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Abstract

In the porcine reproductive tract, the oviduct is the vital organ for fertilization and early embryonic

development. Repeat breeder (RB) gilts have previously shown the abnormal histological changes and deviant

hormonal levels throughout estrous cycle. The aim of present study was to examine the oviduct epithelium of gilts

culled due to RB (n = 9) in comparison to normal sows (controls, n = 6) by scanning electron microscope (SEM).

The reproductive organs were collected after sending the RB gilts to local abattoir and their ovaries were kept to

classify the estrous cycle. The ultrastructural details of control oviduct epithelium composed of ampulla, isthmus

and uterotubal junction (UTJ) at follicular (n = 3) and luteal (n = 3) phases were similar to earlier studies.

The surface of lining epithelium differed in appearance between controls and RB gilts. In all segments of gilt

oviducts, the cilia were fused together with mucous-like substance and disarrangement; microvilli were sparse

and almost disappeared. The epithelial surface was obviously covered with mucous-like debris and inflammatory

cells. In the ampulla, the secretory cells were smaller and less cytoplasmic protrusions including sloughing of

epithelial cells. The findings indicate that the abnormal ultrastructure presented in the RB gilts affected the

oviductal environment and function resulting in failure of gamete transports, fertilization and early embryonic

development.
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Introduction
The series of critical reproductive events have to

occur under the specific conditions in the oviduct before

the final establishment of pregnancy in the uterus (Buhi

et al., 1997). The gamete transport, sperm capacitation,

final oocyte maturation, fertilization and early embryonic

development are taking place in the direct contact with

the mucosal epithelium and its secretions of the oviduct

(Hunter, 1988; Rodriguez-Martinez et al., 2001). The

details of scanning electron microscopy (SEM) in the

porcine oviductal epithelium during follicular and luteal

phases have been observed for decades (Stalheim et al.,

1975; Wu et al., 1976; Abe and Oikawa, 1992) to explain

the changes of morphological features for the functions

in the reproductive processes. The interactions of ciliated

and secretory cells in the oviduct with gametes both in vitro

and in vivo obviously support the normal growth of early

embryos and the maintenance of sperm functions (Abe,

1996). These previous studies demonstrated that there are

regional variations in the morphological changes and

biological functions of the epithelial cells in oviduct

portion that regulated by the ovarian steroid hormones.

Thus, the complexity of physiological effects or the

impaired functions on the spermatozoa, oocytes and

embryos could be described by morphological changes

in segmental differences of the oviduct associated to the

estrous cycle.
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In the swine industry, gilt fertility influences herd

performance because they are the largest farrowing group

and about 50% of the sow herd is replaced by gilts each

year (D’Allaire and Drolet, 1999). Reproductive failures

are the major reason for culling sows and gilts in

commercial swine herds, and the most frequent of these

is repeat breeding (RB) problem (D’Allaire et al., 1987;

Dijkhuizen et al., 1989). Any disturbance along the

pathway of reproductive events, for instance, the impaired

tubal motility, reduction in the beat frequency of cilia and

disorder in absorption due to the scarce of microvilli may

modify conditions of normality and implied a risk for

pregnancy, giving rise the case of RB (Pope et al., 1990;

Kauffold et al., 2006) and the deviating ultrastructure

of the lining epithelium was found in the RB heifer

oviducts (Bage et al., 2002). The multiple disturbances of

histological changes in the oviduct and hormonal levels

have recently been reported in RB gilts (Tienthai et al.,

2006). These observations suggested that the gametes

and early embryonic development occurred under

undesirable conditions in the oviduct and it proposed

that the tubal functions should also be affected. To our

knowledge, a comprehensive well-illustrated SEM study

is not available regarding the morphological changes in

the oviduct epithelium of RB gilts. The objective of the

present study was, therefore, to determine the SEM

ultrastructure of the oviductal epithelium collected from

RB gilts, compared with that of cyclic sows at the

follicular and luteal phases.

Materials and Methods

Animals and tissue collection

Nine cross-bred (Landrace x Yorkshire)

replacement gilts culled due to RB from five commercial

swine farms in the central region of Thailand were sent

to a local abattoir. After slaughter, the genital organs were

removed and transported to the laboratory within 4-6 h by

keeping in the ice box. The ovaries were macroscopically

observed the stage of estrous cycle as described by Knox

(2005). The oviducts were dissected from the fold of

broad ligament and 10-mm. sections were transversally

removed from UTJ, isthmus and ampulla parts. The

oviducts from healthy cyclic sows (parity 1-2) during

follicular (n =3) and luteal (n = 3) phases were used as

the control group.

Tissue preparation for SEM study

The pieces of tissue samples were open

longitudinally with tiny scissors and totally immersed

in 2.5% (v/v) glutaraldehyde in 0.1 M phosphate buffer

saline (PBS, pH 7.4) at 4oC for 24 h. Afterwards, the

tissues were rinsed in distilled water, post-fixed for 1 h

in 1% osmium tetroxide (Merk, Darmstadt, Germany) in

0.1 M PBS and washed again. Fixation and washing were

carried out at 4oC 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
2
 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 the

accelerating voltage of 15 kV.

Results
Based on the ovarian macroscopic appearance,

six gilts presented luteal phase and three animals

demonstrated follicular phase. The lining epithelium of

the oviduct segments differed in feature between control

sows and RB gilts both at follicular and luteal phases

(Fig. 1 compares to Figs. 2, 3). The ultrastructure of sow

oviducts had the expected characteristics of a porcine

oviduct (Fig. 1), whereas the secretory and ciliated cells in

all oviductal segments of the RB gilts presented atypical

structure (Figs. 2, 3). At follicular phase, the epithelial

surface in the ampulla from cyclic sows revealed to be

abundantly ciliated with many bulbous processes of

secretory cells located among the cilia (Fig. 1a). The

cilia were thin, smooth, equitable uniform in length, quite

evenly distributed and did not adhere to each other.
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Figure 1 Scanning electron micrographs of the lining epithelium of the ampulla (a,b), isthmus (c,d) and UTJ (e,f)

of representative first parity sows (controls). Samples were removed at the follicular (a,c,e) and luteal (b,d,f) phases.

Sc, Secretory cells; Ci, ciliated cells. Note the bulbous and protruding of secretory cells on the entirely epithelial surface

of ampulla during luteal phase and found solitary cilia (arrow) on apical surface. Bars represent on figures a,b,c,e = 5 m

and represent on figures d,f = 10 m.
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Figure 2 Scanning electron micrographs of the lining epithelium of the ampulla (a,b), isthmus (c,d) and UTJ (e,f)

of repeat breeder gilts collected at the follicular phase. Sc, Secretory cells; Ci, ciliated cells; W, white blood cells. Note

the presence of mucous-like debris covering the epithelial cells (arrow) and shallow craters (stars) on the luminal surface.

The bars indicate the original magnifications. Bars = 5 m.
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Figure 3 Scanning electron micrographs of the lining epithelium of the ampulla (a,b), isthmus (c,d) and UTJ (e,f) of

repeat breeder gilts colleted at luteal phase. Sc, Secretory cells; Ci, ciliated cells; W, white blood cells. Note the presence

of the amorphous mucous-like debris covering the cilia and secretory cells (arrow) particularly in the ampulla (a) and the

damage between epithelial cells in isthmus (d) and UTJ (f). Bars = 5 m.
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The cilia usually extended above the apical surface of

secretory cells which they concealed to some extent. The

secretory cells appeared a variety in shape from completely

flat and covered with cilia to distinctly protruding. In

isthmus and UTJ, the ciliated and secretory cells were

equally distributed over the epithelium (Figs. 1c, e) and

the secretory cells appeared a bit bulge at their apical

surfaces and obviously covered with short microvilli. In

the gilt ampulla, the various shallow depressions, the

debris and inflammatory cells were found on the

epithelial surface (Figs. 2a, b). The cilia were coated

and attached together by mucous-like substance (Fig. 2b).

In the isthmus (Figs. 2c, d) and UTJ (Figs. 2 e, f), the cilia

were fused each other and declined on the lining surface,

whereas the microvilli seemed sparse and less distinct on

the apical surface of secretory cells compared with

controls. A cluster of leukocytes were also seen on the

epithelial surface, particularly in the UTJ.

At the luteal phase, the lining epithelium of sow

ampulla was entirely covered with the bulbous apical

processes of secretory cells (Fig. 1b). The cilia were

concealed by the processes of secretory cells. Stubby

microvilli extended from secretory cells and occasionally

solitary cilia were found on their apical surface (Fig. 1b).

The epithelium of isthmus and UTJ presented a few

changes in ciliation and resemble that in the follicular

phase (Figs. 1d, f compares to Figs. 1c, e).  The secretory

cells of the gilt ampulla became less distinctly bulbous

apical processes, lacking of microvilli, without solitary

cilia on the apical surface and the size of these cells were

smaller than controls (Figs 3a, b). The cilia showed

atypical orientation which fused with the epithelial

surface and the amorphous debris covered the epithelial

cells (Figs 3a, b). In the isthmus and UTJ of RB gilts, the

ultrastructure of the epithelium conspicuously presented

abnormal compared with controls. The cilia were

packed together and did not evenly distributed, whereas

the secretory cells were shown no microvilli and covered

with the mucous-like substance (Figs. 3c-3f). The heavily

damaged epithelium following with the inflammatory

cells infiltration and unidentified droplets were seen

(Figs. 3d, f)

Discussion
The purpose of the study was to use SEM to

investigate the morphology of the oviduct lining

epithelium of RB gilts in comparison to normal cyclic

sows during estrous cycle. The SEM photomicrographs

demonstrated the morphological changes of ciliated and

secretory epithelial cells found in RB gilt oviducts both

the follicular and luteal phases. The present investigations

and the previous studies about the histological defects

in RB gilt oviducts (Tienthai et al., 2006), suggesting that

one possible risk factor of the reproductive disturbances

is associated with the inadequate oviductal function and

this might lead to the cause of RB in gilts.

The knowledge about the complicated SEM

topography of mucosal epithelium, not only gamete

transport or embryonic growth was interacted but also

the secretion movement which is essential for creation of

regional microenvironments along the oviduct (Leese

et al., 2001). The general results of control sows in this

study are in agreement with those of earlier SEM studies

of the lining epithelium of the ampulla, isthmus and UTJ

of the normal cyclic pigs. The epithelial morphology of

porcine oviductal segments was characterized by two

types of cells, ciliated and non-ciliated but microvilli

covered so called secretory cells (Stalheim et al., 1975;

Wu et al., 1976; Abe and Oikawa, 1992). In general, the

porcine infundibulum and ampulla were heavily ciliated

during the follicular phase, but large numbers of cilia

were hidden during luteal phase. By contrast to the

ciliated cells of the infundibulum and ampulla, the ciliated

cells of the isthmus and UTJ demonstrated little changes

between follicular and luteal phases (Abe and Oikawa,

1992). The regular cycle of ciliogenesis and deciliation

by epithelial cells found in the infundibulum and ampulla

is depended on the female hormonal levels, i.e. the

ciliogenesis in the follicular phase occurs under the

influence of estrogen, whereas the appearance of
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progesterone inhibits this regulation and leads to

deciliation (Nayak et al., 1976; Verhage et al., 1979). In

the same time, this process showed a few changes in UTJ

and isthmus suggesting that there are cellular differences

associated with the hormonal responses occurred in

ciliated epithelial cells of the various pig oviduct segments.

Normally in mammals, the cilia in the

infundibulum and ampulla are considered to be primarily

responsible for transport newly oocytes and the presence

of a normally ciliated epithelium during follicular phase

and at ovulation is very important for reproductive

process (Odor and Blandau, 1973; Hunter, 1988). On the

contrary, the cilia of the isthmus and UTJ that showed

few changes during follicular phase have not been

clarified the exact function. However, there is evidence

that the caudal isthmus and UTJ is the site of sperm

reservoir (Hunter, 1988), where spermatozoa usually

bind to the cilia and maintain their viability, motility and

fertilizing capacity after detachment (Suarez et al., 1991).

The investigations of the sperm ultrastructure resided in

the sperm reservoir during estrus found that most of

spermatozoa apposed to cilia and some sperms attached to

the microvilli of epithelial cells (Mburu et al., 1997).

We also found that these spermatozoa were largely viable

during pre- and peri-ovulation as detected by flow

cytometry (Tienthai et al., 2004). Meanwhile, the function

of microvilli covered on secretory cells is absorption

and the secretions from these cells varied along the

estrous cycles provide the necessary environments for

fertilization processes and early embryonic development

(Hunter, 1988). The above investigations suggest that

the complex interaction between ciliary activities,

microvilli absorption and the flow of tubal secretion in the

pig oviduct are essential for achievement of pregnancy

(Rodriguez-Martinez et al., 2001).

The secretory cells presented cyclic changes in all

oviduct regions but marked changes of these cells were

observed as the cytoplasmic protrusions in the ampulla

at luteal phase. It has been known that the secretory cells

actively produce and secrete specific glycoproteins into

the lumen and their secretions form the oviduct fluid

(Leese et al., 2001). Some kind of the glycoproteins

found in the infundibulum and ampulla associate with

ovulated oocytes and developing embryos and play

important roles in fertilization and early embryonic

development (Hunter, 1994). Furthermore, glycoproteins

and glycosaminoglycans secreted in the caudal isthmus

and UTJ become associated with the surface of

spermatozoa (Rodriguez-Martinez et al., 2001) and might

affect other functions of spermatozoa to progress

fertilization (Tienthai, 2005). The secretory cells of the

porcine oviduct epithelium have been recently studied

by transmission electron microscopy (TEM) suggesting

that the number of secretory granules was highest in the

secretory cells of ampulla, isthmus and UTJ at follicular

phase, whereas the number of granules was less in the

cells of these segments and almost free in the cells of

infundibulum at luteal phase. Importantly, the moderately

electron-dense granules were observed only in the

ampulla, while the electron-lucent granules were found in

the isthmic and UTJ (Abe and Hoshi, 2007). Therefore,

the differences in SEM secretory cell features between

the estrous stages were distinctly shown only in the

ampulla indicating the sensitive response of the secretory

cells in this region to female hormonal levels. By the TEM

data, however, there are some differences in the secretory

activity and the contents of the secretory granules in each

region of the pig oviduct adjusting for normal functions

which occurred during fertilization process and estrous

cycle. In addition, the secretory cells in the sow ampulla

of luteal phase usually displayed the solitary cilia has also

reported in the pig (Abe and Oikawa, 1992), pig-tailed

monkey (Rumery et al., 1978) and human (Barberini et al.,

1994). However, the solitary cilia were not observed in

the RB gilt ampulla and several studies suggested that the

appearances of solitary cilia may be closely related to

fluctuations in levels of ovarian hormones (Odor and

Blandau, 1985; Abe and Oikawa, 1989). Although, the

function of solitary cilia was not clearly studied, the

absence of these solitary cilia may be involved in the
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deviating hormonal pattern during estrous cycle of RB

gilts.

Reproductive failures, in particular RB, were the

second dominating problem in the farms and were one of

the reasons for post-mortem examination of genital

organs of culled gilts (Ehnvall et al., 1981). Based on our

study, all gilts culled because of this cause unrelated to the

suspected diagnosis because the macroscopic examination

of the ovaries in these animals was shown cycling. Their

ovaries were active but they presented failed to conceive.

Tummaruk et al. (2001) reported that two main biological

components causing the RB problem were fertilization

failure and embryonic loss. Except for the ovaries and

uterus, therefore, the oviduct might consider being the cause

of this problem. In the present study we found the atypical

differences in ultrastructure of epithelium, for instance, the

disarrangement of cilia, less distinctly microvilli, less

bulbous protruding and damage of secretory cells which

has also been observed in earlier study of RB heifer

oviducts (Bage et al., 2002). We have known that the cilia

are very important for oocyte and early embryonic

transport as well as the intraluminal fluid movement.

The dysfunctions of cilia referred as the reduction of

frequency beat, low density, short or damage and loss of

cilia were found in salpingitis and some disease (Halbert

et al., 1997; Leng et al., 1998). The accumulation of the

cellular or mucous debris on the oviduct epithelial surface

in the present study could have result from the inadequate

ciliary function. Considering to the microvilli, we found

in the RB gilts that microvilli were scarce on the surface of

secretory cells. Normally, the main function of the

microvilli is absorption and could be involved in the

retention of the oviduct fluid (Hunter, 1988), thus the

dysfunction of microvilli might case the hydrosalpinx and

interfered the normal microenvironment (Ajonuma et al.,

2005). Although the morphological differences could be

observed only at SEM, it could be deleterious to fertility

which has already been found in RB heifers (Linares, 1981;

Gustafsson, 1985) as an impaired developmental

competence in the early embryo, and a reduced morula or

blastocyst rate. Therefore, further studies on the

secretory patterns and characteristic of early embryos

in RB gilts are highly activated.

Furthermore, the numerous inflammatory cells

have been presented on the epithelial surface of RB

oviducts corresponded to the recent study which

demonstrated the tendency of intraepithelial immune cell

infiltration being higher in RB gilts than controls

(Tienthai et al., 2006). These observations might be

deleterious to fertility and increasing the risk of RB

problem and such aspects have already been established

in RB heifers (Linares, 1981; Gustafsson, 1985). In the

normal pig oviduct, the main type of immune cells

presented in the intraepithelium were lymphocytes

which were high variation in the distribution numbers

among regions and stages found in individual pigs, while

the neutrophils and macrophages were also presented in

a small number (Jiwakanon et al., 2005). These immune

cells found in the oviduct were involved in the unspecific

and specific defense mechanisms (Morris et al., 1986). The

appearance of the inflammatory cell infiltration has been

recorded in RB gilt oviducts indicating, at least, the viral

or bacterial infections occurred in the female genital

organs and caused the damaged epithelium (Busch et al.,

2000; Mengeling et al., 2000). In addition, it is possible

that the subclinical inflammations by microbial

infection in oviduct could not be examined by macroscopic

examination. Therefore, the presence of immune cells

infiltration on the surface epithelium referred as the

damages of gilt oviduct epithelium, e.g. the sloughing of

the epithelial cells found in the present study, might be

the reason of oviduct dysfunction.

In conclusion, the ultrastructural changes

representing in the RB gilt oviducts cause a reduction in

the capability for ciliary beat, microvilli absorption and

secretion of epithelial cells and impair the potency of the

pig oviducts. In order to better understand physiological

changes and type of microorganisms infected oviduct

during the pig pathological RB, the expression of estrogen

and progesterone receptors as well as the bacteriogical
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examination from the oviducts of RB gilts needs to be

investigated in the further study.

Acknowledgements

The present study has been supported by the

Ratchadaphiseksomphot Endowment Fund, 2005,

Chulalongkorn University, Bangkok, Thailand. The

excellent technical support of Miss Bang-orn

Wattana-umpai is gratefully acknowledged.

References

Abe, H. 1996. The mammalian oviductal epithelium

regional variations in cytological and functional

aspects of the oviductal secretory cells. Histol.

Histopathol. 11: 743-768.

Abe, H. and Oikawa, T. 1989. Differentiation of the golden

hamster oviduct epithelial cells during postnatal

development: An electron microscopic study. J. Exp.

Zool. 252: 43-52.

Abe, H. and Oikawa, T. 1992. Examination by scanning

electron microscopy of oviductal epithelium of the

prolific Chinese Meishan pig at follicular and

luteal phases. Anat. Rec. 233: 399-408.

Abe, H. and Hoshi, H. 2007. Regional and cyclic

variations in the ultrastructural features of secretory

cells in the oviductal epithelium of the Chinese

Meishan pig. Reprod. Dom. Anim. 42: 292-298.

Ajonuma, L.C., Ng, E.h., Chan, L.N., Chow, P.H., Kung,

L.S., Cheung, A.N., Ho, L.S., Briton-Jones, C.,

Lok, I.H., Haines, C.J. and Chan, H.C. 2005.

Ultrastructural characterization of whole hydrosalpinx

from infertile Chinese women. Cell Biol. Int. 29:

849-856.

Bage, R., Marison, B., Sahlin, L. and Rodriguez-Martinez,

H. 2002. Deviant peri-oestrual patterns affect the

epithelium of the uterine tube in repeat-breeder

heifers. Reprod. Fertil. Dev. 14: 461-469.

Barberini, F., Makabe, S., Correr, S., Luzi, A. and Motta,

P.M. 1994. An ultrastructural study of epithelium

differentiation in the human fetal fallopian tube.

Acta. Anat (Basel). 151: 207-219.

Buhi, W.C., Alvarez, I.M. and Kouba, A.J. 1997.

Oviductal regulation of fertilization and early

embryonic development. Reprod. Fertil, Suppl. 52:

285-300.

Busch, M., Thoma, R., Schiller, I., Corboz, L. and

Pospischil, A. 2000. Occurrence of chlamydiae in

the genital tracts of sows a slaughter and their

possible significance for reproductive failure. J.

Vet. Med. B. 47: 471-480.

D’Allaire, S. and Drolet, R. 1999. Culling and mortality

in breeding animal. In: Diseases of Swine, 8th ed.

B.E. Straw, S.D. D’Allaire, W.L. Mengeling and

D.J. Taylor (eds.) Iowa State University Press. p.

1003-1016.

D’Allaire, S., Stein, T.E. and Leman, A.D. 1987. Culling

patterns in selected Minnesota swine breeding

herds. Can. J. Vet. Res. 51: 506-512.

Dijkhuizen, A.A., Krabbenborg, R.M.M. and Huirne,

R.B.M. 1989. Sow replacement: a comparison

of farmer’s actual decisions and model

recommendations. Livest. Prod. 23: 207-218.

Ehnvall, R., Blomqvist, A., Einarsson, S. and Karlberg, K.

1981. Culling of gilts with special reference to

reproductive failure. Nord. Vet. Med. 33: 167-171.

Gustafsson, H. 1985. Characteristics of embryos from

repeat breeder and virgin heifers. Theriogenology.

23: 487-498.

Halbert, S.A., Patton, D.L., Zarutskie, P.W. and Soules,

M.R. 1997. Function and structure of cilia in the

Fallopian tube of an infertile woman with Kartagener’

s syndrome. Hum. Reprod. 12: 55-58.

Hunter, R.H. 1988. The Fallopian Tubes: Their roles

in Fertility and Infertility. Berlin: Spinger-Verlag.

184 pp.



Tienthai P. & Sajjarengpong K./TJVM 37(3): 19-30. 29

Hunter, R.H. 1994. Modulation of gamete and embryonic

microenvironments by oviductal proteins. Mol.

Reprod. Dev. 39:176-181.

Jiwakanon, J., Persson, E., Kaeoket, K. and Dalin, A.M.

2005. The sow endosalpinx at different stages of

the oestrous cycle and at anoestrus: studies on

morphological changes and infiltration by cells of

the immune system. Reprod. Dom. Anim. 40: 28-39.

Kauffold, J. Melzer, F. Berndt, A., Hoffmann, G., Hotzel,

H. and Sachse, K. 2006. Chlamydiae in oviducts

and uteri of repeat breeder pigs. Theriogenology.

66: 1816-1823.

Knox, R.V. 2005. Recruitment and selection of ovarian

follicles for determination of ovulation rate in the

pig. Domest. Anim. Endocrinol. 29: 385-397.

Leese, H.J., Tay, J.I. Reischl, J. and Downing, S.J. 2001.

Formation of Fallopian tubal fluid: role of a neglected

epithelium. Reproduction. 121: 339-346.

Leng, Z., Moore, D.E., Mueller, B.A., Critchlow, C.W.,

Patton, D.L., Halbert, S.A. and Wang, S.P. 1998.

Characterization of ciliary activity in distal Fallopian

tube biopsies of woman with obstructive tubal

infertility. Hum. Reprod. 11: 3121- 3127.

Linares, T. 1981. Embryonic development in repeat

breeder heifers and virgin heifers seven days after

insemination. Anim. Reprod. Sci. 4: 189-198.

Mburu, J.N., Rodriguez-Martinez, H. and Einarsson, S.

1997. Changes in sperm ultrastructure and

localization in the porcine oviduct around

ovulation. Anim. Reprod. Sci. 47: 137-148.

Mengeling, W.L., Lager, K.M. and Vorwald, A.C. 2000.

The effect of porcine parvovirus and porcine

respiratory syndrome virus on porcine reproductive

performance. Anim. Reprod. Sci. 60-61: 199-210.

Morris, H., Emms, M., Visser, T. and Timme, A. 1986.

Lymphoid tissue of the normal Fallopian tube-a

form of mucosal-associated lymphoid tissue

(MALT)? Int. J. Gynecol. Pathol. 5: 11-22.

Nayak, R.K., Zimmerman, D.R. and Albert, E.N. 1976.

Electron microscopic studies of estrogen-induced

ciliogenesis and secretion in uterine tube. Am. J.

Vet. Res. 37: 189-197.

Odor, D.L. and Blandau, R.J. 1973. Egg transport over

the fimbriae surface of the rabbit oviduct under

experimental conditions. Fertil. Steril. 24: 292-300.

Odor, D.L. and Blandau, R.J. 1985. Observations on

solitary cilium of rabbit oviductal epithelium:

Its motility and ultrastructure. Am. J. Anat. 174:

437-453.

Pope, W.F., Xie, S., Broermann, D.M. and Nephew, K.P.

1990. Causes and consequences of early embryonic

diversity in pigs. J. Reprod. Fertil. Suppl. 40:

251-260.

Rodriguez-Martinez, H., Tienthai, P., Suzuki, K.,

Funahashi, H., Ekwall, H. and Johannisson, A. 2001.

Involvement of oviduct in sperm capacitation and

oocyte development in pigs. Reprod. Suppl. 58:

129-145.

Rumery, R.E., Gaddum-Rosse, P., Blanndau, R.J. and

Odor, D.L. 1978. Cyclic changes in ciliation of the

oviductal epithelium in the pig-tailed macaque

(Macaca nemestrina). Am. J. Anat. 153: 345-351.

Stalheim, O.H., Gallagher, J.E. and Deyoe, B.L. 1975.

Scanning electron microscopy of the bovine, equine,

porcine and caprine uterine tube (oviduct). Am. J.

Vet. Res. 156: 1069-1075.

Suarez, S.S., Katz, D.F., Owen, D.H., Andrew, J.B. and

Powell, R.L. 1991. Evidence for the function of

hyperactivated motility in sperm. Biol. Reprod.

44: 375-381.

Tienthai, P., Johannisson, A. and Rodriguez-Martinez, H.

2004. Sperm capacitation in the porcine oviduct.

Anim. Reprod. Sci. 80: 131-146.

Tienthai, P. 2005. Hyaluronan in the sow’s oviduct: Its

effect on boar sperm morphology and function.

Thai J. Med. Vet. 35(1); 11-20.



30 Tienthai P. & Sajjarengpong K./TJVM 37(3): 19-30.

Tienthai, P., Sajjarengpong, K. and Tummaruk, P. 2006.

Morphological changes in the oviduct of culling

replacement gilts. Thai. J. Vet. Med. 36(4): 41-53.

Tummaruk, P., Lundeheim, N., Einarsson, S. and Dalin,

A.M. 2001. Repeat breeding and subsequent

reproductive performance in Swedish Landrace

and Swedish Yorkshire sows. Anim. Reprod. Sci.

67: 267-280.

Verhage, H.G., Bareither, M.L., Jaffe, R.C. and Akbar, M.

1979. Cyclic changes in ciliation, secretion and

cell height of the oviductal epithelium in women.

Am. J. Anat. 156: 505-522.

Wu, A.S.H., Carlson, S.D. and First, N.L. 1976. Scanning

electron microscopic study of the porcine oviduct

and uterus. J. Anim. Sci. 42: 804-809.


