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E f f e c t  o f  B o d y  W e i g h t  o n  Free Fatty Acid Release 
b y  A d i p o s e  T i s s u e  i n  v i t r o  ~ 

Recogni t ion  of t he  metabol ic  i m p o r t a n c e  of a lbumin  
bound  free f a t t y  acids (FFA) con t r i bu t ed  ex tens ive ly  
to  our  u n d e r s t a n d i n g  of fa t  me tabo l i sm.  I t  has  been  
d e m o n s t r a t e d  t h a t  free f a t t y  acids h a v e  a v e r y  fas t  
t u r n o v e r  ra te  in  t he  m a m m a l i a n  b o d y  and  t h e y  can serve 
as ene rgy  sources for  such  v i ta l  organs  as the  hear t ,  
liver, etc. z. Adipose  t issue is an  act ive  suppl ie r  of F F A  
bo th  i n  vivo 3-5 and  i n  vitroS, L H o r m o n a l  inf luences on 
F F A  release h a v e  been  ex tens ive ly  s tud ied ,  pa r t i cu la r ly  
in  vitro, using the  ep id idymal  fa t  p a d  of t he  ra t .  Ep ine -  
phr ine ,  norep inephr ine ,  ACTH,  and  g rowth  h o r m o n e  s -n ,  
s t imula te ,  while  insul in inhib i t s  F F A  release f rom 
adipose t issue x2-~4. 

The  p r e s e n t  p a p e r  r epo r t s  an a t t e m p t  to  s t u d y  release 
of F F A  b y  adipose  t issues  of growing,  g rown a n d  aged 
ra ts  and  to  corre la te  t he  weigh t  of an imals  w i th  F F A  
release f rom the i r  adipose  t issue in  vitro. 

Mater ia l s  and  M e t h o d s .  The male,  a lbino ra ts  of the  
W i s t a r  s t r a in  used in these  s tudies ,  were  d iv ided  in to  
th ree  groups :  Young,  r ap id ly  growing an imals  weighing 
less t h a n  100 g, w i t h  an  a p p r o x i m a t e  age of 5-40 days  
(Group 1), m a t u r e  ra t s  weighing 180-300 g, w i t h  an 
a p p r o x i m a t e  age of 80-120 d a y s  (Group 2), and  old 
animals  weighing  380-500 g, wi th  an  age- range  of 5-16 
mon ths ,  t he  m a j o r i t y  being 14-16 m o n t h s  old (Group 3). 
The an imals  were  k e p t  on an  ad l ib i tum diet .  18 h before 
the  beg inn ing  of t he  e x p e r i m e n t s  all food was  r e m o v e d  
f rom the  cages. Adipose  t i ssue  samples  were  ob ta ined  
unde r  e t h e r  anes thes ia ,  f rom the  ep id idymal  fa t  pad,  t he  
pe r i rena l  region,  or t he  mesen te ry .  The t issues were 
r emoved ,  r insed w i t h  saline and  wi th  1% solu t ion  of 
bovine  se rum a lbumin  and  were  i ncuba t ed  in 5 ml  incu- 
ba t ion  m e d i u m  (5% bovine  se rum a lbumin  in Krebs -  
R inger  p h o s p h a t e  buffer  a t  p H  7.3-7.4) for 3 h according 
to  t he  m e t h o d  of GORDON a n d  CHERKES 6. The  incuba t ion  
m e d i u m  had  a concen t r a t i on  of a b o u t  0.5 m E q / 1  of F F A .  
At  t he  end  of t he  e x p e r i m e n t  t he  t issues were  b lo t t e d  
wi th  f i l ter  p a p e r  and  weighed.  Only  por t ions  of the  
ep id idym~l  pads  were  used.  The i r  we igh t  r anged  f rom 
0.0039 to  0.2315 g in an imals  of Group  1 f rom 0.0075 to  
0.6263 g in Group  2, and  f rom 0.008 to  0.2727 g in Group 3. 
In  e x p e r i m e n t s  des igned to  s t u d y  the  effect  of epine-  
phr ine  b o t h  the  t r e a t e d  and  con t ro l  t issues were  t a k e n  
f rom t h e  same animals .  F F A  was d e t e r m i n e d  by  DOLE'S 
m e t h o d  ~a, t r ig lycer ides  by  the  m e t h o d  of VAN HANDEL 
and ZILVERGMIT 16. 

Results .  Table  I compares  t he  3 groups  of ra t s  wi th  
regard  to  ep id idymal  F F A  release in absence  or presence  
of ep inephr ine  and  to  mesen te r i e  and  per i rena l  adipose 
t issue release. Release  of ep id idyma l  adipose  t i ssue  was 
s igni f icant ly  h igher  (p<: 0.001) in Group  1 t h a n  in e i ther  
Group 2 or 3. No s igni f icant  difference ex is ted  be tween  
Group 2 and  3. Add i t i on  of ep inephr ine  (0.005 mg) to  the  
incuba t ion  m e d i u m  increased  the  release of F F A  f rom the  
ep id idymal  adipose  t issue in all 3 groups.  The release was 
s ignif icant ly  h igher  (p <: 0.001) in Group i t h a n  in 
Group 2 or 3. However ,  Group  3 showed  s ignif icant ly  
(p < 0001) h igher  relase t h a n  Group 2. 

Mesenter ic  adipose  t i ssue  t a k e n  f rom Group 1 r a t s  
re leased s igni f icant ly  (p < 0.001) more  F F A  t h a n  e i ther  
Group 2 or 3. No s ignif icant  difference was  found  be tween  
Group 2 and  3. 

S t u d y  of F F A  release b y  per i renal  adipose t issue was 
also carr ied out ,  b u t  due  to  t he  sca rc i ty  of th is  t issue in 
v e r y  y o u n g  animals ,  only  t issues f rom Group 2 could 
be c o m p a r e d  w i t h  those  f rom Group 3. No s ignif icant  
difference was  found  b e tween  these  2 groups.  

The F F A  c o n t e n t  of t he  t issues was  no t  s igni f icant ly  
d i f fe rent  in t he  var ious  groups  e i ther  before,  or af ter  
incuba t ion  (Table 2). The  t r ig lycer ide  c o n t e n t  was lowest  
in fat  pads  of an imals  in Group 1, cons ide rab ly  h igher  

Tab. I. Release of FFA by adipose tissue in rats of different weights 

Group 1 Group 2 Group 3 

Weight in g -~ 1O0 180-300 380-500 
Age, days 15-40 80-120 150-480 
FFA releaser 24.76 + 3.63 b 4.77 -~- 0.57 6.5 q- 0.91 
(~Eq/g/h) (20) e (12) (18) 
FFA release after epi- 45.59 :[: 7.68 10.54 + 0.98 20.81 + 2.38 
nephrine • ([~Eq/g/h) (14) (6) (17) 
FFA release by mes- 32.73 -4- 10.45 4.3 -4- 0.82 10.82 ± 6.16 
enteric adipose tissue (12) (11) (6) 
(g.Eq/g/h) 
FFA release by peri- - -  5.85 hi: 0.65 5.56 ~- 2.21 
renal adipose tissue (12) (5) 
([/.Eq/g/h) 

Epididymal fat pad. b Standard error. ¢ No. of animals. 

Tab. II. Tissue FFA, triglyceride and nitrogen content in rats of 
different weights 

Group 1 Group 2 Group 3 

Weight in g ~ 100 180-300 380-500 
Age, days 15--40 80-120 150-480 
Tissue FFA 20.14 -4- 2.24 b 19.48 -4- 0.97 20.22 4- 2.22 
before incubatiou a (17) e (12) (21) 
(p~EqJg) 
Tissue FFA 29.9 4- 4.51 - -  31.42 q- 6.82 
after incubation • (11) (13) 
(tzEqlg) 
Tissue triglyceride 184.65 4- 31.6 583.0 :~: 29.46 845.51 :~: 18.13 
before incubation a (20) (12) (20) 
(mg~g) 
Tissue nitrogen 11.18 ~ 1.35 5.10 4- 0.54 3.67 :[: 0.51 
before incubation a (11) (12) (14) 
(rag/g) 

Epididymal fat pad. b Standard error, e No. of animals. 
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in  G r o u p  2, a n d  h i g h e s t  in  G r o u p  3. These  d i f ferences  
b e t w e e n  t h e  g roups  were  h i g h l y  s ign i f i can t  (p < 0.001). 
T h e  n i t r o g e n  c o n t e n t  on  t h e  o t h e r  h a n d ,  was  s ign i f i can t ly  
h i g h e r  (p < 0.001) in  G r o u p  1 t h a n  in  G r o u p  2 or  G r o u p  3. 
T h e  d i f ference  b e t w e e n  t h e  l a t t e r  2 g roups  was  n o t  s igni-  
f icant .  

Discussion. The  younges t ,  m o s t  r a p i d l y  g rowing  r a t s  
re leased t he  m o s t  F F A  pe r  u n i t  w e i g h t  of t he  t i ssue  in 
vitro. The  n i t rogen  c o n t e n t  pe r  u n i t  w e i g h t  was  also t h e  
h ighes t  in  th i s  group.  T he  di f ference b e t w e e n  t he  g roups  
was m u c h  less s t r i k ing  if re lease of F F A  was  expressed  
pe r  n i t r ogen  c o n t e n t  of t h e  t issue.  Tissue  t r ig lycer ide  
c o n t e n t  was  h i g h e s t  in t h e  o ldes t  g roup  a n d  lowest  in  
t he  y o u n g e s t  group.  These  d i f ferences  b e c a m e  m u c h  
more  m a r k e d  w h e n  expressed  pe r  n i t r o g e n  c o n t e n t  of 
t h e  t issue.  Since F F A  release b y  ad ipose  t i s sue  is u n d e r  
t he  in f luence  of t i ssue  lipases,  i t  could  be  a s s u m e d  t h a t  
e i t he r  c o n c e n t r a t i o n  a n d / o r  a c t i v i t y  of t he se  l ipases  was 
g r e a t e r  in  t h e  y o u n g e r  a n i m a l s  t h a n  in  t h e  o lder  ones.  

I t  is n o t  c lear  a t  t h e  p r e s e n t  t ime ,  w h a t  b e a r i n g  these  
f ind ings  h a v e  on  in vivo condi t ions .  I t  m i g h t  be  specu la t ed  
t h a t  t h e r e  is a r e l a t i ons h i p  b e t w e e n  more  e x t e n s i v e  
a c c u m u l a t i o n  of  ad ipose  t i ssue  w i t h  a d v a n c i n g  age a n d  
t he  decreased  release of F F A  f rom t he  ad ipose  t issue.  

I t  m i g h t  also be  sugges ted  t h a t  t h e  y o u n g  r ap i d ly  
g rowing  r a t s  h a v e  a n  a b u n d a n t  s u p p l y  of g r o w t h  h o r m o n e  
w h i c h  could  be  respons ib le  for  t he  increased  release a n d  

decreased  a c c u m u l a t i o n  of F F A ,  b u t  t h i s  c a n n o t  be  
d e t e r m i n e d  w i t h  p r e s e n t l y  ava i l ab l e  i n fo rma t ion .  F ina l ly ,  
i t  h a s  b e e n  observedX~ t h a t  t i s sues  f rom y o u n g  a n i m a l s  
a re  more  r e spons ive  to  t h e  m e t a b o l i c  effects  of insu l in  
t h a n  t i s sues  r e m o v e d  f rom older  ra ts .  T h e  connec t ion ,  
if a n y  b e t w e e n  t h i s  f ind ing  a n d  t he  p r e s e n t l y  r e p o r t e d  
o b s e r v a t i o n s  h a s  n o t  been  clar if ied.  

Zusammenfassung. Die A b s o n d e r u n g  freier  Fe t t sXuren  
aus  d e m  F e t t g e w e b e  wurde  bet  v e r s c h i e d e n  a l t en  R a t t e n  
(1. G r u p p e  u n t e r  100 g, 2. G r u p p e  180-300 g u n d  3 . G r u p p e  
380-500 g) in vitro e rmi t t e l t .  F/Jr das  F e t t g e w e b e  dc r  
N e b e n h o d e n  e rgab  sich in der  1. G r u p p e  die st~irkste Ab-  
s o n d e r u n g  freier  F e t t s ~ u r e n  u n d  d e r e n  w i r k s a m s t e  F6 r -  
d e r u n g  d u r c h  E p i n e p h r i n .  H i n g e g e n  wa r  de r  G e h a l t  a n  
3-Glycer iden  in de r  1. G r u p p e  a m  n iedr igs ten ,  in  de r  
3. G r u p p e  a m  h6chs t en .  

H.  ALTSCHULER, M. LIEBERSON, a n d  J .  J .  SPITZER 
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October 13, 1961. 
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O n  t h e  i n  v i t ro  Corticotropin Releasing F a c t o r  

( C R F )  A c t i v i t y  o f  t h e  H e p t a p e p t i d e :  M e t h i o n y l -  

G l u t a m i n y l - H i s t i d y l -  P h e n y l a l a n y l - A r g i n y l -  

T r y p t o p h y I - G l y c i n e  

I n  a p receed ing  p u b l i c a t i o n  1, we h a v e  m e n t i o n e d  t h e  
in vitro C R F  a c t i v i t y  m e a s u r e d  b y  t h e  m e t h o d  of SAFFRAN 
e t  al. 2 of t h e  h e p t a p e p t i d e  H-Met -Glu  (NH2) -His -Phe-Arg-  
T r y - G l y - O H  syn thes i zed  b y  KAPPELER a n d  SCH~VYZER 3,4. 
Th i s  h e p t a p e p t i d e  was a l r e ady  k n o w n  for  i ts  m e l a n o c y t e  
s t i m u l a t i n g  a c t i v i t y  (MSH a c t i v i t y ) ;  i t  r e p r e s e n t s  a 
s equence  of s even  a m i n o  acids  c o m m o n  to  t h e  h o r m o n e s  
of t h e  co r t i co t rop ins  (ACTH) a n d  M S H  group.  

L a t e r  on, t h e  h e p t a p e p t i d e :  H - M e t - G l u - H i s - P h e - A r g -  
T r y - G l y - O H  which  differs f rom t he  p receed ing  one  o n l y  
b y  t h e  absence  of a n  amide  group,  was  s y n t h e s i z e d  b y  LI 
e t  al. a n d  f o u n d  to h a v e  b o t h  m e l a n o c y t e  s t i m u l a t i n g  a n d  
c o r t i c o t r o p i n  re leas ing  ac t iv i t i e s  (MSH a n d  C R F  ac t iv -  
ities) 6 

I n  t h e  p r e s e n t  note ,  we descr ibe  a series of in vitro assays  
of t he  h e p t a p e p t i d e  H - M e t - G I u ( N H 2 ) - H i s - P h e - A r g - T r y -  
G l y - O H  p e r f o r m e d  in ou r  l a b o r a t o r y  be t w een  D e c e m b e r  
1959 a n d  O c t o b e r  1961, A large  n u m b e r  of d e t e r m i n a t i o n s  
m a d e  d u r i n g  t h i s  pe r iod  gave  c o n s i s t a n t  resul ts ,  some of 
t he  m o s t  s ign i f i can t  of w h i c h  h a v e  b e e n  col lec ted  in t he  
Table .  

T h e  e x p e r i m e n t a l  de ta i l s  are  t hose  descr ibed  b y  SAFFRAN 
et  al.*. The  C R F  a c t i v i t y  m a y  be  expressed  e i t he r :  (1) as 
t he  m i n i m a l  dose of ac t ive  m a t e r i a l  w h i c h  is ab le  to  
p r o v o k e  a s t a t i s t i c a l l y  s ign i f i can t  increase  of the  sec re t ion  
of A C T H  b y  t he  a n t e r i o r  p i t u i t a r y  of ra t s ,  v e r s u s  non -  
s t i m u l a t e d  a n t e r i o r  p i t u i t a r i e s ;  (2) as t he  dose of ac t ive  
m a t e r i a l  ab le  to  p roduce  a r e sponse  equa l  to  t h e  r e sponse  
g i v e n  b y  a c o n s t a n t  s t a n d a r d  p r e p a r a t i o n .  

A t  t he  p r e s e n t  t ime ,  b o t h  m e t h o d s  of expres s ion  are  
used ;  in t h e  T a b l e  we h a v e  used  u n i f o r m l y  t h e  second  
m o d e  of expres s ion  so t h a t  r e c e n t  r e su l t s  m a y  be  com-  
p a r e d  to  t h e  f o r m e r  ones  ca l cu l a t ed  a c c o r d i n g  to  t h e  

second  mode.  The  r a t s  u t i l ized  for  t he  assays  were  ma le  
a n i m a l s  of t he  W i s t a r  U.S .A.  s t r a in ,  we igh ing  150 g. 

D i f f e ren t  doses  of t h e  h e p t a p e p t i d e  were  t e s t ed  ve r sus  
a c o n s t a n t  u n i f o r m  dose of 4 ~zg of C R F  91~; t h i s  dose of 
4 ~zg of C R F  91 was  cons idered  as  a p r o v i s i o n n a l  u n i t  of 
C R F  ac t i v i t y .  T h e  a c t i v i t y  of a n y  u n k n o w n  m a t e r i a l  was  
expressed  b y  t h e  r a t i o  b e t w e e n  t h e  a m o u n t  of A C T H  re- 
leased b y  t h i s  m a t e r i a l  ve r sus  t he  amoun t ,  of A C T H  re-  
leased b y  4 vtg of C R F  91. Gene ra l l y  speak ing  t h i s  r a t i o  
var ies  b e t w e e n  a r a t h e r  n a r r o w  r a n g e  a n d  severa l  h u n d r e d  
assays  p e r f o r m e d  so fa r  h a v e  s h o w n  t h a t :  a r a t i o  0.5 
m e a n s  no  s t i m u l a t i o n ;  a r a t io  b e t w e e n  0.5 a n d  1.0 m e a n s  
w e a k  s t i m u l a t i o n ;  a r a t io  b e t w e e n  1.0 a n d  1.5 m e a n s  
m e d i u m  s t i m u l a t i o n ;  a r a t io  b e t w e e n  1.5 a n d  2.0 m e a n s  
h i g h  s t i m u l a t i o n .  

The  resu l t s  of these  d e t e r m i n a t i o n s  were  e v a l u a t e d  b y  
s t a n d a r d  s t a t i s t i c a l  t e s t s  s t he  l imi t s  of conf idence  were  
ca lcu la ted  for t h e  r a t i o s  as well  as t h e  ' d e p a r t u r e  f rom 
para l l e l i sm ' .  T h e  assays  r e p o r t e d  in  t h e  T a b l e  do  n o t  show 
a n y  d e p a r t u r e  f rom para l l e l i sm exceed ing  t he  c r i t i ca l  
values. The data of the Table show that the heptapeptide 
is able to release an amount of ACTH greater than the 
amount released by 4 i~g of CRF 91 at the doses of 4, 2, I, 
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