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The reproductive system of wild rabbits is highly specific to support their prolific breeding capacity. The
histological characteristics of the ovaries and oviducts in wild rabbits, focusing on follicular development, oviductal
structure, and functional adaptations are reviewed in this article. Eight wild rabbits were studied in this investigation,
using the routine H&E stain and Masson’s trichrome staining for detected collagen fibers. The current research

College of Veterinary studied the histological features in wild rabbits and found that the animals had lobulated ovaries lined by tall cuboidal
Medicine, University of germinal layer, followed by thin layer of tunica albuginea. The ovaries exhibit distinct cortical and medullary regions
Kerbala, with various stages of follicular growth. The primordial follicles are present and located near the tunica albuginea.
Karbala, 56001, Iraq In addition, the mature follicles are surrounded by a few fibers (theca interna). Primordial follicles, which are

composed of a single layer of flattened granulosa cells surrounding an oocyte, appear to be abundant in the present
research. The primary follicles also comprise a single layer of cuboidal granulosa cells enveloping the oocyte,
whereas the secondary follicles have a variety of granulosa cells forming, and a theca layer that differentiates into
theca externa (fibrous) and theca interna. The stroma of the ovaries has a large amount of collagen fibers and their
increase in the cortical region with the decrease in medulla. The oviduct is divided into infundibulum, ampulla, and
isthmus, each with unique epithelial and glandular features. The histological structure of the oviduct includes mucosa
with ciliated and secretory cells aiding ovum transport and nourishment. Beneath lies the lamina propria for support
and immunity. Muscularis mucosae enables movement via contractions. The outer serosa, part of the peritoneum,
provides structural support with simple squamous epithelium. Hormonal regulation and seasonal variations also
influence these structures. Understanding these histological features provides insights into the reproductive potential
of wild rabbits.
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IicroxiMiunmii aHaJIi3 S€YHUKIB, AHLENPOBOAIB Ta (POTIKYyI0reHe3y y TUKHX KPOJIiB

H. Ans-Apy06ait

Konemx BeTepuHapHOi PenponykTBHa cucTeMa IUKHX KPOJIB € JOCTaTHBO CHelu(idHOI 3a OyJ0BOIO, BOHA IPHCTOCOBAHA M0
MEIULMHY, YHIBEpCUTET 0araToIUIiAHOCTI U IHTEHCHBHOTO PO3MHOXKCHHSA. Y HaBEJCHOMY MOCIHIDKCHHI PO3TIAIAEThCSA TiCTONOTIUHA
Kep6enu, XapaKTEePUCTHKA SE€YHHKIB Ta SHLETPOBOIIB Yy AUKUX KPOJIIB, 8 TAKOXK 0COOIMBOCTI PO3BUTKY (OIIIKYJIIB, CTPYKTYPH
KepGeuna, Ipak SIAIENPOBOAIB Ta iX (YHKIIOHANBPHUX afanTaniil. BcTaHOBIIEHO, IO AWKI KPOJi MAalOTh YAaCTOUYKOBI SEYHUKH,

BHCTEJICH] BUCOKUM KyOIYHUM 3apOJIKOBUM IIIAPOM, 32 SIKMM PO3TAIIOBaHUN TOHKHMII map Oinoi obonouku (Tunica
albuginea). Sle4HUK Ma€ 4iTKO BUPaXXEH1 KOPTUKAIBHY Ta MO3KOBY 30HH 3 ()OJIIKYJIaMH, 1110 3HAXOIATHCS Ha PI3HUX
cranisx po3sutky. [Ipumopaianshi ponikynu (0 cranist) po3rarmoBani noonu3y Oinoi odononku (Tunica albuginea).
BcTaHoBi€HO, 1110 3pifi (oJiKyIH 0TOUEHI KiTbKoMa IapaMu BoJokoH (Theca interna). 3a KUIbKiCHUM NMOKa3HUKOM
HpUMOp/IialbHi (OITIKYIIM BUSBIICHI Y 3HAYHIN KiJbKOCTI. 3a CBOEIO MOP(OIOTiYHO0 OyI0BOIO BOHH CKIIAJIAIOThCS
3 OJHOTO INapy CIUTIONICHWX TPaHyJIbO3HMX KITHH, IO OTOUYIOTh oouut. IlepBuHHI Qomikymm, Takox,
CKJIaJIAFOThCS 3 OJIHOTO IIapy KyOIYHHX IPaHy/IbO3HUX KIITHH, SKi OTOPTAalOTh OOLHT, TOJI SIK BTOPUHHI (OIKYIH
MaloTh TPaHyJIbO3HI KIITMHM Ha Pi3HMX CTafifX iX (OpMyBaHHs, Ta INap, SKUH CKIAJAEThCS i3 30BHIIIHBOT
(didpozHoi) Ta BHYTpiMmHEOI 060NOHKH. CTpoMa sS€YHMKIB Mae BENUKY KiIbKICTh KOJAreHOBHX BOJIOKOH i X
KIIBKICTB 301IBIIYETHCS B KiPKOBIif 30Hi, i HABIAKK — 3MEHIIY€EThCS B JIIAHIII MO3KOBOI pe4OBHHHM. SIHIIETIpOBiz
MOJIJISIETHCS Ha BOPOHKY (PO3IIMPEHA YaCTHHA, L0 BiJIKPUBAETHCS OISl sI€YHUKA), aMITyJly (CepeHs, Halumpina
YacTHHA) Ta MEPEIINHOoK (IpHUIsrae 10 pora MaTku), KOXKEH 3 SKHUX MAa€ YHIKaJbHI emiTesiajbHi Ta 3aJ03HCTi
kiiTuHy. [icToNOriuHa CTPYKTypa SHLenpoBOoy BKIIOYA€ CIM30BY OOONOHKY 3 BiHYAaCTHMM Ta CEKPETOPHUMH
KIITHHAMHE (BiAMOBIHO BUKOHYIOTh TPAHCTIOPTHY (QYHKINIO Ta KUBICHHS i Kamauurarii). [Ti1 Hero 3HAXOANUTHCS
BJacHa IUIACTHHKA, W0 MAa€ TMPOBIOHY poib y miaTpumii iMyHiTery. M’s30Ba oGomouka (Tunica muscularis)
3a0e3nedye pyx 3a JOHOMOIOK CKOpOoueHb. PO3YMiHHS IMX TiCTOJOTIYHMX OCOOJMBOCTEH [a€ ySBICHHS HPO
PEnpoIyKTHBHUI MOTEHIIaI IUKUX KPOJiB.
Karouosi coBa: rictoximisi, AUKi KPOJHKH, SI€YHUK.
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Introduction

Wild animals serve as important subjects for
histological studies due to their diverse physical features
and physical adaptation, providing significant insight into
evolutionary biology, disease pathology and protection
science [1]. Histological examination of wild animal
tissue helps researchers understand the responses to
species-specific cellular structures, organ functions and
environmental  stresses, offering a comparative
perspective that is often absent in the study of pets or
laboratory animals [2].

Increasing hazards for wildlife, including habitat
destruction, climate change, and emerging zoonotic
diseases, the importance of histological research of wild
population health and disease supervision is outlined [3].
For example, histological analysis plays an important role
in identifying neoplastic conditions in infectious diseases,
toxic effects, and endangered species, assisting protection
strategies [4]. Additionally, wild animals serve as an
important model to study tissue regeneration, immune
responses and evolutionary adaptations, with biomedical
applications [5].

This article deals with the importance of wild animals
in histological research, which emphasizes veterinary
pathology, ecological health assessment and their
contribution to comparative therapy. By integrating
histological findings with ecological and physical data,
researchers can increase wildlife management and disease
prevention efforts. Customizing different mammals to
live in diverse settings may include different
combinations of cellular, physical, practical and
ecological characteristics [6, 7].

The ovaries are an important reproductive organ in the
female vertebrae, responsible for the production of
gametogenesis (ozensis) and steroid hormone. In wild
animals, histological studies of the ovaries provide the
insight under the influence of environmental factors on
breeding biology, seasonal reproductive patterns and
fertility. This article reviews the histological structure of
the ovaries in wild animals, its diversity in species and its
importance in wildlife conservation and reproductive
studies [8, 9].

Rabbits are considered as small mammals that were
included in the family of Leporida, which inhabit
many parts of the world. A decade ago, rabbits were
considered good experimental animal model in research
of various morphological anomalies and diseases
in both humans and animals. They have been used
as an experimental model in inducing many diseases
and subsequent studies have focused on many aspects
such as toxic science, pharmacology and surgery
in various universities [10]. Accordingly, the subtle
structure of different organs of this animal requires the
study of such organs as the ovaries of the reproductive
system. Rabbits belong to certain species, in which
ovulation is induced by intercourse, resulting in a separate
pregnancy and fetal age a few hours or days after.
They have a small breeding cycle and pregnancy lasts
for about 31 days, in which female sexual maturity occurs
at about 4 to 5 months of age, based on strains or
breed, which occurs about 10 to 13 hours after intercourse
with ovulation [11, 12].

The aim of the study

The purpose of this study was to highlight the main
differences of histological changes in wild animals,
conduct histological studies of the ovaries to increase our
understanding of reproductive physiology, adaptation and
conservation challenges. Further research is required to
detect species’specifics.

Materials and methods

Eight female wild rabbits were obtained from
different environments and placed into the animal house
in a typical condition. Under the supervision of a certified
veterinary doctor, the rabbits were given a typical diet
consisting of bread and tap water. The proper lighting and
dietary requirements were followed in order to create a
pleasant and hygienic working environment.

All experimental animals were administered
intramuscular injections of ketamine and xylazine
solution (dosage of 80-100 mg/kg body weight
of ketamine, and between 10-12.5 mg/kg of xylazine)
and weighed alive on a digital balance. This was followed
by their death at scheduled [13] intervals. The abdominal
cavity was then opened and bowel displaced to
gain access to the ovary for evaluation of the morphology.
Two dimensional digital photographs were taken
from the kidneys [14]. From there, the ovaries were
immersed in a 10 % formalin solution for about 48 hours,
after which the ovaries were sliced into small pieces,
kept in 70 % ethyl alcohol till the end and then dehydrated
in alcohol series, cleaned up with xylene and finally were
embedded in paraffin wax as usual. Sections (7-25 pm
thick) were put on clean glass slides [15].

Routine histological scoring was performed with
hematoxylin staining as described. Collagen filaments
were stained by Masson’s trichrome dye [16] to locate
collagen fiber 3d distributions in connective tissues.

Results and discussion

Histochemical investigations

The present study demonstrates that the histological
characteristics of the left and right ovaries are
comparable. They were surrounded by the simple
cuboidal layer of cells known as the germinal epithelium.
Below the germinal epithelium was a thin layer called
the tunica albuginea, which was home to dense irregular
collagenous connective tissue (DICT) fibers. This
result has been consistent with earlier histological
research that characterizes the germinal epithelium
as a protective mesothelial layer that is not directly
involved in oogenesis. Moreover, the tunica albuginea
has been often described as a layer of connective
tissue rich in collagen that give the ovarian cortex
structural support. Despite the lateralization, the two
ovaries’ identical histological characteristics point to a
homogeneity in functional morphology [17].

In the current study it was discovered that the
ovaries of wild rabbits were lobulated organs
made of e-cortex, which had been packed with
corpora lutea, atretic follicles, and primordial,
primary, secondary, and tertiary (Graafian) follicles.
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There are several phases of follicles that are present
in the cortical area next to the tunica albuginea.
composed  of

Meanwhile, the medulla was

stromal densely packed irregular collagenous connective
tissue that reached the inside of the tissue (Fig. I
and Fig. 2).

Fig. 1. Photography of lobulated ovary in wild rabbits (the yellow arrow) and oviduct connected with the ovary by
isthmus (the black arrow). H&E stain.40x
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Fig. 2. Photography of the ovary in wild rabbits shows a thin layer of tunica albugenea (the yellow arrow) and the
cortex contain highly fibrocytes (black arrow). H&E stain.40x

In general, the detection of atretic follicles, corpus
luteum, and many follicular phases suggests active
reproductive cycles in wild rabbits, which differ from
many other mammals by their short estrous cycles and
high reproductive potential. Previous observations on
ovarian morphology in lagomorphs and other polytocous
species are supported by the structural organization
observed in this work [18].

It seems that there are numerous primordial follicles
in this study, which are made up of a single layer of
flattened granulosa cells encircling an oocyte.
The primary follicles also consist of a single layer of
cuboidal granulosa cells enveloping the oocyte, whereas

the secondary follicles had a variety of granulosa forming
cells, and a theca layer that differentiates into theca
externa (fibrous) and theca interna. This result is
consistent with [19, 20].

The stimulation of latent follicles is indicated by this
change from flattened to cuboidal granulosa cells.
This process is fueled by endocrine cues like follicle-
stimulating hormone and local growth factors.
The development of the theca layer, which differentiates
into the theca externa and the theca interna, and several
layers of granulosa cells were seen as the follicles reached
the secondary stage (Fig. 3).

Scientific Progress & Innovations e 28 (4)
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Fig. 3. Photography of the ovary in wild rabbits shows the germinal layers of high cuboidal epithelial cells (G black
arrow), with a large primordial (P), primary, secondary (the yellow arrow), and tertiary (Graafian) follicles surrounded
by a thin layer of theca interna (Th). H&E stain. 100x

These findings highlight the conserved nature of
the ovaries’ structure and function across species
by indicating that wild rabbits’ ovaries not only have a
clearly defined hierarchy of follicular phases but also
have the traditional histological features of
folliculogenesis observed in other animals. A major
player in follicular steroidogenesis, the theca interna
is well-known for its vascularization and endocrine
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function, especially the synthesis of androgen. The
growing follicle receives structural support from the
theca externa, which is mainly made up of fibrous
connective tissue. While theca externa had many fibers
surrounding the follicles, theca interna had only a small
amount. The mature follicles were detected in the middle
region of the cortex and were encircled by thin layers of
fibers (Fig. 4).

Fig. 4. The photography of the ovary in wild rabbits shows the Graafian follicle surrounded by a thin layer of theca
interna (the yellow arrow), include the oocyte surrounded by thick zona pellucida (the black arrow). H&E stain. 400x

This is in line with earlier research in mammalian
ovaries, where the theca interna is mainly made up of
endocrine cells with a little amount of fibrous material.
These cells are specialized in steroidogenesis, specifically
the generation of androgens [21, 22].

On the other hand, it was found that the theca externa
had a more noticeable connective tissue layer due to a

greater distribution of collagenous fibers. Fibroblasts and
smooth muscle cells are found in this outer layer, which
primarily serves as a supporting structure, aid in follicular
stability and may even aid in ovulatory contraction [23, 24].
Ovarian Medulla
According to histology, the ovary’s medulla in wild
rabbits is a highly vascularized area with mostly loose
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connective tissue. This area serves as a wide supporting
bed for cortical structures and is made up of vascular,
lymphatic, and innervation-per webbing. The connective
tissue stromal are regular interspersed elastic fibers and a
large number of collagen fibers, together with a few
fibroblasts. Some specimens exhibit clusters of interstitial
endocrine cells, especially those that are close to blood
arteries, indicating a remote thecal or luteal source.

The results lend credence to the idea that, in wild rabbits
and mammals in general, the ovarian medulla functions as an

.,

O e l_ ".Y{‘-, 3

aphy of the ovary i

Fig. 5. The photogr:

active, multifunctional compartment that is essential for the
ovaries’ endocrine and circulatory infrastructure, rather than
just as a passive structural core [25, 26].

The medulla is clearly different from the cortex in that
it lacks follicular features. The basic shape is similar to
the functional architecture that supports the ovaries’
hormonally active cortex through neural networks and
circulatory supply. Vascular heterogeneity or differences
in stromal cellularity may be identified based on the age
or reproductive status of the rabbit (Fig. 3).
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n wild rabbits shows that the medulla appeared highly vascularized.

H&E stain.100x

These results highlight the medulla’s extremely useful
but non-gametogenic function in ovarian physiology. Its
form is designed to support the hormonally and
metabolically active cortex rather than folliculogenesis,
offering a neurovascular interface that adapts to the
ovaries’ changing physiological needs over time [27].

Histological Structure of the Oviduct

The histological oviducts, commonly referred to as the
fallopian tubes, are made up of several layers, each of which
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Fig. 6. The photography of the oviducthi-n wild rabbits show

has unique characteristics for aiding in the transportation of
ovum and early embryos and additionally for providing
nourishment. The mucosa, which is the layer with the
greatest depth, is extensively folded and covered with tall,
simple columnar epithelium, which contains two main cell
types: ciliated and secretory cells. These secretory cells can
provide trophic material for sperm, ova, and early embryos,
and these functioning ciliated cells can sweep the ovum into
the uterus with their synchronized beating (Fig. 6).

¥ B

s infdiBulum lined By fallcolﬁér ciliated epithelia (the

black arrow) with (peg) cells (the yellow arrow).
H&E stain. 400%
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These results highlight the oviduct epithelium’s
specificity in functioning across several segments,
illustrating its simultaneous roles in gamete and
embryonic metabolic support and mechanical transport. A
well-balanced  adaptation to the  reproductive
requirements of mammals is the existence of both
secretory and ciliated cells [28].

The lamina propria is a connective tissue layer that
lies directly beneath the epithelium. It contains immune
cells and blood vessels and maintains the mucosal
epithelium while also participating in the genital tract’s
mucosal immunity. A layer of smooth muscle called the
muscularis mucosae is between the mucosa and the
serosa. Sperm and ova are propelled in motion by the
peristaltic and segmental muscular contractions of these
muscle layers. The serosa, which is basically a thin layer
of mesenchyme with simple squamous epithelium
(mesothel), is the outermost coat. It provides the organ
with structural support and is a part of the peritoneum. In
order to maximize reproductive success, the arrangement
of these layers specifically, the synchronization of the
contractions of the muscularis mucosae and the ciliation
of the epithelium represents an evolutionarily conserved
adaptation that guarantees the appropriate timing and
direction of gamete and embryo movement [25].

Conclusions

The ovaries of the female reproductive system of wild
rabbits were the subject of the current study, which clearly
identified the characteristics of these animals. It was
found that the ovaries of this species of animals were
lobulated, had unique features of the cortex and medulla;
the ovaries had a large number of primary follicles with a
small number of fibers in the theca interna; the ovarian
stroma contains a large number of collagen fibers and
increases in the cortical region with a decrease in the
medulla.
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