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LEVIN, B E , J TRISCAR1 AND A C SULLIVAN 7he eJJe¢t oJ diet and ¢hront¢ obe~tt~ on brain ~ate~holamme 
turm~vcr tn the rat PHARMACOL BIOCHEM BEHAV 24(2) 29%304, 1986 --Male Sprague-Dawley rats were fed a high 
calorie, high fat diet for 3 months to produce chronic dlet-mduced obesity (DIO) in which they gained 71YVc, more weight than 
chow-fed controls Thffty-slx percent of the rats fed the DIO diet resisted the developmentof obesity (DR), gaining no more 
weight than chow-fed controls but serving as a comparison for the effects of the diet alone on the metabohsm of brain 
catecholamlnes The major Influence of dietary composmon was upon noreplnephrlne (NE) metabolism Both DIO and DR 
rats had increased turnover of N E (107-217%) and/or shorter N E half-hves (42-67%) than controls in the hypothalamlc 
paraventrlcular (PVN) and dorsomedlal (DMN) nuclei and the medmn eminence (ME), dopamlne (DA) turnover was 
slmdarly accelerated m the PVN The DR rats alone exhibited decreased NE levels with ,ncreased disappearance of NE m 
frontal cortex and increased disappearance of DA m the ventromedml hypothalamlc nucleus (VMH) The major effect of 
chronic obesity alone was a 31-33% decrease m DMN DA turnover and an 80cA decrement in ME DA turnover assocmted 
with a 61c~ decrease m DA levels as compared to chow-fed controls Therefore, the major effect of a high calorie, high fat 
diet was a diffuse acceleratmn of brain NE and DA turnover whde chrome obesity led to decreased DA tnrnovel m the 
DMN and ME 

Diet-reduced obesity Norepmephrme Dopamme Epinephrine Catecholammes Hypothalamus 
Frontal cortex 

A n u m b e r  of  s tudies  have  s h o w n  that  changes  m diet may  be 
a s soc ia ted  with a l te red  m e t a b o h s m  of  bra in  c a t e c h o l a m m e s  
[1, 7, 32] In addi t ion ,  s t a tes  of  ch ron ic  obes i ty  m roden t s ,  
w h e t h e r  gene t tca l ly  d e t e r m m e d  [5, 6, 16, 17] or  les ion-  
reduced [4], have  also been  h n k e d  to changes  m bra in  
m o n o a m m e  levels  Die t - reduced  obes i ty  (DIO) can  be 
p roduced  in ra ts  by feeding t hem high calorie,  high fat  diets  
o v e r  a per iod  of  weeks  to m o n t h s  [8, 15, 19, 20, 30] This  
m e t h o d  of  caus ing  obes i ty  obv ia t e s  m a n y  of  the  p r o b l e m s  
assoc ia ted  with gene t l ca l ly -hnked  or  l e s ion- reduced  types  of  
ammal  obes i ty  in which  many  o t h e r  defec ts  which  are not  
n e c e s s a n l y  causa l ly  re la ted  to the pa thophys to logy  of  obe-  
s ay  are  also p re sen t  As  such,  DIO has  many  s l m d a n t l e s  to 
cer ta in  types  o f  adu l t -onse t  obes i ty  m h u m a n s  T h e s e  in- 
c lude hyperce l lu la r ,  h y p e r t r o p h t c  ad ipos i ty  in some  fat de-  
pots  [8,36], type  II d i abe tes  wi th  insul in  r e s i s t ance  [7, 18, 
36], hype rg lyce ro l emla ,  and  an  a s soc ia t ed  inc rease  in 
m e t a b o h c  ef f ic iency such  tha t  inc reased  body  weight  is 
ma in t a ined  wi th  the  in take  of  the same  or  f ewer  ca lor ies  t han  
c o m p a r a b l e  lean con t ro l s  [15, 18, 21, 36] 

We have  p rev ious ly  used  a s eml syn the t t c  diet  wh ich  is 
re la t ively  high m c a l o n e s  and  fat ( " D I O  d i e t " )  to p roduce  
DIO in adul t  ra ts  [15, 19, 20, 21] Genera l ly ,  ra ts  show an  

early inc rease  m food in take  on this  diet  with  the  s u b s e q u e n t  
d e v e l o p m e n t  of  obes i ty  O v e r  the  e n s u m g  2-3 m o n t h  per iod  
calor ic  in take  is usual ly  r educed  to levels  fairly c o m p a r a b l e  
to or  even  be low tha t  of  chow-fed  con t ro l s  [15, 20, 21, 36] In 
some of  these  ch ron ic  s tudies ,  a subgroup  of  ra ts  fed the  D 1 0  
diet  fails to inc rease  its mtttal  in take  and  thus  " r e s i s t s "  the  
d e v e l o p m e n t  of  DIO [15,20] These  d ie t - res i s tan t  (DR) rats  
thus  se rve  as a useful  con t ro l  for  the  effects  of  d ie tary  com- 
p o s m o n  on the  p a r a m e t e r s  to be e x a m i n e d  The  p r e s e n c e  of  
such  a g roup  m a s tudy a l levta tes  the  p rob l ems  a s soc ia t ed  
with res t r i c ted  feeding schedu les  which  would  o the rwi se  be 
requi red  to p roduce  a d ie ta ry  con t ro l  group of  c o m p a r a b l e  
weight  to chow-fed  con t ro l s  Thus  the  use  of  our  DIO diet  
p rov ides  an  ex t r eme ly  powerfu l  an imal  model  which  can  
serve  as a m e a n s  to eva lua te  the  effects  of  b o t h  high calor ie ,  
high fat diets  and ch ron ic  obes i ty  on the  me tabo l i sm of  bra in  
c a t e c h o l a m l n e s  

METHOD 

Ammal~ 

Three  m o n t h  old (400--500g),  adul t ,  male  Sprague-  
Dawley  rats  (Char les  R ive r  Breed ing  Labo ra to r t e s )  were  
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300 L E V I N .  T R I S C A R I  A N D  S U L L I V A N  

T A B L E  1 

BODY WEIGHT CHANGES IN RATS FED CHOW OR THE DIO DIET 

Chow DIO DR 

lnmal  Body Weight (g) 417 + 6 420 _+ 6 420 ± 6 
Final Body Weight  (g) 655 ± 21 824 ± 15" 664 _+ 13 
Weight  Gain (g) 238 ± 18 405 _+ 13" 251 _+ 10 
N 30 29 16 

Groups  of rats were fed chow (n=30) or the DIO diet (n=45) for 3 
mon ths  A subgroup of  rats on this later diet (n= 16) resisted the 
deve lopment  of  obesi ty (DR) whale the remainder  became obese 
(DIO) * p < 0  001 when  DIO rats were compared  to chow-fed con- 
trois by post-hoc t- test  after a s~gmficant intergroup difference was 
found by A N O V A  
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FIG 1 Effect  of  diet and obesi ty on brain NE m e t a b o h s m  Rats  
were fed chow (©) or the DIO diet Subgroups  of  the DIO diet-fed 
rats became obese (Q) or resis ted the deve lopment  of  obesity (&) 
over  a 3 mon th  period of feeding Sets o f  4-10 rats f rom each o f  the 3 
diet groups  were treated with c~-methyl p- tyrosme (300 mg/kg, IP) 
and decapRated 1 5 and 3 hr later A further  set of  8-14 rats from 
each diet group was left untreated for determinat ion of  endogenous  
NE  levels Data  points  are m e a n ± S E  (vertical bars) NE concentra-  
Uon (log) plotted as a funct ion of  t ime for the hypothalamlc  paraven-  
tncu la r  (PVN), dorsomedlal  (DMN),  ven t romedml  (VMH) nuclei,  
m e d m n  eminence  (ME) and frontal cortex (FC) Turnover  data  de- 
rived from these  plots are given m Table 2 

h o u s e d  i n d i v i d u a l l y  a t  2 3 - 2 4 ° C  o n  a 12 h r  h g h t - d a r k  
s c h e d u l e  R a t s  w e r e  r a n d o m i z e d  b y  w e i g h t  in to  2 g r o u p s ,  
c o n t r o l s  ( n = 3 0 )  w e r e  f e d  p e l l e t e d  P u n n a  ra t  c h o w  w h i c h  
c o n t a i n s  4 5% fa t  a n d  4 0 k c a l / g  a n d  a s e c o n d  g r o u p  ( n = 4 5 )  
w a s  f e d  a p e l l e t e d ,  s e m l s y n t h e t i c  d i e t  ( B l o S e r v ,  Inc )  c o m -  
p o s e d  o f  47% c h o w ,  8%, c o r n  oil a n d  44% s w e e t e n e d  c o n -  
d e n s e d  m d k  c o n t a i n i n g  16--17% p r o t e i n ,  1 5 - 1 6 %  fa t  a n d  4 6 

T A B L E  2 

EFFECT OF DIET AND OBESITY ON BRAIN NE METABOLISM 

Chow DIO DR 

PVN 
N E .  153 + 4 9 0  173 + 260  163 ± 0 8 0  
tV2 355  ± 0 6 9  1 94 ± 041"  1 50 ± 032+ 
TR 2 9 9  + 0 7 7  6 18 ± 1 12" 762  ± 1 00+ 

DMN 
N E ,  189 ± 2 7  2 0 6  ± 2 5  187 _+ 19  
tl/2 2 85 ± 0 72 0 98 _+ 0 13+ 1 17 _+ 0 16 × 
TR 4 6 0  ± 091 146 -+ 1 855 11 I ± 1 325 

VMH 
NE,, 18 3 +- 2 1 160 + 1 7 142 ± 3 5 
tl/2 1 62 ± 0 25 1 63 ± 0 21 1 39 ± 0 32 
TR 783  + 1 05 6 8 0  ± 0 8 0  7 0 8  ± 1 69 

ME 
N E .  186 -+ 19  7 2 4 + 0 9 : 1 ;  108 - + 2 2 7  
tl/2 3 63 -+ 0 87 1 98 + 0 45* 1 48 + 0 34* 
TR 3 55 ± 061 253  _+ 045  5 06 ± 1 10 

FC 
NE~ 4 0 4  + 053  2 8 9  ± 0 5 0  1 32 ± 024v~ 
tU2 3 86 + 0 87 4 56 ± 1 49 1 69 ± 0 37* 
TR 0 7 3  ± 0 13 0 4 4  ± 0 11 055  ± 0 ll  

Rats fed chow or the DIO diet for 3 mon ths  (those which became 
obese [DIO] and those which did not [DR]) were given c~-methyl 
p- tyrosme (300 mg/kg, IP)and  decapitated m sets of  4-10 at 1 5 and 3 
hr later Other  untreated rats were used for endogenous  NE levels 
(NE. ,  pg//zg protein) Data were plotted as in Fig 1 and expressed  as 
mean  ± SE half-hfe (tt/2, hr ]) and turnover  rate (TR, pg/#g 
protem/hr) *p<0  05 ? p < 0  01 Sp<0 001 when data from DIO or 
DR rats were compared  to those  from chow-fed rats and ~p<0 05 
when  data  from DIO rats were compared  to those from DR rats by t 
test for post-hoc compar i sons  after A N O V A  showed there to be 
slgmficant intergroup differences (p<0  05) 

kca l / g  ( D I O  d ie t ,  [19]) D i e t - f e e d i n g  w a s  c o n t i n u e d  fo r  3 
m o n t h s  at  t h e  e n d  o f  w h i c h  U m e  r a t s  w e r e  w e i g h e d  a n d  al lo-  
c a t e d  to 1 o f  3 g r o u p s  a c c o r d i n g  to a n a l y s i s  o f  b o d y  w e i g h t -  
g a i n  h i s t o g r a m s  [15, 20, 21] C h o w - f e d  r a t s  s h o w e d  a G a u s -  
s l an  d l s t r l b u U o n  o f  b o d y  w e i g h t  g a i n  w h d e  D I O  dxet- fed r a t s  
fell  m t o  2 s u b g r o u p s ,  b o t h  o f  w h i c h  w e r e  " n o r m a l l y '  d ts -  
t n b u t e d  a c c o r d i n g  to b o d y  w e i g h t  ga in  T h e  f i rs t  g r o u p  be-  
c a m e  o b e s e  (DIO) ,  g a m i n g  s i g n i f i c a n t l y  m o r e  w e i g h t  t h a n  
c o n t r o l s  (Tab l e  1), t h e  s e c o n d  g r o u p  a te  t h e  D I O  d~et b u t  
g a i n e d  a p p r o x i m a t e l y  t he  s a m e  a m o u n t  o f  w e i g h t  as  c o n t r o l s  
a n d  t h e s e  w e r e  d e f i n e d  as  " ' d i e t - r e s i s t a n t "  (DR)  All f u r t h e r  
s t u d i e s  w e r e  c a r r i e d  o u t  p r o s p e c t i v e l y  u p o n  t h e s e  a m m a l s  as  
p r e v i o u s l y  a l l o c a t e d  to t h e s e  3 g r o u p s  

Brain Cate~ holamme Turnover Studte.s 

S u b g r o u p s  o f  r a t s  f r o m  e a c h  o f  t h e  3 d ie t  g r o u p s  w e r e  
I n j e c t e d  w i th  a - m e t h y l  p - t y r o s m e  (300 m g / k g ,  IP) a n d  4 - 1 0  o f  
t h e s e  r a t s  f r o m  e a c h  g r u p  w e r e  d e c a p i t a t e d  1 5 h r  o r  3 h r  
l a t e r  [2,12] A d d m o n a l  a n i m a l s  f r o m  e a c h  d ie t  g r o u p  ( n - 8 -  
14) w e r e  n o t  r e j e c t e d  w i th  d r u g  a n d  w e r e  u s e d  fo r  t h e  d e t e r -  
r u i n a t i o n  o f  e n d o g e n o u s  b r a i n  c a t e c h o l a m l n e  l e v e l s  A t  t h e  
t i m e  o f  d e c a p ~ t a U o n ,  b r a i n s  w e r e  q u i c k l y  r e m o v e d ,  f r o z e n  o n  
D r y  Ice  a n d  s t o r e d  at  - 7 0 ° C  fo r  no  m o r e  t h a n  2 d a y s  B r a i n s  
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T A B L E  3 

EFFECT OF DIET AND OBESITY ON BRAIN DA METABOLISM 

Chow DIO DR 

PVN 
DA(, 1 27 ± 022 279 ± 063 3 01 ± 1 34 
tt/2 l 13 + 0 24 0 97 ± 0 10 1 02 + 0 20 
TR 078 ± 0 15 1 99 ± 033"  205-+ 066"  

DMN 
DA., 349 ± 072 3 19 ± 057 349 ± 093 
t]/2 l 32 ± 0 13 1 76 ± 022"  1 11 ± 021 
TR 1 83 ± 0 15 1 26 ± 026"  2 18 ± 050  

VMH 
DA,, 2 50 ± 048 3 39 ± 0 12 280 ± 078 
tl/2 I 30 ± 0 27 1 64 -+ 0 41 0 95 ± 0 20§ 
TR 1 33 ± 027 1 43 -+ 020 204 -+ 0 10§ 

ME 
DA,, 22 9 ± 3 0 897 ± 1 99t 254 + I 5 
tVz 096 ± 008 1 92 ± 040"  1 07 ± 0 14 
TR 165 ± I 8 3 24 ± 0705 165 ± I 56 

Rats were fed chow or the DIO diet and treated with a-methyl 
p-tyrosme as described m Table 2 and the Method section 
DA,,=endogenous DA content (pg//zg protein) and TR=turnover  
rate m pg//zg protem/hr Data are derived from plots m Fig 2 and are 
gwen as mean ± SE *p<0 05 t p < 0  01 ~p<0 001 when data from 
DIO or DR rats were compared to those from chow-fed rats and 
§p<0 05 when data from DIO rats were compared to those from DR 
rats by t-test for post-hoc comparisons after slgmficant intergroup 
differences (p<0 05) were found by ANOVA 
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FIG 2 Effect of diet and obesity on brain DA metabohsm See 
legend of Fig 1 and the Method section for detads Data derived 
from these plots are given m Table 3 

were  m ,c rod , s sec t ed  by the  m e t h o d  of  Pa lkovl t s  et al [28]. 
Four-6  bi la teral  p u n c h e s  were  t aken  us ing  a 0 5 m m  p u n c h  
for  the  h y p o t h a l a m , c  p a r a v e n t r l c u l a r  (PVN),  do r somed la l  
(DMN) ,  v e n t r o m e d i a l  nuclei  ( V M N )  and  med ian  e m i n e n c e  
(ME)  and  4 p u n c h e s  f rom fronta l  co r t ex  (FC)  were  t aken  
using a 1 m m  p u n c h  The  t i ssue  p u n c h e s  were  p laced  im- 
media te ly  into 150 #1 0 1 N p e r c h l o n c  acid con ta in ing  10 
ng/mg d l h y d r o x y b e n z y l a m m e  as an  in terna l  s t anda rd  Cate-  
c h o l a m m e s  were  a d s o r b e d  to a l um i na  at p H  8 5 and  e lu ted  
wi th  0 1 N p e r c h l o n c  a o d  Bra in  c a t e c h o l a m l n e s  were  de- 
t e rmined  by  r eve r sed  phase  h igh p e r f o r m a n c e  h q m d  ch roma-  
tog raphy  us ing  a C, , ,  tz B o n d a p a c k ,  10 p.m Z-modu le  c o l u m n  
(Waters )  at  a flow rate  of I 5 ml /mm E l ec t r ochem i ca l  de tec-  
t ion was pe r fo rmed  with a g l a s sy -ca rbon  e lec t rode  (BAS)  at 
an  appl ied vol tage of  0 72 v [14] Pro te ins  were  d e t e r m i n e d  
by the  m e t h o d  of  L o w r y  et al [22] 

Slt t l l~ll(  

C a t e c h o l a m m e  t u r n o v e r  was ca lcu la ted  by the  m e t h o d  of  
Brodle  et al [2] In which  the  f rac t tonai  t u r n o v e r  (k) was  
t aken  as the  slope r of  the  d i s a p p e a r a n c e  of  c a t e c h o l a m l n e  
levels  (as a na tura l  logar i thmic  func t ion)  p lo t ted  aga ins t  the  
t ime fol lowing a - m e t h y l  p - t y r o s m e  in jec t ions  Half-hfe  (tl/2) 
was  ca lcu la ted  as 0 693/k E n d o g e n o u s  n o r e p l n e p h n n e  
(NE.,), d o p a m m e  (DA.)  and  e p m e p h n n e  (E0) levels  were  ob- 
ta ined  f rom subgroups  of  u n m j e c t e d  rats  and  t u r n o v e r  ra te  
was  g iven  as the  p ro duc t  of  e n d o g e n o u s  levels  × f ract ional  
t u r n o v e r  (k) Da ta  were  ana lyzed  by 1-way analys is  of  v a n -  
ance  for  m d w l d u a l  p a r a m e t e r s  and  by  analys is  of  co- 

va r i ance  for  t u r n o v e r  da ta  W h e r e  s ignif icant  d i f fe rences  
60 < 0  05 or  less) were  found,  da ta  were  fu r the r  ana lyzed  by  
t - tes t  for  pos t -hoc  compar i sons  

RESULTS 

Body Wetght Gain 

Rats  wh ich  b e c a m e  obese  af te r  3 m o n t h s  on  the  DIO diet  
had  final body  weights  wh,ch  were  24% and 26% h ,gher  than  
chow-fed  con t ro l s  and  DR ra ts  r e spec t ive ly  (Table  1), 
F (2 ,42)=32  16, p = 0  0001 This  r e p r e s e n t e d  a 70% and 61% 
grea te r  weight  gain than  these  2 groups ,  r espec t ive ly ,  
F(2 ,42)=43 78, p = 0  0001 

Bram Cate( holamtne Turnover 

Norepmephrme E n d o g e n o u s  N E  (NE. )  levels  were  de- 
c r eased  by  42% and 61% in the med ian  e m i n e n c e  (ME)  of  DR 
and  DIO rats ,  r espec t ive ly ,  c o m p a r e d  to chow-fed  cont ro l s  
(Table  2), F(2 ,21)=  14 73, p = 0  001 NE.. levels  were  a lso de- 
c r eased  in f ronta l  co r t ex  (FC)  of  DR ra ts  by  67% and  54% 
c o m p a r e d  to con t ro l s  and  DIO rats ,  r espec t ive ly ,  
F (2 ,22 )=6  45, p = 0  007 The  f ract ional  t u r n o v e r  of  N E  was 
inc reased  in the  P V N ,  D M N  and the  M E  of  bo th  DIO and  
DR rats  Thus  the  tl/2 was  r e d u c e d  to 55% and  34% of  cont ro l  
and  the t u r n o v e r  ra te  was  inc reased  to 207% and 255% m the 
P V N  of  DIO  and  DR c o m p a r e d  to chow-fed  con t ro l s ,  re- 
spec t ive ly  (Table  2 and  Fig 1), F(2 ,30)=73  06, p = 0  0001 
D e c r e a s e s  m tV2 to 34% and  41% of  cont ro l  and  inc reases  m 
t u r n o v e r  ra te  to 317% and  241% of  con t ro l s  were  seen  in the  
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T A B L E  4 

EFFECT OF DIET AND OBESITY ON BRAIN E LEVELS 

Chow DIO DR 

PVN 254_+ 045 260 +_ 054  1 45 +_ 050 
DMN* 234_+ 026 1 81 ± 044  1 86 + 042 
VMH l 27 _+ 020  1 60 ± 0 19 1 92 + 046  
ME 1 69_+ 034 1 22 ___ 036  1 67 _+ 040 

Rats fed as described m Table 2 and the Method section had 
endogenous E levels determined m sets of 8-14 per d~et group Data 
are mean _+ SE pg//zg protein *F(2,19)=19 52, p = 0  001 for 1 way 
ANOVA among data for chow-fed, DIO and DR rats, there were no 
s~gmficant d~fferences among the groups by t-test for post-hoc com- 
parisons 

D M N  of  DIO and  D R  rats ,  r e s pec t w e l y ,  F (2 ,30)=88  40, 
p = 0  0001 The  half-hfe  of  N E  was  also d e c r e a s e d  to 55% and 
41% of  con t ro l s  m the  M E  of  DIO and  DR rats ,  r espec t ive ly ,  
F (2 ,30 )=58  18, p = 0  0001, bu t  b e c a u s e  of  the  d~mtmshed 
NE,, levels ,  t he re  were  no  d i f fe rences  m overal l  t u r n o v e r  
ra te  In FC the re  was  also a 57% d e c r e a s e  m N E  0/2 m DR 
ra ts  w i thou t  a c o n c o m i t a n t  inc rease  m t u r n o v e r  rate ,  
F (2 ,30 )=40  43, p = 0  0001, no  c h a n g e  was  seen  m FC of  DIO 
ra ts  T h e r e  were  no  d t f fe rences  m N E  m e t a b o h s m  a m o n g  the  
3 g roups  m the  V M H  

Dopamme In con t r a s t  to the  genera l  t r end  toward  in- 
c r e a s e d  t u r n o v e r  of  N E m  m a n y  of  the  a reas  sampled  m bo th  
DIO and  DR rats ,  D A  m e t a b o h s m  was  d~fferentmlly affected 
m the  DIO rats  w h e n  c o m p a r e d  to b o t h  cont ro l  and  DR rats  
(Table  3 and  F~g 2) E n d o g e n o u s  levels  of  DA were  de- 
c r ea sed  to 39~/b of  chow-fed  con t ro l s ,  F (2 ,22 ) - -592 ,  
p = 0  009, w~th a 100% increase  in tl/2 and 80% dec rea se  m 
DA t u r n o v e r  ra te  in the  M E  of  DIO ra ts  w h e n  c o m p a r e d  to 
con t ro l s ,  F (2 ,30)=69  12, p = 0  0001 T h e r e  was no  compara -  
ble c h a n g e  m DA m e t a b o h s m  in the  M E  of  D R  rats  DIO ra ts  
a lso had  a p ro longed  tl/2 for  DA of  33% and  a d e c r e m e n t  m 
t u r n o v e r  ra te  of  31% m the i r  D M N  as c o m p a r e d  to chow-fed  
con t ro l s ,  F (2 ,30)=20  20, p = 0  0001 Again ,  DR ra ts  s h o w e d  
no c o m p a r a b l e  changes  m D M N  DA m e t a b o h s m  While  
ne i t he r  the  DIO nor  DR ra ts  had  s~gmficantly d~fferent DA 
m e t a b o h s m  f rom cont ro l s  in the i r  V M H ,  w h e n  they  were  
c o m p a r e d  to each  o the r  the  DIO rats  did have  a 70% s lower  
ra te  of  V M H  DA t u r n o v e r  as c o m p a r e d  to the  DR rats ,  
F (2 ,30 )=22  53, p = 0  0001 Final ly ,  while  there  were  s~gmfi- 
can t  d~fferences m ne i the r  DA0 nor  DA tl/2 m the  PVN of  
DIO and  DR ra ts  as c o m p a r e d  to con t ro l s ,  the  t u r n o v e r  ra tes  
were  inc reased  by  155% and  163%, respec t ive ly ,  
F (2 ,30)=23  22, p = 0  0001 

Epinephrine T h e r e  was no  s~gnlficant t u r n o v e r  of  E fol- 
lowing the  admtmst ra t~on  of  c~-methyl p - ty rosme  m any  bra in  
a rea  e x a m i n e d  E n d o g e n o u s  E levels  were  s~mtlar m all b ra in  
a reas  e x c e p t  the  D M N  where  t he re  were  s~gmficant rater-  
g roup  d~fferences by  A N O V A ,  F(2 ,19)=19  52, p = 0  0001, 
bu t  none  by  post  hoc  t tes t  c o m p a r i s o n s  

DISCUSSION 

Bo th  diet  and  c h r o m c  obes i ty  a p p e a r  to exer t  i n d e p e n d e n t  
effects  upon  b r a m  c a t e c h o l a m m e  m e t a b o h s m  In the  p r e sen t  
s tudies ,  c h r o m c  re take  of  a d~et w h i c h  was  re la t ive ly  h~gh m 
fat  and  calor ies ,  w h e t h e r  or not  the  a m m a l s  b e c a m e  obese ,  

had  ~ts p r imary  effects  on  bra in  N E  m e t a b o h s m  These  
changes  inc luded  inc reased  t u r n o v e r  m the  P V N  and DMN 
of  b o t h  DR and  DIO ra ts  as well as less s t n k m g  d~etary 
effects  upon  D A  m e t a b o h s m  m the  P V N  In addi t ion ,  only  
the  DR rats  s h o w e d  the  c o m b i n a t i o n  of  dec rea sed  N E  levels  
and  inc reased  f rac t ional  t u r n o v e r  of  N E m  the M E  and  fron-  
tal co r t ex  T h e s e  la t ter  changes  sugges t  a s~tuat~on m which  
neu rona l  actw~ty and  t r an smi t t e r  re lease  and /or  deg rada t ion  
of  N E exceeded  the  syn the t i c  capac i ty  of  the  cells m produc-  
ing N E  In c o n t r a s t  to the  p r e d o m i n a n t l y  facd~tatory effect  of  
d~et on  bra in  N E  m e t a b o h s m ,  c h r o m c  obes i ty  a lone  was 
a s socmted  p n m a r d y  wtth d e c r e a s e d  DA t u r n o v e r  m the  
D M N  and  M E  Such  different ia l  ef fects  of  d~et and  obes i ty  
sugges t  tha t  these  cent ra l  s~tes may  play an ~mportant  role in 
the  d e v e l o p m e n t  and  m a i n t e n a n c e  of  c h r o m c  DIO 

One  poss ib le  cause  for  the d i f fe rences  m bra in  ca techol -  
amine  m e t a b o h s m  seen  a m o n g  the  g roups  m the  p re sen t  
s tudy  would  be poss ib le  d i f fe rences  m the  a m o u n t  of  food or 
ca lor ies  t aken  m Imtmlly,  those  ra ts  which  are des t ined  to 
b e c o m e  obese  on  the  DIO d~et genera l ly  inc rease  the i r  total  
ca lor ic  re take  whde  those  which  will even tua l ly  b e c o m e  
obes i ty - r e s i s t an t  t end  to eat  less f rom the i r  ea rhes t  exposu re  
to the  d~et t han  e~ther chow-fed  con t ro l s  or  DIO rats  [15] 
Af te r  3 m o n t h s ,  c a l o n c  in take  in DIO rats  is usually fairly 
c o m p a r a b l e  to,  or  even  d e c r e a s e d  be low tha t  of  chow-fed  
con t ro l s  [15,21] There fo re ,  e v e n  t h o u g h  food re take  was not  
m e a s u r e d  m the  cu r r en t  s tudies ,  ~t ~s unhke ly  that  the  dxffer- 
ences  m calor ic  re take a lone  were  the  de t e rmin ing  fac tor  m 
p roduc ing  the  changes  m bra in  N E  m e t a b o h s m  seen here  

Ne i t he r  was the re  a c lear  re la t ionsh ip  b e t w e e n  the  
a m o u n t  of  d~etary pro te in  in take  and  the changes  m bra in  
c a t e c h o l a m m e  m e t a b o h s m  A d~rect cor re la t ion  b e t w e e n  d~- 
e tary  pro te in  con t en t  and  M E  levels  of  DA has  been  repor ted  
[9] H o w e v e r ,  while  the  a m o u n t  of  pro te in  m c h o w  and  the  
DIO d~et were  not  total ly compa rab l e ,  the relat ive amino  
acid compos i t i on  was  wr tua l ly  the  same since mos t  of  the 
p ro te in  was der ived  f rom the  c h o w  ~tself It ~s well k n o w n  
tha t  changes  m the  rat io  of  p l a sma  ty ros lne  to o the r  large 
neu t ra l  amino  acids can  a l ter  the  a m o u n t  of  bra in  t y ro sme  
a l though  th~s effect  ~s not  c lear ly re la ted  to the  a m o u n t  of  
t y r o s m e  m the  diet  [34,35] F u r t h e r m o r e ,  whde  d ie ta ry  
t y r o s m e  can affect  c a t e c h o l a m m e  m e t a b o h s m  m the  bra in ,  
th~s inf luence  appea r s  to be pr imar i ly  upon  n e u r o n s  which  
are m a he igh t ened  s ta te  of  ac t iva t ion  and  ~s mos t  marked  m 
dopamlne rg lc  neu rons  [25,33] Since the  major  effect  of  d~et 
m the  cu r r en t  s tudies  was  p r e d o m i n a n t l y  upon  N E  ra the r  
than  DA m e t a b o h s m ,  ~t appea r s  unl ikely  tha t  d~fferences m 
d ie ta ry  amino  acid compos i t i on  could  easily explain  the  ob- 
s e rved  changes  

In hgh t  of  the  d~et-mduced changes  m N E  m e t a b o h s m  
seen  here  m var ious  bra in  a reas ,  ~t ~s in te res t ing  tha t  N E  
does  a p p e a r  to be revo lved  m the  regula t ion  of  food retake 
Its mos t  p r o m i n e n t  effect  ~s seen  m the  PVN where  ~t has  
been  s h o w n  to s t imula te  ea t ing in sa tmted  rats  th rough  a 
p r e d o m i n a n t l y  a-adrenerg~c m e c h a m s m  [11] On the  o the r  
hand ,  DA and  E a p p e a r  to have  a p r e d o m i n a n t l y  inhib i tory  
effect  on  feeding w h e n  g~ven into the  per f formcal  a rea  at  the  
level  of  the  V M H  [13] While  the  P V N  was one  of  the  a reas  
m which  N E  m e t a b o h s m  was  inc reased  m DIO and  DR rats ,  
th is  appea r s  to  have  been  a r a the r  non-speci f ic  and  diffuse 
effect  s ince s imilar  changes  were  seen  in severa l  o the r  a reas  
of  the h y p o t h a l a m u s  and even  the  f ronta l  cor tex  Al though  
DIO and  DR ra ts  may  have  had  s~mdar calor ic  in takes  to 
chow-fed  con t ro l s ,  ~t ~s not  k n o w n  how the i r  meal  pa t t e rns  
m~ght have  dif fered as regards  size and  f r equency  of  mdw~d- 
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ual meals  The re fo re ,  some  of  the  o b s e r v e d  d ie ta ry  effects  
on bra in  N E  m e t a b o h s m  could  c o n c e i v a b l y  have  b e e n  due to 
e i the r  c h r o m c  a l t e ra t ions  in the  c i rcad ian  pa t t e r n  of  f eedmg  
or  to d~fferences In re take dur ing  the  3 hr  per iod  dur ing  which  
t u r n o v e r  was m e a s u r e d  

Pe rhaps  even  more  l n t n g u m g  than  the  d ie t - reduced  
changes  m N E  m e t a b o h s m  was the o b e s l t y - a s s o c m t e d  de- 
p ress ion  of  DA t u r n o v e r  seen  m the  M E  and,  to a l e sse r  
ex ten t ,  the  D M N  It ~s no t  ~mmedlately  a p p a r e n t  how 
changes  in these  two hypotha lam~c areas  might  be re la ted  to 
each  o the r  physio logica l ly  s ince  the  M E  rece ives  the  major-  
lty o f  ~ts dopammerg~c input  f rom the  tubero- lnfund~bular  
DA n e u r o n s  w h d e  the D M N  appea r s  to der ive  ~ts 
dopammerg~c mnerva t~on  pr imar i ly  f rom the  p e n v e n t n c u l a r  
sys t em of  DA n e u r o n s  [26] These  2 hypotha lam~c nucle~ 
p r e s u m a b l y  have  qui te  d~fferent c o n t r o l h n g  m e c h a n i s m s  and  
thew ra tes  of  D A  t u r n o v e r  were  very  di f ferent  in the  cu r r en t  
s tudies  (see Cont ro l s ,  Tab le  2) One  fea ture  c o m m o n  to bo th  
the  M E  and  D M N  ~s the  re la t ively  high level  of  t h y r o t r o p m  
re leasmg h o r m o n e  found  m each  a rea  [3] Whi le  we h a v e  not  
m e a s u r e d  thyro id  func t ion  m our  DIO and  DR rats ,  Rabo lh  
and  Mar t in  [29] repor ted  inc reased  p l a sma  T3 and  T4 levels  
m rats  fed h~gh fat  d~ets for  4 weeks  T h e r e  are k n o w n  in- 
t e r ac t ions  b e t w e e n  t hy r o t r op l n  re leas ing h o r m o n e  and  cen-  
tral  DA m e t a b o h s m  [27] but  ~t r ema ins  unc l ea r  wha t  the  
exac t  locus of  th~s mte r face  might  be This  u n r e s o l v e d  issue 
is o b w o u s l y  impor t an t  g~ven the  p r o m i n e n t  role p layed  by  
thyro id  h o r m o n e s  in the  con t ro l  of  thermogenes~s  

The  act  of  feeding ~tself has  been  s h o w n  to ac t iva te  cer- 
tain DA n e u r o n s  m the  bra in  [32] and  ~t ts poss ib le  tha t  de- 
c r eased  food re take  m the  DIO rats  m~ght have  p r o d u c e d  the  
lower  DA t u r n o v e r  seen  in the i r  b ra ins  as c o m p a r e d  to 
chow-fed  con t ro l s  Th~s ~s unhke ly ,  howeve r ,  b e c a u s e  DR 
rats  genera l ly  eat  even  less than  DIO rats  [15] yet they  
s h o w e d  no dec rea se  m the i r  b ra in  DA t u r n o v e r  he re  In ter -  
es t lngly,  b o t h  male  and  female  genet ica l ly  obese  Z u c k e r  ra ts  
have  d e c r e a s e d  levels  o f  DA in the D M N  at 7 m o n t h s  of  age 
[17] while  no d~fferences m M E  DA levels  were  seen  m these  

a m m a l s  or  m 2 m o n t h  old male  or  4 m o n t h  old female  obese  
Z u c k e r  ra ts  [5,6] Obese  Z u c k e r  ra ts  a lso show d e c r e a s e d  
N E  levels  in the  P V N  and  V M H  depend ing  on  thew age and  
sex [5, 6, 17] Final ly  the re  are no changes  m bra in  DA levels  
seen  in ra ts  with  obes i ty  r educed  by  v e n t r o m e d m l  hypo tha -  
lamlc les ions  [4] S ince  ac tua l  t u r n o v e r  s tudies  have  been  
c a m e d  out  m ne i the r  of  these  o t h e r  ammal  mode ls  of  obe-  
sity, an effect  of  obes i ty  on DA m e t a b o h s m  c a n n o t  be ruled 
out  at  p r e sen t  

The  ma jo r  role of  DA in the  M E  appea r s  to be ~ts tonic  
inhib i t ion  of  p ro lac tm re lease  [23] Whde  the re  have  been  no 
s tudies  of  p ro l ac tm m e t a b o h s m  m c h r o m c  DIO,  gene t ica l ly  
obese  Z u c k e r  ra ts  have  abnormaht~es  m the i r  cwcadmn 
r h y t h m s  of  s e rum p ro l ac tm levels  [24] and  genet ica l ly  obese  
(obob)  mice also a p p e a r  to have  defec t ive  pro lac t ln  t u r n o v e r  
[10,31] W h e t h e r  or not  these  a b n o r m a h t l e s  m p ro l ac tm me- 
t a b o h s m  are in some way causa l ly  re la ted  to the  deve lop-  
men t  and  m a i n t e n a n c e  of  obes i ty  r e m a m s  to be  seen  al- 
t hough  the  f inding o f  d e c r e a s e d  ME DA m e t a b o h s m  in ra ts  
w~th ch ron ic  DIO suggests  tha t  fu r the r  m v e s h g a t l o n  of  this  
ques t ion  ts w a r r a n t e d  Of  cou r se  the  ma jo r  ques t ion  r ema ins  
as to w h e t h e r  any  of  the d i f fe rences  in bra in  c a t e c h o l a m m e  
m e t a b o h s m  seen  m the  DIO rats  were  pr imar i ly  the  cause  or  
effect  o f  the i r  obes i ty  N e v e r t h e l e s s ,  the f inding of  ma jo r  
changes  m bra in  c a t e c h o l a m m e  t u r n o v e r  in ,in an imal  model  
of  obes i ty  m which  ne i the r  mul t f factorml  genet ic  de fec t s  nor  
b ra in  les ions  are p re sen t  to con found  the  p ic ture  s t rongly  
suggests  tha t  these  changes  m~ght be impor t an t  m the  
pa thogenes l s  of  obes i ty  
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