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The  c y t o p l a s m  is also label led  a f t e r  a sho r t  pulse, when  
th is  is followed b y  a chase  w i t h  cold p recurso r  (Figure 4). 
We  h a v e  n o t  no t i c ed  a decrease  of nuc lea r  label  in th i s  
case;  however ,  t he  chase  per iods  t r i ed  were no t  longer 
t h a n  11/~ h. 

The  i n c o r p o r a t i o n  of Ha-ur id ine  follows the  same pa t -  
t e rn  desc r ibed  for Ha-cyt id ine ,  and  the  e x t r a c t i o n  w i th  
r ibonuc lease  yields  n e g a t i v e  r a d i o a u t o g r a p h s  (Figures  5, 
6). 

Discussion. Our  e x p e r i m e n t s  w i t h  H a - t h y m i d i n e  p rove  
t h a t ,  e v e n  if a c y t o p l a s m i c  s tore  of D N A  exists ,  a n  exo-  
genous  p r ecu r so r  c an  also be ut i l ized.  

T h e  re su l t s  o b t a i n e d  w i th  HS-cyt id ine  a n d  Ha-ur id ine  
give ev idence  of u p t a k e  i n to  R N A  a n d  show a p a t t e r n  of 
i n c o r p o r a t i o n  s inf i lar  to  t h a t  seen in t i ssue  cu l tu re s  7. T h e  
cy top l a smic  label  p r o b a b l y  co r re sponds  to  r ibosomic  
R N A ,  as is sugges ted  b y  its t ime  of a p p e a r a n c e  in r e l a t i on  
to  t h e  nnc leo la r  label  7, a n d  b y  the  h ighe r  p r o b a b i l i t y  of 
r e t a i n i n g  h e a v y  r ibosomic  R N A  af t e r  the  f ixa t ion  a n d  t he  
e m b e d d i n g  procedure .  In  E c h i n o d e r m s  a n d  A m p h i b i a ,  t he  
i n c o r p o r a t i o n  of label led  ur id ine  d u r i n g  c leavage  is low 
a n d  i t  is no t  r ecovered  f rom t he  h e a v y  r i bosoma l  frac- 
t ion  s -n .  

F u r t h e r m o r e ,  labe l led  ur id ine  in our  p r e p a r a t i o n s  is ex-  
t r a c t e d  b y  r ibonuclease ,  while  i t  is p a r t i a l l y  i n c o r p o r a t e d  
in to  the  D N A  of c leav ing  A m p h i b i a  eggs t2 ; a f ind ing  also 
r epo r t ed  for t h e  egg of t he  m a r i n e  sna i l  Ilyanassa ~3. 

T h e  effect  of a c t i n o m y c i n  D also po in t s  to  a d i f ference 
b e t w e e n  mouse  ova,  t h e i r  d e v e l o p m e n t  be ing  a r res t ed  ~a, 
a n d  A m p h i b i a  or  E c h i n o d e r m  eggs, wh ich  are no t  af fected 
pr ior  to  the  b l a s t u l a  s t a g e ~ a %  

In conclusion t h e  p a t t e r n  of nucleic  acid m e t a b o l i s m  of 
mouse  moru lae  differs  f rom t h a t  k n o w n  for c l eav ing  
E c h i n o d e r m  and  A m p h i b i a  eggs ; t h i s  coincides  w i t h  t h e i r  
d i f ference in gene t ic  control~7. 

Rdsumd. L ' i n c o r p o r a t i o n  de  pr6curseurs  m a r q u 6 s  des  
acides nucl6iques  d a n s  les m o r u l a e  de souris,  su i t  u n  cours  
d i f f6ren t  de celui qu i  es t  c o n n u  p o u r  les ceufs en  s e g m e n t a -  
t ion  d ' E c h i n o d e r m e s  e t  d ' A m p h i b i e n s ;  ceci p o u r r a i t  se 
r a p p o r t e r  k leur  contr61e g6n(~.tique d i f f6rent .  
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Muscle Spindles in the Rat Diaphragm 

A n t i d r o m i c  a c t i v i t y  (ADA), wh ich  u n d e r  c e r t a i n  condi-  
t ions  occurs  in  m o t o r  ne rves  a n d  v e n t r a l  roots ,  was f irst  
d e m o n s t r a t e d  b y  MASLAND a n d  WmTONL T h e i r  f ind ing  
has  been  con f i rmed  a n d  sub j ec t ed  to  f u r t h e r  s t u d y  b y  
o t h e r  a u t h o r s  ( F E N G  a n d  LI~; ECCLES et  al .a;  RIKER et  
al. 4; WERNERfi; BLABER a n d  B O W M A N ' ) .  U n d e r  app ro -  
p r i a t e  cond i t ions ,  A D A  has  been  d e m o n s t r a t e d  also in t he  
ph ren ic  n e r v e - d i a p h r a g m  p r e p a r a t i o n  (VAN DER MEER 
a n d  M E L T E R  7 ; BARSTAD s ; R A N D I d  a n d  STRAUGHAN 9), A s  
t h e  record ings  in t he  l a t t e r  e x p e r i m e n t s  h a v e  been  m a d e  
f rom t h e  ph ren i c  n e r v e  t r u n k ,  a c t i v i t y  in a f f e r en t  f ibres  
w i t h i n  t h i s  n e r v e  p r e s e n t s  a p o t e n t i a l  source  of error .  
R e c o r d i n g  f rom t h e  cerv ica l  v e n t r a l  roots  of the  r a t  be ing  
t e c h n i c a l l y  diff icul t ,  RANDI~ a n d  STRAUGHAN 9 c i r cum-  
v e n t e d  t h e  i n t r i c a c y  b y  senso ry  d c n e r v a t i o n  of t h e  p h r e n i c  
n e r v e  t h r e e  weeks  in a d v a n c e  of t h e i r  expe r i m en t s .  F o r  a 
s imi la r  purpose ,  VA~ DER MEER a n d  MELTER 7 emp loyed  
l ong i t ud ina l  sp l i t t i ng  of t h e  nerve .  

S t u d y i n g  A D A  in  t h e  r a t  ph r en i c  n e r v e - d i a p h r a g m  
p r e p a r a t i o n ,  t h e  p r e s e n t  a u t h o r s  occas iona l ly  recorded  
series of spike p o t e n t i a l s  wh ich  h a d  t h e  m a i n  cha rac te r i s -  
t ics of t h e  a f fe ren t  f i r ing  f rom muscle  spindles .  Records  
f rom these  e x p e r i m e n t s  are s h o w n  in F igure  1. 

Af fe ren t  f i r ing  in t he  ph r en i c  ne rve  ha s  been  recorded  
in t he  r a b b i t  b y  CARDIN 10,I1 a n d  CUENOD 12 a n d  in the  ca t  
b y  YASARGIL 13'14. Accord ing  to  HINSEY et  al. t5 app rox i -  
m a t e l y  10% of m y e l i n a t e d  f ibres in  t he  ca t  ph r en i c  ne rve  

are sensory.  LANDAU et  al. ~e found  3 5 - 4 5 %  af fe ren t s  in  
t he  ph ren ic  ne rve  of t he  dog. 

His to log ica l ly  severa l  au tho r s  h a v e  d e m o n s t r a t e d  the  
occur rence  of muscle  spindles  in the  d i a p h r a g m s  of dif- 
f e ren t  m a m m a l i a n  species, i nc lud ing  m a n  (1)OGIEL~7; 
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TIMOFEJEW is ; GREGOR ~a ; MASUMOTO 20; "~VINCKLER a n d  
DELALOYE21). MASUMOTO'S p a p e r  2° a l so  i n c l u d e d  t h e  
d e m o n s t r a t i o n  o f  a m u s c l e  s p i n d l e  f r o m  t h e  r a t  d i a -  
p h r a g m .  A p a r t  f r o m  t h i s ,  t h e  l i t e r a t u r e  s e e m s  t o  c o n t a i n  
s c a n t y  d i r e c t  e v i d e n c e  r e g a r d i n g  t h e  o c c u r r e n c e  a n d  d i s -  
t r i b u t i o n  of  m u s c l e  s p i n d l e s  in  t h i s  m u s c l e .  T o  p r o c u r e  
s o m e  a d d i t i o n a l  k n o w l e d g e  a b o u t  t h e  i n t e r f e r e n c e  o f  f i r i n g  
f r o m  m u s c l e  s p i n d l e s  w i t h  e x p e r i m e n t s  o n  A D A ,  a n d  
m o r e o v e r  to  e x p l o r e  t h e  p o s s i b l e  a p p l i c a b i l i t y  o f  t h e  r a t  
d i a p h r a g m  as  a s i n g l e - s p i n d l e  p r e p a r a t i o n ,  t h e  p r e s e n t  
a u t h o r s  u n d e r t o o k  a l i m i t e d  h i s t o l o g i c a l  e x a m i n a t i o n  of  
t h i s  m u s c l e .  

A d u l t  a l b i n o  r a t s  w e i g h i n g  2 0 0 - 3 0 0  g we re  u s e d ,  w i t h -  
o u t  r e g a r d  t o  sex .  T h e  d i a p h r a g m  w a s  t a k e n  o u t  i m m e -  
d i a t e l y  a f t e r  t h e  a n i m a l  h a d  b e e n  k i l led ,  f i x e d  in  f o r m o l  o r  
a f o r m o l  a c e t i c  ac id  e t h a n o l  m i x t u r e  (ROMEIS22; PALM- 
6REN 23) a n d  e m b e d d e d  in  p a r a f f i n .  D i f f e r e n t  s t a i n i n g  p r o -  
c e d u r e s  we re  t r i e d .  T h e  b e s t  r e s u l t s  w e r e  o b t a i n e d  w i t h  
H e m a t o x y l i n e - E o s i n e  (RoMEIS22), t h e  s i l v e r  s t a i n i n g  
m e t h o d  of  PALMGREN 2~ a n d  w i t h  m e t h y l e n e  b l u e  (BoYD zd). 

F i g u r e  2 s h o w s  a t r a n s v e r s e  s e c t i o n  t h r o u g h  t h e  e q u a -  
t o r i a l  r e g i o n  of  a s p i n d l e .  B y  t h o r o u g h  m i c r o s c o p i c  in-  

s p e c t i o n  o f  s e r i a l  s e c t i o n s  of  10 a n d  25/~  t h i c k n e s s  as  wel l  
as  of  t e a s e d  m u s c l e  p r e p a r a t i o n s ,  we  r e g u l a r l y  f o u n d  
t h r e e  s p i n d l e s  in  e a c h  h e m i d i a p h r a g m .  O n e  of  t h e m  w a s  
a l m o s t  c o n s t a n t l y  f o u n d  in  t h e  p a r s  l u m b a l i s .  T h e  t w o  
m u s c l e  s p i n d l e s  u s u a l l y  f o u n d  i n  t h e  p a r s  c o s t a l i s  - o r  o n e  
of  t h e m  r a r e l y  in  t h e  p a r s  s t e r n a l i s  - we re  a l m o s t  i n v a r i a -  
b l y  l oca l i zed  to  t h e  c o s t a l  s ide  of  t h e  n e r v e  i n s e r t i o n .  O u r  
r e s u l t s  do  n o t  j u s t i f y  a n y  c o n c l u s i o n s  w i t h  r e g a r d  t o  t h e  
f i ne r  s t r u c t u r e  a n d  c o m p o s i t i o n  of  t h e  s p i n d l e s .  

I f  o u r  f i n d i n g s ,  w h i c h  c o m p r i s e  s l i g h t l y  m o r e  t h a n  20 
r e l i ab l e  o b s e r v a t i o n s  of s p i n d l e s  a n d  a f ew  less  r e l i ab l e  
o n e s ,  g i v e  a c o r r e c t  p i c t u r e  of  t h e  o c c u r r e n c e  a n d  d i s t r i b u -  
t i o n  o f  t h e s e  e n d  o r g a n s  in  t h e  r a t  d i a p h r a g m ,  t h i s  m u s c l e  
s e e m s  t o  l e n d  i t se l f  a s  a s u i t a b l e  b a s i s  for  p r e p a r i n g  a 
m a m m a l i a n  s i n g l e - s p i n d l e  p r e p a r a t i o n ,  w h e n  c a r e  is t a k e n  
n o t  to  o v e r d o  i t s  d i m e n s i o n s .  T h i s  c o n c l u s i o n  is a l so  s u p -  
p o r t e d  b y  o u r  e l e c t r o p h y s i o l o g i c a l  e x p e r i m e n t s ,  in  w h i c h  
t h e  a m p l i t u d e  a n d  f r e q u e n c y  of  t h e  a f f e r e n t  s p i k e s  s o m e -  
t i m e s  i n d i c a t e d  d i s c h a r g e s  f r o m  one ,  s o m e t i m e s  f r o m  t w o  
e n d  o r g a n s .  

Fig, 2. Part  of transverse section from rat diaphragm. Hematoxyline- 
cosine. ~ 200. A muscle spindle, cut  through the lymph space, lies in 

the centre surrounded by extrafnsal muscle fibres. 

[ I 

mvwevyv v 
Fig. 1. Nerve recordings from an isolated phrenic nerve-diaphragm 
preparation. The nerve was placed on five plat inum electrodes in 
paraffin oil. One pair of the electrodes close to the cut  end of the 
nerve was used for recording, a second pair, distally placed, for nerve 
stimulation (with square waves of 50/~ sec duration). The fifth elec- 
trode was placed between the two pairs and connected to earth. The 
nerve was crushed between the recording electrodes. The muscle was 
fixed to a pcrspex homer and immersed in Tyrode solution which was 
equilibrated with a mixture of oxygen and carbon dioxide (5%) at 
37°C. Slight stretch was applied to the muscle until regular afferent 
firing was seen (A). The records B - E  show the effect of increasing 
stimulus intensity. The stage at which the pause in afferent firing 
occurred (C), coincided with the first sign of muscle contraction 
(watched through a stereomicroscope). Calibration sine wave: 

frequency 50/see; peak to peak 50/iV. 

Zusammen/assung. E l e k t r o p h y s i o l o g i s c h e  R e g i s t r i e -  
r u n g e n  a f f e r e n t e r  I m p u l s e  d e s  N e r v u s  p h r e n i c u s  a u s  d e m  
i s o l i e r t e n  R a t t e n z w e r c h f e l l  w n r d e n  d u r c h  e ine  h i s t o l o -  
g i s c h e  U n t e r s u c h u n g  d e s  Z w e r c h f e l l e s  u n t e r b a u t .  D a s  
V o r k o m m e n  y o n  d u r c h s c h n i t t l i c h  3 M u s k e l s p i n d e l n  in 
j e d e r  Z w e r c h f e l l h ~ l f t e  w n r d e  n a c h g e w i e s e n .  
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