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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 .  
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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 -  
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Time (rain) from the beginning of 0 30 60 90 120 
the perfusion 

Hepatic perfusate flow (ml/g liver/rain) 
pO 2 (mmHg) 
pCO 2 (mmHg) 
pH 

Oxygen transport 
ml/g liver/h 
~xmol/g Iiver/min 

2.1 ~- 0.4 2.1 j= 0.4 2.1 -E 0.4 2.0 =h 0.4 
226 n~ 45 123 i 46 125 _~ 48 132 :i: 40 145 -t- 40 

18 nL 6 22 -- 6 23 + 7 23 4- 7 22 _u 7 
7.44 • 0.1 7.29 • 0.07 7.23 ~ 0.09 7.19 4- 0.08 7.16-b 0.10 

6.3 6.3 6.3 6.0 
4.7 4.7 4.7 4.5 

Values represent means • SD of 40 perfusions. 

be r  s topper .  The  in le t  ends  of t he  cap i l l a ry  t ubes  were 
connec t ed  to t he  needles,  t he  o u t l e t  ends  were left  free. 
A smal l  overpressure  for  t he  gas f low t h r o u g h  t he  cap i l la ry  
t ubes  was necessa ry  a n d  t he  r u b b e r  s toppe r  worked  as a n  
escape valve ,  f ly ing off if t h e  gas flow was h indered .  The  
t o t a l  gas flow t h r o u g h  t he  two cap i l l a ry  t ubes  was 5 0 - 6 0  
ml /min .  

I n  o the r  respects  t h e  per fus ion  s y s t e m  was a modif ica-  
t i on  of t he  genera l  pr inc ip les  and  a p p a r a t u s  p r e sen t ed  b y  
SEGL~N a n d  J~RVELL 4. A t o t a l  pe r fusa te  v o l u m e  of 50 ml  
was employed,  cons i s t ing  of 12 ml  hepa r in i zed  f resh r a t  
blood,  38 ml  K r e b s - R i n g e r  b i c a r b o n a t e  buf fe r  solut ion,  
50 m g  D-glucose a n d  1.25 g b o v i n e  s e rum a l b u m i n  
( f rac t ion V, A r m o u r  P h a r m a c e u t i c a l  Co., E a s t b o r n e ) .  
H e m o g l o b i n  level  of t he  per fus ion  m e d i u m  was a b o u t  
35 g/1. The  per fus ion  pressure  was 16-17 cm H~O a n d  
the  t e m p e r a t u r e  37~ T he  p u m p  flow r a t e  was  a b o u t  
twice  t he  ac tua l  hepa t i c  pe r fus ion  flow. p Q ,  pCO 2 a n d  
p H  were m e a s u r e d  b y  a m i c r o m e t h o d  (Combi-Analyser ,  
L. Eschwei ler ,  Kiel, w i t h  e lec t rodes  E a k l  for O s ,  E a k 2  
for CO s, a n d  E a k 3  for pH) .  

I n  t h e  Tab le  are p r e sen t ed  pOs, pCO2, p H  a n d  oxygen  
t r a n s p o r t  va lues  of t he  pe r fus ion  m e d i u m  a t  t he  in le t  
side of t he  liver,  a n d  t he  hepa t i c  pe r fn sa t e  flow ra te s  of 
40 perfusions ,  o x y g e n a t e d  b y  m e a n s  of t he  Silast ic  capil-  
l a ry  t ub ing .  One 4-m l e n g t h  of t he  t u b i n g  was no t  suf- 
f ic ient  for t h e  oxygena t ion .  W i t h  two  4-m leng ths  of t he  
t u b i n g  t h e  m e d i u m  o b t a i n e d  enough  oxygen to supp ly  
t he  oxygen  c o n s u m p t i o n  of t he  liver.  T a k i n g  in to  a c c o u n t  
t he  h epa t i c  pe r fusa t e  flow ra te ,  h e m o g l o b i n  level  of t he  
m e d i u m  a n d  a s suming  oxygen  so lub i l i ty  to  be  0.3 ml /100 

m l ,  h e m o g l o b i n  to b i n d  1.34 ml  O~/g, a n  oxygen  t r a n s p o r t  
va lue  of a b o u t  4.7 ~mol /g  l iver / ra in  (6.3 ml /g  l iver/h)  b y  
t he  per fus ion  med ium ,  could be  ca lcula ted .  Th i s  exceeds  
t he  r epo r t ed  oxygen  c o n s u m p t i o n  va lues  p r e sen t ed  b y  
m a n y  a u t h o r s  ~. BRAUER et  al. 6 h a v e  found  t h a t  t h e  

oxygen  c o n s u m p t i o n  of the  r a t  l iver  u n d e r  physio logica l  
cond i t ions  was 7.8 m l / g / h  a n d  in an  e r y t h r o c y t e  free 
pe r fusa t e  close to  2.0 ml /g /h .  I nc rea s ing  t he  n u m b e r  of 
t u b i n g s  enlarges  the  gas exchange  surface  a n d  raises t he  
oxygen  t ens ion  in t he  per fus ion  med ium,  t h u s  increas ing  
t he  d a n g e r  of b u b b l e  f o r m a t i o n  a n d  changes  in hepa t i c  
t i ssue  7. H i g h e r  h e m o g l o b i n  level in t he  per fus ion  m e d i u m  
increases  oxygen  t r a n s p o r t ,  b u t  m a k e s  t he  per fus ion  
m e d i u m  more  expensive .  CO s r e t e n t i o n  did  no t  occur. 
The  p H  decreased  in t he  course of perfusions,  as i t  does 
w h e n  no  special  measures  are t a k e n  to con t ro l  p H  s. 

W e  feel t h a t  th i s  m e t h o d  is v e r y  useful  in  all k inds  of 
i sola ted o rgan  per fus ions  where  a s imple  m e m b r a n e  
o x y g e n a t o r  is needed.  The  s y s t e m  is easy  to assemble ,  
use a n d  sterilize. Our  exper ience  is t h a t  Sitast ic  cap i l l a ry  
t u b i n g  is du rab l e  a n d  re -usab le  for t ens  of perfusions.  
Because  i t  does n o t  easi ly  kink,  i t  m a y  be  inse r t ed  in to  
t ubes  c o n n e c t i n g  d i f fe ren t  un i t s  in  o rgan  perfusions,  a n d  
t he  need  for  a s epa ra t e  o x y g e n a t o r  is e l imina ted .  
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A New Synthesis of Benzoyl Phosphate: A Substrate for Acyl Phosphatase Assay 1 

G. CAMICI, G. MANAO, G. CAPPUOI a n d  G. RAMPONI 

Institute o/ Biological Chemistry, University o/ Florence, Viale Morgagni, 50, 1-5013d Firenze (Italy), 70 September 1975. 

Summary. A new m e t h o d  for t h e  syn thes i s  of benzoy l  p h o s p h a t e  was repor ted .  The  a d v a n t a g e s  are :  1. more  r ap id  
p rocedure ;  2. lower cos t ;  3. h ighe r  yield. 

Benzoyl phosphate has been shown to be a very useful 
substrate for the determination of acyl phosphatase 
activity. In fact it was shown that UV-absorption 
spectrum of benzoyl phosphate in the 220-300 nm region 
differs markedly from that of its hydrolysis product, i.e. 
benzoate and inorganic phosphate. This difference has 
been used by our and other laboratories s-4 to make a 
continuous optical test for acyl phosphatase. Benzoyl 
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