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Abstract: We investigated the relationship between the
pregnancy rate of bovine embryo transfer and collapsed
protoplasm of epithelial cells in cervical mucus samples
collected from 102 cows (Japanese Black, Holstein and
their crossbred). The recipient cows were divided into 3
groups according to the proportion of collapsed
protoplasm: group L, 20% or less; group M, 21 to 80%;
and group H, 81% or more. Rates of pregnancy in these
3 groups were compared. The observation rates of
collapsed protoplasma in cervical mucus were 28.4%
(29 cows) in group L, 44.1% (45 cows) in group M and
27.5% (28 cows) in group H. The pregnancy rates
following embryo transfer were 66.7% (14/21 cows) in
group L, 51.4% (18/35 cows) in group M, and 33.3% (8/
24 cows) in group H after eighty frozen embryo
transfers. The group L and group M recipients had
higher pregnancy rates after frozen embryo transfer than
group H (P<0.05). The rate of pregnancy increased as
the proportion of collapsed protoplasm decreased.
There was no significant correlation between pH of
mucus, proportion of collapsed protoplasma of epithlial
cells and concentration of progesterone in plasma. The
present results indicate that there is a relationship
between rate of pregnancy and proportion of collapsed
protoplasm in the cervical mucus. The high rate of
pregnancy in cows with the low proportion of collapsed
protoplasma in cervical mucus suggests that the
proportion of collapsed protoplasm in cervical mucus is a
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reliable index for selection of cows for embryo transfer.
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Collapsed protoplasm, Selection of recipients

Reported factors affecting the pregnancy rate of
embryo transfer in cattle are quality of the embryo [1],
method for freezing embryos [2, 3], properties of the
blood of recipient cows [4], signs of estrus [5],
concentrations of hormones in blood [6-9] and timing of
embryo transfer [10]. It is very important to judge
correctly whether the embryo should be transferred to
recipient cattle, but this decision is usually based simply
on the experience of technicians who observe the
appearance of the vulva and shape of the corpus
luteum. Various methods have been developed in
recent years for determining concentrations of
hormones and conditions of the corpora lutea in ovaries
of recipient cows for embryo transfer. These include a
simple method for determining progesterone (P,)
concentration using an enzyme immunoassay
technique [11, 12] and a method for determining the
shape of the ovaries using an ultrasonic diagnostic
apparatus. However, these methods are not easy to
perform in the field, and simple, reliable methods are
therefore needed.

In 2001, Sasaki et al. [13] reported that there was a
correlation between pregnancy rate and the ratio of
epithelial cells with collapsed muscles in the cervical
mucus in the present paper.

In this study, we investigated correlations between
changes in epithelial cells in the cervical mucus, pH of



Fig. 1. A cervical mucus sampling device.

Fixing solution: 5 minutes
!

Staining solution I : 5 minutes
l

Staining solution I : 5 minutes

!
Washing with distilled water

l
Drying

Table 1. Staining method.

cervical mucus, and P4 concentration in plasma
obtained from cows in which embryo transfer was
performed.

Materials and Methods

Embryos

Transferrable embryos were collected non-surgically
from Japanese Black cows and Holstein cows at the
Fukushima Husbandry Experimental Station and private
farms in Fukushima Prefecture 7 or 8 days after the
onset of estrus. Fresh embryos were transferred soon
after collection. The rest of the embryos were frozen by
the one-step method equilibrated in phosphate-buffered
saline (PBS) supplemented with 10% glycerol. They
were thawed in water at 38°C for step-wise removal of
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Fig. 2. Epithelial cells with collapsed protoplasm in the
cervical mucus (400x).

glycerol with 6% glycerol in 0.25 M sucrose solution, 3%
glycerol in 0.25 M sucrose solution, and 0% glycerol in
0.25 M sucrose solution. The embryos were then
washed in PBS and transferred to recipient cattle.

Recipients and method for collecting cervical mucus
and measuring pH

A total of 102 cattle (Japanese Black, Holstein and
crossbred) were used as recipients. All were examined
by rectal palpation for the presence of corpora lutea.

A cervical mucus-sampling device was made by
wrapping 2 layers of adhesive tape around the tip of a
paper stick (50 cm in length) (Fig. 1) to hold a sterilized
cotton swab.

For measurement of pH, this device was fitted into a
sheath tube cover for embryo transfer, and this device
was inserted into the vagina of each cow until it reached
the ostium uteri externum. The swab was then slowly
pushed into the cervix and then retracted into the
sheath tube cover. The device was then removed from
the vagina, and the pH of the fluid on the swab was
immediately measured using BTB test paper (Advantec-
Toyo Corp., Tokyo, Japan).

Samples of cervical mucus collected from the
recipient cows were placed on glass slides and stained
with staining solution (Diff-Quick, International
Reagents Corp., Kobe, Japan). The staining process is
shown in Table 1. Samples were assessed under a
microscope at a magnification of 400x (Fig. 2).

Blood sampling and determination of plasma
progesterone level in recipient cows
Blood samples were collected from the tail vein at the
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Table 2. Relationship between pregnancy rate and properties of cervical mucus after

transfer of fresh or frozen embryos

Group Fresh embryo Frozen embryo

Heifer 1< Heifer 1<
L 4/5 (80.0) 0/3 (0) 3/4 (75.0) 11/17 (64.7)
M 3/5 (60.0) 2/5 (40.0) 4/7 (57.0) 14/28 (50.0)
H 0/1 (0) 0/3 (0) 2/4 (50.0) 6/20 (30.0)
Subtotal 7/11 (63.6) 2/11 (18.2) 9/15 (60.0) 31/65 (46.7)
Total 9/22 (40.9) 40/80 (50.0)

(): Pregnancy rate (%).

same time as cervical mucus collection. Within 1 hour
after collection, each blood sample was centrifuged
(1,580 x g, 15 min), and the resulting plasma was stored
at —20°C until hormone assays. The concentration of
progesterone in plasma was measured using an
enzyme immunoassay, according to the methods
described by Tanaka et al. [11] and Takeuchi et al. [12].

Statistical analysis

Determination of pregnancy was made at the time of
delivery, and data such as pregnancy rate was
statistically analyzed using the chi-square test.

Results

Observation of epithelial cells in cervical mucus of the
recipient cows

After microscopically observing 30 visual fields, the
recipient cows were divided into 3 groups according to
differences in the proportion of epithelial cells with a
collapsed protoplasm (Fig. 2) in the cervical mucus:
group L, 20% or less; group M, 21 to 80%; and group H,
81% or more. The observation rates of collapsed
protoplasm in epithelial cells in cervical mucus were
28.4% (29 cows) in group L, 44.1% (45 cows) in group
M and 27.5% (28 cows) in group H. There was no
statistically significant difference between heifer and
Cows.

The pH of cervical mucus

The values of pH of cervical mucus from the recipient
cows ranged from 6.4 to 7.8. There was no statistically
significant difference between heifers and cows, and
there were no significant differences among the three
groups.

Pregnancy rate after embryo transfer
The relationship between properties of cervical mucus

and pregnancy rate after embryo transfer is shown in
Table 2. In this study, the pregnancy rate was not
statistically significant different between recipients of
fresh embryo transfer and recipients of frozen embryo
transfer. Analysis was restricted to frozen embryo
transfers because the number of fresh embryo transfers
was limited. The group L and group M recipients had
higher pregnancy rates after frozen embryo transfer
than the group H (P<0.05).

Relationships between proportion of collapsed
protoplasm and pregnancy rate in cows grouped
according to plasma P, concentration

Table 3 shows the pregnancy rate of each
protoplasmic disintegration group of cows grouped
according to plasma P4 concentration. Three (3.8%) of
the 80 cows had a plasma P, concentration of less than
0.9 ng/ml at the time of embryo transfer. The pregnancy
rate of these 3 cows was zero. In group L, in which the
ratio of presence of images of collapsed protoplasm in
the cervical mucus of the womb was low, there was no
recipient cow with a P, concentration of 2 ng/dl or lower
in the blood. There was no correlation between the
ratio of pregnancy and the progesterone concentration
level. In group H, progesterone concentration levels did
not affect the ratio of pregnancy rate. There was no
relation between the concentration level of
progesterone and the pregnancy rate after embryo
transfer.

Discussion

In this study, we examined the mucus in the cervical
canal in cows in the luteal phase. We divided these
cows into 3 groups according to the proportion of
collapsed protoplasm in epithelial cells in the cervical
mucus and assessed the correlation between
pregnancy rate and the proportion of collapsed
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Table 3. Relationships between proportion of protoplasmic disintegration and pregnancy rate in cows
grouped according to plasma progesterone concentration

Concentration Proportion of protoplasmic disintegration Total
ota

of progesterone L H
092> - 0/3 (0) 0/3 (0)
1.0~2.0 - 3/6 (50.0) 1/4 (25.0) 4/10 (40.0)
2.1~5.0 11/15(73.3) 10/21 (47.6) 4/10 (40.0) 25/46 (54.3)
5.1< 3/6 (50.0) 5/8 (62.5) 3/7 (42.9) 11/21 (52.4)
Subtotal 14/21 (66.7) 18/35 (51.4) 8/21 (38.1) 40/77 (51.9)
Total No. 14/21 (66.7)° 18/35 (51.4)° 8/24 (33.3)° 40/80 (50.0)

Values with different superscripts are significantly different (P<0.05). (): Pregnancy rate (%).

protoplasm. There have been few studies on
relationships between pregnancy rate and properties of
the cervical mucus in the luteal phase [13]. Significant
changes occur in the reproductive organs of cows with
progression of the estrous cycle, and it has been shown
that the properties and amount of cervical mucus are
greatly affected by hormones secreted from the ovaries
[14]. In the follicular phase, the amount of mucus
increases due to the influence of estrogen (E,), and the
viscosity of the mucus decreases, resulting in the
formation of a colorless, transparent mucus. If this
mucus is dried, fern-shaped crystals are formed. In
contrast, the viscosity of the mucus increases in the
luteal phase, resulting in the formation of a opaque
mucus [14].

As for the origin of the phenomenon of nuclear
disintegration that we observed in the present study,
Yoshizawa et al. [15] examined oviduct cells, and found
that most of the ciliated cells in the proliferative phase
are large, whereas most of the ciliated cells in the
secretion phase (when P4 concentration is high) are
small. The mechanisms responsible for this
phenomenon are not clear.

P4 is produced mainly by cells in the corpus luteum
and is involved in the establishment and maintenance of
pregnancy. It is thought that a P, concentration of more
than 1 ng/ml in the blood is generally necessary for the
establishment of pregnancy. Nishigai et al. [8] reported
that the pregnancy rate of recipient cows undergoing
embryo transfer decreased as the blood P,/E, ratio on
the day before embryo transfer increased. In the
present study, none of the cows with a P, concentration
of less than 0.9 ng/ml at the time of embryo transfer
became pregnant, and we believe that this is because
the concentration of P, in the blood was insufficient.
Similarly, Sasaki et al. [13] reported that the pregnancy
rate in Holstein cows following embryo transfer was

higher in cows with comparatively lower rates of nuclear
disintegration in epithelial cells in the cervical mucus.
They pointed out that P, also affects epithelial cells in
the cervical mucus; i.e., when the P4, concentration
decreases, the nuclei of epithelial cells swell slightly and
there is a high rate of nuclear disintegration whereas,
when the P, concentration increases, the nuclei of
epithelial cells shrink slightly and there is little
disintegration of nuclei (even of nuclei that contain no
protoplasm).

The results of the present study show that there is a
correlation between pregnancy rate and the proportion
of collapsed protoplasm in epithelial cells in the cervical
mucus, and that the proportion of collapsed protoplasm
could be used as a criterion for selection of cows for
embryo transfer.
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