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S P E R M A T O G E N E S I S  IN T H E  

A L B I N O  R A T  AS R E V E A L E D  BY E L E C T R O N  MICROSCOPY* 

A PRELIMINARY REPORT 

by 

MICHAEL L. WATSON 
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of Medicine and Dentistry, Rochester, N. Y. (U.S.A.) 

Methods are presented here for the preparation of tissue sections of rat testis for 
the electron microscope which show a resolution of better than xoo A for certain cyto- 
plasmic cell components. These methods include the usual fixation in osmic acid, the 
omission of washing of fixed tissue, the necessity for alcohol dehydration, and removal 
of embedding material by a sublimation process. 

A preliminary description of certain features of spermatogenesis revealed by these 
techniques is included. New observations of the cell structure are the peripheral location 
of young spermatid mitochondria, the filamentous structure of the caudal sheath of the 
developing spermatid nucleus, and a description of structural details of the acroblast. 

MATERIALS AND METHODS 

This tissue preparation may conveniently be divided into categories of fixation, dehydration, 
embedding, cutting, and removal of embedding material. 

The general procedure followed is tabulated below: 
i. Fixation in 2% osmic acid for 15 minutes to I hour. No washing. 
2. Dehydration in 6o%, 8o%, 9o%, 95%, and lOO% ethyl alcohol for i hour in each. 
3. Embedding in butyl methacrylate monomer with 2% catalyst** in equal portions with 

absolute alcohol for i hour; then in the monomer with catalyst for 12 to 15 hours at about 5 degrees 
Centigrade. 

4. Polymerization in d# i gelatin capsules at 45 degrees Centigrade, about 8 hours. 
The methacrylate embedding procedures follow, with minor changes, those outlined by NEWMAN 

et al. 1 Cutting is done with a Spencer Model 820 microtome modified with a glass wedge as described 
by PEASE AND BAKER 2. A steel knife is used, sharpened on glass as described by HILLIER 3. The 
sections are floated from the knife onto 35% dioxane in water containing a small amount of anti- 
oxidant*** suggested by HILLIER in a private communication. They are picked up on IOO mesh 
silica-coated collodion-covered screens and after drying are transferred to the evaporator. Here they 
are placed I inch from a tungsten coil with a sheet of mica about o.ooI inch thick interposed between 
the coil and the screens. When a vacuum of o.2 # is reached, the coil is heated by a current equal 

* This paper is based on work performed under contract with the United States Atomic Energy 
Commission at  The University of Rochester Atomic Energy Project, Rochester, New York. 

This work is based on material contained in University of Rochester, Atomic Energy Project 
reports, UR-I3I  and UR-I64. 

** Di-chlorobensoyl peroxide in equal proportions with dibutyl phthalate. 
*** A sufficient quanti ty of sodium chrom glucosate is dissolved in water to produce a definite 

yellow color and the filtered solution is used to dilute the dioxane. The material may be obtained 
from D. W. Haering and Company, Inc., P. O. Box 6039 , Harlandale Station, San Antonio, Texas. 
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to abou t  one-ha l f  t he  cu r ren t  requi red  to me l t  t he  t ungs t en ,  and  t h a t  t e m p e r a t u r e  is he ld  for one 
minu te .  The  f i lament  is c losewound f rom 1-1/2 inch  of o.o2o inch  d i ame te r  wire into a cone wi th  
1/8 inch  base d iameter .  Th i s  l a s t  s tep  r emoves  nea r ly  al l  t h e  e m b e d d i n g  ma te r i a l  f rom the  sect ions 
by  sub l ima t ion .  The  mica  shee t  p r even t s  t u n g s t e n  f rom being depos i ted  on t he  sect ions.  The  screens  
are now ready  to be exami ned .  

The  bes t  p repa ra t ions  ob ta ined  have  been of t e s t i s  and  lung.  I n  t e s t i s  f rom which  the  tun ic  
ha s  been r emoved  t he  t ubu l e s  wil l  separa te  f rom one ano t he r  when  placed in t he  osmic  acid f ixative.  
T h u s  a t i s sue  wi th  a large sur face- to -vo lume ra t io  is eas i ly  ob ta ined  w i t h o u t  man ipu la t i on .  Lung,  
owing to i ts  s t ruc tu re ,  also has  a large su r face - to -vo lume rat io.  Less  eas i ly  pene t rab le  t i s sues  such  
as l iver  have  no t  been so success fu l ly  prepared .  

A l t h o u g h  good p repa ra t ions  of t e s t i s  and  lung  have  been m a d e  where  wash ing  of the  t i s sue  
af ter  f ixat ion was pa r t  of t h e  procedure,  in genera l  t he  qua l i t y  is good more  cons i s t en t ly  when the  
wash ing  is omi t t ed .  

D e h y d r a t i o n  in a lcohol  is necessary  for good resu l t s  wi th  osmic  f ixation.  Methyl ,  e thy l ,  a n d  
iso-propyl alcohols  have  been t r ied  wi th  essen t ia l ly  t he  same  resul ts .  These  alcohols  reduce  osmic  
acid and  it  is felt  t h a t  t h i s  charac te r i s t i c  is s ignif icant  in t he  f ixat ion process.  Dioxane  does no t  reduce 
osmic  acid and  gives poor  resu l t s  when  used  as a d e h y d r a t i n g  agent .  

The  sub l ima t i on  m e t h o d  ou t l ined  for r e m o v i n g  t he  e m b e d d i n g  ma te r i a l  f rom sect ions  avoids  
t he  d i s tor t ion  in t roduced  by  t he  use  of so lven t s  and  m a y  be carr ied to comple t ion  more  successful ly  
t h a n  sub l ima t ion  in t he  e lect ron b e a m  of t he  microscope.  The  t e m p e r a t u r e  m u s t  be control led  r a the r  
careful ly  to avoid  r emova l  of por t ions  of t i s sue  a n d  a t  t he  same  t i m e  to pe rmi t  comple te  c lear ing 
of t he  section.  Silica coa t ing  of t he  collodion suppo r t i ng  f i lm is essent ia l  to provide  t he  s t r eng th  
requi red  for t he  s u b l i m a t i o n  procedure.  

RESULTS AND DISCUSSION 

The pictures which follow, Fig. I through 3, are of cells in the germinal epithelium 
of normal adult rat  testis. These pictures are representative of the results obtainable 
with the techniques described in the sense that  a reasonable portion of tissue-bearing 
fields is acceptable. Letters on the figures simplify identification of structures referred 
to in the text. 

Fig. I shows a cross-section of a late phase 8 tubule. The phase designation follows 
that  of ROOSEN-RUNGE AND GIESEL 4 described in their excellent statistical s tudy of 
spermatogenesis in the rat. A few sperm heads (A) may be seen in the lumen at the 
very bot tom of the figure near the right corner. A number of vacuolated bodies (B) 
in the same general region which contain clusters of heavily staining fat globules are 
the spermatid cast-offs. Most of the section is dominated by young spermatids (C) which 
occupy that  half of the seminiferous epithelium towards the lumen. The nuclei have 
become eccentric and are in contact with the cell wall. The nuclear capis heavily stained 
and occupies about one-third of the periphery of the nuclear cross section. In several cells 
the acrosome in its early, uncondensed state may be seen in the center of the nuclear 
cap. The spermatid mitochondria characteristically adhere to the cell membrane. 

The cells immediately above the spermatids are pr imary spermatocytes (D) which 
at this stage are fairly large. Their outline is irregular and shows indentation by sur- 
rounding cells. The large idiosome (D1) has a diameter about one-third that  of the 
nucleus. Two small cells tentatively identified as Type B spermatogonia (E) may  be 
seen at the basement membrane (H). A large oval SERTOLI nucleus (F) with a deep 
indentation also lies at the basement membrane.  The SERTOLI cytoplasm (G) streams 
down among the other cells and shows no obvious cell membrane. 

In good preparations for the electron microscope it has been our experience that  
membranes between cells in general which are in contact are usually quite distinct. 
However, observations by the author have never disclosed a membrane separating two 
SERTOLI cells whose cytoplasm is in contact. This may throw some light on the question 
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Fig. I. Low power  view ,)f a por t ion  of a late phase  8 tubule .  A few sperm heads  (A) are still p resent  
a t  the  lumen.  Cast-offs (B), r e m n a n t s  of t he  spe rma t id  c y t o p l a s m  a b a n d o n e d  by the  developed sperm,  
line the  l u m e n  a t  th i s  stage.  Developing  spe rma t i d s  (C) are p re sen t  in large number s .  The  older 
p r i m a r y  s p e r m a t o c y t e s  ID) have  grown to large size and  con ta in  a p r o m i n e n t  id iosome (D1). The  
n e x t  genera t ion  of p r i m a r y  s p e r m a t o c y t e s  (E) are smal l  and  near ly  spherical  and  adhere  to the  
b a s e m e n t  m e m b r a n e  (H). The  SERTOLI nucleus  (F) is close to the  b a s e m e n t  m e m b r a n e  in all phases  
of spermatogenes i s .  I t s  c y t o p l a s m  (G) su r rounds  the  spe rmatogen ic  cells and  appears  to be con t inuous  

wi th  t h a t  of all t he  o ther  SERTOLI nuclei  in the  tubule .  

of the existence of the "SERTOLI syncytium" which has received much attention in the 
years since the first description of these cells by SERTOLI ~. 

Fig. 2 shows a young spermatid in a somewhat earlier phase than those in Fig. z. 
The mitochondria (A) are clearly seen generally in contact with the cell membrane. 
They are somewhat variable in form but tend to be spherical. A number of pale staining 
bodies (B) are scattered throughout the cytoplasm. These bodies have a variable form 
corresponding to the stage development of the spermatid. In the cell shown they are 
elongated, lightly-staining structures with a maximum dimension of about 2ooo A. At 
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Fig. 2. Early resting spernlatid. Mitochondria (A) adhere to the cell membrane.  Microsomes (B) of 
variable form are found th roughou t  the cytoplasm. The nuclear cap (C) has not  yet condensed as 
much as the nuclear caps of spermat ids  in Fig. i. The acroblast  (D) is s t i l l in  contact  wi th  the nuclear 

cap. The acrosome is not  shown in this  section. 

la ter  deve lopmen t  they  become spher ical  and much smaller .  These bodies appea r  to be 
s imi lar  to s t ruc tures  noted  by  PORTER AND THOMPSON 6 (Fig. I of thei r  paper)  in a normal  
t issue cu l tu red  chicken macrophage  and referred to by  them as microsomes or "com-  
ponents  of the ground  subs tance" .  

The nuclear  cap (C) is a t  an ear ly  stage of deve lopmen t  and la te r  becomes much 
condensed.  The acroblas t  (D), a t e rm used by  KING 7 and la te r  b y  BOWE.~ s to denote  
the  " id iosoma l"  s t ruc ture  from which the acrosome is formed and which conta ins  the  
centrioles,  is in contac t  wi th  the  nucleus near  the  edge of the  cap.  The acroblas t  is a 
be l l - shaped s t ruc ture  wi th  the osmiophi l l ic  cap ly ing d is ta l  to the  nucleus• Numerous  
smal l  spherical  objects  are inside the acroblas t .  These have  d iamete rs  of the order  of 
200 to 300 A. 

lCe/ereuces p. 374.  
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Fig. 3- Developing  spe rma t i d  nucleus .  The  f i l amentous  cauda l  shea th  (B) emerges  f rom tile uncapped  
por t ion  of t he  nuc leus  (A-A) into t he  spe rma t i d  c y t o p l a s m  (C). The  spe rma t id  cell m e m b r a n e  is 
shown a t  (D). The  capped  por t ion  of the  nucleus  projects  into the  SERTOLI cy top l a sm (E). Microsomes 
of var ious  sizes are sca t te red  t h r o u g h o u t  bo th  t he  spe rma t id  and  SERTOLI cy top lasm.  Mi tochondr ia  
are seen in the  s p e r m a t i d  c y t o p l a s m  and  have  c o m m e n c e d  to leave the  cell m e m b r a n e  and  mig ra t e  

to the  ta i l  f i l aments  which  are uot  shown in th i s  section.  
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Fig.  3 shows the nucleus of a phase 3 developing  spermat id .  The neckpiece is not  
included in the section. The an te r ior  pa r t  of the head lies toward  the top  of the illus- 
t ra t ion.  Tha t  por t ion (A-A) of the head from which numerous  fine f i laments  (B) project  
downwards  consists mos t ly  of the uncapped  par t  of the  nucleus. To this pa r t  of the 
nucleus the cy top la sm (C) of the spe rma t id  clings. The faint  outl ines of the spe rmat id  
cell membrane  (D) m a y  be discerned s ta r t ing  at  e i ther  end of the  f i lamented region and 
ex tend ing  downwards .  Between the cell boundar ies  lie a number  of heav i ly - s ta ined  
mi tochondr ia  and a number  of the l igh t ly -s ta ined  bodies descr ibed in Fig.  2. The capped  
par t  of the  head projects  into the  SERTOLI cy toplasm.  

The f i laments  ment ioned  above  cons t i tu te  the cauda l  shea th  first descr ibed by  
MEVES 9. The caudal  sheath  forms abou t  the poster ior  pa r t  of the head enclosing the 
neckpiece in a funnel- l ike s t ructure .  In  the ra t  the cauda l  sheath  does not  appear  to be 
the precursor  of a future  s t ructure ,  bu t  shortens as deve lopment  proceeds and finally 
disappears .  

SUMMARY 

Omission of washing of osmic-fixed tissue and use of alcohol dehydration permit consistently 
hetter preparations of tissue for sectioning for the electron microscope. A sublimation method removes 
almost all embedding material from sections with little distortion. 

Applying these techniques to the seminiferous epithelium of adult rat it has been found that the 
young spermatid mitochondria adhere to the cell wall. The spermatid acroblast has a complicated 
internal structure of globular bodies and the caudal sheath is flamentous. 

Ri~SUMll 

Lorsque l 'on omet le lavage et que l 'on d6shydrate /t l 'alcool les t issus fix6s '& l'acide osmique, 
l 'on obtient  des pr6parat ions meilleures pour  coupes destin6es au microscope 61ectronique. Une 
ln6thode de subl imat ion permet  d enlever des coupes presque toute la mati~re environnante  en ne 
eausant  qu 'une  16g6re difformation. 

En appl iquant  cette technique A l'6pith~liulll s~minif~re de rats  adultes nous avons trouv~ que 
les mitochondries des jeunes spermatides adherent  & la paroi cellulaire. L 'acroblaste  des spermatides  
adh6rent ~ Ia paroi cellulaire. L 'acroblaste  des spermatides  a une s t ructure  interne compliqu6e de 
corps globulaires et la gaine caudale est filamenteuse. 

ZUSAMMENFASSUNG 

13ei der Herstellung yon Schnit ten ftir das Elekt ronenmikroskop empfiehlt es sich, (lie Init 
Osmiumte t roxyd  fixierten Gewebe nicht zu waschen und mit  AlkohoI zu entwS.ssern. Mit Hilfe einer 
Sublimationsnlethode kann man beinahe das gesamte ulngebende Material mit  geringer Deformation 
aus den Schni t ten entfernen. 

Durch Anwendung dieser Arbei ts technik auf das sanlentragende Epi thel  erwachsener Raten,  
wurde gefunden dass die Mitochondrien tier jungen Spermatide der Zelhvand anhaften.  Der Acroblast 
der Spermatide hat  einc komplizierte innere S t ruk tu rund  enth/ilt  kugelfOrmige KOrper; die caudale 
Scheide ist faserig. 

R E F E R E N C E S  

i S. B. NEWSMAN, E. BORYSKO, AND M. SWERDLOW, Science, 11o (I949) 66. 
a D. C. PEASE ANn R. F. BAKER, Proe. Soc. Exptl. Biol. Meal., 67 (1948) 47 o. 
:l j .  HILLIER, Rev. Sci. Instrum., 22 (I95I) 185. 
z E. C. ROOSEN-RUNGE ANt) L. O. GIESEL, Am. J .  Anat., 87 (195 ° ) I. 

E. SERTO5I, II Margagni, 7 (1865) 31. 
l~. R. PORTER AND H. P. THOMPSON, Cancer Res., 7 (1947) 431. 

'~ H. D. KING, Am. . ] .  Anat., 7 (19o8) 345. 
R. H. BOWEN, Anat. Rec., 24 (1922) 159. 
F. MEVES, Arch. Blikroskop. Anat. Entwicklungsgpsch., 54 (1899) 329. 

Received  June  3oth, 1951 


