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SUMMARY 

N o r e p i n e p h r i n e  (NE) t u r n o v e r ,  an i ndex  of sympa the t i c  n e r -  
v o u s  sys tem (SNS) a c t i v i t y ,  was m e a s u r e d  in i n t e r s c a p u l a r  b rown  
ad ipose  t i s s u e  ( I B A T ) ,  h e a r t  and  p a n c r e a s  of 3 - w e e k s - o l d  p r e -  
obese  monosod ium-L-g lu t ama te  (MSG) mice and at 6 - w e e k s - o l d  mi- 
ld ly  obese  MSG mice.  In  IBAT,  r a t e s  of  NE t u r n o v e r  were  s lower  
not  only  in 3 - w e e k s - o l d  MSG mice b u t  also in o lde r  obese  MSG mi- 
ce than  in t h e i r  sa l ine  c o n t r o l s .  In h e a r t ,  r a t e s  of NE t u r n o v e r  
were  s lower  in 6 - w e e k s - o l d  mildly obese  MSG mice,  b u t  not  in p r e -  
obese  MSG mice. No s ign i f i c an t  d i f f e r e n c e  in NE t u r n o v e r  in panc -  
r e a s  was o b s e r v e d  at e i t h e r  age .  The  low NE t u r n o v e r  in IBAT of 
M S G - t r e a t e d  mice p r i o r  to the  onse t  of g r o s s  obes i ty  s u g g e s t s  t ha t  
low SNS a c t i v i t y  may be  an in i t ia l  c o n t r i b u t o r  to t h e i r  h igh  e n e r g y  
e f f i c i e n c y  and  r e s u l t a n t  o b e s i t y .  

The  admin i s t r a t i on  of  m o n o s o d i u m - L - g l u t a m a t e  (MSG) to mice in the  neona ta l  
p e r i o d  i n d u c e s  d e s t r u c t i v e  l es ions  in the  a r c u a t e  (1-3)  and  ven t rom ed ia l  nuc le i  ( 
4) of  the  h y p o t h a l a m u s  and  r e s u l t s  in a s y n d r o m e  of o b e s i t y ,  s t u n t i n g ,  h y p o g o n a -  
dism (1 ,2)  and  d imin i shed  o x y g e n  consumpt ion  with less  locomotor  a c t i v i t y  (3 ) .  
The  obes i t y  is u n u s u a l  b e c a u s e  M S G - t r e a t e d  mice consume almost same (5) or  less  
food than  c o n t r o l s  (1 -4 ) .  The  sympa the t i c  n e r v o u s  sys tem (SNS) a c t i v i t y  in in-  
n e r v a t e d  o r g a n  can  be  e s t ima ted  by  the  m e a s u r e m e n t  of  the  n o r e p i n e p h r i n e  (NE) 
t u r n o v e r  fol lowing the  admin i s t r a t i on  of  d - m e t h y l - p - t y r o s i n e  ( 6 - 9 ) .  Us ing  th i s  
t e c h n i q u e ,  we found  tha t  SNS a c t i v i t y  in i n t e r s c a p u l a r  b rown  ad ipose  t i s s u e  ( IB-  
AT)  of 12 -weeks -o ld  obese  MSG mice was s i gn i f i c an t l y  lower  than  in sa l ine  con t ro l  
mice (5 ) .  Howeve r ,  b e c a u s e  12 -weeks -o ld  MSG mice were  a l r e ady  g r o s s l y  obese ,  
i t  is poss ib l e  tha t  the  r e d u c e d  SNS a c t i v i t y  in IBAT is mere ly  a r e s u l t  of t ha t  
o b e s i t y .  T h i s  pos s ib i l i t y  was examined  in the  p r e s e n t  s t u d y  by m e a s u r i n g  NE tu -  
r n o v e r  in IBAT of p r e - o b e s e  ( 3 - w # e k s - o l d )  MSG mice and t h e i r  sa l ine  c o n t r o l s .  
Mildly obese  MSG ( 6 - w e e k s - o l d )  and t h e i r  sa l ine  c o n t r o l s  were  also examined .  A 
second  o b j e c t i v e  was to compare  r a t e s  of  NE t u r n o v e r  in IBAT with r a t e s  of NE 
t u r n o v e r  in some o t h e r  sympa the t i ca l ly  i n n e r v a t e d  o r g a n s  ( h e a r t  and  p a n c r e a s )  
of  t h e s e  mice. T h e s e  compar i sons  were  of  i n t e r e s t  b e c a u s e  of ou r  ea r l i e r  o b s e r v a -  
tion (5) tha t  NE t u r n o v e r  was lower  in IBAT and h e a r t ,  bu t  not  in p a n c r e a s  of 
obese  MSG mice.  

MATERIALS AND METHODS 

S e v e n t y - t w o  female C R J - I C R  mice from the  colony main ta ined  at o u r  u n i v e r s i -  
ty were  in j ec t ed  s u b c u t a n e o u s l y  with monosod ium -L -g lu t am a te  (Wako Chemical  In -  
d u s t r i e s  L t d . ,  T o k y o ,  J a p a n )  at a dosage  of 2 m g / g  dai ly fo r  f ive  days  fol lowing 
b i r t h .  A n o t h e r  72 female C R J - I C R  mice r e c e i v e d  an equa l  volume of phys io log ica l  
sa l ine .  
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Mice were  w e a n e d  a t  f o u r  weeks  a n d  s u b s e q u e n t l y  f ed  a commerc ia l  p o w d e r e d  
chow ( C h a r l e s  R i v e r  J a p a n  I n c . ,  K a n a g a w a ,  J a p a n )  a n d  tap  w a t e r  ad  l ib i tum.  
Animals  were  h o u s e d  in  c a g e s  c o n t a i n i n g  six mice wi th  m o t h e r  u n d e r  c o n d i t i o n s  of 
c o n t r o l l e d  t e m p e r a t u r e  (22 ± 2°C) a n d  of a r t i f i c i a l  l i g h t  ( f rom 0700 to 1900 h o u r s  
e a c h  d a y ) .  G r o u p s  of  36 M S G - t r e a t e d  female mice a n d  c o n t r o l s  were  e x a m i n e d  3 
weeks  a f t e r  b i r t h  o r  6 weeks  a f t e r  b i r t h .  T h e y  were  w e i g h e d  a n d  t h e i r  n a s o a n a l  
l e n g t h s  m e a s u r e d .  T h e n ,  Lee i n d e x  was c a l c u l a t e d  i n d i v i d u a l l y .  In  t h e  o l d e r  g r o -  
up ,  food i n t a k e  was a s s e s s e d  fo r  f ive  d a y s  b e f o r e  s a c r i f i c e  b y  w e i g h i n g  t h e  food 
a d m i n i s t e r e d  a n d  s u b t r a c t i n g  t he  amoun t  r e m a i n i n g  at  t h e  e n d  of a 24 h o u r  p e r i o d  
in each  g r o u p .  S t a t i s t i c a l  a n a l y s i s  was  c a r r i e d  ou t  on t h e  o b s e r v a t i o n s  o b t a i n e d  
fo r  e a c h  g r o u p .  On t he  m o r n i n g  of t h e s e  e x p e r i m e n t s ,  co re  t e m p e r a t u r e  of mice 
t h a t  were  manua l ly  r e s t r a i n e d ,  was  m e a s u r e d  u s i n g  a p o c k e t  t h e r m o m e t e r  wi th  r e  
c t a l  p r o b e  ( l u c h i  Model 2541, T o k y o ,  J a p a n ) •  

T h e  s t u d y  of NE t u r n o v e r  b e g a n  b e t w e e n  0900 a n d  i000 h o u r s  a n d  was m e a s u -  
r e d  b y  d e t e r m i n i n g  t h e  c o n c e n t r a t i o n  of  NE in IBAT,  h e a r t  a n d  p a n c r e a s  a t  0, 3 
a n d  6 h o u r s  fo l lowing t he  i n t r a p e r i t o n e a l  i n j e c t i o n  of t h e  m e t h y l  e s t e r  of a l p h a -  
m e t h y l - p - t y r o s i n e  (80 m g / k g ,  Sigma Chemica l  C o . ,  S t . L o u i s ,  MO).  T h i s  d r u g  
b l o c k s  t y r o s i n e  h y d r o x y l a s e  a n d  p r e v e n t s  s y n t h e s i s  of NE ( 6 , 7 ) .  T h e  IBAT,  h e a -  
r t  a n d  p a n c r e a s  we re  r a p i d l y  r e m o v e d  a n d  d i s s e c t e d  from c o n n e c t i v e  t i s s u e .  Spe -  
c i m e n s  were  t h e n  f r o z e n  on d r y  ice a n d  s t o r e d  at  -70°C fo r  l a t e r  d e t e r m i n a t i o n  of  
NE. At  t h e  t ime of  t h e  a s s a y  ( u s u a l l y  w i th in  2 weeks )  t h e  f r o z e n  t i s s u e s  were  we- 
i g h e d  a n d  h o m o g e n i z e d  in i c e - c o l d  0.1N p e r c h l o r i c  ac id  c o n t a i n i n g  0.1raM r e d u c e d  
g l u t a t h i o n e  in a B r i n k m a n  p o l y t r o n  a n d  c e n t r i f u g e d  a t  0°C. A l i q u o t s  of t h e  s u p e r -  
n a t a n t  were  a n a l y z e d  r a d i o e n z y m a t i c a l l y  for  NE u s i n g  a minor  modi f i ca t ion  (8) of  
t h e  m e t h o d  of  P e u l e r  a n d  J o h n s o n  ( I 0 ) .  The  s e n s i t i v i t y  of  t h e  a s s a y  is  1-2 p g  for  
NE. It  is  b a s e d  on t h e  u s e  of a n  i s o l a t e d  c a t e c h o l - O - m e t h y l - t r a n s f e r a s e  to  t r a n s -  
f e r  a r a d i o a c t i v e  m e t h y l  g r o u p  from a d e n o s y l - L - m e t h i o n i n e ,  S - ( m e t h y l - 3 H )  to an  
e n d o g e n o u s  c a t e c h o l a m i n e  r e c e p t o r  to  form a r a d i o a c t i v e  O - m e t h y l  c a t e c h o l a m i n e  
d e r i v a t i v e •  

All data are presented as mean + SEM. Statistical analyses were performed 
using analysis of variance and of covariance (11). In studies of NE turnover, the 
data were plotted semilogarithmically. The slope of the decline in endogenous NE 
was calculated by the method of least squares. The statistical significance of each 
computed regression line was assessed by analysis of variance. Comparison of fra- 
ctional turnover rates was made by an analysis of covariance. NE turnover rate ( 
ng/g/h)  was calculated as the product of the fractional turnover rate (k) times 
the endogenous NE concentration at the zero time point. 95% confidence intervals 
were determined for the NE turnover rates as descrived (12). 

RESULTS 

Table I shows the body weight, nasoanal length, Lee index, food intake and 
core temperature of MSG-treated and control mice 3 and 6 weeks after birth.  The 
body weight of MSG-treated mice was significantly lower at 3 weeks (p< 0. 001) but 
was not different at 6 weeks than controls. The nasoanal length of MSG-treated 
mice was markedly shorter at 3 and 6 weeks than controls. Although no significa- 
nt difference in Lee index was observed between MSG-treated and control mice at 
3 weeks, MSG-treated mice became significantly more obese than controls at 6 we- 
eks. Core temperature was markedly lower in MSG-treated mice at 3 and 6 weeks 
(Table I ). 

N o r e p i n e p h r i n e  (NE) t u r n o v e r  d a t a  from I B A T ,  h e a r t  a n d  p a n c r e a s  a r e  sum-  
mar i zed  in T a b l e  II a n d  I I I ,  a n d  F i g u r e  I a n d  I I .  Six weeks  a f t e r  M S G - a d m i n i s t r a -  
t i o n ,  t he  IBAT w e i g h t  of M S G - t r e a t e d  mice was h e a v i e r  t h a n  t h a t  of c o n t r o l s  (p< 
0 .001) .  B a s a l  NE c o n c e n t r a t i o n s  were  much  lower  in  IBAT of  M S G - t r e a t e d  mice 
t h a n  in c o n t r o l s  (p < 0 .005 ) .  F r a c t i o n a l  t u r n o v e r  r a t e  (k )  were  2.1 _+ 0 .9  a n d  11.3 
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TABLE I 

Morphometric data, food consumption and core temperature 
of MSG-treated and control mice at 3 and 6 weeks 

W e i g h t  N a s o a n a l  Lee  i n d e x  # F o o d  i n t a k e  C o r e  
( g )  l e n g t h ( c m )  ( g / d a y )  t e m p e r a t u r e ( ° C )  

[ 3 w e e k s  ] 
MSG (36)  1 4 . 2  ± 0 . 5  
C o n t r o l ( 3 6 )  16 .7  ± 0 . 3  

p < 0. 001 

[ 6 weeks ] 
MSG (36) 26.2 ± 1.5 
Control(36) 25.5 + 1.3 

p N.S. 

7.3 ± 0.1 331.7 ± 8.5 - -  36.8 ± 0.1 
7.8 ± 0.1 327.7 ± 6.2 - -  37.5 ± 0.1 
<0.005 N.S. <0.01 

8 . 3 ± 0 . 2  357 .8±6.8  4 . 3 ± 0 . 6  3 6 . 4 ± 0 . 1  
9 . 3 ± 0 . 2  316 .5±7.2  4 . 6 ± 0 . 5  3 7 . 4 ± 0 . 1  
<0.01 <0.001 N.S. ~0.001 

#Lee index = 3~B°dy weight (g) X 1000 
Nasoanal length (cm) 

TABLE II 

Norepinephrine(NE) turnover in interscapular brown adipose 
tissue(IBAT), h~art and pancreas of 6-weeks-old MSG-treated 
and control mice- 

Tissue Organ weight Endogenous NE k NE turnover rate 
( g )  ( n g / g )  ( % / h )  ( n g / g / h )  

[ I B A T ]  
MSG 0 . 1 2 0  + 0 . 0 0 3  3 8 0 . 2  ± 39 .4  2 .1  + 0 . 9  8 ( 1 3 - 4 )  
C o n t r o l  0 . 0 6 2  + 0 . 0 0 2  820 .4  + 4 7 . 1  11 .3  + 1 .5  93 ( 1 1 1 - 7 6 )  

p < 0. 001 ~ 0 . 0 0 5  < 0. 005 

[ Heart] 
MSG 0.084 + 0.006 760.1 + 72.8 4.7 + 1.8 36 (54-20) 
Control 0.118 _+ 0.003 790.2 + 84.7 9.7 + 1.5 77 (98-58) 

p <0.001 N.S. <0.05 

[ P a n c r e a s ]  
MSG 0 .114  + 0 . 0 0 4  3 5 2 . 7  + 6 9 . 2  1 0 . 2  ± 1 .8  36 ( 5 1 - 2 4 )  
C o n t r o l  0 . 1 4 0  + 0 . 0 1 0  4 0 2 . 8  + 4 7 . 3  10 .4  + 2 .2  42 ( 5 7 - 2 9 )  

p < 0 . 0 5  N . S .  N . S .  

#The fractional norepinephrine turnover rate (k) is expressed 
as the mean + SEM. The norepinephrine turnover rate (NE turnover 
rate) is expressed as the mean with 95% confidence limits. Ten or twelve 
mice were used at each time point to obtain the turnover data. 
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_+ i .  5 % p e r  h o u r  ( p <  0. 005) f o r  M S G - t r e a t e d  a n d  c o n t r o l  mice ,  r e s p e c t i v e l y ,  T o t a l  
NE t u r n o v e r  in  I B A T  w as  s i g n i f i c a n t l y  d e c r e a s e d  b y  MSG t r e a t m e n t .  T h e  h e a r t  
w e i g h t s  of  M S G - t r e a t e d  mice  w e r e  s i g n i f i c a n t l y  l i g h t e r  ( p <  0. 001) t h a n  c o n t r o l s ,  
b u t  b a s a l  NE c o n c e n t r a t i o n s  w e r e  s i m i l a r  i n  b o t h  g r o u p s .  F r a c t i o n a l  t u r n o v e r  r a -  
t e s  ( k )  w e r e  4 . 7  _+ 1 . 8  a n d  9 .7  + 1 .5  % p e r  h o u r  ( p < 0 . 0 5 )  f o r  M S G - t r e a t e d  a n d  
c o n t r o l  m i c e ,  r e s p e c t i v e l y .  T o t a l  NE t u r n o v e r  w a s  d e c r e a s e d  s i g n i f i c a n t l y  b y  MSG 
t r e a t m e n t .  T h e  w e i g h t  of  p a n c r e a s  of  M S G - t r e a t e d  mice  was  s i g n i f i c a n t l y  l i g h t e r  ( 
p ( 0 . 0 5 )  t h a n  t h a t  of  c o n t r o l ,  b u t  n o  s i g n i f i c a n t  d i f f e r e n c e  in  b a s a l  NE c o n t e n t ,  
f r a c t i o n a l  t u r n o v e r  r a t e  ( k )  a n d  t o t a l  NE t u r n o v e r  w a s  o b s e r v e d  b e t w e e n  b o t h  
g r o u p s  ( T a b l e  II a n d  F i g u r e  I ) .  

6WEEKS 
• m. MSG (ad l ib )  

o - - - o  CONTROL (ad l ib )  

BROWN ADIPOSE TISSUE 

1 ttt" ........... -It ............ 4--t 

HEART 

i 200 ~. I I I 

I I 
0 3 6 

TIME ( h r s )  

FIGURE I 

NE t u r n o v e r  i n  M S G - t r e a t e d  a n d  c o n t r o l  mice  6 w e e k s  a f t e r  b i r t h .  NE t u r n -  
o v e r  w a s  m e a s u r e d  in  I B A T ,  h e a r t  a n d  p a n c r e a s  f rom M S G - t r e a t e d  a n d  c o n t r o l  
mice .  All  d a t a  a r e  p l o t t e d  a s  m e a n  _+ SEM f o r  e n d o g e n o u s  NE in  t i s s u e s  f rom 10-12 
a n i m a l s  in  e a c h  g r o u p  a t  0, 3 a n d  6 h o u r  a f t e r  t h e  i n j e c t i o n  of  d - m e t h y l - p - t y r o s i -  
n e  (80  m g / k g ,  i . p . ) .  I n  I B A T  a n d  h e a r t ,  s l o p e s  f o r  M S G - t r e a t e d  mice  w e r e  s i g n i -  
f i c a n t l y  d i f f e r e n t  ( I B A T ,  p < 0 . 0 0 5 ;  h e a r t ,  p < 0 . 0 5 )  f rom t h a t  f o r  c o n t r o l s ,  b u t  in  
p a n c r e a s  t h e  s l o p e  w as  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
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T h r e e  w e e k s  a f t e r  M S G - t r e a t m e n t ,  t h e  w e i g h t  o f  I B A T  w a s  h e a v i e r  in  MSG 
g r o u p  t h a n  t h a t  in  c o n t r o l s  ( p <  0 . 0 5 ) .  B a s a l  NE c o n c e n t r a t i o n  w a s  l o w e r  in  I B A T  
of  MSG g r o u p  (p<  0 . 0 1 ) .  F r a c t i o n a l  t u r n o v e r  r a t e  ( k )  w e r e  6 . 9  i 1 . 1  a n d  10 .2  ± 
1 . 2  % p e r  h o u r  ( p <  0 . 0 5 )  f o r  M S G - t r e a t c d  a n d  c o n t r o l  mice ,  r e s p e c t i v e l y .  T o t a l  NE 
t u r n o v e r  in  I B A T  w as  s i g n i f i c a n t l y  d e c r e a s e d  b y  M S G - a d m i n i s t r a t i o n .  T h e  h e a r t  
w e i g h t  o f  MSG g r o u p  w as  l i g h t e r  ( p <  0 . 0 2 )  t h a n  c o n t r o l s ,  b u t  n o  s i g n i f i c a n t  d i f f e -  
r e n c e  in  b a s a l  NE c o n c e n t r a t i o n s ,  f r a c t i o n a l  t u r n o v e r  r a t e  ( k )  o r  t o t a l  NE t u r n -  
o v e r  w a s  o b s e r v e d  b e t w e e n  b o t h  g r o u p s .  No d i f f e r e n c e s  w e r e  o b s e r v e d  in  p a n c r e -  
a s  f o r  e i t h e r  g r o u p  ( T a b l e  I I I  a n d  F i g u r e  I I ) .  

TABLE III 

N o r e p i n e p h r i n e ( N E )  t u r n o v e r  in  i n t e r s c a p u l a r  b r o w n  a d i p o s e  
t i s s u e ( I B A T ) ,  h e a r t  a n d  p a n c r e a s  of  3 - w e e k s - o l d  M S G - t r e a t e d  
a n d  c o n t r o l  mice  # 

Tissue Organ weight Endogenous NE k NE turnover rate 
(g) (ng/g) (%/h) (ng/g/h)  

[ I B A T ]  
MSG 0 . 0 8 0  ± 0 . 0 0 9  516 .0  + 4 0 . 2  6 . 9  ± 1 .1  36 ( 4 4 - 2 8 )  
C o n t r o l  0 . 0 5 4  + 0 . 0 0 6  1022 .6  + 71 .3  1 0 . 2  + 1 . 2  104 ( 1 2 5 - 8 6 )  

p < 0 . 0 5  < 0 . 0 1  < 0 . 0 5  

[ Heart] 
MSG 0.062 + 0 .005  625.3 + 44.7 9.6 + 1.4 60 (74-48) 
Control 0.086 + 0 .007  701.5 ± 86.9 9.9 ± 1.2 69 (88-53) 

p < 0.02 N.S. N.S. 

[ Pancreas] 
MSG 0.069 ± 0 .003  411.0 ± 31.7 10.6 + 1.4 44 (53-35) 
Control 0.073 ± 0 .003  372.3 + 29.1 10.7 + 1.1 40 (47-33) 

p N.S. N.S. N.S. 

# T h e  f r a c t i o n a l  n o r e p i n e p h r i n e  t u r n o v e r  r a t e  ( k )  i s  e x p r e s s e d  
a s  t h e  m e a n  ± SEM. T h e  n o r e p i n e p h r i n e  t u r n o v e r  r a t e  (NE t u r n o v e r  
r a t e )  i s  e x p r e s s e d  a s  t h e  m e a n  w i t h  95% c o n f i d e n c e  l i m i t s .  T e n  o r  
t w e l v e  mice  w e r e  u s e d  a t  e a c h  t ime  p o i n t  to  o b t a i n  t h e  t u r n o v e r  d a t a .  

DISCUSSION 

Our previous report showed that SNS activity in IBA[I of 12-weeks-old obese 
MSG-treated mice was reduced significantly compared to saline control mice (5). 
However, because 12-weeks-old MSG mice are already grossly obese, it is possible 
that the reduced SNS activity in IBAT is merely a result of that obesity. This 
possibility was examined in the present investigation by measuring NE turnover 
in IBAT of 6-weeks-old mildly obese MSG mice and their saline controls and fur- 
ther, 3-weeks-old pre-obese MSG mice and their saline controls. 

Our present results showed that in 6-weeks-old mildly obese MSG mice, NE 
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FIGURE II 

NE turnover in MSG-treated and control mice 3 weeks after birth. NE turn- 
over was measured in IBAT, heart and pancreas from MSG-treated and control 
mice. All data are plotted as mean + SEM for endogenous NE in tissues from 10-12 
animals in each group at 0, 3 and 6 hour after the injection of d-methyl p-tyrosi- 
ne (80 mg/kg, i . p . ) .  In IBAT, the slope for MSG-treated mice was significantly 
different (p< 0.05) from that for controls, but in heart and pancreas, slopes were 
not different. 

turnover in IBAT was markedly reduced compared to their saline controls. This 
is consistent with our previous observations of 12-weeks-old obese MSG mice (5). 
Furthermore, we found that even in 3-weeks-old MSG mice in which obesity is not 
visually evident, NE turnover in IBAT was significantly decreased compared to 
their controls. In IBAT of MSG mice, NE content was also lower than in controls. 
Because NE turnover has been shown to be a reliable indicator of SNS activity (8, 
13-17), these results suggest that SNS activity is reduced in the IBAT of MSG- 
treated mice. This is consistent with the autonomic hypothesis proposed by Bray 
and York (18) and is in harmony with the report of Vander Tuig and Romsos (19) 
using VMH-lesioned weanling rats and also consistent with ob/ob mice data (9). 
Low SNS activity in IBAT of MSG-treated mice thus occurs as an early event in 
their development, indicating that the impaired SNS activity is not a consequence 
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of e s t a b l i s h e d  o b e s i t y ,  b u t  r a t h e r  may be an i m p o r t a n t  f ac to r  in the  deve lopmen t  
of o b e s i t y .  

Our  p r e s e n t  r e s u l t s ,  h o w e v e r ,  do not  a g r e e  with the  r e p o r t  of Young  and 
L a n d s b e r g  (17) who s t ud i ed  obes i ty  i n d u c e d  by  g o l d - t h i o g l u e o s e  o r  ou r  p r e v i o u s  
r e p o r t  (20) tha t  showed the  i n c r e a s e d  NE t u r n o v e r  in IBAT and h e a r t  of  VMH- 
l e s ioned  adu l t  r a t s .  T h i s  d i s c r e p a n c y  might  d e p e n d  on e i t h e r  animals are  h y p e r -  
phag ic  or  no rmoph ag i c .  Our  MSG mice and  VMH-les ioned wean l ing  r a t s  (19) were  
n o r m o p h a g i c .  In c o n t r a s t ,  g o l d - t h i o g l u c o s e - i n d u c e d  obese  mice (17) and  ou r  VMH 
- l e s ioned  adu l t  r a t s  (20) were  h y p e r p h a g i c .  When h y p e r p h a g i a  is i n d u c e d  in e x p -  
e r imenta l  animals by  o t h e r  t e c h n i q u e ,  t h e r e  is o f ten  a marked  i n c r e a s e  in the  tu -  
r n o v e r  of NE (13, 16). However ,  m e a s u r e d  r a t e s  of NE t u r n o v e r  in ou r  VMH-lesio-  
ned  adul t  r a t s  were  a lways  h i g h e r  than  in the  c o n t r o l s  e v e n  a f t e r  s t a r v a t i o n  or  
p a i r - f e e d i n g  (20),  which s u g g e s t s  t ha t  the  c e n t r a l  s igna l ,  l e ad ing  to h y p e r p h a g i a  
might  c ause  i n c r e a s e d  NE t u r n o v e r ,  u n r e l a t e d  to food c o n s u m p t i o n .  

On the other hand, rates of NE turnover in heart of MSG mice changed in 
association with development of their obesity. In 6-weeks-old mildly obese MSG 
mice, NE turnover in heart was significantly lower than in saline controls. This 
is consistent with our previous data of 12-weeks-old MSG mice (5). But, in 3- 
weeks-old MSG mice, no differences in NE turnover of heart were observed com- 
pared to saline controls. This suggests that the reduced SNS activity in heart 
might be a consequence of obesity rather than a cause of obesity. 

No significant difference in NE turnover of pancreas was observed between 
MSG and controls at either age, an observation which is in agreement with our 
previous study (5). This suggests that the hyperinsulinemia that develops in 
obese MSG mice may not be associated with the SNS activity in pancreas. 

Our  p r e s e n t  r e s u l t s  showed tha t  NE t u r n o v e r  in IBAT d i f f e r  from those  in 
the  h e a r t  and  p a n c r e a s  of 3 - w e e k s - o l d  MSG mice, and ou r  p r e v i o u s  da ta  i n d i c a t e d  
a d i s c o r d a n c e  among o r g a n s  in NE t u r n o v e r  of VMH-les ioned adul t  r a t s  (20) .  Th is  
s u g g e s t s  t ha t  componen t s  of the  SNS may be a f f e c t e d  d i f f e r e n t i a l l y  by  c e n t r a l  
hypotha lamic  l e s ions ,  u n d e r  some c i r c u m s t a n c e s .  
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