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Abstract

Objective: For the molecular expression of the ADAM28 gene in the epididymis tissue of rat aged 66 days.

Methods: At 66 days of age, five mature male rats were obtained; caput, corpus, and cauda epididymal regions
(right and left) side were separated based on morphological analysis. Right regions were kept in 10% buftered
neutral formalin for microscopic studies and 50 mg of each region in left side was mixed with 1 pl of the TRIzol®
for quantitative real-time PCR (qRT-PCR) using reagent kit for the isolation of total RNA (Bioneer, Korea).

Results: Histologically, each segment: the initial, caput, corpus, and cauda have its own distinctive cell kinds,
duct diameter, epithelial height. The initial segment has a significant difference (P < 0.05) by decreasing tubular
diameter when compared with other segments. The caudal has thicker, muscle layers compared to other segments.
The expression of ADAM28 gene along the segments of epididymis was demonstrated at different levels. also, we
found that the ADAM28 gene in corpus was higher than that of other segments and in the cauda it was greater than
that in caput without significant differences (P < 0.05).

Conclusion: The ADAM28 gene found along the epididymis segments of rat.
Keywords: rat, epididymis, gene expression, ADAM28

1-Introduction

The epididymal mammalian, which resembles a highly convoluted tube and promotes conduction of
the testis with the ductus deferens, appears as a complex organ, according to [1]
the organ, known as the epididymis, has many segments. Four primary anatomical regions have been
identified by some research: the beginning part, caput, corpus, and cauda [2] Like in laboratory rodents
[3] mention, the globular proximal caput, the extended corpus, and engorged distal cauda are the three
regions that make up the epididymis, according to the majority of researchers; the epididymis contains
morphological traits unique to its species [4].

The cauda keeps spermatozoa in a quiescent condition and aids in sperm preservation; the proximal
regions—the first part and caput —facility sperm development [1] [5]. In addition, each region is
structured into intraregional subdivisions surrounded by loose connective tissue septa (CTS), which
support the organ itself [5]. Therefore, the researchers believe the epididymal regions are grouped as
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smaller organs located side by side because each segment appears to have an advanced complication to
the typical of rat epididymal segments like choosy gene and protein expression, signal pathway
transduction inside lobules, and contributes specifically within the epididymal lumen milieu with a wide
variety of changes occurring in it, like fluid, ion, and antioxidant uptake and release [6-8]. One possible
cause of male infertility is segment loss [9].

An extremely specific epididymal luminal environment is necessary for epididymal function, and it is
created and preserved by the coordinated cellular activity of the epididymal epithelial lining cells. The
distal region where spermatozoa are stored may become significantly more acidic due to the presence of
clear cells, which are expressively more common in the epididymal cauda than in the caput region and
contribute to net proton secretion [10].

The epithelial cells are distributed in different subdivisions of the epididymal epithelium to perform
various functions like absorption, secretion, endocytosis, luminal fluid acidification, immune protection,
phagocytosis, and the creation of antioxidants. These cells primarily consist of principal cells (PCS),
which are nearly (85%), narrow (establish merely in the initial part), and basal cells, with other specialized
cells such as apical, halo, and clear cells accompanying them [11]. The epididymal fluid protein profile
is significantly altered as a result of coordinated secretions and endocytosis, exposing the gametes to
substances that will alter the physiology of the sperm. Furthermore, target proteins, miRNAs, and lipids
are delivered to spermatozoa by the apocrine secretions of principle cells [10]. Because of the
epididymis's intricate activities and compartmentalization, there are a number of possible causes of
epididymal failure that can lead to problems with male fertility and even the condition of the progeny
[12].

Recent studies have shown that extracellular vesicles (epididymosomes) are complex and variable
protein structures secreted by the epididymal epithelium, leading to the physical roles of proteins and
mRNAs in epididymal activities [10] [13]. These transfers to spermatozoa in cauda altering the sperm
membrane by interacting with proteins that are essential for sperm to enter through the oocyte wall, then
bind with the oolemma [10] [14] [15].

The discovery of a surface protein known as PH-30 (ADAM]1) led to the discovery of the disintegrin
and metalloproteinases (ADAMs) family [16] [17]. The ADAMs family is classified as a secreted enzyme
and has multiple domains, such as a pro-domain (metalloprotease, disintegrin (integrin ligand), cysteine-
rich region, epidermal growth factor-like domain, transmembrane, and cytoplasmic cauda) that includes
several chemokines and cytokines. Some of these enzymes also break down other extracellular matrix
components, such as the ADAM proteins related to matrix metalloproteinases (MMPs), which consider
highly conserved domains [18] [19]. The extracellular matrix (ECM) is assembled and broken down
during morphogenesis, growth, morphogenesis, tissue remodeling, and reparation by secreted zinc
metalloproteinase family known as a disintegrin and metalloproteinase with thrombospondin
(ADAMTSs) [20].

Male reproduction has some functions dependent on proteolytic enzymes and metalloproteinases
family proteins, which regulate testicular development and sliding into the scrotum, sperm maturation,
and sperm-egg binding (Hongmei and Khalil,2022); in addition, problems with spermatogenesis, male
infertility, aging, and testicular cancer have all been connected to it [17] [22] [23].

Expression the ADAM family is made up of at least 34 members that are varieties with different
mammalian organs. These individuals can be categorized into three evolutionary groupings (I, II, and III).
Group I consists of 11 ADAMSs that are expressed in the testis, while Group II has five ADAMs expressed
in the germ cells of the testes. These groups each display distinct structures [24]. Integral membrane
proteins belonging to phylogenetic group III, A disintegrin and metalloproteinases 7 (ADAM?7) and A
disintegrin and metalloproteinases 28 (ADAM?28), in rodents like rats, are produced by the epididymis
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duct and exhibit high regional expression with varying amounts along distinct parts of the epididymis [1]
[14]. According to [24], the two types exhibit a great degree of amino acid sequence identity (53%).

In human, disintegrin and metalloproteinase 28 are expressed primarily by lymphatic and epithelial
cells; also they are expressed by immune-localized epithelial cells in various tissues in mice, like
epididymal epithelial cells and thymus- cells. ADAM?2S is related to snake venom metalloproteases
(SVMPs) and is expressed by tissues that are derivative from the foregut in embryological state [16] [24]
[25]. Additionally, it can be released as soluble through the proteolytic cleavage of certain proteinases,
such as ADAM 7[25].

The ADAM2S8 protein exists in two distinct forms: the transmembrane or prototype (ADAM28m)
and the shorter (ADAM28s). The first form consists of various functional domains, including prodomain,
metalloproteinase, and disintegrin. Cysteine-rich. Epidermal growth factor-like domain, a
transmembrane, and a cytoplasmic tail. On other hand, (ADAM28s) form has a structure similar to the
first form, but the final three parts are absent [16] [26].

The proteolytic activity of ADAM28 has effects that encourage the formation of tumors, [17] [27],
such as in human lung and breast malignancies. Through their binding to integrin a4B1, they also regulate
cell proliferation of osteoblast-like cells, have directly influence on the regulation of airway remodeling
and have a significant impact on cell adhesion [19] [28].

With the ability to use epididymal spermatozoa—rather than testicular spermatozoa—to obtain a
greater live birth ratio by sperm injection through the intracytoplasmic, the epididymis may be crucial to
sperm maturation [29].

The molecular and biochemical mechanisms by which post-testicular sperm mature, the role of
epididymal fluid of the cauda in keeping spermatozoa latent for prolonged periods, and the causes of
epididymal dysfunction resulting from differences in the luminal fluid composition along the human
epididymis that separate fertile from infertile individuals are all unknown. Male infertility diagnosis and
therapy are limited by these reasons [30].

The majorities of proteins in the epididymal tubule are specific for each species and vary in different
regions of the organ [10]. Consequently, molecular instruments have been created to gauge the expression
levels of specific sperm proteins that serve as indicators of male fertility. The ADAM family is among
the principal helpful models for examining the coordinated parameters and structure of sperm surface
proteins [31] [32]. In an effort to fill in the knowledge gap regarding this protein, the aim of this work
was to use qPCR techniques for molecular detection of the ADAM28 gene in epididymis rats throughout
puberty (age 70 days). This may potentially lead to the discovery of new markers for fertility and semen
quality and provide additional information about the protein alterations in the epididymis.

Ethical approval

The study was performed under the Ethical Standards Approved by the scientific board of College of
Veterinary Medicine, University of Al-Qadisiyah (committee approval number: 1890 / 22/11/2022

2. Materials and methods

2.1. Experimental animals housing and sacrificing

Five mature male rats, at aged 66 days, with a mean weight of around (183+7.810) gm were acquired
from the animal household in University of Al- Qadisiyah, which is part of the college of veterinary
medicine. The rats housed in a laboratory environment with controlled normal settings and were raised
in an air-conditioned room. Keeping a constant temperature of 23 +2°C and relative humidity of 66-71%
while utilizing 12-hour light and dark cycles. Each was put in a separate 47 x 34 x 18 cm plastic cage
(England) that had wood chips inside [33]. Supplied by Animal House. Before any surgery, the animals
were given 10 days to be comfortable [34], as well as unlimited access to water and pelleted standardized
food (commercial rodent chow) [35]. In order to prevent any physiological or biological alterations in the
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organs and tissue of the rats, only healthy rats were used in this investigation. To expose the testes and
separate the epididymis duct from the testis, longitudinal excisional skin cuts were made in the scrotum
wall while the rat was under general anesthesia and receiving an IM injection of the Xylazine (10 mg/kg
of the body weight) and ketamine (80 mg/kg of the body weight). Based on gross anatomy and location
of each epididymis (left and right) was separated into the caput, corpus, and cauda regions. Every
epididymal specimens were split into two groups. The specimens from the first group (right side) were
fixed in 10% neutral buffered formalin (NBF) for histological research. Meanwhile, the specimens from
the second group about (50mg) were stored in 1l in a TRIzol® reagent kit to enable molecular expression
of ADAM 28 gene. As per the organization's guidelines, the samples were handled at 4°C. For using in
the Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR), by using the total RNA extraction
reagent.
2.2. Histological process of tissue

The epididymis was rinsed with normal saline solution (0.9% NACL). After being cleared of adhering
fat and divided into the caput, corpus, and cauda, it was preserved in 10% NBF for duration of 28
hours. The specimens were prepared for processing by first being cleaned in tap water, then being moved
to 70% ethanol for a full day. They subsequently went through the typical histological preparation
procedures (dehydration, clearing, impregnation, and paraffin embedding), after which the tissues were
sectioned then staining with Harris Hematoxylin and Eosin (H&E) to demonstration general histological
features, and special stains (Masson trichrome and Wiegert's elastic stain) for collagen fibers
demonstration and Periodic acid—Schiff (PAS) is a staining technique used to distinguish polysaccharides
[36].For obtaining the morphometric estimation for each specimens (epithelium height and the diameter
of the epididymal tubule of ducts), five slide of each specimen were measure (Twenty-five tubules
outcome from each specimen). The data was recorded using an ocular micrometer set to 40X. Sections
were statistically analyzed using light microscope (Olympus, Japan) [34].
2.3. Molecular analysis of ADAM28 gene in epididymis segments

The total RNA from epididymis tissue (caput, corpus, and cauda) was extracted using the AccuZol®

kit, and the M-MLV Reverse Transcriptase kit (Bioneer, Korea) was used for producing cDNA. qRT-
PCR was utilized to quantify the specific gene in this study (ADAM28) and the results were normalized
using the GAPDH gene as a housekeeping gene. The process followed the method previously reported in
a study by [14]. The qRT-PCR data was analyzed using the ACT procedure for ratio expression of target
genes and GAPDH, following the procedure specified in a publication by [37].
(Table 1): Displayed Primers using for RT-qPCR.

Gene Primer Sequence (5'-3") Product size Accession number
F AAAGCAGGTTTCCAGTGTGC
R TTTGCTGCTCTGCACACAAC

F ATGCCCCCATGTTTGTGATG
GAPDH gene 136bp NM_017008.4
R TCCACGATGCCAAAGTTGTC

(ADAM28 gene A disintegren and metalloprotanase gene 28 GAPDH=Glyceraldehyde-3-phosp-hate dehydrogenase, F: Forward Primer-R: Reverse
Primer)

2.4. Statistical analysis

Version 24 of the SPSS® software was used to analyze the data. Using the one-way analysis of
variance and the post Hoc analysis, comparisons done across several locations of the epididymal rats as
means * the standard errors. Value was measured as significant at P<(. 05 [38].

3-Results and discussion
This investigation used thirty specimens from three locations (caput, corpus, and cauda) of adult rats'
epididymal tissue. Fifteen specimens were obtained for the histological analysis and the same number for
the molecular expression of the ADAM28 gene in segmental epididymis tissue.
Many studies have been carried out over the span of more than 60 years to gain a better understanding

ADM28 gene 83bp NM_001394671

4



of the mechanisms required for the epididymis to produce functional gametes, which is vital for managing
post-gonadal spermatozoa in all species [4].

3-1-Histological investigations

The study looks at the histological features of the epididymal segments of the caput, corpus, and
cauda rats. It finds well-organized epididymal tubules and unique tubular lumens that are packed with
sperms and wrapped in tunica albuginea and adipose tissue. Segments and sub-segments of the
epididymis were created by connective tissue septa. Each segment corresponds to a unique physiological
compartment with particular microenvironments that either directly or indirectly affect sperm maturation
[39]. The intraluminal compartment protein composition changes along the epididymis, with unique
proteome and secretome properties for each region [40, 41], which secreted by the epididymal cells.
According to study by [6], paracrine signals do not cross the septal border when transitioning between
segments because they are restricted by septa inside certain segments.

Every epididymal segment has smooth muscle fibers that envelope the pseudostratified columnar epithelium,
which was composed of principal(PCs), basal, and clear cell epithelial cells. This epithelium lines the epididymal
tubules. The principal cells had columnar appearances and short stereocilia extending from the cauda to the initial
area. The cells that sit along the basement membrane are called basal cells, and they have an oval shape. Apical
cells were rounder and more prominent in the beginning and caput, whereas narrow cells were thin with an apically
spherical nucleus, and the cauda included a significant number of transparent, vacuolated cells. Also tiny halo
cells were extant at the base of the epithelial lining of epididymal tubule (Fig. 1, 2, 3, and 4). The epithelial
lining appears positive reaction with PAS stain (Fig.5). These cell types have unique physiological role
[11] and every type of cell helps to create and maintain a distinct luminal environment where spermatozoa
mature and storage [42].

One notable variation is the amount of lipid droplets that are exclusive to the corpus epididymis,
indicating substantial regional specialization throughout the epididymis [44]. the principal cells (PCs)
made a complicated and varied contribution to the creation of an acid luminal milieu in the epididymis,
depending on the place in different regions of the epididymis, like PCs in initial segment reabsorb
bicarbonate through a variety of transporters and enzymes that the kidney's proximal tubules also use;
while PCs in the cauda are capable of secreting protons or bicarbonate based on physiological inputs. The
presence of luminal sodium in the cauda epididymis of rats and mice is necessary for luminal acidification
[45], additionally; apical cells that were engaged in acidification are mainly present in the caput and initial
segment epithelium [46]. All epididymal segments in our study have basal cells, which suggest that may
produce more vesicles or dynamic membrane remodeling [44]. The e significant impact of epididymal
function on the results of male fertility, and the congenial luminal milieu created by the excurrent duct's
lining epithelial cells is mostly responsible for this function. Ca2+homeostasis and acidity are two
significant elements of the luminal microenvironment that are tightly controlled by a web of signaling
pathways and cell-cell interactions [47].

In our study, the adult rat cauda epididymis contained clear cells. These cells of the cauda epididymis
facilitate the transfer of several proteins required for the development of sperms [48]. Moreover, clear
cells exhibit high levels of expression of genes associated with the synthesis of metabolic energy, (high
ATP levels) that required driving the acidity of the epididymal lumen. Unique of the most prominent
roles of the epididymis is to maintain an acid luminal state, which prevents sperms from becoming active
to the mate [49].



Fig.1. A photomicrograph section of initial part (A), caput (B), corpus (C), and cauda (D) of adult rat epididymal at age 66- day showing luminal
tubule lined with pseudostratified columnar epithelial sounded with smooth muscles (SM) and consist of principle columnar cell with stereocilia
(PC), (basal cell resting on the basal lamina(BC), these duct full with sperm(S), between tubules there are loose connective tissue septa (SP contain
(CF)). (H&E, 400X)
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Fig. 2. A photomicrograph of section of corpus segment of epididymis of rat show were full with sperm(S), and line by several type of cells: principle
cell(PC), basal cell(BC), clear cell(CC), apical cell (AC) and surrounded by and smooth muscles. Between ducts loose connective tissue as speta that
contain blood vessel (BV), (SM) H&E, 400X



Fig.3. A Photomicrograph of cauda segment of epididymis full with sperm (S). Showing collagen fiber that was (CF). (Masson trichrome 200X)
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Fig. 4. A photomicrograph of 1l with sperm (S) and covered with layers of adipose tissue (AT),
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Fig.5.A photomicrograph of section of caput segment (CA) and initial segment (IS) of epididymis of rat, that full with sperm (S), the lining epithelial
almost principle cells (PC) appear positive reaction with PAS stain. Between intersegmental tubule there was loose connective tissue as septa (SP).
40X, (PAS stain)
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The caput lined with the taller epithelial columnar cells with the base site of the nucleus and the
lowest luminal diameter of tubules; while the cauda lined with the shorter columnar epithelium or
cuboidal cells with the round to flattened nuclei with a larger diameter. This agreement with [50].

The results of the investigation showed that the tube lumens of the rat epididymis segments differed in form.
Compared to the slightly uneven caput, the tubular lumens of the first segment were regular; the lumens of the
corpus segment were spherical, longer, and narrower than those of the other segments. The cauda's tube lumens
were greatly expanded and densely packed with sperm (Fig. 1). Additionally, there was a notable variation in the
average tube diameter across all adult rat epididymis segments. As compared to tubular diameter in caput, corpus,
and cauda (186.06+4.95, 195.2449.2, 221.36+14.13) um, respectively), there was a significant difference in the
initial segment (90.54+3.27) um, and there was a significant difference in tubular diameter in caput and corpus

when compared with cauda (Table.2).
(Table 2). Histological dimension of epididymis segments (Epithelial height (EH), and tubular diameter (TD) (unm) of the epididymis segments of
adult male rats at age 66 days. (Mean + SE) * mean significant at p<0.05

Epididymis segments TD (pm) EH (pm)
Initial segment 90.54+3.27* 26.87+1.70
Caput 186.06+4.95* 14.38+0.49
Corpus 195.24+9.28* 18.37+0.76
Cauda 221.36+14.13* 19.11+0.77

In this study, when compared between the caput, corpus and cauda segments, the mean epithelial
height and stereocilia length decrease from the caput to the corpus segment. The initial segment's epithelia
height mean was (26.87+1.70) um and higher than that of the other segments (caput, corpus and cauda)
segments as (14.38+0.49, 18.37+0.76, 19.11+0.77) um respectively, however there was no statistically
significant difference between them at that point. (Table 2). This was in line with [43] observation that
the epithelial height, shape, and cell types of the epididymis segments of greater cane rat.

Additionally, smooth muscle encircling the epididymal epithelium was increasingly thicker towards
the cauda epididymis and is thinnest at the caput. Actually, there are two distinct smooth muscle layers
surrounding the cauda and one layer encapsulating the caput [8]. The epididymal fluid flow and smooth
muscles contractions that surrounding the epididymal tubule allow the gametes to go toward the organ's
terminal region, the cauda, or the cauda of the epididymis, where they are stored in between ejaculations
[29].
3-2-Gene expression of the ADAM28

The current study showed that RT-qPCR analysis revealed expression of the ADAM?28 gene across all
epididymal regions (caput, corpus, and cauda). Thus, threshold cycle (Ct) values varied between regions
(range, CT 34.99; CT 40.15; CT 34.73; CT 40.93; CT 34.71; CT 42.95) (Figure 6). Also, melting peak
analysis confirmed the specificity of the RT-qPCR primers, demonstrating no amplification of non-
specific products (Fig.7).
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Fig. 6. the Real Time amplification plots for ADAM28 gene in experimental rat epididymis tissue. The green plots: Caput tissue samples , the blue
plots: Corpus tissue samples, and The red plots: Cauda tissue samples
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Fig . 7. The Real Time melting curve for ADAM28 gene in experimental rat epididymis tissue that showed qPCR product specify melting peak at
Tm: 80.50°C.

The RNA transcription levels of the ADAM28 gene were measured in the tissues of the rat epididymis
segments (caput, corpus, and cauda) at 66 days of age. We were able to demonstrate in this study that the
ADAM28 protein is present in the epididymis regions at different concentration levels, with mean values
of 0.16+0.06; 0.48+0.22; and 0.21%0.09 in the caput, corpus, and cauda, respectively (Table 3). On the
other hand, prior research conducted by [14] [24] revealed that ADAM28 gene expression was limited to
the epididymal caput

Our study's findings, which demonstrate that ADAM28 was found in every segment, suggests that
it may function as an active regulator influencing the majority of cells in the epididymis segment's
proliferation and specific differentiation [26]. Different epididymal sub-compartments exhibit varying
levels of protein expression, indicating that each sub-region may have a unique regulatory effect on
spermatozoa maturation [4]. This finding comparable with [51] who shown the epididymis segment
specific genes



(Table 3). Displayed RT-qPCR Analysis of the ADAM?28 gene in epididymis segment. At P <0.05 significant level.

Experimental Target HKG GAPDH ACT Gene expression ratio (ACT Mean and St. error for Exp.
sample ADAM28 method) Sample
Caput 1 36.06 34.31 -1.75 0.297 0.16+0.06

Caput 2 34.99 33.39 -1.60 0.330
Caput 3 40.15 32.58 -1.57 0.005
Caput 4 36.43 33.80 -2.63 0.162
Caput 5 37.86 32.52 -5.34 0.025
Corpus 1 35.93 33.72 -2.21 0.216 0.48+0.22
Corpus 2 34.73 33.38 -1.35 0.392
Corpus 3 34.90 35.32 0.42 1.338
Corpus 4 36.49 35.39 -1.10 0.467
Corpus 5 40.93 32.84 -8.09 0.004
Cauda 1 34.71 33.51 -1.20 0.435 0.21+0.09
Cauda 2 35.44 32.90 -2.54 0.172
Cauda 3 34.93 33.83 -1.10 0.467
Cauda 4 37.72 32.23 -5.49 0.022
Cauda 5 42.95 32.84 -10.11 0.001

However, the ratio in the corpus was higher than that in the cauda and caput, respectively, was no
significant difference in ADAM28 expression levels between the three regions of the epididymis at (P
<0.05); whereas the mean expression of ADAM?28 protein in the epididymal cauda, was higher than that
in caput (Table 3). The function of each segment may be related to this variance in ADAM?28 protein
concentration. The early and late stages of sperm maturation are attributed to the caput and corpus,
respectively. The corpus form two thirds of the epididymis duct that is necessary for late sperm
maturation, whereas proteins important in adhesion pathways and cell motility are found in the cauda of
the epididymis [4]. Additionally, the primary purpose of the efferent duct and epididymal caput segment,
according to certain research, to absorb the protein secreted by the seminiferous tubules in the testes [52],
nevertheless, there was a noticeable variation in the quantity of upregulated and downregulated proteins
between intersegments since the proteins were not stable in the caput [4]. Other research suggests that
since water is absorbed by the epididymal duct, lower protein concentration in the caput epididymis would
have been estimated [53]. Additionally, the cauda epididymis contains between 50 -80 percent of the
sperm in the epididymal lumen, where functionally mature sperm cells are kept following early
maturation in the caput. The release of chemicals by the cauda's epithelial cells aids in maintaining the
ultimate luminal environment for sperm quiescence during storage, this helps to explain why the corpus
and cauda exhibit higher levels of ADAM28 detection than that caput. These variables influence the
regulation of luminal pH, and certain proteins and enzymes may have a comparable effect [8].

In humans, ADAM28 was primarily expressed by lymphocytes and epithelial cells; in mice, however,
it is expressed as immune localize epithelial cells in various tissues like epididymal and thymic epithelial
cells [25] and According to [54], the amino acid sequence in the metalloprotease active site of ADAM 28
is suitable for the protein's functional protease activity; as a result, it has defense capabilities that keep
sperm safe during development. [55] mention the immunoglobulins which are heterodimeric, membrane-
bound, or secreted glycoproteins that are mostly expressed in the vicinity of the corpus are produced by
B lymphocytes, this may be explain why the mean expression of ADAMZ28 protein in the epididymis
corpus was higher than that of other segment in our study.

4. Conclusion

The current study showed the ADAM?28 gene was found in every epididymis segments (caput, corpus
and cauda) and the corpus was a higher ADAM28 gene expression ratio than that in the cauda and caput,
with no significant difference between the three epididymis regions.
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