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Table II. Metabolism of glucose and glucose-6-phosphate 
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Substrate concentration (raM) Glucose Glucose-6-phosphate 
5.5 55.0 6.6 66.0 

Glycogen and oligosaccharides 331 4- 32 2440 4- 160 15 4- 5 208 4- 7 
Glucose and Hexose phosphate esters 135 4- 12 2628 4- 163 29 4- 5 1798 4- 126 
Lactate 764 4- 58 1852 4- 93 334 4- 96 2520 4- 46 
Phosphoglyeerate 96 4- 16 556 ~= 63 166 4- 13 2522 ~ 63 

Results are expressed as nmoles of converted and unchanged substrate/100 mg of tissue wet weight. Mean values of 5 experiments • S.E. 
mean are reported. 

66.0 m M  level. The  a m o u n t  of r ad i oac t i ve  c a r b o n  f rom 
glucose increases  in  t he  t i ssue  p r o p o r t i o n a l l y  to  t he  
ex t e rna l  concen t r a t i on ,  while  in  t he  case of t h e  hexose  
es ter  a n  apprec iab le  a m o u n t  is found  on ly  a t  t he  h igher  
concen t r a t ion .  

The  differences  in  ra t ios  of i n c o r p o r a t i o n  of x4C in to  
CO S and  l a c t a t e  w i t h  respec t  to  glycogen,  shows t h a t  
g lucose -6 -phospha te  wXs ut i l ized as such, r a t h e r  t h a n  
r ap id ly  h y d r o l y z e d  to  glucose. 

Assuming  t h a t  2 c o m p a r t m e n t s  coexist ,  i t  seems l ikely 
t h a t  g lucose -6 -phospha te  would  no t  en t e r  each  c o m p a r t -  
n l e n t  w i t h  equa l  faci l i ty .  I n  th i s  case, t he  cel lular  s y s t e m  
should  be  more  af fec ted  b y  fac tors  able  to  mod i fy  t h e  
equ i l ib r ium c o n s t a n t s  of t he  enzymes  t h a n  b y  concen-  
t r a t i o n  factors.  The  resul t s  ob ta ined ,  on  t h e  o t h e r  h a n d ,  
c lear ly  show t h a t  mass  effects  are  more  i m p o r t a n t  
(Tables I a n d  II) t h a n  possible  r egu la to ry  ac t ions  of 
g lucose-6-phosphate .  I f  t h i s  ac t ion  was to  be  l imi ted  b y  
g lucose -6 -phospha te  c o n c e n t r a t i o n  in t he  cell, t h e  ra t ios  
m u s t  r e m a i n  unaf fec ted  b y  changes  in glucose-6-phos-  
p h a t e  c o n c e n t r a t i o n  in t he  med ium.  The  c o n c e n t r a t i o n  
effects could be  due  to  a p e r m e a b i l i t y  factor .  Glucose-6- 
phospha t e ,  in  fact ,  requi res  a t h r e s h o l d  c o n c e n t r a t i o n  s-l~ 
before  i t  c an  be  ut i l ized.  I f  t he  cells d i s c r imina t e  to  a 
g rea te r  or lesser e x t e n t  aga i n s t  t he  e n t r y  of subs t ances  
f rom the  ex t e rna l  m ed i um ,  th i s  p h e n o m e n o n  would  no t  

requ i re  d i f fe ren t  effects, expe r imen t a l l y  no t  evidenced,  
on  the  2 c o m p a r t m e n t s .  A t  t he  h igher  concen t ra t ion ,  
ins tead ,  t h e  2 pools, if t h e y  exis t  i n d e p e n d e n t l y  of t he  
e x p e r i m e n t a l  condi t ions ,  are  comple te ly  mixed.  

Riassunto. J~ s t a t e  s t ud i a to  l ' e f fe t to  del la  concen t r a -  
zione sul m e t a b o l i s m o  del glucosio e del glucosio-6- 
fosfato nel  d i a f r a m m a  isola te  di r a t to .  Si d i s c u t e  breve-  
m e n t e  del la  es i s tenza  di due  pools  di  glucosio-6-fosfato 
in re lazione alle d iverse  condiz ioni  spe r imenta l i .  
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Alterat ions  in the Activity  of G l y c e r a l d e h y d e - 3 P - D e h y d r o g e n a s e  of the Rat Liver as a Funct ion of Age  

A l t e r a t i o n  in t he  ac t iv i t i es  of severa l  enzymes  are 
k n o w n  to  occur  in  t he  t issues of ag ing  an i m a l s  t-4. Our  
earl ier  r epor t s  5, ~ on  t he  l a c t a t e  a n d  m a l a t e  dehydrogenases  
of t he  hea r t ,  b ra in ,  ske le ta l  musc le  a n d  l iver  of r a t s  h a v e  
shown  t h a t  t he  t i ssues  b e c o m e  more  aerobic  d u r i n g  old 
age. The  p r e sen t  s t u d y  on  g lyce ra ldehyde-3P-  dehydro -  
genase  (g ly-3P-DH) shows t h a t  t h e  a c t i v i t y  of Krebs  
cycle is increased  in old age of t he  r a t  a n d  suppo r t s  t he  
a b o v e  conclusion.  

The  l iver  of 6-, 12-, 33- a n d  70-week-old ma le  a lb ino  r a t s  
of W i s t a r  s t r a i n  was t a k e n  o u t  and  a 2 0 %  (w/v) homo-  
g e n a t e  of t he  t i ssue  was p r e p a r e d  in 0 . 2 5 M  sucrose a t  
0 -2  ~ us ing  a P o t t e r - E l v e h j e m  homogen ize r  a n d  te f lon  
pestle.  The  oxygen  c o n s u m p t i o n  and  t h e  pe r cen t  inh ib i -  
t i on  of oxygen  c o n s u m p t i o n  b y  iodoacet ic  acid ( IAA;  
0 .125M) of t h e  l iver  h o m o g e n a t e  were m e a s u r e d  m a n e -  
me t r i ca l ly  us ing  a n  Aminco  W a r b u r g  Resp i romete r .  The  
t o t a l  v o l u m e  of t h e  i n c u b a t i o n  m e d i u m  was 3.0 ml  which  
inc luded  0.9 ml  of sucrose (0.25M),  0.4 m l  of p h o s p h a t e  
buf fe r  (0 .066M;  p H  7.4), 0.1 ml  of MgC12 (0.1M),  1.0 ml  

of h o m o g e n a t e ,  0.5 ml  of glucose (0 .1M) a n d  0.1 ml  of 
I A A  (0 .125M f ina l  concen t ra t ion ) .  The  cen t re  well  con-  
t a i n e d  20% KOH.  The  t e m p e r a t u r e  oi m e a s u r e m e n t  was  
37 ~ a n d  t h e  gas phase  was air. Read ings  were l inear  for  
60 m i n  a f te r  which  t h e  oxygen  c o n s u m p t i o n  was m e a s u r e d  
as ml  O~/g we t  wt . /h .  The  effect  of I A A  was expressed  
as pe r cen t  i n h i b i t i o n  of oxygen  consumpt ion .  

The  Tab le  shows t h a t  t he  r a t e  of oxygen  c o n s u m p t i o n  
of t i le l iver  increases  s ign i f i can t ly  w i t h  d e v e l o p m e n t  of 
t he  r a t  up  to  12 weeks a f t e r  wh ich  i t  decreases  signifi-  
c a n t l y  up  to  33 weeks. Therea f te r ,  t h e r e  was no s ign i f ican t  

1 C. H. BARROWS JR., M. J. YIENGST and N. W. SHOCK, J. Gerontol. 
73, 351 (1958). 
N. W. SHOCK, A. Rev. Physiol. 23, 97 (1961). 
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decrease.  T h e  pe r cen t  i nh ib i t i on  of oxygen  c o n s u m p t i o n  
b y  I A A  also increased  up  to  12 weeks a n d  t h e n  decreased  
up  to  33 weeks. T h e r e  was a s ign i f ican t  increase  in inh ib i -  
t i on  in  t h e  older  ra ts .  

The  increase  in i n h i b i t i o n  of oxygen  u p t a k e  of t h e  l iver  
b y  I A A  d u r i n g  d e v e l o p m e n t a l  pe r iod  ind ica tes  a n  increase  
in t he  a c t i v i t y  o f  g ly-3P-DFI a n d  of t h e  Krebs  cycle 
d u r i n g  th i s  period.  A decrease  in t he  i n h i b i t i o n  a f te r  t h e  
a t t a i n m e n t  of m a t u r i t y  a t  12 weeks  shows a decrease  in 
t he  a c t i v i t y  of K r e b s  cycle a n d  poss ib ly  a r e l a t ive  i nc rease  
in t h e  a c t i v i t y  of hexose  m o n o p h o s p h a t e  p a t h w a y  (HMP) 

Oxygen consumption and percentage of inhibition with IAA by the 
liver homogenates of rats of various ages with D-glucose as substrate 

Age ml O2[g P (t'-test) % P (t'-test) 
(weeks) wet wt./h Inhibition 

6 0.50 61.0 
0.001 0.001 

12 0.65 80.0 
0.001 0.001 

33 0.45 47.0 
0.20 0.001 

70 0.47 73.0 

Each value represents the mean of 8-9 animals. 

for  glucose ox ida t ion .  A 33-week-old r a t  is a ful ly g rown 
adul t .  I t  is seen t h a t  even  t h o u g h  the re  is no  di f ference 
in t he  oxygen  c o n s u m p t i o n  of t he  l iver  of 33- a n d  70-week 
old rats ,  t h e  i n h i b i t i o n  b y  I A A  is s ign i f i can t ly  h ighe r  in  
t h e  older  ra t .  Th i s  shows t h a t  in  t h e  old ra ts ,  t h e  a c t i v i t y  
of g l y - 3 P - D H  a n d  of K r e b s  cycle is increased  again.  
Such  shi f t s  to  H M P  f rom Krebs  cycle occurs  also in t he  
l iver  of goldfish a d a p t e d  to  cold t e m p e r a t u r e  7, 8. 

Zusammen[assung. Die Aktivit~Lt des K r e b s z y k l u s  
sche in t  w ~ h r e n d  de r  W a c h s t u m s p e r i o d e  bis  zur  12. 
W o c h e  s te t ig  anzus te igen .  W g h r e n d  des A d u l t s t a d i u m s  
h ingegen  t r i t t  e in Wechse l  n a c h  d e m  H e x o s e m o n o p h o s -  
p h a t w e g  ein, u m  im S e n e s z e n z s t a d i u m  eine A k t i v i e r u n g  
des Krebszyk lus  aufzuweisen.  
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I n f l u e n c e  of 2 -  M e t h y l - 2 -  ( p  - 1 , 2 , 3 , 4  - T e t r a h y d r o  - 1 - N a p h t h y l p h e n o x y  ) P r o p i o n i c  A c i d  o n  th e  O x i d a t i o n  
of  C h o l e s t e r o l  b y  Ra t  L i v e r  M i t o c h o n d r i a  

HESS a n d  his  co-workers  1, 2 h a v e  r epo r t ed  t h a t  one of 
a series of a ry loxy  d e r i va t i ve s  of s h o r t - c h a i n  f a t t y  acids, 
2 - m e t h y l -  2- (p- 1, 2, 3, 4 - t e t r a h y d r o -  1 - n a p h t h y l p h e n o x y )  
p rop ion ic  acid (Su-13,437), ha s  p o t e n t  l ipopenic  p rop-  
er t ies  in  n o r m a l  as well  as hype r l i pem i c  rats .  Th i s  
c o m p o u n d  exer t s  a n u m b e r  of me tabo l i c  effects  s imi la r  
to  t hose  e x h i b i t e d  b y  e t h y l  p - c h l o r o p h e n o x y i s o b u t y r a t e  
(CPIB) .  I n  v iew of these  o b s e r v a t i o n s  we t h o u g h t  i t  
would  be  of i n t e r e s t  to  d e t e r m i n e  if t h i s  new c o m p o u n d  
would  also af fec t  m i t o c h o n d r i a l  o x i d a t i o n  of choles tero l  
in  a m a n n e r  s imi la r  to  t h a t  seen w i t h  C P I B  3. Th i s  r e p o r t  
descr ibes  t h e  effects  of a d ie t  c o n t a i n i n g  0.3% Su-13,437 
u p o n  s e r u m  a n d  l iver  l ipids  of r a t s  as well  as i ts  effect  
u p o n  choles te ro l  o x i d a t i o n  b y  r a t d i v e r  m i t o c h o n d r i a l  
p r epa ra t i ons .  

Materials and methods. I n  b o t h  expe r imen t s ,  ma le  
W i s t a r  r a t s  were  fed a d ie t  cons i s t ing  of 70% m i x e d  cereal ;  
7% w h e a t  ge rm;  21% sk im  mi lk  pow de r ;  a n d  2% 
v i t a m i n  m i x  a. T h e  t e s t  g roups  were  fed t he  s ame  d i e t  
in  w h i c h  0.3% of t he  cereal  was  rep laced  b y  Sn-13,437. 

Af te r  3 weeks  t h e  r a t s  were d e c a p i t a t e d  a n d  t h e  l ivers  
qu ick ly  excised a n d  p laced  in cold 10% a_queous (w/v) 
sucrose. Al iquo t s  of l ive r  were t a k e n  for  l ip id  d e t e r m i n a -  
t ion,  t h e  r e m a i n d e r  hom ogen i zed  in sucrose, a n d  t h e  
m i t o c h o n d r i a  p r e p a r e d  b y  t h e  m e t h o d  of WHITEnOUSE 
e t  al. 5. The  o x i d a t i o n  of 26-1~C-cholesterol was  car r ied  
o u t  us ing  p rev ious ly  de ta i l ed  m e t h o d s  5, 6. W h e n  boi led  
s u p e r n a t a n t  f r ac t ion  (cytosol) was  o m i t t e d  i t  was  rep laced  
b y  a n  equa l  v o l u m e  of 10% sucrose.  

L i v e r  a l iquo t s  were hom ogen i zed  in ch loroform-  
m e t h a n o l ,  2 : 1 a n d  t h e  e x t r a c t  used for  l ip id  d e t e r m i n a -  
t ion.  I n  s e rum a n d  liver,  choles tero l  was  d e t e r m i n e d  b y  
t he  m e t h o d  of MANN ~, t r ig lycer ides  b y  t h e  m e t h o d  of 
VAN HANDEL a n d  ZILVERSmT 8 a n d  phos pho l i p i d  b y  t h e  
m e t h o d  of FISKE a n d  SUBBAROW 9. 

Results and discussion. I n  t he  f i rs t  e x p e r i m e n t  (Table  I) ,  
i t  was  obse rved  t h a t  a f t e r  3 weeks  on  diet ,  ' t he  w e i g h t  
gain  of r a t s  fed Su-13,437 was  lower  t h a n  t h a t  of t h e  
controls ,  b u t  t h e i r  l ive r  we igh t  was  s ign i f i can t ly  h igher .  
The re  were  no  differences  in  s e r u m  choles te ro l  levels,  b u t  
s e rum t r ig lycer ides  were  lower  a n d  phospho l ip id s  h ighe r  
in  t h e  t e s t  group.  Only  choles teroI  levels  of t h e  l iver  were  
d e t e r m i n e d  in t h i s  e x p e r i m e n t  a n d  lower  levels were  
obse rved  in t h e  t e s t  g roup  (p < 0.01). 

I n  t h e  second e x p e r i m e n t  (Table  I) t h e  changes  in 
s e rum a n d  l iver  l ip id  levels were  s imi la r  to  those  obse rved  
in e x p e r i m e n t  1. I n  t he  serum,  t he  choles te ro l  levels were  
t he  s ame  b u t  t r ig lycer ides  were  lower  ( p <  0.02) a n d  
phospho l ip ids  h igher  in  t he  g roup  fed Su-13,437. I n  t h e  
liver,  choles tero l  levels were  lower  in  t h e  t e s t  group,  b u t  
no  differences  were obse rved  in  t r igIycer ide  or phospho -  
l ipid levels.  The  t o t a l  se rum- l ive r  l ip id  pools  were e l eva t ed  
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