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The Feeding Response to/3-Adrenergic Active Agents During Induced 
Compensatory Growth in Rats 

The antagonis t ic  effects of e and fi-adrenergicaUy coded 
h y p o t h a l a m i c  neurons  on feeding behav iour  has now been 
well documen ted  for t he  ra t  (LEIBOWlTZ ~). The possibi l i ty  
t h a t  the  na tu ra l  hype rphag i a  observed in young  growing 
animals  could be due to  funct ional  i m m a t u r i t y  in the  
so-called '/5 sa t i e ty  sys tem' ,  comparab le  to  the  amp h e t -  
amine- induced  anorexia,  and  insulin hype rphag i a  re- 
po r t ed  by  LYTLE, MOORCROFT and CAMPBELL 2 was 
inves t iga ted  by  ZVIOBERG, CLAI~KE and ROBINSON S. The 
p re sen t  e x p e r i m e n t  was designed to  examine  the  sensi t iv-  
i ty  of these  sys tems  dur ing  induced  c o m p e n s a t o r y  growth.  

40 female, 5-week-old Sprague-Dawley  ra ts  were 
d iv ided in to  2 groups.  Group I was fed s t anda rd  lab chow 
ad l ib i tum and  grew normal ly  t h r o u g h o u t  t he  expe r imen t  
which  las ted for 45 days.  Group II  was res t r ic ted  to  an 
in take  which pe rmi t t ed  a g rowth  of less t h a n  2 g /day  
for t he  f i rs t  4 weeks of the  exper iment ,  bu t  t he rea f t e r  
t h e y  were fed ad l ib i tum,  and  grew a t  a ra te  of over  
8 g/day.  This  compared  wi th  the  mean  g rowth  ra te  of 
5 g /day  for t he  ra t s  in Group I. Food  was  removed  a t  
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15.00 h f rom all rats,  23 h pr ior  to  in jec t ion  of drugs.  The 
drugs were admin i s t e red  i.p., in all cases a t  doses of 
10 mg/kg  body  weight ,  since s imilar  responses  are evoked 
by  e i ther  in t r ape r i tonea l  or i n t r a h y p o t h a l a m i c  in jec t ion  
(GOLDMAN, LEHR and  FRIEDMAN a). 1 h a f te r  in jec t ion  
the  ra t s  were fed and in take  recorded for the  2 h la ter  
following feeding. 3 drug tes t s  were conduc ted  on days  11, 
35 and 45 following the  c o m m e n c e m e n t  of the  exper iment .  
For  the  Group II  rats ,  the  days  of drug tes t s  co r responded  
to  per iods  when  %hey were res t r ic ted  (day 11), mak ing  
c o m p e n s a t o r y  g rowth  (day 35) and essent ia l  back  to  
normal  (day 45) (see Figure).  Be tween  each test ,  ra t s  
wi th in  each group were r e - randomized  and  al located to  a 
d i f ferent  t r e a t m e n t  a t  t he  n e x t  tes t .  

Analysis  of var iance  was used according to  a 4 • 3 • 2 
factorial  design, t he  fac tors  being 4 d rug  t r ea tmen t s ,  
3 ages, and  2 feeding regimens  following SNEDECOR 5. 
Two separa te  analyses  were carr ied out ;  in t he  f i rs t  t he  
food in take  of wa t e r - t r ea t ed  Group I ra t s  was cons idered  
to be 100%, and  the  in take  of Group II  r a t s  expressed 
accordingly.  In  the  second, the  food in take  of water -  
t r e a t ed  Group I I  ra t s  was cons idered  to  be 100% and  drug 
t r e a t m e n t s  wi th in  th is  group expressed accordingly.  
In  th is  way,  f rom the  Table,  b o t h  the  actual  increase in 
food in take  of Group  I I  ra t s  can be seen, as well as t he  
re la t ive  effects of the  drugs.  B o t h  groups weighed 92 g 
a t  the  s t a r t  of the  expe r imen t  (day 0). At  27 days  of age 
the  Group I I  r a t s  m e a n  weight  was  only  57% of t he  
Group I ra t s  (240 g), b u t  fol lowing ad l ib i tum feeding 
f rom 27 to  45 days  the  weigh t  of Group II  r a t s  recovered 
to  the  po in t  where  i t  was some 85% of t h a t  of Group 
I by  :day 45, which  is a clear d e m o n s t r a t i o n  of compen-  
sa to ry  g rowth  (see Figure).  

Food  in take  da t a  for the  2 h per iod  following feeding 
are p resen ted  in  t he  Table.  The da t a  show t h a t  a t  day  11 
the  res t r ic ted  Group II  rats ,  when  offered ad l ib i tum 
access to  food for 2 h, consumed  abou t  twice as m u c h  as 
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Tile feeding response to ~-adrenergic active agents on 3 occasions in rats growing at different rates 

Injection Day 11 Day 35 Day 45 

treatment 1Group I ~Group II ~Group II ~Group I 1Group II ~Group II 1Group I ~Group II ZGroup II 

Water 100 ~ 183 ~ 100 ~ 100 ~ /34 b 100 ~ 100 ~ 142 ~ 100 ~ 

Propanolol (P) 81 ~'~,~ 165 c 983 140b !26bi ~ l l l s  134 b 133 b 99 ~ 

Isoproterenol (I) 60 e 153 o 83 ~ 19 ~ 19 c : 13 ~ 24 c 32 ~ 23 

I + P  74 b'~ 159 ~ 89~ 118",~ 104~ 91 ~ 76 a 107~ 80~,d 

1 All data are expressed as percentages, where the water treated Group I animal's mean intake = 100%. Values with the same superscripts 
to Group I are not significantly different P ~ 0.05. 2 These values are expressed as percentages, where the water treated Group II rats = 
a00%. 



15.6. 1974 Specialia 627 

the  Group I ra ts  regardless of drug t r e a t m e n t  (Table, 
columns 1 and 2). However ,  there  was no s ignif icant  
difference wi th in  Group I I  rats  be tween  any  of the  drug 
t r ea tmen t s  and the  control  (distilled water) rats.  Group I 
rats, however,  did show a s ignif icant  (P  < 0/01) depression 
in food in take  when injected wi th  isoproterenol  (Table, 
column 1). Propranolol  in jec ted  wi th  isoproterenol  was 
unable  to restore food in take  in Group I rats  at  11 days, 
and propranolol  in jected alone had no signif icant  effect 
on e i ther  Group I or Group I I  rats  at  11 days. 

At  35 days, Group I I  rats  were mak ing  a rapid  com- 
pensa to ry  growth.  Drug  inject ions a t  35 days demons t ra t -  
ed tha t  both  Group I and I I  rats  had s ignif icant ly  
(P  < 0.001) depressed food in take  when injected wi th  
isoproterenol  (T~ble, co lumns 4 and 5), and tha t  in take  
was restored to normal  by  propranolol  in jected wi th  
Isoproterenol .  There was no s ignif icant  difference wi th  
any  drug t r e a t m e n t  be tween the  Group I and I I  rats,  
a l though Group I I  controls still  showed a higher  food 
intake.  Propranolol  in bo th  groups e levated in take  and in 
Group I s ignif icant ly  so (P  < 0.01). 

At  45 days, an ident ical  pa t t e rn  of response to t h a t  
seen at  35 days was observed.  All the  differences in Group I 
animals  (Table, co lumn 7) were s ignif icant ly  di f ferent  
f rom each o ther  at  the  P < 0.05 level  of p robabi l i ty  and 
in the  case of the  isoproterenol  t r e a t m e n t  at  the  P < 0.001 
level f rom the  control  and propranolol  t r ea ted  rats.  

The resul ts  suppor t  the  conclusion of MOBERG et al. ~ 
t h a t  there  is a funct ional  i m m a t u r i t y  in the  young  wi th  
respect  to the  'fl adrenergic  sa t ie ty  sys tem'  proposed by  
LEIBOWITZ ~, as seen by  the  increasing inhibi t ion of food 
in take  by isoproterenol  wi th  advanc ing  age in both  
groups of rats.  

I n  the  present  exper iment ,  there  appears  to be an 
increased response to the  fl antagonis t ,  propranolol ,  wi th  
advanc ing  age which m a y  also be suppor t ing  evidence of a 

delayed m a t u r i t y  of the  fl sys tem which in tu rn  m a y  
account  for the  hyperphag ia  seen in young, growing 
animals.  KENNEDYg, for  example,  has shown tha t  vent ro-  
medial  hypo tha lamic  lesions in the  young  do not  induce 
hyperphag ia  as easily or  to the  same ex ten t  as in older 
animals.  

The results do not, however,  suppor t  the  hypothesis  
t ha t  animals  which are na tu ra l ly  hyperphagic ,  namely  
those demons t ra t ing  ac t ive  compensa to ry  growth in this  
exper iment ,  as opposed to those wi th  surgically or 
pharmacologica l ly  induced hyperphagia ,  have  a depressed 
fl sa t ie ty  act ivi ty .  Only dur ing actual  restr ict ion were 
isoproterenol  t rea ted  rats  s ignif icant ly different  be tween 
Groups I and I I  (P  < 0.05). Whereas,  dur ing compensa tory  
growth itself the  response to  isoproterenol  be tween the  
Groups I and I I  was identical.  

Rdsumd. Des drogues di tes  fl adr6nergiques et pourvues  
d ' ac t iv i t6  agoniste et an tagonis te  furent  inject6es ~ des 
rats  ~ jeun  et pr6a lablement  soumis ~ un p rog ramme  de 
croissance normale,  res t re inte  ou compensat r ice  afin de 
v6rifier duran t  l ' hyperphag ie  indui te  na tu re l l ement  il y a 
suppression dans la sensit ivit6 du syst6me de sati6t6 dit  ft. 
Les r6sultats  ob tenus ne sout inrent  pas une telle hypoth6se,  
cependant  confi rm6rent  l ' immatur i t6  fonct ionnelle  appa-  
rente  du syst6me chez les jeunes animaux,  obje t  d 'une  
pr6c6dente publ icat ion.  
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N a c h w e i s  des  A z i d - P o t e n t i a l s  an der  i s o l i e r t en  K a n i n c h e n n e t z h a u t  

I m  Jah re  1952 zeigte NOELL 1 erstmals,  dass i.v. oder  
i.a. In jek t ion  yon Azid am Kaninehen  ein mehrere  m V  
hohes corneaposi t ives  Poten t ia l  ausl6st. Dieser Azid- 
effekt  wurde  mi t  dem P igmentep i the l  in Zusammenhang  
gebracht ,  besonders da nachgewiesen wurde, dass er 
durch selekt ive Schgdigung des P igmentep i the ls  (Jodat-  
vergif tung) nahezu vol ls tgndig  ausgeschal te t  werden 
konnte  und dass die Substanz  eine Erh6hung  yon 
Bes tandpoten t i a l  und c-Welle bewirkte  (NoELL2). Sub- 
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Azidpotentiale einer isolierten umstr6mten Kaninchennetzhaut. 
Dem N~ihrmedium wurde im Zeitpunkt 0 je 20 mg Azid beigefiigt 
und zwar entweder durch Injektion in den zuftihrenden Schlauch 
(obere Kurve) oder durch Zugiessen in das Vorratsgefass (Menge des 
Mediums je 100 ml). Endkonzentration in dem verwendeten Nahr- 
medium betrug daher jeweils 3 mM/l. N/iheres siehe Text. 

stanzen, die zu einer Reduk t ion  der c -Wel len-Ampl i tude  
ftihrten, wurden in ihrem Ef fek t  du tch  Verabre ichung yon 
Azid abgeschw~Lcht (HoMM~R et al.3). Ziel der vorl iegen- 
den Unte r suchung  war  es, die Frage zu iiberprtifen, ob 
und in welchem Ausmass re t inale  Komponen ten  bei der 
En t s t ehung  des Azideffektes betei l igt  sind. Zu diesem 
Zweck wurde Azid der N/~hrl6sung ftir die isolierte 
p igmentepi the l f re ie  Ne tzhau t  zugesetzt.  

Methodik. Die Unte rsuchungen  wurden an 10 Netz-  
h~uten durchgeftihrt ,  die aus dunke ladap t ie r ten  Kanin-  
chenbulbi  un ter  sorgf~lt iger En t f e rnung  des P igmentepi -  
thels herauspr~par ier t  worden waren. Die Technik  der 
PrAparat ion und Po ten t ia lab le i tung  mi t  Hilfe yon Ag- 
AgCI E lek t roden  tiber Agarbr t icken wurde berei ts  frtiher 
ausftihrl ich beschrieben 4. Azid wurde in F o r m  einer 
LOsung yon NaNa entweder  dem Gesamtn~Lhrmedium zu- 
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