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Abstract: Problems statement: The level of uterine Secretory-IgA (S-IgA) and numbers of plasma
cells was measured to observe the differences between two stages of estrous cycle (follicular and
luteal phase) in the healthy cycling non pregnant ewes. Approach: Twelve ewes were used in this
study and they were divided into two groups of 6 animals each according to the stages of estrous
cycle. All ewes were subjected to estrous synchronization and allowed to undergo one natural estrous
cycle after the removal of the sponge. All animals were then slaughtered at the end of the experiment.
The uterine mucus was collected by flushing with a mixture of protease inhibitor cocktail in distilled
water. For both stages, the level of uterine S-IgA was quantified by using ELISA and Methyl Green
Pyronine staining was used to observe the plasma cell in the tissues of the uterine horn and oviduct of
ewe’s genital tract. Results: The results were analyzed by independent sample t-test and presented as
mean±SEM. This study showed the relationship of the estrous cycle stages to uterine S-IgA
concentration (µg mL−1) and populations of plasma cell in the healthy non-pregnant cycling ewes. The
concentration (µg mL−1) of S-IgA (0.20±0.01) in the follicular phase was highly significant (p<0.01) as
compared with the luteal phase (0.17±0.002). In addition, the populations of the plasma cells were
significantly higher (p<0.01) in the uterine horn (4.97±0.32) and oviduct (3.82±0.33) during follicular
phase compared to the luteal phase (3.87 ±0.30) and (1.90±0.21), respectively. Conclusion: The main
reason for the immunosuppression during the luteal phase did not fully justified, especially with the
presence of potential acquired infection during coitus in the follicular phase and at the same time
immune system should decrease accordingly to prevent newly attached fetus rejection by the mother
immune system.
Key words: S-IgA, plasma cells, estrous cycle, uterine lavage, ewes
cycle stages, an effect attributed to the sex hormones[21].
The levels of immunoglobulins (A and G) and antigensspecific antibodies in the genital tract of women and
rhesus macaque vary with the menstrual cycle[16]. In
sheep, uterine immune function seems to be differentregulation during different stage of estrous cycle and in
the ovariectomized ewes[5,15,20,22]. Presence of the
plasma cells is influenced by sex hormones in the
endometrium of the sow and rat[12,24]. The sow genital
tract is suffering significant changes, where exceed in
the estrous phase and still lower in the diestrus of the
cycle[12]. This study was conducted with the aims to
quantify the S-IgA concentration levels in the uterine
secretion and to quantify the population of plasma cells

INTRODUCTION
Immunoglobulin
(Ig)-producing
cells
are
quantitatively the most important humoral immune
system in the body. Immunocytes, namely the B-cell
blasts and plasma cells are found in all exocrine tissue
sites, are mainly responsible for the synthesis of
dimmers and larger polymers such as IgA (plgA)[3].
Secretary Component (SC) was synthesized by
epithelial cells which have ability to transport the S-IgA
as polymeric Immunoglobulin (PIgA) by polymeric Ig
receptor (PIgR)[2,7].
The mucosal immune system, IgA and IgG in the
female reproductive tract varies according to the estrous
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throughout lamina propria of uterine horn and oviduct
of healthy non-pregnant cycling ewes during the estrous
cycle stages.

diluted in PBS and incubated overnight at 4°C. The
plates were washed three times in PBS containing
0.05% Tween-20 and blocked with 5% Bovine Serum
Albumin (BSA; Merck, Germany) for 2 h at 25°C. The
plates were then washed three times. The plates were
incubated with bound rabbit anti-sheep IgA: HRP
(Horseradish Peroxidase) (AbD Serotec, UK) 1: 10000
for 2 h at 25°C. The plates were washed again three
times, the color developed with ABTS (2, 2’, azino-bis
(3-ethyl
benzathiazoline-6-sulphonic
acid)/H2O2
substrate (KPL, USA) was measured after 15 min at
414 nm on a Microtiter-Plate ELISA Reader (BIOTEK, USA).

MATERIALS AND METHODS
Animals: Twelve healthy non-pregnant cycling local
breed ewes with age between 11-13 months old and
body weight of 16±2.6 kg were used in this study. All
the animals were kept under natural lighting and
feeding. The protocol of the study was approved by the
Faculty’s animal care and use committee (animal
utilization protocol number: 08R26/Jun 08-May 09).
The animals were divided into two groups (follicular
and luteal phase; 6 ewes for each) after synchronization
of the estrous cycle by insertion of sponges that
contained 40 mg flugestone acetate for 14 days.
Pregnant Mare Serum Gonadotropin (PMSG)
(Folligon®) were given (400 IU) intramuscularly at
sponge removal. The animals were allowed to undergo
one natural estrous cycle after the removal of the
sponge.
All the animals were euthanased and the
reproductive tracts were collected. The stage of the
estrous cycle (follicular and luteal phases) was
determined by the signs of estrous exhibited by the
ewes. Further more, confirmed by morphological and
histological evaluation of the ovary and endometrial
layers of reproductive tract. Morphologically,
appearance of ovarian follicles >5 mm refers to
follicular phase or rising of the mature corpus luteum
intimate to luteal phase of ewe’s estrous cycle[18].
Histologically, straight and narrow tubular glands of the
endometrium were observed during follicular phase, but
the presence of the corpus luteum with typical secretory
endometrium and the uterine glands begin secretion,
dilating and becoming coiled were observed during
luteal phase[1].

Collection and staining of tissues: The uterine horns
and oviducts were immediately collected (after the
flashing) and fixed in 10% formaldehyde in PhosphateBuffered Saline (PBS) (pH7.4). The tissues were
processed for paraffin embedding and preparations of
the sections were done according to histological
protocol. Methyl Green-Pyronine (Sigma, USA)
staining was used to detect of plasma cells in the tissue
sections[18].
Plasma cells counting: The plasma cells were
counted by using light microscopy (Olympus BX51,
Japan) equipped with an image analyzer (Analysis LS
Research). Enumeration of plasma cells was done
based on five microscopic fields per section (under
40×magnifications) in three serial sections[11]. Only
plasma cells in the lamina propria of the uterine horn
and the oviduct ampulla were enumerated in this
study.
Statistical analysis: S-IgA concentrations during the
luteal and follicular phases were compared using the
Independent sample t-test procedure and presented as
mean±SEM. Plasma cell counts were compared across
cycle phases using a non-parametric Mann Whitney
test[19]. All statistical procedures were conducted at
95% confidence interval.

Collection of uterine lavage fluids: The uterine lavage
fluids were collected by flushing each genital tract with
5 mL of distilled water containing protease inhibitors
cocktail (Sigma-Aldrich, USA). Uterine lavage fluids
were centrifuged (12000×g for 5 min at 0°C) and frozen
at -80°C until assayed[16]. S-IgA concentration was
measured by enzyme-linked immunosorbent assay
(ELISA)[14].

RESULTS
S-IgA concentration in the uterine secretion: This
experiment showed the relationship of the estrous cycle
stages to the concentration of uterine S-IgA in the ewes
as shown in Fig. 1. The mean S-IgA concentrations of
all uterine lavage fluids during follicular phase
(0.20±0.01 µg mL−1; 95% CI = -0.05 to -0.01) were
highly significant (p<0.01) than during the luteal phase
(0.17±0.002 µg mL−1).

Elisa: S-IgA was assayed using standard direct ELISA
system[6]. Ninety six-well flat bottom high binding
ELISA microplates (Greiner Bio-One, Germany) were
coated with replicate optimal concentrations of samples
22
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Fig. 3: Distribution of Plasma cells in the uterin horn
and oviduct of reproductive tract of the ewes
throughout the estrous cycle. Data are showed
as the mean±SE (n = 6), (p<0.01) numbers of
plasma cells within lamina propria of the
oviduct and uterine horn

Fig.1: Mean concentration (µg mL−1) of uterine S-IgA
by ELISA during follicular and luteal phase of
ewe’s estrous cycle

oviduct (A2, B2). They were also localized between the
epithelial cells of the uterine and oviduct glands (A3,
B3). Present in the stroma that supports the epithelial
layer for uterine horn and oviduct (A2, B2).
The plasma cells populations within the lamina
propria of the uterine horns and the oviduct during
follicular and luteal phases of the ewes are showed in
Fig. 3. The mean number of the plasma cells was
significantly higher (p<0.01) in the uterine horn during
follicular phase (4.97±0.32; 95% CI = -1.9 to -0.2)
compared to the luteal phase (3.87±0.30). In addition,
the mean numbers of plasma cells in oviduct during
follicular and luteal phase were 3.82±0.33 and
1.90±0.21, respectively. The difference was statistically
significant (p<0.01; 95% CI= -2.1 to -0.5).
DISCUSSION

Fig. 2: A1, A2, A3 shows the plasma cells are localized
throughout the lamina propria of the uterine
horn sections. B1, B2, B3 shows it’s localized
throughout the lamina propria of the
oviduct sections. Stain: Methyl Green Pyronine.
40× magnification

In this study, we examined the relationship of the
uterine S-IgA and plasma cells in tissues with the
influence of the estrous cycle stages in ewes. We
determined that the levels of S-IgA and values of
plasma cells in the reproductive tract vary at different
stages of the estrous cycle. The highest levels of S-IgA
and numbers of plasma cells were recorded during
follicular phase (under the estrogen hormone
influence), while the lowest levels occurred during the
luteal phase (under the progesterone hormone
influence) of estrous cycle in ewes. It was well known,
that during follicular phase, the female reproductive
tract at the time around of the ovulation, the secretion
of cervical gland is serous-type that facilitates coming
in of the spermatozoa into the uterus. During luteal

Plasma cells population: The sections of the uterine
horn and oviduct stained with Methyl Green Pyronine
are showed in Fig. 2. The plasma cells were identified
by their basophilic cytoplasm and an eccentrically
located nucleus with the special arrangement of the
heterochromatin in a characteristic of cartwheel
appearance. The plasma cells were located in the basal
region of the epithelium for both of anatomical regions
(A1, B1). Some were presented in the stroma that
supports the epithelial layer for uterine horn and
23
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phase or pregnancy, the secretions of the cervical
glands become more viscous, forming a plug of
thickened mucous in the orifice of the cervix, thus,
preventing the coming in of sperm and microorganisms
into the uterus[13]. In sheep, one of the progesterone
actions is to reduce numbers of specific populations of
lymphocytes in the layers of uterine endometrium and
hybridoma xenografts[17]. It also played role by hinders
rejection or enhances survival of skin allografts placed
within the uterine lumen[9]. This progesterone action
may prevent immunological rejection of the newly
attached fetus by the mother immune system[8].
As ratiocination from the mentioned earlier, the
female reproductive tract must be supported by the
female immune system to encounter the invading of
microorganism from the outer environmental during
the relaxation period for the cervix, especially during
the last stage of follicular phase when the female
accept the male. Results of the current study are
consistent with the previous researchers, where the
increasing levels of uterine S-IgA and amount of
plasma cell occurred during follicular phase and
decreased during the luteal phase. However, the
current study presents a more specific data on the
amount of uterine S-IgA and plasma cells during
follicular and luteal phases.
Results of the study also showed that immune
system level was enhanced during the follicular phase
and decreased during the luteal phase of ewes. That
agrees with previous studies done in ewes, cows and
mares[4, 5,10, 15,22,23]. Based on the result of this study and
from the previous reports, it is confirm that the
difference stages of estrous cycle have different uterine
immune levels in ewes. The immune system during the
follicular phase under estrogen influenced is highest its
levels than luteal phase under progesterone influenced
in ewes.
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