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The germinal epithelium of the testis is composed of different 
cell types which constantly undergo changes through a complicated 
combination of proliferation, differentiation and renewal. Clermont 
has postulated (1-3) that human germ cells are systemarically ar- 

k ranged into six basic stages, and has proposed models for the devel- 
opment and renewal of spermatogonia in man. On the other hand other 

I authors have stated that the cellular division and combinations in 
cn the human testis lack the synchronism and steadiness which is seen 
v, In other mammals ( 4 - 6 ) .  

d 

I- 
S 
J cz With the development of the electron microscope, certain ultra- 

;; Data have been accumulated with respect to the testicular connective 
g tissue (7,8), the Sertoli cells (9-13) and the spernatids (14-16). 
r 
3 
z 
owwhich would provide a basis for more detailed investigation into the 
2 histophysiology and histopathology of the germinal epithelium. In 
E recent years research in cellular pathology has emphasized the im- 
rn portance of cytoplasmic(l7) rather than nuclear changes, as these ap- 
dpear to be the earliest cellular modifications following diverse 

structural characteristics of the human testis have been investigated. 

The present paper is directed towards obtaining information 

v, 

types of injury. Therefore, identification and description of the 
normal germinal cell ultrastructural characteristics are essential 
to the understanding of morphological events following injury or di- 
sease processes. 

MATERIAL AND METHODS 

For these studies biopsy specimens were obtained from 10 healthy 
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men who had no record of former testicular disease. 
formed by' a modification of Charny's technique (18). 
was prepared for electron microscopy following the method already 
reported (19). 

Biopsy was per- 
The material 

RESULTS 

Tubular Wall 

Electron microscopical studies of the wall of the human semin- 
iferous tubules clearly showed two main components: a) The internal 
one! attached to the germical epithelium is the basal membrane pre- 
senting a lamellar structure, the lamellae are seRarated by spaces 
of low electron-density(l8). This structure presented infoldings 
which appeared simple or rather labyrinthic and included some col- 
lagen fibers or cytoplasmic processes of the wall cells. The depth 
of indentation reached one or two microns. b) The external layer 
showed an alternate arrangement of collagen fibers oriented at dif- 
ferent angles together with cells. The cells are extremely elon- 
gated, their endoplasmic reticulin was poorly developed and was main- 
ly in the form of lamellae. Fine filaments aggregated in bundles 
are seen in the cytoplasm of the cells which were found to be some- 
what similar to smooth muscle fibers (20). 

i 
! 
1 

I 
i 

Germinal Epithelium 

The germinal epithelium is composed of spermatogenic or germ- 
inal cells and Sertoli cells. 
that there are two independent cell lines in the mammalian testis. 

It is now a widely accepted belief 

The Sertoli cells are most conspicuous in this epithelium. The 
germinal cells, with the exception of the earlier spermatogonia are 
dispersed amongst the Sertoli cells and are separated from the base- 
ment membrane by the cytoplasmic processes,of the Sertoli cells, 
which in many cases are not wider than 200A. 

Sertoli Cells. These showed a well developed endoplasmic reti- 
culum which appeared as flat and parallel aggregated cisternae, with 
associated ribosomes arranged on the membranes in single strands. 
This type predominated in the cytoplasmatic processes surrounding 
the germinal.cells. In the basal portion of the cell, which contains 
its characteristically lobulated nucleus with a prominent nucleolus, 
ribossmes were arranged in membrane-free clusters, and the endoplas- 
mic reticulum appeared in Caufieldls solution-fixed preparations as 
numerous empty smooth-surfaced vesicles of about 600 to 18001 in di- 
ameter. Fixation with glutaraldehyde changes this appearance into a 
rather tubulag form: short, tortuous, interconnected tubules aver- 
aging 240-3OOA in diameter with localized dilatations were seen in 
the central portions of these cells, while in the periphery they 
formed arrays of long, flat membranous profiles. The ground sub- 
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s t ance  of the  cytoplasm appeared a s  a dense m a t e r i a l  made of gran-  
u l e s  sma l l e r  than ribosomes. 
is higher  than t h a t  of t he  g e m i n a l  c e l l s ,  the  body of t he  S e r t o l i  
c e l l s  and t h e i r  p rocesses  c l e a r l y  s tood  ou t  over  t h e  surrounding 
elements.  Regarding the  d e n s i t y  of t he  ground subs tance ,  two types  
of S e r t o l i  c e l l s  can be d i s t i n g u i s h e d ;  d a r k  and l i g h t .  
w e  a r e  no t  a b l e  t o  r e l a t e  t hese  two types  t o  any f u n c t i o n a l  s t a g e  
o r  a s c e r t a i n  i f  they correspond t o  the two d i f f e r e n t  types  of  ce l l s  
demonstrated by Johnsen a t  l i g h t  microscopica l  l e v e l  (21). 
subs tance  a l s o  inc luded  bundles  of micro tubules  of about  300%. M i -  
c r o f i b r i l s  w i t h  d iameter  averaging  351 were p a r t i c u l a r l y  numerous 
around the  n u c l e a r  membrane. 
the spermatids  where they appear  i n  bundles  p a r a l l e l  t o  t h e  a x i s  of 
t h e  spermatid ( 1 2 ) .  
m e l l a r  basement membrane, whose c h a r a c t e r i s t i c  t8pegs88 p ro t rude  i n t o  
these  c e l l s  (7,8).  

As t he  d e n s i t y  of  t he  ground substance 

A t  p r e sen r  

Ground 

They were prominent nea r  t he  head of 

S e r t o l i  c e l l s  show wide at tachment  t o  the  l a -  

Spermatogonia. D i f f e r e n t  types  of spermatogonia  can be dem- 
o n s t r a t e d  wi th  the  e l e c t r o n  microscope. 
t i o n  we a r e  going t o  avoid i d e n t i f i c a t i o n  by us ing  t h e  a lphabe t .  
There a r e  two r easons  f o r  t h i s :  
d e a l i n g  wi th  spermatogonia  where similar l e t t e r s  r e f e r  t o  d i f f e r e n t  
cells  (1 ,22 ) .  Secondly,  when fo l lowing  a l p h a b e t i c a l  o r d e r  i t  couLd 
be assumed t h a t  t h i s  o r d e r  i s  r e l a t e d  t o  t h e  sequence of t h e  ce l l s  
i n  t h e  spermatogenic  l i n e .  

I n  t h e  fo l lowing  desc r ip -  

f i r s t ,  t h e r e  i s  more than  one paper  

The f l a t  type  spermatogonium appeared a s  a r a t h e r  sma l l ,  ova l -  
I shaped c e l l .  I t s  l a r g e r  diamecer  was p a r a l l e l  t o  t he  basement mem- 

b rane  t o  which i t  was a t tached .  The nuc leus  conta ined  one o r  two 
conspicuous n u c l e o l i  composed of c o a r s e ,  dense s t r a n d s  which branch- 
ed and anastomosed i n  an i r r e g u l a r  network. The ground subs tance  of 
the  cytoplasm conta ined  d isseminated  rn&crotubules and very  abundant ,  
uniformly s c a t t e r e d  f i n e  g r a n u l e s ,  12OA i n  d i ame te r ,  which made 
t h e s e  c e l l s  appear  da rke r  than  o t h e r  spermatogonia and spermatocytes ,  
a l though l i g h t e r  .than S e r t o l i  cells. The endoplasmic r e t i cu lum was 
poor ly  developed and c o n s i s t e d  of  a few f l a t  membranous p r o f i l e s ,  
w h i l e  o c c a s i o n a l  s c a t t e r e d  c lusters  of f o u r  o r  f i v e  l a r g e r  and derr- 
ser r ibosomal  g r a n u l e s  were seen. 
were r e l a t i v e l y  l a r g e  and con ta ined  a dense m a t r i x  wi th  c l e a r l y  

, marked p a r a l l e l  c r i s t a e ;  they tended t o  aggrega te  c l o s e  t o  the  p o l e s  
o f  t he  nucleus.  The unremarkable Golgi  appa ra tus  a l s o  appeared i n  
t h e  v i c i n i t y  of the  nuc leus .  

The round o r  ovoid mi tochondr ia  

Fol lowing g lu t a ra ldehyde  f i x a t i o n  some of t he  f l a t  spematogo-  
n i a  showed a c i r c u l a r  r a r e f a c t i o n  i n  the  c e n t e r  of t he  nucleoplasm, 
which appeared a s  a "vacuole" of less  d e n s i t y ,  but  wi thout  any li- 
m i t i n g  membrane o r  s p e c i a l  s t r u c t u r e  w i t h i n  i t .  T h i s  c h a r a c t e r i s -  
tic was n o t  e x c l u s i v e  t o  f l a t  spermatogonia  as s i m i l a r  t8vacuol iza-  
t i o n s "  could  a l s o  o c c a s i o n a l l y  be seen i n  round spermatogonia ,  pre-  
l e p t o t e n e  spermatocytes  and i n  spermatids .  
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The round type spermatogonium, a l a r g e r ,  c i r c u l a r  c e l l ,  was 
,. a l s o  a t t a c h e d  t o  the  basement membrane. I t s  round, homogeneous nu- 

c l e u s  w a s  l i g h t e r  and conta ined  a smal l  nuc leo lus  which f r e q u e n t l y  
d i d  n o t  show up i n  t h e  u l t r a - t h i n  s e c t i o n s .  
of t h e  cytoplasm was l e s s  dense and conta ined  no mic ro tubu les ,  a l -  
though t h e  Golgi appa ra tus  was more conspicuous. 
chondr i a  were s m a l l e r ,  they showed well-developed c r i s t a e  i n  a 
dense  mat r ix .  I n  c o n t r a s t  t o  t h e  f l a t  type spermatogonia,  they 
w e r e  s c a t t e r e d  throughout t he  cytoplasm. Small c r y s t a l  l i k e  s t r u c -  
t u r e s  were seen. They p resen ted  an i r r e g u l a r  shape and were formed 
of bundles of f i b r i l s  o r  t ubu le s  a l i g n e d  i n  t h e  long axis.  The nu- 
c l e u s  of human spermatogonia has  been s t u d i e d  r e c e n t l y  by Tres  and 
S o l a r i  ( 2 3 ) .  Five  d i f f e r e n t  types of n u c l e a r  bodies  were observed 
i n  type A ( f l a t )  spermatogonia. 
Types 11, I11 and V a r e  cons idered  t o  be a t y p i c a l  n u c l e o l i .  Type 
IV bodies  a r e  smal l  chromatin condensa t ions .  These a u t h o r s  s t a t e d  
t h a t  they could  n o t  e s t a b l i s h  a v a l i d  c r i t e r i o n  f o r  d i s t i n g u i s h i n g  
the d i f f e r e n t  k i n d s  of A gon ia  a t  the  u l t r a s t r u c t u r a l  l e v e l  a l though 
they sugges ted  t h e  e x i s t e n c e  a t  l e a s t  2 types of A gonia.  I n  these  
a u t h o r s '  c r i t e r i a  t he  d i f f e r e n t  n u c l e a r  bodies  probably  r e f l e c t  d i f -  
f e r e n t  me tabo l i c  a c t i v i t i e s .  

The ground subs tance  

While t b e  mito- 

Type I bodies  a r e  t y p i c a l  n u c l e o l i .  

A t h i r d  type of c e l l  was noted which seemed t o  correspond t o  
the usua l  d e s c r i p t i o n s  f o r  p r e l e p t o t e n e  primary soermatocyte.  The 
cy toplasmic  s u b c e l l u l a r  c h a r a c t e r i s t i c s  of t h i s  c e l l  were ve ry  si-  
milar t o  those  of round spermatogonia and showed l i t t l e  resemblance 
to t hose  of primary spermatocytes .  They d i f f e r e d  from t h e  round 
type spermatogonia i n  t h a t  they were sepa ra t ed  from t h e  basement 
membrane, as w e l l  as from ne ighbor ing  c e l l s ,  by t h e  p r e v i o u s l y  de- 
s c r i b e d  r a m i f i c a t i o n s  of t he  S e r t o l i  c e l l  cytoplasm. I t  was fre- 
q u e n t l y  noted  t h a t  i n t e r c e l l u l a r  b r i d g e s  e x i s t e d  between t h e s e  
p r e l e p t o t e n e  c e l l s  and round spermatogonia.  

Although i n  t h e  cour se  of m e i o s i s  pr imary  spermatocvtes  under- 
went remarkable changes i n  s i z e  as w e l l  as i n  t h e  c h a r a c t e r i s t i c s  
of t h e  nuc leus ,  t h e  s u b c e l l u l a r  f e a t u r e s  of t h e  cy toplasm remained 
s t a b l e .  
D r .  S o l a r i .  The numbers of polyribosomes d i s p e r s e d  throughout  t he  
ground subs t ance  were g r e a t e r  t han  i n  any o t h e r  germ c e l l  type. But 
s i n c e  t h e  ground subs t ance  con ta ined  l i t t l e  e l s e ,  t h e  primary s p e r -  
ma tocy te s  were t h e  l i g h t e s t  c e l l s  i n  t h e  germina l  ep i the l ium.  S h o r t  
and ve ry  f l a t  membranous p r o f i l e s  were s c a t t e r e d  throughout  t he  cy to-  
plasm, and f l a t  s a c c u l e s  were l o c a t e d  throughout t h e  nuc leus .  The 
prominent Golgi a p p a r a t u s ,  round and r a t h e r  compact i n  form, was s i t -  
u a t e d  a t  one of t h e  p o l e s  of t h e  nuc leus .  The c r i s t a e  mi tochondr i -  
ales d i d  n o t  show t h e  s t r a i g h t  p a r a l l e l  p a t t e r n  which was seen  i n  
t h e  Spermatogonia; i n s t e a d ,  they  followed an i r r e g u l a r  cour se  and 
f r e q u e n t l y  coa le sced  w i t h  the o u t e r  membrane, g i v i n g  t h e  mitochon- 
d r i a  a "vacuolated" appearance ( 2 4 ) .  Micro tubu les  were s c a t t e r e d  
throughout  t h e  cy toplasm,  and a l though  t h e i r  appearance  was undis -  

These changes i n  the  nuc leus  w i l l  be p re sen ted  l a t e r  on by 

i- 
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t i n c r i v e ,  they seemed t o  be u n r e l a t e d  t o  t h e  mic ro tubu les  of t h e  
sp ind le  du r ing  the  f i r s t  m e i o t i c  d i v i s i o n .  

The e a r l i e s t  m o d i f i c a t i o n  of primary spermatocytes ,  which en- 
abled those c e l l s  t o  be d i s t i n g u i s h e d  from spermatogonia,  was t h e  
appearance of very f i n e  s i n g l e  l e p t o t e n e  th reads .  
p re sen t  even i n  the  youngest spermatocytes .  
able  t o  f i n d  a " r e s t i n g "  s t a g e  t h a t  could be i n t e r p o s e d  between t h e  
spermatogonial  m i t o s i s  and t h e  m e i o t i c  prophase. 

These were always 
We were, t h e r e f o r e ,  un- 

The secondary spermatocytes  were r e l a t i v e l y  small  ce l l s ,  s l i g h t -  
ly l a r g e r  than  young spe rma t ids ,  and obvious ly  smaller than t h e '  
neighboring spermatocytes .  They were seen  i n f r e q u e n t l y  and appeared 
c l o s e  t o  o r  p a r t i a l l y  i n  t h e  lumen of t h e  semin i f e rous  tubules .  The 
nuc leus  was rcund w i t h  a r a t h e r  homogeneous a s p e c t ;  t h e  n u c l e o l u s  
was very  inconspicuous  and w a s  a b s e n t  much of t h e  t i m e .  The endo- 
plasmic r e t i c u l u m  was made of r o s a r i e s  o f  small f l a t  s a c c u l a r  pro- 
f i l e s  which were a r ranged  c o n c e n t r i c a l l y  i n  r e l a t i o n  t o  t h e  nuc leus .  
The l i m i t i n g  membranes of t h e s e  s a c c u l e s  were a g r a n u l a r  and to r tuous .  
S c a t t e r e d  among t h e  endoplasmic re t icu lum,round mi tochondr ia  were 
found,which p r e s e n t  t h e  same v e s i c u l i z a t i o n  seen  i n  t he  primary s p e r -  
matocytes and spermat ids .  Res t ing  and d i v i d i n g  secondary spermato- 
c y t e s  were g e n e r a l l y  seen  co -ex i s t ing  i n  t h e  same p o r t i o n  of t h e  tu -  
bule.  

During t h e  cour se  of spermiogenes is ,  t h e  spermat ids  showed 
changes i n  the  c o n f i g u r a t i o n  of t h e  acrosome which d i d  n o t  d i f f e r  
from those c l a s s i c a l l y  known (14,151. F i v e  d i f f e r e n t  s t a g e s  of pro- 
g r e s s i v e  change i n  the  morphology of t he  s p e m a t i d  were e a s i l y  cha r -  
a c t e r i z e d .  

I n  S tage  A, corresponding  t c  t h e  beginning  of spe rmiogenes i s ,  
the spermacids were round, w i t h  a round homogeneous nucleiis. To- 
ward t h e  end of t h i s  phase t h e  acrosome g r a n u l e ,  a s  w e l l  as  t h e  
acrosome v e s i c l e , .  could be seen. 

I 
The cap  f i n a l l y  became e s t a b l i s h e d  du r ing  S tage  B ,  and t h e  nu- 

c l e u s  could be seen  s t a r t i n g  i t s  e l o n g a t i o n ,  a l though  t h e  appearance  
of  t h e  nucleoplasm remained unchanged. During t h i s  s t a g e  t h e  micro- 
t ubu le  of the-manchet te  f i r s t  appeared ,  wh i l e  w i t h i n  t h e  cy top la smic  
branches of t he  S e r t o l i  c e l l  s imilar m i c r o t u b u l e s  became a r r anged  
p a r a l l e l  t o  t h e  a x i s  of t h e  spermat id .  

E longa t ion  proceeded d u r i n g  S tage  C ,  bu t  t he  most remarkable  
change occur red  i n  t h e  nucleoplasm where ch romat in - l ike  m a t e r i a l  be- 
came condensed i n  f l o c s  o r  l a r g e  i r r e g u l a r  g r a n u l e s ,  which gave t h e  
nuc leus  a " t i g r o i d "  appearance.  

I .  

During StaRe D,  p r o g r e s s i v e  r e d u c t i o n  i n  n u c l e a r  s i z e  could  be 
observed ,  t h e  chromatin f l o c s  formed wider  c l u s t e r s ,  and t h e  nuc leus  

_.- 

1 



$ 

! 

I 
I 

I 
i 
c 

68 0. VILAR, C. A. PAULSEN, AND D. J. MOORE 

became more and more compact u n t i l  all t h e  i n t e r s t i c e s  among t h e  
f l o c s  were o b l i t e r a t e d  and the  nuc leus  a g a i n  presented  a homogeneous 
appearance.  

I n  t h e  f i n a l  phase,  S tagz  D2, most of' t he  cytoplasm of t h e  sper-  
mat id  became e l i m i n a t e d ,  and r e s i d u a l  bodies  could be seen ;  e i t h e r  
p a r t i a l l y  f r e e  i n  t h e  lumen of t h e  tubu le ,  o r  i n  t h e  process  of being 
"phagocytozedtf by the  S e r t o l i  ce l l s .  

DISCUSSION 

Each c e l l  i n  t h e  human germinal  e p i t h e l i u m  shows, i n  both  t h e  
cytoplasm and t h e  nuc leus ,  p a r t i c u l a r  s u b c e l l u l a r ,  c h a r a c t e r i s t i c s  
which al low i t s  i d e n t i f i c a t i o n  i n  e l e c t r o n  micrographs.  For  t h e  
c y t o l o g i c  s tudy  of t h e  t e s t i s ,  e l e c t r o n  microscopy o f f e r s  undoubted 
advantages over  l i g h t  microscopy. The d i s t i n c t i v e  f e a t u r e s  of t h e  
germinal  c e l l  types  t h a t  can be e s t a b l i s h e d  w i t h  t h e  l i g h t  micro- 
scope, e i t h e r  i n  normal o r  p a t h o l o g i c a l  c o n d i t i o n s ,  r e p r e s e n t  p r i -  
m a r i l y  morphological  c o n f i g u r a t i o n  o f  t h e  chromatin and t h e  nucleo- 
l u s ,  s i n c e  t h e  cy toplasmic  d e t a i l s  a r e  poor and t h e  c e l l u l a r  l i m i t s  
are d i f f i c u l t ,  o r  imposs ib le  t o  determine.  Furthermore,  d i f f e r e n t  
f i x a t i v e s  g i v e  d i v e r s e  chromatin p a t t e r n s ,  and i t  i s  sometimes d i f -  
f i c u l t  t o  c l a s s i f y  spermatogonia o r  c o r r e l a t e  t h e  d i f f e r e n t  c l a s s i -  
f i c a t i o n s  which appear  i n  the  l i t e r a t u r e  ( 3 , 2 2 1 .  

Clermont (1) recognized two t y p e s  o f  A spermatogonia ( A  d a r k  
and A p a l e ) ,  t h e  f i r s t  one having a l a r g e  vacuole- l ike  c a v i t y  i n  t h e  
nucleus.  He gave a r a t i o  of Ad:Ap of 1:l. We were n o t  a b l e  t o  es- 
t a b l i s h  w i t h  the  e l e c t r o n  microscope t h e  same d i s c r i m i n a t i o n  among 
spermatogonia.  Fol lowing f i x a t i o n  w i t h  g l u t a r a l d e h y d e ,  w e  observed 
i n  some n u c l e i  a r a r e f a c t i o n  of t he  nucleoplasm which might  appear  
a s  a v a c u o l e - l i k e  s t r u c t u r e ,  b u t  s i n c e  procedures  i n  the  p r e p a r a t i o n  
of t he  specimen a r e  d i f f e r e n t ,  i t  i s  d i f f i c u l t  t o  a f f i r m  t h a t  t h i s  
"vacuole" cor responds  t o  t h a t  d e s c r i b e d  by l i g h t  m i c r o s c o p i s t s .  On 
t h e  o t h e r  hand, our  r a t i o  between the  l tvacuolated" and "non-vacuo- 
l a t e d "  f l a t  spefmatogonia i s  n o t  l:l, b u t  c l o s e r  t o  t h a t  of Roosen- 
Runge and Barlow ( 5 )  who found vacuoles  i n  96 of 1000 n u c l e i .  We 
observed i n  t h e  f ragments  f i x e d  i n  g l u t a r a l d e h y d e ,  t h a t  s i m i l a r  
"vacuoles" could be found i n  o t h e r  t ypes  of germinal  c e l l s  (gono- 
vytes, spermatogonia ,  round spermat ids ,  e t c . ) .  Thus i t  appears  t h a t  
t h i s  "vacuole11 i s  n o t  a d i s t i n c t i v e  c h a r a c t e r i s t i c  of any type  of 
c e l l ,  or of any s p e c i f i c  s t a g e ,  bu t  a kind of m o d i f i c a t i o n  of t h e  
nuc leus  of t h e  germinal  c e l l s  due t o  t h e  aldehyde f i x a t i o n .  I t s  
s i g n i f i c a n c e  w e  a r e  n o t  y e t  a b l e  t o  e v a l u a t e .  

We d i d  n o t  f i n d  an i d e n t i f i a b l e  r e s t i n g  s t a g e  of primary spe r -  
matocyte  t h a t  would be i n t e r p o s e d  between t h e  l a s t  spermatogonial  
m i t o s i s  and t h e  m e i o t i c  prophase.  The youngest  spermatocyte  seemed 
t o  be a l r e a d y  i n  meios is .  S o t e l o  and Tru j i l lo -Cenoz  (25) r e p o r t e d  
t h e  same f i n d i n g  i n  o t h e r  s p e c i e s ,  and s t a t e d  t h a t  " the  appearance 
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of very f i n e  chromosome t h r e a d s  ( l e p t o t e n e  t h r e a d s )  seems t o  be t h e  
b e t t e r  mark t o  recognize  the  t r ans fo rma t ion  of spermatogonia i n t o  
spermatocytes.  
s u b c e l l u l a r  c h a r a c t e r i s t i c s ,  which corresponded t o  those of B spe r -  
matogonia r a t h e r  than spermatocytes ,  except  f o r  t h e  f a c t  t h a t  they  
were no t  a t t a c h e d  t o  t h e  basement membrane bu t  were surrounded by 
S e r t o l i  c e l l s  and so sepa ra t ed  from t h e  o t h e r  c e l l s  and the  base- 
ment membrane. 
c e l l s  and B spermatogonia unques t ionabiy  i n d i c a t e s  t h e i r  o r i g i n .  
The p r e l e p t o t e n e  s t a g e  probably r e p r e s e n t s  a more d i f f e r e n t i a t e d  
type of B spermatogonia moving i n t o  the  co re  of t he  germina l  e p i -  
thelium. 

The p r e l e p t o t e n e  c e l l ,  h e r e  d e s c r i b e d ,  p re sen ted  

The e x i s t e n c e  of c e l l u l a r  b r i d g e s  between these  

I t  could be specu la t ed  t h a t  t h e  e s t a b l i s h m e n t  Gf t h e  above men- 
t ioned r e l a t i o n s h i p  between the  S e r t o l i  and t h e  p r e l e p t o t e n e  c e l l  i s  
an unavoidable  de t e rmin ing  factcir  t h a t  induces ,  a f t e r  t h e  l a s t  spe r -  
matogonial  d i v i s i o n ,  t h e  t r ans fo rma t ion  of t h e  spermatogonium 
i n t o  a primary spermatocyte ,  which i n  t i m e  w i l l  be a b l e  t o  accom- 
p l i s h  m e i o t i c  d i v i s i o n .  The f u n c t i o n  of t h e  S e r t o l i  c e l l s  is n o t  
y e t  known, b u t  i t  was suggested long ago t h a t  t h e  p roduc t s  of t h e  
s e c r e t i o n  o f  t hese  c e l l s  could supp ly  n u t r i t i o n  t o  t h e  germina l  
c e l l s  ( 2 6 ) .  A l s o ,  i t  has  been shown t h a t  they  can ac t  as an a c t i v e  
t r a n s p o r t i n g  system a s  l a b e l l e d  subs t ances  i n j e c t e d  i n t o  a d u l t  r a t s  
leave t h e  c i r c u l a t i o n  i n  t h e  i n t e r t u b u l a r  spaces  and r a p i d l y  move 
i n t o  t h e  semin i f e rous  t u b u l e s ,  d i f f u s i n g  through t h e  cytoplasm of 
t h e  S e r t o l i  c e l l s  (10). Chr i s t ensen  and Fawce t t (  2 7 )  have advanced 
t h e  i d e a  t h a t  t he  s i t e  of homone p roduc t ion  i n  s t e r o i d  producing 
c e l l s  i s  i n  the  a g r a n u l a r  endoplasmic re t icu lum.  
endoplasmic r e t i c u l u m  of t h e  S e r t o l i  c e l l  could be cons idered  a mor- 
p h o l o g i c a l  base  t o  suppor t  the c l a im t h a t  t h e s e  ce l l s  produce ste- 
r o i d  hormones, but: no c o n s i s t e n t  proof has been found a t  t h e  p r e s e n t  
time. As was a l s o  s p e c u l a t e d  by C h r i s t e n s e n  (8) t h e  p a r a l l e l  micro- 
t u b u l e s  i n  the  S e r t o l i  cytoplasm could  be r e l a t e d  t o  t h e  mechanism 
of t h e  r e l e a s e  and ho ld ing  of t h e  spermat ids .  

The a g r a n u l a r  

The suppor t ing  c e l l s  r each  m a t u r i t y  a t  p u b e r t a l  ages ,  s imul tan-  
eous ly  w i t h  t h e  beginning  of spermatogenes is ,  and an obvious  regu- 
l a t i o n  by t h e  hypophysis occurs .  We can on ly  c o n j e c t u r e  as t o  whe- 
t h e r  gonadot ropins  a c t  upon both  germina l  and S e r t o l i  c e l l s  or whe- 
t h e r  t h e  primary t a r g e t  i s  t h e  suppor t ing  c e l l s  ( S e r t o l i )  which then  
could i n f l u e n c e  the  germina l  ones. Courot (28)  i n j e c t e d  gonadot ro-  
p i c  p r e p a r a t i o n s  i n t o  lambs whose t e s t e s  were n o t  y e t  showing s p e r -  
matogenic a c t i v i t y  and observed t h a t  w h i l e  no impor t an t  e v o l u t i o n  
of the  gonocytes  w a s  seen,  a f a i r l y  c o n s t a n t  s t i m u l a t i o n  of p r e c u r -  
s o r s  of S e r t o l i  c e l l s  w a s  observed. 

Mancini e t  a l .  ( 2 2 )  have d e s c r i b e d  a d d i t i o n a l  t ypes  of sperma- 
togonia  i n  t h e  a d u l t  human tes t is ;  b i n u c l e a t e d ,  h y p e r t r o p h i c  and 
pyknot ic .  While b i n u c l e a t e d  spermatogonia,  a s  w e l l  as o t h e r  b inu-  
' c l e a t e d  t y p e s ,  a r e  seen  f r e q u e n t l y  and merely i n d i c a t e  a d e l a y  of 
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the  c y t o k i n e s i s  as Fawcett and Burgos (i4) have reported,  hypertro-  
p h i c  and pyknotic  c e l l s  are seen  ra ther  seldom, and i n  our opinion 
have l i t t l e  s i g n i f i c a n c e .  
as po lyp lo id  c e l l s  ( 5 ) ,  and pyknosis  probably i n d i c a t e s  f a i l u r e  :f 
i s o l a t e d  c e l l s  t o  pursue the complete e v o l u t i o n  toward spermatozoa. 

Large spermatogonia have been in terpre ted  

Fig. 1. Human. Serto l i  c e l l .  Note t h e  well deve loped  nucleolus. 
X 17,000 
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,-..Fig. 2. Flat spermatogonium in contact with the basal lamina. 
x 30,000. 

Fig. 3. Flat spermatogonium. Note the "vacuolization of the nu- 
2,- : cleus" x 27,300. 



2 
0. VILAR, C. A. PAULSEN, AND D. J. MOORE 

_. Fig. 4 .  Round spermatogonium. Note that the basal lamina forms 
ttpegsfl which project into the Sertoli cells. x 13,000. I 

Fig. 5. Spermatocyte 11. x 17,000. 
/ -- 
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F i g .  6. Spe rma t id  B .  Note t h e  t u b u l e s  of t h e  "manchette" as  well 
a s  t h o s e  i n  t h e  c y t o p l a s m  of S e r t o l i  c e l l .  x 40,000. 

- 

r ? i g .  7. S p e r m a t i d  D. Note condensed n u c l e a r  m a t e r i a l  arid t h e  con- 
n e c t i n g  p i e c e .  x 27,300. 

30029 I q 
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