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The  f o r m a t i o n  of CO 2 f rom r ad i oac t i ve  glucose repre-  
s en t s  on ly  2% of the  t o t a l  glucose me tabo l i zed ,  a n d  i ts  
r e l a t i ve  specific a c t i v i t y  is low in c o m p a r i s o n  to  t h a t  
found  in o t h e r  t i ssues  s tud ied  9,m 

The  t o t a l  glucose me tabo l i zed ,  ca lcu la ted  as the  s u m  of 
all  t h e  f r ac t ions  measu red ,  was a b o u t  4%.  T o t a l  u p t a k e ,  
i.e., g lucose m e t a b o l i z e d  plus  glucose u n c h a n g e d  in t he  
t issue,  was  6 .4%.  The  c o m p o s i t i o n  of the  r a d i o a c t i v e  
c o n t e n t  of t he  inso luble  res idues  col lected was d e t e r m i n e d  
a n d  was found,  in  sma l l  pa r t ,  to  cons i s t  of lipides. E x a c t  
q u a n t i t a t i v e  e s t i m a t i o n  of t he se  f a t s  is p r e s e n t l y  be ing  
done.  

U n d e r  a n a e r o b i c  cond i t ions ,  t he  on ly  m e a s u r a b l e  m e t a -  
bol i te  fo rmed  f rom glucose in t h e  pop l i t ea l  a r t e r y  was 
lac t ic  acid, as ha s  also been  d e m o n s t r a t e d  in s t r i a t e d  
musc le  n .  The  m e a n  v a l u e  of lac t ic  acid p r o d u c t i o n  in  
8 e x p e r i m e n t s  was  64.7 ~: 10.6 rag/50 m g  of t i ssue  (wet  
weight) .  C o m p a r i s o n  b e t w e e n  ae rob ic  a n d  a n a e r o b i c  
glycolysis  (Table  I I )  shows  a n  a p p a r e n t  increase  u n d e r  
a n a e r o b i c  condi t ions ,  wh ich  has  also b e e n  r e p o r t e d  b y  
KIRK 4. S t a t i s t i c a l  ana lys i s  of our  resu l t s  shows  t h i s  differ-  
ence  no t  to  be  s igni f icant ,  i n d i c a t i n g  a p p a r e n t  absence of 
the Pasteur el]ect in  t h i s  t issue.  

The  q u a l i t a t i v e  p a t t e r n  of 14C-labeled glucose in t he  
pop l i t ea l  ve in  a n d  in t h e  colic a r t e r y  a n d  ve in  was  s imi la r  
to  t h a t  f ound  in t he  pop l i t e a l  a r t e ry .  T he  q u a n t i t a t i v e  
va lues  of t h e  i n t e r m e d i a t e  me tabo l i t e s ,  however ,  va r i ed  
cons iderab ly ,  b o t h  b e t w e e n  t he  a r te r ies  a n d  t h e i r  cor-  
r e s p o n d i n g  ve ins  a n d  b e t w e e n  t he  a b d o m i n a l  a n d  t he  
l imb  vessels.  The  m e t a b o l i c  a c t i v i t y  of t he  pop l i t ea l  ve in  
was  less t h a n  half ,  a n d  o f t en  on ly  20%, of t h a t  f ound  in  
t h e  c o r r e s p o n d i n g  a r t e ry .  Th i s  appl ies  m a i n l y  to the  CO, 
a n d  lac t ic  acid p roduc t ion ,  as t he  o t h e r  m e t a b o l i t e s  were  
p r e s e n t  in  a m o u n t s  cons ide red  too  smal l  for a c c u r a t e  
e s t i m a t i o n .  I n  t h e  colic ar ter ies ,  glucose m e t a b o l i s m  was  
o b s e r v e d  to  be  some 20% h i g h e r  t h a n  in  t he  pop l i t ea l  
ar ter ies ,  a n d  th i s  he ld  t r ue  for all  t h e  i n t e r m e d i a t e  m e t a b o -  
l i tes  m e n t i o n e d  in T a b l e  I. I n  t h e  colic ve in ,  r esu l t s  in-  
d i ca t e  a m e t a b o l i c  a c t i v i t y  a b o u t  4 0 %  lower  t h a n  in t h e  
c o r r e s p o n d i n g  a r t e ry ,  cons i de r ab l y  less of a d i f ference 
t h a n  t h a t  obse rved  b e t w e e n  t h e  pop l i t ea l  a r t e r y  a n d  vein.  

Tab. II. Comparison of lactate production under aerobic and an- 
aerobic conditions 

O2 N2 

55.4 4- 5.9 64.7 ::t:: 10.6~ 

• -Difference not statistically significant. Results expressed as [lg 
glucose converted per 50 mg of tissue (wet weight). 

The  d i s p a r i t y  in  t h e  u t i l i z a t i on  a n d  m e t a b o l i s m  of 
glucose b e t w e e n  t he  a r te r ies  a n d  ve ins  s tud ied  can  be 
a t t r i b u t e d  to t he  di f ference in t h e i r  h i s to logica l  s t ruc ture ,  
p a r t i c u l a r l y  as regards  t he  la rger  p r o p o r t i o n  of smooth  
muscle  f ibres  p r e s e n t  in  t he  a r t e ry .  The  reasons  for the 
q u a n t i t a t i v e  di f ference b e t w e e n  t h e  a b d o m i n a l  a n d  l imb 
vessels,  however ,  is n o t  i m m e d i a t e l y  a p p a r e n t .  Their  
d i v e r s i t y  in h i s to logica l  compos i t i on  a lone  could  not  
a c c o u n t  for  it, so we p r o b a b l y  h a v e  to  look to t h e i r  dis- 
s imi l a r i t y  in  func t i on  a n d  a n a t o m i c  loca t ion  for a n  ex- 
p l a n a t i o n .  The  poss ib i l i ty  shou ld  be  k e p t  in  mind ,  how- 
ever ,  t h a t  t h i s  d i f ference m i g h t  be less m a r k e d  unde r  
n o r m a l  condi t ions .  A genera l  anaes the t i c ,  i r r e l e v a n t  of 
t h e  agen t ,  does  p roduce  a m a r k e d  p e r i p h e r a l  v a s o d i l a t a t i o n  
a n d  a c o r r e s p o n d i n g  c e n t r a l  v a s o c o n s t r i c t i o n ~ - ~ L  

Riassunto. I1 des t ino  del  glucosio g e n e r a l m e n t e  merca to  
laC in d iverse  a r te r ie  e vene  del cane  6 s t a t o  s t u d i a t o  con 
l ' uso  d i u n a  t ecn ica  q u a n t i t a t i v a  di r a d i o c r o m a t o g r a f i a  su 
ca r t a .  

I r i s u l t a t i  n o n  solo m o s t r a n o  che ne l la  p a r e t e  a r t e r iosa  
h a  luogo u n a  no tevo le  glicolisi ae rob ica  ed anae rob ica ,  ma  
a n c h e  c h i a r a m e n t e  i nd i cano  che  u n a  pe r cen tua l e  r e l a t iva -  
m e n t e  a l i a  di  glucosio v iene  t r a s f o r m a t a  in  a m i n o  acidi  
( p r o b a b i l m e n t e  a t t r a v e r s o  il ciclo degli  t r icarbossi l ic i )  ed 
in grassi .  

Q u a n t i t a t i v a m e n t e  ~ s t a t o  osse rva to  che il t e s su to  a r te -  
rioso u t i l i zza  magg io re  q u a n t i t k  di glucosio di quello 
venoso  e che  ta le  d i f fe renza  ~ t a n t o  magg io re  q u a n t o  pifl i 
vas i  sono periferici .  
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Metabol ism of the Normal  Cardiovascular Wall. 
2. The Pentose Phosphate  Pathway 

The  b r e a k d o w n  of glucose in a n i m a l  t i ssue  is a ch i eved  
m a i n l y  t h r o u g h  t h e  E m b d e n - M e y e r h o f  (glycolytic)  
scheme.  A l t e r n a t i v e  rou te s  of c a r b o h y d r a t e  d e g r a d a t i o n ,  
however ,  are  k n o w n  to  ex i s t  in p l a n t s  a n d  in some micro-  
o r g a n i s m s ;  b u t  t he  a c t u a l  p resencc  a n d  t h e  role a n d  
s igni f icance  of these  rou tes  in  a n i m a l  t i ssues  h a v e  on ly  
r ecen t l y  been  s u b m i t t e d  to  i nves t i ga t i on .  

The  pen to se  p h o s p h a t e  p a t h w a y  a p p e a r s  to  be  t h e  m o s t  
i m p o r t a n t  of these  l e s se r -known m e t a b o l i c  routes ,  w i t h  

t h e  e x t e n t  of i ts  u t i l i z a t i on  v a r y i n g  in  d i f fe ren t  t i ssues  1-% 
I t  does  n o t  p l a y  a p a r t  in  glucose m e t a b o l i s m  in s t r i a t ed  
muscle  u n d e r  n o r m a l  phys io logica l  condi t ions ,  whe reas  i t  
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is ac t ive  in  t h e  l iver  a n d  m u c h  ut i l ized in t he  l a c t a t i n g  
m a m m a r y  g l a n d  7.s a n d  b y  l y m p h o m a s * .  

This  c o m m u n i c a t i o n  gives t h e  resu l t s  of a n  i n v e s t i g a t i o n  
into t he  r e l a t ive  u t i l i za t ion  v ia  t h e  pen t o s e  p h o s p h a t e  
p a t h w a y  of glucose in t he  n o r m a l  ar ter ies ,  veins,  a o r t a  
and ca rd iac  musc le  of t he  dog. 

Using  t h e  m e t h o d  of BLOOM a n d  STETIEN 10, para l le l  
d e t e r m i n a t i o n s  were m a d e  of 14CO 2 fo rmed  f rom glucose- 
1-14C a n d  glucose-6-14C. The  ra t io  of t he  f r ac t iona l  re- 
coveries of r a d i o a c t i v e  CO~ f rom t h e  two  labeled  sub-  
s tances  p rov ides  a q u a l i t a t i v e  i n d e x  of t he  r e spec t ive  roles 
of t he  E m b d e n - M e y e r h o f  a n d  p e n t o s e  p h o s p h a t e  p a t h -  
ways. T h e r e  arc,  however ,  severa l  reasons  w h y  th i s  
m e t h o d  is n o t  su i t ab l e  for q u a n t i t a t i v e  e v a l u a t i o n  n ;  t he  
resul ts  p re sen ted ,  therefore ,  a re  va l id  on ly  in a n  indicative 
q u a n t i t a t i v e  sense. 

Mongre l  dogs, we igh ing  b e t w e e n  10 a n d  15 kg, were 
a n a e s t h e t i z e d  i n t r a p e r i t o n e a l l y  w i t h  n e m b u t a l  a n d  a n  
i n t r a t r a c h e a l  t u b e  was  in se r t ed  for  ar t i f ic ia l  r e sp i ra t ion .  
The pop l i t ea l  a r t e r y  a n d  vein ,  a n d  t h e  a b d o m i n a l  ao r t a ,  
were d issec ted  o u t  a n d  t he  a d v e n t i t i a  was  s t r i pped  off 
before t h e  vessels  were r emoved .  T he  t h o r a x  was t h e n  
opened,  a n d  a s l iver  of t he  lef t  ven t r i c l e  was  t a k e n  before  
sacrif ic ing t he  an imal .  T h e  t issues,  e ach  weigh ing  a b o u t  
100 mg,  were  t h e n  t r a n s f e r r e d  to  W a r b u r g  f lasks con t a in -  
ing 1.1 ml  ice-chil led 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  
m e d i u m  a t  p H  7.4. T h e  glucose c o n c e n t r a t i o n  was 0 .1% 
and  t h e  r ad ioac t i ve  m a t e r i a l  was  d i lu t ed  w i t h  i ne r t  sub-  
s t r a t e  to  give a specific a c t i v i t y  of 2 ~c/mg.  A smal l  roll  of 
f i l ter  paper ,  soaked  w i t h  0.5 ml  of 30% N a O H ,  was  p laced  
in t h e  c e n t r e  well  of each  of t he  f lasks,  w h i c h  were t h e n  
a t t a c h e d  to  m a n o m e t e r s  for  a n  i n c u b a t i o n  per iod  of 
120 m i n  a t  37°C, in  95% oxygen  a n d  5% CO v The  resu l t s  

Production of ~4COz from glucose-l-l~C and glucose-6A4C in cardio- 
vascular tissue,. (Each value presented below is the mean of two 

separate determinations.) 

Dog No. Type of tissue laCOz production in c.p.m. Ratio 
less background per 50 mg 
of tissue (wet weight) 
Glucose-1A4C Glucose-6-t4C 

1 a r t e r y  314 122 2,6 
v e i n  - - - 

a o r t a  - - - 
h e a r t  - 

~2 a r t e r y  387 115 3.3  
v e i n  158 142 l 
a o r t a  - - - 
h e a r t  3041 3310 l 

3 a r t e r y  324 103 3 
v e i n  74 54 1.4 
a o r t a  190 114 1.7 
h e a r t  ~ 5 0  2424 I 

4 artery 270 95 3 
v e i n  108 78 1.4 
a o r t a  144 98 1.5 
heart - - - 

5 artery 630 ~54 2.5 
vein 110 104 1 
aorta 181 102 1.7 
h e a r t  2876  2714 1 

6 a r t e r y  458 137 3.3 
v e i n  - 
a o r t a  133 110 1.2 
heart - - - 

F o r  i n c u b a t i o n  c o n d i t i o n s  see  t e x t .  

of 6 e x p e r i m e n t s  are  s h o w n  in t he  Table .  The  14CO2 was 
d e t e r m i n e d  b y  a m e t h o d  s imi la r  to  t h a t  of VILLEE a n d  
H A S T I N G S  12. 

W h e n  glucose d e g r a d a t i o n  t akes  place exc lus ive ly  v ia  
t he  g lycoly t ic  p a t h w a y ,  the  a m o u n t  of r a d i o a c t i v e  ( ; 0  2 
p r o d u c e d  f rom glucose-1-a 'C a n d  glucose-6A4C, respec-  
t ive ly ,  shou ld  be equal .  I f  t he  r a t io  G - I : G - 6  of t he  ~'CO 2 
yields is g r ea t e r  t h a n  1, t h i s  wou ld  ind ica t e  t h a t  t h e  non -  
g lycoly t ic  p a t h w a y  h a s  also c o n t r i b u t e d  in some measu re  
to  t he  b r e a k d o w n  of glucose. Th i s  increase  in t he  r a t io  
der ives  f rom t h e  fac t  t h a t  more.CO2 is fo rmed  f rom the  1st 
t h a n  f rom the  6 th  ca rbon .  

As can  be  seen f rom the  Table ,  a l t h o u g h  t he  laco.o 
yields  f rom the  r a d i o a c t i v e  glucose-1 a n d  glucose-6 v a r y  
cons ide rab ly  f rom a n i m a l  to  an imal ,  t he  r a t io  of these  
yields  r e m a i n e d  r e l a t ive ly  c o n s t a n t  for t he  same  t issue.  
U n d e r  t he  e x p e r i m e n t a l  cond i t i ons  descr ibed,  t he  r a t i o  of 
t he  14CO 2 yields  f rom glucose- lAaC a n d  glucosc-6-x4c, re- 
spec t ive ly ,  was  3 :1  in  t he  a r t e r y  a n d  1:1 in t he  ca rd iac  
muscle .  These  r e su l t s  a p p e a r  to  d e m o n s t r a t e  t h a t  t he  
pen to se  p h o s p h a t e  p a t h w a y  was ac t ive  in t he  ar ter ies ,  b u t  
a p p a r e n t l y  n o t  in  t h e  ca rd iac  muscle .  I n  the  a o r t a  t he  
r a t io  was a b o u t  1.5, whi le  in  t h e  ve ins  i t  was  so close to  1 
t h a t ,  in  v iew of t h e  l im i t a t i ons  of t h e  m e t h o d  used a n d  
u n d e r  our  e x p e r i m e n t a l  cond i t ions ,  i t  m u s t  be  s t a t e d  t h a t  
t he  d i r ec t  o x i d a t i v e  p a t h w a y  a p p a r e n t l y  was no t  ut i l ized 
in these  t issues.  

F r o m  the  b iochemica l  v i ewpo in t ,  t he  presence  of a 
pen to se  s h u n t ,  a p a r t  f rom o t h e r  cons ide ra t ions ,  i nd ica t e s  : 
(a) t h e  p r o d u c t i o n  of pen to se  sugar s  r equ i red  in the  syn-  
t h e s i s  of nucle ic  ac ids ;  (b) t h e  f o r m a t i o n  of T P N H ,  a n  
essent ia l  c o e n z y m e  for  fa t  syn thes i s ;  (c) a p p a r e n t  sh i f t  in 
ene rgy  p roduc t ion ,  b o t h  as to  c o n s e r v a t i o n  a n d  d iss ipa t ion .  

Ar is ing  f rom these  obse rva t i ons ,  t he  fol lowing phys io-  
pa tho log i ca l  cons ide ra t i ons  p r e s e n t  t h e m s e l v e s :  (i) W h a t  
is t h e  pu rpose  a n d  s igni f icance  of t he  pen to se  s h u n t  in 
d iseased t issue ? (ii) W h a t  is t he  role a n d  s igni f icance  of 
c a r b o h y d r a t e  c a t a b o l i s m  on l ipide syn thes i s  in t he  a r t e r i a l  
wal l  ? 

F u r t h e r  e x p e r i m e n t s  are  p r e s e n t l y  be ing  conduc ted ,  t h e  
r e su l t s  of which ,  i t  is hoped ,  will p rov ide  some of t he  
answers  to  these  ques t ions .  

Riassunto. L a  v a l u t a z i o n e  del  l a c o  2 d e r i v a n t e  da l  glu- 
cosio-l-14C e da l  glucosio-6-14C h a  d i m o s t r a t o  l ' e s i s t enza  di 
u n a  v i a  m e t a b o l i c a  a t t r a v e r s o  il ciclo dei pen tos i  nel le  
a r te r ie  del cane,  m e n t r e  q u e s t a  n o n  s e m b r a  essere p r e s e n t e  
nelle vene,  n e l l ' a o r t a  e ne l 'miocard io .  
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