






154

reactive secretory protrusions towards the lumen along 
with the nucleus (Fig. 3-E). In the samples of the estral 
phase, OVGP-1 immunoreactivity distribution was similar 
to those the luteal phase (Fig. 4-A,B,C,D,E); however, 
there was a limited immunoreactivity in a very short region 
of the isthmus, neighboring to the ampulla (Fig. 4-F). The 
intensity of immunoreactivity by regions and periods of 
the sexual cycle is given in Table 1.

dIscussIon

Oviduct is a dynamic organ and infl uenced by the sexual 
cycle. It undergoes through some physiological and 
biochemical changes while creating an optimal micro-

environment required for the early phase of the embryo 
cleavage, fertilization and ovulation. These changes are 
hormonally controlled by ovarian steroids, especially 
estrogen [26] as the oviduct expresses hormone receptors 
that were also up/down regulated during the sexual cycle [27]

Oviduct epithelial cells and oviduct fl uid originating from 
blood plasma contains various proteins and enzymes. 
These are of great importance for the maturation of 
gametes, fertilization and embryo development in the 
oviduct [24]. Cattle embryos are in close contact with 
the oviduct fl uid in the first 4-5 days of pregnancy [28]. It 
has been reported that the eff ects of oviduct fl uid on
gamete functions and embryo development vary according 
to the cycle phase and region of the oviduct [10]. Boice et 
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Fig 3. OVGP1 immunoreactivity in the fimbria, ampulla and isthmus regions of the bovine oviduct at the luteal 
phase. A) In the fimbria, immunoreactivity (arrow) was present in the epithelial lining, B) Ciliated cells are 
immunonegative (a) while secretory cells are immune positive (b). Nuclear extrusion (arrowheads) can also 
be seen. C) Immunoreactivity (arrows) is also present in the ampulla in a similar manner, D) In the ampulla 
at the late luteal phase, the immunoreactivity (arrowheads) is localized in the apical sites of the secretory 
cells, characterized by numerous nucleus extrusions (arrows), E) Immunoreactive secretory cells (arrows) can 
be seen, F) Immunoreactivity was usually absent in the epithelial lining (arrows) of the isthmus; however, it can 
rarely be seen in a very limited number of cells. Immunoperoxidase staining and hematoxylin counterstain
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al.[29] reported that a group of oviduct-specific glyco-
proteins including OVGP1 synthesized from bovine oviduct 
epithelium are present in the oviduct fl uid, especially during 
fertilization. They also reported that these glycoproteins 
are oviduct specific, not present in other reproductive 
organs [29]. OVGP1 is reported to be intensely secreted 
from secretory cells in cattle, especially during the phase 
of estrogen predominance [30] and supports fertilization 
and embryonic development [9]. It has also been suggested 
that OVGP1 prevents polyspermia by preserving the zona 
pellucida stability [31]. In support to previous studies, the 
present study also found the OVGP1 immunoreactivity in 
bovine oviduct epithelial cells, specifically in the secretory 
cells. Therefore, the present study strongly supports the 

OVGP1 involvement in various physiological processes 
in the oviduct during the sexual cycle. The sexual cycle 
is a continuous and repeating dynamic process, and 
the oviduct is one of the organ sites infl uenced by the 
cycle [10]. Likewise, expression of secreted molecules by 
the oviduct cells can be infl uenced as a consequence of 
hormonal changes [32]. Abe et al.[33] reported that oviduct-
specific glycoproteins expressions were concentrated in 
the follicular phase, but the expressions were weaker in 
the luteal phase. The present study also found that OVGP1 
immunoreactivity exhibited some regional and periodical 
variation. The OVGP1 immunoreactivity was intense 
especially in samples of the estral phase, especially in the 
fimbria and ampulla, and it was weaker in samples of the 
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Fig 4. OVGP1 immunoreactivity in fimbria, ampulla and isthmus regions at the estral phase. A) Immuno-
reactivity is present in epithelial lining of the fimbria, B) Immunoreactivity can be seen not only in the 
apical region (arrows) but also in the basal region (arrowheads), C-D) Similarly, immunoreactivity is seen in 
secretory cells (arrow) of the epithelial layer of the ampulla, filling the whole cytoplasm (arrowheads), E) In 
addition, the apical (arrows) and basal sites (arrowheads) of the secretory cells of the ampulla had intense 
immunoreactivity, F) In the isthmus, immunoreactivity (arrows) is very limited to the regions adjacent to the 
ampulla. Immunoperosidase staining, hematoxylin counterstaining
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luteal phase. There was also some difference in the mode 
of expression. The immunoreactivity was seen throughout 
the cytoplasm of the secretory cells in samples of the 
estral phase while it was generally limited to the apical 
site of the same cells in the samples of the luteal phase. 
Furthermore, there were immunoreactive protrusions at 
the luteal phase, suggesting secretory cells are emptying 
OVGP1 along with nucleus and other substances. The Abe 
et al.[33] study also found a regional variation for OVGP1 
immunoreactivity such that the immunoreactivity was 
intense in the fimbria and ampulla of the estral phases, but 
weaker in the isthmus of both phases. The present study 
found also found some regional difference by means 
OVGP1 immunoreactivity, similar to Abe et al.[33] study 
with some differences such that the immunoreactivity was 
absent in the isthmus of the luteal phase, but present at 
the estral phase, especially in the isthmus sites near the 
ampulla. Thus, not only the Abe et al.[33] study but also 
the present study present suggest that synthesis of OVGP1 
by secretory cells changes regionally and periodically. 
In particular, the OVGP1 immunoreactivity is intense in 
samples of the estral phase, during which estrogen is the 
dominant sexual hormone. Thus, further studies should 
focus on how sexual hormones affect gene expression, 
proteome and secretion in the oviduct epithelium by 
managing a series of changes through genomic or non-
genomic means. As a general concept, not specifically for 
OVGP1, such a notion has been previously argued by Coy 
et al.[34] for the oviduct epithelial cells. 

In vitro methods of fertilization and embryo production 
provide a very favorable experimental environment for 
investigation of biological effects of oviduct secretions 
on gametes, fertilization and embryo development [10]. In 
particular, the oviduct and uterine epithelial cell cultures 
have gained importance in terms of evaluating the 
paracrine effects [35]. Short-term BOEC culture systems are 
instruments for studies examining embryo-mother inter-
action by mimicking the in vivo oviduct environment [36]. 
Co-culture of embryo with BOEC is a method to support 
the development of bovine embryos derived from IVM/ 
IVF procedures. In this concept, BOEC have been reported 
to stimulate embryos to produce IFNT, which is in turn 
influence immune cells to promote an anti-inflammatory 
response in the oviduct [37]. In this respect, BOEC creates 

a favorable environment for embryonic development [38]. 
In the present study, the presence of OVGP1 expression 
in some BOEC cells suggests that OVGP1 may contribute 
to the adaptation of BOEC to in vitro environments or  
cell survival. 

The OVGP1 expression in the oviduct is influenced by 
hormonal changes. Progesterone addition suppresses the 
OVGP1 transcription in BOEC [5]. Expression of oviductin 
increases in human mucosal cells in response to estrogen 
in vitro [39]. In the present study, cytoplasmic expression of 
OVGP1 in secretory cells is more prominent and present 
throughout cytoplasm in samples of the estral phase. 
OVGP1 immunoreactivity in the luteal phase was limited to 
the apical site of the secretory cells. Furthermore, secretory 
cells seemed to empty OVGP1 probably along with 
other others. Thus, our study also suggests that OVGP1 
expression is the highest in estrogen predominance. 

In BOEC culture, cytokeratin expression is generally 
evaluated for fibroblast contamination and BOEC purity 
or ratio [24]. Similarly, we evaluated cytokeratin immuno-
expression in the present study which resulted in intensive 
positive immune reaction in BOEC cultures of both phases. 
The appearance of cytokeratin expression without any 
addition of hormones is consisted with the findings of 
Comer et al.[40].

It has been proposed that exosomes and microvesicles 
found in the oviduct fluid may module the relationship 
between embryo and mother [41]. The researchers claimed 
that exosomes were the key components of the oviduct 
secretion in vitro and in vivo. The exosomes contained 
OVGP1 in vivo. In the present study, secretory cells 
expressed strong immunoreactivity at the apical site 
especially at the estral period. Thus, a further study may 
focus on presence of OVGP1 exosomes and their extrusions 
from the cells.    

As a result, OVGP1 is expressed in secretory cells of the 
bovine oviduct. It varies by regions and phases of the 
sexual cycle. Changes in OVGP1 expression during the 
sexual cycle suggestively indicates a hormonal influence. 
Regional difference in OVGP1 expression is most likely 
related to the physiological events that occur in different 
regions of the oviduct. BOEC isolated from the oviduct 
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Table 1. Intensity distribution of OVGP-1 immunoreactivity in the oviduct by regions and phases of the sexual cycle

Oviduct Region

The Phase of the Sexual Cycle

Luteal Oestral

Ciliated Cell Secretory  Cell Ciliated Cell Secretory  Cell

Fimbria - + - ++

Ampulla - + - +++

İsthmus - - - -

Semiquantitative scoring of immunostaining intensity; - negative, +  weak, ++ moderate, +++ strong
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of estral and luteal phases also expresses OVGP1. Further 
studies should focus on a possible involvement of OVGP1 
in BOEC adaption to very tedious condition like cell 
culture. 
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