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A l t e r a t i o n  of  Re la t ive  P r e f e r e n c e  for S u g a r  and 
S a c c h a r i n e  C a u s e d  by  V e n t r o m e d i a l  

H y p o t h a l a m i c  L e s i o n s  ~ 

Des t ruc t ion  of the  ven t romed ia l  h y p o t h a l a m u s  induces  
h y p e r p h a g i a  in ra t s  and  mice. The d e m o n s t r a t i o n  t h a t  
goldthioglucose,  bu t  no t  a va r i e ty  of c o m p o u n d s  in which 
gold is l inked by  a su lphur  br idge to metabo l i t e s  o the r  
t h a n  glucose, such as galactose,  sorbitol ,  f a t t y  acids, 
glycerol  etc. ,  se lect ively des t roys  cells in t h a t  area =,a has  
been t aken  as a conf i rmat ion  of the  pos tu la t ed  af f in i ty  
for glucose of v e n t r o m e d i a l  cells regula t ing  food intake4. 
E lec t ron  microscope s tudies  have  conf i rmed t h a t  gold- 
thioglucose,  b u t  no t  o the r  go ld th io -compounds  are in fact  
c o n c e n t r a t e d  by  such cells 5. The sens i t iv i ty  of this  area  
for glucose, and  the  'g lucos ta t ic '  t r igger ing of th is  func- 
t ion  are also well i l lus t ra ted  by  the  d e m o n s t r a t i o n  of 
ANAND ~ t h a t  t he  electr ical  ac t iv i ty  recorded f rom the  
v e n t r o m e d i a l  area  is increased by  hyperg lycemia  and de- 
creased by  hypoglycemia ,  wi th  opposi te  changes  being 
recorded  in t he  la tera l  h y p o t h a l a m u s .  Tissue r emov e d  
f rom the  h y p o t h a l a m i  of fed monkeys  shows grea te r  oxy-  
gen and  glucose up take  per  uni t  of nucleic acid by  the  
' s a t i e ty '  cen ters  t h a n  by  the  ' feeding '  cen ters  of the  hypo-  
tha lamus ,  while the  reverse  s i tua t ion  ob ta ined  in t issues 
r e m o v e d  f rom fas ted  animals .  Final ly,  the  v e n t r o m e d i a l  
area  has  also been  shown to  exercise a measure  of cont ro l  
on gastr ic  h u n g e r  con t r ac t ionsL  

To tes t  the  possibi l i ty  t h a t  des t ruc t ion  of the  ven t ro -  
media l  h y p o t h a l a m i c  area  modif ies  d i f fe ren t ly  the  re- 
sponses  to  swee t - t a s t ing  ' nu t r i t i ve '  (metabol ic  effect  and  
tas te)  and  n o n - n u t r i t i ve  ( tas te  only) subs tances ,  prefer-  
ence tes ts  wi th  sucrose and  sacchar ine  were  pe r fo rmed  in 
n o r m a l  ra t s  and  ra t s  wi th  h y p o t h a l a m i e  lesions. Sucrose 
was chosen because th is  sugar,  easily conve r t ed  to glu- 
cose, is ex t r eme ly  sweet  and  hence  the  e x p e r i m e n t  could 
be conduc t ed  wi th  low concen t r a t ions ;  th is  in t u rn  m e a n t  
t h a t  the  metabol ic  s t a t e  of an imals  would no t  be modif ied  
u n d u l y  by  the  var iab i l i ty  in the  small  f rac t ion (2% or so) 
of da i ly  r equ i r emen t s  inges ted  in the  form of sucrose 
dur ing  the  test .  

Twelve adu l t  female albino ra t s  weighing 240 260 g 
were placed on a schedule  of 1 h of w a t e r  per  d a y  and  ad  
l i b i t u m  food (Pur ina  L a b o r a t o r y  Chow) for 24 h. Af te r  
dai ly  in takes  for each r a t  became  s tabi l ized and  the  
weigh ts  r ema ined  a t  a c o n s t a n t  level ( approx ima te ly  90% 
of the  original  b o d y  weights)  equal  preference  po in t s  for 
sucrose and  sacchar ine  solut ions were d e t e r m i n e d  for 
each  r a t  by  measur ing  vo lumes  of solut ion inges ted  in a 
series of four -day  tes ts .  Specifically,  0 .05M sucrose was 
pa i red  wi th  var ious  concen t ra t ions  of sacchar ine  each for 
four  days  of tes t ing,  a l t e rna t ing  sides, to de t e rmine  the  
a m o u n t s  of sacchar ine  inges ted  in a p p r o x i m a t e l y  equal  
quan t i t i e s  to the  sucrose solution.  The sacchar ine  solu- 
t ions  r anged  f rom 0 .003M to 0.00351V/. Af te r  equal  
preference  po in t s  for each r a t  had  been d e t e r m i n e d  for a 
four -day  period,  t he  ra t s  were p resen ted  the  same solu- 
t ions  dur ing  an add i t iona l  four -day  period,  b u t  h a d  no 
food avai lable  dur ing  the  hour  tes t  when  the  fluids were 
presen t .  Volumes  of s t a n d a r d i z e d  solut ions inges ted  were 
measured .  Only one of the  ra t s  failed to increase i ts  vol- 
ume of sucrose solut ion vo lun ta r i ly  inges ted;  the  eleven 
o thers  increased thei rs  w i th  the  m a x i m u m  relat ive in- 
crease 29%. The cor responding  group m e a n  re la t ive  de- 
crease of 9.67 % of sacchar ine  inges t ion  is s ignif icant  a t  less 
t h a n  the  0.01 l eve lo f  confidence.  The change  in means  and  
the  s t a n d a r d  errors  are shown on the  left hal f  of the  Figure.  

The ra ts  were  t h e n  al lowed to  ' r es t '  w i th  food and  wa te r  
avai lable  for 24 h a day  for 8 days,  dur ing  which  t ime the  

weights  of the an imals  increased 30-62 g. Then  the  ra t s  
were placed on a da i ly  schedule of 23 h of wa te r  depr iva-  
t ion wi th  food avai lable  and 1 h of wa te r  and  no food. 
XArhen dai ly wa te r  in takes  and  weights  reached a s tab le  
base line, the  ra t s '  equal  accep tance  values  for 0.05211 
sucrose and  var ious  sacchar ine  solut ions ranging  f rom 
0.0035 3 ' / t o  0.00431 were de t e rmined .  Elec t ro ly t ic  lesions 
of the  v e n t r o m e d i a l  areas  of the  h y p o t h a l a m u s  (the 
' s a t i e ty '  centers)  were pe r fo rmed  on each  rat .  Fol lowing 
the  opera t ion  the  ra t s  were al lowed food and  wa te r  ad  
l ibi tz ,m for e ight  days  to assess the  success of the  lesions 
before re turn ing  to the  p re -opera t ive  depr iva t ion  regimen.  

Fol lowing the  induct ion  of h y p o t h a l a m i c  lesions a 
weigh t  gain of 70-105 g was obse rved  dur ing  the  e ight  
days  following the  opera t ion ;  th is  was 2 to 3 t imes  the  
weigh t  gain of nornml  ra ts  on ad l i b i t u m  diets ,  and  there -  
fore, s t rong  indicati~m of the  successful  des t ruc t ion  of the  
v e n t r o m e d i a l  areas. Fol lowing the  end of the  expe r imen t ,  
histological  check t h a t  these areas are in fact  de s t royed  is 
comtuc ted  rout inely .  When  the  weights  of the  ind iv idua l  
ra t s  were reduced  to the  pro-opera t ive  level by  reduc ing  
the  food in take  to one half  the  pre -opera t ive  level, the  
previous ly  de t e rmined  equal ly-prefer red  sucrose and sac- 
char ine  solut ions were p resen ted  to each ra t  for 1 h per  
day  for four days  wi th  food no t  awli lable dur ing  the  
preference  test .  E leven  out  of 12 ra ts  decreased the in take  
of sucrose solut ion inges ted  and  increased the  percentage  
in take  of the  sacchar ine  solut ion by  0.5 to 27.0; one ra t  
showed no change.  The group  m e a n  increase of 9.35 of 
pe rcen tage  of sacchar ine  solut ion inges ted  is s ignif icant  to 
the  0.01 level of confidence.  These changes  in means  and 
the  s t a n d a r d  errors are shown on the  r ight  hal f  of the  
Figure.  
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The  f i rs t  p a r t  of t he  e x p e r i m e n t  t h u s  ind ica tes  t h a t  in  
t he  absence  of food, n o r m a l  r a t s  showed  a g r e a t e r  degree  
of preference  for  sucrose  so lu t ion  t h a n  t h e y  h a d  in  t h e  
presence  of food. To e q u a t e  v o l u n t a r y  c o n s u m p t i o n  of 
sacchar ine  a n d  sugar  so lu t ions  u n d e r  ' fed '  condi t ions ,  i t  is 
necessa ry  to  increase  t he  sweetness  of t h e  s accha r ine  solu- 
t i on  over  w h a t  sufficed in t he  p re sence  of food;  th i s  sug-  
gests  t h a t  in the  absence  of food, suga r  p re fe rence  is ba sed  
on  two e lements ,  one due  to  t a s t e  a n d  t h e  o t h e r  to  t h e  
me tabo l i c  effects of suga r  inges t ion .  

A s imi la r  conclus ion  can  be  de r i ved  f rom t h e  obse rva -  
t ions  m a d e  on  h y p o t h a l a m i c  an imals .  T he  d e s t r u c t i o n  of 
t he  v e n t r o m e d i a l  ' s a t i e t y '  a r e a  causes  h y p e r p h a g i a  and ,  
in  t h e  presence  of e n o u g h  food, obes i ty .  I n  t h e  p r e s e n t  
expe r imen t s ,  t he  o p e r a t e d  r a t s  are  d e p r i v e d  on  two ac- 
counts .  On  t h e  one  h a n d ,  t h e y  h a d  been  r educed  b y  food 
res t r i c t ion  to  t h e i r  p r e - o p e r a t i o n  weight ,  a p rac t i ce  w h i c h  
i n v a r i a b l y  t e n d s  to  m a k e  a n i m a l s  r avenous .  On t he  o t h e r  
h a n d ,  the  a v a i l a b i l i t y  of f luid for  o n l y  1 h t e n d s  to  m a i n -  
t a i n  t h i s  d e p r i v e d  s ta te .  Such  an i m a l s  could  wel l  be ex-  
pec t ed  to  increase  t h e i r  i n t a k e  of t h e  n u t r i t i v e  sucrose  
so lu t ion  in  t h e  p re fe rence  t e s t .  T h a t  t h e y  do  n o t  r e s p o n d  
pos i t i ve ly  to  t he  sucrose  so lu t ion  as do r a t s  w i t h  n o r m a l  
h y p o t h a l a m i  --  t h e i r  r e l a t i ve  i n t a k e  of sucrose  in f ac t  de-  
c r ea se s - - sugges t s  t h a t  t h e  n u t r i t i v e  or  m e t a b o l i c  com- 
p o n e n t  of t h e  p re fe rence  for  s u g a r  h a s  been  decreased  
or  e l imina ted  b y  t he  opera t ion .  T he  a l t e r n a t i v e  in t e rp re -  

t a t i o n  is t h a t  v e n t r o m e d i a l  lesions i n t r o d u c e  a modif ica-  
t ion  of p e r i p h e r a l  t a s t e  f u n c t i o n  wh ich  affects  in  dif-  
f e ren t  f a sh ion  pe rcep t ion  of sweetness  in  s u g a r  a n d  in 
saccha r ine  so lu t ions .  Whi l e  i t  is t r u e  t h a t  h y p e r p h a g i c  
a n i m a l s  are  h y p e r a c t i v e  to  pos i t ive  a n d  n e g a t i v e  qual i -  
t ies  of t he  d ie t  s, such  a d i f fe ren t ia l  r e ac t i on  to  two  sweet  
agen t s  seems to us  h i g h l y  unl ikely .  

Rdsumd. Lorsque  l ' on  d 6 t e r m i n e  le p o u r c e n t a g e  de 
cho ix  de so lu t ions  de saccha r ine  e t  de sucre chez  le ra t ,  on  
t r o u v e  que  la  pr6f6rence  p o u r  le sucre  es t  d iminu6e  q u a n d  
les a n i m a u x  on t  ace , s  A leur  n o u r r i t u r e  p e n d a n t  le test .  L a  
d e s t r u c t i o n  de la  r6gion v e n t r o m 6 d i a l e  h y p o t h a l a m i q u e  
d i m i n u e  auss i  la pr6f6rence r e l a t i ve  p o u r  le sucre.  Ces 
r6su l t a t s  c o n f i r m e n t  l ' id6e que  Fun  des  f ac teu r s  de la  pr6- 
f6rence p o u r  le sucre  d6pend  de l ' in t6gr i t6  de la  fonc t ion  
des r6cep teur s  h y p o t h a l a m i q u e s .  
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Aldosterone Production of Compensated 
Hypertrophic Adrenals 

I t  is a k n o w n  fac t  t h a t ,  a f t e r  r e m o v a l  of one  of t h e  
adrenals ,  t he  o t h e r  shows qu i t e  soon,  a l r e a d y  in one  to  
two  days :  a c o m p e n s a t o r y  h y p e r t r o p h y .  T h e  h is to logica l  
p a t t e r n  also suggests  h y p e r f u n c t i o n  1. A p a r t  f r om mor -  
phologica l  i nves t iga t ions ,  r e l a t i ve ly  few a u t h o r s  h a v e  
e x a m i n e d  t he  f u n c t i o n  of c o m p e n s a t o r y  h y p e r t r o p h i c  
adrenals .  I n  p r ev ious  i nves t i ga t i ons  2, we h a v e  o b s e r v e d  a 
m o d e r a t e  increase  of t he  g lycocor t ico id  (cor t icos terone)  
c o n t e n t  of t h e  a d r e n a l  venous  blood.  Accord ing  to  BOHUS, 
ENDR6CZI, a n d  LISSAK 3, t h e  in vitro co r t i cos t e rone  pro-  
duc t i on  of t he  s u r v i v i n g  a d r e n a l  p o r t i o n s  increase  in  ma le  
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Figs. a and b illustrate aldosterone and corticosterone production in 
surviving adrenal portions of control animals and after compensatory 
hypertrophy. No significant change is seen in aldosterone production ; 

corticosterone production is increasing, p < 0.02. 

ra t s .  No l i t e r a r y  d a t a  could  be  found  as to  t he  a ldos t e rone  
p r o d u c t i o n  of ad rena l s  d i sp l ay ing  c o m p e n s a t o r y  h y p e r -  
t r o p h y .  (L i t e r a ry  d a t a  refer  to  t r a n s p l a n t e d  adrenals4 . )  
The  a im  of t h e  p r e s e n t  e x p e r i m e n t s ,  ca r r i ed  o u t  in  ra ts ,  
was  to  c la r i fy  t h i s  p rob lem.  

The  left  a d r e n a l  of ma le  r a t s  of i den t i ca l  breed ,  weigh-  
ing  80 to  130 g each,  was  r e m o v e d  in e t h e r  narcosis .  
A ldos t e rone  p r o d u c t i o n  was i n v e s t i g a t e d  5 d a y s  l a t e r  
when ,  a cco rd ing  to  l i t e r a r y  d a t a  1, de f in i t e  c o m p e n s a t o r y  
h y p e r t r o p h y  could  be  obse rved .  Fo r  t he  pu rpose  of t h e  
e x a m i n a t i o n  of a l dos t e rone  p roduc t ion ,  t h e  a n i m a l s  were 
d e c a p i t a t e d  ; t he  ad rena l s  were i m m e d i a t e l y  r emoved ,  cu t  
i n to  four  p a r t s  and,  acco rd ing  to  GIROUD 5 i n c u b a t e d  in a 
K r e b s - R i n g e r - b i c a r b o n a t e - s o l u t i o n  c o n t a i n i n g  200 m g %  
glucose a t  38°C t e m p e r a t u r e .  Af t e r  a n  in i t i a l  i n c u b a t i o n  
of ha l f  a n  hour ,  t h e  i n c u b a t i o n  so lu t ion  was c h a n g e d  a n d  
a ldos t e rone  a n d  co r t i cos t e rone  p r o d u c t i o n  of t he  ad rena l s  
c h a r a c t e r i z e d  b y  t h e  s te ro id  c o n t e n t  of a f u r t h e r  pe r iod  
l a s t i ng  2 h. A t  t h e  end  of i n c u b a t i o n ,  t h e  i n c u b a t i o n  solu- 
t i on  was  s h a k e n  w i t h  ch lo ro fo rm a n d  t h e  ch lo ro fo rm 
v a c u u m  dis t i l led  a t  + 45°C. The  d r y  res idue  was  t r e a t e d  
on  W h a t m a n  No. 1 f i l te r  p a p e r  s t r ip  w i t h  i so la t ing  chro-  
m a t o g r a p h y  in  B u s h  ]3 5 s y s t e m  6 fol lowing t he  so-cal led 
pu r i fy ing  c h r o m a t o g r a p h y  v. Af t e r  i so la t ing  c h r o m a t o g r a -  
phy ,  t he  p a p e r  s t r ips  were  deve loped  w i t h  a lka l ine  t e t r a -  
zo l ium b lue  a n d  t h e  f o r m a z a n  p a t c h e s  due  to  s t e ro id  effect  
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