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Inverse Relationship between Adipose Tissue 
and Skeletal Muscle in the Uptake of Injected 
Tri~lyceride Fatty Acid of Chyle Lipoproteins 

by Diabetic Rats 

Fas t ing  rats  for a period oI t ime  (compared to feeding 
rats glucose solutions) decreases the  up take  of i.v, in- 
jected ~C labeled t r ig lycer ide  f a t ty  acid (TGFA) of ve ry  
low dens i ty  chyle  l i p .p ro t e in s  by  adipose t issue and in- 
creases t he  ox ida t ion  of t he  f a t t y  acid to expi red  COz ~,e. 
Both the  up take  and ox ida t ion  of ~4C labeled T G F A  of 
low densi ty  l i p .p ro te ins  by  the  perfused rabb i t  heart ,  on 
the o ther  hand,  are increased by  a per iod of fas t ing ~. The  
present  inves t iga t ion  reveals  an  inverse re la t ionship  be- 
tween adipose t issue and skeletal  muscle  in the  r emova l  
of i.v. in jec ted  ~*C labeled T G F A  of chyle  l i p .p ro te ins  
from t h e  c i rcula t ion of a l loxan diabet ic  rats.  This  s tudy,  
i~ which i t  was found t h a t  depressing the  ut i l izat ion of 
glucose by  insulin wi thdrawal  marked ly  increased the  pro-  
por t ion of t he  labeled f a t ty  acid incorpora ted  in to  skeletal  
muscle and decreased the  p ropor t ion  incorpora ted  into 
adipose t issue while increasing the ox ida t ion  of the  f a t t y  
acid to expired COe, focuses a t t en t ion  on the  possible 
role of skeletal  muscle  in the  ut i l izat ion of d ie t a ry  (chyte) 
TGFA.  

Diabetes  was induced in male  L o n g - E v a n s  ra ts  
(170-210 g) by  i.v. in jec t ion  (45 mg/kg) of recrysta l l ized 
al loxan m o n o h y d r a t e  (Eas tman  Kodak,  Rochester ,  N.Y.) 
3 weeks before t he  ra ts  were used. U n t r e a t e d  chronic  
a l loxan dial. e~:ic ra ts  h a v e  l i t t le  visible abdomina l  depo t  
Iat. All ra t s  selected for s tudy,  therefore,  were  main ta ined  
on daily s.c. in ject ions  of 40 U/kg  of p ro tamine-z inc  
insulin (Eli Lil ly & Co., Indianapol is ,  Ind.) for 8 days,  
during which t ime  t h e y  were fed ad l ib i tum a 60% glucose 
diet~. Therea f t e r  the  rats  were separa ted  into  2 groups.  
Each  r a t  of one group cont inued  to  receive dai ly  inject ions  
ol the pro tamine-z inc  insulin for 3 days  and on the  12th 
day received 10 U/kg  of regular  insulin (rAlly) 2 h before 
the s ta r t  of the  exper iment .  E a c h  ra t  of the  o ther  group 
received 10 U/kg  of regular  insulin for the  nex t  2 days  
only. I n  this  m a n n e r  2 groups of ra ts  were  obta ined  
similar in body  weigh t  and in the  a m o u n t  of abdomina l  
depot  fat  t h e y  contained,  one acute ly  insulin deficient  
With blood sugars~ in excess of 400 rag/100 ml, the  other,  
insulin mainta ined,  manifes t ing  no e levat ion in blood sugar. 

Very  low dens i ty  chyle  l ip .pro te ins ,  labeled pr inc ipa l ly  
in the  t r ig lycer ide  m o i e t y  wi th  (1 ~C) pa lmi t ic  acid, were 
prepared as p rev ious ly  described% Each  ra t  (3 rats  per  
group) was in jec ted  wi th  1 ml  of this p repara t ion  into  
the leg or ta i l  ve in  while under  l ight  e ther  anesthesia  and 
Placed in metabo l i sm cages~ designed for the  col lect ion 
of expired CO,. Ten  rain or  2 h la ter  t hey  were  exsanguin-  
ated by hea r t  punc tu re  and the  gas t roenemius  muscle  
and all of the  abdomina l  fat  depots  (epididymal,  perirenal,  
°menta l  and mesenteric)  were removed,  r insed wi th  ice 
Cold saline, b lo t ted  d ry  and weighed. A p p r o x i m a t e l y  t g 
of skeletal  muscle was t aken  f rom each animal .  The  
grams of abdomina l  fa t  r emoved  were:  9.58 (9.42-9.79) 
and 7.46 (7.41-7.52), respect ively ,  f rom the  insulin main-  
rained and insulin deficient  a t  10 rain, and 9.41 (9.23-9.59) 
and 8.26 (6.75-9.58), respect ively ,  f rom the  insulin main-  
rained and insulin def ic ient  a t  2 h. Tissue lipids were 
extracted ~ and assayed for ~C 6. Exp i r ed  CO~. was  assayed 
as previously  described".  

Since appreciable  amoun t s  of ~C were present  in 
Plasma (up to abou t  40% of the  in jec ted  dose) 10 rain 
after in ject ion of the chyle  prepara t ion ,  t issue lipid ~4C 
Was Corrected for ~C in inc luded plasma,  using va lues  
reported by  DEWEY ~0 for p lasma con ten t  of tissues. The  

lipid 14C con ten t  of p lasma a t  10 min  af ter  in jec t ion  was 
abou t  3 t imes  higher  in the  acu te ly  insulin def ic ient  rats  
(whose p lasma was decidedly lipemic) t han  in those  
ma in t a ined  on insulin. The  d is t r ibu t ion  of ~4C in t he  
abdomina l  fa t  depots  and skeletal  muscle,  therefore,  is 
expressed in the  Table  as a percen tage  of the  1'C removed  
f rom the  blood s t ream ra the r  t h a n  as a percen tage  of t he  
in jec ted  x4C. In  ca lcula t ing  the  ~4C con ten t  of skeletal  
muscle,  t o t a l  body  skeleta l  muscle was es t imated  as 45% 
of the  body  we igh t  n.  A t  bo th  the  10-rain and  2-h in te rva ls  
a m u c h  higher  p ropor t ion  of t he  l ipid 14C r emoved  f rom 
the  blood s t r eam was recovered  in skeletal  nmscle  and a 
m u c h  lower p ropor t ion  in the  abdomina l  fat  depots  in the  
acu te ly  insulin def ic ient  t han  in the  insulin ma in ta ined  
rats.  The  Table  also shows t h a t  over  the  2-h per iod the  
insulin def ic ient  group conve r t ed  several  t imes  as m u c h  
of the  in jec ted  labeled T G F A  to expi red  CO2 as did the  
insulin ma in ta ined  group.  

Several  studies have  shown t h a t  the  ac t i v i t y  of l ip . -  
p ro te in  lipase, an e n z y m e  t h a t  specif ical ly hydro lyzes  tr i-  
glycerides present  in chylomicrons  and  low dens i ty  l i p . -  
proteins,  increases in adipose tissue, hear t  and m a m m a r y  
gland when the  up t ake  of T G F A  of low dens i ty  l ip . -  
proteins  by  these  tissues is also increased~,Z,~-x% These 
observa t ions  have  led to the  v iew t h a t  l i p . p r o t e i n  l ipase 
p lays  an  essent ial  role in t he  up take  of low dens i ty  l i p . -  
pro te in  TGFA.  The  wide d is t r ibut ion  if l i p . p ro t e in  lipase 
t h roughou t  the  body  ~0 suggests t h a t  a mechan i sm for the  
di rect  up take  of low dens i ty  l i p . p r o t e i n  T G F A  m a y  be  
widespread.  Our  obse rva t ion  t h a t  in acu te ly  insulin de- 
f icient  ra t s  an  increased ox ida t ion  of t h e  in jec ted  ~C 
labeled chyle  T G F A  was  associated wi th  a s t r iking in- 
crease in the p ropor t ion  of lipid x*C recovered  in skeleta l  
muscle  as ear ly  as 10 rain af ter  in ject ion raises the  pos- 
sibil i ty t h a t  an  increased d e m a n d  for f a t t y  acid as a 
subs t ra te  for energy  p roduc t ion  in the  insulin def ic ient  
s ta te  migh t  resul t  in a grea ter  d i rec t  u p t a k e  of T G F A  of 
v e r y  low dens i ty  chyle  l ip .pro te ins .  Such a suggest ion 
must ,  however ,  be t e n t a t i v e  since the  ex t en t  to which 
recycl ing .of labeled f a t ty  acid m a y  h a v e  con t r ibu ted  to 
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t h e  o b s e r v e d  t i ssue  d i s t r i b u t i o n  of 14C e v e n  d u r i n g  t he  
f i rs t  10 ra in  a f t e r  i n j ec t i on  of t he  chy le  l i popro te ins  c a n n o t  
be  assessed f rom our  d e t a i l  

1'C Distribution in atloxan diabetic rats 

I0 rain 2 h 

Insulin Insulin Insulin Insulin 
maintained deficient maintained deficient 

% 14C removed from plasma found in abdominal fat and skeletal 
muscle: 
Fat 
13.5 4- 1.8 5.3 :[: 0.6 14.3 4- 1.2 3.5 -b 0.4 

Muscle 
9.6 + 1.7 19.1 :t: 2.3 7.7 4- 0.4 20.8 =E 2.0 

% of injected 14C in expired CO~: 
0.1 4- 0 0.3 J: 0 2.6 4- 0.5 19.3 4- 1.2 

Values are means :t: S.E, 

.Rdsumd. Chez des r a t s  d iab4 t iques ,  l ' a r r &  du  t r a i t e -  
m e n t  i n su l in ique  es t  su iv i  (a) d ' u n e  a u g m e n t a t i o n  de  la 
p r o p o r t i o n  des  ac ides  gras  t r ig lyc6r iques  du  chyle  m a r q u 4 s  
du  x4C pre lev6e  d e n s  le sang  p a r  les musc les  du  sque l e t t e  
apr~s  i n j e c t i o n  des  t r ig lyc6r iques ,  (b) d ' u n e  d i m i n u t i o n  
de la  p r o p o r t i o n  pre lev6e  p a r  les d e p o t s  gras  a b d o m i n a u x ,  
e t  (c) d ' u n e  a u g m e n t a t i o n  de  leur  o x y d a t i o n  en  CO, 
expi r& 
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T h e  E f f e c t  o f  C h l o r p r o m a z l n e  o n  t h e  A d r e n a l  
G l a n d  i n  R a t s  w i t h  B r a i n  S t e m  L e s i o n s  

I t  is well  k n o w n  t h a t  t h e  cen t r a l  n e r v o u s  s y s t e m  play-s 
a n  i m p o r t a n t  role  in  t h e  con t r o l  of p i t u i t a r y  A C T H  
secre t ion .  Severa l  d a t a  h a v e  been  p u b l i s h e d  i n d i c a t i n g  
t h a t  t h i s  con t ro l  is exercised t h r o u g h  t h e  h y p o t h a I a m u s  1 
a n d  t h a t  t h e  mesencepha l i c  r e t i c u l a r  f o r m a t i o n  (MRF)  
p l ays  also a role in  t h i s  m e c h a n i s m  ~& 

Since i t  h a s  also been  he ld  t h a t  c h l o r p r o m a z i n e  (CPZ) 
h a s  a n  i n h i b i t i n g  a c t i o n  on  t h e  M R F  4,5 we h a v e  t r i ed  in  
t h e  p r e s e n t  work  to  e s t ab l i sh  t h e  a c t i o n  of les ions  in  t h e  
M R F  a n d  s i m u l t a n e o u s  a d m i n i s t r a t i o n  of CPZ, on  t h e  
p i t u i t a r y - a d r e n a l  axis,  u s ing  t h e  ascorb ic  acid d e p l e t i o n  
of t he  a d r e n a l s  as  a f u n c t i o n a l  tes t% 

F o u r  g roups  of w h i t e  ma le  r a t s  we igh ing  b e t w e e n  180 
a n d  220 g were  used  (Table) .  T h e  f i r s t  g roup  i nc luded  
abso lu t e  con t ro l s  a n d  was in jec ted  w i t h  sa l ine  s.c. d u r i n g  
15 days .  Those  of t h e  second g roup  rece ived  C PZ  s.c. in 
da i ly  doses of 5 mg]kg  d u r i n g  15 days:  O n  those  of t h e  
t h i r d  a n d  f o u r t h  groups,  e lec t ro ly t ic  lesions were  per-  
fo rmed  b i l a t e r a l l y  in  t h e  M R F  w i t h  a s t e r eo tax ic  appa -  
r a t u s  2 u n d e r  p e n t o b a r b i t a l  a n a e s t h e s i a  a n d  us ing  a n  in- 
t e n s i t y  of 3 m A  for I0 sec. Af te r  these  localized lesions no  
changes  in t h e  b e h a v i o u r  a n d  s leep-wakefu lness  cycles of 
t h e  an ima l s  were de tec ted .  Two weeks a f t e r  th i s  o p e r a t i o n  
t h e  a n i m a l s  of t h e  t h i r d  g roup  s t a r t e d  rece iv ing  da i ly  
in jec t ions  of saline,  whi le  those  of t he  f o u r t h  g roup  
rece ived  da i ly  in jec t ions  of CPZ 5 m g / k g  d u r i n g  t he  same  
period.  

All an ima l s  rece iv ing  CPZ,  in  wh ich  ind i f fe rence  to  t h e  
e n v i r o n m e n t  a n d  to  t he  obse rve r  was  a p p a r e n t ,  were  fed 
t h r o u g h  a gas t r ic  c a t h e t e r  to  avo id  t h e  side effects  a n d  
unspeci f ic  s t ress  of s t a r v a t i o n .  

24 h a f t e r  t h e  l a s t  i n j ec t ion  all  t h e  a n i m a l s  were  ki l led 
b y  b leed ing  u n d e r  p e n t o b a r b i t a l  anaes thes i a ,  a n d  t h e  
a d r e n a l  g l ands  r e m o v e d  a n d  we ighed  in  a to r s ion  ba lance .  
Af t e r  this ,  t h e  r i g h t  g l ands  were  f ixed in  Io rmMin-ca lc ium 
for  h is to logica l  s t u d y  (resul ts  will be  p u n i s h e d  elsewhere) ,  
a n d  t he  lef t  ones  were  used  for ascorb ic  acid d e t e r m i n a -  
t i on  L 

I n  g roups  I I I  a n d  I V  the  a c t u a l  s i te  a n d  size of c en t r a l  
n e r v o u s  s y s t e m  lesions were  e s t ab l i shed  t h r o u g h  t he  s t u d y  
of ser ia l  sect ions,  Les ions  were  f o u n d  in  t h e  p e r i a q u e d u c t M  
grey  m a t t e r  b e t w e e n  t he  nucle i  of t he  I I I  a n d  I V  c ran ia l  
ne rves  a n d  i t s  ad jo in ing  r e t i cu la r  fo rma t ion .  

As seen in t h e  Table ,  b o d y  we igh t  of t h e  a n i m M s  in t h e  
4 g roups  d id  n o t  v a r y  s ign i f ican t ly ,  i n d i c a t i n g  t h a t  t h e  
e x p e r i m e n t a l  p rocedure s  d id  n o t  m o d i f y  t h e i r  n u t r i t i o n a l  
s t a t e .  

No  s ign i f i can t  d i f ferences  in  a d r e n a l  w e i g h t  were  d e t e c t e d  
b e t w e e n  t h e  a n i m a l s  of t he  4 groups .  Never the les s ,  a d r e n a l  
ascorb ie  acid c o n t e n t  s h o w e d  m e a n i n g f u l  v a r i a t i o n s ;  thus ,  
CPZ  a d m i n i s t r a t i o n  (group I I )  p r o d u c e d  a s ign i f i can t  in-  
crease  of it, whi le  a f t e r  M R F  lesions (group III) a h i g h l y  
s ign i f i can t  dep l e t i on  of t h e  ascorb ic  ac id  c o n t e n t  of a d r e n a l  
g l a n d s  was obse rved .  

I n  a con t ro l  g roup  (no t  i nc luded  in t h e  Table) ,  lesions 
p e r f o r m e d  in o t h e r  a reas  of t h e  m e s e n c e p h a l o n  inc lud ing  
t h e  med ia l  a n d  la te ra l  lemnisc i  were n o t  e f fec t ive  in  
m o d i f y i n g  t h e  ascorbic  acid c o n t e n t  of t h e  adrena l s .  

The  a d m i n i s t r a t i o n  of CPZ d u r i n g  a per iod  of 15 d a y s  
was  i n c a p a b l e  of r e s to r ing  t h e  ascorb ic  acid dep le t ion  
p r o d u c e d  b y  M R F  lesions in  g roup  IV.  

Our  resu l t s  i nd i ca t e  t h a t  t h e  lesions a t  t h e  M R F  level  
a n d  t h e  a d m i n i s t r a t i o n  of CPZ h a v e  b o t h  a cons ide rab le  
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