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Table II. Cholesterol esterification activity in rat pancreas 

Group Palmitic Stearie Oleie Linoleie Arachidonie 

10% Safflower oil 35.2 38.0 980.0 773.0 575.0 
20% Safflower oil 41.2 45.0 1156.0  820.0 597.0 
30~ Safflower oil 44.6 46.4 1158.0  924.0 758.0 
50~ Safflower oil 46.0 46.4 1094.0 864.0 652.0 
10% Lard 48.2 52.0 1223.0  806.0 581.0 
20~ Lard 48.6 48.6 1318.0  924.0 724.0 
30~ Lard 50.0 50.0 1313.0  912.0 768.0 
50% Lard 48.1 49.3 1106.0 877.0 697.0 

The values are expressed as nlnoles of cholesterol esterified/mg pro- 
tein/h. The enzyme assay system is the same as in Table I, except 
that 10 mg of pancreatic powder corresponding to 3 mg protein was 
used as the enzyme source. 

w i th  pa lmi t i c  or s tear ic  acid. A progress ive  increase  is 
no t iced  for u n s a t u r a t e d  f a t t y  acids ;  the  more  t he  doub le  
bonds ,  the  g rea te r  t he  e n z y m e  ac t iv i ty .  The re  is a s l igh t  
increase  in t h e  choles terol  es te r i f ica t ion  ac t iv i t ies  as t h e  
a m o u n t  of d i e t a r y  fa t  is inc reased  f rom 10% to  30% in 
b o t h  oil groups .  E x c e p t i o n s  are seen in t h e  20% fa t - fed  
g roups  w i th  r e spec t  to Cis: 1- T h e  a c t i v i t y  f o u n d  is s l i gh t ly  
g rea t e r  for  lard g roups  t h a n  for t h e  saf f lower  oil g roups  
w h e n  i n c u b a t e d  w i t h  C16, Cls:l, C18 a n d  C20:4. W i t h  Cls:~ a 
s l igh t  decrease  is no t iced  in t he  lard g roups  c o m p a r e d  to 
t he  saff lower seed oil g roups ,  excep t  w h e n  t he  r a t s  are 
on 10% fat .  Since the  es te r i f ica t ion  of choles terol  is h ighe r  

w i th  u n s a t u r a t e d  f a t t y  acids, a n d  since, as is well know n ,  
t he  m a j o r i t y  of t h e  choles terol  is ester if ied d u r i n g  ab-  
sorp t ion ,  t he  p r e s e n t  work  s u p p o r t s  t he  v iew t h a t  un -  
s a t u r a t e d  f a t t y  acids  e n h a n c e  choles terol  absorp t ion .  On 
t he  o the r  ha nd ,  t he  r e su l t s  show  li t t le  es te r i f i ca t ion  
a c t i v i t y  w h e n  t he  i n t e s t i na l  e n z y m e s  are i n c u b a t e d  w i th  
s a t u r a t e d  f a t t y  acids.  The  d i e t a ry  fa t s  do n o t  s e e m  to 
c ha nge  t he  es te r i fy ing  c a p a c i t y  of t he  in tes t ines .  Th i s  is in 
a g r e e m e n t  w i th  t he  f ind ings  of MURTHY et  al. 10 who  
obse rved  no c h a n g e  in t he  es te r i fy ing  a c t i v i t y  of t he  
i n t e s t i ne s  as a r e su l t  of c h a n g e  ill d i e t a ry  fa t  g iven  a t  a 
level of 10%.  

T h e  pa nc re a t i c  e n z y m e s ,  like t h e  i n t e s t i na l  ones,  
es te r i fy  t h e  choles tero l  p re fe ren t ia l ly  wi th  u n s a t u r a t e d  
f a t t y  acids  (Table II). The  es ter i f ica t ion  is s l igh t ly  g rea te r  
w i th  C, s t h a n  w i t h  C16 in all t he  g roups  of ra ts .  M a x i m u m  
a c t i v i t y  is r eached  w h e n  t h e  e n z y m e s  are i n c u b a t e d  w i t h  
Cls:V Th i s  is in c o n t r a s t  to t he  e n z y m e  speci f ic i ty  seen  in 
t he  in tes t ines .  Th i s  speci f ic i ty  for f a t t y  acids  con f i rms  
t he  concep t  t h a t  t he  pa nc re a t i c  choles terol  e s te r i fy ing  
e n z y m e s  are d i f fe ren t  f r om the  i n t e s t i na l  ones.  I n  pa n -  
creas  also, a s l igh t  increase  in t he  es ter i f ica t ion  ac t iv i t i es  
is obse rved  as t he  a m o u n t  of t he  d i e t a ry  f a t  increases  f r om 
10% to  30%.  The  choles terol  es te r i f ica t ion  ac t iv i t ies  of all 
f a t t y  ac ids  are g rea t e r  in r a t s  fed lard d ie t s  t h a n  saff lower  
seed oil diets .  Th i s  a c t i v i t y  is s ign i f ican t ly  h ighe r  in the  
pa nc re a se  t h a n  in the  i n t e s t i ne s  - 3.5 to 5 t i m e s  w i t h  
r e spe c t  to  C~6 a n d  Cls, 20 t i m e s  w i t h  C18:~ a n d  12-14  
t i m e s  w i th  C20:4. 
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Summary. Th e  gene t i ca l l y  d i abe t i c  and  obese db/db mice r e sponde d  l ipolyt ical ly  to i sopro te renol  a n d  p roprano lo l  
s imi la r ly  to n o r m a l  mice  in vivo.  However ,  cons ider ing  t he  large a m o u n t  of t r ig lycer ide  in a db/db mouse ,  we conclude  
t h a t  the  in v ivo  response  of db/db adipose  t i s s u e  is def ic ient  in m a g n i t u d e .  

M a n y  in v i t ro  s tud ies  h a v e  shown  t h a t  the  ad ipose  
t i s sue  of genet ic  obese mice  (ob/ob, db/db, AvY/a, Ay/a) 
does n o t  r e spond  to l ipolyt ic  agen ts ,  especia l ly  ca techol -  
amines ,  so well as t h a t  of n o r m a l  mice  1-~. The  m a j o r  
imp l i ca t i on  of t hese  o b s e r v a t i o n s  is t h a t  t he  obes i ty  of 
t hese  mice  is caused  b y  a defec t ive  l ipolyt ic  m e c h a n i s m .  
However ,  ABRAHA~ et  al. 4 f ound  t h a t  ob/ob mice r e spond-  
ed to  c a t e c h o l a m i n e s  in vivo.  In  t h a t  s t udy ,  t he  ob/ob 
mice  were of a s t r a in  b a c k g r o u n d  5 d i f fe ren t  f r om t h a t  of 
C 57BL/6 J  on wh ich  m o s t  of t he  in v i t ro  s tud ie s  were 
based.  Th e  p h e n o t y p i c  express ions  of the  obese gene a nd  
t h e  diabetes gene are a f fec ted  b y  t he  s t r a in  genome6-S.  I t  
is there fore  d i f f icul t  to  c o m p a r e  t h e  r e su l t s  of ABRAHAM 
et  al. 4 w i t h  t h e  r e su l t s  ob t a ined  in v i t ro  because  of t he  
di f ference in t h e  s t r a in  b a c k g r o u n d .  In  th i s  s t u d y ,  we 
i n v e s t i g a t e d  t h e  in v ivo  r e sponse  of db/db mice to  iso- 
proterenol .  T h e  mice  we used  were of the  s a m e  s t r a i n  
b a c k g r o u n d  as those  we used  in p rev ious  in v i t ro  s tud ie s  1 
so t h a t  u n e q u i v o c a l  c o m p a r i s o n s  could be m a d e  be tw e e n  
t he  in v ivo  an d  t h e  in v i t ro  da ta .  

Materials and methods. Genet ic  d iabe t ic  and  co rpu len t  
db/db mice a n d  lean mice (db+/db+ normals )  of t he  
C 5 7 B L / K s J  s t r a i n  were o b t a i n e d  f rom the  J a c k s o n  

L a b o r a t o r y ,  Ba r  Harbor ,  Maine.  The  a n i m a l s  used  were 
2 to 4 m o n t h s  of age. T h e y  were house d  in g roups  of 3 in 
f i l te r -capped,  t r a n s p a r e n t  p las t ic  b reed ing  cages m a i n -  
t a i ne d  a t  a b o u t  25 ~ w i t h  l ights  on f rom 06.00 h to 18.00 
h. T h e  mice  were al lowed a t  leas t  1 week  to be c ome  
a c c l ima t e d  to our  a n i m a l  room.  P u r i n a  L a b o r a t o r y  Chow 
a nd  w a t e r  were ava i lab le  ad  l ib i tum.  

* Reprint requests should be addressed to: Dr.T.T.  YEN, Biologi- 
cal Research Div., Lilly Research Labs., Indianapolis, Ind. 
46206, USA. 
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Blood samples  (about  150 ~1) were collected f rom the  
tai l  in hepar in ized  h e m a t o c r i t  capi l lary tubes  which  were 
t h e n  cent r i fuged a t  4~ in an In t e rna t iona l  H e m a t o c r i t  
Centrifuge.  A single blood sample  was taken  f rom each 
mouse af ter  each inject ion.  The t ime  required to collect 
the  blood sample  was 1-2 min.  All mice were bled be tween  
08.30 h and  12.00 h;  no mouse  was t r ea t ed  more  of ten  
t h a n  3 t imes  a week. P l a sma  samples  of 50 ~xl were assayed 
for free f a t t y  acid (FFA) concen t ra t ion  by  the  m e t h o d  of 
FALHOLT et a12, using oleic acid as a s t andard .  

I sopro terenol  solut ions in saline were p repa red  jus t  
pr ior  to  s.c. inject ion.  I sopro terenol  hydrochlor ide  was 
ob ta ined  f rom Eli  Lilly and  Company  and  propranolol  
f rom Ayers t  Laborator ies .  

Results and discussion. The response  of db/db and db+/ 
db+ mice to 0.5 mg/kg  isoproterenol ,  s.c. over  60 rain af ter  
inject ion is shown in Figure  1. On an ml p lasma  basis,  
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Fig. 1. A comparison of time course of plasma FFA level between 
db/db and normal mice after isoproterenol, 0,5 mg/kg, s.c. The values 
for each point are mean d_ SE from 6 animals. The db/db values on 
the curve are from mice of 40 to 50 g body weight. Their levels at 
30, 45 and 60 inin were significantly different from the levels of lean 
mice at corresponding times (p < 0.005). The single value at 45 niin 
is from db/db mice of about 24 g body weight; their FFA level was 
not significantly different from the level of lean mice at the same 
time (0.10 > p > 0.05). 
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Fig. 2. Effect of propranolol on isoproterenol-stimulated lipolysis. 
Propranolol was given s.c. 30 or 45 inin before isoproterenol. Iso- 
proterenol doses were all 0.5 mg/kg, s.c. Blood was sampled by tail 
bleeding 5 min after isoproterenol injection. Values are mean =t- 
SE. N is noted within each bar. 

F F A  levels of db/db mice were equal to those  of no rma l  
mice a t  t he  peak  response  t ime  bu t  h igher  t h a n  those  of 
normal  mice af ter  the  peak.  The slow decay  of p l a sma  
F F A  in db/db mice could resul t  f rom:  1. a longer response  
due to the  abundance  of subs t ra te  t r ig lycer ide  ; 2. a longer  
response  due to  t he  slower degrada t ion  of i soproterenol  
in the  large mass of adipose t issue;  3. a s lower release of 
F F A  f rom the  larger mass  of adipose t issue;  and /o r  4. a 
slower clearance of F F A  from the  plasma,  which is gov-  
erned b y  the  ra te  of ox ida t ion  of F F A  in various t issues 
and the  ra te  of re-es ter i f icat ion of F F A  in liver and  in 
adipose tissue. The single value a t  45 rain in F igure  1 
which is no t  pa r t  of the  t ime  s tudy  is f rom db/db mice t h a t  
had  no t  developed over t  obesi ty.  T h a t  value is no t  signif- 
i can t ly  d i f ferent  f rom the  p lasma F F A  concen t ra t ion  of 
db+/db + mice at  t he  same t ime,  suggest ing t h a t  the  slow 
decay of p lasma F F A  in corpulent  db/db mice m a y  be 
re la ted to the i r  excessive adiposi ty .  By  giving a f ixed 
dose (0.5 mg) of ep inephr ine  to  people  of d i f ferent  weights  
f rom norma l  to ve ry  obese, PORTUGAL-ALVAREZ et  al. 1~ 
have  also observed a more  prolonged l ipolytic response  in 
obese subjects .  

The response  of db/db mice to propranolo l  is s imilar  to 
t h a t  of normal  mice. Propranolol ,  an ant i - l ipolyt ic ,  fi- 
adrenergic  blocker,  given a t  20 mg/kg,  s.c., 30 or 40 min  
pr ior  to  i soproterenol  blocked mos t  of t he  response  of 
b o t h  db/db and no rma l  mice to isoproterenol  (Figure 2). 

Our isoproterenol  da t a  on db/db mice agree wi th  those  
of ABRAHAM et al. 4 on. the  noradrena l ine  response  of ob/ob 
mice in t h a t  b o t h  db/db mice and ob/ob mice def ini te ly  
respond to  ca techolamines  in vivo. However ,  we do no t  
believe t h a t  the  in. vivo da t a  are in con t rad ic t ion  to t he  in 
vi t ro  da ta ,  which show very  l i t t le response  of the  adipose 
tissue of these  mice to ca techolamines  1-3. These corpulen t  
mice con ta in  f rom 42% (for an ob/ob mouse) to 56% (for 
a db/db mouse) of the i r  b o d y  weight  as t r ig lycer ide  whereas  
normal  mice of the  same s t ra ins  have  only 12-14% of the i r  
body  weight  in t r iglycer ide (unpublished).  A fa t  mouse  t h a t  
weighs 50 g has 25 g of t r iglycer ide and a normal  mouse  
t h a t  weighs 25 g has  only  abou t  3 g of t r iglyceride.  The 
blood volume of a fa t  mouse  does no t  increase propor-  
t iona te ly  wi th  its weight .  An ob/ob mouse or a db/db mouse 
t h a t  weighs 50 g has  2.7 ml  of blood and  a normal  mouse  
t h a t  weighs 25 g has  2.1 ml  of blood 11. Therefore,  the  
t r ig lycer ide/blood volume rat io is 25 g/2.7 ml = 9 g / m l  for 
a fa t  mouse  and 3 g/2,1 ml  = 1.4 g/ml  for a normal  mouse.  
In  o ther  words,  if the  t issue of a fa t  mouse  responded  to  a 
l ipolytic agen t  to t he  same ex t en t  as a no rma l  mouse,  the  
p lasma  F F A  level of a fa t  mouse would be ap p ro x i ma t e ly  
6.5 t imes  (9/1.4) t h a t  of a normal  mouse.  In  th is  s tudy,  we 
observed the  same peak  response f rom db/db m i c e  and 
f rom norma l  mice (Figure 1). Assuming  t h a t  the  slower 
decay  of p lasma F F A  in db/db mice is en t i re ly  due to a 
longer and  con t inued  response  because of t he  abundance  
of subs t ra te- t r ig lycer ide ,  and has no th ing  to do w i t h  a 
slower clearance,  one could then  in tegra te  the  area under  
the  t ime  curve as an express ion of t o t a l  F F A  released 
dur ing  t h a t  t ime  period.  W i t h  t h a t  k ind  of m a x i m u m  
es t imate ,  the  concen t ra t ion  of p la sma  F F A  in db/db mice 
is only  1.5 t imes  t h a t  of normal  mice. We would thus  
conclude t h a t  b o t h  in vivo and in vi t ro  d a t a  indicate  t h a t  
db/db mice, and for t h a t  mat te r ,  ob/ob mice also, are quan-  
t i t a t ive ly  bu t  n o t  qua l i ta t ive ly  def ic ient  in lipolysis. 
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