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OLTMANS, G. A., J. F. LORDEN AND D. L. MARGULES. Effects o f  food restriction and mutation on central 
catecholamine levels in genetically obese mice. PHARMAC. BIOCHEM. BEHAV. 5(6) 617 620, 1976. Norepinephrine 
(NE) levels in the hypothalamus and telencephalon of genetically obese mice with the OBOB and DBDB mutations are 
significantly higher than those of their lean littermates. Obese mice with the viable yellow mutation failed to show this 
increase. Restricting the diets of OBOB animals to prevent excessive weight gain does not affect NE levels in the 
hypothalamus, telencephalon or brainstem. 
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RECENT work indica tes  t ha t  c a t e c h o l a m i n e  levels in the  
brain are a l tered in some cases of genet ic  obesi ty .  Lorden  et 
al. [13]  r epor t ed  increased levels of h y p o t h a l a m i c  and  
te lencepha l ic  n o r e p i n e p h r i n e  (NE) in two cases of genet ic  
obesi ty ,  OBOB and DBDB mice, when  the  bra ins  of  these  
an:[mals were c o m p a r e d  to those  of  the i r  lean l i t t e rmates .  
Crace et al. [8] found  s ignif icant  d i f ferences  in the  
ca t echo lamine  c o n t e n t  of specific h y p o t h a l a m i c  nuclei  of  
the genet ical ly  obese  Zucker  f a t ty  rat  when  c o m p a r e d  wi th  
nonobese  controls .  

The a b n o r m a l  ca t echo l amine  levels found  in genet ical ly  
obese roden t s  suggests tha t  c a t e c h o l a m i n e  neu rons  are 
d i rect ly  involved in the  p r o d u c t i o n  of  the  hype rphag ia  and  
obes i ty  observed in these animals.  Al te rna t ive ly ,  the  a l tered 
ca t echo t amine  levels may  be a consequence  of  the  obesi ty .  
For example ,  stress has been  s h o w n  to af fec t  b ra in  NE 
con t en t  [ 2 3 ] .  Thus,  i t  is possible t ha t  stress associated wi th  
obes i ty  could in f luence  ca t echo l amine  levels in these  
animals.  

The purpose  of  the  present  s tudy  was two-fold .  The first 
ob;iective was to d e t e r m i n e  if the  d i f ferences  in ca techol -  
amine  levels observed b e t w e e n  OBOB and DBDB mice  and  
thei r  lean l i t t e rmates  would  be found  in a th i rd  type  of  
genet ical ly obese  mouse ,  the  viable yel low. The  second 
object ive  was to d e t e r m i n e  if  p reven t ion  of  obes i ty  in the  
OBOB m u t a n t  would  r e tu rn  cent ra l  c a t echo l amine  c o n t e n t  
to con t ro l  levels. 

EXPERIMENT 1 

Obes i ty  is charac te r i s t ic  of  viable yel low mice (AvY), as 
it is of  several o the r  m u t a n t s  [ 4 , 2 0 ] .  However ,  there  are 
di f ferences  in the  obes i ty  s y n d r o m e s  of  the  OBOB, DBDB, 
and AvY. For  example ,  the  degree of obes i ty  is more  
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variable in viable yel low mice than  in OBOB or DBDB mice 
and it is cor re la ted  wi th  coat  color  [ 2 2 ] .  To de t e rmine  
w h e t h e r  increased NE levels are general ly charac ter i s t ic  of  
genet ic  obes i ty  syndromes ,  cen t ra l  ca t echo lamine  levels 
were analyzed in viable yel low mice. This m u t a t i o n  is 
available on  the  C 5 7 B L / 6 J  b a c k g r o u n d  strain as is the 
OBOB m u t a t i o n .  Thus,  the  AvY mice make  a good 
compar i son  group for  the  OBOB mice since any  di f ferences  
be tween  the A vy mice and the  OBOB mice should  not  be 
related to u n k n o w n  fac tors  associated wi th  strain.  

Method 

Four  female  and  six male  viable yel low mice 
(C57BL/6J-AVY) were used. Cont ro l s  for these mice were 5 
females  and 6 males of  the  C 5 7 B L / 6 J  strain.  All mice were 
ob ta ined  at 5 weeks of  age f rom the  Jackson  Labora tor ies ,  
Bar Harbor ,  ME, USA. The mice were housed  in group 
cages and  ma in t a ined  on Pur ina  ra t  chow and  water .  A 12 
hr l ight-dark cycle was in effect  in the  co lony  room.  

The mice were sacrificed at 7 m o n t h s  of  age by  
decap i t a t ion  and the i r  bra ins  dissected in to  h y p o t h a l a m i c  
and te lencephal ic  sect ions as previously  descr ibed [ 1 3 ] .  
The h y p o t h a l a m i c  sect ions  were ana lyzed  f luor imet r ica l ly  

for NE and  the  te lenecepha l ic  sect ions,  for NE and  dop- 
amine (DA) by  a modi f ied  m e t h o d  of  Hogan [111.  Data  
were ana lyzed  by  t-tests.  

Results  and Discussion 

The b o d y  weights  of the viable yel low mice for  b o t h  
males and  females differed s ignif icant ly  f rom those  of  the i r  
con t ro l  group at the  t ime  of sacrifice (Table  1). In this  
s tudy  the  di f ferences  in the  b o d y  weight  of  the  viable 
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T A B L E  1 

HYPOTHALAMIC AND TELENCEPHALIC CATECHOLAM1NE LEVELS IN VIABLE YELLOW MICE 
(C57BL/6J-AVy) 

Mean Brain 
N Mean Body Wt Section Wt 

Section (g ± SD) (mg + SD) 

Mean Catecholamine Levels¢ 
Norepinephrine Dopamine 

(/x g/g ± SD) ( izg/g ± SD) 

Hypothalamus 

Male obese 6 
Male lean 6 

Female obese 4 
Female lean 5 

Telencephalon 

Male obese 6 
Male lean 6 

Female obese 4 
Female lean 5 

39 ± 3.6* 18.4 + 1.7 1.50 ± 0.09 
28 ± 2.6 16.7 ± 2.5 1.63 ± 0.14:~ 

34 -+ 6.6* 18.4 ± 3.0 1.59 -+ 0.20 
21 ± 1.1 17.2 +_ 2.1 1.46 _+ 0.14 

231.3 _+ 9.6 0.37 + 0.02 
237.6 ± 19.8 0.36 ± 0.03 

227.7 ± 9.1 0.38 -+ 0.03 
229.4 ± 4.0 0.36 _+ 0.02 

1.43 ± 0.13 
1.38 ± 0.14 

1.66 + 0.14 
1.51 _+ 0.07 

*Differs from lean control, p<.01. 
tExpressed as /s g of amine/g fresh weight of brain. 
SBased on N = 4. 

yellow mice were small in compar ison to the differences in 
body weight repor ted  for OBOB or DBDB mice and their 
lean l i t termates  [13 ] .  At 2 mon ths  of  age OBOB mice 
mainta ined on a s tandard diet of  Purina rat chow and water 
weigh approx imate ly  12 16 g more  than their  nonobese  
l i t termates ,  and at 5 mon ths  of age, weigh 33g more  [13] .  
In contras t  at 7 m o n t h s  of  age the viable yellow mice in the 
current expe r imen t  weighed an average of  12 g more  than 
controls.  

The differences  in body weight  observed in the viable 
yellow mice and their  controls  were no t  ref lected in the 
amine levels. No significant differences were found be tween  
obese and lean mice in hypotha lamic  NE, telencephalic  NE 
or te lencephal ic  DA in ei ther  male or female mice (Table 
1 ). Thus, elevated NE levels do not  necessarily accompany  
genetic obesi ty.  Obesi ty in the viable yellow mouse varies 
according to coat color,  but  no a t t empt  was made  to 
classify animals according to coat color  in the present  
study. However,  no significant correlat ion be tween  body  
weights and amine levels was found.  It is possible that 
analysis of smaller sections of tissue may have revealed local 
differences in ca techolamine  levels. 

No differences in brain weights be tween  the viable 
yellow mice and their controls  were no ted  for either the 
hypotha lamic  or te lencephal ic  sections.  Thus, there is 
presently no evidence of  neurological abnormal i ty  in the 
viable yellow mouse,  ei ther  in terms of ca techolamine  
con ten t  or brain weight. This is in contras t  to previously 
repor ted  data for the OBOB and DBDB mice [13 ,16] .  In 
both  of these muta t ions  the te lencephalons  of the obese 
mice weighed 8 11% less than the te lencephalons  of the 
lean l i t termates.  

EXPERIMENT2 

The syndrome  exhibi ted by OBOB mice is complex  and 
includes a number  of abnormali t ies  in addi t ion to hyper-  
phagia and obesi ty.  Some aspects of  the syndrome  can be 
brought  within normal limits by body  weight  reduct ion.  
For example,  peripheral  insulin resistance,  hyperglycemia,  

and adrenal h y p e r t r o p h y  can be reduced by weight re- 
duct ion [2, 7, 10].  In addi t ion,  the unusually low levels of  
l o c o m o t o r  activity observed in the OBOB can be increased 
to normal  by weight reduct ion [17] .  On the other  hand,  
ovarian a t rophy  occurs regardless of  changes in body  weight 
[16] .  Fur the rmore ,  the insensitivity of  the hypo tha lamus  
of the OBOB to goldthioglucose lesions [1} is actually 
increased by weight reduct ion  [19] .  

Thus, it is difficult  to predict  what  effects  weight 
reduct ion  might have on central  ca techolamine  levels in 
these mice. It is possible that  the large and rapid weight 
gain observed in the OBOB, or some variable associated 
with weight gain, is responsible for the elevated NE levels 
observed in these animals. To de termine  if the weight gain 
of the OBOB mice was producing changes in central 
ca techolamines  the OBOB animals were placed on a 
restricted diet. This diet mainta ined their body  weight near 
normal levels prior to analysis of ca techolamine  conten t .  

M e t h o d  

Female C57BL/6J-ob  (OBOB) mice obta ined from the 
Jackson Laboratories  with their  lean l i t termates  were used. 
The mice were 5 weeks old on arrival. Each animal was 
housed individually and given ad lib access to Purina rat 
chow and water.  Food  intake was measured every 24 hr and 
special care was taken to collect spillage. After  three days, 
half of the obese animals (N = 6) were placed on a 
restricted diet which consisted of  a 24 hr a l lo tment  of food 
equal to that  consumed by the lean l i t termates.  The o ther  
six obese mice and the lean l i t termates  (N = 9) received ad 
lib access to food.  This feeding schedule was fol lowed for 
39 days. Body weights were taken every 7 days. At the end 
of this per iod,  the animals were sacrificed as in Exper imen t  
1 and NE and DA levels were de termined  as described 
previously [13] .  Data were analyzed by an analysis of 
variance with specific compar isons  made by t-tests. 

R e s u l t s  

Body weights and the average daily food intake of obese 
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and lean animals  wi th  ad lib access to food  are p resen ted  in 
Table 2. Obese animals  ate  a b o u t  27% more  t h a n  the i r  lean 
l i t t e rmates  on  a daily basis. The b o d y  weights  of  the  obese  
animals  were a l ready s igni f icant ly  h igher  than  for  the  
cont ro l s  u p o n  arrival in the  l abora to ry .  However ,  the re  
were no  di f ferences  in the  weights  of  obese an imals  p laced 
on res t r ic ted  diets  and  those  given ad lib access to food.  
The food  res t r i c t ion  was successful  in con t ro l l ing  the  
weight of  the  OBOB mice.  At  the  end  of  the  e x p e r i m e n t  
the  average weight  of the  6 mice placed on  the  res t r ic ted  
diet  was the  same as it had  been  at the  beg inn ing  of  the  
expe r imen t .  In cont ras t ,  the  OBOB mice wi th  ad lib access 
to food  gained an average of  14 g. The lean l i t t e rma tes  
gamed an average of  4 g. 

T A B L E  2 

AVERAGE DAILY FOOD INTAKE AND MEAN BODY WEIGHT OF 
RESTRICTED AND AD LIB FED MICE (C57BL/6J-ob) 

Group 

Mean Body Weight 
Average Daily (g _ SD) 

Food Intake At 36 Days At 75 Days 
N (g -+ SD) of Age of Age 

Obese restricted 6 22 _+ 2* 22 _+ 2* 
Obese ad lib 6 5.3 _+ 0.3* 23 _+ 3* 37 _+ 3* 
Lean ad lib 9 4.0 _+ 0.2 14 _+ 1 19 _+ 2 

*Differs from lean ad lib, p<0.01.  

In add i t i on  to con t ro l l ing  the  weight  of  the  OBOB 
animals  the  food res t r i c t ion  regimen p roduced  o the r  
marked  behaviora l  changes.  Food  deprived animals  were 
no t i ceab ly  more  aggressive and  i r r i table  t han  e i ther  the  lean 
l i t t e rmates  or the  OBOB mice wi th  ad lib food access. When 
t ou ched  the  food  res t r ic ted  animals  f r equen t ly  a t t e m p t e d  
to j u m p  ou t  of  the  cage, squealed,  and  t r ied to bi te  the  
expe r imen te r .  When  placed in a cage wi th  a n o t h e r  mouse ,  
the food-res t r ic ted  OBOB invar iably  a t t acked  the  o the r  
mouse.  This  behav io r  was never  observed in e i ther  the  lean 
l i t t e rmates  or the  ad lib fed OBOB group,  and  is surpr is ing 

for the  usual ly  non-aggressive C 5 7 B L / 6 J  mouse  [3] 
The results  of  the  chemica l  analysis  are p resen ted  in 

Table 3. F o o d  res t r i c t ion  had no  ef fec t  on  bra in  ca techol-  
amine  con ten t .  H y p o t h a l a m i c  levels of  NE were sig- 
n i f icant ly  higher  in b o t h  the  food  res t r ic ted  and  the  ad lib 
access groups  of  OBOB mice t h a n  in the lean l i t t e rmates  

(+42% and +35%, respect ively) ,  bu t  were no t  s ignif icant ly  
d i f ferent  f rom each o ther .  Similar results  were found  wi th  
te lencepha l ic  and b ra in s t em NE levels. Bo th  food  res t r ic ted  
and ad lib access OBOB mice  had  s igni f icant ly  h igher  levels 
of t e lencepha l ic  and  b ra in s t em NE than  did lean l i t ter-  
mates.  No signif icant  d i f ferences  in DA levels were ob- 
served. Thus,  i t  appears  tha t  res t r ic t ing  the  a m o u n t  of  food  
available to  the  OBOB mouse  and  t h e r e b y  prevent ing  the  
deve lopmen t  of  ex t r eme  obes i ty  does not  r e tu rn  brain  NE 
c o n t e n t  to levels f o u n d  in lean l i t t e rmates .  

DISCUSSION 

The results  con f i rm  earlier r epor t s  of  elevated NE levels 
in genet ical ly  obese mice (OBOB) [ 1 3 , 1 4 ] .  It does no t  
appear,  however ,  t ha t  a similar increase in cent ra l  ca techol -  
amines  occurs  in a n o t h e r  type  of  genet ical ly  obese mouse ,  
the  viable yel low.  The  results  also indica te  tha t  ma in t a in ing  
the  weight  of  the  OBOB mouse  at  lean l i t t e rma te  levels 
does no t  reduce  bra in  NE levels. Thus,  the  obes i ty  does no t  
appear  to d i rect ly  p roduce  the  elevated NE levels in OBOB 
mice. 

The re la t ionsh ip  b e t w e e n  a b n o r m a l  ca t echo l amine  levels 
in OBOB mice and  the  obes i ty  and hyperphag ia  is no t  clear. 
It has been  suggested t ha t  obes i ty  in these mice may  be due 
to a defect  in the  h y p o t h a l a m u s  [4 ] .  Many similari t ies exist  
be tween  the  obes i ty  s y n d r o m e  of  the  OBOB mouse  and  the  
s y n d r o m e  p roduced  by  ven t romed ia l  h y p o t h a l a m i c  lesions 
in rats. In b o t h  cases there  is evidence of  hype r in su l inemia  
[21] and  hyperg lycemia  [ 1 6 ] ,  as well as the  more  obvious  
inc reased  adipos i ty  [4 ,20]  and  hype rphag ia  [ 1 8 ] .  
Addi t iona l  evidence of an a b n o r m a l i t y  in h y p o t h a l a m i c  
func t ion  in the  OBOB is provided by  studies ind ica t ing  t ha t  
the  OBOB is less suscept ib le  to  gold th ioglucose  lesions 
than  the no rma l  mouse  [1 ,19 ] .  However ,  the  OBOB 
appears  to  r e spond  normal ly  to  ven t romed ia l  [6] or lateral 
[5] h y p o t h a l a m i c  lesions. 

On the  basis of  what  is cu r ren t ly  k n o w n  a b o u t  the  
obes i ty  s y n d r o m e  in OBOB mice,  i t  is possible tha t  e levated 
NE levels could be func t ion ing  in one  of  at least  two 
al ternat ive  ways to effect  the  behaviora l  and physiological  
cond i t ions  of these  animals.  One possibi l i ty is via the 
h y p o t h a l m i c o - h y p o p h y s e a l  sys tem wi th  c o n s e q u e n t  effects  
on p i tu i t a ry  func t ion .  In fact,  s ter i l i ty  in the  OBOB 
mouse  appears  to be a resul t  of  a fai lure in h y p o t h a l a m i c  
con t ro l  of the  p i tu i t a ry  [4 ] .  Al terna t ive ly ,  it is k n o w n  tha t  
direct  app l ica t ion  of  NE to the  h y p o t h a l a m u s  elicits food 

T A B L E  3 

CENTRAL CATECHOLAMINE LEVELS IN FOOD RESTRICTED OR AD LIB FED OBOB MICE 
AND THEIR LEAN LITTERMATES 

Group N 

Mean Amine Levelst  
(NE) (NE) (NE) Dopamine 

Hypothalamus Telencephalon Brainstem Telencephalon 
(gg/g  - SD) (tzg/g -+ SD) (ug/g  _+ SD) (~zg/g _+ SD) 

Obese 
restricted 6 

Obese Ad lib 6 
Lean Ad lib 9 

2.16 _+ .19" 0.43 _+ 0.04* 0.71 _+ 0.08* 2.03 _+ 0.29 
2.05 _+ .35* 0.43 _+ 0.03* 0.73 _+ 0.16" 2.03 _+ 0.29 
1.52 _+ .25 0.36 _+ 0.02 0.53 _+ 0.02:~ 2.20 _+ 0.14 

*Differs from lean ad lib, p<0.01. 
tExpressed as ~z g of amine/g, fresh weight of brain. 
~Based on N = 8. 
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intake in sated rats [9 ,12] .  Thus,  the elevated NE levels in 
the hypo tha lamus  of  the OBOB could act directly to 
produce  hyperphagia  in these animals. However,  elevated 
levels of  NE do not  necessarily mean increased synthesis  
and release or decreased reuptake of the amine. In fact 
there does no t  appear  to be any dif ference be tween OBOB 
mice and their  lean l i t te rmates  in ei ther  hypo tha lamic  or 
telencephalic NE turnover  [14] .  However,  no evidence is 
yet  available compar ing release, reuptake,  or densi ty of 
innervat ion of  NE neurons  in OBOB mice and their  lean 
l i t termates.  
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Finally, it is possible that the elevated NE levels in 
OBOB mice are a compensa to ry  response  of  noradrenergic 
neurons  whose receptors  are defective or subsensitive to 
NE. This possibili ty would be compat ib le  with reports  thai 
NE provides part of  a sat iety message in the brain [ 15 ]. 
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