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ABSTRACT
- The differential point counting method was used to determine

the relative volumes of the various organelles and inclusions in

\ o

- ) the Sertoli cell cytopla§m at all fourteen sﬁages of the cycle of -

* the seminiferous epithelium in the rat. 1In a first step, the
volume of the Sertoli cell as well as the nuclear—cytoélasmic
Fatio were estimated, on semithin sections (0.5 pm) stained with

toluidine blue, and shown to remain constant from one stage to the

¥

bther. The data collected on electron microscope photographs re-
vealed that the volumes of certain organelles, such as mitochondria

and the saccular component of the Golgi apparatus, did not change

’

significantly during the cycle. However, the density volumes of

(:) the tubular component of the Golgi apparatus and of the lysosomes
? < , \
changed appreciably during the cycle, with maximum values at £ 3

N

l;stages II-III and VI-VIII respectively. The relative volume of

££e subsurface elements of the endoplaé%ic reticu{um (ER) in the
Sertoli cell cytoplasm decreased significantly at stageg VII to.IX.
While the distended tubular ER cisternae (mostly smooth) decreaéeé
volumetrically at gfage IX, the flattened elements of the ER (rough
variety) increased marﬁedly at stages VI, VII énd VIII. Phagosomes
also varied quantitatively ré;ching a peak at stages VIII and IX.
Lastly, the density volume of lip%ds increased substantially from

stages’/X to XIV of the cycle. Thus, for most of the cytoplasmic

\ 7 o

. components of the Sertoli cell, a marked cyclic variation was
observed. |

o 7 |
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RESUME S

Les volumes relatifs des organites et inclusions du cytoplasme: de

8
o

la cellule de Sertoli, a chacun des quatorze stades® du cycle de 1'épith-

"élium séminifére du tat, ont été obtenus par la méthode de comptage dif-

;e e [P

férentiel de points. En premier lieu, le vélume de la cellule de Sertoli

“ v .,
ainsi que le rappogt noyau~cytoplasme, mesgré sur coupes semifines (0.5 um)
colorées au bleu de toluidine, restent constants au cours du cycle. ILes
dopﬁées.guantitatives, sur photographies prises aun microscope électronique,
ont montré que les volumes de certains organites tels que les mitochondries
et 1'élément sacculaire de l'appareil de Golgi ne changent pag d'une fagon

. ) ,

significative au cours du cycle. Cependant, 1a\g§§sité de volume de
1'élément tubulaire de l'appareil de Golgi et des lysosomes change d'une
fagon appréciabie montrant des valeurs maximales aux stades II-III et VI~

VIII respectivement. Le volume relatif des citernes du réticulum 9ndo-

plasmique (ER) assogiées d la membrane cytoplasmique de la cellule de

Sertoli diminue d'une facon significative aux stades VII, VIII et IX.

Tandis que les citer;es dilatées et tubulaires du ER (principalement non
granuleux)_diminuent en volume au stade IX, les éléments aplatis du ER

(type granuleux) augmentent.d'un fagon marquée aux stadeé VI-VII et VIII. R
Les phagosomes varient quantitativement atteignant un sommet aux stades

VIII et IX. Enfin, le volume des lipides augmente considérablement aux

stades X-XIV du cycle. Donc la plupart des composants cytoplasmiques -*

I4

de la cellule de Sertoli varient d'une fagon marquée au cours-du cycle
u t

de 1'épithélium séminifére.
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INTRODUCTION

The Sertoli cell, the somatic supporting element of the seminiferous
epithelium, has retained the,attention of numerous electron microscopists
and endocrinologists during the past decade (see reviews by Fawcett, '75; MR
Dym, '77a, b). 1Its possible role in the maintenance of spermatogenesis,
although it is still difficult to define in precise terms, is becoming
more evident with time as our understanding of its cellular activities and
of its relations with germinal cells £; progressing. Certain aspects of
the Sertoli cell function have been well documented soon after the discovery
of this cell by Sertoli in 1865. For example, the role of the Sertoli cell
in the phagocytosis of the residual cytoplasmic bodies which detach from
the maturing spermatids has been well described by Regaud at ;Le turn of
the century in 190l. More recently with the utilization of sophisticated
physiological (micropuncture of seminiferous tubules) and analytical bio-
chemical techniqyes (Setchel and Waites, '75) as well as the use of freeze

fracture preparation techniques and transmission electron microscopy (Dym

and Fawcett, *70), a new function of the Sertoli cell has been demonstrated,

.

i.e,, its role in the credtion of a blood-testis barrier which regulates

the passage of certain molecules from a basal to an adluminal compartment
in the seminiferous epithelium, thus creating a special milieu in which

spermatocytes and spermatids differentiate (see detailed description below).

.

The Sertoli cell is also known to synthesize an androgen binding protein
under the stimulation of FSH (Means et al., '76).
!

However, despite these observations and many others, the cyclic

'

P .
evolution of this non—divﬁging and apparently stable cell in relation to

Bl

the cydlical events taking place in the seminiferous epithelium as a whole



has retained the attention (of Ristologists only sporadically (see review
by 'Roosen-Runge ('62) and the pryesent review of the literature). It is, )
the intention of the present thesis to document such cfclical changes
taking place in Sertoli cells by performing a steretldgical analysis of

. . . . . % . .
its various organelles, i.e., mitochondria, endoplasmic reticulum, Golgi

apparatus and lysosomes at the various stages of the cycle of the semin-

iferous epithelium. The data collected revealed that while certainﬁcyto-
plasmic components were not quantitatiéely modified during the cycle,
others underwent significant volumetric or morphometric changes. 'K cor-
relation between such changes and the activities of the Sertoli cell in
relation to events taking place in the seminiferous epithelium will also

be discussed.

( REVIEW OF THE LITERATURE

Structure of the Sertoli cell at the light microscope
4

Enrico Sertoli in 1865, working on macerated hgpan seminiferous

tubules, succeeded in isolating and distinguishing from germinal cells a
large stellate cell that he named a "cellule ramificate." The histologists

working on the seminiferous epithelium of other mammals have identified

¢
o

this element and referred to it thereafter as the Sertoli cell, a name
still used today. Due to the irregular shape of the Sertoli cell and most
of all due to the presence of numerous germinal cells (spermatogonia,
spermatocytes and spermatids) in this epithellum, the exactéﬁoundaries of
suc? a cell were difficult to demarcate with the light microstope. In fact,
several authors {(von Ebner, 1871; Regaud, '01; Roishoven, '45) considered

the Sertoli cells as a multinuclear syncytium in which the germinal cells

(spermatocytes, spermatids) were embedded. Sertoli himself, however, in

—— -




(. | o t '

i 1877 (quoted by Regaud, '0l) considered these sustentacular cells as
separate cellular entities, a view that was later confirmed by electroﬂ:

, microscope investigations (Fawcett and Burgos, '56). Elftman ('50) work-
ing with the light microscope noted that the Sertoli cell cytoplasm had a
marked capacityxéor reducing silver, and also considered that these cells
were individual cellular units rather than components‘of a syncytium, an
opinion shared by Nishida ('54). Later, Elftman ('§§; outlined the cyto-
plasmic limits with the silver impregnation techniﬁ&e and showed that the
basal part of the Sertoli cell cytoplasm was triangular, whereas the
apical columnar part could be compared to a tree trunk. The extent of the
Sertoli cell cytoplasm from the basement membrane to the lumen of the
’tubules ied Vilar et al. ('62) and Mancini et ai. ('63) to suggest that

( } Sertoli elements act as bridge cells for the Fransfer of nutrients and

metabolites between the in;ertubular space and tubular lumen.~ Under the
light microscope, the Sertoli cells were readily idePFified by theirularge
pale stained polymorphous nucleus showing a characteristic centrally lo-
cated spherical nucleolus (Sertoli, 1865) accompanied by two spherical or
cup~-shaped bodies of heavily stained chromatin (Bouin, 1899, quoted by
Fawcett, '75) now known to be the juxtanuclear bodies or nucleolar asso-
ciateq heterochromatin. Working on the seminiferous tubules of the rat,
Regaud ('0l) and Leblond and Clermont ('52b) separated the nuclei of
Sertoli cells into two types according to their appearance and general
orientation in éhe germinal epithelium; the flat or oval nuclei with
their long axis parallel to the limitiﬁg membrane, and the triangular or

oblong ones which have their long axis perpenﬁicular to the membrane. In

(E:} ’ a quantitative study of the seminiferous epithelium, Clermont and Perey

* )

N
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" ('57b) showed that in the rat, the mitotic activity of Sertoli cells

ceases completely at 18 days afteg_birth.

Because of the 1imiﬁations of the light microscope, very few
organelles were identified in the Sertoli cell cytoplasm, but the inclu-
sions present were described appropriately. According to Regaud ('09),
Benda in 1899 noted the presence of some filamentous structures that he T
identified as being mitochondria and described them as having different
shapes, resembling roundish grains in the basal area and more eléﬁgated
in the apical part of the Sertoli cell. The same description was given to
these elements by Nishida ('54) who, in addition, reported their even /
distribution throughout the cytoplasm of the Sertoli cell.

In his study on the human seminiferous epithelium, Sertoli (1865)
obsérved pigment granules located between the heads of spermatids. While
continuing his investigation on rat Sertoli cells, Regaud ('0l) using the
high magnification of the light microscope described two sets of secretion
vacuoles which were variable in size) shape andcontent and followed their
migration in the epithelium. Leblond and Clermont ('52a) and Roosen-Runge

/

('55a) were able to stain some of these granules with the periodic acid

Schiff technique (PAS). “Latér, Dietert ('66), Reddy and Svoboda ('67) and
Sapsford et al. (69b) suggested that these granules were lysosomes and
that they might play a role in the resorption of phagocytosed material by

the Sertoli cell. : ,

'

i

. In his description of the Sertoli cell protoplasm, Regaud ('01l)
obsexved filamentous or fibrillar material, embedded in an amorphous
substance, usually running in the-same direction as the long axis of the .

cell
&

- : : .

He suspected that this material could be of contractile nature.




—w
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5

Both Sertoli (1865) and Regaud ('0Ol) reported the presence of large
spheres or sometimesksmall homogeneous spherules mostly at the base of
the cell and concluded that they represented lipid droplets. Similar

-

observations were made by Lynch and Scott ('51), Roosen-~Runge ('55a),

Niemi and Kormano ('65) and Lacy ('62, {67). The latter author believed

that the degradatio in the early stages of the

/

cycle may serveﬂig means of pyoducing A steroid hormone that might

determine the time as well as Eh chronization of the meiotic divisions
of the germ cells.

Regaud ('0l) also observed that small amounts of cytoplasm became
siﬁtrated from the spermatozoa that were being released into the tubular
lumen. He was convinced that during normal spermatogenesis, these,bulky
bodies were phagocytosed .by Sertoli cells. Regaud termed these cyto-
plasmic inclusions "residual bodies" and differentiated them from both

degenerating germ cells and phagocytosed sﬁermatézoa.ﬂ Many years later,

several other investigators (Daoust and Clermont, ''55; Kingsley-Smith and

!

" Lacy, '59; Nicander, '63; Dietert, '66; Sapsford et al., '69b) confirmed

the observations of Regaud.

Structure of the Sertoli cell at the electron microscope

With the advent of thé electron microscope and appropriate methods
of tissue preparations (Porter and Claude, :ﬁé) the interest in the Sertoli
cells was revived. >

The structure of the Sertoli cell nucleus was reviewed by Bustos-
&
Obregon and Esponda ('74) but very few details were added to what was
already known.

One initial contribution that attracted attention was the one of
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Fawcett and Burgos ('56) who showed electron photographs of distinct ~— -

lateral-dhd apical cell boundaries delimited by a continuou§ membrane of
the Ser;oli cell. These authors therefore disproved the concept of the
syncytial nature of Sertoli cells. fTheir work heléed in the understanding
of the Sertoli cell development in the mouse and ;at (Sapsford, '63).
Working on the bandicoot, Sapsford et al. ('67) observed fine cytoplasmic
processes extending from the main cell column and diviqfd them into.
lateral and apical. -

Although thgrehavebeen extensive investigations related exclusively

to the germ cells or to the Sertoli cells, the interrelationship between

_both kinds of cells received little attention at first. Brokelmann ('61l)

observed peculiar surface layers of the Sertoli cells, which were particu-
larly pronounced around the heads of older spermatids. Later, Brokelman§7
('63), Flickinger and Fawcett ('67) and Nicander ('67) noted the presence.\xg
of junctional speciaiizations between adjacent Sertoli cells. At the site
of such a junction, the intercellulér space is narrowed to 70-90 2. There
i;-a layer of cisternae of endoplasmic reticulum parallel to each membrane
and 400'8 to 600 X distant from it. The cisternae bear ribosomes only on
the side facing the cytoplasm and the space between these ER eiemeﬁté and
the plasma membrane contains periodic densities that appear as a band-like
aggregation of fine filaments. Thé authors also reported analogous junc-
tional specializations between the heads of acrosome phase spermatids“(stepg
8319)‘and Sertoli cells, but in this case there were no ER cisternge nor

bundles of filaments within the germ cell cytoplasm. Recently, Romrell

and Ross ('79) working on dissociated testicular cells arrived at the same

! ¢
N

conclusions.
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Fawcett et al. ('70), Dyh and Fawcett ('70) and Dym ('72) demon-

strated the existence of a series of linear tight junctions, between ad-

! -~

jacent Sertoli cells at the level of a juﬂctional specialization, that

formed an effective barrier, i.e., the blood-testis barrier of Setchell

and Waites ('75) that preyented‘penetration of substances of large molecu~

lar weight. Ross and Doblexr ('75) showed the capacit§ of these specialized

junctional complexes in maintaining firm adhesion between the basal regi;n
)

of adjoining Sertoli cells after e¥ferent ductuli ligation. Dym and

Fawcett ('71) and Dym ('73, '77b) in an aﬁtempt to clarify the® appearance

 and function 'of these tight junctions showed that they delimit two com-

partments within the seminiferous epit@elium. The basal compartment

-
N ~

which contains the spermatogonia, preleptotene and leptotene spermatocytes

and the adluminal compartment which includes the other classes of spermato-.

A

o

cytes and spermatids.
Setchell ('67) suggested that Sertoli cells secrete or transport a
. + ‘ . . .
fluid (water, X , myoinositol) from the base of the seminiferous epithelium

into the tubular lumen. However, Vitale-Calpe et al. ('73) and Fritz and

i

Dorrington ('77) demonstrated that fluid secretion does not start until
: !
the formation of the tight junctions between adjcent Sertoli ce%ls. Fritz

('78) showed that both fluid secretign andgﬁhelformapion of the bload-

testis barrier are di?endent upon stimulation by FSH. Dym ('73, '77b) also
7

noted the presence of various gap junctions located between adjacent Ser-

toli cells exhibiting a 20 g interspace. He emphasized that these gap

N
junctions probably permit ions and small molecules to pass from one Sertoli
~ ,

U t
cell to the other. Later, Dym and Cavicchia ('77a, '78) and Russell ('77b)

showed that the tight junctions between Sertoli cells break down to allow

&




X \ - . s
- . the passage\of late leptotene or early zygotene spermatocytes, at stage

\

IX of the cyclé, from the basal to the adluminal compartment. Fawcett

("74), Gilula et al. ('76) and Naggno and Suzuki ('76) working on freeze
‘ ;
‘fracture preparations to examine plasma membranes within seminiferous

tubules came to the same conclusions copcerning the structural appearance

of the intercellular junctions between neighboring Sertoli cells, but .
g \ ) ;

AT

)

ence of either tidyt, gap, desmospme or any other variety of junctions
\

between Sertoli cells and germ cells.

. ‘ \\\ showed that thére\were no membrane specializations to indicate the pres~

-

. ' Neverthelessf\:aya and Harrison ('76), Russell (77a) and Gravis
'79), reported the presence of desmosome-like junctions between Sertoli
\

" cells and spermatogonia, spermatocytes and young spermatids (steps 1-8)

\
(f} a%d §gggested that these junctions served as strong adhesive sites.

ince von Ebner (1871) first postulated that movements in the
i A\ . .
Sertoli cell protoplasm méy be responsible in the release of the spermato-

zoa into theé tubular lumena(spermiation), several investigators have pro-

o &*posed different mechanisms é? explain the roieJPlayed by the Serto}i
~\\\‘\\\\\\\\\\5511\in\ggiS Pgévomenon. Bufgos and Vitale-Calpe ('67, '70) working on

the toad and ﬁamster showed that just prior to sperm release, the matrix

L\
arid cisternae of smooth endoplasmic reticulum in the Sertoli cell apical

. cytoplasﬁ swell. These authors cobncluided that this swelling may help in

ot

pushing the heads of spermatids inﬁo the lumen. This fluid imbibition

\
“ 1
theory was questionned by Sapsford and Rae ('68), Sapsford et al. ('69a),
- o / U
Fawcett and ?hillips ('69) and Gravis, ('78) who suggested that complex

~active movements in the apical cytoplasm of Sertoli cells along with the

Cj) disintegration of the junctional specializations result in the extrusion

'
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of spéfﬁ heads while éhe residual bod@es are retained within the germinal
epithelium. Lastly, a thira explanation was proposed by Ross ('76) who.
stated that spermiation is initiated through a physiological change that
causes a displacement of the junctional specializations between Sertoli
cells and the heads of late spermatids and phe eventual release of the
Sperm heads from their attachment sites. He proposed a similar mechanism
in relation to the inter-Sertoli junctional complexes to account for the
means by which the spermatocytes cross the blood-testis barrier to reach
3

the adluminal compartment of the seminiferous epithelium.

Working on the rat, Russell ('75) and Russell and Clermont ('76)

4

demonstrated that on the ventral concave surface of the sickle-shaped head

of a late spermatid (steps 18-19), the plasma membrane develops loné narrow

‘x
tubular projections which invaginate deeply the Sertoli cell cytoplasm. .

These authors suggested that these so-called tubulobulbar complexes may
serve as anchoring devices retaining the spermatids and hence the break-
down of the;e processes would contribute to sperm release. Latér, Russell
(*79a, b) showed that the spermatid cytoplasm volume diminished bx;about
70% between the formation and resorption of these qomplexes and suggested
that the Sertoli cell is a principal agent in the elimination of excess
cytoplasm from the spermatid. Russell also showed that the lysosomal
population of the Sertoli cell is-iequnsible for the phagocytosis of
degenerated tubulocbulbar complexes. Finally, Malone ('72) studied these
projections in a variety of othex spécies and found some resemblance wi#h
those described in the rat.

: The .structural composition of the Sertoli cell cytoplasm was de-
SFribed in Aany reviews'(Bawa, '63; Brokelmann, '63; Nagano, '66; de Kres-

terf '68; Schulze, '74; Fawcett, '75; Schulze and Holsteinﬁm‘76) but

: )
* .




there were very few detailed studies done on the various'orggnelles found
in the cytoplasm.

Christénsen,and-chapman ('59) and Brokelmann ('63) observed theu
presence of what seemed to be in 3D cup-shaped mitochondria in the Sertoli
cell. Brokelﬁ;nn ('63) also reported the presence of large vesicles of
smooth endoplasmic reticulum. Working on human seminiferous tubules,
Nagano ('66) demonstréted‘that the smooth ER is more prowinent in the
Sertoli cell, whereas the rough ER is pooriy developped: Fawcett ('75)
;ocalized the granular reticulum mostly in the basal cytoplasm of rat
Sertoli cells and described it as being made of tubules and stackg of °

parallel cisternae, whereas the smooth ER could be first observed around

the tip of early acrosome phase spermatids appearing as sharply cirgum-

-scribed, crescentic or conical masses of membranes in the cytoplasm.

Very recently, Clermont et al. ('80) separated the endoplasmic reticulum
present in the Sertoli Eell cytoplash around the heads of‘latekspermatids
(step 19) into two types: Flattened cisternae and tubular cisternae com-
municating with each other to form g.continuous network which, however,
undergoes deep str;ctural modifications prior to spermiation:

Id
The Golgi apparatus has been observed in many studies (Nishida,

'54; Nagano, :6g; Dym, '73; échulze, '74) as a jhxtanuclear'organelle andl
the description given by Fawcett ('75) has generally begn'accepted. He
deséribed i; as being formed of multiple separate Golgi compléxes, each ‘of
which consists of a few short, parallel cisternae and associated small

vesicles. Ih a more extensive study on the Golgi apparatus, Rambourg et

al. &379) described its saccular and tubular nature, and by using a special
3

- \

stainghg technique on thick sections demonstrated that the various Golgi

/ . B
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. Stacks are communicating with one another via intersaccular connecting
‘ mvtubules; ,
- As was mentioned earlier, many investigators noted the presence of
: )

-membrane-bound granules in the Sertoli cell cytoplasm (Dietert, '66;

"~ Reddy and Svoboda, '67; Sapsford et al., '69b; Fawcett, '75) but very few

gave én account of the structure of these granules. Nevertheless, Hermo
et al. ('78) described these lysosomal elements as being large, often
heterogeneous granular-like, or smaller spherical granules with an elec-
tron dense core surrounded by a halo. These lysosomes are often arr;nged

in cluét rs at the base of the cell or in between the heads of late

’ & \
sperm \1@5.
ﬁ\

Cpiiﬁtensen (*65) was the first to report the presence of micro-
P ’ .

tubules in the Sertoli cell and suggested that they may help in sﬁpporting
cytoplasmic extensions and.produce the movements of spermatids. Later, Dym
(‘72) observed these elements in the Sertoli cell cytoplasm parallel to
the axis of late spermatids and a159 concluded that they méy help in cyto-~
plasmic streaming. Toyama ('76) showed that some of the microfilaments
associated with the junctional specializatiéns are ac£in—1ikg in nature.
At the same time, Gfavis ('76) localized adenosine triphoséhatase in‘the
interface between spermatids and Sertoli cell cytoplasmic processes in

association with filaments.

Structural modifications of the Sertoli cell in relation to the cycle of

¢ }
seminiferous epithelium ) | “

Sertoli cells and germ cellls together make up the seminifefous .
epitheiium which undergoes grcyclic evolution known as the cycle of the

seminiferous epithelium (Regaud, '0l; Leblond and Clermont, '52b). The

[ . .

/ -
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Sertoli cells are the supporting and most stable elements of the
epithelium (Dym, '74),°intercalated between the various germ célls. The
idea that Sertoli cells undergo’ structural modifications in relation to

the cycle of the seminiferous is at least a hundred years old, but the
\fi¥st investigﬁfor to carefully anglyse this problem was Regaud in 1901.7
He reported changes in the shape of the Ser;oli syncytium and remarkable
nuclear deformities and movements from the basement membrane aé the twelve
stages of the cycle that he identified. He also gave a full .account of

the EOntents of the Sertoli cell at each stage of the cycle and concluded
from his observations that there are cyclic variations in the amount and
distribution of secretion vacuoles, lipid droplets as well as of some '
fibrillar material found in the cytoplasm at the va;ious stagés of the ’
.cycle. Rolshoven ('45) also showed changes in the shape of the Sertoli
syncytium that can be correlated with the stages of the cycle. Later,
Elftm?n ('50) descriqu cyclical changes in the shape of the individual
S;rtqli celis. Using their classification of cell associations forming’
the cycle of the seminiferous epithelium (stages I-XIV) into 14 stages in
the rat, Leblond and Cle;mont (f52b) reported changes in §hape and dis-
piécement of the Sertoli cell nucleué at specifié stages of the cycle.

. /
Brokelmann {('61l), using the electron microscope, observed surface modifica-

tions of the Sertoli cell plasm;‘membrane, more intense at the time of . )

. j |
sperm release. Roosen-Runge ('62) suggested that Sertoli cells undergo R
“cyclic behaviour which in turn mediates the proper functioning of sperma-
/ . .
togenesis. Russell and Clermont ('76) showed that at the time of sperm B

release (stages VII-VIII) the Sertoli cell develops large apical drop-like

processes, each of which encapsulates and maintains a single sickle-shaped




‘ -
spermatid head in a juxtaluminal position. These authors showed that
/ B !
this is a periodic event occurring at every cycle of the seminiferous.

epithe;ium. And reqently, Gravis ('78), using the scanning electron

[

‘microscope, showed changes in the configuration of the Sertoli cell of

the hamster at the different stages of the cycle. All these investiga-

v
5

tions indicated that during the cycle of the seminiferous epithelium,

i

there is a cyclic modification of the Sertoli‘ce;l.

A feé~studies were undertaken, nowever,\to determine if there are
cyclic variations of the cytoplasmic ;o%ponents of the Sertoli cell.:
Leblond and Clermont ('52a) angrRoosen—Runge {'55a) reported variations
in the amount angidistribution of PAS stainable granules during the qycle
of the seminiferous epi;h;lium. Working on the gengral cytology of
Sertoli cells in various ﬁammals, Nishidé ('54)'0E§erved the presence of
numerous granules (lysosomal in natﬁfe) in the cytoplasm and no£iced that
their amount increases when spermatozoa are mature., Later, Sapsford et
al. ('69b) showed that the number of lysosomes in the bandicoot increases
up to the¥stage of the cycle'(VIfI) where residual bodies are engulfed by
the” Sertoli éells. Finally, Herm& and collaborators ('78), studying the
distribution of the lysosomes in ;hese cells, concluded tﬁgt there is an
accumulation of these membrane-bound structures at the base of Sertoli
cells during stages VI to VIII, whereas from stage IX and onwarés most

of the lysosomes migrate toward the supranuclear region.

Roosen-Runge ('55a) using radioactive acetate showed a turnover of lipid

‘material in the Sertoli cell associated with certain stages of the cycle

!

in the rat. Lacy ('62) localized the increase in the lipid»content of

the Sertoli cells during stages X to XIV. Later, Niemi and Kormano ('65)

\
. .
‘




showed that during stages IX to II, the 'lipid droplets increased dras-
' S

i
N \

tically in size’ and were situated almost entirely at the base formiyg a
.

narrow sudanophilic ring around the periphery of the seminiferous tubules.
Many other investigators reported a lipid cycle in Sertoli cells in other
species (Brokelmann, '63; Sapsford et al., 69b; Kerr and de Krester, '79).
' Russell ('79c) investigated the formation and resorption of the
inter-Sertoli cells tubulobulbar complexes and noticed }hat thesexstrug—
tures arise at stages II to V and are resorbed at stages if and VII,
whereupon their number decreases drastically from stages VII to XIV/fgd I.
Russell also reported variations in size and éonfiguration of the tubulo-
bulbar cdmplexes and concluded that these changes occurring at spec;fic
stages of the cycle may influence the process of spermatogenesis.

So far no attention has been given to the evolution of other ayto-
plasmic componEnts of the Sertoli cell, i.e., Golgi apparatus, endoplaémic

jrﬁgjiculnm ?pd mitochondria, during the %ycle.
~ {

Histochemical modifications of the Sertoll cell in relation to the cycle
. kB

of the seminiferous"epithelium

There were several cytochemical studies undertaken in the Sertoli
=y
cell at the various stages of,the cycle in the rat. Niemi and Kormano ('6?)
J

. showed that there was very little acid phosphatase activity in Sertoli 8

<

B cells grom stages IX to XIV and I-II. Later, Reddy and Svoboda ('67) re~

ported an increase in acid phosphatase activity in granules of Sertoli

e

] cells at the stages of the cycle just prior to the phagocytosis and break-

down of the residual bodies. By far the most complete study on enzymatic

patterns in the Sertoli cell of the rat in relation to the cycle was per-

(:) L formed by HiYscher and colleagues ('79). These authors demonstrated that

B e e T adiale el P
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Ehiamine’pyrophosphatase becomes positive in the basal region of the Serxr-
toli cell from stages XI to XIV. During stages I to IV, the enzyme appears
as streams in the body of the cell up to\kge heads of elongating spermatids.
The investigators als#o showed that adenosine triphosphatase is pésitive in
the apical region of Sertoli cells from stages IX to XI and more concentrated
ar;und the heads and middle pieces of elongated spermatids from stages XII

to XIV and I to VIII. \However, their work on acid phdséhatase does not

conform with the previous studies hy Niemi and Kormano ('65) and Reddy and

Svoboda ('67) in that Hilscher et al. ('79) experiments showed that acid

- \

phosphatase activity was present as diffuse precipitations in the supra-
nuclear region of Sertoli cells during stages XII to XIV anh I to I1I,
whereupon it disappeared.

Fabrini et al. ('69) working on human testis demonstrated that the , ~
glycogen present in the seminiferous tubules is'mainly but not exclusively
localized in the Sertoli cells and that it plays an important role in the
Qaturation of the germinal cells. These authors also showed that while

¢

glycogen is abundant at some stages, it decreases with the first meiotic

¢

divisions and is completely absent at other stages of the cycle. /

R
~.

Radioautdgraphic studiééuaone by Kierszenbaum ('74) using é%%%fidine
as a precursor $howed that there is a rapi#l turnover of RNA in Seré;;i
cells durihg the cycle of the seminiferous epiéhelium in the mouse:

Working on dissected tub%;és, Parvinen et al. (in press) using the
trapsilluminationltechniqﬁe to identify the stages of the cycle, demon-—
'strated that fi;skly, the maximum 125T-FSH binding on Sertoli cells oécgrs

at stages XITI-XIV and I, is reduced at stages II to VI and is lowest at

stages VI¥-ahd VIII. Secondly, that the h%ghest stimulatioﬁ of cAMP :

B

{/’
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productién by FSH occurs at stages II-VI and thirdly, that the maximum
prod;ctlon of an androgen binding protein is a§§ociated with stages”VII—
VIII, i.e, at the time of sperm release.

All these data suggested a cyclic modification of the functidnal
activity of the Sertoli cells during the cycle of the seminiferous

epithelium.

PURPOSE QF THE PRESENT STUDY

The objective of the present investigation was to analyze by a

*

stereological method the pogential cyclic evolution of various cyto-
plasmic structures, i.e., mitochondria, Golgi apparatus, endoplasmic
reticulum (of various typesi, lysosomes, lipid droplets and pﬁagqsomes
found in the Sertoli cell cytoplasm and té relate these modifications, if
they exist, with the cyclic events taking place in the se&iniferogs
epithelium as a whole. i a

MATERIALS AND METHODS

\ -

ANIMAL HANDLII\;G AND PERFUSION TECHNIQUES

Testicular tissue was obtained from four adult Sherman rats aged’
31 to 4 months and weighing approximately 350 to 400 grams. All testes
were fixed with 5% glutaraldehyde buffered with 0.2 M s:collidine at pH
7.4 (Bennett and Luft, '59) by a perfusion technique described by Vitale-
Calpe et al. ('73) which consists briefly of the following steps. After
each rat was anaesthetized with nembutal at a dose of 8 x lOFJ+ ml/gm
gody weight, an abdominal incision was made exposing the dorsal aorta and
left kidﬂey. After clamping the aorta at its point of bifurcation into
the common iliac arteries and applying a sutural knot around the same

vessel where it divides into renal arteries, lactated Ringer's solution
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was introduced in a retrograde direction at the former site, using ag 18
gauge needle, as a blood washing précedure. At the same time, the left
renal vein was nicked to allow an exit of blood and peifusate. Perfusion
with Ringer's solution lasted for 45 seconds after which time the fixative
was introduced for a period of 15 to 20 minutes at a relatively constant
pressure regulated by gravity.

PROCEDURES FOR ELECTRON MICROSCOPY

\ Following fixation, thin slices from both right and left testes
were cut further into small 1 mm3 blocks and stored for two hours at 4°C
in fresh fixative. The tissue was then washed several times at half hour
intervals with buffer solution and left over night at 49C. Postfixation
was carriéd out on the next day using an agueous solution of ferrocyanide-
reduced osmium tetroxide for two hours at 4°C. This method was first used by

Karnovsky ('71), but was modified in the present experiments to consist of

3% potassium ferrocyanide with 2% osmium tetroxide in a one to one ratio.

‘It has been shown prebiously in our laboratory that these concentrations

enhance the staining of the memb;anes of organelles and improve their
contrast. This technique will be referred to as the Os-K~Ferrocyanide
techniqué.‘ Following postfixation the tissue was dehydrated in graded
ethanol .solutions ranging from 50% to 100% infiltrated in propy%ene oxide
and finally embedded in Epon (Spurr, '69). After trimming the embedded
blocks, semithin sections\(O.S Hm th}ck) were cut on a Reichert Om U2
ultramicrotome, mounted on glass slides and stained with 1%-toluidine
blue. Following identification of the stages of the cycle (Leblond and’
Clermont, '52b; Clermont and Perey, '57a), the blocks were further trimmed

around selected tubular cross sections and thin sections in the silver
{
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interference colour range (60-90 nm) were cut and mounted on 300 mesh
copper grids. The sections were then stained for 5 minutes with uranyl
acetate (Watson, '58) and 2 minutes with lead citrate (Reynolds, '63) and

finally examihed with a Siemens Elmiskop I electron microscope.

IDENTIFICATION OF THE STAGES OF THE CYCLE OF THE SEMINIFEROUS EPITHELIUM
It is now well established that the epithelium lining seminiferous
tubules undergoes a cyclic evolution, referred to as the cycle of the

seminiferous epithelium and which could be defined as a complete series

§
of successive cellular assogiations appearing in any given area of a sem-

L3

iniferous tubule (Leblond and Clermont, '52b). As shown by several inves-
tigators (see review, Clermont, '72), the cycle can be divided into a con-
stant number of cellular associations or stages depending on the species

studied. In,{ﬁg rat, 14 stages have been defined, each containing several

/
generations of cells where a generation is defined ag a group of cells at
f

hi
i

the same step of development. Thus, any particular éellular association °
inclédes one generation of spermatogonia, the younéest germ cell line
which are sitting directly on the limiting membrane adjacent to the Ser-.
toli cells, one or two generations of spermatotytes generally resting
above the spermatogonia, aAd lastly, one or two gener;tions of spermatids
siFuated cldser to the lumen. These distinct generations are never
arranged at random but are constantly associated with one another forming

cell associations or stages of fixed composition. The duration of each

LY )

cellular association or stage of the cycle has been determined by Clermont

et al. ('59) and Clermont and Harvey {('65). In the present study, the
/
criteria used to differentiate the stages of the cycle were similar to

those used by Clermont and Rambourg ('78), since in both studies the

r
s
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semithin sections were stained with toluidine blue. In such sections the
developing acrosomic system of spermatids in tﬁé course of spermiogenesis
is stgined deep blue, and the steps of its formation and evolution were
used to characterize the various cellular associations occurring in the:
rat (Figure 1). Other detailed observations, like the structural arrange-
ment of the flagellum extending from spermatids, the relative position of
the late spermatids (steps 15—19)win the epithelium, the presence of
residual bodies in Sertoli cells and the appearance of the spermatocyté
nucleus helped confirm the identification of the stages of the cycle of
the seminiferous epithelium in the rat. 1In thg present work stages IIX

and III were grouped together due to their morphological similarities.

SAMPLING PROCEDURES

The sampling procedure began with a random selection of 25 blocks
of the testicular tissue from each of the four rats.’ One semithin section
. v
(0.5 um thick) per block was cut and stained with toluidine blue. .The
semithin sections were examined under the light microscope‘to determine
the stages of the cycle of the various tubular\cross sections present.
For each block, two or three transversely cut tubules were selected and

the blocks trimmed appropriately. The selection procedure of the %ubules

ensured that there was a fairly equal sampling of all the stages of the

" cycle. One single thin section (60-90 nm) per block was cut, stained and

/ ?»
examined with the electron microscope. Each thin section provided about

20 micrographs, consequently the total number of.hicrographs'per animal
[
was approximately 500. All the electron microscope photographs of Sertoli’

cells were: taken at a constant magnification of 10,000 and were enlarged

by a factor of 3 to yield a final magnification of 30,000.

[} ¥
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In order to sample the cytoplasmic components of Sertoli cells and
define their relative volumes, micrographs were taken wherever Sertoli
Lell fields could be found. The areas quantitated were dévoid of fix-
ation artifacts and large cytoplasmic vacuoles. Care was taken so that
‘there was no overlapping of fields within the same cell and that no p%r—
ticular cell or part therecof was represented more than‘once. Nearly 40

photographs of Sertoli cells were taken for each stage of the cycle per

animal. The number of pictures needed was determined from the plateau of

_ a cumulative average curve.

In addition to the ultrastructure study of Sertoli cexls, a light

™

Jmicféscope investigation was carried out at a magnification of 1,000 (under
0il) to estimate the volume densities of)the Sertoli nucleus and cytoplasm
in relation to the Sertoli cell itself. This was done by éxamining semi~-
thin sections (0.5 pm) with the light microscope from the four animals and -
/selecting about 160 tubular cross sections representing all the stages of
the cycle of the seminiférous epithelium. Aabout twelve tubular cross
sections were examined for every stage of the cycle, but from each, only

one area per tubule was chosen at random Eor the quantitative analysis.
Again, the appropriate’pugber of tubules needed per stage was determined

from the plateau of a cumulative average curve.

STEREOLOGICAL METHODS

Introduction to stereology

pa 1

In 1847, the French geclogist Delesse proved that the relative
volumes of the various components méking up a rock can be estimated on
random sections by measuring the relative areas of their profiles. 1In

his estimation of volume density, .Delesse carefully traced and measured

-



the"area of all profiles contained in a section, added all the areas and
divided by the area of the section. The derivation of his principle demon-
strated that measurements made on sections can indeed he extrapolated to

three-dimensional structures (Weibel and Bolender, *73).

-
v

'

In the last thirty years, the need to quantitate and measure struc-
|
tures, cells and spaces in histological research has arisen, but it was

not before the early sixtie; when Elias and Weibel (quoted by Mathieu and

Messier; '73) working on the liver and lung respectively as models, demon- ,

strated that the three-dimensional reconstruction of tissues was possible

from histometric measurements. Morphometry, a term originally used by

geographers to mean the quantitative description of.geographical features,
»

has recently been introduced into the field of m%Froscopic anatomy and

3

ultrastructure (Weibel and Elias, '65). Morphoméfry can be defined as a

method that deals with the measurements of organelles, cells and spaces,

\
!

1
whereas stereoclogy is the study concerned with the three-dimensional recon-

struction of/structures based on measurements obtained from two-dimensional

images of light of\electron microscopy (Mayvhew, '79).

To understand these two approaches, one has to consider some features
related to microscopic sections. First, every structure in Lissues and
cells is usually cut at random; second, an n-dimensional structure of a
tissue is represented in the section by an (n-1) dimensional image; bodies
are seen as areas, surfaces as lines and lines as points; therefore, we

P N

always lose one dimension for the benefit of resolution. Finally, the

frequency of profiles representing a certain structure is directly pro-

portional to the actual volume of the structure itself in the tissue sec-

tioned (Weibel et al., '66). There are many different parameters which
' : J
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can be studied in a tissue such as the numbeé, volume, surface area and
length og the linear features of structures. 1In the present work~9n1y
volume densities of structures have been measured and, therefore, no

- /
other parameters will be studied. The relative volume can be defined as
the volume fraction occupied by a particular component, i.e., the Golgi
volume contained in the cytoélasmic volume of the Sertoli cell. The
terms relative volume, fractional volume and volume density will be used

/

synonymously in the present study. Estimation of relative volumes can
be done in several ways: Planimetry which uses a polar or electronic
planimeter to trace out the area of all profiles contained in a section,
add the areas and divide by the section area; The "cut and weigh" method
which briefly consists of using electron micrographs of known weight,
cutting all profiles and weighing them. The weight ratio between the pro-
files and the sheet is a direct estimate of volume density. Presently,
both these methods are not used as they are fastidious; the linear integ-
ration principle proposed initially in its simplest form by Rosiwal in
1898 (quoted by Weibel and Bolender, '73) consists of projecting a test

line of known length and measuring the total length of the line segments

included in the profiles. The volume densit§ is then obtained directly

'
-

from the ratio of profiles area over the section grea and finally, the
metho? which is widely used to determine volumetric data is "differential
point coqnfing", and as the name impiies, it simply copnsists of counting
the number of points of a square lattice contained over the profiles of

any structure and relating it to the total number of points on the section

(Weibel and Bolender, '73). This method of counting was proposed for the

first time by Glagoleff ('33) and has been used since then with certain

e e
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‘modificationsl Instead of measuring the areas, as with the planimetric
*method, and sections, as with the linear, the Eontent of the constituents
in the aggregates may be determined by counting the number (of poigts for
each constituent. Thg test points of the’lattice can be arranged in any
manner {regularly or randomly) but it is :$quired, however, that the
pattern of points is independent of the structural arrangement of the

tissues and cells to be counted.

Test systems and method of counting

- LY

In this stﬁdy, the relative volumes of Serfoli cell organelles

/

were estimﬁted directly on electron micrographs. he Sertoli cell cyto-
plasm was identified and delineated usding a colored Lumocolor pen, exclu~-

ding all germ cells, late spermatids deeply insertéd in apical recesses

4

of Sertoli cells and nuclei of Sertoli cells. A transparent overlay

bearing a regular pattern of 285 points, equally spaced by 13 mm, was then
placed over every micrograph in a constant way, and points falling over

cytoplasmic profiles were recorded and divided by the total numbexr of

>

points covering the Sertoli cell cytoplasm under surveyance. The geometric
c$$ter of the point was taken as a means of determining which structure

to score in the event of ambiguity, i.e., a po}nt falling over or between
two structures (Figure 2). Morphometric measurements of the organelles

|
were obtained using a photomicrograph scale marker.

The relative volumes of the nucleus and cytoplasm of Ser;;li cells

were determined by examining tubular cross sections from the four animals

- under the very high (Xll,OOO) magnification of the light microscope. One
area per tubule was selected at random and the volumes determined with an

ocular eyeplece grid containing a square lattice of 121 points. By using

. J
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a stage micrometer, the lattice was measured to be 85 um on all sides at

the magnification of 1,000, and was moved to cover the whole area selected

from the limiting membrane to the lumen of the tubules. Points made by
the intersecting lines and falling over Sertoli cell cytoplasm or nuclei
were recorded separately. The focus was adjusted constantly using the
fine focusing knch in order to have a clearer image of the points hitting

Sertoli cells.

CORRECTING FACTORS

Thickness of section Ty

Since the major organelles considered in this quantitative analysis
had larger diameters than the thickness of the section, the appropriate
corr%cting factor was disregarded and the value of the Holmes effect
(Weibel et al., '66) was not calculated. It was also judged unnecessary
to estimate the exact thickness of the sections‘by the fold:technique

Y

(Small, '68) and_to accept the value given to us by the interference

1 !
.

colour of the sections which ranged from 60 to 90 nm.

Compressi'on of the tissue

Compression of the tissue by sectioning causes a reduction of sec¢c~
tigm length by about 10%. This effect is compensated in part by optical
distortion of the electron micrographs. Such a correction is again judged

irrelevant in point counting volumetry since it can be assumed that all

cells and organelles are equally affected (Weibel et al., '69).

* Magnification of the electron microscope

The electron microscope was calibrated using a cargon grating
replica (Blouin,§'77; Blouin et al., '77) and the magnification was cal-

culated to be between 9,200 and 9,400. This value was chosen because it

(e}
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covered large sampling fields and at the same time pefmitted the iden~-
tification of the smallest organelles. The enlarger was also calibr;ted
using a ruler to yield a multiplying factor of three, consequently the
final magnification of the electron micrographs:was approximately 28,000
f 400. |
RESULTS

PART ONE

STRUCTURE OF THE SERTOLI CELL AS SEEN WITH THE LIGHT MICROSCOPE

At high magnification (X 400, X 1,000) of the light microscope,
Sertoli cells were identified readily from the germ cells of the semin-
iferous epithelium by their larger size. The Se;toli nuclei were located
in the basal portioniand gogtained prominent nucleoli (Figure 3). The
cytoplasm was columnar in shape and often extended to the\lumen. As the
cell stained more basophilic with toluidine blue, the plasma membranes
of the germ cells were clearly outlined (Figure 3). Furthermore, many
spherical granules of different diameters were found in the basal and
apical portions of the cell. These granules were recognized as being
| residual bodies, lipids and lysosomes, and their distribution was stage

dependent. For instance, at stage VIII of the cycle, it is possible to
;dentify the large, darkly st;ined residual bodies present along the lumen
of the tubule and many lysosomes found in juxtanuclear posgitions (?igure 3).

STRUCTURE OF THE SERTOLI CELL AS SEEN WITH THE ELECTRON MICROSCOPE

When viewed with the electron microscope, the Serto¥i cell was
seen to have a stellate shape, resting on the basal lamina and extending
b
to the lumen (Figure 3'). The cytoplasm was highly irregular, being

indented by neighboring germ cells and contained within deep recesses
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we?g the heaés of the maturing spermatids (Figure 3'). The nucleus of
the Sertoli cell was also largé and polymorphous @ithlan indented outg
line (Figure 3'). The nucleoplasm was homogeneous with scattered small
clumps of heterochromatin bound to the surface ?f the nuclear envelope.
A prominent tripartite nucleolar complex occupied the center (Figure 3').
The nucleus was usually located in the basal port&on, but during stages
V, VI and VII, it was occasionally séen extending into the apical portion
of the cell. ¢
k2 The mitochondria were very numerous and found throughout the cyto-
plasm of Sertoli cells (Figures 4, 5, 7). Whereas some were spherical or
douéhnpt;shaped, distributed randomly in.the basal pofg}on, others werg
slender or rod-shaped, oriented parallel to the long axis of the cell

’
in the apical part of the cell (Figures 2, 5}. The migophondria ranged
in length from 2 to S um on the average, but on a few occasions reached
a length of 12 to 15 um. Their crfgtae were either tubular or platelike
or a combin%tion of the two, while their ma&rix appeared homoge%eous wiéh

the Os-K~ferrocyanide technigue. The morpholdgical appearance and dis-

tribution of the mitochondria in the cell seemed to be/constané\égyall

£

S

the stages of the cycle.

The endoplasmic reticulum of the Sertoli celi was extensive through-
out the cytoplasm and was composed of flattened and disteﬁded cisternae.
The former were found predominantly in the basal cytoplasm and usually
bore ribosomes on their surfaces (Figures 5, 9). Each cisterna was made
up of two parallel unit membranes separated by a 30 nm space and measured

, .
on the average 3 to 4 um in length. These flattened components were often

'closely applied to the surface of mitochondria or around lipid droplets

!
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(Figures 5, 9). Flattened cisternae were also seen adjacent to the .
Sertoli plasma membrane facing neighboring Sertoli cells or acrosome-phase
spermatids (steps 8 to 19). In both areas, the cisfernae were parallel

to the Sertoli cell membrane and bore ribosomes on’the”surface facing

the cytoplasm, while bundles of fine filament§ seen in cross section
6ccupied the layer of cytoplasm between the cisternae and the plasma mem-
brane.. These subsurface elements of the endoplasmic reticulum were part

of the junctional specializations of the Sertoli cell (Figures 5, 7, 9).
Whereas the morphology of the flattened components was constant, the
distended elements of the endoplasmic reticulumlchanged drastically in
structure at the different stages of the cycle. During stages I'tg

VI; these cisternae appeared as swollen vesicles or spheroidal edments
with an irregular contour and a homogeneously stained edﬁéent denser than i
the hyaloplasm (Figure 8). At stages VII and VIII, the distended com=

ponents became. tubular in appearagce and often were seen branchiAg gﬁa
communicating with each other forming an elaborate network oriented in

éhe long axis of the cell (Figure 6). These tubular.elements had a smooth
contour and bore ribosome occasionally. During the éecond half of the

cycle, the distended elements of the ER appeared as vesicles and

spheroidal or oblong elements buyt~which unlike the same elements at early

- stages were more swollen, larger and showed no regular pattern of organ-

/
ization (Figures 5, 7).

The Golgi apparatus was made up of stacks of saccules or dictyosomes
qflnterconnected by tubular extensions. Golgi elements weﬁe found mainly in
juxtanuclear positions, but during stages VII-VIII, they were localized in

\- . , s
_supranuclear and apical regions (Figures 2, 4, 8). Each saccule was
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delimited by two membranes encldsing a thin space, and-a stack made up
of sgVeral of these flattened saccules measured between 125 and 225 nm

)

in thickness. Such a stack was composed of the cis face saccule, 2 to

6 middle saccules and the trans elgment that was often seen to peel‘off
from the stack (Figure.4). Tubular extensions 3$own as the intersaccular
connecting tubules linked Golgi stacks together, and the trans tubular
neéwork described by Rambourg et al. ('79) was often seen parallel and .

distagt from the stacks (Figure 4). There were no condensing vacuoles

*

or secretory granules close to or in association with the stacks of
sacc;les or the tubular elements of the Golgi apparatus.
The lysosomal population in the Sertoli cell consisted of primary

and secondary lysosomes. Of the two, the primary lysosomes, also known
" as dense core granules, were membrane-bound and had & densely stained
center surrounded with an electron lucent halo (Figure 7). These granules
had a faifly constant internal structure, but their diameter ranged fromq
100 to 150 nm. On éhe other hand, the secondary lysosomes were diverse'
in number, size, shape, contentgani d%ﬁtribution according to the dif-
ferent stages of the cycle. Such memﬁrane—bound bodies ranged in diay—/
eter from 0.3 to 1.0 um and ugﬁally had a spherical or ovoidﬁshape with
a smooth or irregular outline and a heterogeneous content (Fiéﬁres 2,

7, 8). While some contained membranous profixes, others were filled,.
with a granular material; still others were fairly:vacuolated. Frequently,
small and perfectly spherical lipid droplets wére seen within some of

these secondary lysosomes. The distribution of the lysosomal population

was closely related to the position of the spermatids heads in the

-

LS

apical cytoplasmicirecesses of Sertoli cells (Figure 7) except at stages

s

L Lo
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YV, VI and VII where the lysosomeS were mainly found in great numbers at
- the base between the nucleus and- the limiting membrane. Many multivesicular
bodies and myelin figures were also common amongst the primary and secondary
lysosomes. ) |
: Degeneratihg structufgs, such as residual bodies, phag&cytosed germ
. cel}s and degenerated organelles were also found in the Sertoli cell cyto-

plasm. Residual bodies were present at stages VIII and IX where their con-

tent'usually included lipfds, iesidugi mitochondria and a mass of ribo-

T~
nucleoprotein. They were easily identified due to their large size (4 to
8 um in diameter). At stage VIII of the cycle, the residual bodies were ‘
large and mostly found in the apical portion of the cell. During stage IX

they were much smaller but more numerous and located evenly between the

1

-(:) " basal and apical portions of the cell.
The lipids in the Sertoli cell cytoplasm were found mainly in the
basal area close to the limiting membrane. During stages IX-XIV and I the
v}

droplets were large and spherical with diameters of the order of 3 to 6 um
v ,
{Figure 9), but in the first half of the cycle they were much smallex*and
- N

“  had an irregular contour (Figure 6). Lipid droplets stained homogeneousily

light to dark grey with the Os-K-Ferrocyanide technique.

4 . ,
Microtubules and filaments were present mainly in the apical por-

tion of the cell where they were seen to run in the direction of the cell -

i " axis between the germ cells (Figures 2, 6). Due-to the fixation used, they

o

\.,,J}’ -
LL;zarere not always clearly visible.

N

"Collections of microvesicles were also present in the cytoplasm of

Sxod . .
Qi*&a\ . Sertoli cells. E@g@bcollectlon had a diameter of about 0.4 pm and was

g,

S \
(:)1 5\\§\ composea of many tiny vesicles with a ‘darkly Stained contour (Figure 7).

[y
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These collections were preﬁent at all stages of the cycle.

Other components of the cytoplasm included glycogen particlés.
cross sections of tubulobulbar complexes (Figure 9) and small vésicles
of unknown origin. The hyaloplasm also contained many clusters and

rosettes of free ribosomes (Figure 5).

N .
PART TWO
After a careful examination of the morphology of Sertoli cells, a
stereological analysis was carried out at the light and electron micro-

: scope level, the data of which will be presented in the coming section of
the results. As mentioned earlier, only volumetric estimates of the
various components studied were calculated. For a much clearer under-
standing and interpretation of the resultf, the density volumes of the
largex/ékd more general components such as the nucleus and cytoplasm will
be presented firstly, followed by tpe respective volumes of the organelles
and their gubcomponents, if any, in Sertoli cells. All the values in
Tables I, II, III and IV are accompanied by their corresponding standard

deviations.

QUANTITATIVE LIGHT MICROSCOPY ' ‘

Study of the variation of the Sertoli cell volume during the cycle of the

seminiferous epithelium
L}

1

io}gider to determine whether or not the Sertoli cell volume varied

-or remained constant at the different stages of the cycie, a light micro-
»

° scope investigation was undertaken on semithin s¢ctions (0.5 um) obtained

from four animals. The Sertoli cells were identified according to the

v

criteria already mentioned. For the purpose of guantitating, a square

lattice of points was inserted in the ocular eyepiece of the light micro-




scope, and those test points falling over Sertoli cells in the area
examined were recorded for all the stages of the cycle. The width of

the area was always consiant, being represented by the 85 um length of .
any side of the lattice. However, the distance of the area from base to
lumen of the epithelium changed from one stage to the other due to the
changes in thickness of the seminiferous epithelium‘during the cycle.

In spite of this fluctuation, thé area occupied by Sertoli cells. appeared
to remain constant for all stages of the cycle. Table I shows the average
values of the crude counts of test points falling over Sertoli cells at
each stage of the cycle. To determine whether or not the means obtained
at the various stages were significantly different from one another, a
statistical test was performed in the form of a one~way analysis of
variance. The test confirmed that there was no significant variation
from one stage to the other. This statistical test will be referred to
as ‘the OWAV test. Although the epithelium changed its size, the area
occupied by Sertoli cells was relatively constant, hence the relative A
volume of Sertoli cells was roughly estimated to be 20% to 25% of the
seminiferous epithelium. This was do;e by dividing the number of points
falling over Sertoli cells by the total number of points present in the
area sfudied.

Density volumes of tﬁe nucleus and cytoplasm in Sertéii cells

t

The test points falling over Sertoli cells and recorded in Table I

were further separated into nuclei and cytoplasmic hits. Again, the crude
counts of each component are given in Table I. These values represent the
means of all twelve recordings for each stage. After application of the

. OWAV test, it was evident that both nucleus and cytoplasm occupied constant




volumes of the Sertoli cell at all stages of the cycle. This;constancy

of the values was fu%ther reflected by the small standard deviations asso-
ciated with the corresponding final averages that take into account all

14 stages of the cycle. It can be seen that at any fne stage, the sum of
the points falling over the nucleus and cytoplasm wa; always equal to the
number of points associated with the Sertoli cell.’ Furthermore, examination
of the results also revealed that the cytoplasm made up about 90% of the
cell volume, leaving the remaining 10% to the nucleus. The errors of all
the values in Table I are of the order of 10% to 20%, which suggests thaf

there was no significant variation from one animal to the next.

3

QUANTITATIVE ELECTRON MICROSCOPY

General partition of the Sertoli cell volume Into its components -

Following the estimation of the relative volumes of both cytoplasm
and nucleus 1in the Sertoli cell, a systematic and quantitative study was
performed on 2,000 micrographs in order to determin? the volumetric com-
position of the various components of the Sertoli cell cytoplasm. The
organelles and inclusions were identified according to the morpholog%cal
description already given. The relative volumesrof these components were
calculated in percentage and are shown in Table II. The values expressed
ih\that Table (II) took into account all the stages of the qycle. The
enéoplasmic reticulum included the subsurface, flattened and distended
cisternae, as described earlier. Similarly, tﬁe Golgi apparatus was
represented by both tubular and saccular elements. The primary and
secbndéry lysosomes along with the multivesicular bodies and myelin

figures were grouped together under the heading of lysosomes. Cell in-

clusions took into account the volume of both lipids and degenerated

\
.
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structures (residual bodies, etc.). Finally, the hyaloplasm made up the
remaining volume of the cytoplasm and in addition to the ground substancé,
it grouped such structures as microtubules, filaments, collection of
microvesicles, glycogen particles, small vesicles of unknown origin, free
N

and attached ribosomes and other unidentifiable structures. Table II gives
us a general idea of the order of magnitude of the relative vplume of each
cytoplasmic component in the Sertoli cell cytoplasm.

* It was demonstrated earlier that the cytoplasm of Sertoli cells
occupied as much as 90% of the cell volume. Using this information, it is
simple to convert the relative volumes of the organelles and inclusions in

3

the cytoplasm into relative volumes in the Sertoli cell itself accordiné

"to the formula given in Table II. The latter shows the converted values,

i.e., volumes of the components in the Sertoli cell and, as can be seen,

they are lower but proportional to the cytoplasmic ones. They, too,

-

represent the means of all the stages of the cycle. The sum of all the
cytoplasmic component volumes makes up 89.8% of the cell volume and the

remaining 10.2% corresponds to. the nuclear volume. It is evident\from

both sets of values that the organelle occupying the largest volume is the

!
endoplasmic reticulum (V13%) followed by the mitochondria (v10%), whereas
\

the Golgi apparatus makes only 2.4% of the cytoplasm and 2.2% of the Sertoli

cell. Furthermore, lysosomes and cell inclusions seem to occupy about the

[]
@

same relative volume of 4.5%. Finally, it can be seen that the standard’
deviations of the mean v;lues for the c¥toplasmic inclusions are too large.
This can,be explained by the fact that the values greatly varied from one

“

stage to the other, as will be seen later,



. ~ TABLE I ’ i - -
v Volumetric changes (number of points per tubular area) of Sertoli cells
R during the cycle of the semaniferous qeplthellum h
+

~Stages of

the cycle 1 II-ILI 1v v vI vII VIII X X XI XII XITI X1V Average

14
sec?l"lh 30.7£4.9 '30.3#5.3 31.1%#5.4 30.6:4.0 30.0%2.4 29.9#4.9 30.125.0 31.2¢3.9 31.925,5 31.3#5.3 31.4*5.4 33.0%45.4 32.1%#5.3  31.0%0.9
' ] \
Yo td R

::z::i: 3.1+1.0  3.2#0.9  3.130.9 3.0#0.9 3.320.7 3.2#1.0 3.0%0.9 3.1#1.4 3.2#1.1 3.0#1.2 3.2%1.2 3.4%0.7 3.2%+1.0  3.2+0.1
;i:;i:;m 27.634.2 27.1*4.7 28.015.1 27.6%3.5 26.7£2.0 26.7+4.8 - 27,1*4.4 28.1%3.3 28.7#5.1 28.3t4.4 28.2t4.9 29.6+4.8 28,9:5.0 27.8:0.9
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TABLE I

i

Mean relative volumes (%) of cytoplasmic components in Sertoli cells

. Endoplasmic Golgi
Mitochondria Reticulum Apparatus Lysosomes Inclusions Hyaloplasm
In Sertoli cell 5}
(including Nucleus) 9.4 £.0.6 12.9 = 1.2 2.2 £ 0.5 4.2 * 0.6 4.7 £ 2.9 56.2 + 1.9
In Sertoli ) ~ \
cytoplasm | 10.5 %-0.7 14.3 £ 1.3 2.4 £ 0.5 4.6 £ 0.7 5.2 % 3.2 63.0 £ 2,2

i

Volume of component in Cytoplasm X 920

Converting Formula: Volume of component in cell =
100
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The volumetric composition of the Sertoli cell cytoplasm into its various

components at éhe different stages of the cycle

The relative volumes in percentages of the cytoplasmic components

‘in the Sertoli cell cytoplasm at the 14 stages of the cycle are expressed

in Table III. To avoid confusion, each cytoplasmic component will now be
analysed separately, following the order of Table III.
i
The mitochondrial volume appeared to be fairly constant throughout
!

the cycle. This was further verified using the OWAV test, which -showed no

significant variation. On the average, the mitochondria made up about 10%
¢

of the Sertoli cell cytoplasm.

The relative volume of the total endoplasmic reticulum also appeared

!
fairly constant at all stages of the cycle except for stage IX where it -

decreased drastically. Application of the OWAV test (p < .05) demonstrated

that there were statistical variations within the _set of values of Table

-

III. The relative volume of the ER was high from stages X-XIV and I-III,
!

decreased slightly at stages IV to VIII and was very low ét‘stage IX, where
it made up only 10.9% of the cytoplasm. As was mention;d earlier in the
description of the cell, the endoplasmic reticulum was subdivided into
§£bsurface, flattened and distended elements. The relative volumes in
percentages of these separate subcomponents of the ER are given in Table
IV, and the values from this Table are plotted on a graph (Figure 10) that
shows three respeétive curves. The OWAV test (p < .05) was applied for
each subcomponent of the reticulum and showed that there werelsignificant
variations within every set of values. First, the relative volume of the

a

subsurface component was fairly high from stages XII-XIV and I-VI, then

decreased to a very low value at stage VII and remained fairly low from

o
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stages VIII to XI. To localize specifically the significant variations,

the Student's t-test (p < .05) was applied. This was done by comparing
the individual means obtained from each animal at one particular‘stage,
with those obtained at another given stage until all combinations pafsible
were examined. The resﬁlts,of the t-test, shown in Table V, demonstrated
that the values obtained for stages 1 and VII were significéntly different
from those obtained at the other stages.

. Contrary to this, the relative volume of the flattened elemengs of
the endoplasmic reticulum was very high at stages VII and VIII and decreased
significantly by more than 60% at stage IX and remained low up to stage
XIV (Table IV). The fractional volume then increased slightly up to
stage VI. The curve (Figure 10) shows the peak a; stages VII and VIII,
and the t-test analysis in Table V confirmed these results.

Finally, the values for the relative volume of the distended com~
ponent of the ER (Table IV) appeared to be proportional to those of the

\

total endoplasmic reticulum (Table III). The results showed that the den- _
sity volume of the distended elements was high a? stages X tq’XIV and 1
to III, decreased slightly from stages IV to VII and was very low at
stages VIII and IX (Table IV). Application of the Student's t-test (p < .05)
between all possible combinations revealed that the value at stage IX was
significantl§ lower when’compared to stages I-IV, VII, X and XII-XIV,
whereaé the volume of the distended elements of the reticulum at stages

II-IIT was higher compared to stages IV-VII, VIII and X (Table V). These

results are also expressed in graph form (Figure 10).

L

The relative'volume of the Golgi apparatus al%o undexwent a cycle

of its own. The Golgi seemed to occupy a higher volume at the early stages
!

i
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of the cycle (I to IV), then decreased gradually up to stage IX. It in-
creased again at stage X, but then the value dropped at stages XII, XIII
and XIV (fable ITT). Application of the OWAV test (p < .05) confirmed that
there were variations between the vArious stages. BAs for the endoplasmic
reticulum, the Golgi apparatus was subdivided into tubular and saccular
elements. The relative volumes of both elements at the different ;tages

of the cycle are shown in Table IV. The dénsity volume of the sgccular
component appeared quite constant, but thé/OWAV test (p< .05) showed vari-
ations at thé limit of significanée within the set of data. Furthermore,
the t-tést (p < .05) localized these variations (Table V) specifically to

{
stages XII and XIV, where the relative volumes were slightly lower. The

« curve of the density volume of the saccular elements of the Golgi at the

different stages of the cycle is also shown (Figure 11). The fractional
!

y

volume of the tubular elements underwént the same modifications as for

the whole Golgi apparatus. This is understandable since the tubular com-
ponent made up about 75% éo 80% of the total Golgi; One can dee, further-
more, that the volume of the tubular elements is quite high at stages ; to
V, decreases gradually up Fo stage IX, undergoes another peak at X and then
decreases to its lowest values at stages XII thru XIV (Figure 11). There~
fore, the tubular elements and the whole Golgi apparatus undergo a cycle
characteristic of a bimodal curve which simply means the presence of two
peaks, one at stages II-IIT and the other at X. The exact variations
petween the different stages were localized using the t-test (p < .05)

and the results are shown in Table V. The main observation that can be
made from this Table (V) is that the densx?y volume of the tu?ular elements

of the Golgi apparatus at stages II-ITI is significantly higher than at

all other stages.
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The relative volume of~thé 1yéosoma1 population in the cytoplasm
of Sgrtoli cells increased gradually from stages I to VI, achieving a
plateau at VI, VII and VIII, and finally decreased significantly at IX
whereupon it continued to remain low during the second half of the cycle
(Table III). To simplify the analysis, lysosomes were separated and scored
as either primary or secondary. Table IV shows the relative volumes of
these subcomponents and their curves can also be seen (Fig&re 12). Aas
shown in both Table and graph, the primary lysosomes occupied an insig-
gificant volume in the cytoplasm, and there were no variations from one
stage to the next. This was further confirmed witﬂ the OWAV test which
denoted no significant changes. In contrast to the primary lysosomes,
the volume of the secondary lysosomes underwent marked variations, as
suggested by the OWAV test (p < .05) and showed a curve that was stage
dependent (Figure 12). The volume of these lysosomes increased pro-
gressively from stages I to VI whereupon.it remained(high at stages VI to
VIII and then decreased drastically at IX, remaining low up to stage XIII.
The value at stage XIV in both Tables III and IV cannot be interpreted,
since the standard deviation associated with the mean is about 30% which

{

denoted marked variations amongst the animals for that particular stage.

The t~test (p < .05) shown in Table V' suggests that the volumes of the

secondary lysosomes at stages IX and XI are statistically lower relative
to stage; II to VII. Both Tables IV and V demonstrate that the volume at
stage va‘is definitely higher compared to stages IX to XIII. This is also
clearly ;een in graph form (Figure 12): )

The remaining volume of the Sertoli cell cytoplasm was divided into
degenerating structures, lipids and hyaloplasm (Table III). The density

volume of all degenerating structures, grouping together residual bodies
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and all degenerated material in the cytoplasm was fairly low (1~2%) at ,
S

all the stages of the cycle except at stages VIII and IX where it increased

drastically reaching a volume of 10.3% of the cytoplasm (Table III).

_ Application of the OWAV test (p < 0.5) showed definite variations amongst

the values and the Student's t-test (p < 0.5) suggested that stage IX was
significantly higher than all other stages including VIII. Tablé IIT also
showed that most of the errors associated with the values were of the order
of)30% to 70%. The explanat%on for thes? high)standard deviations could
be that the relative volume of t#e degenerating structures in the Sertoli
cell cyfoplasm éreatly varied from one animal to Eﬁé other for any given
stage.

As for the lipids, they constituted a small but constant volume of
the cytoplasm from stages II up to VIII. Their density volume increased
thereafter and remained high for the second half of the cycle (IX-XIV and
I). During stage X, the lipids made up as much as 6.4%1of the cytoplasm,
as shown in Table III. The t-test analysis (p < 0.5) revealed that the
relative volume of the lipids at any stage from X to XIV was statistically
higher compared to stages II to VIIIl Again, some of the standard devi-
ations were quite high, suggesting the animals contained different amounts
of lipids fd} the same stage considered.

Finally, the hyaloplasm made up the remaining wvolume of the/cyto;
plasm which was about 63% on the average, taking into account the 14
stages Af the cycl? (Table II). Wwhen 1ook£hg at Table FII, which shows/
the relative volume of the hyaloplasm at the different stages of the cycle,

one can see slight variations between the values. It is evident that the

density volume of the hyaloplasm increases constantly f}om stages I to V

-
5

b R p et g




———n -

* _ O pN—e
Y-
. o
’ oo , - TABLE III -
. \ 5 IABLE 111
\ Relative volumes (%) of organelles in the cytoplasm of Sertoli cells ;
s . at various stages of the cycle of the seminiferous epithelium
Stages of -
the cycle I II-IIX v v vi 291 VI IX X XI XII " XITI Xiv
Mitochondria 17.020.8 10.3%1.2 10.020.7 10.0+0.9 10.0+0.9 11.8£1.,0. 11.8%1.2 10.2x2.0 10.0+).0 9.6+1.0 10.6+0.5 10,.610.5 11.0:0.9
@ L - -
E‘;:"tf:ﬁc 15.6£1.3  16.2¢1.8 ~14.431.0 13.5:1.4 14.4t1.5 14.2+1.4 13.480.6 10.9£1.9 15.1£2,0 14.323.3 15.6:2.2 14.622.2 14.2¢2/5
<
< B '
Golgi 2.820.3 3.4%0.5 2,920.5 2.920.7 2.5t0.3 - 2,510.6 2.210.7 2.140.6 2.8%0,2 2.420.3 1.5%0.9 2.130.4 1.710.3
Apparatus - N < e .
Lysosomes 4.311.0 4.81%0.5 5.240.6 4.920.6 5.0%0.5 5.130.4 * 5.4*1.1 3.8x0.2 4.3%1.3 3.410,7 4,2%+1.0 4.020.6 4,9%1.5
- & '
Degenerating I ‘ . . , \
Seructures 1.420.5 1.2:0.6 1.2%0.7 T.020.4 1.8;9.:0.6 1.210.8 3.542.9 lO.Bii.B 1.4%£0.7 1.941.1 2.321.0 1.0%0.6 1.3x0.8
Lipads 3.7¢1.5, 1.4%0.3 0.6+0.4 0.8%0.8 0.6+0.1 1.9:0.5 1.320.6 3.141.3 6.4%2.1 4.8%2.0 5.2%2.6 4.0x0,.8 4.922.0
Hyaloplasm 61.2%2.6 62.70.6 65.711.6 66.9%1.2 64.7£1.2 63.6:0.'{ 62.4+2.8 59.624.7 60.022.0 63.6*1.9 60.6£2.0 63.7+2.6 62.0¢t1.0
Al . -
¢ - ~—- ,
) ~e Lt ) -
ﬂ% I . , N ,
- . £ Lo .
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'3' i TABLE IV
’ Relative volumes (%) of the subcomponents of the endoplasmic reticulum, Golgi apparatus T v
" /
and lysosomes in Sertoli cells at the various \5tages of the cytle of the seminiferous epithelium
Stages of the Cycle I II-I11 1v v Vi VII VIIX IX . X .64 XII T XIII T XIV
Subsurface 2.3%0.5 1.820.7 1.940.3 2.0+0.6 1.810.7 0.81:0.3 1.4%0.5 1.320.4 1.6%0.5 1.610,1 2.2%0.5 l.7t0.5~ 2.1%0.5
E.R. Flattened . 1.2%0.5 1.4%0.5 1.0%0.2 1.2£G.3 1.7+0.5 2.2%0.5 2.1#0.8 0.8+0.5 0.8+0.5 0.8%0.2 ’ '0.8+0.3 0.7¢0.2 0.9%0.4
Distended 12.1#1.2 13.1%1.4 11.5%1.0 10.3#2.0 11.0#0.9 11.2%1.2 9,9%1.1 8.8%#1.5 12.7+1.2 12.0%3.0 12.6£1.5 12.2%1.7 11.2%1.6
, P .
- colgi Saccular 0.610.1 0.7t0.1 0,.74071 0.7%0.3 0.520.1 0.6+0.2 0.5%0.2 . 0.4#0.1 0.610.1 0.5%0.1 0.3%0.2 0.5+0.1 0.4%0.1
Appa- ! . i ~ -
' ratus  oopular 2.2t0.2  2.7#0.4 2,2$0.4 2.240.5 1.9#0.2 1.930.5 1.7£0.6 1.620.5 2.2:0.3 1,9%0,3 < 1.2¢0.7 1.620.3  1.230.2
. ' s
Primary 0.4%0.2 0.2%0.1 0.2%0.1 0.240.1 0.210.1 0.210.1 0.2:0.1 0.1%0.1 0.410.1 0.2*0.1 0.3%0,.2 10.3.*_0.2 0.2+0.1
Lyso~ - i’
somes .
Secondary 4.0%0,9 4.6%0.,6 5.030.6 4.7%0.6 5.840.5 4.9+0.4 5.2%¢1.0 3.7#0.2 4.0%1.2 3.2%0.6 3.9%0.9 _ 3.610.6 4.7fl1l.5
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i
reaching its maximum at stage V, decreases gradually to a minimum in Aﬁ
stages IX and X and increases again to stabilize from stages XI to XIV.
Following the use of the OWAV test (p < .05) which denocted statistical
variations inside the set of values, the t-test (p < 0.5) was applied
and showed that the volume of the hyaloplasm at stage X was significantly
lower than those at stages II to VII. The hyaloplasm grouped many
structures, as mentioned earlier, some of which were also quantitated,
but the data are not shown in Table I1I. For instance, the relative
volume of‘the few collections of microvesicles.found in the Sertoli cell
cytoplasm was estimated to be 0.1% at each stage of the cycle. Similarly,
the density volume of all vesicles that cannot be associated with any
other organelle is of the order of 0.6% of the cytoplasm taking into

account all the Stages of the cycle. These values, however, are subject

to many errors since the size of the components involved is very small.

DISCUSSION

The main objective of our stereological analysis was to estimate
the-relative volumes of the variéus organelles in the Sertoli cell cyto-
élaSﬁ!ﬁ% the different stages of the cycle of the seminiferous epithelium.
In order to perform such a study, it was first necessary to determine if
the overall volume of the cell changed during the cycle. Indeed, if the
Sertoli cell volume was changing during the cycle, this woulé affect the

\

relative volumes of the cytoplasmic components and hence would requiyre a
correcting factor for those stages where the Sertoli cell vo%ume was
different.

The data collected indicated that for a given gegment of the

seminiferous tubule, constant in width (85 um) and incdluding the whole
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thickness of the epithelium from the limiting membrane to the lumen, the
number of points falling over Sertoli cells was constant at all the stages
of the cycle. Since our sample (160 tubular cross sections) was large
enough to yield statistically valid means, and that the areas were
selected purely at random, we can deduce that in a survey of the whole
epithelium, the number of points over Sertoli cells would also be con-
stant from one stage to the other. Moreover, since on the one hand, the
number of Sertoli cells per tubular cross section (Clermont and Perey,
'57b) or per unit area of a whole mount tubule (Hermo, '72) was constant
at all stages of the cycle and on the other hand the number of hits
(points) over Sertoli cells in the semlniferou; epithelium was also con-
stant, it can be concluded that the average volume of each Sertoli cell
does not change appreciably during the cycle (Bolender, '79). Therefore,
the figures on the relative volumes of the cytoplasmic components of the
Sertoli cell at the different stages of the cycle did not need to be cor-
rected or readjusted.

The fact that this study was done on semithin sections (0.5 um)
examined under the light microscope is the source of some difficulties in
the counting method. Toluidine blue outlines well the cytoplasmic limits
of Sertoli cells and stains darkly the mitochondria found at the periphery
of the gérm cells which in turn enhance the contrast of the Sertoli cell
cytoplasm. However, the difficulty in identifying the very fine cyto-
plasmic processes of Sertoli cklls between the various germinal elementsj
due to the limited resolution of the l;g?t microscope, results in some

error in the estimate of the Sertoli cell volumes. Nevertheless, this

error is probably small, since electron microscopy indicates that the fine
. !
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cytoplasmic processes of the Sertoli cell constitute only a small fraction
of the overall cellular volume. Moreover, the same error is applicable to
the counts performed at all stages of the cycle and, therefore, can be
ignored for the purpose of our study. Hence it was concluded that the
volume of the Sertoli cell (cell body or trunk plus major cytoplasmic
processes) relative to the cell itself is constant from one stage to the
other.

Roosen-Runge ('55b) showed that in the rat, the absolute volume of
the Sertoli cell in um3 decreases by about 40% at stage IX of the cycle.
;his author, however, used very thick sectigns (8 um) stained with PAS
and acid hemalum in which the cellular limits, even of the main trunk of
the cells, were rather difficult to identify. 1In a more recent study on
the monkey, Dym and Cavicchia ('77b) using the electron microscope
estimated that the volume of Sertoli cells relative to the se;iniferous
epithelium increases from 24% at stage I to 32% at stage VII of the cycle.
Since we know that a whole generation of mature spermatids (step 19)
leaves the epithelium at stage VII, the fraction of the epithelial volume
occupied by Sertoli cells will increase, which would account for the high
value obtained by Dym and Cavicchia ('77b) at this stage. In the present
investigation, the volume of Sertoli cells relative to the seminiferous
epitheliuméwas alsovestimated to vary between 20% and 25% during the cycle.
ghe exact values at all 14 stagesjof the cycle were not determined since
such information was not one of our purposes.

Thus, <o summarize, it seems that the actual size (volume) of the

Sertoli cell when compared to itself is constant throughout the cycle, as

shown by the present study, but the thickness of the seminiferous epithelium
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must be changing during the cycle and consequently the volume of the
Sertoli cell relative to the size (height) of the epithelium changes
correspondingly. ®

Elftman ('50, '63) and Gravis ('78) reported that the Sertoli céil
changes its shape, expanding during the first half of the cycle and re-
tracting thereafter. On the other hand, 1t is shown by the present work
that the volume of the Sertoli cell remains unchanged throughout the cycle.
This indicates a possible redistribution of the cytoplasm by active
streaming between the base and apex of'the cell at the different stages
of the cycle. B

The results presented also show that the relative volume of both
nucleus and cytoplasm in the SerZoli cell remains constant at all stages
of the cycle. Leblond and Clermont ('52b) have shown changes in the corn-
figuratioy and shape of the Sertoli cell nucleus between the early and
‘late ‘'stages of the cycle, but from the present s£udy it can be stated
that the volume of the nucleus is constant during the cycle. The Sertoli
cell cytoplasm was very abu:dant, making up as much as 90% of the cell
volume, which is consistent with morphological observations made by
Regaud ('0l), Elftman ('50) and Nishida ('54).

Many investigators have described a Sertoli cell cycle (Elftman,
'50;, '62; Roosen~Runge, '62) and postulated that it is coexistent &nd
co-ordinated with the cycle of the seminiferous epithelium, without

studying in detail the structural evolution of the various.cell components

during the cycle. The only studies related‘to the cyclical activities of

ko
Sertoli cells that are well documented deal with the periodic phagocytosis
; -

of residual bodies following sperm release (Regaud, '0Ol; Kingsley-Smith
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and Lacy, '59; Nicander, '63; Dietert, '66), the cycle involving the appear-
ance and disappearance of large lipid droplets at the base of these cells
{(Regaud, '0Ol; Laoy, '62; Niemi and Kormano, '65; Kerr and de Krester, '75)
and the movements of the Sertoli cell apical cytoplasm at the time of
spermiation (Burgos and vitale-Calpe, '67, '70; Sapsford and Rae, '68;
Sapsford et al., '69a; Fawcett and Phillipg, '69; Russell and Clermont,
'iG). However, these investigations have not provided quantitative data

to support their observations.

The present study demonstrates that the relative volume of phago-
_somes in the Sertoli cell cytoplasm inqreases dramatically at stages VIII
and IX of the cycle. This increase is definitely due to the fact that the
Sertoli cell phagocytoses many residual bodies at this particular time
during the cycle. Based on morphological and quantitative observations,
it appears that these bulky bodies migrate from the tubular lumen to the
baéé of Sertoli cells. We also note a shrinkage of the residual bodies
from stage VIII to stage IX, as reported previously by Nicander ('63) who
attributed this condensation to a lysis of lipid material and ribo-
nucleoproteins.

During st;ge IX the relative volume of the phagosomes in the cyto-
plasm reaches a maximum of 10.3%. Due to this large amount of phagocytosed
mgterial,hthe volume_of the cytoplasmic matrix or hyaloplasm decreases to
its minimal size (59.5%). At the remaining stages (X;XIV, I~-VII) of the
cycle, the relative ;olume of phagosomes in the Sg;toli cell cytoplasm
seemingly represents debris from phagocytosed germ cells and degenerated

organelles (mitochondria, tubulobulbar complexes). This small volume

persisting throughout the cycle is consistent with the fact that Sertoli



elements constantly remove dead cells and foreign particles (Clegg and
Macmilan, '65; C;rr et al., '68). |
. Our investigation also evaluates quantitatively the amount of lipid

material found in Sertoli cells at the different stages of the cycle. The
results show that the relative volume of lipids in the Sertoli cell cyto-
plasm increases at stage IX, i1.e., following the phagocytosis of residual
bodies. This suggests that lipid droplets may form from the breakdown
products of phagocytosed material. Lynch and Scott ('51), Lacy ('62) and
Lacy et al. ('68) showed that any condition that alters spermatogenesis
such as X-irradiation, hypophysectomy, starvation, cryptorchidism and a
disturbance in androgen metabolism causes an increase in the number of
degenerated germ cells 1in the seminiferous epithelium followed by a sub-
stantial increase in the amount of lipid material in Sertoli cells. Thus
it seems that since there is a temporal sequence between the maximum
volume of residual bodies and an increase in the volume of lipids at
stage IX, followed by the maximum volume of lipid droplets in Sertoli ‘
cells at stage X, 1t is not unlikely that these droplets arise from the
dissolution of residualé%odies. A

Lacy ('62, '67) postulated that the lipids found in Sertoli celis
may be a precursor of steroid hormones. Dorrington et al. ('76, '78)
showed that cultured Sertoli cells from 30 to 40 days old rats synthesize
low levels of estradiol and estrone under stimulation by FSH. Assu&ing
that steroid synthesis takes pla;e in vivo in Sertoli cells from mature
rats, it would séill be necessary to demonstrate that the lipid droplets

seen in the Sertoli cell cytoplasm serve as precursor material. It is

\
more likely, as proposed by Lynch and Scott ('5l) and Kerr and de Krester
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('75), and considering their slow disappearance from stages I to VIII

that the triglycerides found in 1lipid droplets are metabolized by the

-

Sertoli cells throughout the cycle of the seminiferous epithelium.
Amongst the various organelles present in the Sertoli cell cyto-
plasm, small dense core granules were observed and classified as primary

lysosomes, since they reacted positively for acid phosphatase localiza-

tion (M.F. Lalli, unpublished data). Considering, on the one hand, that

these primary lysosomes constituted a very small fraction (5%) of the

total population of lysosomes, and, on the other hand, that their relative
volume in the Sertoli cell cytoplasm was constant at all stages of the
cycle, these granules will not be given further attention and our dis-
cussion will focus exclusively on the evoluéion of the secondary lysosomes.
The data coliected showed that there was a definite cyclic variation in
the volumg of the Sertoli cell lysosomeé during the cycle of the semin-
iferous epithelium. The changes il volume of the lysosomes probably
reflect changes in their number, since lysosomes do not grow beyond a
certain size in tﬁg Sertoli cell. Sapsford et al. ('69b) using the

electron microscope noted an increase in the number of lysosoms in Ser-

toli ,cells of the bandicoot at the time of sperm release. Thelr work

.correlates well with the increase in the volume of lysosomes at stages

by

VI-VIII obtained in the present study on the rat. The changes in volumF

density of lysosomes in the Sertoli cell cytoplasm could be related to

the function of such an organelle as a whole. It has been postulated that

-
lysosomes enable the Sertoli cell %o break down phagocytosed residual

bodies and dispose of cellulag debris in the seminiferous epithelium

\
w
(Diegg;t, '66; Reddy and Svoboda, '67; Sapsford et al., '69b). ?ugon and

W
©
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Borgers ('66) observed that after wh&le body X-irradiation, numerous
lysosomal granules in Sertoli cells of the mouse were heavily loaded with
acid phosphatase and concludeq that these granules play an important part
in the resorption of phagocytosed spermatogonia. Recently, Russell ('79a)
indicated that the Sertoli cell lysosomes in the rat appeared to be in-

volved in the lysis of degenerating inter-Sertoli cells tubulobulbar com-

plexes and consequently in the decrease in number of these complexes at

 Stage VII of the cycle. The present quantitative analysis is consistent

with the view that lysogomes are involved in the breakdown of phagosomes,
particularly of the residual bodies. The data show that on the one hand,
the lysosomal population increases progressively from stage I to stage VI,
achieving a plateau at stages VI-VIII, then decreases rapidly during stage
IX of the cycle. On the other hand, the residual bodies appear at the
surface of the seminiferous epithelium in late stage VIII of the cycle as
the spermatozoa separate from them and are released in the tubular iumen. '
These residual bodies are then engulfed by the apical cytoplasm of Sertoli
cells and while carried down toward the base of the cells duriné stages
VIII and IX they are rapidly lysed and disappear completely from the Ser-
toli cell cytoplasm by the onset of stage X of the cycle. Thus the
decrease in the volume density of lysosomes accompanies the dissothion of
residual bodies. It can therefore be speculated that secondary lysosomes
merge with the residual bodies (also observed on some electron microscope
photographs) and release the hydrolases they still contain, which in

turn contribute tésthe lysis pf the content of the phagosomes (residual

I

bodies) .

Such a process would consequently result in the rapid and concomittant
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disappearance of both the residual bodies and some lysosomes and would
explain the significant decrease in the volume of the lysosomes obtained
between stages VIII and IX of the cycle?

In the present investigation, the Goigi apparatus was divided
into two components, the saccular and the tubular, each of which showed a-
partisular evolution during the cycle of the seminiferous epithelium.
The relative volume of the saccular component in the Sertoli cell cytot
plasm was fairly constant, and hence these elements seemed to be stable,
volumetrically from oné stage to another. Conversely, the tubular com-
ponent appeared to be profuse and more abundant at stages.II—III. More-
over, the volume density of tﬂg\ggbular elements decreased markedly from
stage XII-XIV. Thus it seems that the tubular component of the Golgi
apparatus undergoes expansion at thg beginning of the cycle (stages I to
V) and reduction toward the end of the cycle (stages XII to XIV). The
equivalent of this tubular component of the Golgi apparatus in neurons
of dorsal root ganglia %f mice was shown by Boutry and Novikoff ('75) to
react for thiamine pyrophosphatase (TPPase). Other cytochemical studies
performed at the light microscope level on adult rat testes by Hilscher
et al. ('79) demonstrated that from stage I to stage IV of the cycle,
TPPase activity seemed to be extending in the Sertoli cell bodies from
the“Basement membrane up to the heads of the elongated spermatids. TPPase
then disappeared during stage V of the cycle. Hence, the pattern of
TﬁPase postulated by Hilscher et al. ('79) may reflect the increase in
the volume of the tubular elements of the Golgi apparatus during the early

stages of the cycle (I-V) obtained in the present study.

The fact that the tubular component made'up about 75% to 80%
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of the whole Golgi apparatus and that it varied volumetrically during the
cycle suggests that this component must be important to the functional
activity of the Golgi apparatus in Sertoli cells.

It 1s known that the Golgi apparatus of certain cells such as the

neutrophils, is involved in the formation of lysosomes (Flickinger et al.,

'79). The acid hydrolases contained in the lysosomes, which are,actually

{

protein enzymes, would be synthesized in the rough endoplasmic reticulum,
transported to the Golg:i apparatus, where small lysosomal vesicles would
form by budding from the margins of the Golgi elements (Flickinger et al.,
'79) .

The present study indicates that such a relationship possibly
exists in the Sertoli cell since the increase in the volume of the tubular
component during stages I to V exactly precedes the increéseoin the number
of lysosomes at stages VI-VIII. Thus, based on our quantitative data, one
may speculate that the volumetric e;pansion of the tubular elements of
the Golgi apparatus may be related to the formation of new lysosomal
granules. The nature of this relation remain§ to be clarified, however,
since secretory granules or dense core granules (primary lysosomes) were
not seen at proximity of the Golgi apparatus of these cells (Fawcett, '75;
Hermo et al., '78; and the present study).

ﬁhe endoplésmic retic?lum was separated into three subcomponents,

~

each of which will now be analysed.
-~

The relative volume of the subsurface elements in the Sertoli cell
cytoplasm decreased periodically at stages VII, VIII and IX of the cycle.

This diminution in the volume was significant and substantial and is
probably related to the loss of the subsurface elements associated with
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step 19 spermatids. Clgrmont et al. ('80) showed that during the long
stage VII (63 hrs, Clermont et al., '59; Clermont and Harvey, 'éS),“the ’
flattened cisternae of ER that formed a series of concentric layers loca-
ted toward the periphery of each Sertoli cell apical process disintegrate.
Thus 1t seems that the decrease in the volume of the subsurface elements
at stage VII 1s due on the one hand tc their disintegration inside the
Sertoli cell apical processes and, on the other hand, to the fact that
these elements were rarely seen along the acrosome of step 7 spermatids.
During stages VIII-IX, the volume of the subsurface elements increased
slightly but was still low compared to the values obtained for the sub-
sequent stages of the cycle. This can be explained by the fact that the
newly formed elements or cisternae in association witﬁ steps 8 and 9
spermatids were not yet fully developed since subsurface elements usually
extend throughout the entire length of the acrosomic system, parallel to
it, which in the case of steps 8 and 9 spermatids does not attain its
maximum length. Therefore, the decrease in the volume of the subsurface
elements during stages VIII and IX is related to the small size (volume)‘
of these elements.

‘Russell {'77c) postulated that in the rat Sertoli cells, just
prior to sperm release (stage VII), the ectoplasmic specializations (sub~-
surface elements) do not disintegrate but dissociate from step 19 sperm-
atids and migrate down in the Sertoli cell éytoplasm along the plasma
membrane and reattach themselves to step 7 spermatids and midpachytene "
spermatocytes. The author concludeé that the subsyrface elements are not

lost but reutilized and redistributed by the Sertoli cell in a cyclic (

manner. This process, therefore, implies that the volume of the subsurface
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elements is always constant and, formation of new‘elements is balanced

by the resorption of some elements lost during their reutilization. Con-
‘séquently, Russell's work does not correlate with the morphological obser-
vations of Clermont et al. ('80) nor with the éresent quantitative data.

The volume of the flattened elements of the ER that are not ;;éo~

ciated waith the Sertoli cell plasma membrane also underwent marked vari-
ations especially during stages VI, VII and VIII, where it increased
significantly. It was shown that these elements were studded with ribo-
somes on all their surfaces and consequently making this particular type
of ER the site of protein synthesis {Fawcett, '67; Palade, *'75). The
Sertoli cell, like most mammalian cells, secretes protein in the form of
androgen binding protein (Louis and Fritz, '77; Tung and Fritz, '77) and
seven major polypeptides with molecular weights ranging from 16,000 to
140,000D (Wilson and Griswold, '79). But very few studies determined if
protein synthesis in Sertoli cells occurs on a constant basis or at certain
periods during the‘'cycle of the seminiferous epithelium. Nevertheless,
Irons {'80) showed that one hour after injection of tritiated proline into
the testis af mature rats, ?he Sertoli cell bodies were heavily labeled at
stages VI and VII of théycycle. Irons ('80) concluded that proline must
he incorporated into newly synthesized proteins in the Sertoli cell cyto-
plasm at these specific stages. Furtherﬁore, Parvinen et al. (in press)
reported that maximal production of androgen binding protein occurs at
stages VII and VIII of the cycle. The results of the above investigators
indicate that protein synthesis in rat §ertoli cells seédms to be activated ,

or initiated during stages VI-VII and VIII of the cycle. However, it is

2

also possible that there is more protein synthesized by Sertoli cells during i
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stages VI-VII. This latter view may well explain the increase in the \
. volume of the flattened elements of the granular Egticulum obtained at the ~
same stages of the cycle {(VI-VIII). .
The relative volume of the distended elements of the ER in the
\ Sertoli cell cytoplasm was fairly constant except at stage IX when it de-
creased markedly. These quantitative datg reflect the morphology of this
particular type of ER. It was observed that during stage IX, the tubular
network of ER present at stages VII and VIII collapsed and seemingly dis-
persed into small and irregular vesicular cisternae. This is certainly the
cause of the decrease in the volume of the distended elements of the Eg at
stage IX of the cycle. During the sub;equent stages, i.e., X to XIV, the
vesicles and cisternae of ER swelled and definitely contributed to the in-
(:} crease in volume of the ER. The gxact function of this type of endoplasmic
. reticulum i1n the Sertoli cell and the signifigcance of its volumetric changes
during the cycle remain to be clarified.
CONCLUSTON
The volume of the Sertoli cell estimated on semithin sections (0.5
pm} was shown to remain constant throughout the cycle of the seminiferous
epithelium. Therefore, no correFtions.needed to be m;de on the relative
volumes of the individual cytoplasmic components of the §ertolilcéll. T?e
volume densities of the nucleus and cytoplasm were also unchanged during the
cycle. The diffefential‘épint céunting method performed on 2,000 electron
ﬁicrographs revealed that while some organelles in the Sertoli cell cyto-
plasm do not change volumetrically, others do undergo significant varia-~

tions at the different stages of the cyclé. The relative volumes of the

(::) ‘ mi.tochondria, prima{x,lysosomes and saccular elements of the Golgi
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apparatus' in the Sertoli cell cytoplasm remained constant throughout the
cycle. However, the tubular component, which made up 75% of the Golgi

apparatus, increased markedly in volume during the early stages of the

cycle (I-V) preceding the increase in the volume and number of the secondary

lysosomes at stages VI to VIII. Many of the lysosomes appeared to be used’
in the breakdown of the phagocytosed residual bodies, and this probably
contributed to their decrease in volume during stage IX of the cycle. The
dissolution of the residual bodies coincided with the appearance of large
iipid droplets that persisted throughout the end of the cycle (stages X~
XIV). The endoplasmic reticulum was subdivided into three types according
to morphological criteria. The flattened elements of the ER associated
with the plasma membrane or subsurface elements decreased volumetrically
at the mid stages of the cycle (VII-IX) due to the disintegration of
elements associated with step 19 spermatids. Conversely, the flattened
elements of the ER with attached ribosomes on all their surfaces, increased
in volume at stagés VI, VII and VIII and this was taken as an indication
that more‘ﬁéftein was being synthesized by Sertoli cells. Finally, the
relative voLPme of the distended vesigles and cisternae of the ER (mostly
smooth) decreased significantly at stage IX of the cycle of the semin-
iferous epithelium.

Thus it seems that not only the sh%pe of the Sertoli cell is modi-
fied during the cycle but also most of the gytoplasmic components of this

cell show a cyclic evolution.® \
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ABBREVIATIONS

{for Figures 2-9)

: Basal lamina

BL -
CM - Collection of microvesicles
DC - Distended core granule or primary lysosome
dER : - Distended elements of the endoplasmic
: reticulum (ER)

fER - Flattened elements of the ER
SubER -~ Subsurface elements of the ER
Gs ~ Saccules of the Golgi apparatus -
Gt ’ - Tubules of the Golgi apparatus '
IT . - Interstitial tissue
js - Junctional specialization
L - Secondary lysosome
Lip - Lipid droplet
M - Mitochondria . /
Mt ) ~ Microtubules °
N ] < Nucleus of Sertoli cell . ‘i
n ' - Nucleolus of Sertoli cell
p ~ Primary spermatocyte
PM ’ -~ Plasma membrane I -
R - Ribosomes |
RB - - Residual body
SE ’ AR ~ Seminiferous epithelium . )

) [
Sp - - Spermatid
TBC . ~ Tubulobulbar complex L
TLA = -~ Tubular lumen !

N




Figure 1

The 14 cellular associations or stages observed in the seminiferous epithelium of the rat. Each

vertical column, depicted by a Roman numeral, represents a cellular association and shows the

. various cell types present at that stage. The stages of the cycle are identified by means of 14

of the 19 steps of spermiogenesis (numbers 1 to 19). These steps are defined by the changes ob-

k4
served in the nucleus and acrosomic system in semithin sections (0.5 um thick) stained with toluidine

blue.

The cellular associations or stages of the cycle succeed one another in time in any given area

of the seminiferous epithelium according to the sequence indicated from left to right in the figure.

Following stage XIV, stage I reappears so that the sequence starts over again. The succession of the

14 stages makes up the cycle of the seminiferous epithelium. The duration of each stage in hours is

also given. The mitotic divisions of the spermatogonia are indicated by the letter M.

_The germ cells present are:

Ay, Az, Az, Ay -

In -
B -
Pl T -
L -
[ A - -
P ~ -
Di -
1z ) . -
1 ¢to 19 ‘ -

Type A spermatogonia
Intermediate-type spermatogonia
Type B spermatogonia

Preleptotene primary spermatocytes
leptotene primary spermatocytes

, Zygotene primary spermatocytes

Pachytene primary spermatocytes ’
Diplotene primary spermatocytes
Secondary spermatocytes

Steps of spermiogenesis
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' FIGURE 2 o ) ' Lo
An electron photograph showing the apical region of
the Sertoli cell cytoplasm at stage II of the cycle.

(X 36,000)

The black points that are superimposed on the picture

ﬁand interspaced by 13 mm (4") belong to the test system

of points used to estimate thg relative volumes of the ;
various cytoplasmic components.

The cytoplasm of the Sertoli cell was delimited using a

colored pen, i.e., outline its boundarieg thus eliminating

the portion of spermatids (SP) that are seen at the upper

and lower right-hand corners.

We then recorded the number of points falling over every . (i)
structure in the Sertoli cell cytoplasm, such as Golgi

eleménts {Gs, Gt), mitochondria (M) and lysosomes (L).

The center of the point was used as a means of determining ‘

. precisely the exact profile that the point overlay. We

[

" [ also recorded the number of points falling over the whole

area of the cytoplasm. (See Materials and Methods for ‘ -

L]

further explanation.)
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FIGURE 3

Light micrograph showing a portion of a

seminiferous tubule at stage VIII of the

cycle. (X1,000)

The seminiferous epithelium (SE) is sur-~ .
rounded by a limiting membrane and inter-

stitial tissue (IT). The mature spermatozoa

are expulsed into the tubular lumen (TL)

leaving behind their residual cytoplasm, ' (:)
The Sertoli cells are depicted by the arrows.

Even at this low magnification, we can

recognize the nucleus, nucleolus and bulk of .

i

cytoplasm filled with granulations.
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FIGURE 3!
<., The Sertoli cell at two diffeyént stages of the cycle.
The cell extends from the basal lamina (BL) to the
lumen of the tubule. The Sertoli cell nucleﬁs’(N) is
1ar§e and contains a tripartite nucleolus (n). 0
During stage V of the cycle, the elongated heads of rat

spermatids (17) are deeply inserted in the Sertoli cell

’ cytoplasm. Whereas, at stage VIII, these spermatids (19)

are now located at the surface of the seminiferous

.

epithelium. The Sertoli cell maintains the spermatids

in this juxtaluminal position by means of large apical

drop~like processes, each of which encapsulates a single

° sickle~shaped spermatid's head. The Sertoli cell also
¢+ -phagocytoses 'the residual bodies (RB) at this stage.
This schematic drawing also shows the various

junct%?nal specializations (js) of the Sertoli cell.

Also labeled: A; - Type Aj] spermatogonium
P ' , < Pachytene spermatocytes
' Pl - Preleptotene spermatocyte

13
o
-
@
!

Steps of spermiogenesis

Vs



%

-

ot
“a

¢ &



73.

>

FPIGURE 4

';I‘};e cytoplasm of the Sertoli cell at the base of

the seminiferous epithelium at stage k othhe cycle. )
’ (X 30,000)

The basal lz;mlna (BL) and a portion of a primary

spermatocyte (P) are seen.

The plasma membranes (PM) of two adjacent Sertoli

cells come together at the site of a junctional

specialization.

The Golgi apéaratus is separated into Golgi saccules

(Gs) and Golgi tubules (Gt). The tra;s saccule and

trans tubular network are also seen. The mitochondria

(M) have different shapes, often found in proximity to

fléttened elements of the‘endoplasmic reticulum (fER).

The distended cisternae of the ER (dER) are present

throughout the cytoplasm.

<

O

)



S e

YR ML R SRR T N 1T L VR €I €A Sk et e v e

Al t »
,! »



>

74.

- XI 6f the cycle. £E> ) {X 36,000)

FIGURE 5

The basal cytoplasm of the Sertoli cell at stage
%

This photograph shows clearly the three types of ER
that were identified: Thé flattened elements asso-
ciated with the plasma membrane (subER); the flattened
elements that are not associated with the plasma mem-
brane (fER), and the distended cisternae of the endo-
plasmic reticulum (dER).

Also shown, clusters of g}bosomes {R) , doughnut~

@

shaped profile of a mitochondrion (M) and the plasma

b /

membranes {(PM) of two Sertoli cells.

FIGURE 6 -

x

The apical region of the Sertoli cell cytoplasm sqﬁeeze@

in between two spermatids (SP) at stage VII of the cycle.

.
) =

(X 30,00Q)
The distended elements of the ER (dER) are now tubular-
like in appearance, ogten seen branching and interconnected
to form a continuous network oriented in the long axis of
the cell.
Microtubules (Mt) are also seen running parallel to

the network of endoplasmic reticulum. A small and irregular

lipid droplet is present (Lip).
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P FIGURE 7

The supranuclear portion of the Sertoli cell

cytoplasm at stage XI of the cycle. (X 24,000)

Part of the nucleus (N) of the Sertoli cell is
shown, as wellias a portion of a primary sper-
matocyte (P).

) o

The late spermatids (SP) are deeply inserted in

the Sertoli cell cytoplasm with subsurface elements

of ER (subER) seen parallel to their acrosomic

gsystem.

Namerous membrTne-bound granules Efpresenging

gsecondary lys?épmes (L) are seen. One dense core

granule (DC) or primary lysoseme is also present.
. {

Finally, this photograph also shows a collection

of tiny microvesicles (CM).
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. _ FIGURE 8 .
Basal region of a Sertoli cell at stage I of the
cycle. . - {x 30,000)

The basal lamina (BL) can be easily identified. The
photograph show; tubular elements of the Golgi
apparatus (Gt), a lysosome (L) with an irregular)oug-
line and a membranous vacuole just to the left of it.
Various profiles of mitoé%ondria (M), flattened

elements of the ER (fER) and distended elements of
é

the ER (dER) are also ‘seen.
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FIGURE 9

e

Junction between two adjacent Sertoli cells showing

._the plasma membranes (PM) of both cells and sub-

. surface elements of ER. (x 30,000)

" The Sertoli cell above this junction includes a
pggtion of the nucleus (N)-anﬂ:a large lipid droplét
surrounded by flattened elements of ‘'ER (fER) of the
rough variety.j\These elements are also seen associ-
ated with mitochondria (M). The second Sﬁftoli cell,
below the junction, shows a cross section of a tubulo-

bulbar complex (TBC) that derives from the inter-~

Sertoli cell®s junction.
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s ‘ FLGURE 10

The relative volume of the three subcomponents of

the endoplasmic reticulum in the Sertoli cell
cytoplasm at the 14 stages of the cycle of the

seminiferous epithelium. . J <

’ -

The volume of the subsurface elements of the ER '

decreases significantly at stages VII,- VIII and
’ IX of the cycle. The volume of-the flattened N (’)

elements of the ER not associated with the plasma

o

membrane increases markedly at stages VII and VIE_

—

of the cycle. The volume of the distended elements

of the ER also varies throughout the cycle of the -

©

seminiferous epithelium with high values at

stages X-XIV and I-ITII, intermediate values at

- stages IV-VII and low values at stages VIII and IX

'3

— of the cycle. .
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FIGURE 11
/ . "
The relative volume of both saccular and tubular
.components of the Golgi apparatus in the Sertoli
cell cytoplasm at the 14 stages of the cycle of
the seminiferous epithelium.’
The volume of the sSaccular elements of the Golgi
'apparatus i% fairiy constant throughout the cycle
with'slightly lower values at stadges XII and XIV.
The volume of the tubular elements of the Golgi -~

apparatus shows the pattern of a bimodal curve

\ with two peaks, one at stages II-III and the other
at stage X of the cycle. High values are recorded
at stages I-V-'and X, intermediate values at stages
VI-IX, XI and XIII and very low values at stages
XII and XIV of the cycle. ?
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- - FIGURE 12
The relative vo]:umé c}f the primary and secondary
lysosomes in'j‘.he 'S;‘r{toli cell cytoplasm at the 14 °
stages of the cyc}e of "the seminiferous eg;i.}heliuxn.
The vblume of the primary 1ysosome;s makes up a

small fraction of the overall volume of the lyso-
T (
somal,population, dnd remains constant throughout

the cycle.,

L

The volunge of the secondary 1ysomes°incf‘eases

=

grad}lally from stages I to VI where it reaches a

[

mgxix;xum at stages V/I, VII and VIII and then de~
cresses dramaticazlly at stage IX and remains low
from staées’ IX to XIII. It then increases at

stages XIV and I and this pattern repeats itself

at every cycle of the seminiferous epithelium.
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