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Abstract | Timely identification of non-pregnant sows and gilts in the early stages can greatly enhance reproductive
efficiency and financial success in pig farming. Vaginal cytology is a reliable and direct technique used to identify the
estrus phase and can distinguish animals that are returning to the estrus stage. Furthermore, matrix metalloproteinases
(MMPs) are involved in altering the extracellular matrix (ECM) throughout pregnancy and parturition. The aim of this
study was to examine changes in the characteristics of vaginal cells and alterations in the expression of matrix metallo-
proteinases (MMPs) using gelatin zymography in pregnant pigs. Eight sexually mature individuals were identified as
being in early pregnancy using the vaginal smear technique within 18 to 26 days following artificial insemination. The
findings indicated an elevated leukocyte count in pregnant pigs between days 18 and 26. However, a small number of
epithelial cells that were either nucleated or cornified were observed during the entire pregnancy period. Additionally,
the MMP-2 and MMP-9 expression was analyzed using gelatin zymography in four pregnant pigs on day 60 and a
non-pregnant pig on the day it returned to estrus after artificial insemination. Each sample was standardized by dividing
the density of the band using Image J Software. Pregnant pigs showed significantly higher levels of MMP-9 compared
to non-pregnant pigs (p<0.05). While the level of MMP-2 expression was greater in pregnant pigs, there was no sta-
tistically significant differences in MIMP-2 levels seen between pregnant and non-pregnant pigs (p=0.05). Thus, vaginal
cytology is a direct and efficient technique for detecting pregnancy in pigs. Furthermore, further investigation is neces-
sary to evaluate MIMP-9 as a potential biomarker for confirming pregnancy in pigs, with the objective of enhancing the
precision of pregnancy detection in female pigs and resolving notable obstacles in the swine breeding industry.
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INTRODUCTION

Early detection of nonpregnant sows and gilts can sig-
nificantly improve reproductive efficiency and financial
profitability in pig farming. This can be achieved by reducing
the number of unproductive days per sow each year (Wil-
liams e# al.,2008). There are multiple methods for detecting
estrus. The application of a boar for heat detection demon-
strates an exceptional accuracy rate of 75-96% (Lee ez al.,
2019). Nevertheless, the precision of heat perception in fe-
male pigs can vary substantially among different groups of
animals, necessitating caution when using this technique for
detecting open sows that exhibit signs of estrus vary from
17 to 25 days depending on breed and individual differenc-
es (Almond and Dial, 1986; Glossop and Foulkes, 1988;
Sharifuzzaman ez al., 2024). Alternatives include evaluat-
ing urine oestrogens, oestrone sulphate assays, and ultra-
sonography techniques (Kousenidis ¢7 a/., 2022). Currently,
B-ultrasound is widely used for early pregnancy identifi-
cation but is not effective in identifying pregnancy during
the first estrus cycle (21 days) after artificial insemination,
resulting in a rise of unproductive days (Ren ez a/., 2024).

Vaginal cytology is a dependable and simple method used
to determine the estrus stage and can identify animals that
do or do not return to estrus. The vaginal discharge consists
of four types of cells: parabasal cells, intermediate cells, su-
perficial epithelial cells, and leukocytes. These cells display
different patterns throughout the estrous cycle (Lorenzen
et al., 2016; Rodgers e al., 1993). Sexually mature mini-
pigs showed a dominance of parabasal cells during diestrus,
whereas during estrus, neutrophils and other leukocytes in-
creased, becoming the predominant cell types (Lorenzen ez
al.,2016).1In a study conducted on Yucatan minipigs, it was
shown that the vaginal leukocytes were consistently higher
thanepithelial cellsthroughoutthecycle,exceptduringestrus.

which were primarily composed of superficial epithelial
cells. Superficial and intermediate cells increase throughout
proestrus (Lorenzen ez al., 2016). In goats, superficial cells
were more commonly detected and were found to be linked
to the proestrus, estrus, and early metestrus phases of the
reproductive cycle. Intermediate and parabasal cells were
observed during the diestrus phase (Ola ez a/.,2006). More-
over, vaginal cytology has been used to detect pregnancy in
various animals such as deer mice, cows, sheep, and goats
(Ola et al., 2006; Paull and Fairbrother, 1985; Sharma and
Sharma, 2016). During goat pregnancy, a vaginal smear
usually displays a small number of intermediate cells, min-
imal amount of red blood cells, and a substantial quantity
of polymorphonuclear cells (Sharma and Sharma, 2016). A
previous study (Ali ez a/., 2020) examined the early stages
of pregnancy and detailed the corresponding characteristics
of pregnancy from day 22 to day 40 using vaginal cytology.

The results indicated that the mean percentage of interme-

diate cells (81.12%) was substantially greater than that of
the superficial (9.41%), keratinized (7.10%), and neutrophil
(2.61%) cells (p < 0.05). Based on these findings, it is evident
that intermediate and parabasal cells were more prevalent
throughout the diestrus phase and early stages of pregnancy.

We hypothesized that changes in vaginal discharge dur-
ing the estrus cycle or pregnancy could be associated with
estrogen levels. Applying synthetic E2 topically can help
decrease alterations in the vaginal environment, indicating
that E2 signaling in the vagina is involved in maintaining
immune response and vaginal equilibrium. Research has
demonstrated the vital role of epithelial estrogen receptor a
(ESR1) in immunological suppression. Without epithelial
ESR1, the inhibition of vaginal leukocytes can be compro-
mised, leading to increased MMP activity. MMPs are en-
zymes that break down proteins in the cellular matrix, lead-
ing to changes in the extracellular matrix (ECM) and cell
detachment. (Li ez a/., 2018). This study aimed to examine
the changes in vaginal cytology characteristics and MMPs

expression using gelatin zymography in pregnant pigs.
MATERIALS AND METHODS

ANIMAL

All pig experiments were approved in advance by the In-
stitutional Animal Use and Care Committee (JACUC) of
Rajamangala University of Technology Lanna, Thailand
(RMUTL-IACUC 021/2023). Eight sexually mature, ap-
proximately 360 days old, were used to determine pregnan-
cy following artificial insemination. The pigs were kept in
individual compartments within the animal facility, with
each compartment separated by vertical bars. In addition,
the pigs were reared under controlled conditions, ensuring
they had unrestricted access to water and were fed a stand-
ardized diet tailored to meet their nutritional needs. The
animals were provided with food on two occasions daily,
specifically at 8:00 a.m. and 3:00 p.m. Each pig was given
unrestricted access to water and was fed around 2.5 to 3.0
kilogram of feed each day. Estrus identification was per-
formed on a daily basis using visual assessments and the
back-pressure test to ascertain the presence of the standing
reaction, vulvar reddening, and swelling. In addition, boar
introduction was conducted daily to encourage the animals.

VacinaL CYTOLOGY

Artificial insemination was performed on eight sexually
mature individuals, approximately 360 days old, and ear-
ly pregnancy was confirmed using the vaginal smear tech-
nique 18 to 26 days following the procedure. A sterile cot-
ton-tipped swab moistened with normal saline was gently
inserted into the gilt’s vagina to a depth of approximately
4 inches, collecting cells. The swab was gently rotated and
moved within the vagina to ensure cell collection. The cells
were then transferred to a preheated dry glass slide by mov-
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ing the swab across the slide’s surface. Subsequently, the
slides were air-dried at room temperature for 2 minutes and
stained with Wright-Giemsa stain from Sigma-Aldrich
for an additional 2 minutes. The slides were washed with
water, air-dried, and immediately examined under a light
microscopy at 100 x magnification. Vaginal epithelial cells,
including parabasal, intermediate, superficial, and leuko-
cyte cells, were identified and categorized in both pregnant
and non-pregnant gilts.

g

Figure 1: The vaginal cytology of female pigs exhibits
various types of epithelial cells, including parabasal cells
(PC), small intermediate cells (SIC), large intermediate
cells (LIC), nucleated superficial cells (NSC), anucleated

superficial cells (ANSC), and leukocytes (LC).

GELATIN ZYMOGRAPHY

For gelatin zymography, two milliliters of blood were col-
lected from the marginal ear veins of four pregnant pigs
on day 60 after confirmation by ultrasonography as well
as four non-pregnant pigs on the day it returned to estrus
after artificial insemination. The samples were allowed to
coagulate at room temperature and then centrifuged at
2,500 g for 15 minutes to separate the serum. The serum
was carefully collected and the protein concentration of
the liquid above the sediment was measured. Samples not
immediately analyzed were stored at -20 °C until analysis.
A total of 25 grams of protein were mixed with a sam-
ple buffer at pH 6.8, containing 62.5 mM Tris-HCI, 25%
glycerol, 4% SDS, and 0.01% bromophenol blue (Bio-Rad)
in a 1:1 ratio. The resulting mixture was then subjected to
electrophoresis on a 7.5% polyacrylamide gel with sodium
dodecyl sulfate (SDS) and 1mg/ml gelatin in the resolving
gel (Minigel, Bio-Rad, California, USA; Sigma-Aldrich,
Saint Louis, MO, USA). Following electrophoresis, the gel
was washed with 2.5% TritonX100 at room temperature
(25°C) for 30 minutes to t remove SDS,. Subsequently, the
gels were exposed overnight at 37°C to a solution contain-
ing 50 mM Tris-base solution (Bio-Rad, California, USA)
with pH 7.4, 200 mM NaCl, 0.02% Brij-35, and 5 mM

CaCl, resulting in the development of zymolytic bands.
The next day, the gels were stained with a solution con-
taining 0.5% Coomassie Blue R-250 (Sigma-Aldrich) in
a mixture of 40% methanol, 10% glacial acetic acid, and
50% distilled water for 30 minutes. The samples were sub-
sequently rinsed with a solution containing 30% methanol,
7.5% glacial acetic acid, and 62.5% distilled water for 30
minutes. Subsequently, they were stored in distilled water.
'The gelatinase activity could be visualized as bars on a blue
background, specifically matrix metalloproteinase-2 and -9.
'The obtained image was processed using Image] software
version 1.80 from the National Institute of Mental Health
in Bethesda, Maryland, USA (Schneider ez a/., 2012). The
area of the bands was measured as a representation of ge-
latinase activity.

STATISTIC

T-tests were used to determine the statistical significance
of the observed changes in gelatinase activity (MMP-2 and
MMP-9) between pregnant and non-pregnant pigs. The
intergroup variability, as indicated by the t-tests, confirms
the accuracy of the observed distinctions. The statistical
study was performed using R version 4.1.2, developed by
the R Core Team in 2021.

RESULTS AND DISCUSSIONS

VAGINAL CYTOLOGY FOR PREGNANCY DIAGNOSIS

The sexual maturity and pregnancy status of female pigs
were assessed by examining vaginal smears to identify sev-
eral types of cells, including nucleated superficial epithelial
cells, anucleated superficial epithelial cells, small interme-
diate cells, large intermediate cells, and leukocytes (Figure
1). Pregnancy confirmation was achieved by monitoring
estrus activity within a period of 18 to 26 days after ar-
tificial insemination. The results suggested a higher num-
ber of leukocytes in the pregnant pig during days 18 to 26.
Nevertheless, a limited number of nucleated and cornified
epithelial cells were detected throughout the entire dura-
tion of pregnancy, as depicted in Figure 2 A-I. In contrast,
results from nonpregnant pigs showed that superficial epi-
thelial cells were the most common type during the return
to estrus stage (Figure 3 A-C). After the estrus stage, there
was a total decrease in nucleated and anucleated superficial
epithelial cells, with only a small amount of parabasal, in-
termediate, and leukocyte cells found on days 21-24 (Fig-
ure 3 D-G). In addition, there was a greater prevalence of
Leukocyte cells on days 25-26, as shown in (Figure 3 H
and I). Furthermore, the pregnancy rate was determined
using techniques such as vaginal smear, estrus determina-
tion. The pregnancy status of each female pig was assessed
by examining vaginal smears 18 to 26 days following arti-
ficial insemination (AI). By employing the vaginal smear
technique, we have verified that out of the total of eight
pigs, four were found to be pregnant while the remaining
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Figure 2: Representative vaginal smear images from pregnant pigs during days 18 to 26 after insemination, showing a
higher number of leukocytes and a limited number of nucleated and cornified epithelial cells.

four were not pregnant. The vaginal smear approach
demonstrated a pregnancy detection accuracy of approxi-

mately 100% (Table 1).

Table 1: The comparison of pregnancy diagnosis methods
between vaginal cytology and estrus detection.

Method of pregnancy diag- No.of Pregnancy Non-
nosis animal Pregnancy
Vaginal cytology 8 4 4

Estrus detection 8 4 4

% Accuracy vaginal cytology 8 100 100

% Accuracy Estrus detection 8 100 100

ANALYSIS oF MMP-2 AND MMP-9 EXPRESSION IN
PREGNANT AND NON-PREGNANT P1GS USING GELATIN
ZYMOGRAPHY

Blood samples were obtained from pregnant pigs on the
60th day of pregnancy and from a nonpregnant pigs on the
day of estrus following artificial insemination. The study
employed gelatin zymography and densitometric analysis
using Image] software to determine the expression levels of

the typical form of MMP-2 and MMP-9. Figure 3 illus-
trates the progressive alterations in the average band inten-
sities corresponding to the 92 kDa (MMP-9) and 72 kDa
(MMP-2) proteins. The zymogram analysis of both preg-
nant and non-pregnant pig serum revealed the presence of
MMP-9 and MMP-2. Pregnant pigs exhibited marked-
ly increased levels of MMP-9 compared to non-pregnant
pigs (p<0.05). Although the level of MMP-2 expression
was higher in pregnant pigs, there was no statistically sig-
nificant difference in MMP-2 levels between pregnant and
non-pregnant pigs (pz0.05) (Figure 4A and C).

Efficiently operated pig farms should expect a farrowing
rate of 80%. When a pregnancy test is performed three
weeks after artificial insemination and proper estrus detec-
tion is implemented, only a few (5-10%) of the animals
that do not show signs of estrus will be determined to
be not pregnant. This indicates that the costs related to a
pregnancy test are influenced by a relatively small group of
animals that require testing. In order for the test to be prof-
itable, the method should have a specificity close to 100%
(Taverne ez al., 1985).
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Figure 3: Representative vaginal smear images from non-pregnant pigs during the return estrus stage and subsequent
days, illustrating the prevalence of different cell types at various time points.

Various techniques have been utilized to detect pregnancy
in pigs, including Doppler, A-mode ultrasound, B-mode
ultrasound, or real-time ultrasonography (RTU). Doppler
and A-mode ultrasound are cost-effective and user-friend-
ly, but they have a higher rate of incorrect positive and neg-
ative diagnoses. Additionally, they cannot be utilized until
30 to 35 days after conception (Botero ez al., 1986; Inaba
et al., 1983; Kauffold ez al., 1997; Williams ez al., 2008). In
contrast, B-mode RTU enables pregnancy detection at 21
days after mating with greater accuracy, precision, and an
efficiency rate of nearly 95% (Flowers ¢z a/., 2000; Williams
et al., 2008).

Nevertheless, vaginal cytology served as a straightforward
and cost-effective technique for early detection of preg-
nancy in pigs. During this experiment, the sexual maturi-
ty of eight female pigs was evaluated by analyzing vaginal
smears to detect various cell types and confirming preg-
nancy by observing estrus activity throughout a period of
18 to 26 days following artificial insemination. The findings
indicated an elevated leukocyte count in the pregnant pigs
between days 18 and 26. However, a small number of nu-

cleated and cornified epithelial cells were observed during
the entire pregnancy, as shown in Figure 2 A-I. Conversely,
the cytological analysis of vaginal smears obtained from
non-pregnant pigs revealed that superficial epithelial cells
constituted the predominant cell type throughout the re-
turn to estrus stage (Figure 3 A-C). Following the estrus
stage, there was a complete reduction in the number of nu-
cleated and cornified epithelial cells, with only a minimal
presence of parabasal, intermediate, and leukocyte cells ob-
served on days 21-24 (Figure 3 D-G). Furthermore, there
was a higher occurrence of Leukocyte cells on days 25-26,
as depicted in (Figure 3 H and I).

The findings from this study exhibit congruence with the
previously established diagnostic criteria for determining
the estrus stage through vaginal cytological examination in
miniature swine. A previous study found that the number
of superficial and intermediate epithelial cells was sub-
stantially higher during estrus compared to proestrus or
diestrus. The number of epithelial cells was shown to be
lower during diestrus compared to estrus, and there was
also a tendency for it to be lower during diestrus compared
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Figure 4: Gelatin zymography to determine the difference
between non-pregnant and pregnant pigs at 60 days post
artificial insemination. A) Gelatin zymography gel B)
MMP-9 protein concentration C) MMP-2 protein level.
Pigs 903, 904, 905, and 906 are not pregnant. Pigs with
identification numbers 302,303,305, and 306 are pregnant.

to proestrus (Rodgers ez a/., 1993). Hence, the regulation
of vaginal cell changes is controlled by the sex steroid
hormones estrogen (E2) and progesterone (P4) (Li ez al,
2018). In addition, the presence of leukocyte in mice is
associated with the levels of E2 and P4 hormones in the
bloodstream, and this is used to determine the stage of the
estrus cycle (Cora ez al., 2015; Li ez al., 2018). The majority
of cells found in vaginal smears from mice in the estrus
stage are cornified. Mice in this stage are sexually respon-
sive and open to copulation (Cora ez al., 2015; Li ez al.,
2018). At estrus, the concentration of P4 rises but gradually
declines towards the end of the cycle. If there is no mating,
the cycle will advance to the metestrus stage (Hubscher 7
al., 2005; Li et al., 2018). At metestrus, a substantial num-
ber of leukocytes will migrate into the vaginal canal and
remove the cornified cell debris. At this juncture, the levels
of circulating E2 return to their typical baseline values. At

metestrus, a substantial number of leukocytes will migrate
into the vaginal canal and remove the cornified cell debris.
Currently, the levels of circulating E2 return to their typical
baseline values. Diestrus is a phase of reproductive inac-
tivity characterized by a reduction in the diversity of cell
types observed in vaginal smears of animals. In the later
phase of diestrus, there is a rise in E2 levels, which causes
the cycle to advance into proestrus. Proestrus is the stage
of the reproductive cycle characterized by the peak levels
of E2 and luteinizing hormone, which initiate the start of
the cycle. The predominant cell types observed in vaginal
smears obtained from animals in proestrus are nucleated
epithelial cells (Cora ez a/., 2015; Hubscher ez al., 2005;
Li et al., 2018). Nevertheless, our study is limited by the
sample size, indicating that to enhance the accuracy of the
results, it is necessary to increase the sample size in future
studies. Moreover, (Li ¢z a/., 2018) reported that ESR1 in
epithelial cells is crucial for immunological suppression. A
deficiency of ESR1 expression in epithelial, cells would im-
pair the ability to suppress vaginal leukocyte activity, conse-
quently leading to elevated levels of MMP activities. Pre-
vious research has demonstrated the presence of MMP-2
and MMP-9 enzymes in the vaginal tissues of mice during
the metestrus and diestrus phases, which were affected by
a reduction in ESR1 expression. Our analysis of MIMP-9
expression levels in pregnant and non-pregnant pigs, uti-
lizing gelatin zymography technique, revealed a significant
rise in MMP-9 levels in pregnant pigs compared to their
non-pregnant counterparts (p<0.05). There was no sub-
stantial difference in MMP-2 levels between pregnant and
non-pregnant pigs.

CONCLUSIONS AND
RECOMMENDATIONS

Vaginal cytology represents a straightforward and efficient
technique for detecting pregnancy in pigs. Moreover, an
inquiry is required to assess MIMMP-9 as a viable biomarker
for verifying pregnancy in pigs, aiming to improve the ac-
curacy of pregnancy detection in female pigs and overcome
significant challenges in the swine breeding sector.
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