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Oxidat ive  Metabo l i sm of the H y p o t h a l a m u s  in H y p o p h y s e c t o m i z e d - C a s t r a t e d  Rats  1 

In  previous  papers  ~, 3 it  has been demons t ra ted  t h a t  the  
ox ida t ive  ac t iv i ty  of hypotha lamus  is modif ied  in s i tua-  
t ions associated wi th  changes in the secretion of gonado- 
t rophins  (e.g. castrat ion,  hypophysec tomy) ,  and i t  was 
pos tu la ted  tha t  these metabol ic  modif icat ions are re la ted 
to changes in the synthesis of the  gonadot rophin  releasing 
factors.  

F S H  and L H  exer t  inhibi tory  effects on the  synthesis  
and /or  release of t i le F S H  and L H  releasing substances 4, 5 
as well as on the  oxida t ive  metabol i sm of the  anter ior  and 
poster ior  hypo tha lamic  areas ~. In  absence of these 
gonadotrophins  (hypophysectomized rats), the  F S H  and 
L H  substances are hypersecreted and become detec table  
in p lasma 7, 8. Fur thermore ,  there  is a marked  increase in 
the  oxygen  uptake  of the  anter ior  and poster ior  hypo-  
tha lamus  in hypophysec tomized  rats  a. 

I t  has been demons t ra ted  tha t  the  reduct ion  of circulat-  
ing androgens m a y  enhance F S H  releasing factor  syn- 
thesis ", and tha t  androgens in v ivo  are able to modi fy  the  
metabol ic  ac t iv i ty  of hypo tha lamus  ~, ~. Thus the  increase 
in the  oxygen up take  of hypo tha lamus  observed in hypo-  
physec tomized  rats  a could reflect  changes induced by the  
reduct ion  in androgen levels as well as changes induced 
s tr ic t ly  by  the  absence of gonadotrophins.  I t  therefore  
seemed to be of interest  to compare  the ox ida t ive  ac t iv i ty  
of different  hypo tha lamic  areas in hypophysec tomized  
rats, in which some androgen secretion remains,  wi th  
hypophysec tomized-cas t ra ted  rats in which the test icular  
androgen secretion has been complete ly  el iminated.  

Mater ia l  and methods. Albino male rats  fed on the  
s tandard  diet  of the  Ins t i tu to  de Fisiologia and weighing 
between 130 and 150 g were used. Light  and t empera tu re  
were controlled and kept  cons tant  (25 ~ 14 h light,  10 h 
darkness). H y p o p h y s e c t o m y  and cas t ra t ion were per- 
formed s inmltaneonsly  15 20 days before sacrifice under  
e ther  anesthesia. The  animals  were decapi ta ted  and the  
hypo tha lamus  removed.  The sample was placed on its 
dorsal  surface and cut  under  dissecting microscope in 3 
port ions by 2 frontal  sections, as described previously  2. 
The  first section was made through the optic  chiasma and 
the  second immedia te ly  behind the in fundibulum;  these 
sections divided the hypo tha lamus  in 3 areas;  a pre- 
chiasmat ic  region (anterior hypothalamus) ,  a retro-  
infundibuIar  region (posterior hypotha lamus)  and a region 
between the 2 sections (middle hypothalalnus) .  

Oxygen  uptake  was determined by  ~ra rburg  mann- 
mer ry  in micro-Warburg  vessels of 4 5 ml capaci ty  con- 
ta ining 1.5 ml of IKrebs-Ringer phosphate  buffer  p H  7.4 
and 7.7. m M  glucose. The vessels were gassed for 5 rain 
wi th  100% O2; 15 rain were allowed for equi l ibrat ion and 
the  observat ion period lasted 60 rain. Resul ts  were ex- 
pressed as gl of O~/mg wet  t issue/h and analyzed for 
var iance  following SNEDECOR ta. The  s ta t is t ical  signifi- 
cance of the  da ta  was de termined  according to TuK~Y'S 
me thod  n. The minimal  significant  difference of the  means  
was 0.17 in the  anter ior  hypo tha lamus  and 0.25 in the  
poster ior  hypo tha lamic  areas. 

Results .  As can be seen in the  Table, hypophysec tomy  
increases the  oxygen  uptake  of the anter ior  and poster ior  
hypotha lamus .  Hypophysec tomized-cas t ra ted  rats  showed 
similar  values as control  rats, being s ignif icant ly lower 
than  those observed in the  anter ior  and poster ior  hypo-  
tha lamus  of hypophysec tomized  rats. No differences in 
the  oxygen  up take  of the  middle  hypo tha l amus  were 
found between the  groups. 

Discussion.  Our results demons t ra ted  tha t  the  increase 
in the  oxida t ive  ac t iv i ty  of the  anter ior  and poster ior  
hypo tha lamic  areas of hypophysec tomized  rats  de- 

scribed in a previous  paper  a and confirmed in this  paper  
is abolished if t he  animals  are cas t ra ted  a t  the  t i m e  of 
hypophysec tomy.  

In  a previous paper  = i t  has been demons t ra ted  t h a t  
cast ra t iml  depresses the  ox ida t ive  metabol i sm of the  
anter ior  and poster ior  hypo tha l amic  areas. Since testo-  
sterone corrected these changes in v ivo  bu t  not  in v i t ro  a2, 
and since L H  and F S H  have  a depressor effect on the  
respirat ion of the  anter ior  and poster ior  hypo tha l amus  ~, 
i t  was pos tu la ted  tha t  the  hypo tha lamic  metabol ic  
changes observed in gonadectomized  animals  were con- 
nected wi th  the  increase in the  gonadot rophin  secretion. 
The  elevated hypo tha l amic  oxygen  up take  observed in 
hypophysec tomized  rats  fur ther  suppor t  this hypothesis .  

Assuming tha t  the  lack of gonadot rophin  secret ion is 
di rect ly  connected wi th  the  increase of the  ox ida t ive  
metabol i sm in the  anter ior  and poster ior  hypo tha lamic  
areas in hypophysec tomized  rats, it is difficult  to expla in  
how gonadec tomy in these rats  restored to normal  t he  

Oxygen up take  of different  hypo tha l amic  areas of male  ra ts  

QO 2 (btl O,2/mg wet  tissue/h) 
H y p o t h a l a n m s  
An ter ior  Middle Poster ior  

A. Control  1.56 =t= (/.05 
(22) 

B. Hypophysee tomized  J.87 • 0.10 
(11) 

C. Hypophysec to-  1.45 • 0.05 
mized-cas t ra ted  (24) 

Analysis  of var iance  
F ra t io  8.44 
P wflue <~ 0.0I 

1.4.5 -L 0.07 1.42 Jc 0.05 
(12) (25) 

1.31 ~ 0.04 1.87 -~ 0.11 
(11) (~1) 

1.46 -~ 0.1)2 1.50 ~ 0.09 
(17) (22) 

0.90 6.41 
NS ~0.01 

Mult iple comparisons  tes t  
t ' % 0 . 0 5  between A vs J~ A vs B 

B vs C B vs C 

Mean ~ s tandard  error. In parentheses ,  n m n b e r  of de te rmina t ions .  
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h igh  m e t a b o l i c  levels of h y p o t h a l a m u s .  Neve r the l e s s  these  
obse rva t ions  are  in  comple t e  a g r e e m e n t  w i t h  those  per-  
fo rmed  b y  SAiro  e t  al. s, in  which  i t  was  d e m o n s t r a t e d  
t h a t  F S H  re leas ing fac to r  appea r s  in t h e  pe r iphe ra l  b lood  
of h y p o p h y s e c t o m i z e d  rats ,  p r o b a b l y  as a consequence  of 
a n  increased  syn thes i s  of th i s  h y p o t h a l a m i c  factor ,  and  
t h a t  th i s  pe r iphe ra l  F S H  re leas ing fac to r  a c t i v i t y  dis- 
appea r s  a f t e r  c a s t r a t i o n  of h y p o p h y s e c t o m i z e d  animals .  
I f  changes  in 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  
are cons idered  as r e p r e s e n t a t i v e  of modi f i ca t ions  in  t he  
syn thes i s  of t h e  re leas ing  factors ,  these  e x p e r i m e n t s  could 
help  exp la in  t h e  decrease  in t he  oxygen  u p t a k e  of t he  
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  wh ich  was obse rved  
in h y p o p h y s e c t o m i z e d  r a t s  a f t e r  gonadec t om y .  

Since t he  on ly  di f ference b e t w e e n  hypophysec~omized-  
c a s t r a t e d  and  h y p o p h y s e c t o m i z e d  ra t s  is t h a t  in t he  l a t t e r  
some a n d r o g e n  secre t ion  remains ,  i t  can  be  p o s t u l a t e d  
t h a t  t h e  absence  of t h e  depressor  effect  of g o n a d o t r o p h i n s  
is no t  solely respons ib le  for t h e  increase  in t he  me tabo! ic  
a c t i v i t y  of h y p o t h a l a m u s ;  t h e  presence  of some andro-  
genic a c t i v i t y  is also necessa ry  for th i s  increase.  W h e t h e r  
or n o t  th i s  f ind ing  is conce rned  w i t h  t h e  fac t  t h a t  t he  
presence  of t e s tes  is necessa ry  for t he  increase  of F S H  

re leas ing  fac to r  in  h y p o p h y s e c t o m i z e d  ra t s  r e m a i n s  to  
be s tud ied .  

Resumen.  Los resu l tados  ob ten idos  h a n  ind icado  que 
el i n c r e m e n t o  del consumo de ox/geno en  el h i p o t ~ l a m o  
a n t e r i o r  y pos te r io r  de los an ima le s  h ipof i sec tomizados  
desaparece  si estos  an imales  son cas t r ados  s imu l t anea -  
m e n t e  con la h ipof isec tomfa .  Se d iscu te  la i m p o r t a n c i a  de 
la p resenc ia  del tes t fculo  en  la e levac i6n  de la a c t i v i d a d  
m e t a b d l i c a  del h i p o t g l a m o  luego de la h ipof isectomfa.  
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The Karyotype  of the Black Rat 
C o m p l e m e n t  

Fol lowing t he  classical  obse rva t ions  of n u m e r o u s  
a u t h o r s  I-~, t he  d ip lo id  n u m b e r  of t he  b l ack  r a t  (Rattus 
rattus L.) is now f ixed a t  2n - -  42. This  diploid  n u m b e r  has  
also been  conf i rmed  r ecen t l y  b y  XirOSHIDA et  al. 5, for b l ack  
ra t s  of 2 J a p a n e s e  popu la t ions ,  and  b y  YO•G 6 in t he  
M a l a y a n  Rat tus  rattus diardi i  ( Jen t ink) .  B o t h  these  r ecen t  
obse rva t i ons  were car r ied  o u t  b y  emp loy ing  t he  bone  
m a r r o w  techn ique ,  wh ich  al lows an  exce l len t  cha rac t e r i za -  
t ion  of t he  m o r p h o l o g y  of t h e  ka ryo type .  The  resul t s  of all  
these  obse rva t i ons  indica te ,  for  Rat tus  raltus, a diploid  
n u m b e r  t h a t  is u n m i s t a k a b l y  f ixed a t  2n ~ 42. In  fact ,  t h i s  
is t h e  diploid  n u m b e r  g iven  for th i s  species in  t he  l a tes t  
cr i t ica l  l ist  of t he  d ip lo id  n u m b e r s  of the  e u t h e r i a n  m a m -  
mal s  7. 

However ,  in  a n u m b e r  of th i s  per iodica l  t h e r e  is a 
r epo r t  b y  BIANCHI e t  al. s on  2 Sou th  A m e r i c a n  popu la -  
t ions  of Rat tus  rallus showing  a c h r o m o s o m e - c o m p l e m e n t  
of 2n = 38. Th i s  fac t  has  p r o m p t e d  us to  pub l i sh  our  pa s t  
obse rva t ions ,  wh ich  were mere ly  a p r e l i m i n a r y  r e p o r t  b y  
two of us 9, on  t he  d i scovery  of a s imi la r  c h r o m o s o m e  
c o m p l e m e n t  in  a n  I t a l i a n  p o p u l a t i o n  of Rat tus  rattus. 

I n  t he  course of a n  i nves t i ga t i on  invo lv ing  s tudies  on  
t he  ind igenous  popu l a t i ons  of t he  smal l  I t a l i a n  i s lands  1~ 
we h a d  the  o p p o r t u n i t y  of s tudy ing ,  f rom the  cy to t axo -  
nomic  p o i n t  of view, t h e  popu l a t i ons  of Ral tus  m t t u s  
a lexandrinus  Geoff roy  of t h e  i s lands  of Giglio a n d  Gian-  
n u t r i  ( sou the rn  T u s c a n  archipelago) .  The  k a r y o t y p e  of t he  
b l ack  ra t s  c a p t u r e d  here  is c o n s t a n t l y  cha rac t e r i zed  b y  a 
diploid  n u m b e r  of 2n = 38. 

A s t u d y  was  m a d e  of t he  ch r om os om es  of 13 spec imens  
f rom Giglio a n d  7 f rom G i a n n u t r i ,  us ing  b o t h  t he  m e t h o d  
of p r i m a r y  cu l tu res  of splenic  f ib rob las t s  and  t h a t  of bone  
mar row.  I n  o rder  to  check  w h e t h e r  t he  k a r y o t y p e  
a n o m a l y  was l imi ted  to t h e  i s land  area,  we s tud ied  t he  
p o p u l a t i o n s  of Rat tus  rattus of t h e  Argen ta r io  p r o m o n t o r y ,  
wh ich  is c o n n e c t e d  to  t he  m a i n l a n d  b y  2 n a t u r a l  dunes  
a n d  a n  ar t i f ic ia l  d a m  (see m a p  shown  in F igure  3), a n d  
of t h e  i n l and  a rea  of t he  T u s c a n  M a r e m m a .  Also in these  

(Rattus rattus L.).  Another  Popula t ion  wi th  a 3 8 - C h r o m o s o m e s  

cases (14 spec imens  s tudied)  t he  k a r y o t y p e  was con- 
s t a n t l y  found  to  be  cha rac te r i zed  b y  2n = 38. 

Also in our  case, as in  t h a t  r epo r t ed  b y  BIANCHI e t  al. 8, 
t he  decrease  in t h e  diploid n u m b e r  m a y  be  i m p u t e d  to 2 
R o b e r t s o n i a n  ~1 t rans loca t ions ,  in  a h o m o z y g o u s  condi-  
tion, w h i c h  h a v e  p roduced  2 pairs  of large m e t a c e n t r i e  
au t0 somes  f rom 4 pa i rs  of ac rocen t r ic  chromosomes .  The  
pa i rs  of ac rocen t r i c  au tosomes  i nvo lved  in th i s  R o b e r t -  
son ian  process  would  a p p e a r  to  be  t he  same in t h e  2 
p o p u l a t i o n s  ( I t a l i an  a n d  S o u t h  Amer ican) ,  a t  l eas t  as far  
as m a y  be  seen f rom a compar i son  b e t w e e n  our  f igures  a n d  
those  pub l i shed  b y  BIANCHI e t  ai. s. A precise  k a r y o m e t r i e  
a s ses smen t  will p rov ide  more  rel iable  i n f o r m a t i o n  in th i s  
respect ,  and  we are now in process  of work ing  on  our  
k a r y o m e t r i c  da t a .  

The  in t e r e s t  of th i s  r epo r t  goes well  b e y o n d  a mere  con- 
f i r m a t i o n  of a s t r ange  diploid n u m b e r .  I n  fact,  we f ind 
ourse lves  in  t h e  pos i t ion  of h a v i n g  to  jus t i fy  d a t a  in  
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