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ABSTRACT 

The differential point countingmethod was ,used to dete~mine 

the relative volumes of the various organelles and inclusions in 
1. ~ , 

the Sertoii cell cytoplasm at all fourteen stages o~ the cycle of 

, the s~miniferous epithelium in the rat. In a first step, the 

volume of the Sertoli cell as well as the nuclear-cytoplasmic 

ratio were estimated, on semithin seetion~ (O.5 ~m) stained with 

toluidine blue, and shawn ta remain constan!from one stage ta the 

ether. The data collected on electron microscope photographs le-

vealed that the volumes of certain organelles, such a~ mitochondri~ 

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

signifieantly during the cycle. However, the d~sity volumes of 

the tubular component of the Golgi apparatus and of the lysosomes 

o .1 

changed appreciably during the cycle, with maximum values at ~ 

l s.tages II-II~I and VI-VIII respectively. Thé relative volume of 

~ the subsu,rface elemen-ts of the endoplalmie reticulum ,(ER) in the 
é 

, 
Sertoli cell cytoplasm aecreased significantly a~ stages VII ta. IX. 

While the distended tubular ER cisternae (mostly smooth) decreased 

vOlumetrically at stage IX, the flattened elements of the ER (rough 

variety) increased markedly at stages VI, VII and VIII. Phagosomes 
• 

also varied quantit~ively reaching a peak at stages VIII and IX .• 

Lastly, the density volume of lipids inereased substantiallY from 

stages)X ta XIV oF the cycle. Thus, for most of ·the cytoplasmic 
\ ~ 

components of the Sertoli cell, a marked cyelic variation was 

observed. 
J 
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\ 

Les volumes relatifs des organites et inclusions du cytoplasme'de 
. 

la cellule de Sertoli, à chacun des quatorze stade~du ~ycle de l'épith-

'é1ium séminifère du rat, ont été obtenus pa~~th~de de comPtag~ d~~~ __ 

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

ainsi que le rapport noyau-cytoplasme, mesuré sur coupes semifines (0.5 ~m) 

coloré~s au bleu de toluidine, restent constants au cours du cycle. Les .. 
dQnnées quantitatives, sur photographies prises au ~icroscope électronique, 

ont montré que les volumes de certains organites tels que les mitochondries 

et l'élément saccu~aire de l'appareil de Golgi ne changent pas d'une façon 

significative au cours du cycle. Cependant, l~~sité de .volume de 

l'élément tubulaire de l'appareil de Golg1 et des lysosomes change d'une 

façon appréciable montrant des valeurs maximales aux stades II-lII et VI-

VIII respectivement. Le volume relatif des citernes du réticulum ~ndo­

plasmique (ER) asso~iées à la membrane cytoplasmique de la cellule de 

,Sertoli diminue d'une façon significative aux stades VII, VIII et IX. 
:1-

Tandis que les citernes dilatées et tubulaires du ER (principalement non 

granuleux) diminuent en volume au stade IX, les éléments aplatis du ER 

(type granuleux) augmentent. d'un façon marquée aux stades VI-VII et VIII. 

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 • 
- , 

de la cellule de Sertoli varient d'une façon marquée au cour$-du cycle 
u 1 

de l'épith~lium séminif~re. 
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INTRODUCTION 

The Sertoli cell, ~he somatic supporting element of the seminiferous 

epithelium, has retained' the attention of numerous electron micr~scopists , 

and endocrinologists during the past decade (see reviews by Fawcett, 175; ,;" 

Dym, '77a, b). Its possible role in the maintenance of spermatogenesis, 

altpough it is still difficult to define in precise terms, is becoming 

more evident with time as our understanding of its cellular a~tivit±es and 
j} 

of its relations with germinal cells is progressing. Certain aspects of 

the Sertoli cell function have been weIl documented soon after the discovery 

of this cell by'Sertoli in 1865. For example, the role of the Sertoli cell 

in the phagocytoslS of the resldual cytoplasmic bodies which detach from 

the maturing spermatids has been well described by Regaud at the turn of 

the century in 1901. More recently with the utilization of sophisticated 

physiologicai (~icropuncture of seminiferous tubules) and analyticai bio-

chemical techniqqe~ (Setchel and Waites, '75) as weIl as the use of freeze 

fracture preparation techniques and transmission electron microscopy (Dym 

and Fawcett, 170), a new function of the Sertoli cell has been demonstrated, 

i.e., its role in the creation of a bIood-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 aiso known to synthesize an androgen binding protein 

under the stimulation pf FSH (Means et al., 176). 
1 

However, despite these observations and many 
J, 

evolution of this non-divt&ing and apparently stable 
, ' 

others, the cyclic 

cell,in relation to 

the cy~lical events taking place in the seminiferous epithelium as a whole 

j 
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has retained the attentiOn~stol09ists only 

by IRoosen-Runge ('62) and ~esent review of 

sporadically (see review 

the literature). It is .. 
the intention of the present thesis to document such cyclical changes 

taking place in Sertoli cells by performing a sterebl~gical analysis of 

its various organelles, i.e., mitochondria, endoplasroici reticulum, Golgi 

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

iferous epithelium. The data collected revealed that while certain cyto-

plasmic components were not quantitatively modified during the cycle, 

~ others underwent significant volumetrie or morphometric changes. A cor-

relation between such changes and the àctivities of the Sertoli cell in 
1 

relation to events taking place in the seminiferous epithelium will also 

be discussed. 

REVIEW OF THE LlTERATURR 

Structure of the Sertoli cell at the light microscope 
i 

Enrico Sertoli in 1865, working on macerated human seminiferous 
J 

tubules, succeeded in isolating and distinguishing from germinal cells a 

large stellate cel! that he named a "cellule ramificate." The histologists 
. 

working on the seminiferous epithelium of other mammals have identified 
" 

this ele~nt and referred to it thereafter as the Sertoli cell, a name 

still used today. Due ta the irxegular shape of the Sertoli cell and most 

of aIl due t6.the presence of numerous' germinal cells (spermatogonia, 

sp'ermatocytes and spermatids) in this epithelium, the exactjoundaries of 

such a cell were difficult ta demarcate with the light microscope. In fact, 
\1 

several authors (von Ebner, 1871; Regaud, '01; Rolshoven, '45) considered 

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

(spermatocytes, spermatids) were embedded. Sertoli himself, how;ever, in 
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1877 (quoted by Regaud, '01) considered these sustentacular ce1ls as 

separate cellular entities, a view that was later confirmed by electron' 

microscope investigations (Fawcett and Burgos, '56). Elftman ('50) wOrk-

ing with the light microscope noted that the Sertoli cell cytoplasm had a 
, 

marked capacity' for reducing silver, and also considered that these cells 

were individual cellular units rather t~an components of a syncytium, an . 
1 

t 
opinion shared by Nishida ('54). Later, Elftrnan ('~g) outtined the cyto-

plasmic limits with the silver irnpregnation technique 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 mernbra~e to the lumen of the 

l 
tubules led V~lar et al. ('62) and Mancini et al. ('63) to suggest that 

Sertoli elements ,act as bridge cells for the transfer of nutrients and 

rnetabolites between the intertubular space and tubular lumen. Under the 

light microscope, the Sertoli cells were readily identified by their large 
lil u 

pale stained polyrnorph~us nucleus showing a characteristic centrally 10-

cated spherical nucleolus (Sertoli, 1865) accompanied by two spherical or 

cup-shaped bodies of heav,ily stained chromatin (Bouin, 1899, quoted by 

Fawcett, '75) now known to be the juxtanuclear bodies or nucleolar asso-

ciated heterochromatin. Working on the serniniferaus tubules of the rat, 

Regaud ('01) and Leblond and Clermont ('52b) se~arated the nuclei of 

Sertoli cells into two types according to their appearance and general 

orientation in the germinal epitheliurn; the fIat or oval nuclei with 

their long àxis parallel to the lirniting membrane, and the triangular or 

/ 
obÀong ones which have th~ir long axis perpendi~ular to the membrane. In 

\ 

a quantitative study of the seminiferous epitheliurn, Clermont and Perey 

) 
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- ('57b) showed that in the ,rat, t;he mitotic activity of Sertoli cell$ 

ceases completely at 18 days after.birth. , 

Because of the limitations 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 

identified as being mitochondria and described them as having different 

shapes, resembling roundish grains in the basal area and more elongated 

in the apical part of the Sertoli cella The same description was given to 

these elements by Nishida ('54) who, in addition, reported their even 

distribution throughout the cytoplasm of the Sertoli cella 
. 

In his btudy on the human seminiferous epithelium, Sertoli (1865) 

observed pigment granules located between the heads of spermatids. While 

continuing his investigation on rat Sertoli cells, Regaud ('01) using the 

high magnification of the light microscope described two sets of secretion 

vacuoles which were variable in size ~J s'hape and ','Fontent and followed their 

migration in the epi thelium. Leblond and Clermont (' 52a) and Roosen-Runge 
1 

('SSa) were able to stain sorne of these granules with the periodic acid 

Schiff technique (PAS). \-.Later, Dietert ('66), Reddy and sv..obOda., ('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 cella 

In his description of the Sertoli cell protoplasm, Regaud ('Ol) 

observed fil~mentous or fibrillar material, embedded in an amorphous 

subst~nce, usually running in the-sarne direction as the long axis of the 

cel~ He suspected that this material could be of contractile nature. 

J 
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Both Sertoli (1865) and Regaud ('01) reported the presence of large 

spheres or sometime~ small 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 (ISSa), 

Niemi and Kormano ('65) and 

that the degradatio 

cycle may serve as, 
.--/ 

determine the time as weIl as 

of the gerrn cells. 

The latter author believed 

in the early stages of the 
1 

steroid hormone that might 

of the meiotic division~ 

Regaud ('01) also observed that small amounts of cytoplasm became 

s~rated from the spermatozoa that were being released into the tubular 

'lumen. He was convinced that during normal sperma~ogenesis, these bulky 

bodies were phagocytosed.by Sertoli cells. Regaud termed these cyto-

plasmic inclusions "residual bodies" and differentiated them from both 

degenera ting germ cells and phagocytosed spennat6zoa ',_ Many years later, 

several other investigators (Daoust and Clermont, "55 i Kingsley-Smith and 

Lacy, '59; Nicander, '6?; Oietert, '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, '45.> 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 
c 
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-Fawcett and Burgos (' 56) who showed electron photographs of distinct 

lateral~ apical cell boundaries delimited by a continuous membrane of-

the Sertoli cell. These authors therefore disproved the concept of the 

syncytial nature of Sertoli cells. Their work helped in the understanding 

of the Sertoli cell development in the mouse and rat (Sapsford, '63). 

Working on the bandicoot, Sapsford et al. ('67) observed fine cy~oplasmic 

processes extending from the main cell colurnn and divided them in~ 
u 

lateral and apical~ 

~ 
Although there have been extensive investigations related exclusively 

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

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

observed peculiar surface layers of the Sertoli cells, which were parti cu­

larly pronounced around the heads of older sperrnatids. Later, Brokelma~1 

('63), Flickinger and Fawcett ('67) and Nicander ('67) noted the presence 

of junctional specializations between adjacent Sertoli cells. At the site 

of such a junction, the intercellul~r space is narrowed to 70-90 i. There 

is a layer of cisternae of endoplasmic reticulurn parallel to each membrane 

and 400 ,R to 600 R distant from it. The cisternae bear ribosomes only on 

the side facing the cytoplasm and the space between these ER elements and 

the plasma membrane contains periodic densities that appear as a band-like 

aggregation of fine filaments. The authors also reported analogous junc-

tional specializations b~tween the heads of acrosome phase sperrnatid~'(steps 

~~l9) and Sertoli cells, but in this case ~er~ were no ER cisternae nor 

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

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

conclusions. 
... 

. ! 

) 
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Fawcett et al. ('70), Dyrn and Fawcet~ ('70) and Dyrn ('72) demon-

strated the e~istence of a series of 1inear tight junctions', between ad­

jacent Serto1i cells at the level of a junctional specialization, that 

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

, and Waites ('75) that pre~ented penetration of substances of large molecu-

lar weight. Ross and Dobler ('75) showed the capacity of these specialized 

junctional complexes in maintaining firm adhesion between the Dasal region 
\ ' 

of adjoining Sertoli cells after etferent ductuli ligation. nym-and 

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

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

partments within the seminiferous epithelium. The basal compartment 
\ 

-' 
which con tains the spermatmgonia, preleptotene and leptotene spermatocytes 

and the ad1uminal compartment which inc1udes the other classes of spermato-. 

cytes and spermatids. 

Setchell ('67), suggested that Sertoli cells secrete or transport a 

flùid (water, K+, myoinositol) from the base of the seminiferous epithelium 

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

Dorrington ('77) demonstrated that fluid secretion does not start until 

the formation of the tight junctions between adjce~t Sertoli ce;1s. Fritz 

( 1 78) showed that both fluid secretiqr and le formaJion of the blood­

testis barrier are dependent upon stimulation by FSH. Dym ('73, '77b) also 
~ 

note.d the presence of various gap junctions loca'ted between adjacent Ser-

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

junctions probab1y permit ions and small molecules to pass from one Sertoli 
Ci {/ 

cell to the other. Later, Dym and Cavicchia ('77a, '78) and Russell ('77b) 

showed that the tight junctions between Sertoli ceIIs break down to allow 
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the passage lof late leptotene or early zygotene spermatocytes, at stage 

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

1 ("74), Gilula et al. ('76) and ~agé\no andlSuzuki (' 76) working on freeze 

'fracture preparations to examine plasma membranes within semin~ferous 
, 

tubules came to the sarne conclusions c9pcerning the structural appear~nce 

of the intercell~lar junctions between neighboring Sertoli cel1s, but, 

\\ showed that thér~\ were no membrane specializations to indicate th~"~es-, 
, \ " 

enée of either tight, gap, desmos9me or any other variety of junctions 

\ \ 
between Sertoli cer~s and germ ce Ils. • 

\~' Nevertheless ,\Kaya and Harrison (' 76) 1 Russell (77a) and Gravis 

, ' '79), reported the p~esence of desmosox,ne-like junctions between Sertoli 

ce s and spermatogon~''a, spermatocytes' ë!:nd young spematids (steps 1-8) 
\ 

and s~ggested that these junctions served as str9ng adhesive sites. 
i 

ince von Ebner (\871) first postulated that movements in the \ 
\ , '. 

Sertoli c Il protoplasm m~y be ,responsible in the release of the spermato-\ ~ 

zoa into th tubular lumen \ (spermiation) , severai investigators have pro-
\ 

.. posed differe t mechanisms t\> explain the role ,played by the Sertoli 
. \ \ 

ce '~~s phe~omenon. Bur~os and Vitale-Cafpe ('67, '70) working on 

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

arid cisternae of smooth endoplasmic reticulum in the S~rtoli cell apical 

cytoplasm 5well. These authors cbncluded that this swelling may help in 
'. . 

pushing the heads of spermatids into the lumen. This fluid imbibition 
\ 
\ 

the ory was questionned by Sapsford a~d Rae ('68), Sa~sford et al. ('69a), 
, , J \, 

Fawcett and Phillips ('69) and Gravis\ ('78) who suggested that complex 
\ , 

active movements in the apical cytoplasm of Serto~i cells a10ng with the 

disintegration of the junctional specializations result in the extrusion 

J \ 
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of sperm heads while the residual bodies are retained within the germinal 

epithelium. Lastly, a third explanation was proposed by Ross ('76) w~b, 

stated that spermiation is initiated through a physiological change that 

cause!? a displacement of the junctional specfaLLzations between Sertoli 

cel~s and the ~eads of làte spepmatids and ire eventual release of the 

sperm heads from their attachment sites. He proposed a similar mechanism 

, in relation to the inter-Sertoli junctional comple~es to account for the 

means by which the spermatocytes cross the blood-testis barrier te reach 
i 

the adluminal compa,rtment of the seminiferous epi thelium. , 

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

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

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

tubular projections which invaginate deeply the Sertoli cell cytoplasm. < 

These authors suggested that these so-called tubulobulbar complexes may 

-,\ serve as anchoring devices fetaining the spermatids and hence the break-

down of these proqesses would contribute to sperm release. Later, Russell 

('79a, b) showed that the spermatid cytoplasm volume diminished bYlabout 

79% between the formation and resorption of these complexes 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· resp~nsible for the phagocytosis of 

degenerated tubulobulbar complexes. Finally, Mal,'one (' 79) studied these 

projections in a variety of other species and found sorne resemblance with 

those described in the rat. 

Th~<structural composition ~f the Sertoli cell cytoplasm was de-

spribed in many reviews, (Bawa, '63.; Brokelmann, '63; Nagano, '66; de Kres-

ter; • 68, Schu1ze. • 74, F .wc. tt. • 7S, Bchuhe and Ho 15 tei?J~ • 76) but 1 
J 
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there were very few detailed studies\done o~ the variou~ organelles found 

in the cytoplasm. 

Christenseo_and Chapman ('~9) and Brokeimann ('63) observed the 

presence of what seemed to be in 3D cup-shaped mitochondria in the Se~toli 

celle Brokeimann ('63) also reported the pre~ence of large vesicles of 

smooth endoplasmic reticulum. Working on human seminiferous tubules, 

N~gano ('66) demonstrated that the smooth ER is more prorrinent in the 

S~rtoli cêll, whereas the rough ER is poorly developped. Fawcett ('75) 

localized the granular reticulum mostly in the basal cytoplasm of rat 
f 

\ 

Ser'toli cells and described i t as being made of tubules and stacks of ' 

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

tlie tip of early acrosome phase spermatids appearing as sharply circum-

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

Very recently, Clermont et al. ('80) separated the endoplasmic reticulum . , 
, \ , 

present in the"Sertoli cell cytoplas~ around the heads of 'late spermatids 

(step 19) into two types: Flattened cisternae and tubular cisternae com-

municating with each qther to form a continuous network which, however, 
Ct 

undergoes deep structurpl modifications prior to spermiation. 

The Golgi apparatus has been observed in many studies' (Nishida, 
\ ",- 1 .... 1 

'54; Nagano, '66; Dym, '73; Schulze, '~4) as a juxtanuclear organelle and 

the description given by Fawce.tt (' 75) has generally been . accepted. He 

described it as being formed of multiple separate Golgi complexes, each'of 

which consists of a few short, parallel cisternae and associated small 

vesicles. In a more extens~ve study on the Golgi apparatus, Rambourg et 

al. ~\' 79) described its saccular and tubular nature, and by usi~g a speçial 
l 

stainibg technique on thick sections demonstrated that the various 
, . 

, . 
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. stacks are communicating with one another via intersaccular c9n~ecting 

·tubules~ 

- As was mentioned earlier, many investigators ,noted the presence of 
! 

.~embrane-bound granules in the Sertoli cell cytoplasrn (Dietert, '66; 

> Reddy anq Svoboda, '67; Sapsford et al., '69b; Fawcett, '75) but very few 

gave an account of the structure of these granules. Nevertheless', Herrno 

et al. (' 78) described these lysosornal elernents as being large, often 

h~terogeneous granular-like, or smaller spherical granules with an elec-

tron den~ core surrounded by a halo. These lysosomes are often arranged 

in clus'~rs at the base of the cell or in between the heads of late 

~nn4~s. 
~.1;"- j"'., 

~ristensen ('65) was the first to report the presence of rnicro-
'. --.1.-.' »$ '" 

tubules in the Ser~oli cell and suggested that they may help in supporting 

cytoplasmic extensions and" produce the m6vements of sperma tids . La ter, Dyrn 

C, ' 72) observed these elements in the Sertoli cell cytoplasm parallel to 

the axis of late spermatids and also concluded that they may help in cyto-

plasmic streaming. To~ama ('76) showed that some of the microfilaments 

associated with the junctional specializations are actin-li~ ~n nature. 

At the same tim~, Gravis (~76) localized adenosine triphosphatase in the 

in'::erface between spermatids and Sertoll cell cytoplasmic pl(-Ocesses in 

association with filaments. 

Structural modifications of the Sertoli cel1 in relation to the cycle of 

seminiferous epithelium 

Sertoli cells and germ ce1ls together make up the seminife~ous 

epitheÎium which undergo~s ~cyclic evolution known as the cycle of the 

Seminifery 

, ~j 

/ 

epithelium (Regaud, '01; Leblond and Clermont, '52b). The 

) 

r 
!' 
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Sertoli cells are the supporting and most stable elements of the 
" 

epithelium (Dym, '74), intercalated between the various germ cells. The f 

iç1ea that Sertoli cells undergo' structural modi'fications in relation to 

the cycle of the seminiferous is at least a hundred years pld, but the 

• ,first investigator to carefully analyse this problem was Regaud in 1901.--

He reported changes in the 'shape of the Sertoli syncytium and remarkable 

nuc1ear deformities and movements from the basement membrane at the twelve 

stages of the cycle that he identified. He also gave'a full,account of 

the contents of the Sertoli cell at each stage of the cycle and concluded 

from his observations that there are cyclic variations in the amount and 

distribqtion of secretion vacuoles, lipid droplets as weIl as of sorne 

fibrillar material found 1n the cytoplasm at the various stages of the 

cycle. Rolshoven ('45) aiso showed changes in the shape of the Sertoli 

syncytium that can be correlated with the stages of the cycle. Later, 

Elftm~n ('50) describ~d cyclical changes in ~e shape of the individual 

Sertoli cells. Using their classification of cell associations forming' 

the cycle of the seminiferous epithelium (stages I-XIV) into 14 stages in 

~e rat, Leblond and Clermont ('52b) reported changes in shape and dis-

placement of the Sertoli cell nucleus at specifie stages of the cycle. 
. ) 

Brokelmann ('61), using the electron microscope, observed surface modifica-

tions of the Sertoli cell Plasm~ membrane, more intense at the time of 

sperm release. ~oosen-Runge ('62) suggested that Sertoli ce Ils undergo 

'cyclic behaviour which in turn mediates the proper functioning of sperma­
) 

togenesis. Russell' and Clermont ('76) showed that at the time of sperm -, 

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

processes, each of w~ich encapsulates and maintains a single sickle-shaped 
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spermatid head in a juxtalwni.nâl position. 'rtlese .. auth()rs showed that 
/ 

~is is a peiiodic event occurring at every cycle of the seminiferous· 
, ' 

epi thel,ium. Ani recently, 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-

tions' indicated that during the cycle of the seminiferous epithelium, 
l, 

there is a cyclic modification of. the Sertoli celle 

/ " 
A few,studies were undertaken, ~owever, to determine ~f there are .. 

cyclic variations of the cytoplasmic components of the Sertoli cell. ' 
t". 

teblond and Clermont ('52a) and Roosen-Runge ('SSa) reported variations 

in the amount and distribution o"f PAS stainable granules during the c:ycle 

of the seminiferous epi;belium. Working on the general cytology of 

Sertoli cells in varlous rnammals, Nishid~ (' S4) 'obèerved the presence' of 

numerous granules (lysosomal in nature) in the cytoplasm and noticed 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' (VIII) where residual bodies are engulfed by 

thè'Sertoli cel1s. Finally, Hermo and collaborators ('78), studying the 

distribution of the lysosomes in these cells, concluded that 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 onwards most 

of ,the lysosomes migrabe toward the supranuclear region. 

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

'material in the Sertoli cell associated ~ith certain stages of the cycle 

in the rat. Lacy ('62) localized the increas~ in the lipid content of 

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

.J 

. -' 

/ 
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showed that during stages IX to Il, the)lipid droplets increased dras-
~ 

, - r 
tically in size' and were s~tuated almost entirely at the base formi~g 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, '75). 

Russell ('79c) investigated the formation and resorption of the 

-
inter-Sertoli cells tubulobulbar complexes and noticed that these~struc­

/ 

Tir'" tures arise at stages Ir to V and are resorbed at stages N and VII, 

whereupon their number decreases drastically from stages VII to XIV ~d I. 

Russell aiso reported variations in size and éonfiguration of the tubule-
\ 

bulbar complexes and concluded that these changes occurring at specifie 

stages of the cycle may influence the process of spermatogenesis. 

So far no attention has been given to the evolution of other ayto-

plasmic compon~nts of the Sertoli cell, i.e., Golgi apparatus, endoplasmic 

r~ and mitochondria, r r---." 
Histochemical mo~ifications 

\~ , 

during the lèycle. 

of the Sertol1 ce11 in relation ta the cycle 

of the serniniferous\epitheliurn 

There were severaI cytochemical studies undertaken ~n the Sertoli 
\~ 

- 1 

cell at the various stages of the cycle in the rat. Niemi and Karmano ('~S) 
/' \ 

showed that there was very little acid phosphatase activity in Sertoli ~ 

cells from stages IX to XIV and 1-11. Later, Reddy and Svoboda ('67) r~- t 

ported an increase in acid phosphatase activity in 'granules of Sertoli 

J 

cells at the stages of the cycle just prior ta the ph~gocytosis 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-

formed by Hhscher and colleagues (' 79). The~e authors demonstrated that 

'Q 

\ 
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thiamine pyrophosphatase becomes positive in the basal region of the Ser-

t~li cell from stages XI to XIV. buring stages l to IV, the enzyme appears 
\,· ..... 1 

as streams in the body of the cell up to the heads of elongating spermatids. 

• 1.. • 
The investigators al$o showed that adenosine triphosphatase 15 pos~t1ve 1n 

the apical region of Sertoli cells from stages IX to XI and more concentrated 

around the heads and middle pieces Qf elongated sper~atids from stages XII 

. \ 
to XIV and l to VIII. However, their' work on acid phospnatase does not 

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

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

phosphatase activity was present as diffuse precipitations in the supra-

1 

nuclear region of Sertoli cells during stages XII to XIV and l te III, 

whereupon it d1sappeared. 

Fabrini et al. ('69) working on human testis demonstrated that the r 

g1ycogen present in the seminiferous tubules is mainly but not exclusively 

localized in the Sertoli cells and that it plays an important role in the 

maturation of the ~erminai celis. These ~uthors aiso showed that ~hile 
j 

If 
glycogen is abundant at som~ stages, it decreases with the first meiotic 

divisions a~d is completely absent at other stages of the cycle . 
...... .:;'----, 

Radioaut6graphic studie;done by Kierszenbaum ('74) using ~~+idine 
C/;) 

as a precursor ~howed that there is a rapitl turnover of RNA in Sertoli 

eells during the cycle of the seminiferous epithelium in the mouse~ 

!.vorking pn dissected tub,~esl Parvinen et al. (in press) using the 

trapsillumination technique to identify the stages of the cycle, demon­

'strated that firstly, the maximum 125I - FSH binding on Sertoli ceUs odeurs , 

at stages XI'II-XlV and l, is reduced at stages II to VI and is lowest L~t 

stages VH'~âh(f VIII. Secondly, that the h.:f:ghest stimulat:i,on of cAMP 

"1 
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productibn by FSH occurs at stages II-VI and thirdly, that the maxi~um 

product~on of an androgen binding protein is asfociated with stages VII-
,~ 

VIII, i.e, at the time of speim release. 

AlI these data sugges~ed a cyclic modification of the functional 
" 

activity of the Sertoli cells during the cycle of the seminiferous 

epithelium. 

PURPOSE OF THE PRESENT STUDY 
. 

The objective of the present investigation was to analyze Dy a , 

stereological method the potential cyclic evolution of various cyto-

plasmic structures, i.e., mitochondria, Golgi apparatus, endoplasmic 

reticulum (of various types\, lysosomes, ~Pid droplets and phagQsomes 

found in the Sertoli cell cytoplasm and to relate the se modifications, if 

they exist, with the cyclic events taking place in the seJaniferous 
u 

J epithelium,as a whole. 
) 

MATERIALS AND METHODS 
, 

ANIMAL HANDLING AND PERFUSION TECHNIQUES 

Testicular tissue was obtained from four adult Sherman rats agèd' 

3, to 4 months and weighing approximately 350 to 400 grams. AlI testes 

we~e"fixed with 5% glutaraldehyde buffered with 0.2 M s-collidine at pH 

7.4 (Bennett and Luft, '59) by a perfu~ion technique described by Vitale-

Calpe et al. ('73) which consists briefly of the following steps. After 

_4 
each rat was anaesthetized with nembutal at a dose of 8 x 10 ml/gm 

body weight, an abdominal incis~on was made exposin~ the dorsal aorta and 

left ki~ey. 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 

,1 
1 

l' 
1 

1 
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-
was introduced in a re,trograde direction at the former si te, using an 18 

gauge need~e, as a blood washing procedure. At the same time, the left 

renal vein was nicked to allow an exit of blood and perfusate. 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 

Foll~wing fixation, thin slices from both right and left testes 

were cut further into small 1 rnrn3 blocks and stored for two hours at 4°C 

in fresh fi~ative. The tissue was then washed several times at half hour 

intervals with buffer solution and left over night at 4~C. Postfixation 

was carriéd out on the next day using an aqueous solution of ferroeyanide-

o 
redueed 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 previously in our laboratory that these concentrations 

enhance the staining of ,the membranes of organelles and improve their 

contrast. This technique will be referr~d to as the Os-K-Ferrocyanide 

techniqué. Following postfixation the tissue was dehydrated in graded 

ethanol -solutions ranging from SO% to 100% infiltrated in propylene oxide 
\ 

and finally ernbedded in Epon (Spurr, '69). After t~imming the embedded 

blocks, semi thin sections (0.5 llm th,ick) were eut on a Reichert am U2 

ultramicrotome, mounted on glass slid~s and stained with l%~toluidine 

blue. Following identification o~ the stages of the cycle (Leblond and 1 

Clermont, 'S2b; Clermont and Perey, 'S7a), the blocks were further triromed 

around selected tubular cross sections and thin sections in the silver 
\ 

) 'hi 
~ 
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interference colour range (60-90 nm) were eut and mounted on 300 rnesh 

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 exam1~ed with a Siemens Elmiskop l electron microscope. 

IDENTIFICATION OF THE STAGES OF THE CYCLE OF THE SEMINIFEROUS EPITHELIUM 

It is now weIl established that the epithelium lining serniniferous 

tubules undergoes a cyclic evolution, referred to as the cycle of the 

seminiferous epithel1um and which could be defined as a complete series 
\ 

of successive cellular assoqiations appearing in any given are a of a sern-

• 
iniferous tubule (Leblond and Clermont, '52b). As shown by several inves-

tigab?rs (see review, Clermont, '72), the cycle can be divided into a con-

stant number of cellular associations or stages depending on the species 
'--y 

studied. In.-~ rat, 14 stages have been defined, eac,h containing several 

1 
generations of ~ells where a generation is defined a~ a group of cells at 

~r 
the Same step of development. Thus, any particular cellular association 

includes one generation of spermatogonia, the youngest germ cell line 

which are sitting directly on the limiting membrane adjacent to the Ser-, 

toli ce11s, one or two generations of spermatocytes generally resting 

above the spermatogonia, and lastly, one or two generations of spermatids 

,/ 
situated closer to the lumen. These distinct generations are never 

j arranged at random but are constantly associated with one another forming 

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

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 ~ere similar to 

those useel by Clermont and Rambourg (', 78), since in both studies the 
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sernithin sections were stained with'toluidine blue. In such sections the 

developing acrosomic system of spermatids in the course of spermioge~~sis 

is stained deep blue, and the steps of its formation and evolution were 

used to c~aracter~ze the various cellular associations occurring in the, 

rat (Figure 1). Other detailed observations, like the structural arrange-

ment of th~ flagellum extending from spermatids, the relative position of 

the latè spermatids (steps 15-19) in the epithe lium, the presence of 

residual bodies in Sertoli cells and the appearance of the spermatocyte 

nucleus helped confirm the identification of the stages of the cycle of 

the seminiferous epithelium in the rat. In thr present work stage~II 

and III were grouped together due to thei~ morphological similarities. 

SAMPLING PROCEDURES 

The sampling procedure began with a random selection of 25 blocks 

of the test~cular tissue from each of the four rats. One semithin section 

(0.5 ~m thick) per black waS cut and stained with toluidine blu~. ,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 trlmmed appropriately. The selection procedure of the ~ubules 

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

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

examined with the electron microscope. Each thin section provided about 

----~ 20 micrographs, consequently the total number of micrographs'per animal 

was approxlmately 500. AlI tHe electron microscope phot~graphs of Sertoli' 

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

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

, : 
1 

1 j 
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In arder ta sample the cytoplasmic camponents of Sertoli cells and 

define their relative volumes, micrographs were taken wherever Sertoli 

cell fields could be found. The 'areas quantitated were devoid of fix-

ation artifacts and large cytoplasmic vacuoles. Care was taken 50 that 

- / 
'there was no overlapping of fields with\n the same cell and that no par-

ticular cell or part thereof was represented more than once. Nearly 40 

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

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

a cumulative average curve. 

In addition ta the ultrastructure study of Sertoli ce~lsr a light 

f 
microscope investigation was carried out at a magnification of 1,000 (under 

,f 

oil) to estimate the volume densities of the Sertoli nucleus and cytoplasm 
1 

in relation to the Sertoli cell itself. This was done by examining semi-

thin sections (0.5 ~m) with the light microscope from the four animaIs and 

selecting about 160 tubular cross sections representing aIl the stages of 

the cycle of the seminifèrous epithelium. About twelve tubular cross 

sections were examined for every stage of the cycle, but from each, only 

\ 
one area per tubule was chosen at random for the quantitative analysis. 

Again, the appropriate number of tubules needed per stage was determined 
, ,,-

from the plateau of a cumulative average curve. 

STEREOLOGICAL METHODS 

Introduction te stereolog~ 

In 1847, the French ~eologist Delesse proved that the relative 

vplumes of the various components mkking up a rock caQ be estimated on 

random sections by measuring the relative areas of their profiles. In 

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

• 
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the'area of al! 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 be extrapolated to 

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

In the last thirty years, the need to quantitate and rneasure struc-
1 

tures, cells and spaces in histological researen has arisen, but it was 

not before the early sixties when Elias and Weibel (quotèd by Mathieu and 

Messier, '73) working on the liver and lung respectively as rnodels, dernon-, 

strated that the three-dirnensional reconstruction of tissues was possible 

fram histometric measurements. Morphometry, a term originally used by 

geographers to mean the quantitative description of geographical features, 
\,l 

has recently been introduced into the field of microscopie anatomy and 
~ . 

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

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

r 
whereas stereology is the study concerned with the three-dirnensional recon-

struction ofrstructures based on measurements bbtained from two-dimensional 

imp~es of light or electron microscopy (Mayhew, '79). 

To understand these two approaches, one has to consider sorne features 

related to microscopie sections. First, every structure in tissues and 

cells is usually eut at random; second, an n-dimensional structure of a 

tissue is represented in the section by an (n-l) dirnensional image; bodiès 

~re seen as areas, surfaces aS ~ines and lines as points; therefore, we 

) always lose one dimension for the benefit of resolution. Final,ly, the 

frequency of profiles repreBenting a certain structure is directly pro-

'portional to the actual volume of the structure itself in the tissue sec-
l, ' • 

tioned (Weibel et al., '66). There are many different parameters which 
l 

) 
o 
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J 
can be studied ~n a tissue such as the number, volume, surface area and 

\ 
length of the linear features of structures. In the present work-~nly 

volume densities of structures have been measured and, therefore, no 
1 

other parameters will be studied. The relativè volume can be defined: as 

the volume fraction occupied by a particular component, i.e., the Golgi 

volume contained in the cytoplasmic volume of the Sertoli cell. The 

terms relat~ve vol~e, 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 aIl profiles co~tained in a section, 

add the areas ,and divide by the section' areai The "cut and weigh" method 

which briefly consists of using electron micrographs of known weight, 

cutting aIl 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 priqciple proposed initially in its simplest form by ~osiwal 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 

1 

included in the profiles. The volume density is then obtained directly 

\ 
from the ratio of profiles area oven the section area and finally, the 

metho~ which is widely used to determine volumetrie data is "differential­

point counting", and as the name implies, it s~ply copsists 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 
_./' 
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modifications. Instead of'measuring_ the areas, as with the planimetrie 

'method, and sections, as with the linear, the content of the constituents 

in the aggregates may be deterrnined by counting the number~of points for 

eacp constituent. Th~ test points of the" lattice can be arranged in any 

manner (regularly or randomly) but it is ~~ired, however, that the 

pat~ern of points lS independent of the structural ngement of the 

tissues and cells to be counted. 

Test systems and method of counting 
- 1 

In this study, the r~lative volumes oF Ser cell organelles 

weFe estimated directly on electron micrographs. 
\ 

Serto!i cell cyto-

plasm was Identified and delineated u&ing a colored Lumocolor pen, exclu-

ding aIl getm cel1s, late spermatids deeply insertéd i~ apical recesses , 

of Sertol~ cells and nuciei 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 number of 

points covering the Sertoli cell cytoplasm under surveyance. The geometric 

center of the point was taken as a means of determining which structure 
/ 

to score in the event of ambiguity, i.e., a point f?lling over or between 

two structures (Figure 2). Morphometric measurements of the organelles 
1 

were obtained using a photomicrograph scale marker. 

The relative volumes of the nucleus and cytoplasm of Sertoli cells 

were determined by examining tubular cross sections from the four animaIs 
1 

under the very h1gh (X 1,000) magnification of the light microscope. One 

area per tùbule was selected at random and the volumes determined with an 

. 
ocu1ar eyepiece grid containing a square 1atticè of 121 points. By using 

J 

.. 

1 
i 
1· 

1 



• 

• If. ' _____ ~_J.. ______ • ________ _ .1 

24. 

- 1 

a stage micrometer, the lattice was measured to be 85 ~m on aIl sides at 

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

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 kncb in order to have a clearer image of the points hitting 

Sertoli ceUs. 

CORRECTING FACTORS 

Thickness of section 

since the major organelles considered in this quantitative analysis 

had larger diameters than the thickness of the section, the appropriate 

corr1ecting 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 
'-

(Small, '68) and_to acc~pt the value given to us by the interference 

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

compressi~n of the tissue 

Compression of the tissue by sectioning causes a reduction of sec-

ti~ length by about 10%. This,effect is compensated in part by optical 

" distqrtion of the electron micrographs. Such a correction is again judged 

irrelevant in p@int counting volumetry since it can be assumed that all 

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

M~gnification 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
I 

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

, > • 
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covered large sampling fields and at the sarne time permitted the id en-

tification of the smallest organelles. The enlarger was also calibrated 

using a ruler to yield a multiplying factor of three, consequently the 

final magnification of the electron mi crographs , was approxirnately 28,000 . \ 

± 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 semtn-

iferous epithelium by their larger size. The Sertoli nuclei were located 

in the basal portionland çontained prominent nucleoli (Figure 3). The 

cytoplasm was columnar in shape and often extended to the lumen. As the 

ce Il stained more basophilie witb 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 

depandent. For instance, at stage VIII of the cycle, ft: is possible to 

identify the iarge, darkly stained residual bodies present along the lumen 

of the tubule and many lysosomes found in juxtanuclear pOSitions (Figure 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 

1 

te the lumen (Figure 3'). The cytoplasm was highly irregular, being 

indented by neighboring g~rm cells and contained within deep recesses 

\ 
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wer~ the heads of the maturing spermatids (Figure 3 1
). The nucleus of 

the Sertoli ce~1 was aiso largd and polymorphous ~ith ,pn indented out­
~ 

line (Figure 3'). The nucleoplasm was homogeneous with scattered small 

clamps of heterochromatin bOund to the surface of the nuclear envelope. 
;.. 

A prominent tripartite nucleolar complex occupied the center (Figure 3 1
). 

The 'nucleus was usually located in the basal portion, bût during stages 

V, VI and VII, it was occasionally seen extending into the apical por~ion 

of the cell. 

The mitochondria were very numerous and found throughout the cyto-

plasm of Sertoli cells (Figures 4, 5, 7). Whereas some ~ere spherical or 

doughn~t-shaped, distributed randomly in,the basal po.on, others wer~ 

slender or rod-shaped, oriented parallel to the long axis of the cell 
/ 

in the apical part of the cell (Figures 2, 5). The mitochondria ranged 

in length from 2 to 5 ~m On the average, but on a few occasions reached 

a length of 12 to 15 ~m. ."" Their cr2stae were either tubular or platelike 

or a combination of the two, while their matrix appeared homoge~eous with 

the Os-K-Îerrocyanide technique. The morphological 

tribution of the mitochondria in the cell seemed ta 

the stages of the cycle. 

appearance and dis­

be)constan~\at aIl 
~,,", 

The endoplasmic reticulum of the Sertoli cell was extensive through-

out the cytoplasm and was composed of flattened and diste~ded cisternae. 

The former were found predominantly in the basal cytoplasm and usually 

bo~e 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 

1 
on the average 3 to 4 \lm in length,. These flattened components wer~\ 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 mernbr.ârle facing neighboring Sertoli cells or acrosome-phase 

spermatids (steps 8 to 19). In both areas, the cisternae were parallel 

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

the cytoplasm, while bundles of fine filaments-seen in cross section 

occupieQ the layer of cytoplasm between the ci~ternae and the plasma mem-

brane., These subsurface elements of the endoplasrnic reticulurn wère 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 endoplasrnic reticulurn changed drastically in 

structure at the different stages of the cycle. During stages l t9 

VIf these cisternae appeared as swollen vesicles or spheroidal e~ments 

with an irregular contour and a homogeneously stained e6ntent denser than 
, 

the hyaloplasm (Figure 8). At stages VII and VIII, the distended com-

ponents became,tubular in appearance and often were seen branching and 

cornrnunicating with each other forming an elaborate network oriented in 

the long axis of the cell (Figure 6). These tubular,elements had a smooth 

contour and bore ribosome occasionally. During the second half of the 

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

spheroidal or oblong elernents b~ unlike the sarne elements at ea~ly 

. 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 

~interconnected by tubula: extensions. Golgi elements we~ found mainly in 

juxtanuclear positions, but during stages VII-VIII, they were localized in 

supranucle~r and apical regions (Figures 2,4, 8). Eàch saccule was 

1 

,0 

1 
1. 
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. ' 
delimi~ed by two membranes encldsing a thin space, and·a stack made up 

of s~veral of these flattened saccules m~as)red 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 element that was often seen to peel off 

from the stack (Figure,4). Tubular extensions known as the intersaccular 
) 

connecting tubules linked Golgi stacks together, and the trans tubular 

network described by Rambourg et al. ('79) was often seen paraI leI and 

distant from the stacks (Figure 4). There were no condensing v~cuoles ... 
, 

or secretory granules close to or in association with the stacks of 

saccules 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 a densely s~ained 

center surrounded with an electron lucent halo (Figure 7). These granules 

had a fairly constant internaI structure, but their diameter ranged from~ 
} 

100 to 150 Dm. On the other hand, the secondary lysosomes were diverse 

in number, size, shape, oon~ent~and di~tribution accordihg to the dif-
• 1.1" . 

ferent stages of the cycle. Such membrane-bound bodies ranged in diam-J 
~ 

( 
eter from 0.3 to 1.0 ~m and usually had a spherical or ovoid,shape with 

a smooth or irregular outline and a heterogeneous content (Figures 2, 

7,8). While some contained m~ranous profi~es, others were filled. 

~with a granular mate~ial; still others were fairly'vacuoiated. Frequently, 

small and perfectly spherical lipid droplets were 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 

apical cytoplasmic.recesses of Sertoli cells (Figure 7) except at stages 

\ J 
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j 

'v, VI and VII where the lysoso~es were mainly found in great numbers at 

" the base between the nucle~s and,the limitin~ membrane. Many multivesicular 

bodies and mye lin figures were also common amongst the prirnary and secondary 

lysosomes. 

Degeneratihg structures, such as residual bodies, p~agocytosed germ 

cells and degenerated ùrganelles were also found in the Sertoli cell cyto-

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

tent'usually included lipids, resid~l mitochondria and a mass of ribo-

nucleoprotein. 
-...... 

They were easily idehtified due to their large size (4 to 

8 ~m 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 

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 l the 
o 

dro~lets were large and spherical with diameters of the order of 3 to 6 ~m 

(Figure 9), but in the first half of the cycle they wer~ rnuch smalIe~)and 
) 

'\ ha~ an ~rregular contour (Figure 6). Lipid droplets stained homogeneously 
... 

light to dark grey with the Os-K-Ferrocyanide technique. 
1) 

Microtubules and filaments w~,re present mainly in the apical por- ' 

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

axis be tween the gerrn cells (Figures 2, 6). Due--,:to the fixation used, they 

,~ ~were '~ot always clearly visible. 

" Collections of microvesicles were also present in the cytoplasm of 

~,J 
-,..:::~ , Sertol.i, cells. R~,,~collection had a diameter of about 0.4 ~m and was 

':~ '" ~~~.J 

~)~ ~\\ compose~ of rnany tiny vesicles with a 'darkly stained contour (Figure 7). 

, , 
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These collections ~re present at aIl stages of the cycle. 
1 

, 
Other components of the cytoplasm included glycogen particles. 

cross sections of tubulobulbar complexes (Figure 9)' and small vè'sicles 

of unknown origine The hyaloplasm also contained rnany clusters and 

rosettes of free riQosomes (Figure 5) • 

PART 'l'WO 

After a careful examination of the morphology of Sertoli cells, a 

s~ereological 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 volumetrie estimates of the 

various components studied were calculated. For a much clearer under-

standing and interpretation of the results, the density volumes of the 

Î 
large~and more general components such as the nucleus and cytoplasm will 

• 
be presented firstly, followed by the respective volumes, of the organelles 

and their subcomponents, if any, in Sertoli cells. AlI the values in 

Tables 1, II, III and IV are accompanied by their corresponding standard 

deviations. 

QUANTITATIVE LIGHT MICROSCOPY 

Study of the variation of the Sertoli cell v01ume during the cycle of the 

whether or not the Sertoli cell volume varied 

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

scope investigation was :ndertaken on semith~ctions (0.5 "ml Obtained 

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

criteria already mentioned. For the pur~se of quantitating, a square 

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

l 
1 

\ 

, ! 
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. , 

scope, and those test points falling ove~ Sertoli cells in the area 

examined were recorded for all the stages of the cycle. The width of 

the area was always constant, being represented by the 85 ~m 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, the area occupied by Sertoli cells'appeared 

to remain constant for aIl stages of the cycle. Table 1 shows the average 

values of the crude counts of test points falling over Sertoli cells at 

each stage of the cycle. Ta 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 varia~ion 

from one stage to the other. This statistical test will be referred to 

as -the OWAV test. A~though the epithelium changed its size, the area 

occupied by Sertoli cerIs was relatively constant, hence the relative 

volume of Sertoli cells was roughly estimated to be 20% to 25% of the 

seminiferous epithelium. This was do ne by dividing the number of points 

falling over Sertoli cells by the total number of points present in the 

area studied. 

Density volumes of the nucleus and cytoplasm in Sertoli cells 

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

were further separated into nuclei and cytoplasmic hits. Again, the crude 

counts of each component are given in Table 1. These values represent the 

means of aIl twelve recordings for each stage. After application of the 

" OWAV test, it was evident that both nucleus and cytoplasm occupied constant 
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volUn'les of the Sertoli cell at alJ: stages of the cycle. This 'constancy 

of the values was futther reflected by the small standard deviations asso-

ciated with the corrèsponding final averages that take into account aIl 

14 stages of the cycle. It can be seen that at any one stage, the sum of 
~ 

the points falling over the nucleus and cytoplasm was always equal to the 

number of points associated wi th the Sertoli cel!. l 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 aIl 

the values in Table l are of the order of 10% to 20%, which suggests that 

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

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 ln the Sertoli cell, a systematic and quantitative study was 

performed on 2,000 micrographs in order to determin~ the volumetric com-
o , 

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 volumes of these components were 

calculated in percentage and are shown in Table II. The values expressed 

ü\ that Table (II) took into account al! the stages of the ~ycle. The 
, 

endoplasmic reticulum included the subsurface, flattened and distended 

cisternae, as described1earlier. Siml~arly, the Golgi apparatus was 

represented by both tubular and saccular elements. The primary and 

secondary lysosomes along with the multivesicular bodies and myelin 

figures were 9rouped together under the ~eading of lysosomes. Cell in-

clusions took into account the volume of both lipids and degenerated 

c 
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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 substance, 

it grouped such structures as microtubules, filaments, collection of 

~crovesicles, glyèogen particles, small vesicles of unknown origin, free 

and attached ribosomes and other unidentifiable structures. Table II gives 

us a general idea of the order of magnitude of the relative v~lurne of each 

cytoplasmic component in the Sertoli cell cytoplasm. 

.. It was demonstrated earlier that the cytoplasm of Sertoli cells 

occupied as rnuch as 90% of the cell volume. Using this information, it is 

simple~to convert the 'relative volumes of the organelles and inclusions in 

the cytoplasm into relative volumes in the Sertoli cell itself according 

'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, 

j 

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

represent the means of aIl thé stages of the cycle. The s~ of aIl the 

cytoplasmic cornponent 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 occ~pying the largest volume i8 the 

endoplasmic reticulum (~13%) fo~lowed by the mitochondria (~lO%), whereas 

the Golgi apparatus makes only 2.4% of the c1toplasm and 2.2% of the Sertoli 

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

sarne relative volume of 4.5%. Finally, it can be seen that the standard" 

deviations of the me an values for the cytoplasmic inclusions are tao large. 
,;' 

This can"be explained by the fact _ that the values greatly varied from one 

stage to the other, as will be seen later. 
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Volumetrie changes (number of po~nts per tubular area) of Sertoli cells 

during the ~cIe of the senuniferous "e.e~thel~um 

-Stages of 
the~ l II-Ill IV V VI VII VIII IX X XI XII XIII XIV Average 

Sertoll. 30.7±4.9 'JO.3±S.3 3l.I±S.4 30.6±4.0 30.0'±2.4 29.9±4.9 30.1±5.0 31.2±3.9 3l.9±S.S 31.3±S.3 31.4±S .4 33.0±S.4 32.1±5.3 31.0±0.9 cell 

, 
Sertoll. 3.Ul.O 3~2±O.9 3.l±O.~ 3.0±0.9 3.3±0.7 3.2±l.O 3.0±O.9 3.l±I.4 3.2±1.1 3.0±1.2 3.2±1.2 3.4±0.7 3.2±l.O 3.Z±0.1 Nucleus 

i 
J' 

Sertoli 27.6±4.2 27.l±4.7 2S.0±5.I 27.6±3.5 26.7±2.0 26.7±4.S - 27.l±4.4 2 I
S.1±3.3 2S.7±5.l 28.3±4.4 2S.2±4.9 2~-,6±4.8 28.9:!:5.0 27.8.tO.9 Cytoplas!I1 
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TABLE II 

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

Endoplasmic 
Mitochondria Reticulum 

9.4 ±·0.6 12.9 ± 1. 2 

10.5 ±'0.7 14.3 ± 1. 3 

Golgi 
Apparatus 

2.2 ± 0.5 

-
2.4 ± 0.5 

Lysosomes Inclusions Hyaloplasm 

Jt 
4.2 ± 0.6 4.7 ± 2.9 56.2 ± 1.9 

4.6 ± 0.7 5.2 ± 3.2 63.0 ± 2.2 

Volume oÏ component in Cytoplasm X 90 
Converting Formula: Volume oÏ component in ce11 = ------------------------------~---------

100 
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The volumetric composition of the Sertoli cell cytoplasm into its various 
. 

components at the 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 cycl~ are expressed 

in Tàble III. To avoid confusion, each cytop~asmic component will now be 

analysed separately, following the order of Table III. 

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 aiso appeared 
r 

fairly constant at aIl stages of the cycle except for stage IX where it ,-

o decreased drastically. Application of the OWAV test Cp < .05) demonstrated 

that there were statistical variations within the~t of values of Table 

III. The relative volume of the ER was high from stages X-XIV and 1-111, 

decreased slightly at stages IV ta VIII and was very low at 'stage IX, where 

it made up only 10.9% of the cytoplasm. As was mentioned earlier in the 

description of the cell, the endoplasmic reticulum was subdivided into 

~surface, 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 respective curves. The OWAV test Cp < .05) was applied for 

each subcomponent of the reticulum and showed that there were si9nificant 

variations w~thin every set of values. First, the relative volume of the J 

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

o decreased ta a very low value at stage VII and remained fairly low from 
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stages VIII to XI.' To localize specifically the significant variations 1 

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 al] combinations possible 
;. 

were examined. The results ,of the t-test, shown in Table V, demonst~ated 

that the values obtained for stages l and VII were significantly different 

from those obtained at the other stages. 

Contrary ta this, the relative volume of the flattened elemenjs 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 ta stage 

XIV (Table IV). The frac~ional volume then increased slightly up to 

stage VI. The curve (Figure 10) shows the peak at 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-

panent of the ER (Table IV) appeared to be proportional ta those of the 

total endoplasmic reticulum (Table III). The results showed that the den-

sity volume of the distended elements w~s high at stag~s X to XIV and l 
f 1 J' 

to III, decreased slightly from stages IV ta VII and was yery low at 

sta~es 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 

significantly lowe~ when compared to stages I-IV, VII, X and XII-XIV, 

whereas the volume of the distended elements of the reticulum at stages 

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

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

\ 
The relative'volume of the Golgi apparatus also underwent a cycle 

of its own. The Golgi seemed to occupy a higher volume at the early stages 
1 
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of the cycle (1 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 (Table III). Application of the OWAV test (p < .05) confirmed that 

there were variations between the vàrious stages. As for the endoplasmic 

reticulum, the Golgi apparatus was subdivided into tubular and saccular 

elements. The relative volumes of both elements at the different stages 

of the cycle are shown in Table IV. The density volume of the saccular 
;' 

component-appeared quite constant, but th,e! OWAV test (p < .05) showed vari-

ations at th~ limit of significanc'e within the se,t of data. Furthermore, 

the t-test Cp < .OS} localized these variations (Table V) specifically to 
( 

stages XII and XIV, where the relative volumes were slightly lower. Thé 
<0, 

curve of the density volume of the saccular elements of the GOlgi at the 

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

volume of the tubular elements underw~t the same modifications as for 

the whole Golgi apparatus. This is understandable since the tubular com-

1 

ponent made up about 75% to 80% of, the total Golgi,. One can see, further-

-. more,' that the volume of the tubular elements is quite high at stages l ta 

V, decreases gradually up ta stage IX, undergoes another peak at X and then 
, J 

decreases to its lowest values at stages XII thru XIV (Figure Il). 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-III and the other at X. The exact variations 

between the different stages were local~zed using the t-test (p < .05) 
1 

and the results are shown in Table V.~e main observation that can be 

made from this Table (V) is that the dens~ty volume of the tubular elements 
,1 

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

aIl other stages. 
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The relative volume of-the lysosomal population in the cytoplasm 

of S~toli cells increased gradually from stages l 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~e 12). As 

shown in both Table and graph, the priroary lysosomes occupied an ins1g-

nificant volume in the cytoplasm, and there were no variations from one 

stage to the next. This was further confirmed with the OWAV test which 

denoted no signiiicant 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 l 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 interpret~d, 
, 

since the standard deviation associated with the mean is about 30% which , 
denoted marked variations amongst the animaIs 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 stages II to VII. Both Tables IV and V demonstrate l that the'volume at 

stage VI is definitely higher compared to stages IX to XIII. This is also 
~ , 

clearly seen in graph forro (Figure 12) . 

The remaining volume of the Sertoli cell cytoplasm was divided into 

degenerating structures, lipids and hyaloplasm (Table III). The, density 

volume of aIl degenerating structures, grouping together residual bodies 
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\ ' 

and aIl degenerated material in the cytoplasm was fairly low (~2%) at 
l' 

adl the stages of the cycle except at stages VlII 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. Table III also 

showed that most of the errors associated with the values were of the order 
} 

of 30% ta 70%. The explanation for these high standard deviations could 
l ' 

~e that the relative volume of the degenerating structures in the Sertoli 

cell cytoplasm greatly varied from one animal ta ~e 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 

1). During stage ~,! the lipids made up as much as 6.4% of the cytoplasm, 

âs 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 ta stages II to VIII. Again, sorne of the standard devi-

ations were' qui te high, suggesting the animaIs contained different amounts 

of lipids for the sarne stage considered. 
J 

Finally, the hyaloplasm made up the remaining volume of the cyto-

plasm which was about 63% on the average, taking into account the 14 

stages of the cycle (Table II). 
1 

1) 

When looking at Table ~II, 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 from stages l ta V 
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Stages of the Cycle 

Subsurface 

E.R. Flattened 

Oistended 

Golgi Saccular 

Appa-
ra tus 

Tubular 

primary 
LYso-
somes 

Seéondary 

=, 

• 

é o 
~ 

... _ __t_. _______ ~ ____ _'___ 

o 

{,.~ .. ' TABLE IV 

'1 
Relatl.ve volumes (\) of the subcomponents of the endop1asmic -reticullUll. Golgi àpparatus 

and lysosomes· in Sertoli cells at the varl.OUS \tages_ of thec~ele of, the semim.fe:=us epl.thelium 

I II-III IV V VI VII 

2.9±0.5 1.S~0.7 1.9±0.3 2.0±0.6 1.SiO.7 0.8±0.3 

1.2±0.5 1.4±0.5 1.OiO.2 1.2~.3 1.7iO.S 2.2iO.5 

12.1±1.2 13.1±1.4 11.5ii.0 10.312.0 11.010.9 11.2±1.2 

o:.6iO.l 0.7±0.1 O~ 7±O;l- o. no. 3 O.SiO.l 0.6iO.2 

2.2±0.2 2.7±OA 2,2±0.4 2.2±0.5 1.9±0.2 1.9±0.5 

0.4iO.2 0.2iO.l 0.2iO.l 0.2±D.l 0.2±0.1 0.2iO.l 

4.0:tO.9 4.6±O.6 5.0±0.6 4.7±0.6 5.8iO.S 4.9:tO.4 

.c t' 

. . 

-
..,. / 

.. 

VIII IX X Xl XII 
/.7 

1.4±0.5 1.3±0.4 1.6±0.5 1.6±0.1 2.2±Q.5 

2.1±0.S O.SiO.S O.SiO.S 0.SiO.2 0.SiO.3 

9.9±1.1 8.8±15 12.7±1.2 12.0±3.0 12.6±1.S 

0.S±0.2, 0.4iO.l 0.6iO.l O.SiO.l 0.3±O.2 

1. 7±0.6 1.6±0.5 2.2±0.3 1.910.3 • 1.2±0.7 

~ 

O.~.l O.l±D.l 0.4±0.1 0.2±O.1 0.3±0.2 

5.2i1.0 3.7±O.2 4.0±l._2 3.2±0..6 3.9iO.9 
, 

• 

"""'" 

11 

" 

- XIII XIV 

1.7±0.5 2.1±0.5 

0.7tO.2 0.9iO.4 

12.2±1.7 11.2±1.6 

0.5±0.1 O.4±0.1 

1.6±0.3 1.2±0.2 

0.3±0.2 0.2±0.1 

3.6±0.6 4.7tl.S 

~ 

.' 

,~ 

"---..c.. 
~ 

o 

':} 
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Subsurface E'.Il. 
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TABLE V 

T-test Analysis CP' .OS) 

Flattened E.R. 

1 II-III IV V VI VII VIII IX X XI XII XIII XIV 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

-t 

+ 
+ 

+ + + 

+ + 
+ + 

+ 

+ + 

+ + 

+ + 

+ + 
+ + 

+ + 

+ + 
+ + + 

+ + 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

Golgi Tubules 

+ 

+ 
,.. 
+ 

+ 

+ 
+ 

+ 

l II-III IV V VI VII VIII IX X XI XII XIII XIV 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
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+ 
+ 

+ + + + 

+ + 

+ + 

+ + + 
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+ + + + + 

+ + 

+ + 
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+ 

+ 
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Distended E.R. 

(~ --:f". 
~ tç-t'/} ,r, ..;<) 

r!.i~~ "-~ 
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,~/. 

, J 

.), 
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+ + + 
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+ + 
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+ 

SecondaEr Lysosomes 

+ + + 
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+ + 

+ \ 
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+ + + + + 
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+ + + + + 
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+ + + 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ + + + 
+ + 

+ 

+ 

+ 
+ 

1 
i 
! 
t 

1 

! 
1 , 
'. 1 



0"-, , 

44. 

,,8,; reaching i ts maximum a,t stage V, decreases gradually to a minimum in 

stages IX and X and increases again to stabilize from stages XI to XIV. 

Following the use of the OWAV test (p < .05) which denoted statistical 

var~ations 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 mentianed earlier, sorne af WhlCh were also quantitated, 

but the data are not shawn in Table III. For instance, the relative 

volume of the few collections of microvesicles found in the Sertoli cell 

cytoplasm was estlmated to be 0.1% at each stage of the cycle. Similarly, 

the denslty volume of aIL vesicles that cannat be associated with any 

other organelle is of the arder of 0.6% of the cytoplasm taking into 

account aIL 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 o,f the various organelles in the Sertoli celi cyto­

Plas~t the different stages of the cycle of the seminiferous epithelium. 

In order ta perform sueh a study, it was first necessary to determine if 

the overali volume of the cell changed during the cycle-. Indeed, if the 

Sertoli cell volume was changing during the cycle, this would affect the 

relative volumes of the cytoplasmic components and hence ~ould requ~e a 

correcting factor for those stages where the Sertoli cell volume was 
1 

different. / 
The data collected indicated that for a given !#egment of the 

seminiferous tubule, constant in width (85 ~m) and indluding the whole 

1 

1 , 

/ 

.. 
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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 aIl the stages 

of the cycle. Since our sarnple (160 tubular cross sections) was large 

enough to yield statLstically valid means, and that the areas were 

selected purely at random, we can deduce that Ln a survey of the whole 

epithelLum, the number of points over Sertoli ceIIs 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 unLt area of a whole mount tubule (Hermo, '72) was constant 

at aIl stages of the cycle and on the other hand the number of hits 

! 
(points) over Sertoli cells in the semLniferous 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 do~e on semithin sections (0.5 ~m) 

examined under the light microscope is the source of sorne difficulties in 

the counting method. Toluidine blue outlines weIl the cytoplasmic limits 

of Sertoli ceIIs and stains darkly the mitochondria found at the periphery 

of the germ cells which in turn enhance the contrast of the Sertoli cell 

cytoplasm. However, the difficulty in identifying the very fine cyto-
~ 

plasrnic processes of Sertoli c~lls between the various gerrnLnal elements, 

due to the lirnited resolution of the 1~9rt microscope, results in sorne 

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

error is probably small, sipce electron microscopy indicates that the fine 

J 
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• 
cytqplasmic processes of the Sertoli cell constitute only a smaii fraction 

of the overall cellular volume. Moreover, the same error ls applicable to 

the counts performed at aIl 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 tqat in the rat, the absolute volume of 

the Sertoli cell in ~m3 decreases by about 40% at stage IX of the cycle. 

This author, however, used very thick sections (8 ~m) sta~ned with PAS 
1 

and acid hemalum in which the cellular limits, even of the main trunk of 

the cel15, were rathe~ difficult to identify. In a more recent study on 

the monkey, Dym and Cavicchia ('77b) using the electron microscope 

l 
estimated that the volume of Sertoli cells relative to the seminiferous 

epithelium increases from 24% at stage l 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 

inves.tigation, the volume of Sertoli cells relative to the seminiferous ,1 

epitheliumtwas also estimated to vary between 20% and 25% during the cycle. 

J 
The exact values at aIl 14 stages of the cycle were not determined since 
~ 

such information was not one of our purposes. 

ThU8, ko summarize, it 8eems 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 e'pi thelium 
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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 cell 

changes its shape, expanding dur~ng 4he first half of the cycle and re-

tracting thereafter. On the other hand, ~t is shown by the present work 

that the volume of the Sertoli cell rernains unchanged througbout the cycle. 

This indicates a possible redistribution of the cytoplasrn by active 

skrearning between the base and apex of the cell at the different stages 

of the cycle. 

-
The results presented also show that the relative volume of both 

nucleus and cytoplasrn in the Sertoli cell remains constant at aIl stages 

of the cycle. Leblond and Clermont ('52b) have shown changes in the con-

figuration and shape of the Serto~i cell nucleus between the early and 

'late 'stages of the cycle, but from the present study it can be stated 

that the volume of the nucleus is constant during the cycle. The Sertoli 
\ 

cell cytoplasm was very abundant, making up as rnuch as 90% of the cell 

volume, which is consistent with morphological observations made by 

Regaud ('01), Elftrnan ('50) and Nishida ('54). 

Many investigators have described a Sertoli cell cycle (Elftman, 

'50;, '63; Roosen-Runge, '62) and postulated that it is coexistent and 
~ 

co-ordinated with the cycle of the serniniferous epithelium, without_ 

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

during the cycle. The only 

Sertoli cells that are weIl 

studies related to the cyclical activities of 
~~~, , 

documented ~eal'with the periodic phagocytosis 
/ 

of residual bodies following sperm release (Regaud, '01; Kingsley-Smith 

. 
.. f. 
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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 celis 

(Regaud, '01; Lacy, '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., '69F; Fawcett and Phillip~, '69; Russell and Clermont, 

'76). 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 increases dramatically at stages VIII 
J 

and IX of the cycle. This increase 16 definitely due to the fact that the 

Sertoli cell phagocytoses many resldual bodies at thlS particular time 

Ci during the cycle. Based on morphological and quantitative observatlons, 

it appears that these bulky bodies migrate from the tubular lumen ta the 
- , 

ba~~ of Sertoli cells. We also note a shrinkage of the resldual 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 stage IX the relative volume of the phagosomes in the cyto-
,,9' 0 

plasm reaches a maximum of 10.3%. Due to this large amount of phagocytosed 

m~terial" the volume. of the cytaplasmic matrix or hyaloplasm decreases to 

its minimal size (59.5%). At the remaining stages (X-XIV, I-VII) of the 

cycle, the relative volum~ of phagosomes in the Sertoli cell cytoplasm 

~~ seemingly represents debris from phagocytosed germ cells and degenerated 

organelles (mitochondria, tubulobulbar comple~es). This sma11 volume 

() persisting throughout the cycle is consistent with the fact that Sertoli 

\~ 1 

" J 
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elements constantly remove dead cells and foreign particies (Clegg and 
" 

Macmilan, '65; Carr 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, l.e., followlng the phagocytosis of residual 

bodies. This suggests that 11pid 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-irradlation" hypophysectomy, starvation, cryptorchidism and a 

disturbance in androgen metabolism causes an increase in the number of 

degenerated germ cells ln the seminiferous epithellum 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 resldual bOdies and an increase in the volume of l~pids at 

stage IX, followed by the maximum volume of lipid droplets in Sertoli 

cells at stage X, lt is not unlikely that these droplets arise from the 

dissolution of residual~odies. 

Lacy ('62, '67) postulated that the lipids found in Sertol! cells 

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. Assuming 

that steroid synthesis takes place in vivo in Sertoli cells from mature 

rats, it would still be necessary to demonstrate that the lipid droplets 

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

\ 
rno,re likely, as proposed by Lynch and Scott ('51) and Kerr and de Krester 

" . 
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(175), and considering their slow disappearance from stages l ta VIII 

that the triglycerides found in lipid 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 classif~ed 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 Sertoll cell cytoplasm was constant at aIl stages of the 

cycJ~- these granules will not be given further attention and our dis-
'() 

cussion will focus exclusively on the evolut~on of the secondary lysosomes. 

Il 

The data collected showed that there was a definite cyclic variation in 

the volume of the Sertoli cell lysosomes during the cycle of the semin~ 

iferous epithelium. The changes i~ volume of the lysosomes probably 

reflect changes in their number, since lysosomes do not grow beyond a 

\ , 
certain size in ~ Sertoli cell. Sapsford et al. (16gb) using the 

electron microscop~oted an increase in the number of lysosoms in Ser-

toli "ce Ils of the bandico'Ot at the time of sperm release. Their work 

,correlates weIl with the increase in the volume of lysosomes at ~tages 
l, 

VI-VIII obtain~d in the present ~tudy on the rat. The changes in volume 
, . 

density of lysosomes in the Sertoli celi 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 brea~ down phagocytosed residual 

bodies and dispose of cellular debris in the seminiferous epithelium 
ÙI 

'" 
(Oietert, 166; Reddy and Svoboda, 167; Sapsford et al., 169b). Hugon and __ '.J } 
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Borgers ('66) observed that after whole body X-irradiation, numerous 

lysosomal granules in Sertoli cells of the mouse were heavily loaded with 

acid phosphatase and concluded 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 nurnber of these complexes at 

stage VII of the cycle. The present quantitative arialysis is consistent 
" 
with the view that lysosomes 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 l 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 epitheliurn in late stage VIII of the cycle as 

the spermatozoa separate from them and are released 1n the tubular lumen. 

These residual bodies are then engu~ed by the apical cytoplasm of Sertoli 

cells and wh~le carried down toward the base of the cells during 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 dissolution of 

Ires1dual bodies. It can therefore be speculated that secondary lysosomes 

merge with the residual bodies (also observed on sorne electron microscope 

photographs) and release the hydrolases they still contain, which in 

. {) th . f th f h h (' d turn coptr1bute to e lys1s 0 e content 0 tep agosomes res~ ual 

bodies) • 

Such a process would consequently result in the rapid and concomittant 
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disappearance of both the residual bodies and sorne lysosomes and would 

explaiti the significant decrease in the volume of the lysosomes obtained 
(> 

between stages VIII and IX of the cycle. 

In the present lnvestigation, the Golgi apparatus was divided 

into two components, the saccular and the tubular, each of which showed a 

particular evolution during the cycle of the seminiferous epithelium • 
• 

The relat1ve volume of the saccular compone nt in the Sertoli cell cyto~ 

plasm was falrly constant, and hence these elements seemed ta be stabIa 

volumetrically from one stage to another. Conversely, the tubular com-

panent appeared to be profuse and more abundant at stages II-III. More­

over, the volume density of th~Ular elements decreased markedly from 

stage XII-XIV. Thus it seems that the tubular component of the Golgi 

apparatus undergoes expansion at th~ beginning of the cycle (stages l 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 thlamine pyrophosphatase (TPPase). Other cytochemical studies 

performed at the light microscope level on adult rat testes by Hilscher 

et al. ('79) demonstrated that from stage l to stage IV of the cycle, 

TPPase activity seemed ta be extending in the Sertoli cell bodies from 

the'basement membrane up ta the heads of the elongated spermatids. TPPase 

then disappeared during stage V of the cycle. Hence, the pattern of 

1 
TPPase 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 compone nt made up about 75% ta 80% 
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of the whole ~olgi apparatus and that it varied volumetrically during the 

cycle suggests that this compone nt must be important to the functional 

activity of the Golgi apparatus in Sertoli ce11s. 

It ~s known that the Golgi apparatus of certain celis sueh as the 

neutrophils, 19 involved in the formation of lysosomes (Flickinger et al., 

'79). The ac~d hydrolases contained in the lysosomes, which are.actually 

protein enzymes, wou1d be synthesized in the rough endoplasmic retieulum, 

transported to the Golg1 apparatus, where small lysosomal vesicles would 

form by budding from the margins of the Golgi elements (Flickinger et al., 

'79) • 

The present' study ihdicates that sueh a relationship possibly 

exists in the Serto1i cell since the increase in the volume of the tubular 

component during stages l to V exaetly precedes the increàse in the number 

of lysosomes at stages VI-VIII. Thus, based on our quantitative data, one 

may speeulate that the volumetrie expansion of the tubular elements of 

the Golgi apparatus may be related ta the formation of new lysosomal 

granules. The nature of this relation remain~ to be clarified, however, 

since secretory granules or dense core granules (primary lyso~omes) were 

not sean at proximity of the Golgi apparatus of these cells (Fawcett, '75; 

Hermo et al., '78; and the present study). 

The endoplasmic reticulum was separated into three subcomponents, 
~ 

each of which will now be analysed. 

The relative volume of the subsurfaee elements in the Sertoli cell 

cytoplasm decreased periodieally at stages VII, VIII and IX of the cycle. 

This dimLnution in the volume was significant and substantial and is 

probably related to the 105s of the subsurface ,elements associated with 
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step 19 spermatids. Clermont et al. ('SO) showed that during the long 

stage VII (63 hrs, Clermont et al., '59; Clermont and Harvey, '65)/ the 

flattened clsternae of ER that tormed a series of concentric layers loca-

ted toward the periphery of each Sertoli cell apical process disintegrate. 

Thus lt seems that the decrease in the volume of the subsurface elements 

at stage VII lS due on the one hand to their disintegration inside the 

Sertoll 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 explalned by the fact that the 

newly formed elements or cisternae in association with steps 8 and 9 

\ spermatids were not yet fully developed since subsurface elements usual1y 

extend throughout the entire length of the acrosomic system, parallel to 

it, WhlCh ln 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) postu1ated that in the rat Sertoli ce11s, just 

prier to sperm release (stage VII), the ectop1asmic specializations (sub-

surface elements) do not disintegrate but dissociate from step 19 sperm-

atids and migrate down in the Sertoli cell cytoplasm along the plasma 

membrane and reattach themselves to step 7 spermatids and midpachytene 

spermatocytes. The author conc1uded that the subsurface elements are net 

lost but reuti1ized and redistributed by the Sertoli cell in a cyclic 

manner. This pro.cess, therefere, implies that the volume of the subsurface 

t 
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elernents is always constant and, formation of new elements is balanced 

by the resorption of sorne elements lost during their reutilization. Con-

sequently, Russell's work does not correlate with the morphological obser-

vations of Clermont et al. ('80) nor with the present quantitat~ve data. 

" 
The volume of the flattened elements of the ER that are not asso-

ciated w~th the Sertoli cell plasma membrane also underwent rnarked vari-

ations especially durIng stages VI, VII and VIII, where it increased 

signi~icantly. It was shawn that these elements were studded with ribo-

somes on aIl the~r surfaces and consequently mak1ng this particular type 

of ER the site of protein synthesis (Fawcett, '67; Palade, '75). The 

Sertoli cell, l~ke most marnmalian cells, secretes protein in the forro of 

androgen b1nd1ng protein (Louis and Fritz, '77; Tung and Fritz, '77) and 

\ 
seven major polypeptides with mo1ecular weights ranging from 16,000 ta 

140,000D (Wilson and Griswold, '79). But very few studies determined if 

protein synthesls in Sertoli celis occurs on a constant basis or at certain 

periods during the'cycle of the seminiferous epithe1ium. Nevertheless, 

Irons ('80l showed that one hour after injection of tritiated praline into 

the testis of mature rats, ~e Sertoli cell bodies were heavily labe1ed at 

"; 
stages VI and VII of the cycle. Irons ('80l concluded that praline must 

be incorporated into newIy synthesized proteins in the Sertoli cell cyto-

plasm at these specifie stages. Furthermore, Parvinen et al. (in press) 

reported that maximal production of androgen binding protein occur~ pt 

stages VII and VIII of the cycle. The results of the above investigators 

indicate that protein synthesis in rat Sertoli cells seems to be activated 

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

1 
aiso possible that there is more pro~ein synthesized by Sertoli cells during 
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stages VI-VII. ~is latter view may weIl explain the increase in the 

volume of the flattened elements of the granular reticulum obtained at th~ 
--

same stages of the cycle (VI-VIII). 

The reIatlve 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. '!'hese quantitative dat~ refiect 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 lnto small and irregular vesicular cisternae. This is certainly the 

cause of the decrease in the vo1ume of the distended elements of the ER at 

stage IX of the cycle. During the subsequent stages, i.e., X to XIV, the 

vesicles and clsternae of ER swelled and definitely contributed to the in-

crease in volume of the ER. The exact function of this type of endoplasmic 

reticulum ln the Sertoli cell and the signifi~ance of its volumetrie changes 

during the cycle remain to be clarified. 

CONCLUSION 

The volume of the Sertoli cell estimated on semithin sections (0.5 

pm) was shown to remain constant throughout the cycle of the seminiferous 

ep'ithelium. Therefore, no corrections needed to be made on the relative 

volumes of the individual cytoplasmic components of the ~ertoli, c~ll. The 

volume densities'of the nucleus and cytoplasm were aiso unchanged during the 
. \ 

cycle. The differential ~int c~unting method performed on 2,000 electron 

micrographs 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 cyclè. The relative volumes of the 

mitochondria, primary;, lysosomes and saccular elements· ,of the Golgi 
o 
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apparatus' in ~e 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 appèared 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 

dissolut~on of the residual bodies c01ncided W1th 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 morpholog1cal criteria. The flattened elements of the ER associated 
, 

with the plasma membrane or subsurface elements decreased vOlumetrically 

at the mid stages ~f 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 aIl their surfaces, increased 

in volume at st.ages VI, VII and VIII and this was taken as an indication 

" \ 

that more ~otein was being synthesized by Sertoli cells. Finally, the 

relative vO\Uffie of the distended vesiQles 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 shape of the Sertoli cell i8 modi-

fied during the cycle but also most of the cytoplasmic components of this 

cell show) a cyclic evolution.' 
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ABBREVIATIONS 

(for Figures 2-9) 

, 
- Basal lamina 

- Collection of microvesicles 

- Distended core granule or primary lysosome 

Distended elements of the endoplasmic 
rehculum (ER) 

- Flattened elements of the ER 

- Subsurface elements of the ER 

- Saccules of the Golgi apparatus 

- Tubules of the Golgi apparatus 

- Interstitial tissue 

- Junctional specialization 

- Secondary lysosome 

- Lipid droplet 

- Mitochondria 

- Microtubules 

~ Nucleus of Sertoli ce Il 

- Nucleolus of Sertoli cell 

Primary spermatocyte 

• Plasma membrane 

- Riboso~s 

- Residual body 

Seminiferous epithelium 
1 

Spermatid 

- Tubulobulbar complex 

- Tubular lumen 
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Figure l 

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 identif~ed by means of 14 

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

served in the nucleus and acrosomic system in semithin sections (0.5 ~ 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. 

FOl+owing stage XIV, stage l 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: 

Al' A2' Ag, A4 

<0 In 

Type A spermatogonia 

Intermediate-type spermatogonia 

Type B spermatogonia 
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1 to 19 
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Preleptotene primary spermatocytes 

Leptotene primary spermatocytes 

,Zygotene primary spermatocytes 

Pachytene primary spermatocytes 

Diplotene primary spermatocytes 
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Secondary spermatocytes 

Steps of spermiogenesis , . 

-, 
l , 

'-' 
-_.--. -~------"-----

\ 

• 

, 

r---

01 
\0 

, 
1 
1 

l' ' 
1 
! 

r-~ 

! 



" 

> v" 

t....) 

• • , 
• • • • • • • • 1 

• , 

" 

" 

• • • " , 
, 1 

~. : 
1 • • • , , 

< , 

1 . 
If • 

,. '. • 
f 

l> 

II )6 
, 

~ 'e • , . 
• • • 1 

• )~ 

,1 

'~ 
V 

1 

;-~ 
Il ~V 
:1 'p 
:1 
• 1 

• , « • 

0_ , 
2 

) 

~} 
......::. , ' 

r 3: , 
1 

.~. , 
,---' 

1 

'p P: 
1 

f':~ . ,.:) 
, 4 

1 
, P 

t • ~j 

.. 
1 

, 1 
) , 1 )/. 

',. ~19' ~~ 19: • 

J'O'O (' . • • • 1 ~,~ 

.. -.... , ...... ....4. t 

~: 6: 7: 
1 1 
1 1 
: 1 e-j e: ® 1 • P: Pl P 
1 

. -
(~'l 

8: 

f.~ 
",3:"; 
~ 1 p: 

• 
1 

l 

V
9 

JI J -
10

1 
1 

Il 
• 1 

~l-

b~ 
-d" 

~. ~. 1 s) 
• 1 ~ 

~ : ~ 
P p! P 

'"il 

• , 
f 
f 

)
, . . 
f 
1 

i 1 

i : 
12: 

1 P: 

J.~)4 
....... --r. ·A ""X 
t../1.~ 'f ..... ., 
"..( 1 

Di: 

I~:!!...->-t 1- .. ~t 
r' -'.,j 
~~.:.: y 

Il 

/- <. 1 ~ f6!?: ~lli 

• • • 1 
1 
1 
1 

t 
.' 

®:~:œl@ GJ ~ ~'e 0 &4' ~ ~~~ ~g o 1 ln!> ln 1 InM~ B B~~ Pq PI L L L 1 z: Z p.; 
"LU! ~: ...: ÇJ' '. """"...:, .. - \.. 1 ,. .. il' ,,'--. ~-.: ""-'.", F:'} C@ 
~ ~ __ ] : €:J l '. • (..!O L -.1 1 (~.,; 1 ~ .~ : '. ~~.,.) ,4-, ,: : •• ) 1 c~.~) 1 \'. 

, """'.... l ""... • .... ~.; ........ ~ 1 --. • e>- r ~ 1 _ .... ~ .. ./.... ~__ t - ... :""'/ • 

: AI: AI: AI: AI; AI: At: AI; AIM: ~: "2:' AzM; A3; A~; 

, 

\. 
l 
i 

, 



l 
1 

1 
.1 
! 

! 
1 

.. 

• 

• 

• 

70. 

f 
c 

" 

. ' 

,. 

• 

FIGURE 2 
(, 

.. 
o 

Ap electron photograph showing the apical region of 

the S~rtoli cell cytoplasm at stage II of the cycle • 

(X 36,000) 
1 

The black points that are superimposed on the picture 

"and interspaced by 13 mm (; tI) belOng to the test system 

of points used to estimate the relative volumes of the 

various cytoplasmic components. 

The cytoplasm of the Sertpli cell was delimited using a 

colored pen, Le., outline its boundarie~ thus eliminating 

the portion of spermatids (SP) that are seen at the ~pper 

and lower right-hand corners. 

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

elements (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 

,'aiso recorded the number of points failing over. the whole 

area of th~ cytoplasm. (See Materials and Methods for 

fur~er explana tion.) 
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FIGURE 3 

Lignt micrograph showing a portion of a 

seminiferous tubule at stage VIII of the 

cycle. 

The seminiferous epithelium (SE) is sur-

rounded by a limlting me~rane and inter-

s~itial tissue (IT). The mature spermatozoa 

are expulsed into the tubular lumen (TL) 

leaving behlnd their residual cytoplasm. o 
The Sertoli cells are deplcted by the arrows. 

Even at this low magnification, we can 

recognize the nucleus, nucleolus and bulk of \ 

• 
cytopl~sm filled with granulations. 
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FIGURE 3' 

The Sertoli cell at two diffeyent stages of the cycle. 

The cell extends from the basal lamina (BL} to the 

lumen of the tubule. The Sertoli cell nucleus (N) is 

lar~e and conta1ns a tripartite nucleolus (n). 

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 th~ seminiferous 

epithe1ium. The Serto1i cell maintains the spermatids 

in this juxtaluminal position by means of large apical 
.J. 

drop-like processes, each of which encapsulates a single 

sickle-shaped spermatid's head. The Sertoli cell also 

'phagocytoses 'the residual bodies (RB) at thip stage. 

This schematic drawing aiso shows the various 

junctiinal.specializations (js) of the Sertoli cell. 

Aiso Iabeled: Al - Type Al spermarogonium 

P ", ..4 Pachytene spermatocytes 

Pl - Pre'let>totene spermatocy~e 

li, 8' Steps of spermiogenesis 
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FIGURE 4 

The cytoplasm of the Sertoli cell at the base of , . \1 .. 
the seminiferous epithelium at stage X o"fJ the cycle. 

(X 30,000) 

" 

Th.e basal laml.na (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 appar?tus is separated into Golgi saccules 

r 
, • (Gs) and Golgi tubules (Gt). The trans saccule and 

trans tubular network are also seen. The mitochondria (~) 
(M) have different shapes} often found in proximity to 

flattened elements of the endoplasmic reticulum (fER). 

The distended cisternae of the ER (dER) are present 

throughout the cytoplasm. 
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FIGURE 5 

The basal cytoplasm of the Sertoli cell at stage 

XI M the cycle. Û (X 36,000) 
~ 

This photograph shows clearly the three types of ER 

that were identified: The flattened elements asso-

ciated with the plasma membrane (subER) i 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 ~}bosomes (R), doughnut-

shaped profile of a mitochondrion (M) and the plasma 

membranes (PM) of two Sertoli cells. 

FIGURE 6 
, . 

The apical region of the Sertoli cell cytoplasm squeezeg 

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

(X 30,OOQ) 

The distended elements of the ER (dER) are now tubular-

. like in appearance, often seen branching and interconnected 

to forro 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 smal! and irregular 

lipid droplet i8 present (Lip). 
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FIGURE 7 

The supranuclear portion of the Sertol! cell 

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

Part of the nucleus (N) of the Sertoli cell ls 

shown, as weIl as a portion of a primary sper-

matocyte ,(Pl • 

The late spermatids (SP) are deeply inserted in 

the Sertoli cell cytoplasm with subsurface elements 

of ER (subER) seen parallel to their acrosomic 

system. 

Nùmerous membrfR~-bound 

secondary lYS~Omes (L) 

granules represen~ng 

are seen. One dense core 

granule (OC) or prtmary Iysos~me ls aiso present. , 

Finally, this photograph aiso shows a collection 

o~ tiny microvesicies (CM). 
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FIGUltE 8 

'"\ , 

Basal region of a Sertoli cell at stage l of the 

cycle. (X 30,000) 

The basal lamina (BL) can be easily identified. 
1 

photograph shows tubular elernents of the Golgi 

The 

apparatus (Gt), a lysosome (L) with an irregular out-

line and a membranous vacuole just to the left of it. 

Various profiles of mitoc~on~ria (M), flattened 

elementS of the ER (fER) and distended elements of 

the ER (dER) are also 'seen. 
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FIGURE 9 

Junctiop betwe~n 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 jupction includes a 

portion of the nucleus (N) .and a large lip~d droplet 

surrounded by flattene~ elements of'ER (fER) of the 

rbugh variety .. These elements are also seen associ-

ated with mitochondria (M). The second Sertoli cell, 
C • 

beloW the junction, shows a cross section of a tubulo-

bulbar complex (TaC) that derives from the inter-

Sertoli cell~ junction. 
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The relat~ve volume of the three subcomponents of 

the endoplasmic reticulum in tPe Sertoli cell 

cytop1asm at the 14 stages of the cycle of the 

seminiferous ~pithelium. ) 

The volume of the subsurface elements of the ER 

decreases significantly at stages VII,· VIII and 

) () IX of the cycle. The volume ~-the flattened 

elements of the ER not assacia,ted wi th the plasma 

membrane inèreases markedly at stages VII and VIII 
~---

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-II~, intermediate values at 

stages IV-VII and low value.s at stages VIII and IX 

of the cycle. 
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FIGURE 11 

The relative volume of both saccular and tubular 

.componènts of the Golgi apparatus in the Sertoli 

cell cytoplasm at the 14 stages of the cycle of 

the serniniferous epitheliurn. 

The volume of the saccular elements of the Golgi 

} -
apparatus i~ fairly constant throughout the cycle 

wi th slightly lower values at stdges XII and XIV. 

The vol.ume of the tubular elernents of the Golgi 

apparatus shows the pattern of a birnodal curve 

with two peaks, one at stages II-III and the ather 

at stage X o~ the cycle. High values are, recorded 

at stages I-V'and X, intermediate values at stages 

VI-IX, XI and XIII and very law values at stages 

XII and XIV of the. cycle. 
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FIGURE 12 . 

The relative volumè ~J the primary and secondary 
) 

l """ lysosomes in ~e'Sertoli cell cytop1asm a~ the 14, 

stages of the cycle of "the seminiferous e!>.:!J;llelium • 
.le 

The volume of the primary lysosomes makes up a 

small fraction of the overall volume of the lyso-
1 

somal,population, ~nd remains constant throughout 
---

the cycle., 
, " 

The vol~ of the secondary lysomes'increases 

gradûally from stages l to vt where it reaches a 
1 

/ 
maximum at ~tages VI, VII and VIIl and then de-

creases dramatically at stage IX and remains low 
. 

from stages IX to XIII. It then increases at 

stages XIV and land this pattern repeats itself 

at every cycle of the seminiferous epithelium. 
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