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Transplantation of Aceh cattle ovary into the uterus of pseudopregnant
local rabbits: Effect of post-transplant stress on uterine histopathology
and ovarian follicle dynamics
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Abstract

Background and Aim: The increase in the levels of the cortisol hormone caused by the stress conditions generated by
an ovary transplantation procedure can damage the uterus of the transplant recipient as well as the transplanted ovaries.
This study aimed to analyze the histopathological changes that occur in the uterine horn of pseudopregnant local rabbits
(recipients), as well as the ovarian follicular integrity of the donor Aceh cattle after transplantation.

Materials and Methods: After 30 days of adaptation, all rabbits were divided into three treatment groups: R1 (the group
of rabbits that underwent ovarian transplantation for 3 days, n = 5), R2 (the group of rabbits that underwent ovarian
transplantation for 5 days, n = 5), and R3 (the group of rabbits that underwent ovarian transplantation for 7 days, n = 5).
Pseudopregnancy induction was performed using the pregnant mare’s serum gonadotropin (PMSG) and human chorionic
gonadotropin (hCG) methods. The rabbits were injected with 100 IU of PMSG intramuscularly, followed by an injection
of 75 TU of hCG intravenously 3 days later. Ovarian transplantation was performed on day 8 (day 0 was the day of hCG
injection). The concentration of cortisol hormone metabolites was measured from fecal samples using an enzyme-linked
immunosorbent assay technique. The uterus and ovaries were collected for histopathological and follicular dynamics
examination after the transplantation process was completed.

Results: The mean cortisol levels (ng/g) recorded before versus after the transplant in the R1, R2, and R3 groups were
146.23 £ 17.60 versus 338.84 + 302.79, 128.97 + 81.56 versus 174.79 + 101.70, and 124.88 +=43.61 versus 321.91 £ 221.63
(p < 0.05), respectively. The examination of the histopathological appearance of the uterus revealed edema in the uterine
lumen, hyperemia and hemorrhage in the endometrium, necrosis of the epithelium, and infiltration of inflammatory cells.
Hemorrhage and hyperemia were severe and filled the endometrium in the R1 compared with the R2 and R3 animals.
Ovarian follicle development occurred in all treatment groups, although some histopathological features were observed.
The number of tertiary follicles in R1, R2, and R3 animals was 24.67 + 7.37, 20.67 + 7.57, and 9.67 = 3.79 (p < 0.05),
respectively.

Conclusion: Based on the results of this study, it can be concluded that the transplantation of ovaries from Aceh cattle into
pseudopregnant local rabbits triggered an increase in the levels of the cortisol hormone and uterine histological changes;
however, follicles were still detected at various stages of development in the transplanted Aceh cattle ovaries. The results
of this study are valuable for clinicians and researchers because they provide information regarding an alternative in vivo
ovarian preservation technique using pseudopregnant rabbits.
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Aceh cattle are one of the original local cattle
families that are protected by the Indonesian govern-

to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

ment. Aceh cattle are a wealth of genetic resources, but
are currently threatened, both in terms of quantity and
purity, due to the uncontrolled entry of foreign cattle
breeds into the country [1]. Some measures have been
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adopted to increase the population and productivity of
Aceh cattle through the application of various repro-
ductive technologies, including estrus synchroniza-
tion technology using prostaglandin F2 alpha [2, 3],
estrus synchronization with presynch—ovsynch [4], the
application of artificial insemination (Al) on Aceh cat-
tle using superior cow breeds [5], and superovulation
using pregnant mare’s serum gonadotropin (PMSG)
and human chorionic gonadotropin (hCG) [6].

The implementation of embryo transfer (ET)
begins by obtaining good-quality embryos that are
transferrable to the recipients. Embryos stem from
an ovum that has undergone fertilization as a result
of the mating process, either naturally or through Al
However, it is generally difficult to obtain good-qual-
ity embryos. One approach that can be used to over-
come this obstacle is the production of embryos using
in vitro fertilization (IVF) technology [7]. The ovarian
follicles used in IVF technology can be obtained from
cow ovaries as slaughterhouse wastes, which are dis-
posed of after the cow is slaughtered. The ovaries can
be used as a source of follicles that are ready to be fertil-
ized. However, the ovaries are short-lived, even when
stored at low temperature. As a consequence, ovarian
preservation technology is needed to maintain the
internal quality of the follicles. Interspecies implanta-
tion with or without vitrification of the ovarian cortex
or the entire ovary as one the most popular technology
for ovarian preservation [8]. Ovarian transplantation
can be achieved using experimental animals, such
as rabbits. Rabbits are an animal model that is com-
monly used in studies of reproductive endocrinology
[9], detection of hormone receptors [10], and ovarian
transplantation, as a source of oocytes [11]. Ovarian
transplantation can be performed on pseudopregnant
rabbits because, at the beginning of pregnancy, the
glands found in the uterine endometrium of rabbits
actively produce and stimulate secretions into the
uterine lumen, as a nutritional reserve for the embryo
before implantation. This energy source can be uti-
lized to maintain and slow down the autolysis process
in the transplanted organs [12].

One of the effects of transplantation or other
types of surgery on animal models is the emergence
of stress conditions [13], which may cause rejection
of the transplanted organ by the host’s immune sys-
tem. This can affect the success rate of transplanta-
tion [14]. The disadvantage of using rabbits for organ
transplantation is that these animals are vulnerable to
the stress resulting from the treatment. Although rab-
bits are popular animal models, they are very suscep-
tible to stress [15]. Jang et al. [16] found an increase
in cortisol after surgery in rabbits with gastrointes-
tinal disturbance. Stress caused by transplantation
can stimulate the secretion of corticotropin-releasing
hormone (CRH), which triggers the pituitary gland
to release adrenocorticotropic hormone (ACTH)
and increase the level of cortisol. Moreover, CRH
plays an important role in the regulation of follicular

development [17]. Wu et al. [18] reported that corti-
sol can upregulate 113-HSDI in the granulosa cells
of patients with polycystic ovary syndrome. In turn,
an increase in cortisol levels will cause metabolic
disturbances in the ovaries. Stress can also cause
damage to the uterus of pseudopregnant rabbits. This
stress is attributable to surgery and anesthesia [19].
In addition, surgical incisions can also lead to stress.
Therefore, in the early period of transplantation, it is
assumed that the stress level is increased; therefore,
the uterine damage at the beginning of the transplan-
tation process may be greater than that occurring in
the subsequent period. In addition, the increase in
the pseudopregnancy time will increase secretion
from the endometrial glands. This secretion func-
tions as a micronutrient during early pregnancy [20].
Furthermore, the increase in secretion will reduce
the chance of adhesion between the ovaries and the
uterus, thus minimizing the damage.

Therefore, this study aimed to analyze the histo-
pathological changes that occur in the uterus of local
rabbits (recipients), as well as the integrity of the ovar-
ian follicle of Aceh cattle after transplantation.

Materials and Methods

Ethical approval

This study obtained an ethical certificate from
the Ethics Committee of the Faculty of Veterinary
Medicine, Syiah Kuala University (No. 139/KEPH/
V11/2020).

Study period and location

The study was conducted from January to March
2022 at the Experimental Animals Unit, Laboratory
of Clinic (Surgery), Laboratory of Physiology, and
Laboratory of Pathology, Faculty of Veterinary
Medicine, Universitas Syiah Kuala, Banda Aceh.

Research design

Fifteen local rabbits aged 18-24 months with
body weights of 1.5-2.9 kg were used as recipients for
ovarian transplantation from Aceh cattle and divided
into three treatment groups, namely, R1, R2, and R3,
with each group including five rabbits. All rabbits
were adapted for 30 days at the UPT Experimental
Animals Faculty of Veterinary Medicine, Universitas
Syiah Kuala Banda Aceh. Furthermore, all rabbits
were maintained in separate cages measuring 60 cm x
43 cm x 48 cm. During maintenance, the rabbits were
given pellets twice a day, whereas drinking water was
provided ad libitum.

After the adaptation period, pseudopregnancy
was induced in the rabbits using the PMSG and hCG
methods. These methods were chosen based on the
report by Syafruddin et al. [21], which state that pseu-
dopregnancy induction using PMSG and hCG yields
better results than methods that use hCG, gonadotropin
hormone-releasing hormone, or artificial copulation.
Rabbits with pseudopregnancy induced using PMSG
and hCG exhibited a similar level of progesterone as
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did normal pregnant rabbits until the 8" day, that is,
79.67 +26.1 and 61.73 = 20.7 ng/mL, respectively, as
well as a similar number and size of corpora lutea. The
number and diameter of follicles and corpora lutea in
rabbits with pseudopregnancy induced by PMSG and
hCG versus normal pregnant rabbits on day 8 were
8.8 £ 1.90 versus 6.87 + 1.58 and 1.65 + 0.37 versus
1.39 + 1.17 mm, respectively. Briefly, the rabbits were
injected with 100 IU o PMSG (PG 600, Folligon™,
Intervet, Boxmmer, and Holland) intramuscularly, fol-
lowed by an intravenous injection of 75 IU of hCG
(Chorulon, Intervet, Boxmeer, and Holland) (R3)
3 days later [22]. On day 8 (day 0 was the day of hCG
injection), small pieces of ovaries from Aceh cattle
were transplanted into the uterus of pseudopregnant
rabbits. The storage times of cattle ovaries after trans-
plantation into the uterus of rabbits R1, R2, and R3
were 3, 5, and 7 days, respectively.

Surgical procedure

Female rabbits that had undergone pseudopreg-
nancy induction were subjected to general anesthesia
by injecting 0.1 mL/kg of body weight of tiletamine—
zolazepam (Zoletil, Virbac, and France) intramuscu-
larly. Surgery in the rabbits, which was carried out
under sterile conditions, began by making a 3—4 cm
incision on the linea alba of the skin with the animal
in a dorsal recumbency position, to allow reaching the
uterus. An incision was then made in the dorsal part
of the uterine horns, to insert the pieces of the ovary
from Aceh cattle.

After the transplantation procedure, the inci-
sion in the endometrium was sutured with a contin-
uous simple suture pattern, whereas the perimetrium
was sutured using a Lambert continuous suture.
Subsequently, the peritoneum was also sutured using
a continuous simple suture pattern, as was the trans-
versus abdominis muscle, followed by the suturing
of the skin using a simple interrupted suture pat-
tern. To suture the uterus, absorbable threads were
employed (RTMED PGA 2/0, Shandong Haidike
Medical Products Co. Ltd., China). Furthermore,
to suture the skin area, peritoneum, and transver-
sus abdominis muscle, non-absorbable threads were
applied (OneMed 3/0, PT. Jayamas Medica Industri,
Sidoarjo, Indonesia). After the transplantation process
was completed, the incision wound was monitored
and managed by administering gentamicin (Genoint,
Erela, Semarang, Indonesia) twice daily [11].

Fecal sample collection and extraction

Fecal samples were collected from all rabbits
3 days before transplantation and up until the ovaries
were removed from the uterus. A fecal sample was col-
lected immediately after defecation, and 5-10 g was
placed in a sample tube and then stored in a freezer at
—20°C before extraction. Fecal samples were extracted
using a method described by Gholib et al. [23]. Before
the extraction process, all frozen fecal samples were
thawed at 50°C for 1-2 h. Then, the samples were

homogenized and ~0.55 g of the fresh fecal samples
was placed in tubes containing 4.5 mL of 80% meth-
anol. The fecal samples were then extracted using a
multivortexer (Brand, USA) at a speed of 123x g for
10 min. Subsequently, the samples were centrifuged
at 1107x g) for 10 min. Finally, the supernatant was
collected, placed in microtubes, and stored in a freezer
at —20°C before the measurement of the concentration
of cortisol metabolites.

Cortisol hormone measurements

The procedure for measuring the concentration
of cortisol metabolites in the fecal extract was per-
formed according to Gholib et al. [24] and Gholib
et al. [25]. A non-invasive method of measurement
of cortisol levels in rabbit fecal samples was used, to
minimize stress in the rabbits. Therefore, blood sam-
ple collection (which is an invasive method) was not
performed in this work. The extracted sample was
diluted with an assay buffer solution. A total of 50 uL
of the diluted extract, standards, and quality controls
were assayed on a microplate. Then, 50 uL of the anti-
body and 50 pL of the enzyme conjugate were added
to each well and mixed. The mixture was incubated
overnight at 4°C—8°C. After the incubation, the plate
was washed 4 times with a phosphate-buffered saline
washing solution (pH 7.4) containing 0.05% Tween
20 and then blotted dry. Streptavidin—peroxidase
(S-5512, Sigma, Germany) in assay buffer (150 uL)
was added to each well and the plate was incubated
at room temperature (RT) for 30 min in the dark.
Following incubation, the plate was washed again for
four times, and 150 ul substrate solution consisting of
1.2 mM H,0, and 0.4 mM 3,3°,5.5’-tetramethylben-
zidine was added to each well. Furthermore, the plate
was incubated again at RT in the dark for 3045 min,
depending on the color change. The enzyme reaction
was then stopped by adding 50 ul of 2M H,SO, to each
well of the plate. Absorbance in each well of the plate
was measured using an enzyme-linked immunosor-
bent assay reader (xMark™ Microplate Absorbance
Spectrophotometer, Bio-Rad Laboratories Inc.,
California, USA) at 450 nm.
Collection of Aceh cattle ovaries from the uteruses
of rabbits

The ovaries of Aceh cattle were removed from
the uteruses o rabbits through surgery according to
the treatment group. The ovaries were then fixed with
10% neutral-buffered formalin, followed by immer-
sion in a series of 70% to absolute ethanol, clearance
in xylene, infiltration in liquid paraffin, and embed-
ding in paraffin (to form blocks). Subsequently, a par-
affin block containing ovarian samples was cut into a
3 um thickness using a rotary microtome. The tissue
sections were placed on the surface of glass slides and
stained with Hematoxylin and Eosin solution. This
procedure was carried out according to Kiernan [26].

Observations of the histopathology of the rab-
bit uterus and the morphology and number of ovarian

Veterinary World, EISSN: 2231-0916

502



Available at www.veterinaryworld.org/Vol.16/March-2023/10.pdf

follicles in Aceh cattle were carried out using a light
microscope (Olympus CX31, Japan). The histopatho-
logical observation of the uterine horns of rabbits
revealed the presence of erosion and hyperplasia of
the endometrial columnar epithelium and uterine
gland atrophy, edema, hemorrhage, and infiltration of
inflammatory cells, such as neutrophils, lymphocytes,
and macrophages. Subsequently, the types of ovarian
follicles (primordial, primary, secondary, and tertiary
follicles) were examined. The number of follicles
was calculated at various stages of folliculogenesis.
Primordial follicles contain small oocytes with a sin-
gle layer of flattened granulosa cells, but no zona pel-
lucida [27]. Primary follicles are characterized by an
oocyte diameter of >20 wm, with the oocyte being sur-
rounded by a single layer of cuboidal epithelial cells
(granulosa cells) and the zona pellucida. In turn, sec-
ondary follicles are characterized by an oocyte diam-
eter of 70 wm, with the oocyte being surrounded by
several layers of granulosa cells, the zona pellucida,
and the antrum, which begin to spread over the gran-
ulosa layer. Finally, tertiary follicles are characterized
by an oocyte diameter of 70 um, with the oocyte being
surrounded by several layers of granulosa cells, the
zona pellucida, and a scattered antrum, which devel-
ops into a single antrum [28].

Statistical analysis

Data pertaining to cortisol metabolite concentra-
tion were analyzed using a two-way analysis of vari-
ance, whereas the number of follicles at various stages
of development was analyzed using a one-way analysis
of variance. Data analyses were carried out using the
Statistical Package for the Social Sciences (SPSS) pro-
gram, version 21 (IBM SPSS Statistics for Windows,
Version 21.0, IBM Corp., USA). Furthermore, the
histopathological description of the rabbit uterus and
Aceh cattle ovaries was presented descriptively.

Results

The mean cortisol hormone concentration
in pseudopregnant local rabbits before the trans-
plantation (H-3) of ovaries in the R1, R2, and R3
groups was 146.23 + 17.60, 128.97 = 81.56, and
124.88 £ 43.61 ng/g (p > 0.05), respectively, as pre-
sented in Table-1. The cortisol levels in all groups
before transplantation showed no significant differ-
ences (p > 0.05). In contrast, after transplantation, the
cortisol levels increased significantly in the R1 and R3
groups (p < 0.05), but not in the R2 group (p > 0.05).
The comparison of the stress levels of the rabbits

and the length of the ovaries in the uterus for 3 days
(R1) revealed that the rabbits had high-stress levels,
which were significantly different (p < 0.05) between
R2 (5 days) and R3 (7 days) animals.

In both R2 and R3 rabbits, the results of micro-
scopic observations showed an increase in the size of
the uterine glands (Figure-1), with the greatest increase
in size observed in R2 animals, followed by a decrease
in R3 rabbits. The number of endometrial glands was
greater in the R2 and R3 groups compared with the
R1 group. After the transplantation of the ovaries, the
rabbit uteruses exhibited changes that were charac-
terized by the presence of hyperemia, hemorrhage,
edema, necrosis, and infiltration of inflammatory cells
(Figure-2). The R1 rabbits exhibited edema in the
uterine lumen, endometrial hyperemia, and inflamma-
tory cell infiltration. In addition, the hemorrhage and
hyperemia were severe and filled the endometrium. In
turn, R2 animals (with ovarian transplantation lasting
for 5 days) exhibited hyperemia of the endometrium
and necrosis of the endometrial epithelium (Figure-3).
The hyperemia that occurred in R2 and R3 animals
was not as severe as that observed in RI1 rabbits.
Although several histopathological parameters were
observed in the uterine horns of pseudopregnant rab-
bits after ovary transplantation, identification of cyto-
kine types present in the ovarian follicular fluid was
not carried out; rather, the histopathological examina-
tion performed in this study was intended to determine
the changes in uterine horn tissue and the possibility of
inflammation after surgery for ovary transplantation.

The results of the histological observations of the
transplanted ovaries revealed the presence of follicles
at different stages, that is, primordial, primary, sec-
ondary, and tertiary follicles (Table-2), although with
some damage. The damage to ovarian follicles in R1,
R2, and R3 animals is presented in Figures-4—6. The
damage to the ovarian follicles included changes in
the tissue structure, disruption of the theca cell layer
and granulosa cell, separation of granulosa cells from
the layer and their entry into the antrum, an incom-
plete zona pellucida, and the formation of many vac-
uoles between the granulosa and theca cell layers.
These observations also revealed intact oocytes in the
primary follicles (R1 and R2) and in the primordial
and primary follicles (R3).

Discussion

This study provided data on the preservation
of ovarian tissues in Aceh cattle using interspecies

Table-1: Metabolite cortisol concentration (ng/g) of pseudopregnant local rabbits before and after transplant.

Group

Group and duration of ovarian in the uterus of rabbits

R1 (3 days)

R2 (5 days) R3 (7 days)

146.23+17.60%
338.84+302.798

Before transplant
After transplant

128.97+81.56*
174.79+£101.70

124.88+43.61%
321.91+£221.63%

abDifferent superscripts on the same line show significant differences (p < 0.05). ~BDifferent superscripts in the same

column show significant differences (p < 0.05)
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Table-2: The average number of ovarian follicles (£standard deviation) of Aceh cattle after transplant into uterine of

pseudopregnant local rabbits.

Post-transplant (days)

Average number of follicles

Primordial follicle

Primary follicle

Secondary follicle Tertiary follicle

3 106.0+12.0 85.0+£27.0% 35.0+7.0 24.67+7.37°
5 54.33+£13.05 38.67+12.10° 35.33+13.01 20.67+7.57°
7 95.67+37.42 104.33+£28.01° 63.67+27.61 9.67+3.792

abDifferent superscripts on the same line show significant differences (p < 0.05)
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Figure-1: Histopathological changes of endometrial glands of rabbits undergoing ovarian transplantation. R1: transplant
for 3 days; R2: transplant for 5 days; R3: transplant for 7 days, Hematoxylin and Eosin staining, magnification 40x.
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Figure-2: Hyperemia, edema, and inflammatory cell infiltration of inflammatory cells in the uterus of rabbits undergoing
ovarian transplantation. R1: transplant for 3 days; R2: transplant for 5 days; R3: transplant for 7 days, Hematoxylin and

Eosin staining, magnification 100x.
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Figure-3: Hyperemia and necrosis in the uterus of rabbits undergoing ovarian transplantation. R1: transplant for 3 days;
R2: transplant for 5 days; R3: transplant for 3 days, Hematoxylin and Eosin staining, magnification 100x.
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Figure-4: Ovarian follicles of Aceh cattle after being
transplantedinto the uterus of a local rabbit, pseudopregnant
on the 3 day. (a) Primordial follicle (PF), (b) primary follicle
(1%tP), (c) secondary follicle (2"F), and (d) tertiary follicle
(3T) underwent tissue structure changes. The oocyte (O)
was only present in FP; Theca (Tc) and granulosa (Gc) cell
layers were not intact and separated from the basal lamina
(Lb); Gc was separated from the layer and entered the
follicular antrum (A); zona pellucida (Zp) in 1sF and 3"F
was not intact, and there was a vacuole (V) in the Tc layer.
Hematoxylin and Eosin, magnification 1000x.

transplantation techniques into the uterine horn of local
pseudopregnant rabbits. Data regarding post-transplan-
tation effects on cortisol levels and histopathological
changes in the uterine horns of local rabbits as transplant
recipients were reported. Additionally, ovarian follicu-
lar integrity observed until day 7 after transplantation
was also presented in this study. The use of pseudopreg-
nant local rabbits as ovarian transplant recipients in this
study was appropriate, as Sumarmin [11] reported pre-
viously that pseudopregnant rabbits can be used as a
source of oocytes for ovarian transplantation. Despite
the use of rabbits in various studies, such as those of
reproductive endocrinology [9] and hormone receptors
[10], in the present study, we focused on using rabbits
for interspecies ovarian transplantation. The results of
the ovarian transplantation performed here revealed
the presence of several follicles that contained intact
oocytes. This indicates that the lumen and endometrial
lining of the pseudopregnant rabbits can maintain ovar-
ian tissues for a certain period.
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Figure-5: Ovarian follicles of Aceh cattle after being
transplanted into the uterus of New Zealand White rabbits
pseudopregnant on day 5. (a) Primordial follicle (PF),
(b) primary follicle (1%t F), (c) secondary follicle (2™ F), and
(d) tertiary follicle (3 F) which have undergone changes in
tissue structure. Oocyte (O) still observed in PF. Theca cells
(Tc) and granulose cells (Gc) layers were not intact and
separated from the lamina basalis (Lb), Gc was separated
from the layers and enters to the follicular antrum (A),
zona pellucida (Zp) in 2™ F and 3™ F were not intact, and
there was vacuoles (V) in the Tc layers. Hematoxylin and
Eosin staining, magnification 1000x.

s e=ll) -
Figure-6: Ovarian follicles of Aceh cattle after being
transplanted into the uterus of New Zealand White
rabbits pseudopregnant on day 7. (a) Primordial follicle
(PF), (b) primary follicle (15t F), (c) secondary follicle (2™ F),
and (d) tertiary follicle (3 F) which have undergone
changes in tissue structure. Oocyte (O) still observed in
PF. Theca cells (Tc) and granulose cells (Gc) layers were
not intact and separated from the lamina basalis (Lb), Gc
was separated from the layers and enters to the follicular
antrum (A), zona pellucida (Zp) in 2 F and 3™ F were
not intact, and there was vacuoles (V) in the Tc layers.
Hematoxylin and Eosin staining, magnification 1000 x.

The results pertaining to the mean cortisol con-
centration before the transplantation procedure showed
that all rabbits had the same stress level (p > 0.05).
However, these results do not indicate that the degree
of stress in these rabbits is related to the method of
examining cortisol through stool, as well as the lim-
ited data available regarding the normal cortisol lev-
els in local rabbits. Jang et al. [16] revealed that the
normal cortisol concentration in New Zealand rabbits
before surgery was 1.32 £ 0.25 pg/dL. This observa-
tion suggests that the adaptation period was effective
and the rabbits were in the same comfort condition.

The increase in cortisol concentration after the
transplantation procedure detected in this study was

consistent with the results of our initial study. The
mean cortisol metabolite concentration detected
in rabbits 3 days before and after the transplan-
tation of Aceh cattle ovaries into the uteruses of
pseudopregnant rabbits was 125.12 £ 74.68 and
433.94 + 207.44 ng/g, respectively [29]. The increase
in cortisol levels observed after transplantation (R1
and R3 groups) in this study may be associated with
surgery and anesthesia. The surgery increases pitu-
itary hormone secretion and activates the sympathetic
nervous system in response to the stress caused by
it [30]. Changes in anterior pituitary secretion have
the secondary effect of increasing hormone secretion
in target organs [19]. The cortisol levels will increase
rapidly after surgery as a result of the stimulation of
ACTH. Surgery is the main activator that can increase
ACTH and cortisol secretion, which is also affected
by the duration of the surgical procedure [31]. In addi-
tion, anesthesia may play a role in elevating the stress
levels of the experimental animals. In this study, gen-
eral anesthesia was used. The response to the stress
caused by general anesthesia followed by surgery
has been documented in rabbits [32, 33]. Anesthesia
and surgery have been reported to produce hormonal
and metabolic changes that trigger anterior pituitary
hormone release. However, other reports have stated
that general anesthesia causes a lower stress index
than local anesthesia [34]. In this study, we did not
use pre-emptive analgesia before the surgical proce-
dure because the procedure used here refers to a pre-
vious study conducted by Sumarmin [11], in which
pre-emptive analgesia was not administered before
surgery.

The decrease in stress levels observed after
transplantation in R2 and R3 animals compared with
R1 animals may be related to increased uterine gland
secretion. Increased secretion of the uterine glands
will reduce the mechanical trauma between the ova-
ries and the uterus. Burton er al. [20] suggested that
the endometrial glands serve as an important pathway
for micronutrient transfer during early gestation. The
increase in uterine gland secretion is associated with
increased number and size of uterine glands. The size
of the uterine glands reached a maximum at R2 and
was then decreased at R3. The reduction in the size
of the uterine glands at R3 was also accompanied by
escalated cortisol levels, which reinforces the assump-
tion that post-transplant stress is primarily caused by
mechanical trauma due to adhesions between the
ovaries and the uterus. In turn, mechanical trauma
can cause necrosis of the lamina epithelium of the
endometrial mucosa. Trauma can be accompanied by
hematological changes due to the stress response after
surgery [35].

The number of endometrial glands also tended
to be higher in R2 and R3 compared with R1 animals.
These results are in accordance with the statement of
Amira et al. [36], that is, the number and size of endo-
metrial glands increased during pregnancy in rats and
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were controlled by progesterone. Syafruddin ez al. [21]
proved that the concentration of progesterone on day 6
after the induction of pseudopregnancy in local rabbits
with PMSG and hCG differed significantly from that
observed on day 2, with concentrations of 6.39 + 4.65
and 3.54 + 3.82 ng/mL, respectively. This increase
seems to be related to an increase in the number of
endometrial glands. The number and size of endo-
metrial glands in R2 rabbits were greater than those
observed in R3 animals. This is probably attributable
to the fact that the pseudopregnancy period in the R3
animals was almost over. Pseudopregnancy in rabbits
generally lasts for 16-18 days. As the transplant was
carried out on day 8 of pseudopregnancy, followed by
7 days of transplantation, it can be assumed that the
pseudopregnancy period would end, followed by a
decrease in the concentration of progesterone, which
controlled the number and size of the endometrial
glands of the rabbits.

After transplantation, in R1 animals, inflam-
matory cells accumulated at various sites due to
inflammation, likely caused by the rejection of the
ovaries of the Aceh cattle by the uteruses of rab-
bits. Inflammation is a response to tissue injury and
infection in body cells. The process of inflammation
triggers a vascular reaction, that is, blood elements,
including leukocytes, concentrate at the site of injury
or infection. This process is a form of body protection
aimed at neutralizing and eradicating harmful agents,
such as microorganisms, thus enabling the tissue to
return to a normal state and work properly [37]. The
hyperemia observed here appeared to result from the
entry of a foreign object into the uterus of the pseu-
dopregnant rabbits. The ovary, as a foreign body,
“infected” the uterus of the pseudopregnant rabbits,
resulting in severe hyperemia.

The hyperemia detected in R2 and R3 animals
was less severe than that observed in R1 rabbits. This
is probably attributable to nutritional assistance from
the endometrial glands, which were higher than those
observed in the R2 and R3 groups. The necrosis that
occurred in R2 animals was also less severe than that
detected in R1 rabbits. In the R3 group, the endome-
trium appeared more normal and exhibited less dam-
age; the only damage observed was necrosis and mild
hyperemia.

Necrosis of the laminae epithelium of the endo-
metrial mucosa can be triggered by several factors,
such as temperature, radioactive light, lack of blood
supply, toxins, and mechanical trauma [35]. In this
study, necrosis was potentially caused by mechanical
trauma and individual injuries triggered by friction
or adhesion between the ovary and the uterine wall,
or the stress caused by the rejection of the implanted
tissue. The results of this study showed that there
was an increase in cortisol concentration after ovar-
ian transplantation into pseudopregnant local rab-
bits. The mean cortisol levels (ng/g) recorded before
versus after transplantation on days 3, 5, and 7 were

146.23 £ 17.60 versus 338.84 +302.79; 128.97 £ 81.56
versus 174.79 + 101.70; and 124.88 + 43.61 versus
321.91 £221.63, respectively.

In this study, the transplant procedure was consid-
ered to be successful because some follicles remained
in the various stages of development. This is in accor-
dance with the report of Sumarmin et al. [38], who
stated that the success of the transplantation can be
proved by the discovery of follicles; in fact, the pres-
ence of follicles proves that the epithelial structure that
protects the ovarian cortex is intact, thus ensuring that
metabolism can occur normally. In several histologi-
cal images (Figures-5 and 6) of the transplanted Aceh
cattle ovaries, several artifacts on the tissue surfaces
were observed. These artifacts may have been formed
due to various factors, such as the ovarian transplan-
tation process in the uterus, which causes damage to
the tissue surface. Other parameters were related to
technical factors, such as sample preparation, tissue
fixation, and embedding.

There was a decrease in the number of primor-
dial follicles on the 5% and 7% days compared with
the 3 day after transplantation, although these dif-
ferences were not significant (p > 0.05). Sumarmin
et al. [38] also reported that the average number of
sheep primordial follicles decreased with increas-
ing transplantation time. The number of primary and
secondary follicles increased in accordance with the
increase in the number of days of transplantation,
although only secondary follicles exhibited a signif-
icant difference (p < 0.05). This demonstrates that the
ovarian epithelial tissue was still good and that the
cortex and medulla of the ovary had not degenerated
that time point. The average number of tertiary folli-
cles decreased compared with that observed for the
primordial, primary, and secondary follicles.

On day 7 post-transplantation, the number of ter-
tiary follicles was significantly decreased (p < 0.05).
This was probably caused by the apoptotic process
induced in the follicles as a result of stress stimula-
tion [39]. Table-2 shows that there was an increase in
cortisol concentration as a result of transplantation.
Increased cortisol will trigger oxidative stress and
induce the apoptosis of granulosa cells, which in turn
results in disturbances in folliculogenesis, thereby dis-
rupting the communication between granulosa cells
and oocytes. This disruption results in an impaired
nutrient supply and oocyte maturation [40].

The damage to the follicular tissue observed
in this study was assumed to be related to increased
stress in rabbits, leading to the accumulation of
reactive oxygen species (ROS) in the ovaries. The
oxidative stress arising from the accumulation of
ROS stimulates the apoptosis of granulosa cells and
oocytes, which decreases oocyte quality [41]. The
same damage was also reported in mice with stress
induced by several different stressors. The stress
response in ovarian histology is characterized by cel-
lular degeneration, inflammatory cell infiltration, and

Veterinary World, EISSN: 2231-0916

506



Available at www.veterinaryworld.org/Vol.16/March-2023/10.pdf

follicle attrition [42]. In this study, we did not iden-
tify the inflammatory cytokines in the follicular fluid.
Inflammation caused by ovarian surgery and trans-
plantation in the host can occur and can be demon-
strated by cytokine assays.

The research reported here was limited to the
preservation of the ovaries of the Aceh cattle through
ovarian transplantation techniques and has not been
achieved using the ET procedure. To reduce stress in
this study, we applied non-invasive methods for the
measurement of the cortisol hormone using a rab-
bit fecal sample. However, we did not administer
pre-emptive analgesia before surgery to reduce stress.
This research consisted in a preliminary study that
warrants follow-up by several studies, to support the
initial data obtained here. Moreover, further research
is needed to develop ovarian preservation techniques
with the ultimate goal of maintaining oocyte viability
in the context of IVF, especially in Aceh cattle.

Conclusion

This study had several limitations that can be
improved in further studies. The stress response in
local rabbits, as recipients of ovarian transplantation in
this study, can be reduced through the administration
of pre-emptive analgesia or antidepressant medica-
tion. Furthermore, several recent studies have demon-
strated that the use of intact ovaries yields a better
number of follicles. In contrast, we used the ovaries of
Aceh cattle, which had been divided into small pieces
and adjusted to the size of the uterine lumen of the
local rabbit. In future studies, it is necessary to carry
out additional procedures, such as administering anti-
depressant drugs before surgery and using intact ova-
ries by transplanting rabbits with different breeds that
have larger uterine horns so as to obtain better results.
The study can also be continued by evaluating the
quality of the oocytes in the transplanted ovarian folli-
cles and followed by in vitro fertilization procedures.
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