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Morphological Changes in the Oviduct of Culling Replacement Gilts

Paisan Tienthai'* Kriengyot Sajjarengpong* Padet Tummaruk?

Abstract

The aim of this study was to investigate the morphological changes of the oviduct from 30 culling replacement
gilts and 6 control sows. Blood samples and female genital organs were taken immediately after slaughter. Post-mortem
examinations were made on the genital organs and oviductal samples, i.e. utero-tubal junction (UTJ), isthmus and
ampulla, were collected and fixed for histological analysis. Observations indicated that the reasons for culling the gilts
were 'no estrus' (68%) and 'repeat breeding' (32%). The greatest pathological changes (67%) were found in repeat
breeding gilts, whereas 52% of no estrous gilts were at prepubertal phase. The female hormonal levels detected from
the majority of gilts corresponded to ovarian appearances. Microscopic findings of the gilt oviductal epithelium revealed
that characteristics of secretory and ciliated cells similar to the sows and pathological abnormalities were found in
some gilts. The cytoplasmic protrusions and periodic acid-Schiff (PAS) staining revealed variable results. The distribu-
tion of intraepithelial leukocytes was significant higher in no estrous/prepubertal gilts than follicular sows (p < 0.05).
Assignificant decrease in epithelial cell height was observed in the UTJ and ampulla of culling gilts compared with sows
(p <0.05). In conclusion, the epithelial cell height was the essential parameter for indicating the morphological
changes of culled gilt oviducts, whereas the distribution of intraepithelial leukocytes needs to be further studied. The
results suggested that reproductive failures, i.e. no estrus and repeat breeding, were found in culled replacement gilts

of some swine farms in Thailand and were involved in the proper functions of the oviduct.
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Introduction
Gilt fertility impacts overall herd performance  pigs is removed as a result of reproductive disorder
since these are often the largest farrowing group in (Dijkhuizen et al., 1989) and it is the most frequent
the swine industry and approximately 35-55% of the reason for culling gilts in commercial herds in several
sow herd is replaced by gilts each year (D'Allaire  countries (Einarssonetal., 1974; Ehnvall etal., 1981;
and Drolet, 1999). The largest proportion of female D'Allaire et al., 1987; Heinonen et al., 1998).
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Reproductive disturbances occur on farms in many
different forms and the main causes are no estrus,
repeat breeding and failure to farrow (Koketsu et al.,
1997; Heinonen et al., 1998). When female pigs are
culled due to reproductive failure, post-mortem
examination of the genital organs, including histological
examination of the uterus and ovary, is a useful
diagnostic tool (Karlberg etal., 1981; D'Allaire et al.,
1987; Dalin et al., 1997). The genital tracts of
slaughtered gilts in Thailand have been investigated
and have represented abnormalities of the uterus
0.3%, the oviduct 4% and the ovary 5.6%
(Kunavongkritetal., 1986). Other studies have usually
focused on the uterus and ovary though the data
indicates that the incidence of the oviduct disorders
is high and might be the cause of the reproductive
failure in gilts. In Thailand, investigations into the
causes of reproductive failure in gilts are scarce and
no comprehensive evaluation of the gilt oviduct has
been carried out. Therefore, the morphological
changes of the oviduct collected from replacement
gilt removal because of no estrus and repeat breeding
from commercial swine farm could be the important
data to suggest preliminary causes of reproductive
failure in gilts.

The oviduct plays an important role in
reproductive events, such as gamete transport, sperm
capacitation, ovulated oocyte maturation, fertilization
and embryo development (Hunter, 1998; Rodriguez-
Martinez et al., 2001). The epithelium, subepithelial
tissues, internal muscular layer, and intraluminal fluids
of specific oviductal segments favor and support these
processes (Hunter, 1988). The basic morphological
changes which follow with the female hormonal levels
in blood plasma have been studied to determine the
functions of the porcine uterus (Kaeoket et al., 2001).
These parameters have been applied to examine the
cyclic sow oviduct (Jiwakanon etal., 2005) suggesting
that the morphology of each oviductal segment differs
with the estrous cycle. To better understand the
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differences of reproductive physiology and pathology
in the pig oviduct, more information is needed
regarding the morphological studies of culling gilt
oviducts. The objective of this study was to
characterize the morphological changes of oviductal
mucosa at different estrous stages associated with
the ovarian features and the plasma hormonal levels
of culling replacement gilts removed from the
commercial farms in Thailand.

Materials and Methods

Animals, tissue collection and macroscopic
findings

Thirty cross-bred (Landrace  Yorkshire)
replacement gilts with individual farm histories culled
due to no estrus (n = 21) and repeat breeding (n = 9)
from commercial swine farms in central and eastern
regions of Thailand were slaughtered at local
abattoirs. Immediately after slaughter, the genital
organs were removed and kept in plastic bags at a
temperature of 4 C and transported to the laboratory
within 4-6 hours. The genital tracts comprising the
cervix, uterus, oviducts and ovaries, were
macroscopically observed for pathological lesions and
recorded. The ovaries and oviducts were dissected
for further evaluation. The morphology of the ovary
was studied to determine the phase of the ovarian
cycle in the gilts, according to Knox (2005). The
oviducts from healthy cyclic sows with parity number
of 1-2 during follicular (n =3) and luteal (n = 3) phases
were used as the control group.

Blood collection and hormone assays

Blood samples were collected from the jugular
vein of a restrained animal less than 1 hour prior to
slaughter, using vacutainer heparin tubes. The blood
samples were centrifuged at 3,000 rpm, for 10 min
and the plasma was stored in plastic tubes at -20 C
until analyzed. Both estradiol and progesterone levels
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were determined by a Chemiluminescent
Microparticle Immunoassay (CMIA, Abbott
Laboratories, IL, USA) at Bangkok RIA Laboratory
(Bangkok, Thailand). The minimum assay sensitivity
of estradiol was 33.03 pmol/L and the maximum
assay sensitivity of progesterone was 146.8 nmol/L.

Preparation of oviduct samples and histological
studies

The oviducts from the gilts: no estrus at
follicular phase (NF); no estrus at luteal phase (NL);
no estrus at prepubertal phase (NP); repeat breeding
at follicular phase (RF); repeat breeding at luteal
phase (RL) and control animals: at follicular phase
(CF); at luteal phase (CL), were separated into UT]J,
isthmus (IST) and ampulla (AMP), fixed in 10% (w/
V) buffered formalin and embedded in paraffin.
Sections were cut to 5-7 um thickness and stained
with hematoxylin-eosin (H&E) for evaluation of their
general morphology and distribution of intraepithelial
immune cells. The presence of glycoprotein was
demonstrated by PAS reaction.

Microscopic evaluation of the oviductal
samples was done by the same person who was also
unaware of the identity of the animals, i.e. all slides
were coded before examination. A light microscope
was used with objective 20 and eyepieces 10. The
samples were firstly examined for normal or
pathological changes and photographs were captured
from selected sections with a Moticam 2000 digital
microscopic camera (Motic Incorporation Ltd.,
Hong Kong). The morphological changes occurring
in the gilt oviduct were examined by the
characteristics of the epithelium composed of
pseudostratified (with low or high columnar) and
simple columnar. The cytoplasmic protrusions and
secretory granules of the secretory epithelial cells
including the intensity of PAS-positive staining in
different compartments of UTJ, IST and AMP were
semi-quantitatively evaluated.
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The height of epithelium was determined by using
Motic Image 2.0 Software and a Moticam 2000 digital
microscopic camera (Motic Incorporation Ltd.). For
this measurement 100 cells in different locations for
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).

Immune cell evaluation

A count of numbers of intraepithelial immune
cells were performed by using an ocular reticule with
25 small squares placed in one eyepiece of the light
microscope with 200 magnification. In each section,
counts were conducted by movement along the length
of the epithelial layer in a non-overlapping manner.
Inthe UTJ and IST sections, counts were conducted
by movement of the entire area in a non-overlapping
manner, while the fifty arbitrarily chosen microscopic
fields were counted in the AMP. Only the immune
cells found in the surface epithelium were counted
as the number of cells per 25 small squares.

Statistical analysis

Data of epithelial cell height and the number
of immune cells was handled and statistically analyzed
using the SAS statistical package (version 9, SAS
Institute Inc., Cary, NC, USA). The differences
between means (as least squares means) were
determined by analysis of variance (ANOVA) using
the MIXED MODEL procedure. The significance
level was set at p < 0.05.

Results
Reproductive history data, macroscopic findings
and hormonal analysis
The 30 gilts from the commercial swine
farms in the central and eastern parts of Thailand
over a 4-month period (July-October, 2005) were
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culled due to the reproductive problems as
summarized in Table 1. Approximately 68% of the
total number of gilts slaughtered during the study
period resulted from no estrus. Based on ovarian
macroscopic appearance, the greatest number of
animals with no estrus demonstrated prepubertal
phase (52%), whereas the majority of gilts with repeat
breeding presented a luteal phase (67%). About 53%
of culling gilts showed pathological changes (Table
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1) of the ovaries, uterus and oviduct. According to
the temporary data on these gilts, the common
pathological lesions were par-oviduct cysts, uterine
edema and par-ovarian cysts, respectively (Table 2).
The mean plasma levels of estradiol and progesterone
on the day of slaughter relating to the estrous stages
are presented in Table 3. We also found that the
hormonal levels of some gilts in both repeat breeding
and no estrus groups did not corresponded to the
ovarian macroscopic findings.

Table 1 Percentages of culled gilts with pathological abnormalities in relation to ovarian status based on

macroscopic appearance.

Reason for No. of Pathological Estrous stages
culling culled gilts (%)  changes (%) Follicular (%) Luteal (%) Prepubertal (%)
No estrus 21 (67.6) 10 (43.5) 3(14.3) 7(33.3) 11 (52.4)
Repeat breeding 9 (32.4) 6 (66.7) 3(33.3) 6 (66.7) 0(0.0)
Total 30 (100.0) 16 (53.3) 6 (20.0) 13 (43.3) 11 (36.7)
Table 2 Number of culled gilts and detail of pathological changes.
Reason No. of Number of gilts with pathological changes (%)
for culling gilts Endo- Uterine  Par-ovarian Par-oviduct  Hydro- Ovarian
metritis edema cysts cysts salpinx adhesion
/like tumor
No estrus 10* 1 (10.0) 5(50.0) 2(20.0) 4 (40.0) 0(0.0) 0(0.0)
Repeat breeding 6* 1(16.7) 2 (33.3) 3(50.0) 4 (66.7) 2(33.3) 2(33.3)

*some gilts presented more than one pathological changes

Table 3 Estrous stages by ovarian macroscopic appearances and female steroid hormones (mean S.D.) in

replacement gilts with reproductive failures.

Reason for culling Stages (n) Estradiol (pmol/l)  Progesterone (nmol/I)
No estrus Follicular (3) 79.6 424 6.7 4.7
Luteal (7) 445 20.1 93.1 384
Prepubertal (11) 337 22 85 111
Repeat breeding Follicular (3) 111.3 305 41 16
Luteal (6) 379 103 103.6 48.8
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Histological and intraepithelial leukocyte
examinations

The epithelial cells of UTJ and IST were
consistently the same pattern at both estrous stages
and slightly increased in height at the follicular phase
(Fig. 1a, b). In the AMP, the epithelia demonstrated
pseudostratification with high columnar at the
follicular phase (Fig 1c) and pseudostratified low
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columnar or simple low columnar at the luteal phase
(Fig. 1d). The evaluation of cytoplasmic protrusions
and secretory granules in different segments of the
oviducts is presented in Table 4. The protrusions and
some extruded nuclei of epithelial cells were clearly
observed in the AMP at the luteal phase (Fig. 1d)
and also found in the AMP of the no estrus/prepubertal
gilts.

Figure 1 Morphology of the culled gilt oviductal mucosa by light microscopy. (a) uterotubal junction, (b)
isthmus and (c) ampulla, at follicular phase, (d) ampulla at the luteal phase. H&E staining, bar = 20 um.
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Table 4 Estimation of cytoplasmic protrusions and secretory granules of the secretory epithelial cells of

reproductive failure gilt oviducts.

Group of animals UTJ IST AMP
Control/Follicular -/+ -/+ -/+
No estrus/Follicular -[+ -[+ -/+
Repeat breeding/Follicular -/+ -/+ -/+
Control/Luteal -+ -1+ ++H/+++
No estrus/Luteal -1+ -1+ ++H/+++
Repeat breeding/Luteal -/+ -/+ ++H/+++
No estrus/Prepubertal -/+ -/+ +HH++

The presence of secretory granules and cytoplasmic protrusions of the epithelial cells was determined as
follows: - = none; + = few; + + = moderate and + + + = high amounts.

Histochemical reactions of the glycoprotein
from the oviduct epithelium of culling gilts and control
sows are summarized in Table 5. At the follicular
phase, secretory cells with high PAS-positive were
found in the AMP (Fig. 2b) of all animal groups while
PAS staining in the UTJ (Fig. 2a) and IST was shown
to be abundant on the surface of the epithelial cells
and variably appeared in the apical part of the

secretory cells depending on samples. At the luteal
phase, the intensity of secretory cells stained with
PAS was decreased in the AMP and PAS staining
on the surface epithelium of UTJ and IST was also
diminished. In prepubertal gilts, the pattern of PAS
staining in the UTJ and IST was demonstrated to be
similar to the follicular phase and in the AMP was
observed as the luteal phase of other animal groups.

Figure 2 Sections of uterotubal junction (a) and ampulla (b) during follicular phase of culled gilts showing the
PAS-positive intensity on the surface epithelium and supranuclear regions of the secretory cells. Bar =20 um.
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Table 5 PAS staining of the secretory epithelial cells and the secretions on the surface epithelium of culling

gilt oviducts.

Group of animals uTJ IST AMP
Control/Follicular ++ +H+ + ++/++ +
No estrus/Follicular ++ ++ ++
Repeat breeding/Follicular ++H+++ ++/+++ ++
Control/Luteal ++ ++ +
No estrus/Luteal + +HH++ -1+
Repeat breeding/Luteal + + -[+
No estrus/Prepubertal +H+ + +H+ + -1+

The intensity of PAS staining the oviductal epithelium was determined as follows:
- = absent; + = weak; + + = moderate and + + + = intense staining.

The epithelial cell heights in the three different
portions of the oviducts in all animals groups were
measured (Table 6). Significant differences (p <0.05)
of epithelial cell heights were observed in the UTJ

and AMP of control groups compared to the
reproductive failure groups while the height of IST
epithelium in both gilts and sows did not show any
difference.

Table 6 Epithelial cell height of the culled gilts in relation to the reproductive problems, the stage of estrous

cycle and the site of the oviduct (LSM  SEM).

Group of animals uTJ IST AMP
Control/Follicular (CF) 38.09 3.08 2401 241 3457 2.07
No estrus/Follicular (NF) 28.93 3.56 19.40 1.97 2795 341
Repeat breeding/Follicular (RF) 29.67 3.57 25.61 3.31 28.19 355
Statistics a,b - a,b
Control/Luteal (CL) 35,51 4.43 20.27 1.69 25.76 1.84
No estrus/Luteal (NL) 27.60 3.65 2156 2.22 18.58 1.53
Repeat breeding/Luteal (RL) 28.55 2.82 24.67 2.28 1941 218
Statistics de - de
No estrus/Prepubertal (NP) 26.34 191 2348 201 20.49 1.76
Statistics* gh - gh

Data within a column differ significantly (p < 0.05) as follows: a, CF vs NF; b, CF vs RF; ¢, NF vs RF; d, CL

vs NL; e, CL vs RL; f, NL vs RL.

*NP group compared to both control groups as follows: g, CF vs NP; h, CL vs NP
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Intraepithelial leukocytes of the pig oviduct
that are mainly located in the basal lamina of the
epithelium or between the epithelial cells (Fig. 3) were
counted as shown in Table 7. Because of high
variation among animals, the numbers of leukocytes
in the control and reproductive failure groups counted
in most sections were not significant within segments
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of both estrous stages. However, the numbers of
immune cells found in all portions of no estrus gilts at
the prepubertal phase were significantly higher than
in the control group at the follicular phase (p < 0.05)
and tended to be higher (p > 0.05) when compared to
the control group at the luteal phase.

Figure 3 Section of uterotubal junction epithelium from culled gilt showing the round shaped nucleus and
location of the intraepithelial immune cells (arrows). PAS staining, bar = 20 um.

Table 7 Distribution of immune cells (number of cells per 25 small squares) in the epithelium of the culled gilt
oviduct in relation to the reproductive problems, the stage of estrous cycle and the site of the oviduct (LSM+

SEM).

Group of animals UTJ IST AMP
Control/Follicular (CF) 435+ 0.71 151+£1.12 1.92 £0.23
No estrus/Follicular (NF) 4.18 £ 0.91 2.551+0.63 3.36 £1.13
Repeat breeding/Follicular (RF) 3.98 + 1.02 2.61+£0.59 3.351+0.98
Statistics - - -
Control/Luteal (CL) 6.64+ 1.16 3.14 +0.67 2.07 £0.26
No estrus/Luteal (NL) 590+ 1.33 418+ 1.10 3.78 £0.42
Repeat breeding/Luteal (RL) 464 +1.15 3.88+1.13 598 £1.12
Statistics - - e
No estrus/Prepubertal*(NP) 7.26%0.83 3.86£0.61 456 £0.51
Statistics g g g,h

Data within a column differ significantly (p < 0.05) as follows: a, CF vs NF; b, CF vs RF; ¢, NF vs RF; d, CL
vs NL; e, CLvs RL; f, NL vs RL.
*NP group compared to both control groups as follows: g, CF vs NP; h, CL vs NP
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Discussion

In this study, we confirmed that the
reproductive failures, i.e. repeat breeding and no
estrus problems, were found to be the essential cause
for culling replacement gilts on some commercial
swine farms in Thailand. Post-mortem of the genital
organs together with a microscopic examination of
the oviducts was needed to investigate the problem.
The results indicated that the replacement gilts culled
due to reproductive failures demonstrated deviant
functions of the oviduct.

Impaired fertility was found to be the most
frequent cause for culling sows in several countries
and it was also the main reason for culling gilts which
had never produced piglets (Heinonen et al., 1998).
Based on herd records and slaughterhouse material
in Sweden and Denmark, a large proportion of culled
gilts were slaughtered with the cause of reproductive
failure comprising no heat 11% and repeat breeding
9% (Ehnvall et al., 1981). The percentage of gilts
culled because of no estrus and repeat breeding in
the present study was 67% and 33%, respectively.
Therefore, the results demonstrated in the two
investigations tend to be comparable. Interestingly,
52% of the culled gilts with no estrus presented the
prepubertal stage, according to the macroscopic
appearance of the ovaries and lower female hormonal
levels; thus indicates that poor farm management
may influence these replacement gilts' delayed
puberty. This information corresponds to Einarsson
et al. (1974) and Karlberg (1979) suggesting that
delayed puberty was the dominant reason for gilts
being slaughtered due to failure to exhibit estrous
signs. Considering another reproductive problem,
Tummaruk et al. (2001) suggested that repeat
breeders were identified in gilts that were rebred
between 18 and 100 days after first mating and two
main biological components causing this problem were
fertilization failure and embryonic loss. However, other
factors such as cystic ovaries, abortion (Martinez et
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al., 1992) and missing first estrus detection
(Tummaruk et al., 2001) may also be involved. The
repeat breeder gilts investigated in this study were at
the luteal phase and the ovarian cysts were not
observed indicating a normal function of the corpus
luteum after ovulation for maintaining pregnancy. It
is possible that the embryonic death due to various
factors could be the cause of these repeat breeder
gilts.

The present study has attempted to elucidate
the morphological changes of reproductive failure in
gilt oviducts at all estrous stages compared with the
sows. It was shown that cytoplasmic protrusions and
the number of secretory granules on the surface
epithelium were found to be high in the AMP of gilts
and sows at the luteal phase as well as of prepubertal
gilts. Similar results were found in cyclic sows by
light microscopy (Jiwakanon et al., 2005) and gilts by
scanning electron microscopy (Abe and Oikawa,
1992). They observed the cytoplasmic protrusions and
bulbous processes of secretory cells in the AMP and
infundibulum (INF) at stages with high progesterone
levels. The cause of cytoplasmic protrusions in the
oviduct was not clear but several authors suggested
it to be a part of the process of cell death (Hollis et
al., 1984; Murray, 1995). Furthermore, we used PAS-
staining which is the normal method for determining
the proportion of secretory (PAS-positive) and non-
secretory (PAS-negative) cells to indicate the
modification of epithelial cells in different parts and
at different cycles related to the functions of oviduct
(Anzaldua et al., 2002). Because of technical
problems in the present study, the PAS-staining
sections of gilt oviducts could not be evaluated by
counting the number of secretory and non-secretery
cells. Additionally, variable semi-quantitative results
were found in the present finding. These criteria
(cytoplasmic protrusions and PAS-staining), therefore,
could not be appropriated for examining the changes
of culled gilt oviducts.
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The epithelial cell heights of the UTJ and
AMP were significantly different between animal
groups, while the numbers of intraepithelial immune
cells in all segments increased more in prepubertal
gilts than in follicular sows. The histological changes
and distribution of leukocytes of the sow oviduct
composed of IST, AMP and INF throughout the
estrous cycle were studied (Jiwakanon et al., 2005)
but no report has been done on gilts. This is the first
report describing the histological changes of
replacement gilt oviduct which includes the UTJ
segment. In the sow oviduct, the morphology differed
only in the AMP and INF at the estrous cycle stage
(Jiwakanon et al., 2005). In other species, the cell
heights of the AMP and INF epithelium were higher
during the follicular phase than the luteal or anestrous
phases indicating the influence of estrogen, whereas
lower degree of cellular variations was observed in
the UTJ and caudal IST (Baracat et al., 1991;
Steinhauer et al., 2004). Considering the results among
segments and stages, the findings above were in
accordance with the pig oviducts in this study.
Comparing the changes within the segment and
estrous stage, we found that epithelial cell heights
measured in the UTJ and AMP of culling replacement
gilts were lower than in the control sows.
Morphometric data in the ewe oviduct and uterus
demonstrated that the cell height of the AMP and
uterine epithelium were lowest in prepubertal ewes
but did not differ in first-estrus, third-estrus and mature
ewes (Lewis and Berardinelli, 2001). Furthermore, a
study of the subfertile heifer oviducts by Bage et al.
(2002) reported that deviating hormone patterns affect
the ultrastructural changes of the oviductal epithelial
cells corresponding to this study that suggested that
the female hormonal levels in some gilts were not
related to the ovarian macroscopic appearance.
These changes found in the culling gilts might be
related to the inadequate morphological and
physiological characteristics of gilt oviduct for

51

facilitating the gametes or normal embryonic
development.

A significant difference in the numbers of
intraepithelial leukocytes within segments (UTJ, IST
and AMP) was observed in prepubertal gilts
compared with sows at the follicular phase and the
AMP of repeat breeding gilts compared with sows at
the luteal phase. The most common leukocyte in the
porcine oviductal epithelium of all segments was
lymphocyte and numbers of intraepithelial
lymphocytes did not differ among segments and
estrous stages (Jiwakanon et al., 2005). This
suggested that the lymphocyte infiltration in the
oviduct of sows is less influence by ovarian steroid
hormones. There is no study involving the distribution
of intraepithelial leukocytes in the gilt oviduct.
However, the increase in the numbers of intraepithelial
immune cells examined in repeat breeding gilt oviducts
might be induced by the pathological changes found
in the individual animals as shown in the infertility
heifer oviduct (Kubar and Jalakas, 2002).
Furthermore, the number of intraepithelial
lymphocytes in the uterus of prepubertal gilts
(Jiwakanon et al., 2006) was approximately two times
higher than in cyclic sows (Kaeoket et al., 2001).
Therefore, lymphocytes may be involved in the
essential regulation of the reproductive tracts during
the prepubertal stage of gilts. Of course, the increase
of immune cells in the UTJ, IST and AMP of these
gilts might disturb normal functions of the oviduct.

An understanding of the morphological
changes in the oviduct with the farm history of culled
gilts and healthy sows is implicit to our understanding
of the physiological mechanisms related to the cause
of reproductive disorders. The present study
confirmed that the gilts culled due to 'no estrus' and
'repeat breeding' showed differences of cell height
and infiltration of immune cells compared with cyclic
sows, which indicates poor management and some
infections occurred in the replacement gilts found in



52

Thailand. To better clarify the functional changes of
the oviduct in the replacement gilts, the female
hormone receptors and ultrastructure of the oviductal
mucosa need to be further investigated.
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