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INTRODUCTION

During the past decade the attention of
many investigators has been directed to the role
of the Sertoli cell in the spermatogenic process.
An impressive array of functions has been
assigned to Sertoli cells (Fawcett, 1975; Dym,
1977a). These include: 1) secretion of fluid
into the tubule lumen; 2) synthesis of proteins;
3) phagocytosis of degenerating germ cells and
residual bodies; 4) a role in the sperm release
phenomenon; 5) a role in the movement of
germ cells from base to lumen; 6) metabolism
of steroids; 7) the formation of the blood-testis
barrier. Other data demonstrate that the Sertoli
cell is the principal site of action for FSH in the
testis. As a result of this abundant research
activity on Sertoli cells, less attention has been

devoted ‘to germ cell differentiation. In this

paper [ will review recent observations on the
fine structure of monkey germ cells and present
some new data on the blood-testis barrier. In
addition, a preliminary morphometric study of
the seminiferous epithelium will be presented.

MATERIALS AND METHODS

' Adult male monkeys (Magaca mulatta and Macaca
arctoides)’ were utilized for the studies. The testes
were fixed by vascular perfusion using previously
described techniques (Cavicchia and Dym, 1978). The
perfusion commenced with s brief (= 10 second) wash
of 0.9% saline followed by 30 min of fixation with 5%

glutaraldehyde buffered in 0.2M s-collidine. One mm .

cubes of tissue were prepsred and immersed in the
same fixative for an additional 60 min. The blocks
were washed in the collidine buffer and then postfixed
in a solution containing 2 parts of 2% osmium
tetroxide and 1 part of 1% potassium ferrocyanide
(Karnovsky, 1971). The tissue was dehydrated in a

! Supported in part by research grant number HD
06969 from the National Institute of Child Health and
Human Development, NIH.

graded series of ethanol, cleared in propylene oxide

and embedded in Epon. One u sections were cut with
glass knives, mounted on slides, stained with 1%
toluidine blue and examined with the light micro-
scope. These sections were used to identify the stages
of the cycle of the seminiferous epithelium in the
monkey as described by Clermont (1969). Adjacent
thin sections, showing silver to pale gold interference
colors, were cut with a diamond knife, mounted on
uncoated copper grids and stained with lead citrate
and uranyl acetate (Reynolds, 1963). The preparations
were examined and photographed on a Philips 200 or
JEM 100 S eclectron microscope. The techniques
utilizing intercellular tracer compounds such as lan-
thanum nitrate and horseradish peroxidase have been
described previously (Dym and Fawcett, 1970; Dym,

"1973).

RESULTS AND DISCUSSION

Spermatogonia -

~ Using the Epon-embedded tissue and either
the light or electron microscope, 3 main classes
of spermatogonia may be identified in monkey
testis: type A dark (Ad), type A pale (Ap)and
type B (Figs. 1—3). The appearance of each of
these cells is generally similar to the previously
reported description of monkey spermatogonia
utilizing 5 u paraffin sections (Clermont, 1969);
however, the precise identity of the cell types is
more difficult to establish in the thinner Epon
sections.

Type A spermatogonia are oblong in shape
and have a broad attachment to the basal
lamina of the seminiferous epithelium, Perhaps
the most distinguishing feature of these cells is
that large areas of cytoplasm may be found
which contain only ribosomes, either free or
clustered as polyribosomes. Few other organ-
elles are present, although occasional profiles of
smooth endoplasmic reticulum, a small Golgi
apparatus and round mitochondria may be
noted. :

The nuclei of the type A spermatogonia
appear round or oval in sections and contain
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TABLE 1. Diameter of monkey spermatocytes in micra (mean ¢ S.E.).

Cell type Cell Nucleus

Preleptotene spermatocyte 10.14 £ 0.22 7.0 £0.16
Leptotene spermatocyte 12,75 £ 0.19 '9.56 £ 0.11
Zygotene spermatocyte . 13.0 +0.18 9.44 +0.13
Pachytene spermatocyte (stages 1—II) 14.53 £+ 0.18 10.37 £ 0.12
Pachytene spermatocyte (stages VI-VII) 15.65 £ 0.28 10.65 + 0.15
Pachytene spermatocyte (stage XI) 16.94 + 0.31 10.59 £ 0.16
Secondary spérmatocyte 13.2 +0.55 7:2 " 022

finely dispersed chromatin granules. One or 2
nucleoli usually attached to the nuclear en-
velope are present. Some type A nuclei stain
very deeply, the A dark, whereas others are pale
staining, the A pale. It is important to note that
many intermediate staining patterns are also
present, therefore, it is not always possible to
classify each of the type A into A dark or A
pale.

The 4 categories of type B spermatogonia
(Clermont, 1969) are cells of very similar
ultrastructure and will be described together:
Type B cells are spherical and have less contact
with the basal lamina compared to type A. The
cytoplasm possesses a greater number of organ-
elles than the type A, but no single organelle is
particularly prominent. The centrally located
nucleus is spherical in outline and usually
contains 2 homogeneous nucleoplasm and sever-
al small clumps of chromatin close to the
nuclear envelope. One or 2 nucleoli with
associated chromatin are located in the central
region of the nucleus.

Spermatocytes

Preleptotene spermatocytes (Fig. 4) have less
contact with the basal lamina of the seminifer-
ous epithelium than the type B spermatogonia.
Sertoli cell processes have insinuated themselves
between these early spermatocytey and the
basal lamina; thus the preleptotene cells have
commenced their ascent toward the tubule
lumen. Many of them are completely detached
from the tunica propria. The ultrastructural
characteristics of preleptotene spermatocytes
are different from the type B cells. The
nucleoplasm is not as homogeneous as it is in
the type B. Instead, it consists of irregular

patches of light and dark staining regions.
Clumps of chromatin are associated with the
nuclear envelope and the nucleolus. The nuclei
are perfectly spherical, somewhat smaller than
those of type B and are located in the central
part of the cell. The cytoplasm of the prelepto-
tene cells resembles that of type B spermato-
gonia.

As meiosis proceeds through leptotene and
zygotene, the nuclei enlarge and display a
progressive increase in the amount of chromatin
clumping. During the zygotene phase unusual
tripartite structures, the synaptonemal com-
plexes, become visible in the nuclei. These
structures are particularly prominent through-
out the pachytene phase and serve as a charac-
teristic identifying feature for the zygotene and
pachytene cells. During the meiotic prophase
the cytoplasm increases greatly in size as well
(Table 1). A large Golgi apparatus, profiles of
endoplasmic reticulum (see below) and mito-
chondria are prominent organelles. Spermato-
cyte differentiation during the long meiotic
prophase is a very gradual process occupying
approximately 16 days in monkeys. It is not
possible to detect morphological differences
between cells in"contiguous steps of differentia-
tion, e.g. late leptotene and early zygotene
spermatocytes appéar identical at the fine
structural level; late zygotene and early pachy-
tene are also very similar; pachytene spermato-
cytes in contiguous stages of the cycle cannot be
readily distinguished from each other. Sec-
ondary spermatocytes are much smaller than
late primary spermatocytes and, in addition to
the size differences, they may be identified in
sections by their spherical nuclei containing
pale stained homogeneous nucleoplasm and

FIGS. 1-3. Electron micrographs of type A dark, A pale and B spermatogonia. Insets are light micrographs
of the same cells. The arrowheads in Fig. 3 depict-chromatin clumps at the periphtry of the nucleus.

N-—nucleolus. X 3,900. Insets X950.



