
15. 5. 1967 Specialla 395 

The present s tudy shows tha t  hypercapnia results in 
more than 50% depletion of the noradrenalin content  of 
cat skeletal muscle. This depletion, which is dependent 
upon intact  sympathet ic  outflow to the muscles, indicates 
that  during the prevailing experimental  conditions nor- 
adrenalin synthesis in the sympathet ic  nerves does not  
keep pace with impulse induced release. The phenomenon 
observed may indicate tha t  adrenergic t ransmit ter  syn- 
thesis, during the initial phase of an abrupt  increase in 
impulse activity, is only slowly and gradually stimulated. 
However, it is also conceivable that  hypercapnia causes 
impairment of noradrenalin re-uptake and/or synthesis, 

as such effects only become apparent during sustained 
t ransmit ter  release t 

Zusammen/assung. Aktivit/ i tserh6hung im sympathi-  
schen Nervensystem bei Katzen wurde durch Inhaheren 
yon 25% COg in O~ hervorgerufen. Es wurde der Einfluss 
erh6hter sympathischer Aktivi t~t  auf den Noradrenalin- 
gehalt sympathischer Nerven gepriift, welche zu motori- 
schen Muskeln verlaufen. Hyperkapnia  fief keine Ver- 
/inderung im akut  dezentralisierten M. Gastrocnemius 
hervor. Bei intaktem sympathischem Fluss zum Muskel 
bewirkte Hyperkapnia  eine erhebliche Erniedrigung des 
Noradrenalingehaltes. Die Wirkung h~ngt somit von 
einem intakten sympathischen Ausfluss ab. 

Noradrenalin content of sympathetically innervated muscles (values 
expressed as % of content in decentralized control muscles) 

S. H. NGAI s, S. ROSELL 
and G. SEDVALL 

100% O, 25% co~+ 75% 
o~ 

Mean Range Mean Range 

Gastrocnemius (6) 78 100-58 44, 81-26 
Tibialis anterior (3) 85 100-75 42 55-33 

Differs from control p < 0.01. Numbers within parentheses refer to 
number of cats used. 
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S p o n t a n e o u s  Act iv i ty  of  R a t s  o n  D ie t s  Var ied  
in P r o t e i n ,  C a r b o h y d r a t e  a n d  Fat  C o n t e n t  

Perusal of the l i terature reveals conflicting results on 
the relationship of spontaneous act ivi ty  to diet. Some 
studies have indicated tha t  low protein diets depress ac- 
t iv i ty  t,~. Other studies have suggested tha t  dietary pro- 
tein does not  affect act ivi ty  at all except a t  high protein 
levels, at  which a decrease in act ivi ty  occursS, 4. The ratio 
of protein to carbohydrate in the diet has also been in- 
vestigated. Exci tabi l i ty  level (number of standing up 
reactions) appears to be closely related to this ratio. As 
the level of proteins in the diet increases, the excitabil i ty 
level of rats decreases 6. Act ivi ty  level measured by the 
number of wheel turns has been claimed to decrease as 
the proportion of protein in the diet increased s . High fat 
diets have been said to depress act ivi ty  initially a t  vary- 
ing levels of dietary protein. However,  upon prolonged 
administration, rats on high fat diets show an increase in 
the level of spontaneous act ivi ty  above tha t  for rats on 
low protein diets L 

To t ry  to clear up these contradictions, 6 male and 6 
female Charles River  albino rats were fed from weaning 
diets where the proportion of carbohydrate, protein and 
fat were varied systematically (Table I). The protein was 
casein, the carbohydrate sucrose, the saturated fat lard, 
and the unsaturated fat corn oil. The usual mineral and 
vi tamin supplements were included. The animals were 
matched by sex and age at  the t ime of running (28-82 
days old). Each ra t  was placed in a stabilimeter cage for 
6 consecutive days with free access to food and water. 
The cages were wire mesh with a closed top, 22.5 cm in 
diameter and 20.5 cm high, with a 6 cm diameter, 5 cm 
high food cup in the middle. Sawdust was placed in the 

bot tom pan which rested on 4 switches which counted 
every t ime 2 switches were closed. A water bottle spout 
entered through an opmring in the cage. The apparatus 
was turned off once daily, when counters were read and 
rats weighed. 

The results showed a progressively stabler daily ac- 
t i v i t y  over the 6 day period for each group. The mean 
act iv i ty  level was obtained by averaging act iv i ty  scores 

Table I. % calories of protein, carbohydrate and fat 

Foodstuff Diet 

HP SC LP HUF HSF 

Protein 59.8 24.5 9.8 24.5 24.5 
Carbohydrate 19.1 64.5 79.2 - - 
Saturated fat 4.4 4.4 4.4 11.0 68.9 
Unsaturated fat 6.6 6.6 6.6 64.5 6.6 
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over  t h e  las t  3 days  (Table  I I ) .  An  ana lys i s  of v a r i a n c e  
us ing  squa re  r o o t  t r a n s f o r m a t i o n s  was  pe r fo rmed .  No 
s ign i f ican t  d i f ferences  were  found  b e t w e e n  sex or  d ie t  
g roups  a t  t h e  0.05 level .  T h e  d a t a  suggest ,  however ,  t h a t  
d i e t  m a y  h a v e  a d i f fe ren t ia l  effect  on  t h e  a c t i v i t y  level  of 
ma le  a n d  female  r a t s  (F = 2.14, d f =  ~/~o, P < 0.10). 
W h e n  m a l e  a n d  female  a c t i v i t y  scores  were  c o m b i n e d ,  
d i f ferences  b e t w e e n  d ie t  g roups  were  n o t  a p p a r e n t  s. 

Rdsumd. Nous  a v o n s  mesur~  l ' a c t i v i t 6  s p o n t a n ~ e  de 
r a t s  ma les  e t  femelles  r e c e v a n t  des r a t i ons  c o n t e n a n t  
10%,  25% e t  60}/0 de p ro t6 ine  et  29% de graisses  non-  
sa tu r6es  ou  31% de  graisses sa tur6es .  Les  r a t s  o n t  6t6 
m a i n t e n u s  isol6s d a n s  des  cages  k s t a b i l i m g t r e  6 jours  
de sui te .  On  a c o m p a r 6  les donn6es  o b t e n u e s  p e n d a n t  les 
3 de rn ie r s  jours .  On  n ' a  pa s  t r o u v 6  de di f f6rences  signif i-  
ca t ives  darts  l ' e f fe t  des d i f f t r e n t s  r6gimes,  n i  p o u r  les 
m~les  n i  p o u r  les femelles.  

Table II. Mean activity scores over the Iast 3 days for rats on varied 
diets 

A. M. S~IF~RT a n d  J.  MAvE~ 

Diet 

Protein Fat Purina 

10% 25% 60% 29% 31% 
I lnsa tu-  s a t u -  
r a t e d  rated 

Male 411 604 497 600 329 579 
Female 535 635 728 435 770 . 501 
Total 946 1239 1325 1035 1099 1080 
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Responses of Primary Muscle Spindle Endings at 
Constant or Changing Muscle 

Length to Variations in Fusimotor Activation 

A s y s t e m a t i c  ana lys i s  ha s  been  u n d e r t a k e n  of t h e  
responses  of muscle  sp ind le  end ings  to  de f ined  c h a n g e s  in 
f u s i m o t o r  ac t iva t ion .  Th i s  s t u d y  was p r o m p t e d  b y  t he  
fac t  t h a t  t he  fu s imo to r  a n d  t he  s k e l e t o m o t o r  s y s t em s  are 
o f ten  found  to be  a c t i v a t e d  in paral le l ,  as is t he  case in 
var ious  ref lex  con t rac t ions~-3  (for f u r t h e r  references  see 
e.g. MATTHEWS 4) a n d  in  t h e  phys io log ica l ly - induced  
m o v e m e n t s  in  respirat ionS-S.  R e c e n t  work  suggests  t h a t  
c o a c t i v a t i o n  of f u s i m o t o n e u r o n e s  m a y  also occur  in  
v o l u n t a r y  c o n t r a c t i o n s  in  m a n  9. I n  t he  case of s t rong  
f u s i m o t o r  a c t i v a t i o n  in  para l le l  w i t h  t he  c o n t r a c t i o n  of 
the  m a i n  muscle,  t he  d i scharge  r a t e  of b o t h  p r i m a r y  and  
s econda ry  end ings  m a y  increase  d u r i n g  t h e  phase  of 
s h o r t e n i n g  in  c o n t r a c t i o n  ~,8 

T h e  responses  were  s tud ied  of p r i m a r y  a n d  s e c o n d a r y  
sp ind le  end ings  to  s y s t e m a t i c  v a r i a t i o n s  of s t a t i c  a n d  
d y n a m i c  f u s i m o t o r  a c t i va t i on ,  b o t h  w i t h  c o n s t a n t  
musc le  l e n g t h  a n d  d u r i n g  l e n g t h  c h a n g e  in  pace  w i t h  t h e  
v a r i a t i o n s  in  I u s i m o t o r  s t i m u l a t i on .  Th i s  p r e l i m i n a r y  n o t e  
conce rns  r e su l t s  o b t a i n e d  w i t h  p r i m a r y  endings .  A full  
r e p o r t  will be  p u b l i s h e d  elsewhere .  

Methods. I n  12 ca ts ,  s t i m u l a t i o n s  were  pe r fo rmed ,  i n  
v e n t r a l  r oo t  f i l aments ,  of s ingle  f u s i m o t o r  f ibres  to  
muscle  sp ind les  in  t he  soleus a n d  l a t e ra l  g a s t r o c n e m i u s  
muscles ,  t he  d i scharge  of s ingle muscle  sp ind le  end ings  
be ing  recorded  in dorsa l  roo t  f i l aments .  I m p u l s e  f r e q u e n c y  
was m e a s u r e d  b y  a n  ' i n s t a n t a n e o u s  f r e q u e n c y  m e t e r  '~°. 
Per iodic  changes  of muscle  l e n g t h  w i t h  t r i a n g u l a r  wave-  
fo rm (see t r ace  c in F igures  1 and  2) were g e n e r a t e d  a n d  
m o n i t o r e d  as p rev ious ly  desc r ibed  11. T he  de s i gna t i on  of 
a f u s i m o t o r  f ibre as ' d y n a m i c '  or ' s t a t i c '  fol lowed t h e  
s ame  c r i t e r i a  as in  a p rev ious  p a p e r  ~°. I n  o rde r  to  be  
ab le  to  sub j ec t  single fu s imo to r  f ibres  to  inc reas ing  a n d  

dec reas ing  s t imu lus  f requencies ,  t h e  s t i m u l a t o r  was  
t r igge red  f rom a v o l t a g e - t o - f r e q u e n c y  c o n v e r t e r  w i t h  a 
l inear  i n p u t - o u t p u t  re la t ion .  Th i s  device,  in  t u r n ,  was  fed 
b y  a l ow- f r equency  g e n e r a t o r  (Hewl i t t  P a c k a r d  Mode l  
202 A) de l ive r ing  t r i a n g u l a r  (see t r ace  d in  F igures  1 a n d  
2) or  s inuso ida l  vo l t age  waves .  T h e  r a n g e  of s t imu lus  
f requencies  of t he  f u s i m o t o r  f ibres  was  chosen  to  lie 
e i t h e r  be tween  20-400 shocks /see  or  b e t w e e n  60-180  
shocks/see.  

Results. Primary endings at constant muscle length. 
W i t h i n  t he  r ange  of 60-180  shocks/see,  t h e r e  was a r a t h e r  
l inear  r e l a t i o n  b e t w e e n  t he  f r e q u e n c y  of s t i m u l a t i o n  of 
s t a t i c  a n d  d y n a m i c  f u s i m o t o r  f ibres  a n d  t he  d i scharge  
r a t e  of t h e  p r i m a r y  endings ,  S t i m u l u s  f requencies  be low 
30-40 shocks /see  d id  n o t  p roduce  a n y  s ign i f i can t  increase  
in  d i scharge  ra te .  W h e n  t he  r a t e s  of s t i m u l a t i o n  exceeded 
180 shocks/see,  t he  co r r e spond ing  i n c r e m e n t s  in  a f f e r en t  
d i scharge  r a t e  b e c a m e  success ive ly  smal le r  a n d  ap -  
p r o a c h e d  i ts  m a x i m a l  level .  B o t h  s t a t i c  a n d  d y n a m i c  
f ibres  y ie lded  t h e i r  m a x i m a t  responses  a t  s t imu lus  fre- 
quenc ies  of 250-300 shocks/see.  However ,  c o n s i d e r a b l y  
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