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phic subpopulat ions  if appropr ia te  assay procedures are 
employed  3, 4. The  single most  i m p o r t a n t  cont r ibut ion  of 
these findings is the  observat ion  t h a t  c h r o m a t o g r a p h y  
mus t  be per formed wi th  var ious  concent ra t ions  of the  
s teroid vs the  receptor  to avoid  nega t ive  or  even erro- 
neous conclusions such as have  a l ready appeared in o ther  
reports  6. I t  is to be hoped  t h a t  these considerat ions m a y  
lead to be t t e r  unders tanding  of the  mechan ism regula t ing 

s tero id- target  organ specificity. The most  f rus t ra t ing  
aspect, however,  remains the  technical  l imi ta t ions  t h a t  
have  h i ther to  p reven ted  unequivoca l  demons t ra t ion  of a 
direct  re lat ionship be tween receptor  a c t i v i t y  and physio-  
logical act ion of the  hormone  in question. 

S M. BEATO and P. FEIGELSON, J. biol. Chem. 247, 7890 (1972). 
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A Preparation for the Study of Muscle Metabolism During Rest and Activity 

G. J. PARTINGTON1 and J. K. WAL~s 

University o/ Leeds, Department o/ Medicine, Leeds General [n/irmary, Leeds LS1 3 E X  (England), 23 October 7975. 

Summary. A method  for the  inves t iga t ion  of metabo l i sm in the  isolated ra t  extensor  d ig i to rum longus muscle has been 
described. This muscle was shown to be sui table for invest igat ions  of skeletal  muscle metabol i sm during rest  and 
act ivi ty .  

In  m a m m a l s  skeletal  muscle makes  up about  40% of 
the body  weight.  Ye t  inves t igat ions  into the  biochemical  
propert ies  of the  muscle a t  rest  and dur ing exercise are 
compara t ive ly  rare. I t  has of ten been considered t h a t  
whole muscles incuba ted  in physiological  solutions are 
no t  sufficiently th in  to rely on diffusion of substra tes  and 
oxygen  from the  medicine. I t  is also diff icult  to ca theter ize  
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the  vessels of small  l abora to ry  animals  if perfusion is 
considered as an a l ternat ive.  The  ra t  d iaphragm,  which is 
widely  used for insulin assay 2, is clearly no t  representa t ive  
of the  bulk of skeletal  muscle a. 

The  present  s tudy  was under taken  to explore  the  
sui tabi l i ty  of the  isolated ra t  ex tensor  d ig i to rum longus 
(EDL) muscle for studies of muscle metabol i sm during 
rest  and ac t iv i ty .  This  muscle has m a n y  features which 
make  i t  par t icular ly  suitable for in v i t ro  exper imenta t ion  : 
i t  is th in  and cyl indrical  therefore al lowing easy diffusion, 
the  fibres are longi tudinal ly  ar ranged and there  are long 
well-defined tendons a t  each end which can be l igatured 
wi thou t  interfer ing wi th  any  of the  muscle tissue, and as 
each animal  yields 2 muscles a paired control  technique  
can be used. 

Materials and methods. Male Wis ta r  rats  weighing 
240-260 g were kil led by  cervical  fracture,  and wi th  mini-  
mal  handl ing  the  E D L  muscle was quick ly  r emoved  and 
weighed. A small  co t ton  loop was fixed to the  distal  
t endon and a 10 cm length of fishing line (breaking s t rength  
0.5 kg) fixed to the  proximal  tendon.  Use of fishing line 
avoided the  shrinkage found when co t ton  was placed in 
the  perfusate.  Tile muscle was t ransferred to the  incuba-  
t ion chamber  (Figure) conta ining 4 ml  Krebs b icarbonate  
buffer  4. A one-gram load was a t t ached  on the  recording 
a rm as a counterbalance  and the  rest ing muscle was 
adjus ted  so t h a t  i t  was s l ight ly  s t re tched by  the  load. 
In  order  to s tudy  muscle metabo l i sm during rest, ac t iv i ty  
and pos t -ac t iv i ty  periods the  fo l lowing incubat ion  pro- 
cedure was employed :  15 min pre incubat ion,  30 min  rest, 
30 min  s t imula t ion  and 30 min  post-s t imulat ion.  Af te r  
each period the  med ium was wi thd rawn  and fresh 
med ium added, tn  exper iments  involv ing  measuremen t  
of in t ramuscu la r  metabol i tes ,  2 muscles were incuba ted  
in separate  chambers  and the  metabol i te  concentra t ions  
could be de te rmined  in one muscle a t  the  beginning of 
the  period, and in the  o ther  a t  the  end of the  period. 

1 Recipient  of a Medical  Research Council  Scholarship for t ra in ing  
in research methods .  

2 A. ]5". WILLEBRANDS, J. GROEN, ]~. KAMIV~IIqGA and J.  R. BLICK- 
MAN, Science 112, 277 (1950). 

3 R. D. PETERSON, C. I-I. BEATTY and R. 1K. BOCEK, Am. J.  Physiol .  
200, 182 (1961). 
W. W. UMBREIT, R. H. BORRIS and J.  F. STAUFFER, in  Mano-  
metric Techniques (Burgess Publ i sh ing  Co., Minneapolis ,  Minn. 
1957), p. 149. 
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Flux of metabolites and changes in glycogen concentrations during incubation of the :EDL muscle 

EXPERIENTIA 32/4 

First 30 min Second 30 rain Thrid 30 miI1 

Rest Rest Rest 

Glucose uptake 19.2 4- 1,69 21.2 4- 3.42 22.4 4- 2.08 (8) 
Lactate output 5.3 4- 0,81 6.3 4- 1.08 7.0 4- 0.98 (8) 
Acetoaeetate uptake 1.4 4- 0.72 1.4 4- 1.76 1.5 4- 0.66 (8) 
~-hydroxybutyrate output 1.0 4- 0.45 1.0 4- 0.33 0.9 4- 0.14 (8) 
Glycogen 2.6 =[: 0.24 1.6 4- 0.21 -- 

Rest Activity Post-activity 

Glucosenptake 19,7 • 3.01 12.8 4- 2.68~ 19.2 4- 3.13 b (9) 
Lactate output 5.1 -c 0.61 7.6 4- 1.19 �9 5.9 4- 1.05 (9) 
Acetoacetate uptake 0.8 4- 0.24 1.2 4- 0.30 1.2 4- 0.23 (9) 
/~-hydroxybutyrate output 0.7 4- 0.20 0.8 4- 0.28 1.0 4- 0.20 (9) 
Glycogen 2.8 4- 0.14 2.1 4- 0.20 �9 -- (6) 

Uptakes or production of metabolites are expressed as [zmol/30 min/g wet wt. and glycogen concentrations at the end of the period as mg/g 
wet wt. Values given are means 4- SEM. ( ) = number of animals. ~ Significant difference between first and second periods; b significant dif- 
ference between second and third periods (p < 0.05, t-tests). 

I n  o rder  to m a k e  t he  muscle  pe r f o r m  work,  s u p r a m a -  
x ima l  isotonic  tw i t ches  were p roduced  b y  impulses  of 
60 V, 1 msec d u r a t i o n  a t  a f r equency  of 0.25 pulse/sec.  
W i t h  th i s  t y p e  of s t i m u l a t i o n  t he  muscle  f a t igued  on ly  
a b o u t  40% d u r i n g  a 30 m i n  period.  

The  fol lowing me tabo l i t e s  in t he  i n c u b a t i o n  m e d i u m  
were m e a s u r e d :  glucose ~, l ac t a t e  6, a ce toace t a t e  and  fl-hy- 
d r o x y b u t y r a t e L  Muscle glycogen was also measuredK 

Results. The  isola ted E D L  muscle  p r e p a r a t i o n  was 
judged  to  be  su i tab le  for in  v i t ro  e x p e r i m e n t a t i o n  on t he  
bas is  of t h e  fol lowing c r i t e r i a :  1. no changes  in  we t  or 
d r y  weights  were a p p a r e n t  a f te r  t he  muscle  was i n c u b a t e d  
u n d e r  s l ight  t ens ion  for 105 rain.  2. T he  macroscopic  
a p p e a r a n c e  d id  n o t  change  n o r  was t h e r e  ev idence  of 
o e d e m a  fo rmat ion .  3. Af ter  a 15 ra in  i n c u b a t i o n  per iod  in 
0 .02% E v a n s  b lue  so lu t ion  a u n i f o r m  d i s t r i b u t i o n  of t h e  
dye  was seen in a cross sect ion us ing  l i gh t  microscopy.  
4. Af te r  105 ra in  of i n c u b a t i o n  t h e  K + c o n c e n t r a t i o n  in 
t h e  buf fe r  increased  b y  less t h a n  5 ~ a n d  t h e  p H  r e m a i n e d  
be tween  7.3 a n d  7.4 a f t e r  a 30 ra in  res t  or c o n t r a c t i o n  
period.  5. On i n c u b a t i o n  w i t h  insu l in  (1 m u n i t / m l )  t h e  
glucose u p t a k e  more  t h a n  doubled .  

I n  order  to  i nves t i ga t e  muscle  m e t a b o l i s m  dur ing  
consecu t ive  30 ra in  per iods  of rest ,  a c t i v i t y  a n d  pos t -  
ac t iv i ty ,  i t  is i m p o r t a n t  t h a t  b iochemica l  changes  in t h e  
muscle  are cons i s t en t  t h r o u g h o u t  t h r e e  30 m i n  per iods  
w i t h  t he  muscle  a t  rest.  T he  Tab le  shows t h a t  t he re  was  

no  a l t e r a t i o n  in t h e  f lux  of m e t a b o t i t e s  or  muscle  glyco- 
gen c o n c e n t r a t i o n s  du r ing  consecu t ive  res t  periods.  How-  
ever,  if t h e  muscle  was s t i m u l a t e d  d u r i n g  the  second period,  
changes  in b o t h  t he  m e t a b o l i t e  f lux  a n d  g lycogen levels 
were r ead i ly  discernible ,  

Discussion. I t  is fel t  t h a t  t he  ev idence  p r e sen t ed  dem-  
ons t r a t e s  t h a t  t he  i so la ted  E D L  muscle  is su i t ab le  for 
i nves t iga t ions  of muscle  m e t a b o l i s m  d u r i n g  consecu t ive  
30 ra in  per iods  of rest ,  a c t i v i t y  a n d  pos t - ac t iv i ty .  U n -  
l ike o the r  more  complex  muscle  p r e p a r a t i o n s  such  as t he  
pe r fused  h i n d - q u a r t e r  9, t h e  p r e p a r a t i o n  was  s imple  a n d  
i n c u b a t e d  in a p p a r a t u s  t h a t  was  easi ly  cons t ruc t ed .  
F u r t h e r m o r e ,  and  m o s t  i m p o r t a n t ,  t h i s  p r e p a r a t i o n  
enables  ske le ta l  muscle  m e t a b o l i s m  to  be  s tud ied  in  i ts  
essent ia l  f unc t i on  of con t r ac t i on ,  exercise a n d  work,  
w h e n  t h e  c o n t r i b u t i o n  to  t h e  b o d y ' s  energy  u t i l i za t ion  
m a y  be  as g rea t  as 90% a n d  cause  p r o f o u n d  effects  on  t o t a l  
b o d y  me tabo l i c  p a t h w a y s .  

5 G. ~ORLEY, A. DAWSON and V. MARKS, Proe. Ass. clin. Biochem. 
5, 42 (1968). 

6 G. F. OLSEN, Clin. Chem. 8, 1 (1962). 
7 D. H. WILLIAMSOIq, J. MELLANBY and H. A. KREBS, Biochem. J. 

82, 90 (1962). 
s F. HUIJING, Clin. chim. Acta 30, 567 (1970). 
9 N. B. RUDERMAN, C. R. S. HOUGHTON and R. HEMS, Biochem. J. 

72d, 639 (1971), 

A Simple Membrane Oxygenator for the Isolated Rat Liver Perfusion 

I~. IN~1ZVA SAARI 

Department o/Pharmacology, University o/Oulu, SF-90 220 Oulu 22 (Finland), 22 September 1975. 

Summary. Silastic cap i l l a ry  t u b i n g  was used  in i so la ted  r a t  l iver  per fus ions  as a s imple  m e m b r a n e  o x y g e n a t o r  s u p p l y i n g  
suff ic ient  oxygen  to  cover  t h e  r e q u i r e m e n t s  of t he  liver.  

A need  of a steri l izable,  re-usable ,  small ,  m e m b r a n e  
o x y g e n a t 0 r  for r a t  l iver  pe r fus ion  ha s  been  expressed  1, 
because  of t he  de le te r ious  changes  in  b lood p roduced  b y  
t he  s imple  f i lm oxygena tors .  BODELL e t  al. ~ h a v e  used 
m e m b r a n e  oxygena to r s  cons is t ing  of si last ic  cap i l la ry  
t u b i n g  in  ex t r aco rpo rea l  c i rcu la t ion  e x p e r i m e n t s  w i t h  
sheep a n d  FOLKMAX et  al. ~ in  i so la ted  pe r fus ion  of r a t  
t h y m u s .  I n  our  r a t  l iver  perfusions,  we h a v e  ut i l ized t h e  
exce l len t  O~ a n d  CO 2 t r a n s m i s s i o n  p roper t i e s  of s i last ic  
cap i l l a ry  t ub ing ,  w i t h o u t  c o n s t r u c t i n g  a n y  sepa ra t e  
o x y g e n a t i o n  uni t .  

Two 4-m l eng ths  of Silast ic  Medica l -Grade  T u b i n g  
(i.d. 0.30 r a m ;  o.d. 0.64 r am;  Dow C o m i n g  Cen te r  for  
Aid to Medical Research, Midland, Michigan) were folded 
into a coil and inserted into a 50-cm length silastic tube 
with internal diameter of 6 ram. One end of the outside 
t u b e  was d i rec t ly  connec t ed  to  t h e  in le t  side of t he  per-  
fusion p u m p  and  t he  o t h e r  end  to  t h e  pe r fusa te  rese rvo i r  
so t h a t  t he  ends  of t he  cap i l l a ry  t u b e s  could  be  d r a w n  
to  t he  outs ide  t h r o u g h  t he  pe r fusa t e  reservoir .  The  oxy-  
gena t i ng  gas (95% 0 3, 5~o COs) was passed  f i rs t  in to  a 
glass b o t t l e  w i t h  two  needles  (No. 20) r u n  t h r o u g h  a r u b -  


