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Crystals of Reinke in the Nuclei  of Human Testicular Interstitial Cells 

Crys ta l s  of R e i n k e  r e p r e s e n t  a cha rac t e r i s t i c  f ea tu re  of 
t he  c y t o p l a s m  of t he  Leyd ig  cells in  t he  h u m a n  test is .  
A l t h o u g h  t h e  l a t t i ce  s t r u c t u r e  of these  c rys ta l s  ha s  been  
desc r ibed  in cons ide rab le  de t a i l  in r ecen t  u l t r a s t r u c t u r a l  
s tud ies  1-3, t h e  m a n n e r  in  wh ich  t h e y  are  fo rmed  is sti l l  in 
d o u b t .  I n  a n  ear l ier  s t u d y  ~, i t  was  sugges ted  t h a t  t h e  
c rys t a l s  were  fo rmed  b y  agg rega t i on  a n d  c o n d e n s a t i o n  
of sma l l  t u b u l a r  inc lus ions  found  in t h e  c y t o p l a s m  of t h e  
i n t e r s t i t i a l  cells. More  r e c e n t  i n v e s t i g a t i o n s  4,5 r evea led  
t h a t  nucle i  of some i n t e r s t i t i a l  cells also c o n t a i n e d  t u b u l a r  
inc lus ions  wh ich  are  iden t i ca l  to  those  f o u n d  in t he  cy to-  
p l a s m  (Figure  1). Th i s  o b s e r v a t i o n  sugges ted  t h a t  if t h e  
c rys ta l s  were  indeed  der ived  f rom t h e  t u b u l a r  inc lus ions  
t h e y  m i g h t  well  be  found  in t h e  nucle i  of h u m a n  in ter -  
s t i t i a l  cells. 

D u r i n g  f u r t h e r  s tudies ,  s t r u c t u r e s  morpho log ica l ly  
i den t i ca l  to  t h e  c y t o p l a s m i c  c rys t a l s  of R e i n k e  were  seen 
in t h e  nucle i  of i n t e r s t i t i a l  cells in  h u m a n  t e s t i cu l a r  
m a t e r i a l  f ixed in o s m i u m  t e t r o x i d e  (Figure  2), T h e  
nuc lea r  crys ta ls ,  s imi la r  to  t h e i r  cy top l a smic  c o u n t e r p a r t  
were  n o t  m e m b r a n e - b o u n d e d  a n d  were  c lear ly  s e p a r a t e d  
f rom t h e  nuc l ea r  m e m b r a n e  b y  c h r o m a t i n  m a t e r i a l  
(Figure  3). T h e  nuc lea r  c rys t a l s  a p p e a r e d  s ingly  a n d  were  
p r e s e n t  in  on ly  a sma l l  n u m b e r  of i n t e r s t i t i a l  cells. 

T h e  f ind ing  of nuc l ea r  c rys t a l s  of R e i n k e  f u r t h e r  sup-  
p o r t s  t h e  h y p o t h e s i s  t h a t  t h e  smal l  t u b u l a r  inc lus ions  are  
p recurso r s  of t h e  c ry s t a l s  b o t h  in t h e  nuc l eus  a n d  cy to-  
p lasm.  T h e  f u n c t i o n a l  s igni f icance  of t h e  c rys t a l s  r e m a i n  
obscure .  T h e i r  a p p e a r a n c e  a t  p u b e r t y  sugges t s  a l ink  w i th  
t h e  onse t  of a n d r o g e n  b i o s y n t h e s i s  in t h e  i n t e r s t i t i a l  cells 
b u t  t h e i r  absence  in t he  s y n d r o m e  of t e s t i cu l a r  femiza-  
t ion  ~ where  a n d r o g e n  b io syn the s i s  is n o r m a l  7, is aga in s t  
th i s  view. 

Tes t i cu l a r  i n t e r s t i t i a l  cell nuclei  c o n t a i n i n g  t u b u l a r  
inc lus ions  h a v e  been  s h o w n  to  e x h i b i t  dec reased  A T P a s e  
a c t i v i t y  ~, a n  o b s e r v a t i o n  which  sugges t s  t h a t  t h e  fo rma-  
t i on  of inc lus ions  m a y  be  r e l a t ed  to  m e t a b o l i c  a l t e r a t i o n s  
in  t he  nucle i  of t he se  cells. These  conclus ions  were de r ived  
f rom a s t u d y  of m a t e r i a l  f rom 60- to  70-year-old men  in 

which  i t  was  p o s t u l a t e d  t h a t  b o t h  t h e  a l t e r a t i o n  in 
e n z y m a t i c  a c t i v i t y  a n d  t u b u l a r  inc lus ion  f o r m a t i o n  were 
a g e - d e p e n d e n t  p h e n o m e n a .  However ,  o t h e r  s tud ies  5 show 
t h a t  t h e  inc lus ions  are  also p r e s en t  in t h e  nucle i  of 
t e s t i cu l a r  i n t e r s t i t i a l  cells in ma te r i a l  f rom m e n  aged  
b e t w e e n  25-45  years .  Never the less ,  t h e  poss ib i l i ty  of 
e n z y m a t i c  m e t a b o l i c  a l t e r a t i o n s  as a cause  of c ry s t a l  
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Fig. 1. Tabular inclusions in the nucleus of a human interstitial cell. 
× 14,000. 

Fig. 2. Crystal of Reinke (c) in the nucleus of an interstitial cell. A 
nucleolus (n) is indicated. × 7000. 

Fig. 3. Nucleus of interstitial cell containing a crystal of Reinke 
which shows features of its lattice structure. × 28,000. 
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f o r m a t i o n  needs  f u r t h e r  s t u d y  t o g e t h e r  w i th  a n  inves t iga -  
t i o n  of t h e  et iological  f ac to r s  invo lved .  I t  is k n o w n  t h a t  
c ry s t a l  f o r m a t i o n  occurs  as a f e a t u r e  of v i r a l - i nduced  
d a m a g e  in cells in fec ted  w i t h  A d e n o v i r u s  t y p e  5 s. Al- 
t h o u g h  un l ike ly  as  a n  e t io logical  f ac to r  because  of t he  
w ide - sp read  occur rence  of R e i n k e ' s  c rys t a l s  in  h u m a n  
t e s t i cu l a r  i n t e r s t i t i a l  cells, v i ruses  r e m a i n  to  be  exc luded  
as poss ible  agen t s  9. 

Mod i f ika t i on  des  Ze l lkerns tof fwechse l s  zu d iesen  B i ldun -  
Ken f f ihren  k 6 n n t e .  
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Zusammen /as sung .  Es  wird  gezeigt ,  dass  in  den  Leydig ' -  
s chen  Zwischenze l len  die R e i n k ' s c h e n  Kr i s t a l l e  a u c h  im 
Zel lkern  v o r k o m m e n  u n d  d a r a u f  h ingewiesen ,  dass  eine 
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Morphology of Muscle Spindles in the Rat 

Some morpho log ica l  f ea tu re s  of musc le  sp ind les  in  t h e  
r a t  h a v e  been  descr ibed  (BARKER a n d  HUNT, BRIDGMAN, 
LANDON, MERILLEES, ZELENA a n d  I-JNIK l-S) b u t  no  de t a i l ed  
desc r ip t i on  ex is t s  w h i c h  is c o m p a r a b l e  w i t h  t hose  ava i l -  
able  for t h e  ca t  (BARKER, BOYDS'7), r a b b i t  (BARKERS), 
a n d  o p p o s s u m  (JONESg, I°). I n  pa r t i cu l a r ,  no  i n f o r m a t i o n  
is ava i l ab l e  o n  t h e  m o t o r  i n n e r v a t i o n  of r a t  musc l e  
spindles .  

I n  t he  p r e s e n t  i n v e s t i g a t i o n  we s t ud i ed  t he  a n a t o m y  of 
musc le  sp indles  in  t h e  p l a n t a r  l u m b r i c a l  muscles  to  t h e  
second,  th i rd ,  f o u r t h  a n d  f i f th  digi ts .  R a t s  of W i s t a r  
or ig in  were used.  Muscles  f rom n o r m a l  an i m a l s  were  
t r e a t e d  as follows: one  g roup  was  e m b e d d e d  in pa ra f f in  
a n d  sp ind les  were  r e c o n s t r u c t e d  f rom serial  t r a n s v e r s e  
sec t ions  s t a i ned  w i t h  h e m a t o x y l i n  a n d  eos in ;  a second  
g roup  was  s t a i ned  w i t h  gold ch lor ide  (CoLEn),  t h e  t eased  
spec imens  be ing  used for sp ind le  c o u n t s  a n d  for m e a s u r i n g  
t o t a l  sp ind le  l e n g t h ;  a t h i r d  g r o u p  was  s t a i ned  b y  a s i lver  
t e c h n i q u e  (WINKELMANN a n d  SCHMIT 1~) a n d  t he  i n n e r v a -  
t i on  of t ea sed  sp ind les  was  e x a m i n e d ;  a f o u r t h  g roup  of 
musc les  w i t h  a t t a c h e d  n e r v e s  was  s t a i ned  w i t h  o s m i u m  
t e t r o x i d e  a n d  used  for  t h e  m e a s u r e m e n t  of m y e l i n a t e d  
n e r v e  f ibre  d i a m e t e r s  in  cross sec t ions  of t h e  n e r v e  t r u n k  
to  each  muscle .  The  l a t t e r  2 p rocedure s  (silver s t a ins  a n d  
OsO4 s ta ins)  were also ca r r ied  o u t  o n  a n i m a l s  in  w h i c h  
1 h i n d  l i m b  h a d  b e e n  e i t h e r  de - a f f e r en t ed  or  de -e f fe ren ted  
b y  se lec t ive  sp ina l  roo t  sec t ion  for  a pe r iod  of 35 days .  

M y e l i n a t e d  n e r v e  f ibre  d i a m e t e r s  to  t he  l u m b r i c a l  
musc les  r a n g e d  f rom 1-10  p in  n o r m a l  a n d  de -e f fe ren ted  
n e r v e s  a n d  f r o m  1 -7 /~  in de - a f f e r en t ed  nerves .  T h e  t o t a l  
n u m b e r  of m o t o r  n e r v e  f ibres  to  a n y  musc le  r a n g e d  f rom 
5-9,  a n d  t h e  sensory  n e r v e  f ibres  f rom 18-23. F r o m  3-8  
musc le  spindles]muscle,  were f o u n d  in  musc les  h a v i n g  a 
we t  w e i g h t  of 4-6 .5  mg.  No  t a n d e m  musc le  sp ind les  were  
found .  

R e c o n s t r u c t i o n s  of sp ind les  f rom serial  cross sec t ions  
showed  t h a t  b o t h  n u c l e a r  c h a i n  (NC) a n d  nuc l ea r  b a g  
(NB) musc le  f ibres  were  p resen t .  T h e  m e a n  n u m b e r  of 
i n t r a f u s a l  musc le  f ibres  in  14 spec imens  was  3.5, m o s t  
sp ind les  c o n t a i n i n g  2 NC a n d  2 N B  fibres.  T he  m e a n  
d i ame te r ,  m e a s u r e d  a t  one  pole  of t h e  capsule ,  of t h e  NC 
f ibres  was  7.7 ± 1.0 ~u (?4 ~ 26), a n d  t h e  N B  f ibres  
10.0 q- 1.6 /z (n ~ 24), t he se  m e a s u r e m e n t s  a re  uncor -  
r ec t ed  for  sh r inkage .  T h e  m e a n  l e n g t h  of N B  musc le  
f ibres  m e a s u r e d  f r o m  t h e  s a m e  p a r a f f i n - e m b e d d e d  
m a t e r i a l  was  1.5 m m  (q- 0.5) a n d  t h a t  of t h e  NC f ibres  
was  1.2 m m  (q- 0.6). Since t h e  capsu le  l e n g t h  in all cases 
was  less t h a n  1.0 ram,  a n d  m o s t  of t he  musc le  f ibres  were  
s y m m e t r i c a l l y  p l aced  w i t h  r e g a r d  t o  t h e  capsule ,  t h e n  

t h e  usua l  s i t u a t i o n  was t h a t  b o t h  N B  a n d  NC f ibres  
e x t e n d e d  b e y o n d  each  pole  of t h e  capsule .  T h e  e q u a t o r i a l  
n u c l e a t e d  reg ion  of N B  f ibres  h a d  a m e a n  l e n g t h  of 490/~, 
or  a b o u t  1/3 t h e  l e n g t h  of t h e  N B  fibre.  T h i s  t o t a l  nuc le-  
a t ed  l e n g t h  inc ludes  b o t h  t h e  ' n u c l e a r  b a g '  p roper ,  w h i c h  
c o n t a i n e d  2 or  3 nucle i  in  a n y  cross sect ion,  a n d  i ts  f l ank-  
ing  m y o t u b e  reg ions ;  t h e  nuc l ea r  b a g  a c c o u n t e d  for  a b o u t  
ha l f  t h e  t o t a l  figure.  T h e  e q u a t o r i a l  n u c l e a t e d  reg ion  in  
NC f ibres  h a d  a m e a n  l e n g t h  of 310 /,, or  a b o u t  114 t h e  
l e n g t h  of t h e  NC fibre.  T h e  nucle i  t h e m s e l v e s  d i f fe red  in  
N B  a n d  NC fibres,  t h o s e  in  t h e  NC f ibres  gene ra l ly  be ing  
longer  a n d  n a r r o w e r  t h a n  in t h e  N B  fibres.  A t  t h e  e q u a t o r  
of t h e  f ibres  NC nucle i  were  a b o u t  3 / ,  wide  a n d  8/~ long  
whi le  t h e  N B  nucle i  m e a s u r e d  4 - 6 / ~  in  b o t h  t h e  t r a n s -  
verse  a n d  l o n g i t u d i n a l  d i rec t ions .  No  i n t r a f u s a l  musc le  
f ibre  was  seen to  b r a n c h .  

T h e  sensory  i n n e r v a t i o n  of t h e  sp ind les  was inves t i -  
g a t e d  in  s i l ve r - s t a ined  spec imens  of n o r m a l  a n d  de-  
e f f e ren ted  muscles .  50% "of t h e  sp ind les  s tud ied  c o n t a i n e d  
one  p r i m a r y  e n d i n g  alone.  Th i s  occupied  t h e  c e n t r a l  
130-240 /z of t h e  i n t r a f u s a l  musc le  b u n d l e  a n d  usua l ly  
t o o k  t h e  fo rm of t i g h t l y  w o u n d  spi ra ls  o n  b o t h  N B  a n d  
NC musc le  f ibres.  T h e  r e m a i n i n g  50% of t h e  p r e p a r a t i o n s  
c o n t a i n e d  i p r i m a r y  senso ry  e n d i n g  a n d  1 or  2 s e c o n d a r y  
endings .  T h e  s e c o n d a r y  end ings  were  seen as f ine s p r a y s  
of n e r v e  t e r m i n a l s  m a i n l y  on  t h e  j u x t a - e q u a t o r i a l  reg ions  
of NC f ibres  a n d  occupied  f r o m  100-260 /~  of t h e  musc le  
f ibre.  

T h e  m o t o r  i n n e r v a t i o n  of t h e  sp ind les  was  s t ud i ed  in 
n o r m a l  a n d  de -a f f e r en t ed  p r e p a r a t i o n s  s t a i n e d  w i t h  si lver.  
T h e  m o s t  s t r i k ing  f ea tu r e  was  t h a t  each  sp ind le  rece ived  
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