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Metabol ic -Alterat ions  in H y p o t h a l a m u s  and Limbic  Structures  in F e m a l e  Diabet ic  Rats  ~ 

The  resec t ion  of 95% of t he  p a n c r e a s  has  b e e n  s h o w n  
to  induce  a r e d u c t i o n  of fe r t i l i ty  a n d  to  develop i m p o r t a n t  
a l t e r a t i ons  in  f u r t h e r  p r egnancy ,  fe tuses  a n d  p l a c e n t a e  of 
female  r a t s  2,3. 

T h e  a d m i n i s t r a t i o n  of a l loxane  h a s  b e e n  r e p o r t e d  to  
p roduce  modi f i ca t ions  in  t h e  gen i ta l  t r a c t  of female  as 
well  as ma le  r a t s  ~; t h e  t e s t i cu la r  t i s sue  was p a r t i c u l a r l y  
lesioned,  as ev idenced  b y  his to logical  e x a m i n a t i o n  5. I n  
addi t ion ,  in  t he  i m m a t u r e  r a t  th i s  s u b s t a n c e  r e t a rd s  or 
suppresses  t h e  sexua l  d e v e l o p m e n t  e. STUTINSKY a n d  
MIALI~E 7 h a v e  also obse rved  p ro found  a l t e r a t ions  in t h e  
m o r p h o l o g y  of t h e  h y p o t h a l a m u s  a n d  of t he  p i t u i t a r y  of 
t h e  p a n c r e a t e c t o m i z e d  m a l e  r a t .  I t  h a s  r ecen t ly  b e e n  
d e m o n s t r a t e d  t h a t  t he  a n t e r i o r  h y p o t h a l a m u s  of these  
an ima l s  shows a decrease  in t he  oxygen  u p t a k e  a n d  a n  
increase  in  t h e  lac t ic  p r o d u c t i o n  s . I t  is i n t e r e s t i ng  to no te  
t h a t  c a s t r a t i o n  in t h e  ma le  r a t  has  a s imi la r  effect  on  the  
s ame  me tabo l i c  p a r a m e t e r s  9, x0. 

I n  v iew of t h i s  o b s e r v a t i o n  a n d  of t he  f ac t  t h a t  t h e  
ox ida t ive  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  n a n d  of t h e  
l imbic  s t r u c t u r e s  ~2 unde r go  cyclic changes  in  r e l a t ion  to  
t h e  d i f fe ren t  phases  of t h e  es t rous  cycle, i t  has  been  
dec ided  to s t u d y  t h e  ox ida t i ve  m e t a b o l i s m  of t h e  h y p o -  
t h a l a m u s ,  t h e  a m y g d a l a  a n d  t h e  h i p p o c a m p u s  in  t h e  
female  r a t  s u b m i t t e d  to p a n c r e a t e c t o m y .  

Mater ia l  and  methods. W i s t a r  female  r a t s  were used. The  
a n i m a l s  were  fed on  t he  s t a n d a r d  d ie t  of Ca t ed r a  1 ~ de 
Fisiologia.  The  fol lowing groups  of an i m a l s  were s tud ied :  
a) n o r m a l  r a t s  in  d ie s t rus ;  b) n o r m a l  r a t s  in  e s t rus ;  a n d  
c) p a n c r e a t e c t o m i z e d  r a t s  in  dies t rus .  

The  surgical  r e m o v a l  of t h e  panc rea s  (par t ia l  panc rea -  
t e c t o m y ,  95%)  was pe r fo rmed  accord ing  to  t he  m e t h o d  of 
FOGLIA ~a, w h e n  t h e  b o d y  we igh t  of t h e  r a t  was  be tween  
80-100 g; b lood  sugar  was  m e a s u r e d  a t  m o n t h l y  i n t e rva l s  
b y  t h e  m e t h o d  oI HAGEDORN a n d  JENSEN ~4. T h e  an imMs 
were used 8 m o n t h s  a f t e r  t he  ope ra t i on ;  t h e i r  b lood  
suga r  levels were a b o v e  1.56 rag/100 ml. T he  ave rage  
g lycemia  of t he  con t ro l s  in  d ies t rus  a n d  in es t rus  was 
0.87 mg/100  ml.  

The  an ima l s  were d e c a p i t a t e d  a n d  t h e  h y p o t h a l a m u s ,  
t h e  a m y g d a l a  and  t he  h i p p o c a m p u s  removed .  Oxygen  
u p t a k e  in these  s t r u c t u r e s  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  t e c h n i q u e  in vessels of 12-15 ml  capac i ty ,  
c o n t a i n i n g  3 ml  of K r e b s - R i n g e r  p h o s p h a t e  buffer ,  
p H  7.4 a n d  7.7 m M  glucose;  t he  cen t r a l  well  c o n t a i n e d  
0.2 m l  of s a t u r e d  N a O i t  solut ion.  T h e  vessels  were  gassed 
for 5 m i n  w i t h  02 1 0 0 % ;  10 m i n  were al lowed for  t h e  
equ i l ib ra t ion  and  t h e  obse rved  per iod  las ted  60 min.  All 
i n c u b a t i o n s  were p e r f o r m e d  a t  37 ~ a n d  the  vessels were 
s h a k e n  120 t imes /min .  Resu l t s  expressed as ~1 O2/mg we t  
t i s sue /h  a n d  ana lyzed  for  va r i ance  fol lowing t h e  m e t h o d  
of SNEDECOR 16. Th e  s t a t i s t i ca l  s ignif icance of t h e  d a t a  
was  d e t e r m i n e d  accord ing  to  TuxEY'S m e t h o d  1~. The  
m i n i m a l  s ign i f ican t  d i f ference of t h e  means  was 0.1865 
in  t h e  h y p o t h a l a m u s ,  0.3437 in t he  a m y g d a l a  a n d  0.2369 
in t h e  h ippocampus .  

Results.  T h e  Tab le  r e p o r t s  t h e  ave rage  of QO 2 expressed  
in al  O j m g  wet  t i s sue /h  for t he  h y p o t h a l a m u s ,  t he  
a m y g d a l a  a n d  t he  h i p p o c a m p u s  in t he  severa l  g roups  
s tud ied  a n d  t h e  s t a t i s t i ca l  s ignif icance accord ing  to t h e  
mul t ip le  c o m p a r i s o n  test .  T h e  analys is  of va r i ance  indi-  
ca tes  t h a t  t he  differences  in  t he  severa l  t i ssues  are  
s t a t i s t i ca l ly  s ign i f ican t  w i t h  P va lue  of 0.01 for each  area.  

T h e  resu l t s  shown  in t he  Tab le  show t h a t  t h e  oxygen  
u p t a k e  of t h e  h y p o t h a l a m u s  a n d  of t h e  a m y g d a l a  is v e r y  
h i g h  d u r i n g  t h e  es t rus  phase  a n d  low a t  dies t rus .  P a n -  
c r e a t e c t o m y  br ings  a b o u t  a decrease  in t he  ox ida t ive  
m e t a b o l i s m  of t h e  h y p o t h a l a m u s  to  levels  as low as those  

found  in d ies t rus .  I n  c o n t r a s t  to  this ,  t h e  d iabe tes  i nduced  
b y  p a n c r e a t e c t o m y  m a r k e d l y  s t i m u l a t e s  t he  oxygen  up-  
t a k e  in t he  a m y g d a l a  of t he  d iabe t i c  ra ts ,  wh ich  h a v e  been  
a lways  ki l led a t  diestrus,  to  levels as h igh  as those  found  
in  t he  n o r m a l  r a t s  a t  es t rus .  

W h e n  t h e  ox ida t ive  a c t i v i t y  of t he  h i p p o c a m p u s  is 
considered,  t h e  h ighes t  oxygen  u p t a k e  is obse rved  a t  
d ies t rus  a n d  t he  lowest  a t  e s t rus  in  t i le con t ro l  group.  
P a n c r e a t e c t o m y  does n o t  induce  a n y  modi f i ca t ion  in t h e  
oxygen  u p t a k e  of t h e  h i p p o c a m p u s ,  as shown b y  t h e  
va lues  wh ich  r e m a i n  as h igh  as those  found  in t h e  con t ro l  
r a t s  a t  d ies t rus .  

Discussion.  Our  d a t a  seem to  i nd i ca t e  t h a t  d i abe t e s  in-  
duced  b y  p a r t i a l  p a n c r e a t e c t o m y  modif ies  t he  ox ida t i ve  
a c t i v i t y  of t h e  h y p o t h a l a m u s  a n d  of t h e  amygda la .  I n  t h e  
h y p o t h a l a m u s  of the  d iabe t i c  rats ,  t h e  values  of oxygen  
u p t a k e  were m u c h  lower t h a n  those  shown b y  t he  con-  
t rols  in  dies t rus .  This  ind ica tes  t he  exis tence  of p r o f o u n d  
a l t e r a t ions  ill t h i s  ne rvous  t issue.  

I t  has  p rev ious ly  b e e n  d e m o n s t r a t e d  t h a t  the  a m y g d a l a  
of n o r m a l  female  r a t  shows cyclic v a r i a t i o n s  d u r i n g  t h e  
es t rous  cycle 12. These  cyclic changes  are  e l imina ted  in t h e  
p a n c r e a t e c t o m i z e d  r a t s  which,  a l t h o u g h  t h e y  are in  
dies t rus ,  e x h i b i t  a n  oxygen  u p t a k e  in  t h e  h i p p o c a m p u s  of 
d iabe t i c  r a t s  para l le l  to  t he  d i f fe ren t  phases  of es t rous  
cycle, showing  va lues  a t  d ies t rus  e q u i v a l e n t  to  those  
found  in n o r m a l  r a t s  a t  diestrusX~,xs; i.e. t he  presence  of 
d iabe t ic  s y n d r o m e  does no t  inf luence  th i s  m e t a b o l i c  
a c t i v i t y  a t  t h e  h i p p o c a m p a l  level. This  m a y  ind ica t e  t h a t  
t he  inverse  r e l a t ionsh ip  usua l ly  found  in t he  ox ida t i ve  
m e t a b o l i s m  12 and  electr ical  a c t i v i t y  ~~ be tween  t h e  
a m y g d a l a  a n d  t he  h i p p o c a m p u s  du r ing  the  es t rous  cycle 
of n o r m a l  female  r a t s  h a d  d isappeared .  

I t  h a s  been  r epo r t ed  t h a t  t he  h y p o t h a l a m u s  of d iabe t i c  
ma le  r a t s  shows a l t e r a t i ons  in  t h e  ox ida t ive  a n d  glyco- 
l i t ic m e t a b o l i s m  s. This  work  p resen t s  d a t a  ind ica t ing  t h e  
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exis tence of a s imilar  a l te ra t ion  in the  h y p o t h a l a m u s  of 
the  female  ra t  wi th  diabetes .  These resul ts  and  the  
a b u n d a n t  l i t e ra ture  exis t ing on reproduc t ive  and  gonadal  
a l te ra t ion  in t he  diabet ic  male*, 5 and  female  ra t s  ~-4 m a y  
suggest  t h a t  an  i m p a i r m e n t  in t he  syn thes i s  and /o r  the  
release of p i tu i t a ry  gonado t rop ins  m a y  occur. A re la t ion-  
ship be tween  the  gonado t rop in  levels and the  ox ida t ive  
me tabo l i sm of the  h y p o t h a l a m u s  2~ has  a l ready  been  
suggested.  Ev idence  is accumula t ing  which indica tes  t h a t  
t he  ox ida t ive  ac t iv i ty  of t he  h y p o t h a l a m u s  is also asso- 
c ia ted wi th  t he  ' shor t '  feed-back  m e c h a n i s m  *S control l ing 
the  secre t ion of F S H  ~4 and  of L H  *s. VELASCO and  
TALEISNIK 16 have  also shown t h a t  the  l imbic s t ruc tures  
are func t iona l ly  associa ted and pa r t i c ipa te  in t he  ovula- 
t o ry  processes.  However ,  more  da t a  are needed in order  
to  es tabl ish  whe the r  the  metabol ic  a l te ra t ions  which have  
been observed in the  d iabet ic  ra t s  are p roduced  by  an im- 
pa i rmen t  a t  t he  cent ra l  (hypothalamic)  level or a t  t he  peri-  

Oxidative metabolism of hypothalamus, amygdala and hippo- 
campus in diabetic rat 

Groups QO 2 ([~1 02/mg wet tissue/h) 
Hypo- Amygdala Hippocampus 
thalamus 

phera l  (gonadal) level of the  h y p o t h a l a m i c - h y p o p h y s e a l -  
gonadal  axis. 

Resumen. Se de te rmin6  et consumo de oxlgeno de 
hipots amigda la  e h ipocampo  en ra tas  h e m b r a s  a las 
que se les hab ia  p roduc ido  una  d iabe tes  expe r imen ta l  por  
p an c rea t ec t o ml a  sub- to ta l  (95%). Se usaron las ra tas  
d iabet icas  d u ran t e  la fase de diestro y como controles  se 
ut i l izaron animales  normales  en d i s t in tas  e t apas  del ciclo 
sexual.  Los animales  diabet icos  en h ipo tk lamo p re sen ta ron  
valores  de consumo de oxlgeno inferiores a los m~s ba jos  
reg is t rados  en los animales  controles  (diestro). La  amig- 
dala,  de las r a tas  diabet icas ,  mos t r6  un  me tabo l i smo  
oxida t ivo  s imilar  al p resen tado  en es t ro  por  los controles  
normales ,  a pesar  de encont ra r se  en la fase dies t ro  en el 
m o m e n t o  del sacrificio. Por  el cont rar io  el consumo de 
oxlgeno del h ipocampo  de los an imales  d iabet icos  no 
mos t r6  modif icaciones  en comparac i6n  con los controles  
normales .  
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D-diestrus 1.30 :~ 0.07 1.09 ~_ 0.09 1.49:1:0.08 
(14) (19) (29) 

E-estrus 1.59 J: 0.08 1.59 4E 0.I1 1.21 • 0.06 
(17) (28) (35) 

P-pancreatectomized 0.98 ~: 0.08 1.45 z~ 0.06 1.54 zJ2 0.06 
(15) (12) (15) 

Analysis of variance 
F ratio 
P value 

Multiple comparisons test 
P < 0.05 between 

16.62 6.38 5.98 
0.01 0.0I 0.01 

D vs.E D vs.E D vs.E 
D vs. P D vs. P - 
E vs. P - E vs. P 

Mean -L S.E. Figures in parentheses arc number of determinations. 
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Transpor t  of Whole Prote in  Molecules  f r o m  Blood 

An unreso lved  p rob lem in t he  t ransmiss ion  of p lan t  
viruses in the  saliva of H o m o p t e r a  is how the  virus pene-  
t r a t e s  cellular barr iers  in the  insect :  whe the r  as whole 
par t ic les  or as c o m p o n e n t s  t h a t  are even tua l ly  reas- 
sembled.  A n u m b e r  of me tabo l i t e s  are t ransfer red  rap id ly  
to  the  sal iva when  in jec ted  into the  h a e m o l y m p h  of 
p l an t -bugs  1, and  the  h a e m  group f rom haemoglob in  finds 
its way  in to  the  sal ivary glands  of the  blood-sucking bug 
Rhodnius prolixus (He te rop te ra :  Reduvi idae)3.  B u t  t he  
p ro te in  of t he  sa l ivary  ' h a e m a l b u m i n '  of Rhodnius is of 
unknown  origin and  h i s to ry ;  and, to  the  knowledge of the  
p resen t  wri ters ,  no evidence  has ye t  been p resen ted  of the  
di rect  t r ans fe r  of par t ic les  as large as p ro te in  molecules 
f rom the  h a e m o l y m p h  to  the  saliva of Hemip te ra .  

Horse rad i sh  peroxidase  is a h ighly  s table  enzyme wi th  a 
mol wt.  of abou t  40,000; and  i t  is easily de tec tab le  wi th  a 
benzidine  reagent  s. Perox idases  occur na tu ra l ly  in in- 
sects 4, and  in the  p resen t  s tudy  were found in the  sa l ivary  

to Sal iva of a P l a n t - B u g  

' s hea th  mater ia l '  (the sol idifying f rac t ion  of the  saliva 5) 
of t he  rose aphid ,  Macrosiphum rosae (Homop te r a :  
Aphididae)  and  in the  h a e m o l y m p h ,  w a t e ry  saliva 1, and 
shea th  mate r ia l  of the  p ean u t  t r a sh  bug, Elasmolomus 
sordidus (He te rop te ra :  Lygaeidae) .  On the  o the r  hand ,  the  
f i f th  ins ta r  la rva  of Eumecopus punctiventris (Hetero-  
p t e r a :  Pen t a t o mi d ae )  had  barely  de tec tab le  a m o u n t s  of 
peroxidase  in its h a e m o l y m p h ,  and  no de tec tab le  enzyme  
in its s h ea t h  mater ia l .  This  insect  d id  no t  p roduce  wa te ry  
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