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ABSTRACT
Insemination induces an inflammatory response in the cervix and endometrium, and
there is increasing evidence that it plays an important role in the establishment of
successful pregnancy. Several different leukocytes and cytokines are involved in the
response, but the range of mediators involved, the progression of events and their
significance in terms of reproductive success are uncertain. This study examined the
temporal development of the inflammatory response in the reproductive tract of the
ewe following mating, investigated the components of ram semen responsible and
compared the reaction in the oestrogen and progesterone dominated reproductive
tract. The central hypothesis of the study was that components of semen induce an
inflammatory reaction in the female reproductive tract via the synthesis and secretion
of granulocyte-macrophage colony-stimulating factor (GM-CSF) and interleukin-8
(IL-8) from endometrial and cervical epithelial cells.
In initial studies, reproductive tracts were collected from ewes at three, six, 18, 24
and 48 hours following mating or the onset of oestrus without mating. Leukocytes in
the vagina, cervix and uterus were identified and quantified. In non-mated ewes,
numbers of neutrophils and mast cells in the uterus were highest at three hours then
declined by 48 hours following the detection of oestrus, whereas the number of
macrophages increased in most tissues. Luminal macrophages were highest at 18-24
hours but had declined by 48 hours after oestrus. Neutrophil and macrophage
numbers increased in the posterior cervical and uterine tissues following mating and
neutrophils also increased in the cervical and uterine lumen. In uterine tissues
numbers of neutrophils peaked at six hours and macrophages at 18-24 hours after
mating. The number of mast cells initially decreased after mating but then increased
by 48 hours, whereas the number of eosinophils remained constant. It was concluded
that leukocyte populations in the reproductive tract of the ewe are influenced by
ovarian steroid hormones, and changes after mating vary between different sites.
Numbers of neutrophils and macrophages increased in response to mating whereas
mast cells decreased and the number of eosinophils did not change.
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Tissues and luminal fluid from the reproductive tract of mated and non-mated ewes
were also examined for the presence of GM-CSF and IL-8 using monoclonal and
polyclonal sheep-specific antibodies. Both GM-CSF and IL-8 were detected in
luminal and glandular endometrial epithelium, to a lesser extent in cervical
epithelium and neither in vaginal epithelium. There were higher luminal
concentrations of GM-CSF at all sites in the reproductive tract of mated compared
with control ewes, and the vaginal lumen contained the highest concentration of IL-8
compared with all other sites irrespective of mating status. These findings suggested
that an increase in GM-CSF following mating may contribute to the influx of
leukocytes which occurs at this time, but the changes in IL-8 following mating were
not clear.
Semen was collected from each of seven rams on three separate occasions by electroejaculation and examined for the presence of cytokines. Transforming growth factorbeta 1 (TGF-β1) was present in all samples of ram seminal plasma, but neither
GM-CSF nor IL-8 were found. Concentrations of seminal TGF-β1 ranged between
0.12 and 1.5 ng/ml and approximately 90% was present in a latent form. It is still not
certain what role TGF-β1 has in contributing to the inflammatory reaction to semen.
Oestrous and luteal stage ewes were anaesthetised and their uterus surgically ligated
into five sections. Whole semen, washed spermatozoa, seminal plasma, modified
Tyrode’s albumin-lactate-pyruvate (TALP) and normal saline were injected into the
ligated uterine sections and the reproductive tracts collected 22 hours later. Selected
ewes had antibiotics added to the treatments. Whole semen, seminal plasma and
spermatozoa caused an increase in neutrophil numbers in uterine tissues and
increased luminal IL-8, but including antibiotics in treatments reduced this response.
An increase in luminal GM-CSF occurred in response to spermatozoa and whole
semen but only when antibiotics were not used. Eosinophils increased in the midand deep endometrial stroma when antibiotics were not used, whereas fewer mast
cells were present in the deep endometrial stroma after all treatments and numbers
were reduced further in the presence of antibiotics. More macrophages were present
in uterine tissues in response to whole semen, spermatozoa and seminal plasma than
other treatments and antibiotics reduced this response. These results indicate that
spermatozoa, seminal plasma and possibly bacteria or bacterial products such as
vi

lipopolysaccharide (LPS) all contribute to leukocyte and cytokine changes during the
post-insemination inflammatory response in the uterus of the ewe.
Neutrophils, GM-CSF and IL-8 underwent greater increases in response to
insemination at oestrus compared to during the luteal phase, whereas numbers of
eosinophils were higher at oestrus but unaffected by insemination. Total macrophage
numbers were not influenced by the stage of the oestrous cycle, however their
distribution within uterine tissues was affected, with more located in the superficial
endometrial stroma at oestrus. These results suggest that leukocytes, GM-CSF and
IL-8 in the ovine uterus are under the influence of ovarian hormones and oestrogen
enhances and/or progesterone suppresses aspects of the post-insemination
inflammatory response in the ewe.
It was concluded that the post-insemination inflammatory response in the
reproductive tract of the ewe involves an increase in numbers of neutrophils and
macrophages and a reduction or degranulation of mast cells. These changes are likely
to be driven, at least in part, by the concurrent increase in GM-CSF and IL-8 which
occurs in response to a combination of spermatozoa, seminal plasma and bacteria or
bacterial products. These leukocyte and cytokine changes may be involved in
preparing the ovine endometrium for pregnancy.
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cervix; MC, mid-cervix; AC, anterior cervix; BU, uterine body;
IM, ipsilateral mid-uterine horn; IA, ipsilateral anterior uterine
horn; CM, contralateral mid-uterine horn; CA, contralateral
anterior uterine horn.
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Eosinophil numbers in different sites in the reproductive tract
of ewes when sites were combined into vagina (n = 60), cervix
(n = 90) or uterus (n = 150). Data are presented as the mean ±
SEM in 1.5mm2 tissue. Data from different time periods and
from both mated and control ewes were pooled. Values for
uterine tissues were from cell counts in the superficial
endometrium. a P <0.01 compared with other sites.
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Figure 4.10 Photomicrographs of (A) eosinophils (H&E stained) in the
superficial endometrium (arrows) and (B) a cluster of mast cells
(toluidine blue stained) in the deep endometrial stroma (arrows).
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Figure 4.11 Mast cells in reproductive tissues of control and mated ewes at
various times post-oestrus (controls) and post-mating. Data are
presented as the mean + SEM (n=60) in 1.5mm2 tissue. a P <0.01
compared with control ewes.
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Figure 4.12 Mast cells in different sites in the reproductive tract of ewes when
sites were combined into vagina (n = 60), cervix (n = 90) or uterus
(n = 150). Data are presented as the mean ± SEM in 1.5mm2 tissue.
Data from different time periods and from both mated and control
ewes were pooled. Values for uterine tissues were from cell counts
in the superficial endometrium. a P <0.01 compared to other sites.
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Figure 4.13 Photomicrographs of macrophages in positive control tissue
(ovine subcutaneous granuloma) with various antibodies: (A)
Serotec: MCA874G, (B) VMRD: CAM36A and (C)
DakoCytomation: EBM-11.
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Figure 4.14 Photomicrographs of macrophages stained with EBM-11
(DakoCytomation) and haematoxylin counterstain (A) in the
endometrium and (B) in a cervical mucus smear. Large arrow
points to a macrophage, small arrow points to a neutrophil.
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Figure 4.15 Macrophage numbers in reproductive tissues of control and mated
ewes at various times post-oestrus (controls) and post-mating. Data
are presented as the mean + SEM (n=57) in 1.5mm2 tissue.
a
P <0.01 compared with control ewes.
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Figure 4.16 Macrophage numbers in different sites in the reproductive tract
of ewes when sites were combined into vagina (n = 60), cervix
(n = 90) or uterus (n = 150). Data are presented as the mean ±
SEM in 1.5mm2 tissue. Data from different time periods and from
both mated and control ewes were pooled. Values for uterine
tissues were from cell counts in the superficial endometrium.
a
P <0.01 compared to cervix, b P <0.05 compared to vagina.
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Figure 4.17 Macrophage percentages in smears from the reproductive tract
lumen of control and mated ewes at various times post-oestrus
(controls) and post-mating. Data are presented as the mean +
SEM (n=21) percentage of total cells in smears. a P <0.05
compared with control ewes.
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Figure 4.18 Macrophage percentages in smears from different sites in the
reproductive tract of ewes when sites were combined into vagina
(n = 30), cervix (n = 30) or uterus (n = 150). Data are presented
as the mean ± SEM. Data from different time periods and from
both mated and control ewes were pooled. a P <0.01 compared
to other sites.
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Figure 5.1

Photomicrographs of GM-CSF immunohistochemical staining:
(A) distribution of GM-CSF in uterine luminal and glandular
epithelium, (B) GM-CSF +++ in uterine body epithelium, (C)
GM-CSF ++ in uterine horn epithelium, (D) GM-CSF + in cervical
epithelium, (E) GM-CSF - in vaginal epithelium, (F) GM-CSF
negative control in uterine body. Scale bars in (A) = 200 μm, scale
bars in (B)-(F) = 50 μm.
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Figure 5.2

Photomicrographs of IL-8 immunohistochemical staining (A)
distribution of IL-8 in uterine luminal and glandular epithelium,
(B) IL-8 +++ in uterine body epithelium, (C) IL-8 ++ in uterine
horn epithelium, (D) IL-8 + in cervical epithelium, (E) IL-8 - in
vaginal epithelium, (F) IL-8 negative control in uterine body.
Scale bars in (A) = 200 μm, scale bars in (B)-(F) = 50 μm.
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Figure 5.3

Figure 5.4

Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Staining intensity of GM-CSF and IL-8 in tissues at different
sites in the reproductive tracts of ewes. Data are presented as the
mean + SEM: vagina (n=30), cervix (n=90), uterus (n=150).
a
GM-CSF P <0.01 compared with other sites; b IL-8 P <0.01
compared with other sites.
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Concentration of GM-CSF in reproductive tract luminal fluid
at various sites in control and mated ewes. Data are mean
concentration (ng/ml) + SEM (n=15). a P <0.05 compared with
cervix and contralateral mid- uterine horn. V, vagina; C, cervix;
BU, uterine body; IM, ipsilateral mid-uterine horn; IA, ipsilateral
anterior uterine horn; CM, contralateral mid-uterine horn; CA,
contralateral anterior uterine horn.
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(A) Ligated uterine horns and (B) injecting a treatment into a
ligated section of an anterior uterine horn.
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Neutrophils in uterine tissues of oestrous ewes 22 hours after
injection of various treatments into the lumen. Data are presented
as mean + SEM (n=9) in 4.5mm2 tissue (superficial, mid- and
deep stroma). a P <0.01 compared to TALP; b P <0.01 compared
to saline. Treatments were: Semen, whole semen; SP, seminal
plasma; Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
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Photomicrographs of neutrophils in the subepithelial stroma of
the uterus from an oestrous ewe following treatment with (A)
whole semen, (B) seminal plasma, (C) TALP and (D) saline.
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Neutrophils in uterine luminal smears from oestrous ewes 22
hours after injection of various treatments with or without the
addition of antibiotics into the lumen. Data are presented as
mean + SEM percentage of total cells in smears; no antibiotics
(n=6), antibiotics added to treatments (n=3). a P <0.01 compared
to treatment containing antibiotics; b P <0.01 compared to saline.
Treatments were: Semen, whole semen; SP, seminal plasma;
Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
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Mast cells in different depths of the endometrial stroma of oestrous
ewes 22 hour after injection of treatments with or without the
addition of antibiotics into the lumen. Data are presented as mean
+ SEM in 1.5mm2 tissue; no antibiotics (n=30), antibiotics added
to treatments (n=15). a P <0.01 compared to mid- and superficial
stroma; b P <0.05 compared to treatment containing antibiotics.
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Figure 6.6

Figure 6.7

Mast cells in the deep endometrial stroma of oestrous ewes 22
hours after injection of various treatments with or without the
addition of antibiotics into the lumen. Data are presented as
mean + SEM in 1.5mm2 tissue; no antibiotics (n=6), antibiotics
added (n=3). a P <0.05 compared to treatment containing
antibiotics. Treatments were: Semen, whole semen; SP, seminal
plasma; Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
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Macrophages in uterine tissues of oestrous ewes 22 hours after
injection of various treatments with or without the addition of
antibiotics into the lumen. Data are presented as mean + SEM
in 1.5mm2 tissue; no antibiotics (n=18), antibiotics added to
treatments (n=9). a P <0.05 compared to treatment containing
antibiotics. Treatments were: Semen, whole semen; SP, seminal
plasma; Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
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Figure 6.8

Ranked staining intensity of GM-CSF in uterine tissues from
oestrous ewes 22 hours after injection of various treatments
without the addition of antibiotics into the lumen. Data are
presented as mean ± SEM (n=6). Treatments were: Semen,
whole semen; SP, seminal plasma; Sperm, washed spermatozoa;
TALP, modified Tyrode’s medium; Saline, 0.9% sodium chloride. 138

Figure 6.9

GM-CSF in luminal fluid of oestrous ewes 22 hours after injection
of various treatments into the lumen. Data are presented as mean ±
SEM; no antibiotics (n=6), antibiotics added to treatments (n=3).
a
P <0.01 compared to treatment containing antibiotics; b P <0.01
compared to SP, TALP and saline. Treatments were: Semen, whole
semen; SP, seminal plasma; Sperm, washed spermatozoa; TALP,
modified Tyrode’s medium; Saline, 0.9% sodium chloride.
138

Figure 6.10 Ranked staining intensity of IL-8 in uterine tissues from oestrous ewes
22 hours after injection of various treatments into the lumen. Data are
presented as mean ± SEM (n=9). a P <0.05 compared to TALP and
saline. Treatments were: Semen, whole semen; SP, seminal plasma;
Sperm, washed spermatozoa; TALP, modified Tyrode’s medium;
Saline, 0.9% sodium chloride.
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Figure 6.11 IL-8 in luminal fluid of oestrous ewes 22 hours after injection
of various treatments into the lumen. Data are presented as mean
± SEM; no antibiotics (n=6), antibiotics added to treatments (n=3).
a
P <0.01 compared to TALP and saline; b P <0.01 compared to all
other treatments. Treatments were: Semen, whole semen; SP,
seminal plasma; Sperm, washed spermatozoa; TALP, modified
Tyrode’s medium; Saline, 0.9% sodium chloride.
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Figure 6.12 Active and latent TGF-beta 1 in semen from seven rams. Data
are presented as the mean + SEM (total) TGF-beta concentration
(pg/ml) in semen samples (n=3) for each ram. a P <0.05
compared to rams 9,10 and 18; b P <0.05 compared to ram 18.
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Neutrophils in uterine tissues of luteal ewes 22 hours after
injection of various treatments into the lumen. Data are presented
as mean + SEM (n=7) in 4.5mm2 tissue (superficial, mid- and
deep stroma). a P <0.05 compared to spermatozoa, TALP and
saline. Treatments were: Semen, whole semen; SP, seminal
plasma; Sperm, washed spermatozoa; TALP, modified
Tyrode’s medium; Saline, 0.9% sodium chloride.
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Neutrophils in uterine luminal smears from luteal ewes 22 hours
after injection of various treatments with or without the addition
of antibiotics into the lumen. Data are presented as mean + SEM
percentage of total cells in smears; no antibiotics (n=4),
antibiotics added to treatments (n=3). a P <0.01 compared to
treatment containing antibiotics; b P <0.01 compared to all other
treatments. Semen, whole semen; SP, seminal plasma; Sperm,
washed spermatozoa; TALP, modified Tyrode’s medium;
Saline, 0.9% sodium chloride.
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Mast cells in different depths of the endometrial stroma of luteal
ewes 22 hour after injection of treatments with or without the
addition of antibiotics into the lumen. Data are presented as mean
+ SEM in 1.5mm2 tissue; no antibiotics (n=20), antibiotics added
to treatments (n=15). a P <0.01 compared to mid- and superficial
stroma; b P <0.05 compared to treatment containing antibiotics.
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Mast cells in the deep endometrial stroma of luteal ewes 22 hours
after injection of various treatments with or without the addition
of antibiotics into the lumen. Data are presented as mean + SEM
in 1.5mm2 tissue; no antibiotics (n=4), antibiotics added to
treatments (n=3). a P <0.05 compared to treatment containing
antibiotics. Treatments were: Semen, whole semen; SP, seminal
plasma; Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
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Figure 7.5

Figure 7.6

Figure 7.7

Mast cells in the deep endometrial stroma of oestrous and luteal
ewes 22 hours after injection of treatments with or without the
addition of antibiotics into the lumen. Data are presented as mean
+ SEM in 1.5mm2 tissue; oestrus no antibiotics (n=6), oestrus
antibiotics added (n=3), luteal no antibiotics (n=4), luteal
antibiotics added (n=3). a P <0.05 compared to luteal ewes.
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Macrophages in uterine tissues of luteal ewes 22 hours after
injection of various treatments with or without the addition of
antibiotics into the lumen. Data are presented as mean + SEM
in 1.5mm2 tissue; no antibiotics (n=12), antibiotics added to
treatments (n=9). a P <0.01 compared to whole semen.
Treatments were: Semen, whole semen; SP, seminal plasma;
Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
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Ranked staining intensity of GM-CSF in uterine tissues from
oestrous and luteal ewes 22 hours after injection of various
treatments. Data are presented as mean + SEM; oestrus (n=9),
luteal (n=7). Treatments were: Semen, whole semen; SP, seminal
plasma; Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
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Figure 7.8

GM-CSF in luminal fluid of luteal ewes 22 hours after injection
of various treatments into the lumen. Data are presented as mean
± SEM; no antibiotics (n=4), antibiotics added to treatments (n=3).
Treatments were: Semen, whole semen; SP, seminal plasma;
Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
158

Figure 7.9

GM-CSF in luminal fluid of oestrous and luteal ewes 22 hours
after injection of various treatments without antibiotics into the
lumen. Data are presented as mean + SEM; oestrus (n=6), luteal
(n=4). Treatments were: Semen, whole semen; SP, seminal
plasma; Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.

Figure 7.10 Ranked staining intensity of IL-8 in uterine tissues from luteal
ewes 22 hours after injection of various treatments into the
lumen. Data are presented as mean ± SEM (n=7). Treatments
were: Semen, whole semen; SP, seminal plasma; Sperm,
washed spermatozoa; TALP, modified Tyrode’s medium;
Saline, 0.9% sodium chloride.
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Figure 7.11 Ranked staining intensity of IL-8 in uterine tissues from oestrous
and luteal ewes 22 hours after injection of various treatments.
Data are presented as mean + SEM; oestrus (n=9), luteal (n=7).
Treatments were: Semen, whole semen; SP, seminal plasma;
Sperm, washed spermatozoa; TALP, modified Tyrode’s medium;
Saline, 0.9% sodium chloride.
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Figure 7.12 IL-8 in luminal fluid of luteal ewes 22 hours after injection of
various treatments into the lumen. Data are presented as mean
± SEM; no antibiotics (n=4), antibiotics added to treatments
(n=3). a P <0.01 compared to TALP; b P <0.01 compared to
saline. Treatments were: Semen, whole semen; SP, seminal
plasma; Sperm, washed spermatozoa; TALP, modified Tyrode’s
medium; Saline, 0.9% sodium chloride.
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Figure 7.13 IL-8 in luminal fluid of oestrous and luteal ewes 22 hours after
injection of various treatments without antibiotics into the lumen.
Data are presented as mean + SEM; oestrus (n=6), luteal (n=4).
a
P <0.01 compared to luteal ewes. Treatments were: Semen, whole
semen; SP, seminal plasma; Sperm, washed spermatozoa; TALP,
modified Tyrode’s medium; Saline, 0.9% sodium chloride.
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