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Abstract

Histology of the seminiferous epithelium of the rat testis is described at the light microscope
level. The morphologies of male germ cells (spermatogonia, spermatocytes, and spermatids)
undergoing the spermatogenesis are depicted chronologically using PAS-stained materials, and
correlated with 14 stages of the seminiferous epithelium, 11 phases of diploid germ cells, and 19
steps of transformation of haploid germ cells.

Developmental sequence of the spermatogenesis at any portions of the seminiferous tubules
occurs continuously but at a certain moment the germ cell types observed in situ are distinctive
in morphology and limited in number. Each facet of the epithelium displays several time-sliced
windows of the continuous spermatogenetic sequence. The assembly patterns of male germ cell
types characterize the stages of the epithelium (stage I to XIV), which are determined primarily
by cellular and subcellular transformations of spermatids. Since the spermiogenesis of spermatids
is comprised of 19 steps according to the acrosomal development, the remaining steps are
overlaid in the cycle of stages. Thus, the two different, successive generations of spermatids are
compiled in the same facets of the epithelium, in particular in stage I to VIIIL. The same applies
to spermatocytes, different phases of which are stratified deep in the epithelium. The correlation
between the chronological sequence of the spermatogenesis and the pictorial presentation of
male germ cells can provide a clue for understanding the stratified cellular components in the
epithelium, and will help identify and describe the male germ cell types properly for diverse
arrays of analyses in advanced studies.

Key Words: seminiferous tubule, spermatogenesis, spermiogenesis,
male germ cell, Sertoli cell

*Correspondence to: Yasuhiro Morita, Ph.D.
Department of Liberal Arts and Sciences, Faculty of Health Sciences, Kagawa Prefectural College of
Health Sciences, 281-1 Murecho-hara, Takamatsu, Kagawa 761-0123 Japan



Introduction

During several decades, the testis, or
histogenesis and male fertility, of mammals
has been garnering attention of basic
and clinical scientists. Many reviews and
monographs have been published on these
topics (for a monograph?). A large number
of ongoing researches continue to come
out in current journals. The researches are
highly diversified; reproductive biology and
medicine, toxicology, oncology, pharmaceutical
science (fertility and contraceptive), mining
race of new molecules, and so on.

Although much information of the male
reproductive system has been gathered, the
spermatogenesis is still a complex process.
For this process are requisite the increment
of cells, perfect accuracy of genetic
recombination, morphological differentiation
and fertility. The process can produce
male gametes, or spermatozoa, having a
streamlined head and sleek whip-powered
tail and a half amount of chromosomes
with huge genetic diversities. Moreover, male
gametes should be perfect physiologically
and genetically; healthy and fertile. This
complex spermatogenesis is, however,
impaired easily by a variety of chemical,
physical, genotoxic and endogenous genetic
factors which contain potential to lead
to male infertility (morphological and
functional abnormalities). Compared with
the resting cells, in particular, developing
and differentiating cells are susceptible and
vulnerable to chemical as well as physical
alterations in their micro-environments.

Our contemporary societies have
introduced a large number of chemical
compounds into our life. Cells in the body
are unconsciously irrigated with such
compounds regardless of nutrients or
toxicants. The testis containing vigorously
differentiating cells attracts people’s
attention because of serious family problem
infertility and furthermore extinction of

species. That implies some chemicals we
use make us an endangered species in the
surely coming future. The testis is, therefore,
used to evaluate a variety of factors, either
chemical or physical, and to assess the
spoiled environments, either large or small.
In spite of the essential requisite for
toxicological analyses, the histology and
histogenesis of the seminiferous epithelium
of the testis is still complex to understand,
in particular for fledgling scientists or
beginners. '

The present study aims at providing a
simplified scheme of spermatogenesis in the
rat testis at the light microscope level, and
helps understand the morphologies of
the male gérm cells in the seminiferous
epithelium. The pictorial presentation with
corresponding descriptions appears to be
helpful for further advanced studies.

Materials and Methods

The testes from three young adult
Sprague-Dawley rats (postnatal 10-11 weeks)
were used in the present study. The rats
were maintained in an artificial condition
of 12-hour day/night cycle at 25 degrees
Celsius and acclimatized for at least 1 week
before sacrifice. The rats were anesthetized
deeply with pentobarbital sodium (Nembtal,
1 mL/kg body weight, i.p., Dinabott Inc.), and
perfused transcardiacly with 0.9% saline,
followed by 4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.2). The testes
were dissected out and postfixed in
the same fresh fixative overnight in
refrigerator, and then processed routinely
for paraffin-embedded histological materials.
Cross and longitudinal sections of the testes
were cut at 5 um on a microtome. One
group of sections was processed according
to a PAS (periodic acid Shiff)-reaction
protocol for staining glycoprotein. The other
group was stained immunohistochemically

using a mouse monoclonal antibody against
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the proliferating cell nuclear antigen
(PCNA: NeoMarkers, CA, USA) according to
the manufacture’s instruction.

The animals used in the present
study were treated in accordance with the
guideline of the Animal Study Committee of
the Kagawa Prefectural College of Health
Sciences.

Results

This Results is descriptive to explain
the chronological morphological changes
of the spermatogenetic development of
the male germ cells in the seminiferous
epithelium, rather than typical Results
presenting experimental data. This seems to
be convenient for having readers convince
the entire story of spermatogenesis in a
straightforward way.

Histology of the Testis

The parenchyma of the rat testis,
as in other mammals, consists of two
major divisions, the interstitium and the
seminiferous tubules. In the parenchyma are
packed the seminiferous tubules, which are
convoluted and looped in a complex fashion
(Fig. 1A). Both far ends of the long looped
seminiferous tubule are connected to the
excurrent duct system (the rete testis) (Fig.

1A). The tubular wall or the seminiferous

epithelium is comprised of two categories
of cells; supporting cells or Sertoli cells
and stratified male germ cells at different
. developmental phases of the spermatogenesis
(Fig. 1B and 2A-F).

In the narrow interstitial space, there
are seen different types of cells in the loose
connective tissue; lymphatic and blood
capillary endothelia; arterioles, venules, myoid
cells, and glandular cells known as the
Leydig cells. The Leydig cells are the major
source of androgen (e.g., testosterone) and a
source for a variety of other steroids (Fig.
2B). The myoid cells are localized on the
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Fig. 1 A: Schematic drawing of the rat testis
in lateral and frontal views to show
a single representative seminiferous
tubule. Ep: epididymis, RT: rete testis,
St: seminiferous tubule. B: Schematic
drawing of two adjacent Sertoli cells
in the seminiferous epithelium. The
baso-lateral cytoplasmic processes of
the Sertoli cells make contact with
each other via tight junctions, and
establish the basal and adluminal
compartments and simultaneously
the blood-testis barrier. Dotted lines
imply male germ cells in accordance
with developmental phases of the
spermatogenesis. bl: basal lamina,
es: ectoplasmic specialization, G:
spermatogonium, S: Sertoli cell, Sc:
spermatocyte, Se: elongate spermatid,
Sr: round spermatid



Fig.2 A:

Seminiferous epithelium immunostained with anti-PCNA antibody. Positive signals (solid
black) were observed on nuclei of either young preleptotene (labeled G/Pl) or pachytene
(P) spermatocytes. Nuclei of Sertoli cells (S) are not stained, implying not-proliferating
cells. PCNA: proliferating cell nuclear antigen. B: Leydig cells (Ly) in the interstitium,
adjacent to the seminiferous tubule sectioned tangentially. C-F: Representative stages
of the seminiferous epithelium containing distinctive assemblies of male germ cells.
The germ cells in the selected stages display different morphologies in size, shape,
position, stainability, and appearance. Di: diplotene spermatocyte, E: elongate spermatid,
G: spermatogonia, L: leptotene spermatocyte, M: meiosis, My: myoid cell, P: pachytene
spermatocyte, R: round spermatid, Z: zygotene spermatocyte



external surfaces of the seminiferous tubules,
and thought to provide the propulsive
force to sperm in the tubular lumens (Fig.
2D). The others are mostly the same to
solitary, migratory, or constituting cells seen
ubiquitously in many different tissues.

Sertoli Cells

Sertoli cells are somatic cells residing
among germ cells of the seminiferous
epithelium and maintain the epithelial
structures and the spermatogenetic
development. They repeat mitoses until
puberty to yield a large number of their
progenies enough for their functions in
the adult epithelium. During pubertal
development, Sertoli cells cease to divide
and extend from the basal lamina into
the lumen of the seminiferous tubules.
The Sertoli cells in adult rat testes were,
thus, not immunostained with anti-PCNA
(proliferating cell nuclear antigen) antibody
among immunoreactive germ cells (Fig. 2A).
Perikarya of the Sertoli cells are located
along the basal lamina of the epithelium
and contain a pale, triangular nucleus.
Differentiated Sertoli cells are elaborately
equipped to maintain the spermatogenesis
structurally and chemically, so that they
can serve as structural underpinning and
humoral regulators in the epithelium.
Although cytoplasmic arborizations of
the Sertoli cells are equivocal by light
microscopy, their baso-lateral surfaces
around the cells make contact firmly with
each other via tight junctions according
(Fig. 1B).
This ectoplasmic specialization between

to accumulated knowledge

the adjacent Sertoli cells constitutes the
blood-testis barrier, or the Sertoli cell
barrier, which also divides the seminiferous
epithelium into two major compartments;
basal and adluminal compartments, basally
and apically, respectively. Owing to this
barrier, newly born male germ cells, which
are more or less genetically recombined, in
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the adluminal compartment are isolated from
autoimmune onslaughts. Another intermediate
compartment temporally appears as early
phases of spermatocytes migrate upward
through the cytoplasm of Sertoli cells. During
spermatogenesis, Sertoli cells keep physically
interacting with all different phases of
male germ cells until sperm release (or
spermiation) and also chemically controlling
their development and differentiation by
tuning adluminal humoral environment (Fig.
2A-C).

Germ Cells

Male germ cells in the seminiferous
epithelium display distinctive morphologies
according to their developmental phases of
spermatogenesis; spermatogonia (proliferative
cells), spermatocytes (meiotic cells), and
spermatids (transforming cells) (Fig. 2A-F).
These germ cells proliferate to increase in
number and/or transform in either quality or
morphology in every facet of the epithelium.
Corresponding to three categories of the
germ cells, the spermatogenesis is divided
into three phases: 1) the proliferative phase
in which spermatogonia undergo rapid,
successive mitotic divisions and contain
immunoreactive PCNA (Fig. 2A), 2) the
meiotic phases (Meiosis I and II) in which
genetic sequences of spermatocytes are
recombined and then divided to yield a
huge number of genetic diversities (Fig.
2D-F), and 3) the spermiogenesis in which
round type of spermatids differentiate into
sleek streamlined spermatozoa or haploid
male gametes (Fig 2 C-E).

Proliferation of Spermatogonia
Spermatogonia are primitive and small,
and are located basally facing the basal

.lamina of the seminiferous epithelium, or in
‘the basal compartment (Fig. 2A, C-E). It is

theoretically assumed that a single primitive
spermatogonium repeats mitotic divisions to
produce thousands of its descendants. For
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Spermatogenetic sequence

G: spermatogonium

Pl: preleptotene spermatocyte
leptotene spermatocyte
zygotene spermatocyte
pachytene spermatocyte
diplotene spermatocyte
meiosis

round spermatid

elongate spermatid

: residual body

v #7/19: 19 steps of spermiogenesis
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Fig. 3 I-XIV: Stages of the seminiferous epithelium of the rat testis. Fourteen stages of the
epithelium are primarily distinguished on the basis of the acrosomal development in
spermatids and concurrently characterized by their distinctive assemblies of the other
differentiating male germ cells (described in detail in text). In the panel of stage I, the
two stages (stage | vs XIll/IX) are discernible with distinct demarcation. In stage | to XI,
the developing acrosomes are indicated by the corresponding angles and/or small arrows.
Tissue sections were processed according to a PAS-reaction protocol to show acrosomes
in spermatids and counterstained with hematoxylin.



























