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Effect  of  H y p o p h y s e c t o m y  on  the  Ox idat ive  and  Glyco ly t i c  M e t a b o l i s m  of H y p o t h a l a m u s  ~ 

I n  p rev ious  p a p e r s  2,3 i t  h a s  been  d e m o n s t r a t e d  t h a t  
t he  ox ida t i ve  m e t a b o l i s m  of h y p o t h a l a m u s  undergoes  
modi f i ca t ions  in  r e l a t ion  w i t h  sexua l  ac t iv i ty .  

S tudies  pe r fo rmed  w i t h  sexua l  h o r m o n e s  in v ivo  3 a n d  
in v i t ro  4, a n d  w i t h  g o n a d o t r o p h i n s  in  v i t ro  5, showed  
t h a t  t he  me tabo l i c  changes  of h y p o t h a l a m i c  m e t a b o l i s m  
are  in  some way  re l a t ed  to  a d i rec t  effect  of gonado t ro -  
p h i n s  on  t h e  h y p o t h a l a m u s ,  a n d  i t  h a s  b e e n  p roposed  
t h a t  such  effect  is connec t ed  w i t h  t he  h y p o t h a l a m i c  
r egu la t ion  of r ep ro duc t i ve  func t i on  of p i t u i t a r y  s. 

The  p r e sen t  i n v e s t i g a t i o n  was u n d e r t a k e n  in o rder  to  
d e t e r m i n e  w h e t h e r  t he  suppress ion  of h y p o p h y s e a l  go- 
n a d o t r o p h i n  secre t ion  is a c c o m p a n i e d  b y  modi f i ca t ions  
in  t he  glycolyt ic  a n d  o x i d a t i v e  m e t a b o l i s m  of hypo-  
t h a l a m u s .  

Material and methods. Albino  male  r a t s  fed on  t h e  
s t a n d a r d  d ie t  of t h e  I n s t i t u t o  de  Fisiologia a n d  weigh ing  
b e t w e e n  130 a n d  150 g were used. L i g h t  and  t e m -  
p e r a t u r e  were  con t ro l l ed  a n d  k e p t  c o n s t a n t  (25 ~ 14 h 
l igh t  a n d  10 h darkness) .  H y p o p h y s e c t o m y  were per-  
fo rmed  15-20 days  before  sacrifice u n d e r  e the r  anaes-  
t hes i a  b y  p a r a p h a r i n g e a l  rout .  The  an i m a l s  were de- 
c a p i t a t e d  a n d  t he  h y p o t h a l a m u s  removed .  T he  sample  was  
p laced  on  i ts  dorsa l  surface a n d  cu t  u n d e r  a d issec t ing  
microscope  in 3 po r t i ons  b y  2 f r on t a l  sect ions  as descr ibed  
p rev ious ly  3. The  f i r s t  sec t ion  was  m a d e  t h r o u g h  t h e  opt ic  
ch i a sma  a n d  t h e  second i m m e d i a t e l y  b e h i n d  t he  in fundi -  
b u l u m ;  these  sec t ions  d iv ided  t h e  h y p o t h a l a m u s  in 3 
a reas :  a p r e c h i a s m a t i c  region (an te r ior  h y p o t h a l a m u s ) ,  
a r e t r o i n f u n d i b u l a r  region (poster ior  h y p o t h a l a m u s )  a n d  
a region be tween  t h e  2 sect ions  (middle  h y p o t h a l a m u s ) .  

O x y g e n  u p t a k e  was d e t e r m i n e d  b y  W a r b u r g  m a n o -  
m e r r y  in m i c r o - W a r b u r g  vessels  of 4 -5  m l  c a p a c i t y  
c o n t a i n i n g  1 . 5 m l  of K r e b s - R i n g e r - p h o s p h a t e  buf fe r  
p H  7.4 a n d  7.7 m M  glucose. T h e  vessels  were  gassed for  
5 m i n  w i t h  100% 02;  15 m i n  were al lowed for  equil i -  
b r a t i o n  a n d  t he  o b s e r v a t i o n  per iod  las ted  60 rain.  Resu l t s  
expressed  as ~1 O2/mg we t  t i s sue /h  h a v e  b e e n  c o m p a r e d  
w i t h  S t u d e n t ' s  t-teSt accord ing ly  w i t h  FISHER a n d  
g A T E S  7. 

Fol lowing  incuba t ions ,  t he  vessels were r e m o v e d  f rom 
t h e  m a n o m e t e r s  a n d  p laced  in a n  ice b a t h .  Samples  for  
l a c t a t e  d e t e r m i n a t i o n  were p i p e t t e d  in to  t r i ch lo roace t i c  
acid (10% f ina l  concen t ra t ion ) .  Lac t i c  acid a c c u m u l a t i o n  
was d e t e r m i n e d  b y  m e a s u r i n g  t h e  in i t ia l  a n d  f inal  con-  
c e n t r a t i o n  in t h e  i n c u b a t i n g  med ia  b y  t h e  m e t h o d  of 
]~AKER a n d  SUMMERSONS a n d  expressed  as ~moles pro-  
duced  pe r  g r a m  of h y p o t h a l a m i c  t i ssue  and  hour .  

Results. The  oxygen  u p t a k e  of anter ior ,  midd le  a n d  
pos te r io r  h y p o t h a l a m u s  f rom n o r m a l  a n d  hypophysec -  
t omized  r a t s  is s u m m a r i z e d  in t h e  Table.  As can  be  seen, 
t he  a n t e r i o r  a n d  pos te r io r  h y p o t h a l a m i c  areas  of h y p o -  
p h y s e c t o m i z e d  r a t s  showed  a s ign i f ican t  increase  (p < 0.01 
a n d  0.05 respect ive ly)  in t h e  oxygen  u p t a k e  as c o m p a r e d  
w i t h  t h e  controls .  T he  o x i d a t i v e  m e t a b o l i s m  of t h e  
midd le  h y p o t h a l a m u s  was s imi la r  in  b o t h  groups  of 
ra ts .  T h e r e  were no  di f ferences  b e t w e e n  n o r m a l  a n d  
h y p o p h y s e c t o m i z e d  r a t s  in  t h e  lact ic  acid p r o d u c t i o n  
of t he  3 h y p o t h a l a m i c  areas.  

Discussion. Our  resu l t s  showed  t h a t  h y p o p h y s e c t o m y  
pe r fo rmed  in  ma le  r a t s  p roduces  a s ign i f ican t  increase  
in t he  oxygen  u p t a k e  of t h e  an t e r i o r  a n d  pos te r io r  
h y p o t h a l a m u s  w i t h o u t  modi f i ca t ions  in  t he  midd le  hypo-  
t h a l a m u s .  No dif ferences  were found  in t h e  lact ic  acid 
p r o d u c t i o n  of t he  d i f fe ren t  h p o t h a l a m i c  areas  b e t w e e n  
h y p o p h y s e c t o m i z e d  a n d  con t ro l  ra ts .  

I t  h a s  p rev ious ly  been  r epo r t ed  a t h a t  c a s t r a t i o n  
decreases  t h e  ox ida t i ve  m e t a b o l i s m  of t h e  a n t e r i o r  a n d  

pos te r io r  h y p o t h a l a m i c  areas  and  t h a t  t he  va lues  of 
oxygen  u p t a k e  of cerebra l  co r t ex  a n d  h y p o p h y s i s  are  
h igher  in  c a s t r a t e d  t h a n  in n o r m a l  rats .  Since t e s to s t e rone  
was able  to  cor rec t  in  v ivo  a n d  in v i t ro  ~ t h e  me tabo l i c  
changes  of ce rebra l  cor tex  a n d  p i t u i t a ry ,  i t  has  been  
proposed  t h a t  t h e  h o r m o n e  ha s  a d i rec t  effect  upon  these  
s t ruc tures .  The  fac t  t h a t  t he  h y p o t h a l a m i c  modi f ica t ions  
of c a s t r a t e d  r a t s  are  only  cor rec ted  b y  t e s t o s t e rone  in  
v ivo  m a y  ind ica t e  t h a t  t he  m e c h a n i s m s  impl i ca ted  in 
t h e  me tabo l i c  modi f i ca t ions  of h y p o t h a l a m u s  in gona-  
dec tomized  r a t s  are  d i f fe rent  f rom those  t h a t  t ake  place 
in t he  ce rebra l  co r t ex  and  p i t u i t a r y .  

M a n y  endoc r ine  modi f ica t ions  are p r e sen t  in  t he  hypo-  
p h y s e c t o m i z e d  r a t s  t h a t  could  be  respons ib le  for t he  
ox ida t ive  changes  in t he  a n t e r i o r  a n d  pos te r io r  hypo-  
t h a l a m u s  descr ibed  in t he  p r e sen t  paper .  Never the less ,  
t h e  f ac t  t h a t  t h e  increases  of g o n a d o t r o p h i n  secre t ion  
are a c c o m p a n i e d  b y  a decreased  oxygen  u p t a k e  in t he  
h y p o t h a l a m u s  ( cas t r a t ed  ra ts)  a n d  t h a t  t he  suppress ion  
of g o n a d o t r o p h i n s  ( hypophysec tomized  ra ts)  p roduces  a n  
increase  in t he  o x i d a t i v e  a c t i v i t y  of h y p o t h a l a m u s ,  m a y  
s u p p o r t  t he  h y p o t h e s i s  t h a t  t he  m e t a b o l i c  changes  of 

Effect of hypophysectomy on the oxidative and glycolytie metab- 
olism of hypothalamus 

Hypothalamus 

Anterior Middle Posterior 

Qo 2 (~1 O2/mg wet tissue �9 h) 

Control 1.60 4- 0.03 ~ 1.44 4- 0.07 1.41 4- 0.07 
(15) (13) (17) 

Hypophysectomized 1.80 4- 0.05 1.31 4- 0.05 .1.70 4- 0.10 
(15) (13) (17) 

p value 0.01 N.S. 0.05 

Lactate production 
({zmoles of lactate/g wet tissue �9 h) 

Control 26.7 -- 1.38 25.6 4- 1.90 28.3 4- 1.60 
(13) (13) (10) 

Hypophysectomized 27.2 4- 2.13 27.0 4- 2.25 28.4 4- 1.87 
(13) (13) (10) 

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

a Mean standard error. In parentheses No. of determinations. 
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t he  h y p o t h a l a m u s  dur ing sexual  ac t iv i ty  are re la ted  to  
a d i rect  effect  of gonado t roph ins  on th is  ne rvous  struc-  
ture.  

Since the  ox ida t ive  metabol i sm,  in t he  cent ra l  nervous  
sys tem,  is one of the  pr incipal  sources of the  h igh  energy  
compounds  which  are needed  for p ro te in  synthesis ,  and  
consider ing the  p robab le  pep t ide  na tu re  of the  hypo-  
tha lamic  releasing subs tances  9, it  has  been  p roposed  5 
t h a t  the  metabol ic  changes  of h y p o t h a l a m u s  are d i rec t ly  
re la ted  to  t he  fo rmat ion  of these  pept ides .  If  such an 
hypo thes i s  is consis tent ,  i t  is p robable  t h a t  the  increased 
oxygen  up t ake  of h y p o t h a l a m u s  of h y p o p h y s e c t o m i z e d  
ra t s  is re la ted  to the  increase of gonadot rophin- re leas ing  
factors  descr ibed in such animals  10. Never theless ,  fu r ther  
evidence is needed  before a conclusion can be reached 
on this  poin t .  

Resumen. E n  el p resen te  t r aba jo  se ha  es tud iado  el 
consumo de oxlgeno y la producci6n de ~cido l~ctico en 
h ipot~lamo anter ior ,  medio  y pos ter ior  en animales  

hipof isectomizados .  Los resul tados  ob ten idos  indicaron  
que la h ipof isec tomla  p roduce  un signif icat ivo inc remen to  
en la ac t iv idad  ox ida t iva  del hipotAlamo an te r ior  y pos-  
ter ior  sin modif icar  el hipots medio.  

C. LIBERTUN 11, j .  A. MOGUILEVSKY 12 
O. SCHIAFFINI and  V. FOGLIA 

Instituto de Fisiologla, Facultad de Medicina, 
Universidad de Buenos Aires (Argentina), 
9 september 7968. 

9 G. W. HARRIS, M. REED and C. P. FAWCETT, Br. med. Bull. 22, 
266 (1966). 

10 R. NALLAR and S. M. MCCAN~', Endocrinology 76, 272 (1965). 
11 Research Fellow from Consejo Nacional de Investigaciones Cien- 

tificas y T6cnicas de la Repflblica Argentina. 
1s Established Investigator. Consejo Nacional de Investigaciones 

Cientificas y Tdcnicas de la Repflblica Argentina. 

Autoradiographic Studies on the Neurosecretory Hypothalamo-Hypophys ia l  System of the Grass 
Frog (Rana pipiens) After Disconnection of the Distal Hypophysis  

In  1949, wi th  the  d iscovery  of t he  appl icabi l i ty  of 
Gomori ' s  ch romium h e m a t o x y l i n  ph lox in  m e t h o d  for the  
s tudy  of neurosecre to ry  p h e n o m e n a  1, research in neuro- 
secret ion en tered  a new phase.  Since then  2 concepts  
have  prevai led  as to the  possible origin of the  neuro- 
secre tory  subs tance :  the  classical concep t  considers  the  
neurosecre to ry  mater ia l  to be p roduced  in the  pe r ika ryon  
of the  neurons  of the  supraopt ic  and  pa raven t r i cu la r  
nuclei and  conveyed  by  a p rox imo-d i s ta l  axoplasmic  flow 
in the  neu rohypophys i s ;  on the  o ther  h a n d  the  concept  
of a synthes is  of neurosecre tory  granules wi th in  the  axon 
was pu t  forward  2-4. Recent ly ,  however ,  in t he  l ight  of 
new electron microscopic findings,  the  la t te r  hypo thes i s  
was modif ied  to  conceive a packaging and  pull ing toge ther  
of amino  acids and/or  po lypept ides  and  pro te ins  wi th in  
the  neurotubules ,  considered to  be cont inuous  wi th  the  
Golgi appara tus ,  to take  place in t he  distal  pa r t s  of the  
neurons6-L SACHS and  col laborators  s,9 suggest  t h a t  a 
precursor  molecule which  conta ins  vasopress in  in a 
biologically inact ive  form precedes  the  ac t iva t ion  of the  
ho rmone  in the  more  dis ta l  p a r t  of t he  neuron.  Our cur- 
r en t  expe r imen t s  were designed to yield addi t iona l  infor- 
ma t ion  on the  possible exis tence of a dis ta l  ho rmone  
synthesis ,  a packaging  and/or  ac t iva t ion  of a precursor  
molecule;  t h e y  were carried out  on 23 grass frogs which 
received 10 or 20 ~c of S-35 L-cysteine hydrochlor ide  via  
i.p. in ject ion immed ia t e ly  af ter  t r ansec t ion  of the  proxi-  
mal  hypophys is .  They  were sacrificed at  var ious t ime  
in tervals  be tween  1 h and  4 days  a f te r  t r ansec t ion ;  a t  
the  same t ime  11 control  animals  were sacrificed. In  
addi t ion  350 exper imen ta l  and  167 control  animals  were 
avai lable for compar i son  s tudies  using s t anda rd  me t h o d s  
for the  dem ons t r a t i on  of neurosecre tory  mate r ia l  and 
electron microscopy.  

One hour  af ter  the  in ject ion of the  labeled amino  acid 
in to  the  contro l  animals  a sl ight da rken ing  can be 
observed in t he  distal  lobe of the  neu rohypophys i s ;  a 
h igher  up take  is not iced in the  dis ta l  and  in t e rmed ia te  
lobes of t he  adenohypophys i s .  12 h af ter  t he  inject ion 
bo th  the  dis ta l  and the  p rox imal  pa r t s  of t he  neuro- 

hypophys i s  are charac ter ized  by  an increased u p t ak e  of 
labeled subs tance ;  as expected ,  due to  the  few neuro-  
secre tory  granules which  are found in neurosecre to ry  
nerve  fibers of the  p rox imal  neu rohypophys i s  and the  
ven t ra l  hypo tha l amus ,  there  are only a few black granules  
observed here making  it impossible  to d e m o n s t r a t e  the  
neurosecre to ry  p a t h w a y  by  this  me thod .  At  the  same 
t ime  a much  higher  up take  is observed in the  dis ta l  and  
in t e rmed ia t e  lobes of the  adenohypophys i s .  A sl ight  
in tens i f ica t ion  of the  p h e n o m e n a  observed a t  12 h occurs 
a t  24 h;  condi t ions  r emain  essent ial ly  t he  same af ter  
th is  per iod (Figure 1). 

Six hours  af ter  t r ansec t ion  of the  p rox imal  hypophys i s  
the  first  appearance  of radioact ive  mater ia l  can be 
observed in the  p rox imal  as well as in the  dis ta l  pa r t s  
of the  neurohypophys i s ,  b u t  there  is a def in i te  concen-  
t r a t i on  at  t he  dis ta l  end of the  p rox imal  s tump.  The 
dis ta l  lobe and  especial ly the  i n t e rmed ia t e  lobe of t he  
ad en o h y p o p h y s i s  have  a h igher  up take  t h a n  the  dis ta l  
neurohypophys i s .  12 h af ter  the  surgical  i n t e rven t ion  a 
h igher  uptake ,  as co mp a red  to the  contro l  an imals  and 
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