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break ing  up  of cel lular  or subcel lu tar  s t ruc tu res  m a y  cons ide rab ly  affect the  proper t ies  
of m e m b r a n e  ATPases .  This  fact  n m s t  be borne  in m i n d  in ans, a t t e m p t  to i n t e rp re t  
the  r e g u l a t o r y  effects of ca lc ium on ion exchanges  b y  an  approach  at  the  e n z y m a t i c  
level. 

The (Mg2 -Ca2~)-act ivated ATPase  descr ibed  here is no t  l ikely to be b o u n d  to 
m i t o c h o n d r i a  since m i t o c h o n d r i a l  ATPase  was neve r  found  to require  bo th  Mg 2 ~ and  
( 'a"-  for full ac t iv i ty .  However ,  it  is n o t  possible to decide whe the r  tile (Mg 2~ ~ Ca"+) - 
s t i n m l a t e d  e n z y m e  sys t em or ig ina tes  froln p l a sma  m e m b r a n e s  or from endop lasmic  
r e t i cu lum of electroplaxes.  On the  o ther  hand ,  the  above  f indings  suggest  t ha t  low 
a m o u n t s  of ( 'a  2- can exer t  a r egu la t ing  effect on tile ( N a  + K V)-stimulated ATPase  
p rov ided  subce l lu la r  s t ruc tu re s  are preserved.  
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Sugar uptake in acutely denervated levator ani muscle of rat 

Prev ious  e x p e r i m e n t s  1 showing  t h a t  acu te  d e n e r v a t i o n  specifically blocks tes to-  
s t e rone  effect on xylose u p t a k e  in the  ra t  l eva to r  ani ,  a comple te ly  whi te  muscle  2, 
p r o m p t e d  us to s t u d y  fu r the r  the  regu la t ion  of sugar  t r a n s p o r t  in this  muscle  af ter  
d e n e r v a t i o n .  

No effect on the  basa l  t r a n s p o r t  ra te  was shown af ter  I6  h (ref. , ) ,  b u t  a rise 
in sugar  u p t a k e  could  be expected ,  at  least  in  the  whi te  muscle ,  a f ter  more  t h a n  I day ,  
on the  basis  of the  cont ro l  of sugar  t r a n s p o r t  b y  the  ene rgy  m e t a b o l i s m  a. In  fact,  
a t  t h a t  t ime  the  d e n e r v a t e d  whi te  nmscle  showed an  increase  in ac t ive  t r a n s p o r t  of 
anf ino  acids 4 a n d  in ()2 c o n s u m p t i o n  (see ref. 4)- Decreases  of glycogen (see ref. 5) 
a n d  phosphagen  c o n t e n t  ~ a n d  an  increase  of glycogen phosphory lase  a c t i v i t y  v have  
also been repor ted .  
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Experiments were therefore performed o n  the intact levator ani preparation a 
obtained from random groups of sexually immature male albino rats previously sub- 
mitted to lumbosacral spinal cord destruction under light ether anesthesia. Muscles 
were incubated at 37 ° in z ml Krebs Ringer bicarbonate medium (pH 7-4), O2 CO., 
gas (t~5:5, v/v) containing inulin (7.5 mg/ml), 14C6]xylose (15 mM, specific activity 
o.oi6 mC/mmole, The Radiochemical Centre, Amersham) and pyruvate (IO raM) ()r 
glucose (IO mM) (see ref. x). Direct stinmlation and anoxia were obtained as de- 
scribed 1. Bovine insulin (Lilly, Lot PJ  46o9, o.i unit/ml) and NaCN (i raM) were 
sometimes added, ii4C67Xylose was extracted and counted as describedL Results are 
expressed as the distribution ratio of radioactivitv between intraeellular water and 
the incubation medium (see ref. x). 

Our results show that  sugar uptake by the rat levator ani muscle rises between 
24 and 32 h after denervation (Fig. i). Increased permeability of the sarcolemma 
(see ref. 9) mav be of some importance in explaining this phenomenon (xylose uptake 
is higher also in the presence of phloridizin (3 mM) and 1.-glucose space is rising (un- 
published)). The slight decrease in volume of the fibers and the relative increase of 
the extracellular space (unpublished) and the consequent greater availability of sugar 
to transport  mechanisms have to be taken into account too. 

The increase of xylose uptake bv the denervated nmscle is additive with the 
enhancement caused by anoxia (Fig. 2). However, this result does not contrast with 
previous observations showing lack of additivity between stimuli enhancing sugar 
transport when at least one stimulus is exerting maximal effect (see ref. I);  in fact, 
the maximal sugar penetration rates attained by denervated and control muscles 
(see Fig. 3, 3o min of anoxia) are not significantly different. Therefore, additivity is 
only apparent and it is due to the shortening of the time lag required for anoxia to 
stimulate sugar transport  in the denervated muscle (see Fig. 3, sugar uptake is sig- 
nificantly increased after zo min of anoxia in the denervated muscle whereas only 
after 3o min in the control; longer time lags (6o-9o min) have been reported 1° for 
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Fig .  1. X v l o s e  u p t a k e  in  l e v a t o r  a n i  m u s c l e  of  i n t a c t  
i n c u b a t e ( ]  4 ° r a in .  E a c h  p o i n t  r e p r e s e n t s  t h e  m e a n  
t o r  2 x S . E .  

2 Time after denervation [days) 
Anoxia - - * + - - + 

.... j 3 

(Ak) a n d  d e n e r v a t e d  ( ~ )  r a t s .  M u s c l e s  w e r e  
of  a t  l e a s t  5 c a s e s ;  v e r t i c a l  b a r s  r e p r e s e n t  

F i g .  2. E f f e c t  of a n o x i a  o n  x y l o s e  u p t a k e  in  l e v a t o r  a n i  m u s c l e  of  c o n t r o l  r a t s  ( ~ )  a n d  of  r a t s  
d e n e r v a t e d  I, 2 o r  3 d a y s  b e f o r e  t h e  e x p e r i m e n t s  ( I ) .  I n c u b a t i o n  l a s t e d  5 ° m i n .  M e a n s  of  a t  
l e a s t  6 c a s e s  ~ S .E .  a r e  g i v e n .  A f t e r  t h e  2 n d  d a y  b o t h  a n o x i a  a n d  d e n e r v a t i o n  e f fec t s  w e r e  
s i g n i f i c a n t  ( P  < o . o i ) ,  w h e r e a s  i n t e r a c t i o n  b e t w e e n  t r e a t m e n t s  w a s  n o t .  
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normal  frog muscle). So, we can conclude tha t  the  mechanisms of control  of sugar  
up take  by  this dene rva ted  muscle are more sensit ive to anoxia  than  normal.  This 
result  is l ikely to be of general  re levance for white  muscles, as it  agrees with the  
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Fig. 3" Effect  of anox ia  on xylose  u p t a k e  in normal  (kl) and  dene rva t ed  nmscles (m).  Muscles 
were p r e incuba t ed  under  anaerobios is  for IO, 2o or 3 ° min  and then  i ncuba t ed  under  anaerobios is  
in the  presence of [14Cs]xylose for 4 ° rain. Means of a t  leas t  4 cases 5_ S.E. are given.  Analys is  
of va r iance  (F test) showed t h a t  effects of bo th  dcne rva t ion  and anox ia  as well as the  different  
behav io r  of dene rva ted  and control  muscles as a funct ion  of anox ia  du ra t i on  were s ta t i s t ica l ly '  
s igni f icant  (P < o.o U. 

Fig. 4" Effect  of CN (I nlM) on xylose  u p t a k e  in control  (D) and in 2 -days -denerva tcd  ( l l )  
muscles.  I ncuba t ion  las ted  5 ° rain. Means of 6 cases ~ S.E. are given.  Both  dene rva t ion  and 
cyan ide  effects were s ign i f ican t  (P . :  o.o5); i n t e r ac t i on  between t r e a t m e n t s  was not. 
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Fig..5. Effect  of d i rec t  s t i m u l a t i o n  on xylosc u p t a k e  in control  (D) and in 2 -days -dencrva tcd  ( • )  
muscles.  Medium con ta ined  p y r u v a t e  ( lo  raM) ins tead  of glucose. Incuba t ion  las ted  5 ° rain. 
Means of a t  leas t  6 cases ~ S.E. are given.  Both  dene rva t ion  and d i r ec t  s t i mu l a t i on  ctlects were 
s ign i i i can t  (P <: o.o i ) ,  whereas  in t e rac t ion  between t r e a t m e n t s  was not. 

Fig. 6. ]£ffect of insul in  on xylose  u p t a k e  in no rma l  ( ~ )  or T-, 2- and 3-days dene rva tcd  muscles  
(111). I n c u b a t i o n  las ted  5 ° rain. Means of a t  least  5 cases ~ S.E. are given,  iLflects of both  dc- 
ne rva t ion  and insul in  are s igni f icant  2 ~ilcl 3 days  af ter  dene rva t ion  ( P - ~  o.ol) .  In te rac t ion  
between t r e a t m e n t s  is s igni f icant  too (o.oi < P <C o.o5). Xylose  d i s t r i bu t ion  ra t io  in the  2-davs- 
dene rva t ed  muscle  is s ign i f i can t ly  lower ( O . O I  < P <" O .OS)  t han  in the  control  in the presence 
of insulin.  
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increase in their consumption of O 2 after denervation 4. On the contrary, it is doubtful 
if denervated red muscles can react to anoxia in a similar way, as they show no 
increase in 02 consumption n and early and marked mitochondrial damages have been 
describedl2, la 

Results similar to those described for anoxia are obtained in the presence of 
CN (Fig. 4). Direct stimulation in vitro produces an increase in sugar transport in 
both the 2-davs-denervated and the intact muscle (Fig. 5)- 

Insulin increases xylose uptake to the same levels (with the possible exception 
of the end day) both in the control and in the denervated nmscle (Fig. 6) and conse- 
quently enhancement is smaller after denervation. Thus levator ani nmscle in vitro 
behaves differently from the cut diaphragm preparation 14. 

This may be due to differences in fiber type, as a difference in response to de- 
nervation has been already shown between white and red nmscles as regards amino 
acid transporO a. Also it is to be noted that the denervated hemidiaphragn~ shows 
a considerable hypertrophy till at least the 7th day (@ refs. I6, 17) and that no other 
muscle reacts to denervation in such a way TM. 

We may conclude that the denervated levator ani muscle shows enhanced basal 
sugar uptake and greater sensitivity to anoxia and that it can re.act to various sugar 
transport-enhancing stimuli with the exception of testosterone until after the onset 
of tnuscle atrophy. However, the all-or-none block exerted by denervation on testo- 
sterone effect in this muscle ~ is clearly related to the peculiar sensitivity of levator 
ani muscle to androgens. 
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