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R esearch  in to  th e  m echanism  of sp e rm ato g en esis  m ay be considered  
to  h av e  begun w ith  v . E b n e r ’s (1871) c lassical s tu d ies  in ra ts . Since th e n , th e  
r a t  has been  th e  m a in  o b je c t in  th e  s tu d ies  co n cern ed  w ith  sperm ato g en esis , 
a p p a re n tly  due to  th e  fa c t th a t  i t  is in th a t  a n im a l th a t  can b es t be o b se rv ed  
th e  com plica ted  processes ta k in g  place one a f te r  th e  o th e r or s im u ltan eo u sly  
in th e  germ inal ep ith e liu m  o f th e  sem iniferous tu b u le s . In  m ost m am m als  th e  
fu n d am en ta l processes o f  sperm atogenesis a re  id en tica l and  th u s  th e  re su lts  
o b ta in ed  for ra ts  m a y  be  app lied  to  a w ide  v a r ie ty  o f species, w ith  m in o r 
re s tric tio n s.

T he process o f  sperm atogenesis  is k n o w n  now  in considerab le  d e ta il, 
especially  from  th e  h is to ch em ica l and  e lec tro n m icro sco p ic  stud ies of th e  p a s t 
few years  ( L e b l o n d  an d  C l e r m o n t , 1952a, C l e r m o n t  and  L e b l o n d , 1955, 
D a o u s t  and  C l e r m o n t , 1955, H a n s o n  e t. a l.,  1952, K a y e , 1957, S o t e l o  
e t. a l., 1958, B u r g o s , 1955, Y a s u zu m i  e t. a l.,  1956, 1958). H ow ever, little  
is know n ab o u t th e  m ech an ism , abo u t th e  en zy m es involved  in  th e  p rocess. 
In  som e of ou r m ore re c e n t stud ies we have  sh o w n  th a t  in  the  course o f sperm io- 
genesis, w hen  th e  sp e rm id s  are tran sfo rm ed  in to  sperm atozoa, an  ac id -fa s t 
com ponen t ap p ears  in  th e  h ead  and  is in  a close re la tio n sh ip  to  th e  m o rp h o lo g 
ical m a tu ra tio n  o f t h a t  p a s t o f th e  sp e rm a to z o o n  ( P ó s a l a k y  a n d  T ö r ő , 

1957, 1958, 1959). T h e  p re se n t stud ies w ere in te n d e d  to  gain a deep er in s ig h t 
in to  th e  m echan ism  o f th is  phenom enon. W e h a v e  assum ed sp e rm ato g en esis  
to  be  a h igh-energy  p ro cess  an d  as such, i ts  in d ic a to r  m ay be th e  a c t iv i ty  of 
th e  enzym e d eh y d ro g en ase . W e have th e re fo re  s tu d ie d  th e  b eh av io u r o f  succin ic  
dehydrogenase  in  th e  course  o f sp erm ato g en esis .

M ethods

Sexually  m a tu re  W is ta r  ra ts  w eighing a b o u t 180 g each  were killed b y  d e c a p ita tio n , 
th e  te s te s  were rem oved , fro zen  and  cu t u p  in to  se c tio n s  10 a n d  20 /< th ick  in a c ry o s ta te  o f 
th e  L inde  ty p e . T he sec tio n s w ere d ried  a t  room  te m p e ra tu re  for a b o u t 1,5 m in u te s , in c u b a te d  
w ith o u t fix a tio n  in a n é o té tra z o liu m  solu tion  (B a r k a , 1959), for from  30 m in u te s  to  \  ho u rs .
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A p e r io d  o f 2 hours was fo u n d  th e  m o st su itab le . Som e sec tions were s ta in e d  w ith  m e th y l 
g re en . T h e  con tro l sections w ere in cu b a ted  fo r 2 h o u rs  in  a  so lu tion  c o n ta in in g  3 m g/m l 
m a lo n ic  acid .

T h e  m eth o d  of a c id -fa s t s ta in in g  h as b een  d esc rib ed  earlier ( P ó s a l a k y  a n d  T ö r ő , 
1957), i t  consisted  in  s ta in in g  w ith  c ry s ta l v io le t, d if fe re n tia tin g  in  acetic  acid , th e n  alcohol, 
a n d  f in a l ly  sta in ing  w ith  B ism a rc k  brow n.

L ip id s  were stu d ied  b y  th e  acid  h a em a te in  m e th o d  of B aker ( P e a r s e , 1954).

R esults

T h e  resu lts  w ill be  describ ed  acco rd ing  to  th e  stages o f sp e rm ato g en esis , 
as d e te rm in e d  on th e  b as is  o f  th e  ev idence p u b lish e d  b y  v . E b n e r  (1871, 1888), 
C u r t i s  (1918), R o s e n - R u n g e  (1950, 1955), L e b l o n d  and Cl e r m o n t  (1952a, 
1955) a n d  observed b y  us.

Stage 1. S p erm ato zo a  a re  n o t v isib le  in , o r are  ju s t  d isappearing  fro m , th e  
tu b u la r  lum en . G ranu les, th e  so-called “ re s id u a l bod ies”  of R e g a u d  (1901) 
a re  v is ib le  on th e  su rface . T h e  sperm ids a re  lo c a te d  usually  in  3 to  4 lay e rs : 
th e y  a re  ro u n d  cells w ith  p a le , ro u n d  nu c le i. U n d e r th em  th e re  a re  u su a lly  
tw o  la y e rs  o f sp e rm a to cy te s : th e  u p p e r la y e r  is o lder, and  th e  n ucle i a re  in  th e  
m e io tic  p ro p h ase  (p a c h y te n e ). T he low er la y e r  on  th e  b asa l m em b ran e , b e tw e e n  
th e  sp e rm a to g o n ia  is e ith e r  in  th e  “ re s tin g ”  p h a se , w ith  fine, g ra n u la r  n u c leu s , 
o r  h a s  b eg u n  th e  m eio tic  p ro p h a se  ( lep to ten e ), w ith  th e  nuclei m ore  in te n se ly  
s ta in in g . S perm atogon ia  a re  few , an d  th e ir  n u c le i a re  pale and c o n ta in  c h ro m a 
t in  in  th e  form  of d u s t- lik e  p a rtic le s  ( ty p e  “ A ” ).

I n  th is  stage d e h y d ro g en ase  a c tiv ity  is th e  s tro n g est in  th e  b a s a l m em 
b ra n e . S po ts som etim es as b ig  as h a lf  a n u c leu s  in d ica te  a c tiv ity  a ro u n d  th e  
n u c le i o f  th e  younger la y e r  o f  sp e rm a to c y te s . T h e  lay e r o f sp e rm id s show s 
c lu s te rs  o f  ac tiv ity , a p p a re n t ly  in  th e  cy to p la sm . T he cy top lasm  o f th e  o lder 
p r im a ry  sp e rm ato cy tes  e x h ib its  a fin e , g ra n u la r , pa le  reac tio n .

T h e re  is no ac id -fa s t s ta in in g  in  th is  s tag e .
T h e  resu lts  of th e  lip id  reac tio n  w ill b e  described  w ith  stag e  3.
Stage 2. The n u c le i o f  th e  sperm ids h a v e  becom e e longa ted  a n d  are  

g ro u p e d  in  bundles, fo rm in g  3 to  4 lay e rs  on  one side of th e  cell. T h e  tw o  
la y e rs  o f  sp e rm ato cy tes  a re  p re se n t, b o th  in  th e  m eio tic  p rophase  ( th e  u p p e r  
in  p a c h y te n e , th e  low er in  le p to te n e ). T he n u m b e r  o f sperm atogon ia  is so m e w h a t 
la rg e r , th e  nuclei are  s till “ d u s t- lik e”  ( ty p e  “ A ” ).

D ehydrogenase  a c t iv i ty  con tinues to  in c rease  along th e  b asa l m e m b ra n e , 
w h ile  no  m ajo r change is n o ticeab le  in  th e  r e s t  o f th e  p re p a ra tio n  (F ig . 1, 
F ig . 7 ).

T h e re  is no a c id -fa s t s ta in in g  in  th is  s tag e .
T h e  resu lts  o f th e  lip id  reac tio n  w ill b e  described  w ith  s tag e  3.
Stage 3. The nuc le i o f  th e  sperm ids are  m o re  elongated  and  th e  lo n g itu d i

n a l, b u n d le -lik e  p a t te rn  h as  fu lly  developed . T h e  nuclei s ta in  m ore in te n s e ly



Fig. 1 to 4. Sem iniferous tu b u le . Succinic dehydrogenase  reac tio n , m e th y l green  c o n tra s t sta in in g . C ry o sta te  sections
Fig 1 =  S tage 2 F ig 3 =  S tage 4
Fig 2 =  S tage 3 F ig 4 =  S tage  6.

В =  basal p a r t  o f tu b u le . L =  lu m in ar p a r t  o f  tu b u le



Fig. 5 to 7. Sem iniferous tu b u le . Succinic dehydrogenase  reac tio n , m e th y l green c o n tra s t sta in ing . C ry o sta te  sections
Fig . 5 =  S tage 7 F ig. 7 =  a) S tage 2
Fig . 6 =  S tage 8 b) S tage 4

c) S tage 7
Fig. 8. Sem iniferous tu b u le . F ix a tio n  in  C arnoy, em bedding  in p a raffin e , c ry s ta l v io le t — B ism arck brow n ac id -fas t sta in ing .

A cid-fast sta in in g  of th e  head  of th e  sperm atozoon  is visible
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th a n  in  stage  2. A m ong  th e  sp e rm a to cy te s  in  th e  m eiotic  p ro p h a se  th o se  
n ea re r  th e  lu m en  (th e  o lder generation) a re  in  th e  d ip lo tene or e v e n tu a lly  
th e  d iak in e tic  p h ase , w hile  th e  younger g e n e ra tio n  is in th e  s tro n g ly  s ta in in g  
zy go tene  phase . T h e  sp e rm ato g o n ia  of ty p e  “ A ”  occur in  a b o u t th e  sam e 
n u m b ers  as in  s tag e  2.

T h e  d eh y d ro g en ase  reac tio n  along th e  b a sa l m em brane a p p e a rs  in  th e  
fo rm  o f b ig, co n flu en t s tru c tu re s , so -to -say  e m b ra c in g  th e  nuclei o f  th e  y o u n g  
sp e rm a to cy te s . I n  an d  a ro u n d  th e  sperm ids i t  ap p e a rs  in  th e  fo rm  o f  c lu ste rs  
w hile a  w eaker re a c tio n  show ing a p a t te rn  o f  f in e  granules is v isib le  in  th e  
o lder sp e rm a to cy te s  (F ig . 2 ) .

T h ere  is no ac id -fa s t sta in ing .
I n  th e  f irs t  3 s tag es  th e  lip id  re a c tio n  is v e ry  s trong  a long  th e  b a sa l 

m em b ran e , w here th e  y o u n g e r lay er of sp e rm a to c y te s  is to  be found  ( F ig . 10). 
T here  i t  form s s tru c tu re s  reach ing  som etim es th e  size of th e  nu c le i. I n  th e  
lu m in a r  areas m ic ro g ra n u la r  reaction  is v is ib le , loca ted  a p p a re n tly  to  th e  
cy to p lasm  o f tra n sfo rm in g  sperm ids.

Stage 4. T he  sp erm id s h av e  a lready  a ssu m ed  th e  head-shape c h a ra c te r is tic  
o f  sp e rm ato zo a . E a r ly  in  th is  stage  th e  n u c le u s  is reduced  to  a b o u t 2/3 of 
its  fo rm er size an d  s ta in s  m ore in tensely . T h e  sperm id -S erto li cell com plexes 
are c learly  v isib le a n d  th e  sperm ids begin  to  m ig ra te  to w ard  th e  b a s a l p a r t  
o f  th e  tu b u le . B o th  d iv ision  of th e  sp e rm a to c y te s  ta k e  place in  th is  s tag e . 
T he y o u n g er la y e r  o f  th e  p rim a ry  sp e rm a to c y te s , n ea re r th e  b ase , is in  th e  
m eio tic  p ro p h ase  (zy g o ten e , or pach y ten e), w h ile  th e  o lder g en e ra tio n  show s 
d iv ision  resu ltin g  in  seco n d a ry  sp e rm a to cy te s . T h e  secondary  sp e rm a to c y te s  
are  sm alle r th a n  th e  p r im a ry  ones, h av e  ro u n d  re ticu la r  nuclei c o n ta in in g  
ro u n d  ch ro m a tin  g ran u les . T h e  n um ber an d  sh a p e  o f  sperm atogon ia  a re  s im ila r 
to  th o se  in  th e  fo rm er stag es .

T h e  d eh y d ro g en ase  re a c tio n  along th e  b a sa l m em brane ap p e a rs  in  th e  
form  o f a few d ispersed  la rg e  clusters, w h ile  th e  cy to p lasm  o f th e  sp e rm a to 
cy tes show s a pale , g ra n u la r  reac tio n . L ikew ise, th e  new  sperm ids e x h ib it sm all, 
pale g ra n u la r  re a c tio n . A round  th e  tra n s fo rm in g  sperm atozoa th e  re a c tio n  
is m ore  in ten se  (F ig . 3, F ig. 1).

B y  th e  end  o f th is  s tag e  th e  sp e rm a to zo a l h ead  begins to  show  a pa le  
ac id -fa s t s ta in in g  (F ig . 9).

T h e lip id  re a c tio n  ap p ea rs  in  th e  fo rm  o f  c lu s te rs  along th e  b a se ; in  th e  
lum en  th e  g ranu les o f  f in e r  d is trib u tio n  a re  la rg e r  and  s ta in  m ore in te n se ly  
th a n  in  th e  earlie r s tag es . T he reac tio n  is a lm o s t n egative  in  th e  la y e r  of 
sp e rm a to cy te s  (F ig . 11).

Stage 5. T he d eve lop ing  sperm atozoa p e n e tr a te  in  bundles co rresp o n d in g  
to  th e  cells o f  S erto li to w a rd  th e  basa l p a r t  o f  th e  tu b u le  and  re a c h  in  th is  
s tag e  a b o u t th e  h a lf  th ic k n e ss  of th e  g e rm in a l ep ith e liu m . A m ong th e m  th e re  
are  3 o r 4 layers o f  new ly  fo rm ed  sperm ids, w ith  p a le , lig h tly  s ta in in g  cy s t- lik e
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n u c le i. U n d e r  th em  th e  la y e r  o f  th e  grow ing p r im a ry  sp e rm ato cy tes  is v isib le , 
in  th e  m e io tic  p rophase  (p ach y ten e ). In  th is  s tag e  th e  sp e rm ato g o n ia  are  
d iv id in g  a n d  a d ifferen t ty p e  o f cell, w ith  o v a l nuclei paralle l w ith  th e  b ase  
is fo rm e d  ( ty p e  “ B ” ).

I n  th e  basa l a rea  th e  d eh y d ro g en ase  re a c tio n  is seen in  th e  fo rm  of 
o ccas io n a l, large clusters, a p p a re n tly  localized  to  th e  cells of S erto li, th o u g h  
th is  c o u ld  n o t be re liab ly  a sce rta in ed . T he sp e rm a to c y te s  an d  sp e rm id s show

F ig . 9 . T w o  sem iniferous tu b u le  sec tions, fix ed  in  C a rn o y , em bedded  in  p a ra f f in e , c ry s ta l 
v io le t-B is m a rc k  brow n acid -fas t s ta in in g , a) S tag e  4, som e of th e  sp e rm ato zo o n  h ead s 
b e g in n in g  to  show  acid -fas t s ta in in g , b) Stage  5, m a rk e d  acid -fast s ta in in g  o f  ev ery

sp erm ato zo o n  h e ad

th e  sa m e  pale , fine g ra n u la r  reac tio n . T h e  re a c tio n  is s tro n g er a ro u n d  th e  
s p e rm a to z o a  undergo ing  tra n s fo rm a tio n .

I n  th is  stage th e  w hole of th e  h ead  h a s  becom e acid -fast, e sp ec ia lly  in 
th e  sp e rm a to z o a  w hich h av e  p e n e tra te d  d eep e r in to  th e  cells o f S erto li (  F ig . 8, 
F ig . 9 ) .

T h e  resu lts  of th e  lip id  reac tio n  are  p re se n te d  w ith  stage  8.
Stage 6. T he develop ing  sp e rm ato zo a  p e n e tra te  in  bund les th e  cells 

o f  S e r to li , reach ing  th e ir  n ucle i an d  a fte r  p a ss in g  th ro u g h  th e  g e rm in a l e p ith e 
liu m  a p p e a r  in  th e  sp e rm a to g o n iu m  lay e r. L ik e  in  th e  form er s tag e , th e re  are



CONTRIBUTIONS TO TH E MECHANISM OF SPERMATOGENESIS 141

Fig. 10. Cross section  o f sem in iferous tu b u le . B aker’s lipid re ac tio n . S ta g e  2 

Fig. 11. Sem in iferous tu b u le . B ak er’s lip id  reac tion . S tag e  4

3 or 4 lay e rs  of sperm ids. T here  is no  change in  th e  p rim ary  sp e rm a to c y te s . 
T h e  sp e rm ato g o n ia  are  d iv id in g  an d  develop in to  the  ty p e  В fo rm .

In  th is  stage  th e  d eh y d ro g en ase  reac tio n  does n o t a p p e a r  a n y  longer 
in  th e  fo rm  of large c lusters  n e a r th e  hasa l p a r t  o f th e  tu b u le . In  som e areas

3 Acta Morphologica X/2—4.
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a c irc u la r  reac tion  in  th e  fo rm  o f in tense by  s ta in in g  b u t  sm all g ranu les is v isib le  
a ro u n d  th e  nuclei o f th e  cells o f Sertoli. T h e  sam e  a p p e a rs  in  a few  sp e rm a to 
g o n ia , in  th e  form  o f p a le  granules in  th e  sp e rm a to c y te s , and  as ro u g h er, 
b u t  ev en  sm aller g ran u le s  in  th e  sperm ids. L a rg e r  sp o ts  o f a c tiv ity  o f irreg u la r 
s h a p e  are  seen n e a r th e  c y to p la sm  of th e  d ev e lo p in g  sp erm ato zo a , on th e  
su rfa c e  o f th e  g e rm in a l e p ith e liu m  (F ig . 4 ).

T h e  head of th e  sp e rm a to zo o n  show s a d e f in ite ly  ac id -fast s ta in in g .
T h e  resu lts  o f th e  l ip id  reaction  are  p re se n te d  w ith  stage 8.
Stage 7. The d e v e lo p in g  spermatozoa h a v e  w ith d ra w n  from  th e  inside 

o f  th e  cells of Serto li a n d  a re  to  he found in  th e  in n e r  o n e -th ird  o f th e  germ inal 
e p ith e liu m . The lu m in a r  la y e rs  of th e  ep ith e liu m  are  fo rm ed  b y  3 to  4 lay ers  
o f  y o u n g  sperm ids. T h e  p r im a ry  sp e rm a to cy te s  h a v e  increased  in  size, h u t  
c o n tin u e  to  be in  th e  p ro p h a s e  (pachy tene). T h e  ty p e  В sp e rm ato g o n ia  are 
d iv id in g  and form  a n ew , low  lay er of th e  p r im a ry  sp e rm a to cy te s , t h a t  can  
b e  fo u n d  am ong th e  few er ty p e  A sp e rm a to g o n ia , w ith  ro u g h er c h ro m a tin  
c lu s te re d  onto  th e  n u c le a r  m em brane. T hese a re  ca lled  resting , no n -d iv id in g  
sp e rm a to c y te s . T h e ir n u c le i a re  sim ilar to  th o se  o f  th e  ty p e  В sp erm ato g o n ia , 
o n ly  sm aller.

A n increase o f d e h y d ro g e n a se  a c tiv ity  is v is ib le  co rrespond ing  to  th e  lay e r 
o f  n ew ly  form ed sp e rm a to c y te s , in the  form  o f sm a ll g ran u les  in  th e  cy to p lasm  
o f  th e s e  cells and  in  a n  occasional cell o f  S e rto li. T h e  o lder sp e rm a to cy te s  
e x h ib i t  pale, g ran u la r  r e a c tio n  and the  sp e rm id s  show  m ore in ten se , c lu s te r
s h a p e d  ac tiv ity . In  th e  d e ta c h e d  cy toplasm ic p a r ts  o f  th e  sp erm atozoa  m oving  
to w a rd  th e  lum en s tro n g  a c t iv i ty  is visible in  th e  fo rm  o f  c lusters. In  th e  m iddle 
p iece  o f  th e  sp erm ato zo a  en zy m e  ac tiv ity  a p p e a rs  in  th e  fo rm  of sm all g ranu les, 
co rresp o n d in g  to  th e  d is tr ib u tio n  of m ito c h o n d ria  (F ig .  5, Fig. 7).

T h e  head of th e  sp e rm a to z o a  shows d e f in ite ly  ac id -fast s ta in in g .
T h e  resu lts  o f  th e  l ip id  reaction  are p re se n te d  w ith  stage  8.
Stage 8. The n e w ly  fo rm ed  sp erm ato zo a  a re  g rouped  in  reg u la r rows 

o n  th e  lu m in ar su rface  o f  th e  germ inal ep ith e liu m  a n d  h av e  com plete ly  lo st 
th e  excess cy to p lasm . I n  th e  row  of th e  h ead s th e re  are  several g ranu les of 
ir r e g u la r  shape ( th e  “ re s id u a l bodies”  o f B e g a u d ). B y  th e  end o f th is  stage 
th e  sp e rm ato zo a  d e ta c h  th em se lv es  from  th e  g e rm in a l ep ith e liu m  and  d isap p ear 
i n  th e  tu b u la r  lu m en . T h e  u p p e r, older g e n e ra tio n  o f  th e  p rim ary  sp e rm a to 
c y te s  is in  the  p ro p h a se  (p ach y ten e). U n d e r th e m  on  th e  basa l m em b ran e  
a re  th e  younger, re s tin g  sp e rm ato cy tes , w h ich  h a v e  increased  in  size and  
sh o w  now  a fin er d is t r ib u t io n  of c h ro m a tin . T h e re  are  few sperm ato g o n ia  
(w h ic h  are  of th e  A ty p e ) .

D ehydrogenase  a c t iv i ty  is very  s tro n g  in  th e  la rg e  granules o f irreg u la r 
s h a p e  th a t  can be fo u n d  b e tw een  the  sp e rm a to z o a  a n d  th a t  a p p a re n tly  co r
re s p o n d  to  d e tach ed  ex cess  cy toplasm . In  th e  m id d le  piece of sp erm ato zo a  
p ro tru d in g  in to  th e  lu m e n  th e re  are reg u la r  row s o f  reac tio n  in  th e  m ito 
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ch o n d ria . L ikew ise, la rg e  granu les o f s tro n g  a c tiv i ty  are  v isib le  im m ed ia te ly  
ab o v e  th e  basa l m em b ran e , especially  in  y o u n g  sp e rm a to c y te s . T h is reac tio n  
increases in  in te n s ity  w ith  th e  d isap p earan ce  o f  sp e rm ato zo a  and  appears 
in  th e  form  of co n flu en t la rge  g ranules b y  th e  en d  o f  th is  s tage . F in e  g ran u la r  
a c tiv ity  of even d is tr ib u tio n  ap p ears  a ro u n d  th e  p ro p h asic  nucleus o f older 
sp e rm ato cy tes . In  th e  la y e r  of sperm ids th e  re a c tio n  is in ten se  and  ta k e s  th e  
form  o f la rger g ram des (F ig . 6 ).

The h ead  o f th e  sp e rm ato zo a  shows m ark ed  ac id -fa s t s ta in in g .

Fig. 12. Sem in iferous tu b u le . B ak er’s lip id  re ac tio n . S tage  7

T he lipid reac tio n  d isap p ears  a lm ost co m p le te ly  in  stages 5 and  6 from  
th e  b asa l p a r t  o f th e  germ ina l ep ithe lium , b u t  a t  th e  sam e tim e  i t  becom es 
m ore in ten se  in  th e  lu m in a r  area , along th e  b u n d les  o f  sp e rm ato zo a  p e n e tra tin g  
in to  th e  ep ithe lium . T h e  la t te r  is especially  m ark ed  in  stag e  6. In  s tag es  7 an d  8 
th e  reac tio n  ten d s  to  a p p e a r  in  th e  form  o f la rge  g ran u les  ch iefly  in  th e  lu m in a r 
a rea , co rrespond ing  to  th e  row o f sperm atozoon  h ead s, while in  th e  re s t of 
th e  ep ithe lium  th e re  a re  only  a few granu les. In  a few tu b u le s , a long  th e  basal 
m em b ran e  and  a p p a re n tly  in th e  new ly form ed sp e rm a to c y te s , th e  g ran u la r 
form  o f th e  re a c tio n  is in ten sified  in  stages 7 a n d  8 (F ig . 12).

In  th e  con tro l sec tions tre a te d  w ith  m alonic ac id , succinic d eh ydrogenase  
a c tiv ity  is ab sen t.
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Discussion

R e se a rc h  in to  th e  p ro cess  o f sperm atogenesis  da tes  b a c k  to  th e  earlies t 
p h a s e  o f  h isto logy . As e a r ly  as 1841 —1854 K ö l l i k e r  show ed ac tiv e  cells 
in  th e  w a ll of th e  sem in ife rous tu b u le . S e r t o l i  describ ed  th e  cells n a m e d  a fte r  
h im  in  1865. In  1866 H e n l e  d iffe re n tia te d  th e  tw o  ty p e s  o f cell in  th e  tu b u le , 
e m p h a s iz in g  th e  d ifficu lties o f  s tu d y in g  th e  cy togenesis o f sp e rm a to zo a . T he 
e ig h t  d is t in c t  stages in  th e  sp e rm ato g en esis  o f th e  r a t  w ere d esc rib ed  in  1871 
b y  V. E b n e r . The v a rio u s  s ta g e s  o f  dev e lo p m en t can  be fo u n d  side b y  side 
in  th e  sem iniferous tu b u le  a n d  th e re fo re  th e  cross sec tions o f  th e  tu b u le s  show  
th e  d if fe re n t stages o f d e v e lo p m e n t. M easu rem en t o f  th e  le n g th  o f  one stage  
in  th e  tu b u le  showed t h a t  i t  a v e ra g e d  32 m m  (v. E b n e r , 1888). T h is d e v e lo p 
m e n t b y  stages in  th e  r a t  a n d  o th e r  an im al species h as  b een  o b se rv ed  b y  
se v e ra l a u th o rs  (B e n d a , 1887, F ü r s t , 1887, v . E b n e r , 1888, H e r m a n n , 1889, 
M o o r e , 1893, L e n h o s s é k , 1898, R e g a u d , 1900, 1901, v. E b n e r , 1902, C u r t i s , 
1918, B i n d e r , 1927). R o o s e n - R u n g e  (1950) re in v e s tig a te d  th e  genesis o f 
s p e rm a to z o a  and its  d iv is io n  in to  e ig h t s tages, w ith  th e  p u rp o se  o f u sin g  i t  
in  q u a n t i ta t iv e  stud ies o f te s t ic u la r  fu n c tio n . A ccord ing  to  h im  th e  f ir s t  s tage  
b eg in s  w ith  the  tra n s fo rm a tio n  o f  sperm id  nucle i an d  th e  e ig h th  stage  ends 
w ith  th e  d isappearance  o f  th e  m a tu re  sp e rm ato zo a ; th e  single s tag es  a re  ju d g e d  
on  th e  b as is  of th e  h is to lo g ic  p a t te rn ,  ta k in g  in to  acco u n t th e  single form s 
o f d e v e lo p m e n t of sp e rm a to z o a  a n d  th e  m eio tic  d iv ision . L e b l o n d  an d  Cl e r 
m o n t  (1952) in tro d u ced  a n e w  c lassifica tion . T h ey  s tu d ie d  th e  P A S  reac tio n  
o f  th e  acrosom e system  a n d  d iv id ed  sperm ato g en esis  a lm o st ex c lusive ly  on 
th e  b a s is  o f the  tra n s fo rm a tio n  o f sperm ids in to  sp e rm ato zo a . T h e  b eg inn ing  
is m a rk e d  b y  the  a p p e a ra n c e  o f  th e  P A S -positive  g ranu le  in  th e  G olgi su b 
s ta n c e  o f  th e  sperm id  a n d  th e  en d  w ith  th e  d ev e lo p m en t o f  new  sperm ids. 
T h e y  d iv id e d  th e  period  b e tw e e n  th e se  tw o ev en ts  in to  14 stages, ch a rac te riz in g  
e a c h  s ta g e  w ith  one fo rm  o f ac rosom e d ev e lo p m en t. T h is m e th o d  u n d o u b te d ly  
m a k e s  i t  possible a c c u ra te ly  to  define  th e  phases o f sperm ato g en esis  an d  th u s  
h e lp s  to  u n d e rs tan d  n o t o n ly  th e  dev e lo p m en t o f th e  acrosom e, b u t  also th e  
e v e n ts  in  sperm atogenesis. T h e  m eth o d , how ever, has th e  d isa d v a n ta g e  th a t  
sp e c ia l f ix a tio n  ( H e l l y ) a n d  em b ed d in g  a re  req u ired  an d  even  th e n  a p ro p er 
ju d g e m e n t  of the  sligh t d iffe ren ces b e tw een  th e  single stages is r a th e r  d ifficu lt. 
T h e  a d v a n ta g e s  of th e  tw o  m e th o d s  have  been  u n ite d  b y  R o o s e n - R u n g e  
(1955), in tro d u c in g  th e  PA S re a c tio n  for th e  d e te rm in a tio n  o f s tag es  5 and  6.

W e did no t use th e  m e th o d  o f L e b l o n d  an d  Cl e r m o n t  (1952), because 
in  th e  c ry o s ta te  sections th e  d e v e lo p m en t o f th e  acrosom e could  n o t be followed 
b y  m e a n s  of th e  PA S re a c tio n , obv iously  because  o f th e  d e s tru c tiv e  ac tion  
o f  ice c ry s ta ls  during freez in g  ( N e u m a n n , 1958). W e th e re fo re  used  th e  R oosen- 
R u n g e  m eth o d  based  on th e  p rin c ip les  la id  dow n b y  v . E b n e r  (1871), ta k in g  
in to  a c c o u n t also th e  ev id en ce  p u b lish ed  b y  o th e r  a u th o rs  (C u r t i s  1918,
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L e b l o n d  an d  Cl e r m o n t  1952, Cl e r m o n t  an d  L e b l o n d  1955, D a o u s t  and 
C l e r m o n t  1955, R o o s e n - R u n g e  1955). O u r re su lts  ind ica te  t h a t  th e  single 
s tag es  o f sperm ato g en esis  m ay  read ily  be  d is tin g u ish ed  by  ta k in g  in to  acco u n t 
th e  co n d itio n  o f  every  la y e r  of th e  germ ina l ep ith e liu m , in  th e c ry o s ta te  sections, 
w ith  th e  succinic deh y d ro g en ase  reac tio n  (w ith  m e th y l green c o n tra s t  s ta in in g ) 
a n d  th e  ac id -fast s ta in in g  alike.

In  prev ious in v es tig a tio n s  we s tu d ie d  in  d e ta il the  a c id -fa s t s ta in in g  
o f  th e  sp erm ato zo o n  h e a d  ( P ó s a l a k y  a n d  T örő  1957, 1958, 1959), p o in tin g  
o u t t h a t  i t  seem s to  develop  in  th e  course o f  sperm atogenesis, p re su m a b ly  in 
co n n ec tio n  w ith  th e  synb iosis  w ith  th e  cells o f  S erto li. This h as  b e e n  p ro v ed  
b y  th e  p re sen t re su lts . T h e  ac id -fast s ta in in g  ap p ea rs  in th e  fo rm  o f a pale 
re a c tio n  b y  th e  end  o f s tag e  4 (F ig . 9 ) , w h ile  in  stage  5 i t  ta k e s  i ts  s tro n g e r, 
f in a l fo rm  (F ig . 8, F ig. 9 ) .  In  stage 4 th e  b u n d le s  o f sp e rm a to zo a  b eg in  to  
p e n e tra te  to w ard  th e  b ase  o f th e  cells o f  S e rto li an d  th is  process c o n tin u e s  in  
s tag es  5 an d  6. I t  is in  th e  la t te r  ph ase  t h a t  th e  processes re q u ire d  fo r th e  
m orpho log ica l m a tu ra tio n  ta k e  place. O ne sign  o f  th is  is th e  a c id -fa s t s ta in in g  
o f  th e  h ead  and  as i t  ap p ea rs  in  stage  5 (in  s ta g e  4 th e  ac id -fast s ta in in g  is 
s till vague), th is  s tag e  m a y  be considered  to  be  th e  m ost im p o r ta n t one  in  th e  
h e a d ’s d iffe ren tia tio n . W e are  unab le  to  p u t  fo rw ard  an u ltim a te  e x p la n a tio n  
o f  th e  d ev e lo p m en t o f th e  ac id -fast s ta in in g ; i ts  re la tio n sh ip  w ith  th e  te s tic u la r  
lip ids (Törő , P ó s a l a k y  1958) and  w ith  th e  s t ru c tu ra l  changes in  th e  nucleic 
ac id  an d  o th e r su b stan ces  o f  th e  head  ( P ó s a l a k y , T örő 1959; T ö r ő , P ósa
l a k y  1959) h ad  been  d iscussed  in  p rev io u s p ap e rs .

T here  are  severa l reasons w hy we know ' so little  ab o u t th e  m ech an ism  
o f  sp erm atogenesis . O ne o f th em  is t h a t  in  th e  te s tis  various tis su e s  occur 
side-by -side  and  in te rw o v en , an d  th e  p rocesses ta k e  place so close to  one 
a n o th e r  th a t  th e y  can  be  exam ined  a lm o s t exclusively  b y  h is to ch em ica l 
m e th o d s , being h a rd ly  accessib le for b io ch em ica l te s ts . This e x p la in s  w h y  so 
m u ch  is know n ab o u t th e  com position  o f  th e  sem en  and  abo u t th e  m e tab o lism  
o f th e  sp e rm ato zo a  in  i t  (M a n n  1954) a n d  w h y  evidence is la ck in g  as to  th e  
m e tab o lic  processes in v o lv ed  in sp e rm ato g en esis . A sequence o f e v e n ts , such 
as sp erm atogenesis , in  w hich  cells d iv ide, m ig ra te , th e n  becom e tra n s fo rm e d , 
req u ire s  a g rea t a m o u n t o f  energy  and  th e  fu n c tio n  of every en zy m e  sy stem  
in v o lv ed  in its  c rea tio n . H ow ever, th e  k n o w n  enzym e h istochem ica l m e th o d s  
do n o t suffice to  s tu d y  th e  question  in all its  d e ta ils . O f the  en e rg y -p ro d u c in g  
processes in  th e  cell, o x id a tio n  is th e  m ost s ig n if ic a n t. Succinic d eh y d ro g en ase , 
one o f th e  enzym es o f th e  S zen t-G y ö rg y i— K re b s  cycle, can be s tu d ie d  b y  
m ore  or less re liab le  h is to ch em ica l tech n iq u es . T h e  o th e r enzym es o f  th e  cycle 
a re  n o t  d irec tly  am en ab le  to  h istochem ica l s tu d y , because th e y  a re  ta k in g  
p lace in  th e  soluble p h ase  o f  th e  cell. F o r th e  d e m o n s tra tio n  of succin ic  d e h y d ro 
genase  th e  m e th o d s b ased  on th e  red u c tio n  o f  té tra z o liu m  sa lts  a re  th e  m ost 
su ita b le . T he v a lu ab le  p ro p e rtie s  of th e  té tra z o liu m  sa lts h ad  b e e n  p o in te d



1 4 6 Z. PÓSALAKY, A. GYÉVAI and B. BUKULYA

o u t b y  K u h n  an d  J e r c h e l  (1941) an d  w ere d iscu ssed  in  deta il b y  R e m m e l e  
(1958). K u n  an d  A b o o d  (1949) w ere th e  f ir s t  to  u se  té trazo liu m  sa lt fo r  th e  
d e m o n s tra t io n  o f succinic d eh ydrogenase  in  tis su e  hom ogenates. B lue  t é t r a 
zo lium  w a s  in tro d u ced  in to  h istochem ica l s tu d ie s  b y  S e l ig m a n  an d  R u t h e n - 
b u r g  (1951). L a te r , som e a u th o rs  ( P a d y k u l a , 1952, R osa an d  V e l a r d o , 
1954) p re fe r re d  n éo té trazo liu m . T hese salts ta k e  o v e r  e lectrons from  th e  en zy m e 
a f te r  i t  h a s  d eh y d ro g en a ted  su cc in a te , an d  a re  re d u c e d  to  an  in so lu b le  for- 
m a z a n  d y e . B u t b o th  té tra z o liu m  sa lts  have  th e  d isa d v a n ta g e  th a t  th e  fo rm a- 
zan  fo rm e d  is th ick , o ften  n eed le -shaped , c ry s ta l- lik e , h igh ly  lip id -so lu b le  
a n d  a p p e a rs  in  th e  sections in  tw o  colours, red  a n d  b lu e . I t  is generally  accep ted  
t h a t  th e  co lou r depends on th e  in te n s ity  o f th e  re a c tio n  and  th e  re d  is th e  
m o n o fo rm a z a n  an d  th e  b lu e  is th e  d ifo rm azan . R e c e n tly , th e  use o f b o th  b lu e  
té t r a z o l iu m  an d  n é o té trazo liu m  has been a t ta c k e d  b y  several au th o rs , b ecau se  
o f th e  lip id -so lu b ility  an d  th e  p resence  of th e  tw o  k in d s  of form azan . A cco rd in g  
to  B u r t n e r  e t al. (1957) b lu e  fo rm azan  an d  re d  fo rm azan  (m ono- a n d  d ifo r
m a z a n ) re su ltin g  from  th e  red u c tio n  of n é o té tra z o liu m  w ould o rig in a te  from  
d if fe re n t te trazo liu m s, th u s  th e y  w ould n o t be  p ro d u c ts  depend ing  on  th e  
in te n s i ty  o f  th e  reac tio n  a n d  ap p earin g  one a f te r  th e  o ther. F ä r b e r , S t e r n 
b e r g , D u n l a p  (1956) k e p t sec tions in  fo rm azan  a n d  fo u n d  th a t  m o n o fo rm azan  
w as n o n -sp ec ifica lly  d ep o sited  from  th e  so lu tio n  in to  th e  section , w hile  th e  
d ifo rm a z a n  w as n o t. H o w ev er, i t  was also fo u n d  t h a t  in  th e  area  o f  en zy m e 
a c t iv i ty  f i r s t  a red , th e n  a b lu e  colour develops w h e n  in cu b a tio n  is c o n tin u e d . 
T h ese  re s u lts  m ake i t  d o u b tfu l w h e th e r th ese  su b s ta n c e s  are a c tu a lly  su ita b le  
fo r th e  d e m o n s tra tio n  a n d  q u a n tita tiv e  s tu d y  o f  succinic d eh y d ro g en ase  
a c t iv i ty  a t  th e  cy tochem ical level.

W e , to o , used n éo té tra z o liu m  and  th e  p ro b lem s ou tlined  a b o v e  are  
th e re fo re  to  be  ta k e n  in to  a c c o u n t in  our w o rk  as w ell. I t  is f irs t o f all th e  lip id  
c o n te n t  o f  th e  te s tis  t h a t  in te rfe re s  w ith  e v a lu a tio n . The te s ts  (F ig s . 10, 11 
a n d  1 2 )  h a v e  show n th e  lip id  c o n te n t to  be  co n sid e rab le  and  ch an g in g  in  th e  
co u rse  o f  sperm atogenesis . T h e  p ic tu res  sho w in g  th e  changes in  th e  lip id  
c o n te n t  o f  th e  basa l an d  lu m in a r  p a rts  of th e  sem in ife rous tu b u le  are e x tre m e ly  
s im ila r  to  th o se  o b ta in ed  b y  s tu d y in g  succinic deh y d ro g en ase  a c tiv ity  b y  th e  
u se  o f  n é o té tra z o liu m  (F ig s . 1 to  7).

T a k in g  in to  c o n sid e ra tio n  th e  d a ta  in  th e  l i te ra tu re  ( B u r t n e r  1957, 
F ä r b e r  e t  al. 1956, N a c h l a s s  1957, P e a r s e  1957, 1958), i t  m ig h t be  su g 
g e s te d  t h a t  w h a t we deal w ith  is a non-specific  d isso lu tion  of m o n o fo rm azan  
in  lip id s  a n d  th u s  i t  c a n n o t b e  b ro u g h t in to  c o rre la tio n  w ith  enzym e a c tiv ity . 
T h e  n e g a tiv e  resu lts  o b ta in e d  follow ing in h ib itio n  w ith  m alonic acid a b so lu te ly  
c o n tr a d ic t  th is  suggestion , in d ic a tin g  th a t  th e  s ta in in g  o b ta ined  w as a re su lt 
o f  e n z y m e  a c tiv ity , as th e  lip id  reac tio n  is u n c h a n g e d  a fte r t r e a tm e n t  w ith  
m a lo n ic  ac id . M alonic ac id  b e in g  a co m p e titiv e  in h ib ito r  o f enzym e a c tiv i ty , 
a n e g a t iv e  reac tio n  p roves also  th a t  th e  lip ids in  th e  te s tis  could n o t  b y  th e m 
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selves reduce  th e  n é o té trazo liu m  even  to  m onoform azan . H a d  th is  ta k e n  
p lace , i t  w ould have  been  dissolved in  th e  lip id s and  s ta in in g  w ould  h a v e  re su lt
ed  ev en  a fte r  in h ib itio n  w ith  m alonic  ac id . I t  h ad  th ere fo re  to  b e  concluded  
th a t  fo rm azan  fo rm atio n  re su lted  from  enzym e a c tiv ity , b u t  th e  m o n o fo rm azan  
p a r t  o f  i t  w as dissolved in  th e  ce llu lar lip id s . In  some areas d iffuse s ta in in g  
o ccu rred  over p rac tica lly  th e  en tire  cy to p la sm , so th a t  an  e x a c t lo ca tio n  of 
th e  re a c tio n  w ith in  th e  cell could  n o t be d e te rm in ed  and  q u a n t i ta t iv e  con
clusions m u s t be d raw n  w ith  cau tio n .

A ccording to  o u r re su lts , d u rin g  sperm atogenesis  enzym e a c tiv i ty  changes 
in  th e  following w ay. T h e  sp e rm a to g o n ia  show  no ap p rec iab le  a c t iv i ty . T he 
sp e rm a to cy te s  arising  a f te r  th e ir  d iv ision  ex h ib it in  th e  re s tin g  a n d  grow ing 
phases  (stages 7 an d  8, Fig. 5, Fig. 6) in c reasin g  a c tiv ity . T h e  in te n s i ty  of 
th e  re a c tio n  con tinues to  increase  in  th e  e a r ly  m eiotic  p ro p h ase  o f  th e se  y oung  
sp e rm a to cy te s  (stages 1, 2, 3 an d  in  p a r t  4 , F ig s . l ,  2, 3 ) . O w ing to  th e  h igh 
lip id  c o n te n t o f th e  cells th e  s ta in in g  is d iffuse. L a te  in  th e  m eio tic  p ro p h ase  
th e  in te n s ity  of th e  re a c tio n  decreases ab o v e  th e  b asa l m em b ran e , in  th e  so- 
called  o lder sp e rm ato cy tes  n e a r th e  lu m en  an d  is seen in  th e  fo rm  o f evenly  
d is tr ib u te d  pale g ranu les (stages 5, 6, 7, 8, 1, 2, 3, Figs. 4, 5 ,6 ,  1, 2 ) .  T h e  sam e 
p a t te r n  is ex h ib ited  follow ing m eio tic  d iv ision  b y  th e  y o ung  sp e rm id s  (in  p a r t  
s tag es  4 and  5, Figs. 3 an d  7). T his co rresponds to  th e  period  ca lled  th e  Golgi 
p h ase  b y  L e b l o n d  an d  Cl e r m o n t  (1952a), w hen  th e  acrosom a g ran u le  d evel
ops. S u b seq u en tly  th e  re a c tio n  o f  th e  sperm ids becom es so m e w h a t m ore 
in te n s iv e  and  th is  form  o f th e  re a c tio n  is v isib le  u n til th e  so-called  m a tu ra tio n  
p h ase  o f  tra n sfo rm a tio n  to  sp e rm ato zo o n  (i. e. du ring  th e  “ ca p ”  a n d  “ acro- 
som e”  phases; L e b l o n d  an d  Cl e r m o n t  1952a; stages 6, 7, 8. 1, 2, 3; Figs. 4, 
5, 6, 1, 2 ) . D uring  th e  m a tu ra tio n  phase  (stages 4 to  8, Figs. 3, 4, 5, 6 )  th e  reac 
tio n  con tinues to  increase ra p id ly  in  in te n s i ty  to g e th e r w ith  th e  lip id  reac tio n  
an d  is seen in  th e  fo rm  o f la rge  co n flu en t c lu ste rs . T he d e ta c h in g  cytoplasm ic- 
p a r ts  are  also giving th e  reac tio n  (stages 7 and  8, Figs. 5  an d  6 ) ,  b u t  th is  
ceases w hen  th e  sp e rm ato zo a  h av e  d isap p ea red  in to  th e  lu m e n . A lm ost 
s im u ltan eo u sly  w ith  th e  d e ta c h m e n t o f excess cy to p lasm  (a p p ro x im a te ly  in  
s tag e  7, Fig. 7)  th e  fin e  g ra n u la r  fo rm  o f th e  reac tio n  ap p e a rs  in  th e  m ito 
ch o n d ria  o f th e  m iddle-p iece o f th e  sp e rm a to zo a . T he Serto li cells show  m arked  
re a c tio n  in  stages 5 an d  6, an d  som etim es in  stage  7 as well, w hen  th e  sp e rm a 
to zo a  are  b u ry in g  th em se lv es  in  th e  c y to p la sm  of th e  S erto li cells.

A s an  im p o r ta n t enzym e o f th e  S zen t-G y ö rg y i—K reb s  cycle , succinic 
deh y d ro g en ase  p lay s a s ig n ifican t role in  th e  o x ida tion  o f sev era l m e tab o lite s . 
I t  h as  close connections w ith  th e  cy to ch ro m e  system , w ith  th e  te rm in a l 
o x id a tio n  responsib le  fo r th e  p ro d u c tio n  o f  h igh -energy  p h o sp h a te  com pounds, 
th u s  i ts  a c tiv ity  m ay  be considered  to  be p ro p o rtio n a te  to  oxygen  co n su m p tio n . 
N o a c tiv ity , o r a low a c tiv i ty  suggests t h a t  in  th a t  a rea th e  S z e n t-G y ö rg y i— 
K reb s  cycle func tions p o o rly  or n o t a t  all. A h igh a c tiv ity  p e rm its  one to
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a ssu m e  th a t  th e  cycle p la y s  a n  im p o rta n t ro le in  th e  m etabo lism  of th e  cells 
o f  t h a t  region. The a c t iv i ty  o f  th e  enzym e m a y  on  th is  w ay  re flec t th e  s ta te  
o f  fu n c tio n  and  m e ta b o lism  in  tissues. T he cycle is m ito ch o n d riu m -b o u n d , 
th o u g h  i t  has been su g g e s te d  ( N o v i k o f f , 1957) t h a t  som e o f its  enzym es m a y  
ta k e  p lace  also in th e  so lu b le  frac tions.

T h e  a c tiv ity  o f  th e  S zen t-G y ö rg y i— K reb s  cycle m ay  be fo u n d  in  
v i r tu a l ly  every  stage  o f  sp e rm ato g en esis , th o u g h  i t  v a rie s  in  in te n s ity  an d  is in  
g e n e ra l less m arked  th a n  in  o th e r  organs, fo r ex am p le  in  th e  k idney . Tw o 
p h a s e s  are  o u ts tan d in g  w ith  th e ir  m arked  a c tiv ity . O ne is th e  lay er of y o u n g  
sp e rm a to c y te s , in  th e  re s t in g  an d  early  p ro p h ase , th e  o th e r  is th e  m a tu rin g  
p h a s e  o f  sperm atozoa. B o th  are  im p o rta n t in  sperm ato g en esis . The f i r s t  is 
th e  co n d itio n  p rep a rin g  fo r  m eio tic  division, th e  o th e r  is th e  fin a l s tep  in  
sp e rm a to z o o n  m a tu ra tio n , as a sign of w hich  th e  ac id -fa s t s ta in in g  o f  th e  
h e a d  ap p ears . The u n d is tu rb e d  course of th ese  tw o  phases seems to  req u ire  
v e r y  liv e ly  m etabolic  a c t iv i ty .  L a te r  in  th e  m eio tic  p h ase  an d  during  d iv isions 
th e  low , alm ost n eg a tiv e  re a c tio n  is in ag reem en t w ith  th e  observ a tio n  th a t  
d u r in g  m itosis succinic d e h y d ro g en ase  a c tiv ity  is co n sid e rab ly  low er th a n  in  
th e  in te rp h a se  (O g a w a  a n d  Z im m e r m a n , 1959). T h e  increasing  in te n s ity  of 
th e  re a c tio n  observed in  th e  sperm ids d u rin g  tra n s fo rm a tio n  obviously  re f
le c ts  th e  h igh-energy re q u ire m e n t of th e  m e tab o lic  p rocess involved.

T h e  im portance  o f  th e  s tag es  w ith  in c reased  a c tiv i ty  is show n also b y  
th e  in c reased  lipid m e ta b o lism . T he precise chem ica l com position  of th e  lip id s  
in  q u e s tio n  is no t k n o w n . O u r h istochem ical d a ta  suggest th e  p resence  o f 
p h o sp h a tid e -c o n ta in in g  lip id s , b u t  th is  requ ires fu r th e r  con firm ation . S c o t t  
(1952) claim ed th a t  th e  te s t ic u la r  lipids m a y  e v e n tu a lly  have  ce rta in  tie s  
w ith  ho rm onal a c tiv ity . W e, to o , th in k  th a t  th e  sa id  lip id  reac tio n  is an  e x p re s 
s io n  n o t  o f an increase in  b a l la s t  lip ids, b u t o f  an  in c rea se  associa ted  w ith  c e r ta in  
fu n c tio n a l  ac tiv ity , su ch  as t h a t  observable in  th e  ad ren a ls . J u s t  as th e  ad ren a l 
l ip id  reac tions are n o t  sp ec ific  for k e to ste ro id s , an d  y e t  we in te rp re t th is  
b a t t e r y  o f  reactions as a c e r ta in  reflec tion  o f fu n c tio n , we m ay  also in  th e  case 
o f  th e  te s tis  accept th e  l ip id  reac tio n  as a m ore  or less re liab le  in d ic a to r  of 
fu n c tio n a l ac tiv ity . T h is is th e  m ore ju s tif ie d  since in  th e  ad renals, to o , th e  
lip id  reac tio n  p resen ts i ts e lf  to g e th e r w ith  a s tro n g  succinic dehydrogenase  
a c t iv i ty .

As already  m e n tio n e d , ow ing to  th e  d isso lu tio n  o f fo rm azan  th e  i n t r a 
c e llu la r  s ite  o f enzym e a c t iv i ty  can n o t be p rec ise ly  lo c a te d  in  th e  areas show ing  
s t ro n g  lip id  ac tiv ity . I n  r e c e n t  years a t te m p ts  h a v e  b een  m ade to  p ro d u ce  
s u b s tra te s  superior to  n é o té tra z o liu m ; p ro m ising  re su lts  h av e  been  o b ta in e d  
w ith  n itro  blue té tra z o liu m  (N a c h l a s s , 1957) a n d  M TT [3 - (4,5 - d im e th y l - 
th ia z o l-2 )-2 ,Ь-diphenyl té tra z o liu m  brom ide (M TT)] ( P e a r s e , 1957). In  th e se  
co m p o u n d s  the  lip id -so lu b ility  o f fo rm azan  w as e lim in a te d  an d  th is  loca liza tio n  
im p ro v e d  in th e  lip id -rich  a rea s . H ow ever, d isso lu tio n  o f n itro  b lue te t r a -
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zolium  fo rm azan  has b een  described  to  occu r in  th e  ad rena ls ( P e a r s e , 1957) 
an d  i t  is likely  t h a t  th is  occurs also in  th e  te s t is .  N a c h l a s s  does n o t m en tio n  
i t  (1957), th o u g h  he  s tu d ie d  th e  te s tis  an d  describ ed  i t  to  show  slig h t a c tiv ity . 
L ikew ise, B r u n o  an d  G e r m i n o  (1958) m en tio n  th e  te s tis  ju s t  b rie fly , as an  organ  
n o t show ing m a jo r a c t iv i ty  w ith  n é o té trazo liu m . As th e y  did n o t s tu d y  th e  
changes in  enzym e a c tiv ity  d u ring  th e  v a rio u s  stag es , no conclusions m a y  be 
d raw n  from  th e ir  s tu d ie s  as to  th e  process o f  sperm atogenesis .

A t an y  r a te , th e  M TT m eth o d  of P e a r s e  (1957) seem s to  ho ld  som e p ro 
m ise o f being  su ita b le  fo r use in  s tu d y in g  th e  d eh ydrogenase  a c t iv i ty  d u rin g  
sperm atogenesis.

Sum m ary

C hanges in  ac id -fas t s ta in in g , lip id  co n te n t an d  succ in ic  deh y d ro g en ase  a c t iv ity  have  
been  s tu d ied  in  th e  course  o f sperm atogenesis. T h e  d e v e lo p m e n t o f  sp e rm ato zo a  h a s  been  
d iv id ed  in to  8 stages. T h e  ac id -fas t sta in in g  of th e  h ead  becom es m ark ed  in  s tag e  5 a n d  a t  th e  
sam e tim e  changes o ccu r in  succin ic dehy d ro g en ase  a c t iv ity  a n d  th e  lip id  re ac tio n  o f th e  
germ inal ep ith e liu m . D u rin g  sperm atogenesis enzym e a c t iv ity  is m ore m ark e d  in  th e  young  
sp e rm ato cy te s  an d  in  th e  m a tu rin g  sp e rm ato zo a , in d ic a tin g  an  increased  m etab o lic  a c tiv ity  
d u rin g  th ese  phases. A ccord ing  to  th e  evidence o b ta in e d  th e  changes o f th e  te s tic u la r  lip ids 
m ay  to  som e e x te n t  be considered  as an  in d ic a to r  o f  fu n c tio n a l a c tiv ity .

T he m ethodo log ical p rob lem s invo lved  in  th e  e v a lu a tio n  o f succinic deh y d ro g en ase  
a c t iv ity  are  discussed.
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ДАННЫЕ К МЕХАНИЗМУ ПРОЦЕССА СПЕРМИОГЕНЕЗА, НА ОСНОВАНИИ 
ИССЛЕДОВАНИЯ КИСЛОТОУПОРНОГО ОКРАШИВАНИЯ, АКТИВНОСТИ СУК 

ЦИНОДЕГИДРАЗЫ, КАК И ГИСТОХИМИЧЕСКОГО 
ИССЛЕДОВАНИЯ ЛИПИДОВ

3. ПОШАЛАКИ, А. ДЬЕВАИ и Б. БУКУЛЙА

Исследовались изменения кислотоупорного окрашивания а также активности сук- 
цпнодегидразы и липидов в процессе спермиогенеза. При исследованиях использовалось 
распределение развития живчиков на 8 стадий. Кислотоупорное окрашивание головок 
живчиков становится более выраженным в 5. стадии, и в связи с этим меняется также 
реакция сукцинодегидразы зародышевого эпителия и реакция липидов. В процессе 
спермиогенеза в молодых спермиоцитах и в фазе созревания живчиков наблюдается более 
значительная энзиматическая акивность, что указывает на повышенную активность 
обмена веществ в этих стадиях. Согласно исследованиям и изменение липидов семенников 
можно рассматривать как выражение определенной функциональной активности.

Обсуждаются связанные с оценкой дегидрогеназной активности сукцина методо
логические вопросы.

B E IT R Ä G E  ZUM M E C H A N ISM U S D E R  S P E R M IO G E N E S E  A U F G R U N D  D E R  S Ä U R E 
FE S T E N  FÄ R B U N G , S O W IE  D E R  S U C C IN O D E IIY D R O G E N A S E A K T IV IT Ä T  U N D  

D E R  H IS T O C H E M IS C H E N  U N T E R S U C H U N G  D E R  L IP O ID E N

Z. PÓSALAKY, A. GYÉVAI und B. BUKULYA

D ie im  L aufe  de r Sperm iogenese  erfo lgende V erän d e ru n g e n  der sä u re fe s te n  F ä rb u n g , 
sow ie d e r A k tiv itä t  d e r  L ipo iden  u n d  d e r S u cc in o d ehydrogenase  w u rd en  u n te r s u c h t .  Die 
U n te rsu ch u n g en  e rfo lg ten  a u f  G ru n d  de r 8 S tad ien  d e r S p erm ienen tw ick lung . D ie  sä u re fe s te  
F ä rb u n g  des Sperm ium kopfes w ird im  5. S ta d iu m  s ig n if ik a n t, und  im  Z u sam m en h an g  d a m it
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v e rä n d e r t  sich auch  d ie S u cc inodehydrogenase- u n d  L ip o id re ak tio n  des K e im ep ith c ls . Im  
V e rla u f  d e r  Sperm iogenese  k a n n  in  den ju n g en  S p e rm io z y ten  u n d  in  der R e ifu n g sp h ase  der 
S p e rm ie n  e ine  b e d eu ten d e re  E n z y m a k tiv itä t  w a h rg en o m m en  w erden , was a u f  e ine  e rh ö h te  
S to ffw e c h se la k tiv itä t  in  d iesen  P h asen  h inw eist. A u f G ru n d  d e r  B efunde k an n  die V erän d e ru n g  
d e r H o d en lip o id en  als de r A u sd ru ck  einer gewissen fu n k tio n e lle n  A k tiv itä t  a u fg efaß l w erden .

D ie  m it d e r A u sw e rtu n g  d e r S u e c in o d e h y d ro g en a se ak tiv itä t v e rb u n d en en  m eth o d o lo 
g isc h en  F ra g e n  w erden  b e sp ro ch en .

D r. Z o ltá n  PÓSALAKY 
A n g éla  G y é v a i  
D r. B é la  B u k u l y a

B u d a p e s t IX . T ű z o ltó  u . 58. H u n g a ry
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