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CuSO4, 10 ~zmol of sodium fumara te ,  10 vmol  of ascorbic 
acid, 1 ~mol of pargyl ine ,  1500 uni ts  (50 ~zg) of catalase,  
and 20 ~zmol of t y r a m i n e  hydrochlor ide .  Incuba t ion  was 
carr ied ou t  a t  37 ~ for 45 rain. A sample  of di luted p lasma 
boiled a t  95 ~ for 5 min  was used for b lank  incubat ion.  

Changes  in se rum D B H  ac t iv i ty  dur ing deve lopmen t  
of J apanese  monkeys  (Macaea/uscata/uscata) are shown 
in the  Figure.  P l a sma  D B H  ac t iv i ty  in young Japanese  
monkeys  a t  3 m o n t h s  a f te r  b i r th  was ve ry  low, bu t  in- 
creased gradual ly  dur ing  deve lopmen t  to  the  adul t  level 
(0.59 n m o l / m i n / m l  plasma),  and the  deve lopmen ta l  
changes  were paral lel  to those  of body  weight .  These 
deve lopmen ta l  changes  in monkey  p lasma D B H  ac t iv i ty  
are similar  to those in h u m a n  beings. 

P lasma  D B H  ac t iv i ty  in var ious  species of adul t  mon-  
keys, i.e., ch impanzee  ( P a n  troglodytes), h a m a d r i a d  
baboon  (Papio hamadryas), and  th ick- ta i led  galago 
(Galago crassicaudatus) were:  0.05, 0.05 and 0.08 nmol /  
min /ml  plasma,  respect ively .  Therefore,  the  act ivi t ies  are 
di f ferent  among  var ious  m o n k e y  species regardless of t he  
difference in the i r  pos ture ,  and  d is t inc t ly  lower t han  those  
of h u m a n  beings (mean value,  43 nmol /min /ml  se rum or 
p lasma 4). 

I t  is concluded t h a t  a l though  deve lopmen ta l  changes  
in p lasma D B H  ac t iv i ty  of monkeys  are similar  to those  
of h u m a n  beings, the  enzyme ac t iv i ty  in p lasma  of various 
species of adul t  monkeys  is m u c h  lower t h a n  t h a t  of hu-  
man  beings. 
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Summary. Cholesterol  ester i f icat ion act ivi t ies  in in tes t ines  and pancreas  are m u c h  greater  w i th  unsa tu r a t ed  f a t t y  acids 
t h a n  wi th  the  s a tu ra t ed  ones;  the  m a x i m u m  ac t iv i ty  is w i th  arachidonic  acid in in tes t ines  and wi th  oleic acid in pan-  
creas. The pancrea t i c  cholesterol  ester i f icat ion ac t iv i ty  is h igher  t han  the  in tes t ina l  one. 

In  biological sys tems,  there  are a t  least  th ree  d i f ferent  
mechan i sms  for the  cholesterol  es terf icat ion activi t ies.  
The es ter i f ica t ion react ion tak ing  place in incuba ted  
se rum is due to  a t ranses te rase  which does no t  require  
any  cofactor  for its act ivi ty~ a. This enzyme has  a specifi-  
c i ty  for f a t t y  acids charac ter i s t ic  of the  normal  p a t t e r n  of 
cholesterol  esters.  The l iver is suggested as the  source of 
the  p l a sma  enzymes.  Cont ra ry  to  the  above mechanism,  
cholesterol  es ter i f icat ion in the  liver involves the  presence  
of CoA, ATP,  etc. as cofactors  4,5. This enzyme has been  
shown to be a f a t t y  acyl-CoA-cholesterol  acyl t ransferase .  
In  a th i rd  mechanism,  the  a p p a r e n t  d i rect  react ion of 
free cholesterol  w i th  free f a t t y  acid seems to be respon-  
sible for cholesterol  es ter  synthes is  in bo th  the  pancreas  
and the  in tes t ines  6, 7. This react ion has been s tudied  wi th  
h ighly  purif ied enzyme sys tems  and cer ta in ly  does no t  
proceed  t h rough  the  fo rma t ion  of a f a t t y  acyl CoA inter-  
media te ,  In  the  p resen t  paper ,  the  effects of two d ie ta ry  
fa ts  on cholesterol  ester i f icat ion act ivi t ies  ill the  in tes t ines  
and  pancreas  are discussed. 

Table 1. Cholesterol esterification activity in rat intestines 

Group Palmitic Stearic Oleic Linoleie Araehidonic 

Materials and methods. 8 groups of 5 weanl ing male  
albino ra ts  were fed saff lower seed oil (highly unsa tu r a t ed  
vegetable  oil) or lard (animal fat) a t  10, 20, 30 and 50% of 
their  to ta l  calorie intake.  The to ta l  calorie in take  was kep t  
cons tant .  The ra ts  were sacrificed a t  the  end of an 8-week 
exper imenta l  per iod and cholesterol  ester i f icat ion act ivi t ies  
in the  in tes t ines  and  pancreas  de te rmined  by  the  m e t h o d  
of MURTHY et  al.L In tes t ines  and pancreas  were cut  and  
washed wi th  ice-cold saline to remove  food particles.  They  
were pressed on f i l ter  paper  and placed in --15 ~ acetone.  
Acetone-dr ied powder  was p repa red  by  grinding the  t is-  
sues in 10 volumes of ace tone  precooled to --15~ The 
powder  was suspended  in dist i l led wa te r  (1 g/10 ml) for 
1 h and cent r i fuged at  10,000 g for 10 min (0 5~ and  
the  clear s u p e r n a t a n t  was used as the  enzyme source. 
In tes t ina l  and pancrea t ic  enzyme  assays were carried ou t  
a t  37~ in a metabol ic  shaker  for 1 h and 30 min respec-  
t ively.  Reac t ions  were t e r m i n a t e d  by  adding  5 ml  e thanol  
to the  sys t em and  to ta l  and  free cholesterol  de t e rmined  
before and af ter  the  i ncuba t ion  per iod s . P ro te in  was  
de t e rmined  by  the  m e t h o d  of GORNALL et  al.L 

Resulls and discussion. I t  is clear  (Table I) t h a t  t he  
process of es ter i f icat ion in in tes t ines  is much  greater  in t he  
presence of u n s a t u r a t e d  f a t t y  acids t h a n  of s a t u r a t e d  
ones. The enzyme  ac t iv i ty  is the  same when  i ncuba t ed  

10% Safflower oil 6.8 6.6 48.5 61.6 81.2 
20% Safflower oil 7.8 7.8 41.4 69.3 85.1 
30% Safflower oil 9.8 10.4 46.0 72.0 86.8 
50% Safflower oil 8.0 9.0 50.4 70.4 84.8 
10% Lard 10.0 9.4 53.3 67.4 86.0 
20% Lard 10.0 9.4 50.0 66.0 86.4 
30% Lard 12.4 12.4 52.0 70.8 88.0 
50% Lard 10.1 10.7 49.6 68.5 83.5 

The values are expressed as nrnoles of cholesterol esterified/mg 
protein/h. The enzyme assay system contained in a total volume of 
5 nil: 25 lug of intestinal powder corresponding to 8 mg protein, 
potassium phosphate buffer 0.1 M, pH 6.1, 3 ml, sodimn taurocholate 
25 rag, cholesterol 5 ~xmoles and fatty acid 10 gmoles. 
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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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