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t r ig lycer ide  10 c o n t e n t  usua l ly  car r ied  o u t  to  d e t e r m i n e  t he  
a p p r o x i m a t e  a m o u n t  of i so la ted  fa t  cells. T he  resu l t s  
o b t a i n e d  showed  t h a t  a n  a p p r o x i m a t e l y  equa l  n u m b e r  of 
fa t  cells was  o b t a i n e d  f rom t h e  isola ted f a t t y  t i ssue  in 
older  r a t s  (n i t rogen  in 2 -mon th -o ld  r a t s  0.237 m g N / m l  4- 
0.029, in  14-month -o ld  r a t s  0.266 m g N / m l  4- 0.0154; 
P = no t  s ignif icant)  w i t h  a h igher  t r ig lycer ide  (TG) 
c o n t e n t  (in 2 -mon th -o ld  r a t s  39 ~zM/ml 4-4.11, in  14- 
m o n t h - o l d  r a t s  84 tzM/ml 4- 3.52; P < 0.01). Th i s  r a t io  
of n i t rogen  to  t r ig lycer ides  is in  accord  w i th  d a t a  on  t he  
genera l  compos i t i on  of f a t t y  t i ssue  showing  t h a t  t h e r e  was 
a decrease  in nucleic acids a n d  a re la t ive  increase  in t he  
a m o u n t  of t r ig lycer ides /U we igh t  in  older  r a t s  (~zg 
PNA/100 m g  in 2 m o n t h :  8 4- 0.477 m o n t h :  5.34 4- 0.578; 
P < 0.05 ; tzM TG/100  m g  in  2 -mon th -o ld  r a t s  : 88,3 -4- 9.5 ; 
in  14-month -o ld  r a t s  : 107 4- 6.22 ; P = no t  s ignif icant) .  

The  i n c r e m e n t  of free f a t t y  acids found  in t h e  m e d i u m  
was t h e n  e v a l u a t e d  b o t h  in r e l a t ion  to  t he  v o l u m e  of t he  
i n c u b a t i o n  m e d i u m  a n d  to  t he  n i t r ogen  and  t r ig lycer ide  
c o n t e n t  (Figure).  This  showed  in t he  f i rs t  place t h a t  t h e  
age dif ference in t h e  a m o u n t  of free f a t t y  acids l i be r a t ed  
is on ly  s ign i f ican t  in  r e l a t i on  to  t r ig lycer ide  values.  W h e n  
t he  a m o u n t  of l i be ra t ed  free f a t t y  acids was r e l a t ed  to 
n i t rogen  c o n t e n t  or t o t a l  v o l u m e  of t he  m ed ium,  i t  
ce r t a in Iy  h a d  a fa l l ing t r e n d  w i t h  increas ing  age, b u t  t h e  
differences  are  no t  s t a t i s t i ca l ly  s ignif icant .  

Ye t  a n o t h e r  e x p e r i m e n t  was  m a d e  w i t h  t he  same  set-up,  
us ing  n o r a d r e n a l i n e  c o n c e n t r a t i o n s  of 2.5 ~zg/ml as lipo- 
mobi l i z ing  subs tance .  E x a c t l y  t he  same re la t ionsh ips  were 

I:tA/Zmt meoium tFA/nitrogen FFA/TG 

found,  i.e. t h e  a m o u n t  of free f a t t y  acids l i be ra t ed  calcu-  
l a t ed  to  t he  v o l u m e  of t h e  m e d i u m  and  to n i t rogen  c o n t e n t  
is n o t  s ign i f i can t ly  lower  in  14-month-o ld  rats ,  whe reas  
w h e n  ca lcu la ted  to t r ig lycer ide  c o n t e n t  l ipolysis  was  
s t r ik ing ly  lower  in older  r a t s  ( P  < 0.001). 

I t  would  seem t h a t  t he  decreased  l ipolysis of f a t t y  
t issue in older  r a t s  is caused  b y  a l t e r a t ions  in  the  c h a r a c t e r  
of f a t t y  t i ssue  itself. T h e  t r ig lycer ide  c o n t e n t  is increased  
in t he  fa t  ceils so t h a t  t h e  r e l a t ive  a m o u n t  of ac t ive  p ro to-  
p l a s m  is decreased  b o t h  in r e l a t i on  to v o l u m e  a n d  we igh t  ; 
t h i s  m e a n s  a re la t ive  decrease  in t he  e n z y m a t i c  e q u i p m e n t  
of t he  cell a. Th i s  is no t  a case of abso lu te  decreased  
response  (ac t iv i ty)  of h o r m o n e - s e n s i t i v e  l ipase wh ich  is 
respons ib le  for  lipolysis.  Aging a l ters  t he  morpho log ica l  
c h a r a c t e r  of f a t t y  t i ssue  and  th i s  is the  basis  of t h e  a l t e red  
me tabo l i c  a c t i v i t y  found  in older  rats .  I t  is, therefore ,  
necessary,  a n d  we cons ider  th i s  to  be  t he  m a i n  conclus ion  
f rom our  p r e s e n t  work,  to  revise  t he  o the r  f indings  r e l a t i ng  
to  t he  m e t a b o l i s m  of f a t t y  t i ssue  in r a t s  of d i f fe ren t  age 
f rom th i s  p o i n t  of view. 

I n  add i t ion ,  t he  ques t ion  r ema ins  of w h a t  is t he  im- 
m e d i a t e  cause  of the  a c c u m u l a t i o n  of t r ig lycer ides  in  f a t  
cells w i t h  increas ing  age. Since t he  i nco rpo ra t i on  of 
a ce t a t e  a n d  p a l m i t a t e  in to  t r ig lycer ides  of f a t t y  t i ssue  is 
decreased  5, t h e r e  is no ques t ion  of a n  increased  syn thes i s  
of t r ig lycer ides  w i t h  age. W e  cannot ,  of course, exc lude  a 
l ong -con t inued  b u t  no t  s ign i f ican t  decrease  in l ipolysis in  
t he  course of ag ing  be ing  a factor .  One piece of ev idence  
for th i s  h y p o t h e s i s  is p e r h a p s  the  f ind ing  t h a t  l ipolysis of 
i so la ted  fa t  cells in r e l a t i on  to  t he  same  a m o u n t  of 
n i t rogen  as me tabo l i ca l ly  ac t ive  un i t  is s l ight ly  decreased  
in older  r a t s  (even if non-s ign i f ican t ly)  as c o m p a r e d  w i t h  
y o u n g  rats .  
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Free fatty acids (FFA) released by free fat cells in response to 
epinephrine 2.5 g/ml in relation to the volume of the medium, to the 
nitrogen content and to the triglyceride (TG) content of isolated fat 
cells. �9 rats aged 2 months, I///__J] 14 months. 

Zusammen/assung. Die Fre igabe  unes te r i f iz ie r te r  Fett- 
s~uren in  ein Med ium aus  isol ier ten Fe t tgewebeze l l en  
Alterer R a t t e n  (14 Monate)  i s t  im  Vergle ich  m i t  j i ingeren  
R a t t e n  (2 Monate)  k le iner  im Verh~ l tn i s  zu den  Tri-  
g lyzer iden u n d  n u r  u n b e d e u t e n d  in der  Re l a t i on  zum Stick-  
s toff  oder  z u m  V o l u m e n  des Mediums.  
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Pres sor  R e s p o n s e  to Angio tens in  I During  C a r d i o - P u l m o n a r y  Bypass  

The  lungs  m u s t  p l ay  a n  i m p o r t a n t  role in  the  a c t i v a t i o n  
of t h e  decapep t ide  ang io t ens in  I s ince t h e  a d m i n i s t r a t i o n  
of a g iven  a m o u n t  in to  t he  r i g h t  h e a r t  gives rise to  twice  
as m u c h  muscu lo t rop ic  1,2 a n d  pressor  3,~ a c t i v i t y  as a 
s imi la r  dose i n t r o d u c e d  in to  t he  lef t  hea r t .  Convers ion  
i n to  t he  oc t apep t i de  ang i o t ens i n  I I  in  whole  b lood  circu- 
l a t i n g  ex t r aco rpo rea l ly  was r epo r t ed  to  be  of on ly  14% 
after 15 sec of c o n t a c t  1 a n d  is the re fo re  too  slow to  be  
phys io logica l ly  s ignif icant .  I t  is of i m p o r t a n c e  to de ter -  

mille w h e t h e r  t he  lungs  are  t he  exclusive  si te  of a c t i v a t i o n  
for ang io t ens in  I ; such  a poss ib i l i ty  would  force a rev is ion  
of c u r r e n t  concep t s  B,~ of t he  i n t r a r e n a l  role of j u x t a -  
g lomeru la r  r en in  b y  m a k i n g  i t  imposs ib le  for t he  k i d n e y  
to genera te  ang io t ens in  I I  w i t h i n  i ts  own  ci rcula t ion.  Th i s  
ques t ion  of t h e  exac t  c o n t r i b u t i o n  of t he  lung  could bes t  
be  a p p r o a c k e d  b y  s t u d y i n g  ang io t ens in  1 a c t i v a t i o n  fol- 
lowing t o t a l  r e m o v a l  of t h a t  organ.  I n  2 dogs, the  sys t emic  
pressor  responses  to  i n t r a - a r t e r i a l l y  in j ec ted  ang io t ens in  I 
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was examined  before and  af ter  excluding the  lungs f rom 
the  circulat ion by  means  of a comple te  ca rd io -pu lmonary  
bypass .  

Methods. 2 female mongrel  dogs weighing 22 and  18 kg, 
respect ively,  were anaes the t i zed  wi th  i.v. pen tobarb i t a l .  
Mechanical  ven t i l a t ion  was p rov ided  t h rough  an endo-  
t r achea l  tube.  Blood pressure  in the  l umbar  aor ta  was 
mon i to red  t h rough  a S t a t h a m  t r ansduce r  connec ted  to  a 
tube  inser ted  into the  r ight  femoral  ar tery .  The dogs were 
placed in the  supine posit ion.  The ches t  wall  was opened  
t h rough  a t r ansverse  bi la tera l  an ter ior  t ho raco tomy .  
Hepar in ,  3 mg/kg,  was in jec ted  i.v. A ca the t e r  was intro-  
duced into the  left a t r ium to allow for a series of injec- 
t ions,  f i rs t  of angio tens in  I, t h e n  of angio tens in  II .  Tota l  
ca rd io -pu lmonary  bypass  was es tabl ished by  cannula t ion  
of b o t h  vena  cavae and  of the  left  femora l  ar tery .  A 
Li l lehei-DeWall  bubble  oxygena to r  was p r imed  wi th  2.6 1 
of homologous  whole  blood d rawn  in hepar in  (60 mg/1) on 
the  eve of surgery and  preserved  at  + 4 ~ overnight .  The 
flow ra te  was ad jus ted  at  1.5 1/m 2 �9 min  (1.350 and  
1.150 for dogs 1 and 2) by  means  of a to ta l ly  occlusive 
roll up pump.  Trans i t  t ime  t h rough  the  oxygena to r  was 
2 min.  A ca rd io tomy sucker was placed in to  the  main  
p u l m o n a r y  a r t e ry  th rough  the  r ight  a t r i um to aspi ra te  all 
b lood f rom the  r ight  hear t .  Each  p u l m o n a r y  hilus was 
t h e n  securely c lamped  by  means  of a t o u r n i q u e t  in order  
to exclude  all sys temic  circulat ion to t he  lungs. In jec t ions  
of angio tens in  I, t hen  of angiotens in  II ,  were made  in to  
the  ar ter ia l  line 10 cm f rom its en t ry  in to  the  left femoral  
ar tery .  

Angio tens in  I I  was CIBA Hyper t ens in .  Angio tens in  I 
was syn the t i zed  by  Dr. M. BuMpus, using the  solid phase  
me thod .  We have  expressed  the  a m o u n t s  of in jec ted  
angio tens in  I in t e rms  of angio tens in  I I  equiva len ts  in- 
s tead  of indicat ing the  actual  weight  which  was 3 t imes  
higher .  The sys temic  pressor  ac t iv i ty  was assayed by  
de t e rmin ing  the  dose of each pep t ide  requi red  to increase 
diastolic aortic pressure  by  20 m m H g .  Graded doses were 
sepa ra ted  by  an in terval  of 5-10 rain, doubl ing the  
previous  dose each t ime  unt i l  a pressor  peak  of at  least  
25 m m H g  was obta ined.  The log-dose was l inearly re la ted 
to the  pressor  response  and  the  exac t  a m o u n t  t h a t  could 
induce a 20 m m H g  rise was calculated by  bracket ing.  

Results. Lef t -hea r t  in ject ions  of angio tens in  I were half  
as p o t e n t  as those  of angio tens in  II  (Table). W h e n  com- 
pa red  to  the  responses  to angio tens in  II ,  the  decapep t ide  
pressor  peaks  s t a r t ed  abou t  5 sec la ter  and  reached the i r  
m a x i m u m  abou t  10 sec later.  These p h e n o m e n a  have  been  
shown in ra t s  4 and suggest  t h a t  the  f i rs t  por t ion  of the  
angio tens in  i response is due to  re la t ively  slow blood 
and /o r  t issue ac t iva t ion ,  whereas  the  main  por t ion  of the  

peak  occurs upon  recircula t ion of the  p u l m o n a r y  ac t iva t ed  
pept ide .  

Femora l  a r t e ry  inject ions  dur ing  the  bypass  were  
fol lowed by  an i m m e d i a t e  pressor  response  to  b o t h  types  
of angiotensins .  No secondary  peak  occurred 2 rain af ter  
each inject ion,  as would  be expec ted  if the  pep t ides  had  
surv ived  passage  th rough  the  sys temic  vascular  beds  of 
t he  dogs and  t h r o u g h  the  oxygenator .  This  absence  of 
reci rcula t ion is easily explained,  cons ider ing t h a t  (a) re- 
moval  of b o t h  pep t ides  by  canine sys temic  beds  exceeds  
66% 1,2,7,8 and  (b) the  th i rd  which  escaped in to  t he  venous  
r e tu rn  was d i lu ted  for 2 rain into 2.6 1 of angio tens inase-  
conta in ing  blood filling the  oxygena to r  circuit .  Dur ing  the  
bypass  procedure ,  diastolic aor t ic  pressure  fell f rom 
90-70 m m H g  and  the  systol ic  pulse d isappeared .  The 
sens i t iv i ty  to angio tens in  I decreased a lmos t  60 t imes  and  
the  pressor  curve was s l ight ly delayed as for l e f t -hea r t  
in ject ions;  the  sens i t iv i ty  to  angio tens in  I I  d imin ished  
only  20 t imes.  

Discussion. The first  pe r t i nen t  obse rva t ion  emerg ing  
f rom these  expe r imen t s  is t h a t  dur ing  exclusion of the  
lungs f rom the  circulat ion,  the  sys temic  pressor  response  
to in t ra -a r te r ia l ly  admin i s t e red  angio tens in  I is no t  en- 
t i re ly  abolished.  Ac t iva t ion  m u s t  have  t aken  place a t  or 
near  ar ter iolar  r ecep tor  sites and it follows t h a t  t he  lungs 
are no t  the  only  si te of convers ion in t he  body.  This  con- 
clusion is fu r ther  suppor t ed  by  the  fact  t h a t  h o m o g e n a t e s  
of o the r  organs  con ta in  as much  conver tase  ac t iv i ty  as 
those  of lungs 9. 

The second sal ient  obse rva t ion  is t h a t  the  bypass  pro- 
cedure reduced  the  response  to  angio tens in  I a lmos t  3 
t imes  more  t h a n  t h a t  to  angio tens in  II .  F r o m  the  p re sen t  
data ,  it  would seem t h a t  2/3 of the  overal l  ac t iva t ion  occur 
in the  p u l m o n a r y  sys tem:  this  figure m u s t  not  be t aken  
as more  t h a n  suggestive,  however ,  since the  p re sen t  
t echn ique  had  an error coeff icient  of abou t  2 0 0 ,  only 
2 animals  were tes ted ,  and infusions were no t  carr ied out  1~ 

Rdsumd. La r@ o n s e  pressive sys t6mique  s des in jec t ions  
intra-ar t6r ie l les  d ' ang io tens ine  I et  I I  a 6t6 6tudi6e chez 
deux chiens a v a n t  et  apr~s avoir  t o t a l e m e n t  exclu les 
poumons  de la circulat ion.  La r6activit6 X l ' ang io tens ine  I 
d iminua  presque  3 fois plus que celle h l ' ang io tens ine  I I  
d u ran t  le shun t  card io-puhnonai re .  I1 appara i t  donc  que 
la c i rculat ion pu lmonai re  est  un site i m p o r t a n t  mais  non  
exclusif  de convers ion  de l ' angio tens ine  I. 
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Left Femoral Femoral/atrium 
atrium artery dose ratio 
(before (during 
bypass) bypass) 

Angiotensin i I 9 200 22 
ng/kg 11 230 21 

Angiotensin I 19 1100 58 
ng/kg 21 1150 55 

Intra-arterial pressor dose required to raise diastolic pressure by 
20 mmHg. Doses indicated for angiotensin I represent angiotensin II 
equivalents. Upper and lower figures from dogs 1 and 2, respectively. 
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