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L i p o l y t i c  Effect  of  I n s u l i n  a n d  O t h e r  H o r m o n e s  i n  

I n  ad ipose  t i s sue  w h i c h  is cons idered  to  be  t he  m o s t  
i m p o r t a n t  d e p o t  of t r ig lyeer ides ,  l ipolysis  is wide ly  con-  
t ro l l ed  b y  a n u m b e r  of ho rmones .  Ca techo lamines .  ACTH,  
g r o w t h  ho rmone ,  T S H ,  g lucagon  a n d  o t h e r  h o r m o n e s  a re  
k n o w n  to  s t i m u l a t e  ad ipose  t i ssue  t r ig lycer ide  l ipase ~-a, 
some  of t h e m  (especial ly ca t echo lamines )  p r o b a b l y  t h r o u g h  
t h e  e l eva t ion  of  cyclic 3 ' 5 ' - A M P  level  4. Bes ides  these  l ipo- 
ly t ic  ho rmones ,  in su l in  was  t h e  o n l y  h o r m o n e  found  in 
ad ipose  t i ssue  to  decrease  t h e  h o r m o n e - s e n s i t i v e  l ipase  
a c t i v i t y  a n d  t o  decrease  t h e  t ipo ly t ic  ef fec t  of o t h e r  ho r -  
m o n e s  5 A l t h o u g h  l ipolysis  r e p r e s e n t s  a n  i m p o r t a n t  m e t a -  
bol ic  process  also in o t h e r  t issues,  i t s  r e g u l a t i o n  t h e r e  
r e m a i n s  to  be  s tud ied .  

I n  t h i s  p a p e r  we c e n t r e d  ou r  a t t e n t i o n  on  ao r t i c  t i s sue  
whe re  l ipases  are cons idered  to  p rese rve  aor t i c  wal l  a g a i n s t  
l ipid depos i t ion  a n d  m i g h t  t he r e fo re  p l a y  a n  i m p o r t a n t  
rote in  p a t h o g e n e s i s  of a therosclerosis6,L 

Mater ia ls  and  methods. T he  e x p e r i m e n t s  were  ca r r i ed  
o u t  in  d e s c e n d e n t  t ho rac i c  a o r t a  free of a d v e n t i t i a  in  ra ts ,  
guinea-pigs ,  r a b b i t s  a n d  pigs. T he  m a t e r i a l  was  w o r k e d  up  
i m m e d i a t e l y  a f t e r  k i l l ing  t h e  an imals .  P r o c e d u r e  A:  t h e  
s amples  of i n t a c t  t i s sue  were  i n c u b a t e d  for  30 m i n  a t  37 °C 
in  2.5 ml  of K r e b s  p h o s p h a t e  buf fe r  ( pH  7.4) w i t h  a l b u m i n  
25 m g / m l  m e d i u m  in  t h e  p resence  or  in  t h e  absence  of 
ho rmone .  Glycerol  re leased  f rom t he  e n d o g e n o u s  s u b s t r a t e  
to  t h e  m e d i u m  was e s t i m a t e d  a f t e r  t h e  end  of i n c u b a t i o n  
co lo r imet r i ca l ly  8. P r o c e d u r e  B :  t h e  samples  of t i s sue  
h o m o g e n a t e  ( s u p e r n a t a n t  o b t a i n e d  a f t e r  h o m o g e n i z a t i o n  
in  dis t iUed w a t e r  a n d  c e n t r i f u g a t i o n  a t  2000 g for  5 rain)  
were  p r e i n c u b a t e d  a t  37 °C for  10 m i n  in  2 m l  of bu f f e red  
m e d i u m  (pH 7.4) c o n t a i n i n g  80 IzEq. KCt  w i t h  or  w i t h o u t  
h o r m o n e .  A f t e r  10 m i n  p r e i n c u b a t i o n ,  5 ml  of t r i s t e a r i n  
emul s ion  (10-aM)  in buf fe red  m e d i u m  (pH 7.4) was  a d d e d  
a n d  i n c u b a t e d  w i t h  t i s sue  h o m o g e n a t e  for  30 m i n  a t  37 °C. 
Gtycero l  re leased  f r o m  t r i s t e a r i n  w as  e s t i m a t e d  coloN- 
m e t r i c a l l y  s. H o r m o n e s  a d d e d  to  t h e  m e d i a  were :  A C T H  
( S y n a e t h e n  Ciba), e p i n e p h r i n e  ( A d r e n a l i n  Spofa),  nor -  
e p i n e p h r i n e  ( N o r a d r e n a l i n  Spofa),  g lucagon  (Eli  Li l ly  Co.) 
a n d  insu l in  ( Insu l in  Spofa).  Bes ides  I n s u l i n  Spofa  also 
I n s u l i n  N o v o  free of g lucagon  was  used  a n d  t h e  resu l t s  in  
b o t h  cases d id  n o t  differ.  T h e  r e su l t s  were  expressed  in 
nmoles  of glycerol  r e l ea sed /mg  of we t  t i ssue  ( m e a n  =k S.E.),  
a n d  were s t a t i s t i ca l ly  e v a l u a t e d  b y  m e a n s  of t - test .  

Results  and  discussion.  T he  resu l t s  of all e x p e r i m e n t s  
showed  t he  p resence  of h o r m o n e - s e n s i t i v e  l ipase in  r a t  
ao r t i c  t i s sue  as well  as in  aor t i c  t i ssue  f rom pigs (Table) ,  
gu inea-p igs  a n d  r abb i t s .  W e  h a v e  f o u n d  ana log ica l  resu l t s  
w h e n  l ipolysis  was  m e a s u r e d  ind i r ec t ly  b y  glycerol  re leased  

v i t r o  in  A o r t i c  T i s s u e  of  E x p e r i m e n t a l  A n i m a l s  

f rom e n d o g e n o u s  s u b s t r a t e  as well  as w h e n  l ipase a c t i v i t y  
was  m e a s u r e d  b y  glycerol  re leased f rom exogenous  sub-  
s t r a t e  t r i s t e a r i n  (Table) .  I n  aor t i c  t i s sue  of a d u l t  a n i m a l s  
t h e r e  is a p p a r e n t l y  on ly  a v e r y  smal l  a m o u n t  of glycero-  
kinase ,  if any .  I t  is s u p p o r t e d  b y  i nd i r ec t  ev idence  o b t a i n e d  
in  e x p e r i m e n t s  whe re  5-AMP, a n  i n h i b i t o r  of glycero-  
k inase  9, was  a d d e d  to t h e  m e d i u m  w i t h  i n t a c t  t i s sue  a n d  
caused  in  1 0 - 3 M  c o n c e n t r a t i o n  no  s ign i f i can t  inc rease  of  
glycerol  e s t i m a t e d  in  t h e  m e d i u m .  Therefore ,  s imi la r ly  to  
ad ipose  t issue,  g lycerol  re leased f rom e n d o g e n o u s  or  
exogenous  s u b s t r a t e  was  p r o p o r t i o n a l  t o  l ipase a c t i v i t y .  

I n  guinea-pig ,  pig,  r a t  a n d  r a b b i t  ao r t i c  t i s sue  t h e  
r e su l t s  were  analogical .  H o w e v e r ,  t h e  bas ic  a c t i v i t y  of 
h o r m o n e - s e n s i t i v e  l ipase  in  r a t  ao r t i c  t i s sue  was  signifi-  
c a n t l y  h i g h e r  t h a n  in o t h e r  species s t ud i ed  (p < 0.01). 
"Whether  t h e  s ign i f i can t  d i f ferences  in  h o r m o n e - s e n s i t i v e  
l ipase  ac t iv i t i e s  of ao r t i c  t i s sue  of ra t ,  a n i m a l  r e s i s t a n t  to  
e x p e r i m e n t a l  a therosc le ros i s  a n d  o t h e r  species w h i c h  are  
sensi t ive ,  are  in  causa l  c o n n e c t i o n  to  p a t h o g e n e s i s  of 
a theroscleros is ,  however ,  is n o t  possible  to  decide  f rom 
these  in v i t r o  expe r imen t s .  

T h e  s t i m u l a t o r y  effects  of ACTH,  ep inephr ine ,  nor-  
e p i n e p h r i n e  a n d  g tucagon  on  ao r t i c  t i s sue  l ipase  a c t i v i t y  
were  ana logous  to  t hose  in ad ipose  t i s sue  ~-3. T h e  effect  of 
insul in,  on  t h e  o t h e r  h a n d ,  was  c o m p l e t e l y  d i f fe rent .  I n  
ao r t i c  t i ssue  of all  species s tud ied  insu l in  cons ide r ab ly  
s t i m u l a t e d  l ipase a c t i v i t y  w h e n  i t  was  a d d e d  to  i n t a c t  
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Fig. 1. Effect of insulin on rat  aortic tissue lipase. Procedure B 
(homogenate, substrate tristearin). White wide columns (A) control 
medium, (B) + ACTH 0.01 ~zg/ml, (C) + norepinephrine 10 ~xg/ml. 
Narrow columns: + insulin (I) 1 [zU/ml, (II) 10 I~Ujml, (III) 
100 ~U/ml, (IV) 1000 [xU/ml. 

Procedure A Procedure B 
(intact tissue, (homogenate, 
endogenous substrate 
substrate) tristearin) 

Control medium 2.1 ! 0.03 11.2 =[= 0.3 
+ epinephrine 10{zg]ml 4.9 ± 0.7~ 26.7 4- 3.8~ 
+ norepinephrine 10~g/ml 5.1 4- 0.8 ~ 33.1 ~ 4.0 b 
+ ACTH 0.01 ~g/ml 4.1 ± 0.5 • 27.4 4- 4.2 ~ 
+ glucagon 10 ~g/ml 6.7 4- 0.8 b 49.5 4- 5.4 b 
+ insulin l mU/ml 5.5 4- 0.4 b 42.6 4- 4.9 b 

p < 0.01, b p < 0.001, 
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t i ssue  as well as  to  t i s sue  h o m o g e n a t e  (Table) .  Moreover ,  
i n su l in  also p o t e n t i a t e d  t h e  s t i m u l a t o r y  effect  of  o t h e r  
l ipolyt ic  h o r m o n e s  (Figure  1). T h e  s t i m u l a t i o n  was  pro-  
p o r t i o n a l  to  insu l in  c o n c e n t r a t i o n  in t h e  m e d i u m  a n d  was  
d e m o n s t r a t e d  e v e n  in t h e  m i n u t e s t  doses  of i n su l in  
(1 ~U/ml). 

This  f i rs t  ev idence  of l ipo ly t ic  effect  of insu l in  supposes  
in  ao r t i c  t i s sue  q u i t e  d i f f e ren t  p rope r t i e s  of t i s sue  recep tor .  
The  d i f fe rence  of i n su l in  e f fec t  in  ad ipose  t i ssue  s a n d  in  
ao r t i c  t i s sue  c a n  cons i s t  e i t he r  in  d i f f e ren t  s t r u c t u r e  oI 
e n z y m e  molecule  i tself  or  in  i t s  d i f f e ren t  a c t i v a t i o n  s y s t e m  
or c o m b i n a t i o n  of bo th .  To cha r ac t e r i z e  h o r m o n e - s e n s i t i v e  
l ipase in aor t i c  t i s sue  we h a v e  used some s u b s t a n c e s  w h i c h  
are  k n o w n  to  i n h i b i t  h o r m o n e - s e n s i t i v e  l ipase  in r a t  
ad ipose  t i ssue  a, especia l ly  m o n o i o d a c e t i c  acid a n d  2- 
p ropano l ,  in  our  e x p e r i m e n t s  w i t h  r a t  aor t i c  t issue.  
F i g u r e  2 shows t he  m a r k e d  d i f ference  of aor t i c  t i s sue  
h o r m o n e - s e n s i t i v e  l ipase :  2 -p ropano l  as well  as m o n o -  
iodace t ic  acid d id  n o t  i n h i b i t  b u t  a c t i v a t e d  t h e  s tud ied  
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Fig. 2. Effect of inhibitors on rat aortic tissue lipase. Procedure B 
(homogenate, substrate tristearin). (A) control medium, (B) + mono- 
iodacetic acid 10-4M, (C) + 2-propanol 1%, (D) + NaF 2 x 10-*M, 
(E) + diethyl p-nitrophenyl phosphate 10-sM, (F) + eserine 10-~M. 

l ipase.  I n h i b i t i o n  w i t h  N a F  di f fered t h i s  e n z y m e  f r o m  
l i pop ro t e in  l ipase.  I t  seems the re fo re  t h a t  in  ao r t i c  t i s sue  
we are  dea l ing  w i t h  d i f f e ren t  h o r m o n e - s e n s i t i v e  l ipase  iso- 
enzyme .  T h e  nIode  of insu l in  a c t i o n  on  t h i s  l ipase  in  ao r t i c  
t issue,  howeve r ,  c a n n o t  b e  e v a l u a t e d  f rom these  exper i -  
m e n t s ,  a n d  wiII be  a n a l y z e d  in  a n o t h e r  pape r .  

F r o m  t h e  t heo re t i c a l  p o i n t  of v iew i t  is i m p o r t a n t  t h a t  
ao r t i c  t i s sue  is sens i t ive  to  a n u m b e r  of h o r m o n e s  inc lud ing  
insul in ,  a l t h o u g h  URRUTIA, BEAVAN a n d  CAHILL 1° a n d  
MULCAHY a n d  WINEGRAD 11 conc luded  t h a t  a o r t a  is n o t  
sens i t ive  to  insu l in  as  t h e y  f o u n d  no  p o t e n t i a t i o n  of glucose 
u p t a k e  a n d  m e t a b o l i s m  b y  insul in .  The  s t i m u l a t o r y  ef fec t  
of insu l in  on  aor t i c  t i s sue  l ipase r e p r e s e n t s  a p p a r e n t l y  
a n o t h e r  p r i m a r y  ef fec t  of insu l in  ~ 

Zusammen/assung. I n  de r  A o r t e n w a n d  y o n  R a t t e n ,  
Meerschweinchen ,  K a n i n c h e n  u n d  Schwe inen  wi rd  eine 
h o r m o n e m p f i n d l i c h e  L ipase  beschr ieben ,  die in v i t ro  d u r c h  
I42atecholamine, A C T H  u n d  G lucagon  bee in f lus s t  wird.  
Glucagonf re ies  I n s u l i n  wies  e ine deu t l i che  l ipo ly t i sche  
W i r k u n g  auf  u n d  u n t e r s c h i e d  s ich d a d u r c h  v o n d e r  Wir -  
k u n g  im Fe t t gewebe .  
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P o l y a m i n e s  a n d  N u c l e i c  A c i d s  i n  t h e  G r o w i n g  Y e a s t  

S p e r m i n e  a n d  s p e r m i d i n e  a re  wide ly  d i s t r i b u t e d  in 
a n i m a l  t i s sues  a n d  t h e i r  level  seems  to  be p a r t i c u l a r l y  h i g h  
in  t h o s e  o rgans  whe re  p r o t e i n  s y n t h e s i s  is more  a c t i v e L  I t  
h a s  also been  o b s e r v e d  t h a t ,  a t  l eas t  in  t h e  ch ick  e m b r y o ,  
t he  d e v e l o p m e n t a l  p a t t e r n  of nucle ic  acids  is s imi la r  to  
t h a t  of p o l y a m i n e s :  t he se  a p p e a r  a t  t h e  b e g i n n i n g  of t h e  
i n c u b a t i o n  a n d  r a p i d l y  increase  in  t h e  f i rs t  pe r iod  of 
d i f f e ren t i a t ion ,  w h e n  t h e  g r e a t e s t  morpho log ica l  changes  
a re  o b s e r v e d  ~. 

T h i s  s imi l a r i t y  sugges ted  t h e  ex i s t ence  of a co r r e l a t i on  
b e t w e e n  p o l y a m i n e s  a n d  nucle ic  acids,  a n d  r e c e n t  obser-  
v a t i o n s  seem to  c o n f i r m  th i s  poss ib i l i ty  3. 

P o l y a m i n e s  a re  also p r e s e n t  in  a v a r i e t y  of mic ro -  
o r g a n i s m s ;  for  some of t h e m ,  such  as  H. parain/luenzae, 
t h e y  r e p r e s e n t  a n  essent ia l  g r o w t h  f ac to r  4, for  o t h e r s  
( lactobacil l i )  t h e y  are  fac to rs  of ce l lu lar  s t i m u l a t i o n  ~. 

T h e  p resence  of spe rmine  a n d  s p e r m i d i n e  ha s  b e e n  
d e m o n s t r a t e d  also in  yeas t .  However ,  i t  is i n t e r e s t i n g  to  
no t e  t h a t  s p e r m i n e  can  i n h i b i t  t h e  g r o w t h  of va r i ous  t y p e s  
of yeas t ,  w h e n  p r e s e n t  a t  a d e q u a t e  c o n c e n t r a t i o n s  in  t h e  
cu l tu re  m e d i a  ~. 

All  these  o b s e r v a t i o n s  p r o m p t e d  us to  s t u d y  t he  level  of 
n a t u r a l  p o l y a m i n e s  a n d  of nucle ic  acids  in  yeas t ,  a t  va r i ous  
s tages  of ce l lu lar  g rowth .  

T h e  e x p e r i m e n t s  were p e r f o r m e d  w i t h  cells of S. cere- 
visiae ( s t ra in  F l e i s h m a n  ATCC 7754), cu l t u r ed  in  l iqu id  

b r o t h  acco rd ing  to  KLEIN 7 in a 30-1 glass s h a k e - f e r m e n t o r .  
Ai r  f low r a t e  was  3 I /min .  

Samples  c o n t a i n i n g  a n  iden t i ca l  n u m b e r  of cells were  
t a k e n  a f t e r  d i f f e ren t  t i m e  per iods ,  cooled a t  0 °C, cen t r i -  
fuged a t  18,000 r p m  a n d  Iyophyl ized .  

T h e  d r y  p o w d e r  was  e x t r a c t e d  w i t h  0.1 N HC1 a n d  t h e n  
w i t h  N - b u t a n o l .  T h e  b u t a n o l  e x t r a c t  was  dr ied  a n d  dis-  
so lved  in  0 . 1 N  HC1, a n d  t h e  p o l y a m i n e s  were  s e p a r a t e d  
b y  e lec t rophores i s ,  as  desc r ibed  b y  RAINA s, us ing  a c i t r ic  
ac id - sod ium h y d r o x i d e  buf fe r  a t  p H  3.5. S p e r m i n e  a n d  
s p e r m i d i n e  were  s t a ined  w i t h  n i n h y d r i n  a n d  t h e  op t i ca l  
d e n s i t y  of e lua tes  was  m e a s u r e d  a t  505 n m .  
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