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Research Article

Abstract | The bovine pituitary contains follicle-stimulating hormone (FSH) and luteinizing hormone (LH), both 
of which can be used in superovulation. Successful superovulation can be evidenced by the presence of estrogen and 
progesterone receptors in the uterus. The aim of this study was to evaluate the potential of bovine pituitary extract 
(BPE) in inducing superovulation, based on the distribution and expression of estrogen receptor alpha (ERα) and 
progesterone receptor-A (PR-A) in rabbit uterine tissue. Six local female rabbits, weighing between 1.8–2.2 kg and 
having previously given birth, were used in this study. The rabbits were divided into two treatment groups (n=3): KL1, 
the control group, which was injected with physiological NaCl (2.6 ml total), and KL2, the treatment group, which was 
injected with BPE (2.6 ml total). Both groups received injections of physiological NaCl or BPE five times at 12-hour 
intervals. The injection volumes for each rabbit were as follows: 1 ml for the first injection, 0.5 ml for the second and 
third, and 0.3 ml for the fourth and fifth. Twelve hours after the final BPE injection, KL2 rabbits were administered 
100 IU hCG and mated with male rabbits. KL1 rabbits were mated without hCG administration. On the 6th day after 
treatment, the rabbits were euthanized, and their uterine organs were collected, processed histologically, and stained 
using immunohistochemical staining with the avidin-biotin complex peroxidase (ABC) method. The distribution of 
ERα and PR-A in uterine tissue was analyzed descriptively. Differences in receptor expression between the two groups 
were assessed based on intensity scores, using the Mann-Whitney U test. The results showed the presence of both ERα 
and PR-A in the uterine glands, lamina epithelialis, and lamina muscularis of the rabbit endometrium. A significant 
difference in ERα expression was observed between KL1 and KL2 rabbits (P<0.05), while the difference in PR-A ex-
pression was highly significant (P<0.01). In conclusion, BPE treatment significantly increased the expression of ERα 
and PR-A in the endometrial layer of the rabbit uterus, suggesting that BPE can be used as an indicator of successful 
superovulation. 
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INTRODUCTION

Hormones commonly used in superovulation protocols 
include gonadotropins such as follicle-stimulating 

hormone (FSH) and pregnant mare’s serum gonadotro-
pin (PMSG). Each hormone has its own advantages and 
disadvantages. FSH typically produces a better ovarian re-
sponse compared to PMSG, leading to more ovulated ova, 
fewer anovulatory follicles, and higher-quality embryos. 
However, FSH has some drawbacks, including its relative-
ly high cost due to limited availability in the domestic mar-
ket. Additionally, repeated administration can induce stress 
in animals, potentially resulting in reduced embryo quality. 
On the other hand, PMSG has a longer duration of action, 
with a half-life of approximately 2-5 days, and its residues 
remain in the bloodstream for up to 10 days (Putro, 1996). 
This prolonged half-life can lead to wide variations in su-
perovulation responses, persistent follicles in the ovaries, 
hormonal imbalances, and non-viable embryos for transfer 
(Afriani et al., 2020).

An alternative to overcome the challenges of using these 
two gonadotropins is the use of pituitary extract. Some 
studies have reported that pituitary extract can induce estrus 
in dairy cattle and increase reproductive efficiency in goats 
(Siregar et al., 2013). Intramuscular injection of pituitary 
extract in kaligesing goats can induce early estrus behavior 
and enhance estrus behavior performance in e tawah goats 
(Setiawan et al., 2019). Hafizuddin et al. (2010) also demon-
strated that pituitary extract and PMSG have the same ef-
fectiveness in inducing superovulation in mice. Nalley et al. 
(2017) reported that pituitary extract has advantages over 
synthetic hormones, as it produces gonadotropins such as 
FSH, luteinizing hormone (LH), and growth hormone 
(GH), which plays a role in fetal growth and increases 
milk production in mothers. The gonadotropins and GH 
present in pituitary extract are natural and do not negative-
ly affect the reproductive performance of donor females.

The use of pituitary extract for superovulation is still limit-
ed (Arum et al., 2013; Sayuti et al., 2022), so optimal meth-
ods and dosages have not yet been established. Sayuti et al. 
(2022) reported that administering bovine pituitary extract 
(BPE) to rabbits once daily for three days, with decreas-
ing doses of 1; 0.5; and 0.3 ml, did not show significant 
differences in estrogen and progesterone concentrations or 
the number of fetuses produced compared to the control 
group, which received normal saline. In other species, the 
use of BPE for superovulation has successfully increased 
the number of corpus luteum and embryo acquisition in 
Aceh cattle (Arum et al., 2013) and increased the number 
of births in local Aceh goats (Siregar et al., 2013). It is be-
lieved that BPE has similar superovulation-inducing prop-
erties to FSH. Therefore, the treatment protocol should 
follow the pattern of FSH administration.

Several variations in FSH dose and injection frequency 
for rabbit superovulation have been reported. Zhang et 
al. (2017) used a dose of 30 IU/rabbit administered in six 
injections over three consecutive days. According to Kau-
ffman et al. (1998), administering FSH for four days to 
induce superovulation in rabbits can improve reproductive 
biotechnology efficiency following embryo cryopreserva-
tion. However, Techakumphu et al. (2002) reported no dif-
ferences in the number of ovulations and developing folli-
cles in New Zealand White (NZW) rabbits induced with 
FSH at doses of 21, 28, and 40 mg, administered in five 
injections at 12-hour intervals. In this study, the adminis-
tration of bovine pituitary extract will follow a five-injec-
tion pattern.

Superovulation success can be indicated by an increased 
number of offspring (Nur et al., 2016), concentrations of 
estrogen and progesterone (Amiruddin et al., 2014), and 
an increase in the number of corpora lutea (Siregar et al., 
2020). According to Meikle et al. (2001), hormones such as 
estrogen and progesterone exert physiological effects when 
they interact with their receptors in the tissues of target or-
gans, such as reproductive organs. These receptors include 
estrogen receptors (ER) and progesterone receptors (PR). 
One isoform of ER, besides ER beta (ERβ), is estrogen 
receptor alpha (ERα), which plays a key role in the physi-
ological functions of the female reproductive tract. ERα is 
found in the ovaries, mammary glands, uterus, testes, pitu-
itary gland, hippocampus, kidneys, epidermis, and adrenal 
glands (Rai and Jeswar, 2010). Progesterone receptors also 
have two isoforms, PR-A and PR-B (Kastner et al., 1990).

Hormone receptor expression in tissues can be detect-
ed using immunohistochemistry (IHC). The principle of 
IHC is to detect the binding between antigens in tissues 
and exogenous antibodies. The distribution of ERα and PR 
in bovine oviduct tissue during follicular and luteal phas-
es has been detected using IHC techniques (Saruhan et 
al., 2011). IHC techniques have also been applied to de-
tect the expression and distribution of PR-A and PR-B 
in bovine oviducts during the estrous cycle and pregnancy 
(Saint-Dizier et al., 2012). However, the distribution of 
ERα and PR-A in the uterine tissues of rabbits induced 
with BPE for superovulation has not been reported. There-
fore, the aim of this study was to evaluate the potential of 
BPE in inducing superovulation, based on the distribution 
and expression of ERα and PR-A in rabbit uterine tissue.

MATERIALS AND METHODS

In this study, six local female rabbits, which had previously 
given birth and weighed between 1.8-2.2 kg, and one local 
male rabbit were used. Prior to treatment, the rabbits were 
acclimated for thirty days in separate cages (Kanayama et 
al., 1995). The rabbits were provided feed and water ad li-
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bitum. The rabbits were divided into two treatment groups 
(n=3): KL1, as the control group, consisted of local rab-
bits injected with physiological NaCl with a total dose of 
2.6 mL, and KL2, which consisted of local rabbits injected 
with bovine pituitary extract (BPE) with a total dose of 2.6 
mL. The doses were given refers to previous research conduct-
ed by Hafizuddin et al. (2024).

Preparation of Pituitary Extract 
Bovine pituitary glands were collected from a slaugh-
terhouse in Banda Aceh. The collected pituitary glands 
were placed in a thermos containing ice and immediate-
ly brought to the laboratory. The pituitary glands were 
cleaned of connective tissue and separated from the outer 
membrane, then sliced to a thickness of 5±1 mm. The pi-
tuitary extract was prepared based on the method applied 
by Isnaini et al. (1999). The content of FSH and LH hor-
mones in the extracted bovine hypophysis was 40.355 ± 
20.75 and 10.257 ± 5.74 mIU/mg, respectively (Novita et 
al. 2024).

Superovulation Induction and Mating
The first injection of physiological NaCl in KL1 and BPE 
in KL2 was administered at 20:00 WIB and repeated every 
12 hours for a total of five injections. Normal saline in KL1 
and BPE in KL2 were administered as follows: 1 mL (1st 
injection), 0.5 mL (2nd injection), 0.5 mL (3rd injection), 
0.3 mL (4th injection), and 0.3 mL (5th injection). Twelve 
hours after the last BPE injection, the rabbits in KL2 were 
injected with 100 IU of hCG and mated with the male 
rabbit modified from (Techakumphu et al., 2002; Sayuti 
et al., 2022), while the rabbits in KL1 were mated without 
hCG injection.

Uterus Collection
On the 7th day after treatment, the rabbits in KL1 and KL2 
were terminated by slaughter. The right and left uterine 
horns were collected, prepared, and processed using histo-
logical techniques for histological slide preparation.

Histological Slide Preparation
Histological preparation of the uterus followed the histo-
technical method referred to by Kiernan (2015) with mod-
ifications. The fixation process was performed by immers-
ing the entire uterus in NBF10% solution for 7 days. After 
fixation, the uterus was transferred into 70% alcohol as a 
stopping point until dehydration. After the fixation process, 
the uterus was cut longitudinally (mirror section) and then 
inserted into a tissue cassette that had been coded. Samples 
were immersed sequentially in alcohol with graded con-
centrations (70%, 80%, 90%, 95%, and absolute (3 repli-
cates). Then the clearing process was carried out using silol 
solution, followed by tissue infiltration using liquid paraf-
fin. After the infiltration process, the samples were embed-
ded in liquid paraffin and then moulded into tissue blocks.

The fixation process was performed by immersing the entire 
uterus in NBF10% solution for 7 days. After fixation, the 
uterus was transferred into 70% alcohol as a stopping point 
until dehydration. After the fixation process, the uterus was 
cut longitudinally (mirror section) and then inserted into 
a tissue cassette that had been coded. Samples were im-
mersed sequentially in alcohol with graded concentrations 
(70%, 80%, 90%, 95%, and absolute (3 replicates). Then 
the clearing process was carried out using silol solution, 
followed by tissue infiltration using liquid paraffin. After 
the infiltration process, the samples were embedded in liq-
uid paraffin and then moulded into tissue blocks. The next 
step is to cut the tissue using a microtome with an incision 
thickness of 3µm and then put it in a water bath, and at-
tached to the surface of the object glass. Slides were dried 
on a hot plate and put into a slide warmer. The number of 
slides that will be stained with IHK staining is 24 slides.

Immunohistochemistry Staining and 
Identification of Staining Results 
The ABC immunohistochemistry staining procedure was 
carried out by following the manual protocol for the mouse 
and rabbit specific HRP/DAB (ABC) detection IHC kit 
(Abcam®). IHK staining procedure of ABC method re-
fers to the procedure manual of mouse and rabbit specific 
HRP/DAB (ABC) detection IHC kit (Abcam®). Before 
the IHK staining was started, deparaffinisation was first 
carried out with silol solution (3 repetitions) and then 
the process of rehydrating the tissue slides by soaking the 
slides in absolute alcohol (3 repetitions), 95%, 90%, 80%, 
and 70%. Slides were washed with running water for 10 
minutes and then washed again with distilled water for 5 
minutes.

The initial stage of IHK staining is the process of blocking 
endogenous peroxidase with hydrogen peroxide (H2O2) 
block solution for 10 minutes and then rinsed with PBS 5 
times for 5 minutes each. The next process is dripping pro-
tein block solution on the tissue and incubated for 10 min-
utes and rinsed with PBS 5 times and then given primary 
antibodies (anti-ERα and PR-A antibodies) at a dilution 
of 1: 200 each then incubated for 1 hour and rinsed with 
PBS. For negative control slides, no antibody was applied. 
The next step is to drip biotinylated goat anti-polyvalent 
(secondary antibody) and incubated for 10 minutes and 
then washed with PBS twice. The tissue slides were then 
dripped with streptavidin peroxidase and incubated for 10 
minutes and then washed with PBS twice. The next stage 
was the administration of diaminobenzine (DAB) chro-
mogen as a visualisation of the staining results for 1-10 
minutes while being observed under a microscope. Positive 
results (immunoreactivity) are marked by the formation of 
a brown colour with varying degrees of intensity, indicat-
ing the presence of antigen and antibody binding in the 
examined tissue. Then the process of staining the tissue 
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background (counterstain) using Mayer’s haematoxylin 
solution. The last stage is the dehydration process, clearing 
with low to highest concentration alcohol solution (70%, 
80%, 90%, and 95%), absolute alcohol (3 repetitions), silol 
(three repetitions) followed by closing the slide using cover 
glass (mounting) with Entellan® adhesive material.

The stained slides were observed using a light microscope 
(Olympus, Japan) equipped with a photographic device 
(SIGMA) at 100x and 400x magnification. Observation 
and identification of ERα and PR-A receptors in the uter-
us were based on the presence of positive reactions visual-
ized by the intensity of the brown color. The identification 
of staining results was performed using the intensity score 
(IS) method, as shown in Table 1.

Table 1: Intensity scoring method for ERα and PR-A 
expression in local rabbit uterine tissue.
Staining intensity Score Description
No immunoreactivity 0 No color
Weak expression 1 Light brown color
Moderate expression 2 Brown color
Strong expression 3 Dark brown color

Statistical Analysis
The distribution and expression of ERα and PR-A in the 
rabbit uterus were analyzed descriptively and presented 
as histological images. The intensity score (IS) data were 
analyzed using the Mann-Whitney U test (Sağsöz et al., 
2011). with p value = 0.05.

RESULTS AND DISCUSSION

The presence of both hormone receptors (ERα and PR-A) 
in the uterine tissue of rabbits showed varied distributions. 
Immunoreactivity visualizations of the presence of ERα 
and PR-A in the uterus were indicated by the formation of 
brown coloration in the cell nuclei, connective tissues, and 
smooth muscle fibers. This indicates the binding between 
antigens and antibodies used in IHC staining. Positive re-
sults for the distribution of ERα and PR-A in the uterine 
tissues were supported by the absence of expression of both 
receptors (ERα and PR-A) in the negative control slides 
used during IHC staining (Figure 1).

In Figures 2 and Figure 3, the distribution of ERα and 
PR-A in the uterine tissues of local rabbits can be seen, 
detected in the uterine glands, lamina epithelia, and lam-
ina muscularis. Strong expression of ERα and PR-A was 
found in the uterus of KL2, while in the uterus of KL1, the 
distribution and expression were absent. ERα and PR-A 
were immunoreactive in the uterus of KL2, whereas in 
KL1, the distribution was minimal and weakly expressed.

According to Winuthayanon et al. (2015), ERα is also ex-
pressed in the uterine layer of mice in luminal epithelial 
cells, myometrium, and stroma. In females, the presence of 
ERα depends on the estrous cycle phase. In the estrous and 
proestrous phases, ERα is strongly expressed in luminal ep-
ithelial cells (Wang et al., 2000).

Figure 1: Negative control slide (K-) of IHC staining on 
the uterine tissue from the local rabbits. IHC staining was 
performed using the ABC method. Scale bar: 200 µm.

Figure 2: Distribution of estrogen receptor alpha in the 
uterus of local rabbits KL1 and KL2. ERα expression was 
shown by brown color as a result of immunoreactivity 
(arrow). Lumen (L), uterine glands (UG), stroma (S). IHC 
staining was performed using the ABC method. Scale bar: 
200 µm. 

Figure 3: Distribution of progesterone receptor-A in the 
uterus of local rabbits KL1 and KL2. PR-A expression 
is shown by brown color as a result of immunoreactivity 
(arrow). Lumen (L), uterine glands (UG), stroma (S). IHC 
staining was performed using the ABC method. Scale bar: 
200 µm.

According to Patel et al. (2015), progesterone influences 
uterine function, as evidenced by the presence of PR-A in 
the stromal cells and lamina epithelia of the uterine en-
dometrium. Progesterone receptors in the uterus can be 
found in uterine glands, which increase during the luteal 
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phase (Wu et al., 2018). PR-A receptors decrease on the 
first and third days of pregnancy, then increase again on 
the fourth day (Anzaldúa et al., 2007).

Based on the intensity score results, the expression of ERα 
and PR-A in the uterine tissues of local rabbits in KL1 and 
KL2 can be seen in Table 2.

Table 2: Mean (±SD) intensity score of ERα and PR-A 
expression in the uterus of local rabbits.

Expression Treatment group
KL1 (Control/NaCl) KL2 (BPE)

ERα 0.56±0.46a 1.33 ± 0.42b

PR-A 0.39±0.39c 1.39 ± 0.25d

a,b Different superscripts in the same row indicate significant 
differences (P<0.05); c,dDifferent superscripts in the same 
row indicate highly significant differences (P<0.01).

There was a significant difference (P<0.05) in ERα ex-
pression between the two treatment groups in the rabbit 
uterus, while PR-A expression showed a highly signifi-
cant difference (P<0.01) between the groups. These results 
suggest that BPE and hCG induction followed by mating 
increased progesterone concentrations as the corpus lute-
um persisted and continued to produce progesterone. The 
distribution of ERα and PR-A expression in the uterus of 
the negative control group (KL1) appeared weaker com-
pared to the treated group (KL2) (Figures 2 and Figure 
3). ERα expression (P<0.05) and PR-A (P<0.01) showed 
significant and highly significant differences between the 
two groups.

Superovulation induction followed by mating stimulates 
the release of LH from the anterior pituitary, which in-
creases ovulation stimulation. The large number of oocytes 
ovulated in response to superovulation increases the secre-
tion of oestrogen and progesterone in the ovaries. The se-
cretion of oestrogen and progesterone leads to the growth 
and development of uterine endometrial tissues. This is 
in line with Mege et al. (2007), who stated that uterine 
growth and development in pigs could occur due to in-
creased estrogen and progesterone secretion after supero-
vulation treatment using PMSG and hCG.

Immunolocalization of the distribution and expression 
of ERα and PR-A in the uterine tissues of local rabbits 
obtained in this study indicates that the BPE induction 
used in KL2 has potential in inducing superovulation. 
Progesterone concentration is commonly used to measure 
the presence of superovulation as it indicates an increase 
in the number of ovulations or the amount of corpus lu-
teum formation. The increase in PR-A may correlate with 
an increase in progesterone concentration so that it can be 
an indicator of successful superovulation. This is in accord-

ance with previous reports that there was an increase in 
progesterone expression (Syafruddin et al., 2023) and pro-
gesterone concentration (Syafruddin et al., 2022) in rab-
bits induced pseudo pregnant with GnRH. The activity of 
the hormone GnRH is relatively the same as the hormone 
FSH and LH. However, these results need to be supported 
by an examination of oestrogen and progesterone concen-
trations in both groups of rabbits.

CONCLUSIONS AND 
RECOMMENDATIONS

It is concluded that BPE can increase the expression of 
ERα and PR-A in the endometrial layer of the local rab-
bit uterus which can be used as an indicator of successful 
superovulation. Further research is needed to develop BPE 
for superovulation methods in other livestock species com-
monly used for embryo transfer activities.
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