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As expec ted ,  t h e  TCA-T  inso luble  r a d i o a c t i v i t y  in t he  
l iver  b e g a n  to  decrease  in t he  d a r k  per iod.  T h e n  sur-  
pr is ingly ,  i t  rose to  a h igh  v a l u e  a t  14.00 h a n d  t h e n  re- 
ve r sed  b y  decreas ing  to  a m o u n t s  n e a r l y  equa l  to  those  seen 
d u r i n g  t he  l igh t  per iod,  p r io r  to  food r emova l .  H e p a t i c  
so luble  r a d i o a c t i v i t y  was in p h a s e  w i t h  t h e  inso lub le  va lues ,  
e x c e p t  a f t e r  t h e  l igh t s  w e n t  b a c k  on, w h e n  i t  s eemed  to  
e x h i b i t  a s l igh t  r ec ip roca l  r e l a t ionsh ip .  Soluble  rad ioac-  
t i v i t y  in  s e r u m  was  cons ide r ab l y  o u t  of p h a s e  w i t h  t he  
h e p a t i c  inso lubIe  f rac t ion ,  whi le  s e r u m  inso lub le  rad io-  
a c t i v i t y  was  gene ra l ly  in  p h a s e  w i t h  t h a t  of l iver .  

T h e  increase  in  i n c o r p o r a t i o n  of 3H-leucine i n to  h e p a t i c  
p r o t e i n  seen here  c a n n o t  s i m p l y  b e  exp l a ined  as  t h e  r e su l t  
of a n  increased  specif ic  r a d i o a c t i v i t y  of t h e  i n t r ace l l u l a r  
leuc ine  pool.. I f  t h i s  were  so, t h e  TCA-T  inso luble  rad io-  
a c t i v i t y  shou ld  h a v e  c o n t i n u e d  to  increase  a l m o s t  inde-  
f ini te ly ,  i n s t e ad  of a b r u p t l y  decreas ing  as i t  d id  a t  04.00 h. 
I n  add i t ion ,  i t  is wel l  k n o w n  t h a t  essen t ia l  a m i n o  acids  
such  as leucine are  conse rved  d u r i n g  per iods  of s t a r v a t i o n ,  
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Radioac t iv i ty  in rat  serum and liver during a 24-h period. Values are 
20 min after 3H-leucine injection: Open block is the trichloroacetic 
acid-sodium tungstate (TCA-T) insoluble fraction, solid block is the 
TCA-T soluble fraction. IRadioaetivity was-estimated by liquid scin- 
tillation spectrometry. Dimensions of the abeissa for the left median 
lobe start above the baseline to conserve space. Lights were off from 
18.00 h to 06.00 h. 

w h i c h  would  h a v e  a d i l u t i ng  effect  on  r ad ioac t i v i t y .  Such  
a d i l u t i n g  effect  was  n o t  obse rved  here.  E v e n  so, t h i s  in- 
t e r p r e t a t i o n  is s u b j e c t  to  r ev i s ion  s ince we do n o t  h a v e  
d a t a  on  t h e  a c t u a l  specific r a d i o a c t i v i t y  of t h e  h e p a t i c  
i n t r ace l l u l a r  leucine pool. 

Ti le  s l igh t  increase  in inso luble  h e p a t i c  r a d i o a c t i v i t y  
seen a t  t he  end  of t h e  l igh t  phase  a n d  c o n t i n u i n g  ea r ly  in  
t he  d a r k  p h a s e  could  be a re f lec t ion  of t h e  syn thes i s  of 
p r o t e i n s  s u c h  as t y r o s i n e  t r a n s a m i n a s e ,  w h i c h  is h ighes t  
in  a c t i v i t y  a t  20.00 h 2, I f  so, a n d  w i t h  r e spec t  to  t h e  se- 
cond  a n d  l a rges t  r i se  in  r a d i o a c t i v i t y  of p r o t e i n  seen here ,  
a n  u n c o u p l i n g  of b iphas i c  or  even  m u l t i p h a s i c  h e p a t i c  pro-  
t e i n  s y n t h e s i s  as a r e su l t  of food d e p r i v a t i o n  is ind ica ted .  
I n  o t h e r  words ,  feed ing  m i g h t  e n t r a i n  d i f f e ren t  cycl ic  as-  
pec t s  of h e p a t i c  p r o t e i n  syn thes i s ,  w i t h  t h e  r e su l t  t h a t  one  
m a y  a p p e a r  to  a c t  as  a p r i m a r y  synch ron i ze r  for t h e  o the r .  
I n  fact ,  if t h e  s t ressful  effects  of s t a r v a t i o n  were  n o t  so 
adve r se ly  d i rec ted  t o w a r d s  p r o t e i n  syn thes i s  ~, i t  wou ld  be  
i n t e r e s t i ng  to  see w h e t h e r  h e p a t i c  p r o t e i n  s y n t h e s i s  would  
as i nd i ca t ed  above ,  con t inue  to  be  b iphas i c  w i t h  s o m e t h i n g  
o t h e r  t h a n  a 24 h cycle. U n d e r  these  condi t ions ,  l i v e r p r o -  
t e i n  syn thes i s  wou ld  t r u l y  be  ' c i r c ad i an '  in  n a t u r e  a n d  t h e  
inges t ion  of food could  be  cons ide red  t h e  p r i m a r y  syn-  
ch ron ize r  or 'Ze i tgebe r ' .  

O b v i o u s l y  o t h e r  i n t e r r e l a t e d  f ac to r s  such  as u n c o u p l i n g  
of p r i m a r y  a n d  s e c o n d a r y  synchron ize r s  1~, endoc r ine  
effects  ~s, a n d  v a r i a b l e  half- l i fe  of m R N A  species 14 are  
conce rned  w i t h  th i s  p h e n o m e n o n .  I n  a n y  case, t h e  fac t  
t h a t  a cycl ic  i n c o r p o r a t i o n  of ~H-leucine in to  hepa t i c  pro-  
t e i n  s t i l l  occurs  in f a s t ed  a n i m a l s  does  sugges t  t h a t  genera l  
hepa t i c  p r o t e i n  s y n t h e s i s  m a y  be  s u b j e c t  to  t he  in f luence  
of t h e  'Bio logica l  Clock '  1~. 

Zusammen[assung. Die A u f n a h m e  y o n  3H-Leuc in  in  
das  Lebere iweiss  w u r d e  w~thrend de r  D u n k e l p h a s e  ihres  
T a g - N a c h t z y k l u s  be i  f a s t e n d e n  R a t t e n  u n t e r s u c h t .  Die  
i ib l iche  r h y t h m i s c h e  A u f n a h m e  v o n  ~H-Leucin  w u r d e  
d u r c h  die F a s t e n p e r i o d e  n i c h t  v e r h i n d e r t ,  o b w o h l  die 
Menge  des  a u f g e n o m m e n e n  aH-Leuc in  zwei ze i t l ich  ve r -  
sch iedene  M a x i m a  aufwies.  
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Angiotensin Tachyphylaxis and Vascular Angiotensinase Activity 

I t  h a s  long  been  k n o w n  t h a t  s m o o t h  musc le  p r e p a r a -  
t i ons  f r e q u e n t l y  b e c o m e  r e f r a c t o r y  to  r e p e t i t i v e  s t i m u l a -  
t i on  1. W h e n  t h e  loss of r e spons iveness  is nonspecif ic ,  in  
t h e  sense  t h a t  responses  a re  lost  to  all  s t imul i ,  i t  seems  
l ike ly  t h a t  t h i s  ref lects  a n  a b n o r m a l i t y  of e i t he r  t h e  
con t r ac t i l e  process  i tself  or in  t h e  m e t a b o l i c  p a t h w a y s  
w h i c h  s u p p o r t  con t r ac t i on :  More  puzz l ing  is a p h e n o m e n o n  
w h i c h  ha s  been  cal led specif ic  desens i t i za t ion ,  or  t a c h y -  

p h y l a x i s  z. I n  t h i s  s i t u a t i o n  t h e  con t r ac t i l e  process  is 
i n t ac t ,  a n d  t h e  loss of r e sponse  invo lves  o n l y  t h e  a g e n t  
to  w h i c h  t h e  t i ssue  h a s  been  exposed.  W h i l e  t h i s  poor ly  
u n d e r s t o o d  p h e n o m e n o n  ha s  b e e n  desc r ibed  for  a large  
n u m b e r  of agen t s  a n d  sys tems ,  m u c h  of t h e  r e c e n t  in-  
t e r e s t  h a s  focused on  a n g i o t e n s i n  t a c h y p h y l a x i s ,  p re -  
s u m a b l y  because  of t h e  p o t e n t i a l  phys io logica l  i m p o r t a n c e  
of r e a c t i v i t y  of t h e  r ena l  v a s c u l a t u r e  to  a n g i o t e n s i n  2,3 
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a n d  t h e  wide  i n t e r e s t  in  v a r i a t i o n s  in  a n g i o t e n s i n  respon-  
s iveness  in  p a t i e n t s  w i t h  hype r t ens ion* ,  ~. KHAIRALLAH 
e t  al. 8 suggested,  on  t h e  bas i s  of severa l  obse rva t ions ,  
t h a t  ang io t ens in  t a c h y p h y l a x i s  r e p r e s e n t s  s a t u r a t i o n  of 
r ecep to r  s i tes  w h i c h  are  n o r m a l l y  f reed of a n g i o t e n s i n  b y  
local ,  ang io tens inases ,  a n  i n t e r p r e t a t i o n  w h i c h  depends  
on  PATON'S 7 h y p o t h e s i s  conce rn ing  r ecep to r  ac t i va t i on ,  
Th i s  s t u d y  deals  w i t h  t he  r e l a t i onsh ips  b e t w e e n  t i ssue  
ang io t ens ina se  a n d  p r o p e n s i t y  to  . deve lop  a n g i o t e n s i n  
t a c h y p h y l a x i s  in a n u m b e r  of i so la ted  t i s sue  p r e p a r a t i o n s .  

The  t i s sues  u t i l ized in  t h i s  s t u d y  inc luded  t h e  r a t ,  
r a b b i t ,  a n d  gu inea -p ig  aor ta ,  t h e  r a t  s t o m a c h  a n d  colon,  
a n d  gu inea -p ig  i leum. Aor t i c  s t r ips  were  cu t  a n d  m o u n t e d  
acco rd ing  to  t h e  m e t h o d  of FURCHGOTT a n d  I~HADRA- 
K0M s w i t h  4 g t en s ion  o n  r a b b i t  ao r t i c  s t r ips ,  a n d  I g 
o n  ao r t i c  s t r ips  f rom t h e  r a t  a n d  guinea-pig .  T h e  r a t  
I u n d u s  a n d  colon  were  p r e p a r e d  acco rd ing  to  t h e  descr ip-  
t i o n s  of VANE 0,zo. S t r ips  were  m o u n t e d  in musc le  
c h a m b e r s  w i t h  a I0 m l  w o r k i n g  v o l u m e  ( Ph i pps  a n d  
Bird)  c o n t a i n i n g  a mod i f i ed  K r e b s - b i c a r b o n a t e  m e d i u m  ~0, 
m a i n t a i n e d  a t  37 ± 0 . 5 ° C  a n d  c o n s t a n t l y  a e r a t ed  w i t h  
a gas  m i x t u r e  c o n t a i n i n g  95% 0 3 - 5 %  CO~. I so ton ic  con-  
t r a c t i o n s  were  m o n i t o r e d  w i t h  a H a r v a r d  I n s t r u m e n t  
force t r a n s d u c e r  (No. 356), ampl i f i e r  a n d  g a l v a n o m e t e r  
(No. 350). A p p r o x i m a t e l y  t h e  cen t r a l  4 cm of pen  excur-  
s ion were  ut i l ized,  r ecord ings  b e i n g  m a d e  on  a c h a r t -  
m o v e r  (No. 860, H a r v a r d  I n s t r u m e n t s )  a t  0.005 cm/sec .  
A n  e q u i l i b r a t i o n  pe r iod  of a p p r o x i m a t e l y  1 h was a l lowed 
before  i n i t i a t i n g  d rug  a d m i n i s t r a t i o n .  T h e  b a t h  a r r ange -  
m e n t  a l lowed  c o n t i n u o u s  w a s h o u t  for  r e m o v a l  of solu- 
t i ons  a n d  d r u g s  a t  a p p r o p r i a t e  i n t e rva l s .  T h e  v o l u m e  
used  for  t h e  w a s h  was  a t  l eas t  10 t i m e s  t h e  b a t h  v o l u m e  
a n d  r e l a x a t i o n  of t h e  s m o o t h  musc le  p r e p a r a t i o n s  a f t e r  
r e m o v a l  of t h e  d rugs  was  e n t i r e l y  pass ive .  

A t t e m p t s  to  i nduce  t a c h y p h y l a x i s  to  a n g i o t e n s i n  
( H y p e r t e n s i n  Ciba  ®) were  ca r r i ed  ou t  in  two  ways.  I n  
one  g roup  of e x p e r i m e n t s  t h e  t i ssues  were exposed  re- 
p e a t e d l y  to  a dose of 10 -7 g / m l  a t  30 to  60 ra in  in te rva l s ,  
w i t h  washes  b e t w e e n  each  exposure .  T he  second a p p r o a c h  
i n v o l v e d  a p ro longed ,  c o n t i n u e d  exposu re  of the  t i s sues  
to  10 -~ g /ml  w i t h o u t  r i n s i ng  for 60 to  90 min ,  T a e h y -  
p h y l a x i s  was  d e m o n s t r a t e d  b y  r e p e a t i n g  t he  same  dose 
a n d  t h e  speci f ic i ty  was assessed b y  cha l l eng ing  t h e  t i s sue  
w i t h  a p p r o p r i a t e  agents ,  u sua l ly  se ro ton in  or  no rep ine -  
ph r ine .  

T i ssue  a n g i o t e n s i n a s e  levels  were  d e t e r m i n e d  in  t h e  
a o r t a e  of a l l  3 species a n d  t h e  r a t  s t o m a c h .  Tissues  were  
m i n c e d  a n d  p laced  in  a n  E r l e n m e y e r  f l ask  c o n t a i n i n g  
a n g i o t e n s i n  a t  10-~ g /ml  in  5 ml  K r e b s - b i c a r b o n a t e  solu- 
t ion .  I n c u b a t i o n  was  ca r r i ed  o u t  a t  37 °C w i t h  c o n t i n u o u s  
mix ing .  I n  each  e x p e r i m e n t  a con t ro l  f l ask  c o n t a i n i n g  
t h e  so lu t ion  a n d  a n g i o t e n s i n  b u t  no  t i s sue  was also 
i n c u b a t e d .  Samples  for  a s say  of r e s idua l  a n g i o t e n s i n  were  
t a k e n  f rom each  f lask  a t  5 or  10 m i n  i n t e r v a l s  b e g i n n i n g  
a t  1 ra in  for a t  l eas t  1 h, or  u n t i l  t h e  r e s idua l  c o n c e n t r a -  
t i o n  was less t h a n  3% of t h e  peak .  Assays  were  ca r r i ed  
o u t  on  gu inea -p ig  i l eum or  r a t  co lon  s t r ips .  T h e  re su l t s  
p r e s e n t e d  are  for  t he  s tud ies  w i t h  gu inea -p ig  i leum,  w h i c h  
in  o u r  h a n d s  was  t h e  b e t t e r  a s say  s y s t e m  because  of a 
more  s t a b l e  basel ine ,  less s p o n t a n e o u s  a c t i v i t y  a n d  a 
more  r a p i d  r ecove ry  t i m e  a f t e r  e ach  sample .  Dose-  
r e sponse  c u r v e s  were  v e r y  r ep roduc ib le .  I n d i v i d u a l  
s amples  were  a s sayed  in  r ep l i ca t e  u p  t o  4 t i m e s  w i t h o u t  
a s ign i f i can t  effect  on  ca l cu la t ed  a n g i o t e n s i n  d i s a p p e a r -  
ance.  T h e  l a t t e r  h a s  b e e n  expressed  as t h e  K v a l u e  
de r ived  f rom a s e m i l o g a r i t h m i c  p lo t  of a n g i o t e n s i n  dis-  
a p p e a r a n c e ,  f i t t ed  b y  eye. A t  l eas t  7 p o i n t s  were  u t i l i zed  
for  e ach  f i t  a n d  a t  l eas t  5 d i f f e ren t  t i s sue  samples  assessed 
in each  group.  S p o n t a n e o u s  a n g i o t e n s i n  d i s a p p e a r a n c e  
d id  n o t  occur  in  t h i s  s y s t e m  in  t h e  absence  of t issue.  

Di f fe rences  b e t w e e n  t h e  m e a n  va lues  for  e ach  t i s sue  were  
assessed w i t h  t he  S t u d e n t  t - tes t .  

A c l ea r cu t  s e p a r a t i o n  was f o u n d  b e t w e e n  t h e  t e n d e n c y  
of va r i ous  t i s sues  to  deve lop  a n g i o t e n s i n  t a c h y p h y l a x i s .  
The  r a t  a o r t a  deve loped  specific a n g i o t e n s i n  t a c h y -  
p h y l a x i s  readi ly ,  w i t h  b o t h  r e p e t i t i v e  s t i m u l a t i o n  or a 
c o n t i n u e d  exposure ,  as r epo r t ed  ear l ier  e. A n  e x a m p l e  is 
shown  in  t h e  Figure .  I n  t h i s  p r epa ra t i on ,  fa i lu re  to  de-  
ve lop  a n g i o t e n s i n  t a c h y p h y l a x i s  was  a v e r y  u n u s u a l  
e v e n t  in  ove r  100 s tudies .  The  r a b b i t  aor ta ,  on  t h e  o t h e r  
h a n d ,  was  e x t r e m e l y  r e s i s t a n t  to  t he  d e v e l o p m e n t  of 
ang io t ens in  t a c h y p h y l a x i s  (see Figure) .  E v e n  a s m a l l  
r e d u c t i o n  in  r e spons iveness  was unusua l .  The  gu inea-  
pig  a o r t a  s h o w e d  a n  e x t r e m e l y  v a r i a b l e  p a t t e r n .  I n  s o m e  
guinea-pigs  specif ic  t a c h y p h y l a x i s  deve loped  qu ick ly  a n d  
w i t h  low doses ;  in  o t h e r s  even  h i g h  dose ser ia l  a d m i n i s t r a -  
t i on  or  c o n t i n u e d  exposu re  d id  n o t  r e su l t  in  t a c h y p h y -  
laxis.  Th i s  degree  of v a r i a b i l i t y  was  n o t  desc r ibed  b y  
o t h e r s  °, b u t  a p p a r e n t l y  on ly  2 p r e p a r a t i o n s  were  assessed. 
The  r a t  s t o m a c h  was  e x t r e m e l y  r e s i s t a n t  to  t h e  devel-  
o p m e n t  of t a c h y p h y l a x i s .  

f 

t t t t 
A, A~ A s A~ ~ n  

Response to serial doses (10 -7 g/ml) of angiotensin .of rat  and rabbit 
aortic strips. Note the progressive loss of responsiveness to angio- 
tensin of the rat aortic strip and the retained response to serotonin. 

Tissue angiotensinase levels 

Absolute K Normalized K 

Rat stomach 0.088 :~: 0,15" 0.138 4- 0.032 
Rat aorta 0.020 i 0.002 0.119 -I- 0.013 
Rabbit aorta 0.017 ~ 0.009 0.066 4- 0.029 
Guinea-pig aorta 0.011 i 0.003 0.085 4- 0.019 

• Angiotensinase level has been expressed as a K value describing 
absolute disappearance -t-S.E.M., and as a K value normalized 
according to tissue weight. Normalized K values show no significant 
differences, but note that the 2 tissues which do not display taehy- 
phylaxis - the rat stomach and rabbit aorta - represent the extreme 
values for normalized K. The absolute K for rat stomach was 
significantly greater than all vascular tissues (p < 0.01). 
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Tissue  ang io t ens ina se  a c t i v i t y  is s h o w n  in  t h e  Table .  
No d i f ferences  were  f o u n d  b e t w e e n  t h e  t o t a l  t i s sue  angio-  
t e n s i n a s e  a c t i v i t y  p e r  u n i t  m a s s  in  a n y  0f t h e  t i s sues  
s tud ied ,  n o r  was  t i s sue  ang i o t ens i na s e  a c t i v i t y  more  
v a r i a b l e  in  t h e  gu inea -p ig  t h a n  in t h e  o t h e r  2 species.  
T h e  r a t  s t o m a c h  d i sp l ayed  a s ign i f i can t ly  h i g h e r  r a t e  of 
a n g i o t e n s i n  des t ruc t i on ,  exceed ing  t h e  level  in  v a s c u l a r  
t i s sues  b y  a f ac to r  of 4, in  a p p r o x i m a t e  p r o p o r t i o n  to  
t i le la rger  mass  ut i l ized.  I t  has  also b e e n  sugges ted  t h a t  
t h e  r a t e  of r e l a x a t i o n  of a c o n t r a c t e d  va scu l a r  s t r ip  
r e p r e s e n t s  a va l i d  i ndex  of overa l l  d r u g  i n a c t i v a t i o n : : .  
T h e  d e v e l o p m e n t  of t a c h y p h y l a x i s  in  some  p r e p a r a t i o n s  
m a k e s  such  a n  i n t e r p r e t a t i o n  suspect ,  b u t  e x a m i n a t i o n  
of t h e  F igu re  m a k e s  i t  c lear  t h a t  r e l a x a t i o n  of t h e  r a t  
ao r t i c  s t r ip  a f t e r  w a s h o u t  of aqueous  p h a s e  a n g i o t e n s i n  
was  cons ide r ab ly  more  r ap id  t h a n  t h a t  of t h e  r abb i t .  

A para l l e l  b e t w e e n  t o t a l  t i s sue  ang i o t ens i na s e  levels  in  
a n u m b e r  of v a s c u l a r  t i s sues  a n d  t h e i r  p r o p e n s i t y  to  
deve lop  a n g i o t e n s i n  t a c h y p h y l a x i s  could  no t  be  d e m o n -  
s t r a t e d  in  th i s  s tudy .  Such  a para l l e l  is a r equ i s i t e  of 
t he  h y p o t h e s i s  e l a b o r a t e d  b y  KHAIRALLAH et  al. ~. T he  
m u c h  more  r ap id  d e g r a d a t i o n  of ang i o t ens i n  b y  t h e  r a t  
s t o m a c h  m a k e s  i t  c lear  t h a t  t he  a s say  s y s t e m  could  
d e t e c t  differences.  I n  add i t ion ,  t h e  more  v a r i a b l e  pro- 
p e n s i t y  to  deve lop  t a c h y p h y l a x i s  of t h e  gu inea -p ig  a o r t a  
was  n o t  a ssoc ia ted  w i t h  a more  :variable ang i o t ens i na s e  
a c t i v i t y  in  t h a t  t issue.  I t  t h u s  seems un l ike ly  t h a t  t o t a l  
t i s sue  ang io t ens ina se  is t he  cr i t ica l  d e t e r m i n a n t  in  angio-  
t e n s i n  t a c h y p h y l a x i s .  The re  is also d e b a t e  conce rn ing  
t h e  role of p l a s m a  ang io t ens inases  in  t a c h y p h y l a x i s  in a 
n u m b e r  of sys t ems  4, b u t  t he  cons ide rab le  w as h i ng  car-  
r ied o u t  on  t h e  t i s sues  p r io r  to  s t u d y  m a k e s  i t  un l i ke ly  
t h a t  t h e y  could  h a v e  in f luenced  t he  resul ts .  I f  t i s sue  
ang io t ens ina se  is cr i t ical ,  a n d  a t t r a c t i v e  ev idence  sup-  

p o r t s  t h a t  concep t  s , spec i f ic i ty  m u s t  be  app l i ed  e i t h e r  
t h r o u g h  t h e  d i f fe rences  in  t h e  m e t a b o l i c  p r o d u c t s  of 
e n z y m e s  in  va r ious  t i ssues  or in  t h e  specific d i s t r i b u t i o n  
of t h e  e n z y m e s  in  t h e  t issues.  T h e  poss ib i l i t y  ex is t s  t h a t  
t h e  l oca t ion  of ang io t ens inase s  in  t h e  t issue,  specif ical ly  
t h e i r  prec ise  r e l a t i o n s h i p  t o  t h e  r ecep to r  site, m a y  be  
a n  i m p o r t a n t  factor .  I t  is i m p o r t a n t  to  recognize,  how-  
ever ,  t h a t  s a t u r a t i o n  of r ecep to r s  w i t h  a n  agon i s t  can  
on ly  a c c o u n t  for a fa i lu re  of r e sponse  i i  PATON'S ~ con-  
cep t  of r ecep to r  a c t i v a t i o n  as a r a t e  r a t h e r  t h a n  occupa-  
t i on  p h e n o m e n o n  p rov ides  a n  a d e q u a t e  desc r ip t ion  of 
r ecep to r  a c t i va t i on ,  a m a t t e r  of c o n t i n u e d  d e b a t e  x, :~-14. 

Zusammen[assung. Die Auffassung,  dass  die Gewebs-  
ang io tens inase -Akt iv i t~ t t  e n t s c h e i d e n d  sei, ob  s ich  eine 
G e w e b s - T a c h i p h y l a x i e  gegeni iber  A n g i o t e n s i n  e n t w i c k e l t  
oder  n ich t ,  k o n n t e  d u r c h  Ver suche  a n  v e r s c h i e d e n a r t i g e n  
Geweben  ke ine  t3es t~ t igung  f inden .  
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T h e  O x y g e n  U p t a k e  o f  the  D e v e l o p i n g  B r a i n  in 

Our  p rev ious  s tud ies  on  b o d y  c o m p o s i t i o n  of t h e  fe tus  
w i t h  i n t r a - u t e r i n e  g r o w t h  r e t a r d a t i o n  ( I U G R )  a n d  a b o u t  
s o m a t i c  d e v e l o p m e n t  of t he se  a n i m a l s  u n t i l  a d u l t h o o d  
p o i n t  o u t  t h e  i m p o r t a n c e  of low b lood  glucose level  a n d  
dec reased  t o t a l  l i ve r  g lycogen  s to res  ~n t he  e x p e r i m e n t a l  
r a t s  :-4. T h e  f o r m a t i o n  a n d  o x i d a t i o n  of a m i n o  ac ids  
c o n s t i t u t e s  a m a i n  p a t h w a y  of glucose  m e t a b o l i s m  in  
t h e  b r a i n  5, a n d  i t  is p r o b a b l e  t h a t  m o s t  of t h e  l iver  
g lycogen w h i c h  is mobi l i zed  a f t e r  b i r t h  is u t i l i zed  b y  
t h e  b r a i n  r a t h e r  t h a n  t h e  b o d y  as  whole.  These  f ind ings  
led us  to  sugges t  t h a t  t h e  glucose  r e q u i r e m e n t s  for  b r a i n  
of I U G R  r a t s  are  h i g h e r  t h a n  t h e  a m o u n t  a v a i l a b l e  b y  
syn thes i s ,  a n d  p a r t l y  exp la in  t h e  h y p o g l y c e m i a  of t h e  
s t u n t e d  ra ts .  

Th i s  r e p o r t  dea ls  w i t h  o x y g e n  c o n s u m p t i o n  of c e r eb ra l  
co r t ex  of I U G R  a n d  con t ro l  r a t s  d u r i n g  p e r i n a t a I  de-  
v e l o p m e n t .  

Methods. F e m a l e  r a t s  of S h e r m a n  s t r a i n  are  m a t e d  
o v e r n i g h t ;  t h e y  were fed ad  l i b i t u m  on pe l le ted  diet .  
Af te r  b i r t h  on ly  6 n e w b o r n  are lef t  pe r  l i t te r .  T he  g r o w t h  
r e t a r d a t i o n  was  i n d u c e d  in p r e g n a n t  r a t s  b y  a r t e r y  c l amp-  
ing of 1 h o r n  a t  17 th  d a y  a f t e r  m a t i n g .  All  t h e  I U G R  
a n i m a l s  h a d  a r e d u c t i o n  of w e i g h t  of more  t h a n  159/o as 
c o m p a r e d  to  cont ro ls .  Th i s  c r i t e r ion  was d e t e r m i n e d  in 
a p r e v i o u s  workL 

On  the  21 th  d a y  of ges ta t ion ,  t h e  m o t h e r  was  k i l led  
b y  d e c a p i t a t i o n  a n d  t h e  fe tuses  were  e x t r a c t e d  i m m e -  
d i a t e ly  b y  Caesa rean  sect ion.  Af t e r  t h e  b i r th ,  t he  ani -  

the Rat  w i t h  I n t r a - U t e r i n e  G r o w t h  R e t a r d a t i o n  

reals  were  ki l led b y  d e c a p i t a t i o n  a n d  b r a i n s  were qu i ck ly  
r emoved ,  d i ssec ted  a n d  t h e  ce rebra l  co r t ex  weighed  a n d  
k e p t  for  chemica l  ana lyses .  

O x y g e n  c o n s u m p t i o n  was  d e t e r m i n e d  b y  t h e  c o n v e n -  
t i o n a l  \ V a r b u r g  t echn ique .  H o m o g e n a t e s  (10% V¢:v)  
were p r e p a r e d  in  ' a n  i so ton ic  NaC1 so lu t ion '  a cco rd ing  to  
ELLIOt e t  al. 6. Th i s  so lu t ion  was  p r e p a r e d  f r e sh ly  each  
day .  All  m a n o m e t r i c  e x p e r i m e n t s  were  ca r r i ed  o u t  in  
d u p l i c a t e  a t  37°C. A i r  was  used  as t h e  gaseous  phase .  
Af t e r  10 ra in  of t h e r m a l  equ i l i b ra t ion ,  o x y g e n  c o n s u m p -  
t i o n  was  m e a s u r e d  for  30 min .  T h e  re su l t s  were expressed  
as  ~moles  O=/H/g w e t  t issue.  

A t  each  age, d r y  we igh t s  were  o b t a i n e d  b y  h e a t i n g  
t h e  t i ssue  in a n  o v e n  to  a c o n s t a n t  weight .  A l i q u o t s  were  
used  for t he  s u b s e q u e n t  d e t e r m i n a t i o n s :  a) P r o t e i n  w i t h  
Fo l in /C iaca l t eu  r e a g e n t  b y  t h e  LOWRY procedure ,  b) Des-  
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