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SUMMARY 

I. ~-Aminoisobutyr ic  acid up take  i~z vitro in the  ra t  extensor  d ig i torum longus 
muscle was s tud ied  shor t ly  af ter  denerva t ion  and tenotoniy .  

2. An increase in the  in t racel lu lar  concentra t ion  of this  amino acid 48 and 72 h 
af ter  nerve excision and 72 h af ter  t eno tomy,  in comparison with  the cont ra la te ra l  
cont ro l  muscle, was observed.  

3. S t imula t ion  of the act ive t r anspor t  of c~-aminoisobutyric acid was apparent .  
The increased up t ake  depends  only on an increased pene t ra t ion  ra te  of the amino 
acid into the  fibers, as no modif icat ions of the efltux ra te  were observed.  Fur thermore ,  
anox ia  and 2,4-dini t rophenol  inh ib i ted  increased uptake ,  as did  inhibi tors  of glycolysis  
(Nal ;  and iodoacet ic  acid) to a lesser extent .  

4. Concurrent ly ,  in the dene rva ted  lnuscle, a paral le l  increase in 02 con- 
sumpt ion  also took place. 

5. Ouabain  inh ib i ted  comple te ly  the  act ive t r anspor t  of c~-aminoisobutyric acid 
in the  normal  muscle and suppressed ahnost  comple te ly  the increased up take  of the  
de ne rva t ed  muscle. 

6. The significance of these results  is discussed. 

INTRODUCTION 

The process of muscle a t rophy ,  which can be observed after  denervat ion ,  
t eno tomy,  disuse and other  pa thologica l  condit ions,  is charac ter ized  b y  a progressive 
decrease of the pro te in  content  of muscle, in which reduct ion of contract i le  and  soluble 
prote ins  of the muscle fibers occurs. 

In  principle,  a decrease of muscle prote ins  could be due to an increased ra te  
of prote in  hydrolys is  or to a decreased ra te  of prote in  synthesis.  Evidence  in suppor t  
of the  former mechanism is suppl ied  b y  u l t r a s t ruc tu ra l  d a t a  2 which show tha t  an 
ear ly  degenera t ion  process takes  place in the fibers af ter  denervat ion.  This is ac- 
companied  and followed b y  another  process bv  which per iphera l  f i laments  are lost 
from the myofibrils .  Evidence  of an increase in lysosomes dur ing a t rophy  comes from 

* Part of this work was presented at a meeting of the Soc. Ital. Biol. Sper. on May 3oth, 
I966, at Messina (see ref. i). 
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both ultrastructural observations and biochemical determinations of lysosomal en- 
zymes3, 4. Concerning the second possible mechanism, that  of a decrease of proteo- 
synthesis, the situation is far from clear. In rabbits, in vivo, a decrease in the rate 
of incorporation of amino acids into proteins has indeed been found by some authors 5,~, 
but by other authors no modification TM or even an increase was recorded% 1°. On the 
other hand, in vitro, an increase of valine incorporation into the proteins of myo- 
fibrillar supernatant has been shown n, as well as an increase of leucine, glycine and 
alanine incorporation into total proteins of rat extensor digitorum longus muscle 12. 
The discrepancies between these results could be related to modifications in the 
transport  of amino acids into the muscle. 

We have therefore studied uptake of amino acids in vitro in precocious stages 
of denervation or tenotomy. We used ce-aminoisobutyric acid, since unmetabolized ~a 
amino acid is transferred by the same mechanism as glycine, alanine and prolinO 4 
and, for this reason, it has been widely used in studying amino acids transport. 

MATERIALS AND METHODS 

Tissue 
Wistar-Glaxo albino rats bred in this department 's  colony, weighing 30-45 g, 

were used. Extensor digitorum longus muscle which, according to various authors, 
is suitable for incubation in vitro because of its low volume/surface ratio was used. 
Denervation was performed by  excising about I cm of sciatic nerve at the level of 
the coxofemoral joint; the proximal tendon of the muscle was cut. In general muscle 
from the contralateral, unoperated limb served as a control. When the effects of 
metabolic inhibitors were to be tested, both hind limbs were operated and a com- 
parison was made with the contralateral muscle incubated under basal conditions 
(aerobiosis without inhibitors). 

Materials 
~-[I-14C]Aminoisobutyric acid (spec. act. 14.6 mC/mmole) was supplied by the 

Radiochemical Centre (Amersham, Great Britain); c~-aminoisobutyric acid, ouabain, 
iodoacetic acid, diethanolamine and inulin by The British Drug House Ltd. (Poole, 
Great Britain) ; 2,4-dinitrophenol and NaF by Merck (Darmstadt,  Germany). 

Incubation conditions 
Muscles were excised from the animals under Nembutal  anesthesia (5 mg/Ioo g 

body weight) by cutting the tendons, taking great care not to damage the fibers. 
The muscles were gently blotted on filter paper and weighed on a torsion balance. 

Incubation was performed in Warburg flasks, containing 2 ml medium, with 
agitation, at 38°. At the end of the incubation, the muscles were rinsed with 3 ml 
cold Ringer solution without inulin and ~-aminoisobutyric acid. Incubation medium 
was a Krebs-Ringer bicarbonate-glucose medium (pH 7-4) composed of: NaC1, 
117 mM; KCI, 3.5 mM; CaC12, 2.5 mM; KH2PO4, 1.2 mM; MgSO4, 1.2 raM; NaHCO a, 
28 raM; glucose, IO raM; gas O2-CO2 (95:5); inulin 0.75 % (w/v); a-[I-14Qamino - 
isobutyric acid, 0.034 mM (0.50/~C/ml). In some experiments amino acid concen- 
tration was increased by  adding unlabeled a-aminoisobutyric acid. Anaerobiosis was 
obtained by equilibrating Ringer with N2-CO 2 (95:5), with yellow phosphorus in 
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the  cent ra l  well. Metabolic  inhibi tors  were used at  the  concentra t ions  given in Table  I. 
In  order  to s tudy  the efflux ra te  of c~-aminoisobutyric acid from muscle, extensor  

d ig i to rum longus muscle, pre loaded with  the amino acid b y  incubat ion  in medium 
conta in ing  ~-[I-14C]aminoisobutyric acid (o.o34 raM), at  38o for 2 h, was t ransfer red  
to new med ium wi th  the  same composi t ion bu t  wi thout  any  ~-aminoisobutyr ic  acid 
or wi th  only unlabeled  ~-aminoisobutyr ic  acid, and  incuba ted  at  38° for vary ing  
periods. R a d i o a c t i v i t y  in the  medium and residual  r ad ioac t iv i ty  in the  muscle were 

de te rmined .  

0 2 consumption 
O 2 consumpt ion  was de te rmined  by  W a r b u r g ' s  method.  Muscles were incuba ted  

in a K r e b s - R i n g e r  phospha te  med ium conta in ing 7 mM NaHCO 3 and equi l ibra ted  
with O~-CO2 (97.5: 2.5) (see Table  II) .  Dickens and Simer flasks were used, in the  

presence of 4 M d ie thanolamine  1~. 

~-Aminoisobutvric acid and inulin determination 
~-Aminoisobutyr ic  acid was ex t r ac t ed  by  boiling water  as descr ibed b y  DIEHL 16. 

Al iquots  of 0.75 nfi of the  ex t rac t  were dr ied on stainless-steel  disks under  an infrared 
l amp  and counted  in a gas-flow counter  (FD I, Tracer lab)  wi th  an error  of less than  
2 %. Al iquots  were used for de te rmining  inulin content  according to the  me thod  of 
ROE, EPSTEIN AND GOLDSTEIN 17. Inul in  concent ra t ion  and r ad ioac t iv i ty  were de- 

t e rmined  also for incubat ion medium.  

a-Aminoisobutyric acid concentration ratio determination 
c~-Aminoisobutyric acid up take  in muscle is expressed as the  concent ra t ion  ra t io  : 

counts/rain per ml intracellular fluid 
counts/rain per ml incubation mediunl 

in t r ace l lu l a r  wate r  was ca lcula ted  fronl a wet weigh t /d ry  weight ra t io  of 5 : I and  by  
correct ing this  value ( total  muscle water) for ext racel lu lar  space on the basis of inulin 
d i s t r ibu t ion  corrected for the  average fructose content  of muscle. Counts /min per ml 
in t race l lu lar  fluid was, therefore,  de te rmined  as follows: 

total counts of extract/rain (medimn counts/min per ml) x (ml inulin space) 
1111 tissue water - ml inulin space 

Somet imes  in t race l lu lar  c~-aminoisobutyric acid content  was expressed as /~moles/ml 
in t race l lu la r  fluid as follows: 

counts/min per nil intracellular water 
/tmoles/ml intracellular water -- a-aminoisobutyric acid specific activity 

in incubation medium as counts/rain per ktmole 

RESULTS 

a-Aminoisobutyric acid uptake in muscle following denervation and tenotomy 
An increase of the  concent ra t ion  ra t io  (Fig. I) in dene rva ted  muscle is a l ready  

ev ident  on the second day  (28 %) and becomes more marked  on the th i rd  d a y  after  
opera t ion  (60 %). Af ter  t e n o t o m y  ~-aminoisobutyr ic  acid up take  increases la te r  and  
the  increase is less (35 % on the th i rd  day) .  
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Fig. 2 shows that the curve of e-aminoisobutyric acid uptake v e r s u s  incubation 
time is similar in normal and denervated muscle. In both cases the concentration 
ratio increases at a constant rate reaching a nearly maximum value within 120 min, 
then the uptake rate decreases and the concentration ratio becomes nearly constant. 
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Fig. i. 6-[I-14C]Aminoisobutyric acid concentrat ion ratio of denervated and tenotomized muscles. 
Values are reported as ~o of contralateral  unopera ted  muscles. Tile number  of cases are in paren-  
theses. Vertical bars  represent  S.E.M. 

Fig. 2. a-[i-14C]Aminoisobutyric acid uptake  in vitro of control and denervated (7 2 h) muscle as 
a function of incubat ion time. Exper iments  were performed in Krebs -Ringer  b icarbonate-glucose  
medium, under  aerobiosis at  3 8°. Each point  represents the mean of 8 cases. Vertical bars  repre- 
sent  S.E.M. O - - Q ,  denervated muscle; © - - O ,  contralateral  unopera ted  muscle. 

In denervated muscle, however, the concentration ratio is always significantly greater 
than in the control (in the range P < o.oi-o.ooi)*, even when, after 3o min of incu- 
bation, amino acid transport is not yet taking place against a concentration gradient. 
No difference is evident, as regards inulin space, between normal and denervated 
muscle. The increased uptake of c~-aminoisobutyric acid in the denervated muscle is 
therefore evident during early incubation and then slows down, as in the controls. 
This suggests that it is not the consequence of modifications caused by the incubation 
in the pathological muscle, but depends on the same mechanism which underlies 
amino acid transport under normal conditions. 

As ~-aminoisobutyric acid does not undergo metabolism, its intracellular concen- 
tration depends only on the balance between influx and efflux rates. The efflux rate 
was determined (Fig. 3) and it shows no difference between normal and denervated 
muscle. It  is evident, therefore, that the increased ~-aminoisobutyric acid concen- 
tration in denervated muscle depends only on an increased rate of uptake of the 
amino acid. 

* Statistical significance always regards the average of differences between every pair  of 
values. 
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Effect of a-aminoisobutyric acid extracellular concentration 
In order to describe a-aminoisobutyric acid transport in the muscle in terms 

of Michaelis-Menten kinetics is, the uptake rates of denervated and normal muscle 
were determined in the presence of different a-aminoisobutyric acid concentrations 
in the medium. In Fig. 4 the results plotted by the double-reciprocal method of 
LINEWEAVER AND BURK 19 are presented. These data reveal that in the denervated 
nmscle the maximum rate (Vmax) at which the amino acid is accumulated is greater 
than in the control, Km remaining unaltered (Kin, 2.76 raM). 
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Fig. 3. a-Aminoisobutyr ic  acid (AIB) efflux from denervated muscle. Exper iments  were performed 
as follows: muscles, preincubated in the presence o.o34 mM a-[i-14C~aminoisobutyric acid in 
Krebs -Ringe r  bicarbonate-glucose medium for 2 h, were transferred to medium of the same 
composit ion bu t  containing only unlabeled a-aminoisobutyr ic  acid (i mM), incubated at 38° for 
3 ° rain and then transferred and incubated again for 3o rain. Values are the mean of 6 determi- 
nations. Vertical bars represent  S.E.M. • - • ,  denervated muscle; O - - © ,  contralateral  un- 
operated muscle. 

Fig. 4. a-Aminoisobutyr ic  acid uptake  in denervated nmsclc as a function of the amino acid 
extracellular  concentrat ion.  Incuba t ion  in Krebs -Ringer  bicarbonate glucose medium under 
aerobiosis for 6o rain at  38o in the presence of c~-[I-14C]aminoisobutyric acid (o.o34 mM) and 
different amoun t s  of unlabeled c*-aminoisobutyric acid. The reciprocals of the external concen- 
t ra t ions  are plotted against  the reciprocals of the intracellular concentrations,  according to 
LINEWEAVER AND BURK. Each point  is the mean value of 8 cases. • - - • ,  denervated muscle; 
© - - O ,  contralateral  unopera ted  muscle. 

It  is evident, therefore, that tile increased uptake of a-aminoisobutyric acid in 
denervated muscle does not depend on altered affinity of the amino acid for its 
transport mechanism. This may be the result of a real increase of the number of 
carriers or of a shortening of the transport time through the membrane. 

Effect of anaerobiosis and metabolic inhibitors 
In order to investigate the relationship between the increased ~-aminoisobutyric 

acid uptake by denervated muscle and solne aspects of muscle metabolism, the effects 
of anaerobiosis and metabolic inhibitors (2,4-dinitrophenol, NaF and iodoacetic acid) 
were studied (Table I). 
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TABLE I 

E F F E C T  OF A N A E R O B I O S I S  A N D  OF S O M E  M E T A B O L I C  I N H I B I T O R S  ON in vil~"o U P T A K E  OF 

~ - [ 1 - 1 4 C ] A M I N O I S O B U T Y R I C  A C I D  I N  N O R M A L  A N D  O P E R A T E D  M U S C L E  

Animals were denervated or tenotomized in both limbs 72 h earlier. Incubation in Krebs-Ringer 
bicarbonate-glucose medium for 60 min at 38°. The means qz S.E.M. of concentration ratio are 
reported. The number of cases is in parentheses. 

A n i m a l s  A erobiosis A naerobiosis Difference t P 

Normal (9) 2.22 ± o.18 1.94 ~ o . i i  0.27 ± o.14 1.92 ~> 0.05 
Denervated (9) 3.41 ± 0.20 1.98 - o.15 1.43 J- 0.30 4.76 < o.oi 
Tenotomized (9) 3.27 -L 0.22 2.68 -- 0.22 0.59 ± 0.22 2.66 < 0.05 

Without  2,4- Wi th  2, 4 - 
dinitrophenol dinitrophenol 

(0.27 raM) 

Normal (6) 1.66 ± o.io 1.39 -- 0.05 0.27 ± o.io 2.70 < 0.05 
Denervated (6) 2.68 ~ o.12 1.54 -- 0.24 1.14 ± 0.20 5.7 ° ~ o.oi 

Without N a F  With N a F  
(~o mM) 

Normal (6) 2.69 ~ 0.42 1.79 ± 0.22 0.89 @ 0.32 2.78 < o.o 5 
Denervated (6) 3.48 ± 0.24 2.38 -} o.31 I.IO + 0.40 2.70 <~ 0.05 

Without  Wi th  
iodoacetic acid iodoacetic acid 

(0.5 rnlVl) 

Normal (5) 2.oo ~ o.14 1.57 ~ o.14 o.43 ~ o . i i  3.9o < o.o2 
Denervated (5) 3.71 ~ o.33 2.40 -- o.36 1.3o ± o.36 3.61 <2 o.o5 

With 
iodoacetic acid 
(0.5 relY1) 

Contralateral 
unoperated muscle (5) 1.19 ~+ o.Io 

Denervated muscle 
(72 h) (5) 0.97 ~ 0.07 

D u r i n g  i n c u b a t i o n  in anae rob ios i s  c~-aminoisobutyr ic  ac id  t r a n s p o r t  in n o r m a l  

nmsc l e  is n o t  s ign i f i can t ly  dep re s sed .  On t h e  c o n t r a r y ,  t h e  c o n c e n t r a t i o n  r a t i o  of 

d e n e r v a t e d  musc le  is d e c r e a s e d  ( - - 4 2  %) ,  w i t h i n  t h e  r a n g e  of t h a t  of n o r m a l  musc le .  

Less  m a r k e d  effects  are  o b s e r v e d  in t e n o t o m i z e d  musc le ,  w h e r e  t h e  dec rease  a m o u n t s  

to  - - 1 8  %. U n c o u p l i n g  o x i d a t i v e  p h o s p h o r y l a t i o n  has  effects  s imi la r  to  t h o s e  of 

a n a e r o b i c  i n c u b a t i o n  a n d  dec rea se s  s l ight ly ,  b u t  s ign i f ican t ly ,  t h e  ~ - a m i n o i s o b u t y r i c  

ac id  c o n c e n t r a t i o n  ra t io  in n o r m a l  musc le .  

The  effects  of t w o  i n h i b i t o r s  of g lycolys is  were  also s t u d i ed .  A s ign i f i can t  

dec rease  in t h e  ~ - a m i n o i s o b u t y r i c  ac id  c o n c e n t r a t i o n  ra t io  was  o b s e r v e d  b o t h  in t h e  

n o r m a l  a n d  t h e  d e n e r v a t e d  musc le .  

B lock ing  b o t h  ae rob ic  m e t a b o l i s m  (by anaerobios is )  a n d  g lyco lys i s  (by iodo-  

ace t ic  acid) r e su l t s  in a c o m p l e t e  i n h i b i t i o n  of ~ - a m i n o i s o b u t y r i c  ac id  c o n c e n t r a t i o n  

in  n o r m a l  a n d  d e n e r v a t e d  musc le .  
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Comparison between 02 uptake and a-aminoisobutyric acid transport 
In  order to compare more strictly the relationship of tissue respiration and 

a-aminoisobutyr ic  acid uptake  in the same experiment, Qo2 and ~-aminoisobutyric 
acid concentrat ion ratios were measured. Since no concentrat ion of ~-aminoisobutyric 
acid was apparent  in the Krebs-Ringer  phosphate medium, the experiments were 
performed in Krebs-Ringer  phosphate-bicarbonate  (see Table II) .  They  showed tha t  
a parallel increase of both 0 2 consumption and ~-aminoisobutyric acid concentrat ion 
ratio took place in the denervated muscle. 

T A B L E  I I  

(-)2 CONSUMPTION AND 0¢-EI-14C]AMINOISOBUTYRIC ACID UPTAKE IN DENERVATED MUSCLE 

Determinat ions  in Ringer phospha te -b ica rbona te  medium were performed in Dickens and Simer 
flasks. These contained, in the main cavity, 3 muscles and 3 ml incubat ion medium (pH 7.4) 
whose final composit ion was:  NaC1, 121 raM; KC1, 12.8 mM; CaC12, 1.83 mM; MgSO4, 0.65 raM; 
sodium phospha te  buffer, 5 raM; NaHCO3, 7 raM; glucose, io  raM; inulin 0.75 % (w/v) ; unlabeled 
0¢-aminoisobutyrie acid, 0.034 mM. In  central well were 3 ml diethanolamine buffer (4 1riM). 
Equi l ibrat ing t ime: 15 rain. Incuba t ion  tempera ture :  38°. Gas O2-CO ~ (97.5:2.5). a-Aminoiso- 
butyr ic  acid uptake  in muscle was determined by using 0.034 inM ~-[I-14C]aminoisobutyric acid. 
Average values of Qo2 (/~1 O2/mg dry weight  per h) and concentrat ion ratio are reported;  the 
nunlber  of cases is in parentheses.  

Contralateral Denervated 
unoperated muscle 
muscle (7 2 h) 

Difference t P 

Qo2 (4) 4.o9 ± o.33 5.2o ± o.39 - i . i i  ± o.26 4.25 < o.o 5 
Concn. ratio (5) 2.13 ~ 0.22 3.06 4 0.22 -0 .93  ~ o.31 3.00 ~ 0.05 

TABLE I I I  

OUABAIN EFFECT ON 0¢-II -14C]AMINOISOBUTYRIC ACID UPTAKE IN DENERVATED MUSCLE 

Denervat ion had been produced in both  limbs 72 h earlier. Incuba t ion  in Krebs-Ringer  bicar- 
bonate  glucose medium for 60 rain at  38°. The means (5 cases) ~: S.E.M. of concentrat ion ratio 
are reported. 

Anima l s  Cohen. Without  H:ith Difference l P 
(mM) ouabain ouabaitt 

Normal  0.5 2.64 ~ 0.28 1.56 ± o.14 1.o 7 ± 0.26 4.11 < 0.02 
Denervated  0. 5 3.4 ° ± o.14 t.82 ± o . I I  1.57 ~ 0.20 7.85 ~ o.oi 
Normal  I 1.9o ± o. io 0.92 ± 0.04 0.97 _~ o . i i  8.81 ~ o.ooi 
Denervated  i 2.17 --- o.15 1.42 :~ o.13 0.75 ± 0.23 3.26 ~ 0.05 

Effect of ouabain 
I t  has been demonstrated tha t  ouabain impairs active t ransport  of amino acids. 

This effect has been interpreted as due to the inhibitory effect on Na + transport2°, 21, 
but  a direct action on t ransport  mechanisms is also possible, as a dissociation of these 
two phenomena was sometimes observed22, 23. I t  was interesting, therefore, to s tudy 
to what  extent  ouabain could inhibit the extra uptake  of a-aminoisobutyric acid in 
the denervated muscle. 

Muscles were therefore incubated in the presence of ouabain (0.5 raM), a concen- 
trat ion which is effective in inhibiting Na+ active t ransport  in extensor digitorum 
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iongus muscle ~. As is shown in Table I I I  ouabain decreases a-aminoisobutyric acid 
active transport  to the same extent in both normal and denervated muscle. A greater 
concentration of ouabain (I mM) blocks a-aminoisobutyric acid active transport  com- 
pletely in extensor digitorum longus muscle, as was shown for diaphragm 2a, and 
markedly decreases the concentration ratio of denervated muscle. The residual active 
transport  in denervated muscle suggests that  extra uptake of a-alninoisobutyric acid 
is not completely ouabain dependent. 

DISCUSSION 

The more marked increase in the concentration ratio of ~-aminoisobutyric acid 
following denervation than after tenotomy, probably depends on a stimulation of 
basal active transport, as it appears that:  (I) ~-aminoisobutyric acid concentration 
ratio is a function of incubation time and quite similar in normal and denervated 
muscle, with differences only in the amount of transported amino acid; (2) the greater 
~-aminoisobutyric acid quanti ty accumulated is determined by its concentration in 
the external medium according to Michaelis-Menten kinetics; this means that  active 
carrier systems are involved; (3) the extra uptake of ~-aminoisobutyric acid depends 
only on a greater penetration rate into the fibers; (4) it is inhibited by incubating 
muscles under unfavorable conditions (anaerobiosis, uncoupling oxidative phospho- 
rylation, inhibition of glycolysis). I t  depends, therefore, on energy production by 
the fibers. 

As regards the influence of muscular metabolism we can say that  energy used 
for stimulating active transport  is supplied both by glycolysis and oxidations, but 
the latter are probably more important  for denervated muscle extra uptake than 
anaerobiosis and 2,4-dinitrophenol completely blocks this phenomenon. Determi- 
nations of 0 2 consumption under the conditions where amino acid transport  was 
studied, show a good relationship between tissue respiration and amino acid transport. 
An increased 0 2 consumption following denervation and in other kinds of muscular 
a t rophy was already reported25, ~. This effect is more marked in white than in red 
muscle. Indeed, under normal conditions the white muscles have a predominantly 
anaerobic metabolism while the red muscles show a high activity of oxidative en- 
zymes 27 ; following denervation, biochemical and functional differences seem to vanish, 
and 02 consumption of white muscle increases reaching the values found in red 
muscle 28. 

I t  is of some interest to discuss the possible mechanisms by which the increase 
of :c-aminoisobutyric acid uptake takes place in the first days following denervation. 
In the last few years it has been shown that  asymmetric distribution of Na + and K + 
through cellular membrane can influence active transport  of some organic solutes 
such as hexoses and amino acids. The importance of Na + has been demonstrated in 
several biological systems by  the strict correlation found between amino acid levels 
in intracellular fluid and cation concentration in the incubation medium 2°-2~,29 and 
amino acid uptake seems linked to Na + entry into the cell or K+ extrusion 30. These 
Na+-K+-dependent transport  mechanisms, effective for some neutral amino acids 
(~-aminoisobutyric acid, glycine, alanine, proline)14, 31, are probably due to an increase 
of the diffusion rate of monovalent cations. The amino acid uptake in cut diaphragm 
preparations is greater than in intact diaphragm preparations incubated in  vitro 32,33. 
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Likewise, c~-aminoisobutyric acid extra uptake in denervated muscle may de- 
pend on the lack of balance between these cations, since an increase in intracellular 
Na + and a simultaneous decrease of K+ concentration were observed under the same 
experimental conditions in vitro 24. Furthermore, according to this theory, the marked 
decrease of the ~-aminoisobutyric acid concentration ratio in denervated nmscle incu- 
bated in the presence of ouabain may be explained by the impairment of the efficiency 
of Na + active transport, although some authors 2~,2a have demonstrated a direct action 
of glycoside on amino acid active transport. However, it was found 2a,34 that ~-amino- 
isobutyric acid influx is modified by Na * through an effect of the cation on the K,,, 
of the carrier system, Vmax remaining unaltered; in our experiments the Km value 
was equal in both denervated and normal nmscle. This is, therefore, in contrast to 
the theory of c~-aminoisobutyric acid extra uptake dependence on Na + movement 
across the cellular membrane in denervated muscle. 

Another point has to be discussed here, concerning the correlations between 
amino acid transport across the cellular membrane and proteosynthesis, which have 
not yet been extensively studied. An increased incorporation rate of leucine, alanine 
and glycine was described in the total proteins of extensor digitorunl longus muscle 
in the first days following denervation r'. in addition a parallel increase of ~-amino- 
isobutyric acid transport and amino acid incorporation into proteins was demon- 
strated in isolated rat diaphragm during the transitory hypertrophy following phrenic- 
ectomyaS, '%. There is, therefore, a strict correlation between amino acid transport and 
incorporation. We suggest that increased c~-aminoisobutyric acid uptake may be ex- 
plained by the following mechanisms: (a) a stimulation of amino acid incorporation 
rate into proteins with a subsequent increase of transport rate; (b) a stimulation of 
amino acid transport rate with a subsequent increase of incorporation rate into 
proteins; (c) an independent and simultaneous stimulation of both penetration and 
incorporation rate into proteins as previously described for insulin action on isolated 
diaphragm3L 

Similar observations were made in muscular dystrophy induced by avitaminosis 
E, where increased 0 2 consumption, increased amino acid incorporation rates in vivo 
and in vitro and increased active transport were also observed 1~,3s-41. It is under 
discussion a~ whether the increased amino acid active transport in this pathological 
condition is related to a direct stimulation at the membrane level or the increased 
rate of incorporation into proteins. 

It is interesting to note, however, that extra uptake of amino acids has been 
shown in many pathological muscle conditions (denervation, tenotomy, avitaminosis 
E-induced nmscular dystrophy, cut diaphragm). This may suggest that the mecha- 
nisms of stimulation of amino acid uptake are similar in all these conditions. As 
changes in permeability are a common reaction of muscle to many injuries 42, it is 
likely that these modifications are responsible, in every pathological muscle condition, 
for the increase of amino acid uptake, without excluding, however, the possibility of 
an earlier stimulation at the level of proteosynthesis. 

Our results, obtained in vitro, do not agree with the data of DREYFUS 4a obtained 
on rabbit muscles in  vivo. This author showed a slight decrease of the a-aminoiso- 
butyric acid concentration ratio in gastrocnemius muscle (which is mainly composed 
of white fibers) and a more marked decrease in red muscle (soleus) 2 4 h after de- 
nervation. Our experiments ~4 in rat nmscles in vivo have shown, on the contrary, 
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an increased a-aminoisobutyric acid uptake in extensor digitorum longus muscle, and 
a decrease in soleus. However, a greater a-aminoisobutyric acid uptake has recently 
been demonstrated 45 in rabbit gastrocnemius and extensor digitorum longus muscle 
in vivo, 7-21 days after denervation, and in muscular dystrophy. 

These results show differences which may be related to the type of muscle 
examined (red or white fibers); the stimulation of ~-aminoisobutyric acid transport 
seems to take place only in white muscles. It is of the greatest importance, therefore, 
to consider on what kind of fibers experiments are performed. It should also be noted 
that the phenomenon, occurring in vivo and in vitro, does not depend on the increased 
blood flow which follows denervation 4a, as has already been demonstrated for dys- 
trophic muscle 45. 
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