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Oxidative Metabol ism of the Limbic System in Androgenized Rats 

I t  h a s  been  d e m o n s t r a t e d  t h a t  t he  l imbic  s y s t e m  in t h e  
r a t  p r e sen t s  v a r i a t i o n  in t h e  oxyge n c o n s u m p t i o n  in rela-  
t i on  to  t h e  sexua l  cycle. I n  t h e  a m y g d a l a  t he  u p t a k e  in~ 
creases d u r i n g  t he  es t rous  a n d  decreases  d u r i n g  t he  dies- 
t r ous  phase ,  whereas  t h e  c o n t r a r y  v a r i a t i o n s  occur  in  t he  
h i p p o c a m p u s  1. These  v a r i a t i o n s  are e l i m i n a t e d  b y  
o v a r i e c t o m y  a n d  t h e n  t h e  oxygen  c o n s u m p t i o n  is h i g h  in 
b o t h  s t r u c t u r e s  2. A r e l a t i onsh ip  be t w een  oxygen  c o n s u m p -  
t i on  in t h e  l imbic  s y s t e m  a n d  t he  p i t u i t a r y  gonado-  
t r op in s  ha s  been  sugges ted  b y  in v i t ro  studies3.  

The  absence  of co rpora  l u t ea  in  t he  o v a r y  ~ a n d  a l te ra -  
t ions  in  t h e  ox ida t i ve  m e t a b o l i s m  of t he  h y p o t h a l a m u s  5 
in r a t s  t r e a t e d  p o s t n a t a l l y  on  t h e  5 th  day  p re sen t s  a con- 
d i t i on  of p e r m a n e n t  s t e r i l i ty  in  wh ich  a s t u d y  of t h e  
ox ida t i ve  m e t a b o l i s m  of t he  l imbic  s y s t e m  would  a p p e a r  
w o r t h y  of in te res t .  

Materials and methods. To th i s  end  groups  of W i s t a r  r a t s  
were  s tud ied  in  estrus ,  d ies t rus  a n d  in p e r m a n e n t  es t rus  
fol lowing 5 th  d a y  p o s t n a t a l  s.c. a d m i n i s t r a t i o n  of 1.25 m g  
t e s to s t e rone  p r o p i o n a t e  in  ol ive oil. The  an i m a l s  were 
sacr i f ied b y  d e c a p i t a t i o n  a t  6-7  m o n t h s  a n d  t he  a m y g d a l a  
and  h i p p o e a m p u s  r e m o v e d  b y  dissect ion.  T he  oxygen  
c o n s u m p t i o n  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 t r y  in 
12-15 ml  vessels c o n t a i n i n g  3 ml.  K r e b s - R i n g e r  p H  7.4 
p h o s p h a t e  buf fe r  a n d  7.7 m M  glucose, w i t h  0.2 ml  
s a t u r a t e d  aqueous  N a O H  so lu t ion  in t he  cen t r a l  well. The  
t e s t  so lu t ions  were gassed for 5 mil l  w i t h  100% Oz and,  
a f te r  equ i l i b ra t ion  of t h e  s y s t e m  for 10 rain,  m e a s u r e m e n t s  
were  m a d e  a t  37~ 120 b e a t s / r a i n  for 1 h. Resu l t s  were 
expressed  as txl O2/mg t i ssue  wt . /h .  The  d a t a  were ana lyzed  
us ing  S t u d e n t ' s  t- test ,  va r i ance  analysis ,  a n d  t h e  Pa i rwise  
t e s t  ~. 

Results. Tab le  I expresses  t he  oxygen  c o n s u m p t i o n  pe r  
a m y g d a l a  a n d  h i p p o c a m p u s  in t he  d i f fe ren t  groups  of 

an imals .  D u r i n g  t he  es t rous  phase ,  the  oxygen  consump-  
t i on  pe r  a m y g d a l a  is s ign i f i can t ly  h ighe r  t h a n  t h a t  pe r  
h i p p o c a m p u s .  I n  t he  d ies t rous  phase,  t h e  oxygen  con-  
s u m p t i o n  of t h e  h i p p o c a m p u s  exceeds t h a t  of the  a m y g -  
dala,  b u t  no  d i f ference  is n o t e d  b e t w e e n  t h e  oxygen  con-  
s u m p t i o n  of a m y g d a l a  a n d  h i p p o c a m p u s  in  t h e  p e r m a n e n t  
es t rous  phase.  

T a b l e  I I  shows t he  va r i ance  of d a t a  a n d  t h e  s ignif icance 
of d i f ferences  of averages  as d e m o n s t r a t e d  b y  t he  Pa i r -  
wise tes t .  The  d a t a  are s ign i f ican t  for a m y g d a l a  where  t he  
oxygen  c o n s u m p t i o n  differs in  t h e  3 g roups  of an imals .  
Differences  are ev iden t  b e t w e e n  r a t s  in  es t rus  and  dies- 
t rus ,  in  es t rus  a n d  p e r m a n e n t  estrus ,  b u t  no t  b e t w e e n  
those  in  d ies t rus  and  p e r m a n e n t  estrus .  A l t h o u g h  t h e  
oxygen  c o n s u m p t i o n  b y  t he  h i p p o c a m p u s  is g rea te r  in  
d ies t rus  t h a n  in es t rus  a n d  v e r y  s imi la r  in  d ies t rus  a n d  
p e r m a n e n t  estrus ,  t he  d a t a  for  t h e  h i p p o c a m p u s  are no t  
s t a t i s t i ca l ly  s ignif icant .  

Discussion. P a r t i c i p a t i o n  of t h e  l imbic  sys tem in t he  
r egu la to ry  processes  of t he  gonada l  f unc t i on  has  been  
sugges ted  b y  va r ious  obse rva t ions .  Thus ,  s t i m u l a t i o n  of 
t he  a m y g d a l a  p rovokes  o v u l a t i o n  in r a t s  w i t h  p e r m a n e n t  
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Table I. Oxygen consumption per amygdala and hippoeampus by rats in estrous, diestrous, and permanent estrous phase following postnatal 
administration of testosterone propionate 

Organ Estrus Diestrus Permanent estrus 

Amygdala 1,57 �9 4- 0.12 (11) b 1.07 4- 0.10 (15) 1.26 =L 0.12 (19) 
Hippocampus 1,21 :J= 0.08 (21) 1.41 ~ 0.09 (24) 1.46 i 0.08 (20) 

P < 0.05 P < 0.05 N.S. 

Average value, b Standard deviation of oxygen eonsmnption expressed in txl O2/mg tissue/h. The numbers in parentheses indicate the number 
of animals utilized. 

Table II. Analysis of variance 

Source of variance d.f. Sum of squares Mean square F P 
ratio value 

Amygdala 
Between groups 2 1.95 0.975 4.06 0.05 
Within groups 47 11.46 0.240 
Total 49 13.41 

Hippocampus 
Between groups 2 0.69 0.345 2.31 N.S. 
Within groups 60 9.27 0.149 
Total 62 9.96 

Pairwise test for averages corresponding to amygdala. P ~ 0.05 between E and P; < 0.01 between E and D; N.S. between P and D. E, 
estrous; D, diestrous; P, permanent estrous phase. 
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es t rus  7, e leva tes  t h e  p l a s m a t i c  level  of g o n a d o t r o p i n s  s, 
a n d  increases  t he  p r o d u c t i o n  of p roges t e rone  b y  the  o v a r y  3. 
Otherwise ,  a f te r  3 weeks, d e s t r u c t i o n  of t he  a m y g d a l a  
b r ings  a b o u t  a decl ine in t he  levels  of F S H - R F  1~ a n d  ele- 
v a t i o n  of those  of L H - R F  11. These  ac t iv i t i e s  seem to be  
m e d i a t e d  b y  t he  s t r i a  t e r m i n a l i s  s wh ich  connec t s  t he  
a m y g d a l a  a n d  h y p o t h a l a m u s .  On t he  con t r a ry ,  s t imu la -  
t i on  of t he  h i p p o c a m p u s  impedes  o v u l a t i o n  in cyclic r a t s  13. 

The  l imbic  s y s t e m  has  cyclic modi f i ca t ions  in  i t s  oxi- 
d a t i v e  m e t a b o l i s m  w h i c h  d i s appea r  w i t h  o v a r i e e t o m y  2, 
e x p e r i m e n t a l  d i abe tes  13, and  on  p o s t n a t a l  t r e a t m e n t  w i t h  
t es tos te rone .  I n  a d d i t i o n  to t h e i r  s t a t e  of p e r m a n e n t  
estrus ,  t he  and rogen ized  ra t s  p r e s e n t  a p ic tu re  s imi la r  to  
t h a t  of d ies t rus .  E x p e r i m e n t a l  d a t a  s imi la r  to  those  
o b t a i n e d  in androgen ized  r a t s  h a v e  been  o b t a i n e d  w i t h  
ma le  animals .  These  a l t e r a t i ons  in  the  l imbie  s y s t e m  m a y  
be  due  to  h o r m o n a l  d i sequ i l ib ra t ion  c o n s e q u e n t  on  and ro -  
geniza t ion ,  or poss ib ly  m a y  be  a d i rec t  effect  of t he  post -  
n a t a l  t r e a t m e n t .  

Resumen. Se h a  e s tud iado  el m e t a b o l i s m o  ox ida t ivo  de 
a m i g d a l a  e h i p o c a m p o  en r a t a s  en  fase de estro,  d ies t ro  y 
and rogen i zadas  p o s t n a t a l m e n t e  con t e s tos t e rona .  El i  

estos an ima le s  desapa recen  las var iac iones  o b s e r v a d a s  en 
an ima le s  clclicos, p r e s e n t a n d o  unos  valores  s eme jan t e s  a 
los de diestro.  
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Multiple Lactate Dehydrogenase Alleles in the Lizard Agama stellio 

Agama stellio is p r o b a b l y  t he  m o s t  consp icuous  rept i le  
of Israel .  The  species is widely  d i s t r i b u t e d  f rom t he  ea s t e rn  
M e d i t e r r a n e a n  region to  I r aq  1. S t a n d a r d  t echn iques  of 
h o r i z o n t a l  s ta rch-ge l  e lec t rophores is  were u t i l i zed  to  
e x a m i n e  t h e  mobi l i t i e s  of t he  l a c t a t e  d e h y d r o g e n a s e  
(LDH) i sozymes  f rom 347 spec imens  of t h i s  species. W e  
used buf fe r  sy s t ems  of p H  6.0 3, a n d  8.63; a n d  t he  h i s to -  
chemica l  s t a in ing  p rocedure  of FINE a n d  COSTELLO 4. As 
a m o n g  m a n y  v e r t e b r a t e s  t h e  L D H ' s  of m a n y  l izards,  
i nc lud ing  Agama stellio, are t he  p r o d u c t s  of two d i f fe ren t  
gene t ic  loci wh ich  m a y  be  t e r m e d  H (heart)  a n d  M (mus- 
cle) 5, s. The  ac t ive  e n z y m e  is a t e t r a m e r  a n d  t he  p r o d u c t s  
of t h e  H a n d  M loci can  form h y b r i d  t e t r amer s .  I f  t he  
o r g a n i s m  was h o m o z y g o u s  a t  b o t h  loci, 5 i soenzymes  
could be  seen on  gel e lec t rophores is .  An  o rgan i sm he te ro-  
zygous  a t  one of t he  two loci could express  15 i soenzymes  7. 

W e  ut i l ized red b lood  cells lysed w i t h  dis t i l led  w a t e r ;  
a n d  ske le ta l  musc le  a n d  h e a r t  t i ssue  f rom w h i c h  t he  L D H  
was e x t r a c t e d  no t  b y  t he  c o n v e n t i o n a l  m e t h o d  of t i ssue  
g r ind ing  b u t  b y  soak ing  1 vo lume  of t i ssue  in 4 vo lumes  
of 2 %  2 - p h e n o x y e t h a n o l  in  a 0.25 M sucrose so lu t ion  s. 

V i r t u a l l y  all  of t he  spec imens  were col lected f rom areas  
a d m i n i s t e r e d  b y  I s rae l  (Table).  T h e  g rea t  m a j o r i t y  h a d  5 
equa l ly  spaced  L D H  b a n d s  in t h e  red  cell ex t rac t s .  The  
a n o d a l l y  fas ted  m i g r a t i n g  b a n d  p r e d o m i n a t e d  in h e a r t  
t issue,  t h e  s lowest  b a n d  in ske le ta l  muscle.  A t  p H  8.6 al l  
b a n d s  m i g r a t e  t o w a r d  t he  anode,  a t  p H  6.0 t he  slow b a n d s  
e x h i b i t  c a t h o d a l  m i g r a t i o n  (Figure  1). No v a r i a t i o n  in 
e lec t rophore t i c  m o b i l i t y  was seen a m o n g  t he  5- isoenzyme 
h o m o z y g o u s  l izards.  

The re  were 21 spec imens  t h a t  di f fered f rom t he  typ ica l  
p a t t e r n ,  exh ib i t ing ,  in  all, 3 d i f fe ren t  e lec t rophore t i c  
p h e n o t y p e s .  All  were 15 b a n d e d  he te rozygotes ,  w i t h  t he  
he t e rozygos i t y  i n v o l v i n g  t he  H locus 9. T he  alleles were 
a r b i t r a r i l y  cal led L D H - H ,  ( ' n o r m a l '  or commones t ) ,  
LDH-H*  ( 's lowest ' ) ,  L D H - H I  ( ' fas t ' ) ,  and  L D H - H v  ( ' ve ry  
fas t ' ) .  A t  p H  8.6 d i s t i n c t  d i f ferences  could be  seen be-  

tween  t h e  mobi l i t i e s  of t he  he t e rozygo te s  Hn[ a n d  Hnv. 
A t  p H  6.0 t he  m o b i l i t y  appea r s  tobe  t he  same  (F igure  1). 
The  lower  p H  prov ides  super io r  r eso lu t ion  of t he  expe- 
c ted  15 isoenzymes.  

All  t he  he t e rozygo tes  were c o n c e n t r a t e d  in a r e l a t i ve ly  
l imi t ed  geographic  a rea  (Figure  2, Table) .  The  allele H v 
was found  a t  all  m a j o r  col lec t ing  si tes w i t h i n  t h e  a rea  
encompassed  b y  t he  presence  of he te rozygotes ,  b u t  nowh-  
ere was i t  c o m m o n  (Table).  T h u s  i t  is no t  su rp r i s ing  t h a t  
no  Hvv homozygo te s  were found.  The  o t h e r  alleles were 
even  rarer ,  and  aga in  h o m o g z y o t e s  would no t  h a v e  been  
expected .  The  alleles H I  a n d  H 8 were l imi t ed  in d i s t r ibu-  
t ion ,  t he  fo rmer  to  a single area  in  t he  Golan  a n d  t he  l a t t e r  
a t  2 s i tes  s epa ra t ed  b y  a l inear  d i s t ance  of a b o u t  50 k m  
(Figure  2). 
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