
of the estrous cycle.

Materials and Methods

Animals and tissue collection

The sexually mature female buffaloes (n = 28) at various ages (2-8 years) were slaughtered
at the local abattoir and the genital tracts were immediately collected and kept in a cool
container (~4°C) for 30-45 min until analysis in a laboratory. The reproductive organs were
examined for normality and the ovarian statuses of the estrous cycle (the follicular and luteal
phases) were determined as described by Ali et al. (2003). The samples from four different
segments, i.e. the infundibulum, ampulla, isthmus and UTJ were fixed in 2.5%
glutaraldehyde in phosphate-buffered saline (PBS; pH 7.4) at 4°C for 24 h for SEM. and in
10% buffered formalin for PAS staining.

Scanning electron microscopy

After fixing, the tissues were rinsed in distilled water, post-fixed for 1 h in 1% osmium
tetroxide (Merk, Darmstadt, Germany) in PBS (pH 7.4) and washed again. Fixation and
washing were carried out at 4°C and the specimens were dehydrated in graded ethanol (30-
100%) and substituted with acetone. Tissue samples were then subjected to critical point
drying using liquid CO, substitution. Dehydrated samples were mounted on stubs, coated
with gold-palladium in a sputter coater, and examined using a JEOL 5800 LV (JEOL,
Tokyo, Japan) SEM at an accelerating voltage of 15 kV.

Results

General histological investigation

The morphology of the epithelial mucosa in four different segments of the buffalo oviduct at
the follicular and luteal phases of the estrous cycle is shown in Figure 1. Two distinct cell
types, ciliated and secretory cells were distinguished by light microscopy in the sections
stained with PAS. In the follicular phase, ciliated cells were predominating in the
infundibulum (Fig. 1a) and ampulla (Fig. Ic). In the luteal phase, the secretory cells were
predominated in the infundibulum (Fig. 1b) and ampulla (Fig. 1d) and the features of these
cells were shown various degrees of cytoplasmic protrusion. No difference in the
morphology of the isthmic and UTJ epithelial cells was observed between the follicular (Fig.
le,g) and luteal phases (Fig. 1f,h).

Scanning electron microscopy

Infundibulum

Under the scanning electron microscope, the epithelium of the infundibulum in the follicular
phase samples appeared to be densely ciliated (Fig. 2a). The cilia of ciliated cells usually
extended beyond the apical parts of the secretory cells which were partially concealed by the
surrounding cilia and they were increased in the crypts within basal areas between folds. The
secretory cells were rounded and numerous stubby microvilli protruded from the apical
surface (Fig. 2b). The cilia were fairly uniform in length and quite evenly distributed. In the
luteal phase samples, the secretory cells became extended as the bulbous processes
predominated throughout all areas of the epithelial surface (Fig. 2b). The majority of the
bulbous processes was elliptical in shape and varied in sizes. The microvilli on the surface of
secretory cells were short and some lacking was often observed. Some of apical protrusions
were long and tenuously attached to the underlying cells. The population of ciliated cells
dramatically decreased compared to the follicular phase and exhibited to be hidden by the
bulbous processes of secretory cells.
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Ampulla

The epithelium of the ampulla in both the follicular and luteal phase oviducts was similar in
appearance to that described in the infundibulum. At the follicular phase, the epithelium
showed extensive ciliation, where the ciliated cells were evenly distributed on the epithelial
surface (Fig. 3a). The secretory cells appeared gently rounded on their apical surfaces and
were covered with microvilli. At the luteal phase, the cilia were concealed by the numbers of
bulbous protrusions of secretory cells (Fig. 3b). Most of the processes were elliptical in
shape, uniform in size and lacked microvilli on the apical surface.

Isthmus

The epithelium of buffalo isthmus demonstrated little change in the degree of ciliation and
cellular dedifferentiation along the tube between the follicular (Fig. 4a) and luteal (Fig. 4b)
phases. The ciliated cells of both estrous stages were irregularly distributed on the epithelium
and their cilia had a variety of lengths and orientations. The apical surfaces of the secretory
cells, however, were gently rounded in follicular samples and were almost flat in luteal
samples. The short microvilli on the surface of secretory cells were noticeably increased in
number compared to the secretory cells of the infundibulum and ampulla. In addition, groups
of secretory droplets were observed on the follicular epithelial surface.

Utero-tubal junction (UTJ)

The UTJ showed little difference in ultrastructural features between the follicular (Fig. 5a)
and luteal (Fig. 5b) as described in the isthmic epithelium. The ciliated cells were evenly
distributed on the epithelium and the cilia were projected with random orientations into the
lumen. The apical surfaces of the secretory cells were gently rounded in the follicular phase
and almost flat in the luteal phase. Note the dense copious microvilli protruding from the
apical surfaces of the secretory cells. The secretory droplets were also presented on the UTJ
epithelium during follicular phase.

Discussion

The general histological changes in four different segments of buffalo oviducts during
both the follicular and luteal phases in this study were similar to the previous observations in
the bovine oviduct (Suarez et al. 1997; Bergqvist et al., 2005a, b). The secretory cells of the
infundibulum and ampulla in the present study were changed by extending beyond the
ciliated cells as the bulbous protrusions in the luteal phase and the change was obviously
confirmed by SEM micrographs, while this phenomenon was not found in the UTJ and
isthmus. Murray (1995) and Hollis et al. (1984) investigated the ewe oviduct suggesting that
shedding of extruded secretory cells into the oviductal lumen during the luteal phase was a
process of cell death. Moreover, the secretory cell in goats’ ampullar epithelium showed
entire atrophy and apoptosis-like fragments were observed in the late luteal phase (Morita et
al. 1995). Taken together, the apoptosis in the oviductal epithelium of cats has been
exhibited to be hormonally regulated, induced by a rise of progesterone coupled with a
decline in serum estradiol (Bareither and Verhage 1981). These findings indicate that the
cytoplasmic protrusions might be a part of the process in which dead epithelial cells are
eliminated. However, it is very difficult to observe all details in the changes of secretory
cells by SEM and also the macrophage is not recognized in buffalo oviduct by routine
histological technique. Thus, more transmission electron microscopy (TEM) along with
some specific staining for differentiating macrophages and apoptosis might be tried in the
future. Importantly, the presence of microvilli on the apical surface of secretory cells found
in the infundibular and ampulla epithelium during luteal phase by SEM showed more
numerous than those of secretory cells in cow (Abe and Oikawa, 1993). These differences
might be involved in the regulation in the production and absorption system during oocyte
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transport or oocyte maturation in these regions. Indeed, the TEM and specific molecular
biological techniques were needed to investigate the structures of buffalo oviductal cells.

The SEM micrographs in this study emphasize the cyclic changes of buffalo oviductal
epithelium and reveal the structural characteristics of ciliated and secretory cells. The related
observations have been described in other ruminants such as sheep (Hollis et al. 1984), goat
(Abe et al. 1993) and cow (Abe and Oikawa 1993). In the infundibulum, the cilia are
considered to be primarily responsible for the pickup, transportation of ovulated oocytes, the
movement of ovulated follicle and tubal fluid, and the cilia of the ampulla have almost the
same function. An intensively ciliated epithelium at ovulation is important and the cyclic
changes noticeably affect the functions of the cilia in the infundibulum and ampulla of the
buffalo oviduct. Most previous studies indicate that the ciliogenesis of ciliated cells is related
to estrogen influence (Brenner 1969; Nayak et al. 1976). The numbers of cilia on the surface
of the buffalo oviductal epithelium increase at the follicular phase and decrease at the luteal
phase in these regions corresponding to the study in cows (Abe and Oikawa 1993). Large
numbers of cilia in the oviduct are formed during the follicular phase by the pattern of cilia
formation appearing as daisy-like structures (Dirksen 1974) and extensive atrophy and
deciliation take place during the luteal phase (Brenner 1969). Moreover, Reeder and Shirley
(1999) suggested that the ciliated cells in the ampulla deciliate rapidly by shedding their cilia
in the lumen of the oviduct. Taken together with these finding and the SEM results in this
study, the patterns of ciliogenesis or deciliation were not illustrated in the buffalo oviduct
throughout the cycle. Thus, it remains to be determined clearly whether the ciliated cells are
actually lost from the epithelium of buffalo oviduct and transmission electron microscopy
(TEM) need be done in the near future.

In the UTJ and isthmus, the results showed little change in ciliation or deciliation
between the follicular and luteal phases. Although the exact function of the ciliated cells in
these segments has not been clarified, Hunter et al. (1991) observed that sperm usually bind
to the epithelial cell of cow isthmus, mainly ciliated cells, and specific interactions between
the cilia and the sperm flagella may regulate the progression of capacitated spermatozoa. In
addition, the UTJ and isthmus of the bovine oviduct also serves as a functional sperm
reservoir (Lefebvre et al. 1995) which is the maintenance of sperm fertilizing ability,
regulation of sperm capacitation and the control of sperm release towards ampulla (Pollard et
al. 1991; Suarez 2002). These regulations of sperm preservation and capacitation are
precisely dependent on several factors, e.g. the component of oviductal fluid which is
produced by secretory cells and transudation from subepithelial layer of connective tissue
(Leese et al., 2001), and perhaps the variety receptors or molecular adhesions present on the
ciliated cells. Therefore, the functions of ciliated cells in the UTJ and isthmus need to be
discovered. Considering the secretory cells, they were covered with numerous short
microvilli and predominated in the oviductal epithelium during the luteal phase. It is known
that the secretory cells of domestic animal oviducts secrete a variety of essential substances
for the reproductive process (Leese et al. 2001). Recently, the presence of hyaluronan,
syndecans and sulphated glycosaminoglycans in bovine oviductal epithelium and
intraluminal fluid, especially in the sperm reservoir, has been studied by Bergqvist et al.
(2005b) and Bergqvist and Rodriguez-Martinez (2006) suggesting the specific activities of
secretory cells in the UTJ and caudal isthmus to support the viability and fertilizing capacity
of spermatozoa during their storage at pre-ovulation period. Considering the appearance of
microvilli in the UTJ and isthmus, the main function of microvilli is normally absorption,
which is involved in the retention of oviductal fluid throughout the cycle (Hunter 1988).
Therefore, it is possible that microvilli in these regions regulate the fluid in a suitable
quantity to maintain the ability of spermatozoa and fertilized oocytes. The less number and
instinct of microvilli on secretory cells in the bovine oviduct might influence the tubal
micro-environment by the insufficiency of tubal absorption which is usually found in the
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repeat-breeder heifers (Bage et al. 2002). These observations reflect the functional
differences of secretory cells in the events of oviductal segments. However, the information
in the secretory cells including covered microvilli of the oviduct needs further investigation.

In conclusion, the present histological and ultrastructural studies of the buffalo oviduct
revealed a marked change in cellular differences related to the main functions of regional
variations throughout the phases of estrous cycle. However, the physiological make-up of
buffalo oviductal epithelial cells in the reproductive process needs to be further investigated,
especially the localization of female steroid receptors and the presence of glycoproteins or
glycosaminoglycans.
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Fig. 1. Light microscopic photographs of the buffalo oviduct in cross-section stained by PAS
showing the infundibulum (a, b), ampulla (c, d), isthmus (e, f), and UTJ (g, h) at the
follicular phase (a, c, e, g) and the luteal phase (b, d, f, h). The apical compartment and
surface of secretory cells in the isthmus (e) and UTJ (g) at the follicular phase react with the
PAS staining (asterisks). The cytoplasmic protrusions with some extruded nuclei (arrows)
were obviously noticed in infundibulum (b) and ampulla (d) at the luteal phase whereas both
segments at the follicular phase were present in secretory droplets (arrowheads). Notice the
lymphocyte-like cells (white arrows) are located at the basal compartment of the epithelium.
Bars 20 pm.
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follicular (a) and luteal (b) phases. Notice some bulbous process of secretory cells extended
beyond the most of the apical part of secretory cells but tenuously attached to the underlying
cell (arrow). Sc; secretory cell, Ci; ciliated cell. Bars 10 um.
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Fig. 3. SEM micrographs from the ampullar epithelium of Thai swamp buffalo at follicular
(a) and luteal (b) phases. Notice some bulbous process of secretory cells extended beyond
the most of the apical part of secretory cells (arrow) and the presence of microvilli on the
apical surface of secretory cells. Sc; secretory cell, Ci; ciliated cell. Bars 10 um.
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Fig. 4. SEM micrographs from the isthmic epithelium of Thai swamp buffalo at follicular (a)
and luteal (b) phases. Sc; secretory cell, Ci; ciliated cell. Bars 10 pm.
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Fig. 5. SEM micrographs from the UTJ epithelium of Thai swamp buffalo at follicular (a)
and luteal (b) phases. Sc; secretory cell, Ci; ciliated cell. Bars 10 pm.
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Introduction

Swamp buffaloes play a prominent role in rural livestock production, particularly in
Thailand, and factors affecting productivity are important to agricultural economics in this
region (1). Reproductive efficiency is the primary factor influencing productivity and is
hampered in female buffalo by delayed maturation, silent estrus, low conception rates and
prolonged intercalving intervals (2). Improvement of reproductive efficiency in female Thai
swamp buffaloes requires a better understanding of their reproductive physiology under
steroid hormonal control, especially in the oviduct, during estrous cycle. Several critical
events have to take place under optimal conditions in the cattle oviduct before the final
establishment of pregnancy in the uterus (3). Gamete transport, sperm capacitation, oocyte
maturation, fertilization and early embryo development occur in direct contact with the
lining epithelium and its secretions, mainly regulated by female steroid hormones, i.e.
estrogen and progesterone (4, 5). Both hormone actions are mediated through intracellular
receptors that are members of the nuclear receptor family, namely estrogen receptor (ER)
and progesterone receptor (PR) (6, 7). ER and PR are expressed in the ruminant oviduct and
the complexity of physiological effects on gametes and early embryos can be explained by
segmental differences in the regulation of steroid hormone receptor expression (8, 9, 10, 11).
To our knowledge no comprehensive investigation is published on the localization of steroid
receptors in the buffalo oviduct. Therefore, the aim of the present study was to investigate
the epithelial localization of ER and PR in different parts of oviducts collected from Thai
swamp buffalo during follicular and luteal phase of estrous cycle.

Materials and Methods

Animals and tissue collection: The sexually mature female swamp buffaloes (n=20) at
various ages (2—8 years) were slaughtered at the local abattoir. The genital tracts were
immediately collected and kept in the container at ~4°C for 30 min until analyzing. The
reproductive organs were examined for normality and the ovarian features of estrous cycle
(follicular and luteal phase) were determined as described by Ali et al. (12). Buffalo oviducts
were cut into four parts composed of infundibulum, ampulla, isthmus and uterotubal junction
(UTJ), fixed in 10% neutral buffer formalin. The samples were embedded in paraffin blocks,
cut in 5 pum thick sections and placed on Superfrost Plus glass slides (Menzel-Glaser,
Freiburg, Germany).

Immunohistochemistry: The sections were deparaffinized in xylene and rehydrated in graded
alcohol. The immunohistochemical protocol was modified after Bage et al. (8). Briefly,
antigen retrieval technique was performed in order to enhance the reaction between antigen
and antibody by boiling the sections in 0.01 M sodium citrate buffer (pH 6.0), 2x5 min, in a
microwave oven at 750 W. A standard avidin-biotin immunoperoxidase technique was
applied to detect the ER and PR proteins. The primary antibodies used were a monoclonal
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mouse anti-human antibody (C-311) for detection of ERa (Santa Cruz Technology Inc.,
Santa Cruz, CA, USA) at a dilution of 1:50 for 1 h at room temperature and a monoclonal
mouse anti-chicken PRB antibody (MAI-411, Affinity Bioreagents, Inc., Golden, CO, USA)
for detection of PRB at a dilution of 1:250 at 4°C overnight. Negative controls were obtained
by replacing the primary antibody with mouse IgG on an equivalent concentration. Normal
bovine uterus known to express ER and PR was served as positive controls. After primary
antibody binding, the sections were washed in PBS and incubated with secondary antibody.
The site of bound enzyme was visualized by the application of 3,3’-diaminobenzidine in
hydrogen peroxide (DAB kit; Vector Laboratories). Stained sections were observed using a
light microscope (BX50, Olympus, Tokyo, Japan). The intensity of nuclear staining for the
primary antibodies in the epithelium was blindly analyzed by the same person, according to
the following staining score criteria: weak, 1; moderate, 2 and strong, 3. Since not all cells
stained positively in the surface epithelium, the proportions were also estimated into four
different levels (marked 1-4): low proportion (<30% of positive cells, 1); moderate
proportion (30—60% of positive cells, 2); high proportion (>60-90% of positive cells, 3) and
almost all cells positive (more than 90%, 4).

Statistical analyses: Data were handled and analyzed using SAS software (Statistics version
9.1 Cary, NC. USA). Descriptive statistics including the means and the standard deviations
(SD) of all parameters were calculated. The score of intensities and proportions were
compared between segments and phases using NPARIWAY procedure of SAS (Wilcoxon
rank sum test). Differences with P<0.05 were regarded as statistically significant.

Results

Thai swamp buffalo oviduct were classified by the ovarian status into follicular phase
(n=12) and luteal phase (n=8). Both immunoreactive ERa. and PRB were present in the
nuclei of the epithelial cells in all parts of Thai swamp buffalo oviduct and the staining was
very clear in the lining epithelium of oviduct at the follicular phase as depicted in Fig. 1 (a,
¢, ) and Fig. 2 (a, c¢). The differences in the ERa and PRB intensity and proportion were
shown in Table 1 and 2. The intensities and proportion of both receptors were significantly
higher in UTJ and isthmus at the follicular phase compared with the luteal phase (P<0.05)
while the significantly differences in ampulla and infundibulum at both phases were not
observed (P>0.05).

Discussions

To our knowledge the present study is the first to access the presence of ERa and PR in the
lining epithelium of Thai swamp buffalo oviduct during the follicular and luteal phase. The
results indicate that the oviductal ERa and PR in Thai swamp buffalo oviduct vary
according to the phase of ovarian activity and the regional function of the oviduct. The
intensity and proportion of ERa and PR staining was very intense in UTJ and isthmus of
swamp buffalo oviduct during follicular phase and less intense during luteal phase
corresponding to the earlier reports in heifers and cows (8, 11). The present data were also
correlated to the previous report indicating that estrogen stimulated the expression of ERa
and PR mRNA, whereas progesterone stimulation resulted in a reduction of both ERa and
PR transcripts in the bovine oviduct (9). It is speculated that the presence of ERa and PR
during the estrogen-dominated follicular phase might account for specific composition
changes of the oviductal fluid, particularly in the sperm reservoir, i.e. UTJ and caudal
isthmus of the ruminant (13). In summary, the results of this study demonstrated that ERa
and PRB localization are greater in UTJ and isthmus during follicular phase that the other
regions during luteal phase in Thai swamp buffalo oviduct. Additionally, this study support
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the hypothesis that the swamp buffalo oviduct is considered to be under the regulation of
female steroid receptors.
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XN R

Table 1 Immunohistochemical staining of ERa presented as manual scoring (intensity and
proportion) in surface epithelium of buffalo oviduct

Estrous phases UTJ IST AMP INF
Follicular 26274 25274 22264 22%2.74
Luteal 1.5%1.48 1.8%2.14 1.9%2.04 1.9%2.24

The different superscript letters between rows are significantly different (P<0.05).

Table 2 Immunohistochemical staining of PRB presented as manual scoring (intensity and
proportion) in surface epithelium of buffalo oviduct

Estrous phases uTJ IST AMP INF
Follicular 2.7Y3.54 25324 1.6%1.8% 1.541.74
Luteal 1.5%1.58 1.4°%1.58 1.1¥1.34 1.1%41.14

The different superscript letters between rows are significantly different (P<0.05).
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Figure 1: Immunohistochemical localization of ERa in the swamp buffalo oviduct during
follicular (a, c, e) and luteal (b, d, f) phase. (a, b), UTJ; (c,d), isthmus, (e, f), ampulla; (g)
positive control; (h), negative control.
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Figure 2: Immunohistochemical localization of PRB in the swamp buffalo oviduct during
follicular (a, ¢) and luteal (b, d) phase. (a, b), UTJ; (c,d), isthmus.
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