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indeed,  a sphyxia ,  i s chemia  and  or autolisis ,  do p roduce  
th i s  t y p e  of appos i t i ons  in  t he  b r a i n  of t he  r a t  5. N[oreover, 
these  ' labi le  appos i t ions '  can  be  d e m o n s t r a t e d  desp i te  t he  
f i xa t ive  hype r ton i c i t y ,  wh ich  ind ica tes  t h a t ,  h a d  t he  
i n t e r n e u r o n a l  appos i t i ons  we h a d  descr ibed 1 deve loped  
d u r i n g  t he  b lood-wash ing  per iod  p reced ing  t h e  pe r fus ion  
of t he  h y p e r t o n i c  f ixa t ive ,  t h e y  should  no t  be  expec t ed  to 
reverse  because  of t he  f i xa t i ve  hype r t on i c i t y .  I t  was  
the re fo re  i m p o r t a n t  to  f ind  o u t  w h e t h e r  or no t  some in ter -  
n e u r o n a l  t i g h t  j unc t i ons  would  pers i s t  a f t e r  t he  per fus ion  
of b o t h  a h y p e r t o n i c  w as h i ng  so lu t ion  and  a h y p e r t o n i c  
f ixa t ive .  Thus ,  t h e  12 M f o r m a l d e h y d e  m e t h o d  of f i xa t ion  
has  been  app l ied  to  y o u n g  a d u l t  n o r m a l  a lb ino  ra ts ,  bu t ,  
in  a d d i t i o n  to t h e  usua l  componen t s ,  t he  wash ing  so lu t ion  
c o n t a i n e d  1.8% NaC1. 

A t  t h e  e lec t ron  microscope,  the  ECS r a n g e d  f rom moder -  
a t e ly  to  e x t r e m e l y  enlarged,  b u t  b o u t o n - b o u t o n  a t t a c h -  
m e n t s  were p r e sen t  in  all  ins tances .  Moreover ,  i t  was  
possible  to  de tec t  n e u r o n - n e u r o n a l  qu i n t i l i nea r  complexes  
in  wh ich  t h e  midd le  l ine  was t h i n n e r  t h a n  t h e  ou te r  ones  
(Figure) .  Such  images  ind ica t e  t h a t  n e u r o n - n e u r o n a l  
qu in f i l i nea r  complexes  do n o t  necessar i ly  r e su l t  f rom 
mere  appos i t i on  of con t iguous  ou te r  leaf lets  be long ing  to  
i n d e p e n d e n t  u n i t  m e m b r a n e s .  

No hypo thes i s  a b o u t  t he  possible  func t iona l  s ignif icance 
of these  axo-axon ic  close appos i t ions  shal l  be  f o r m u l a t e d  

a t  t h i s  m o m e n t .  I t  will  be, however ,  m e n t i o n e d  t h a t ,  
cons ider ing  t he  conspicuous  s y n a p t i c  vesicles wh ich  
a p p e a r  a t  these  complexes ,  t h e  imp l i ca t i on  of e lectr ical  
synapses  is no t  favored.  

Zusammen/assung. Eine  qu in t i l i nea re  neu rona l e  Ver-  
b indung ,  die n i c h t  d u r c h  h y p e r t o n i s c h e  Spill- u n d  F ixa :  
t i o n s m i t t e l  zu sp rengen  ist, wi rd  beschr ieben .  
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Feeding Elicited by Injections of Ca++ and Mg ++ into the Third Ventricle  of Sheep 

Tile ionic compos i t ion  of ce rebrosp ina l  f luid p lays  an  
i m p o r t a n t  role in  t h e  func t i on  of cen t r a l  m e c h a n i s m s  
i n v o l v e d  in b e h a v i o r  1. Whi l e  Ca++ a n d  Mg++ decrease  t he  
exc i t ab i l i t y  of neurons ,  Na+ a n d  K+ increase  i t  1-8, t h u s  
r egu la t i ng  n e u r o c o n d u c t i v i t y .  Ca++ in jec t ions  in to  t h e  
la te ra l  ven t r i c les  of r a t s  4 a n d  per fus ions  of t he  ven t ro -  
med ia l  h y p o t h a l a m u s  of ca t s  5 el ici t  feeding and  of ten  
a t a x i a  a n d  a sleep-l ike condi ton .  Per fus ions  of t he  pos te r ior  
h y p o t h a l a m u s  of ca t s  w i t h  excess Na+ p roduce  a rousa l  
a n d  h y p e r e x c i t a b i l i t y  3. A specific role has  been  a t t r i b u t e d  
to t h e  Ca++/Na+ ra t io  in t h e  h y p o t h a l a m u s  for t e m p e r -  
a t u r e  ~ a n d  ene rgy  ba l ance  r egu la t i on  ~ in cats ,  m o n k e y s  
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Fig. 1. Average 60 rain feed intake of sheep as affected by injections 
of Ca ++ and Mg ++ into the third ventricle, xx = Denotes that those 
treatments were different from the control. 

a n d  ra ts .  An  increased  ra t io  resu l t s  in  h y p o t h e r m i a  a n d  
feeding,  whi le  a decreased r a t i o  resul t s  in h y p e r t h e r m i a  6. 
A l t h o u g h  these  responses  m i g h t  be  p r ed i c t ed  f rom t h e  
k n o w n  effects of Ca ++ and  Na+ on neu ro -exc i t ab i l i t y  a n d  
t he  effect  a n  feeding and  t e m p e r a t u r e  of CNS ac t ive  drugs,  
e.g. b a r b i t u r a t e s  7-1~ n e i t h e r  Mg++ no r  K+ were effect ive  
in these  tests ,  in  sp i te  of t h e i r  s inf i lar  neu ra l  effects ~-~. 

I n  the  p r e sen t  e x p e r i m e n t s  our  ob jec t ive  was to  de ter -  
m ine  if:  1) ' s a t ed '  sheep  ea t  fo l lowing in jec t ions  of Ca++ 
in to  t he  ce rebrosp ina l  f luid (CSF), 2) Mg ++, wh ich  also 
decreases  neu ro -conduc t iv i t y ,  elicits feeding,  a n d  3) b o d y  
t e m p e r a t u r e  changes  as a resu l t  of i n j ec t i ng  Ca++ a n d  
Mg++ in to  CSF. 

Ten  sheep (40-45 kg  wethers)  were surgica l ly  i m p l a n t e d  
w i t h  t h i r d  v e n t r i c u l a r  guides  1,. For  t e m p e r a t u r e  probes,  a 
s i last ic  t u b e  closed a t  t he  p r o x i m a l  end  was loca ted  nea r  
t h e  dorsa l  po r t i on  of t h e  l iver  a n d  held  in place  w i t h  a 
dac ron  mesh  sk i r t  sewn subcu taneous ly .  The  an ima l s  were 
fed ad  l ib i t ium,  t he  da i ly  r a t i o n  g iven  1 h before  t he  
in jec t ion .  W a t e r  was  ava i l ab le  a t  all  t imes .  One ha l f  m l  of 
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Fig. 2. Effects of injections (10 txmoles) of Ca ++ and Mg +* 
into the third ventricle Of sheep on intraperitoneaI (IP) 
temperature. Not fed = Feed was withheld during i h 
postinjeetion. Sheep were s at time 0 rain. 

e i the r  con t ro l  ( syn the t i c  C S F  ~) or t e s t  so lu t ions  (Mg ++ 
a n d  Ca ++ a t  doses of 1.5, 4.0, 5.0 a n d  10.0 Fmoles per  
sheep for each  ion) was  p a s s e d  t h r o u g h  a mi l l ipore  f i l ter  
a n d  in jec ted  a t  a r a t e  of a p p r o x i m a t e l y  0.19 ml /min .  

B o t h  Ca ++ a n d  Mg++ el ici ted a m a r k e d  dos e - dependen t  
feeding response,  F igure  1. There  was a l a t ency  of a b o u t  
2 ra in  a f te r  t h e  i n i t i a t i o n  of in j ec t ion  before  feeding 
occurred.  Feed ing  las ted  up  to  60 ra in  w i t h  t h e  h igher  
doses tes ted .  A t  all doses, t he  response  el ici ted b y  Ca ++ was 
la rger  t h a n  t h a t  of equ imo la r  doses of Mg++. 

F igure  2 shows ):he effects  of 10 btmole in jec t ions  of Ca ++ 
and  Mg ++ on t he  i n t r a p e r i t o n e a l  t e m p e r a t u r e  of sheep 
e i the r  fed or fas ted  for 1 h a f t e r  t he  in jec t ion .  An  in i t i a l  
t r e n d  t owards  a decrease  in t e m p e r a t u r e  was obse rved  
a f t e r  t h e  in jec t ion  of Mg++. Th i s  was  fol lowed b y  a n  
increase  ( P  < 0.01) for  t h e  per iod  of 20 to  60 ra in  pos t -  
in jec t ion  to  va lues  0.2~ h ighe r  t h a n  t hose  a t  i n j ec t ion  
t ime.  Th i s  c h a n g e . c a n  no t  be  a t t r i b u t e d  to  t h e  feeding 
response,  since t he  t e m p e r a t u r e  change  was s imi la r  w h e n  
feed was w i t h h e l d  f rom t he  animals .  A smal l  increase  
( P  < 0.02) in  t e m p e r a t u r e  was obse rved  a f t e r  t he  injec-  
t i on  of 10 ~moles of Ca ++ f rom 30 to 40 m i n  pos t - in j ec t ion  
w h e n  t h e  an ima l s  h a d  feed avai lable .  Th i s  change  
appea red  to  be  r e l a t ed  to t he  feeding elicited, s ince t he  
t e m p e r a t u r e  was n o t  changed  w h e n  feed was w i t h h e l d  
a f t e r  t h e  in jec t ion .  The re  were no  s ign i f i can t  t e m p e r a t u r e  
changes  fol lowing in jec t ions  of s y n t h e t i c  C S F  (control) .  
Ne i t he r  of t he  ions caused  any  a p p a r e n t  a t a x i a  in  these  
tes ts .  

T h e  feeding responses  obse rved  are poss ib ly  exp l a ined  
b y  t h e  n e u r o d e p r e s s a n t  ac t ion  of Ca ++ a n d  Mg ++ on 
i n h i b i t o r y  f ibers  ac t ing  on  t h e  l a t e ra l  h y p o t h a l a m u s .  
K n o w n  neu ro -dep re s s an t  d rugs  el ici t  s imi la r  responses  
w h e n  in j ec t ed  mto  t he  t h i r d  ven t r i c l e  s. The  larger  
response  due  to  Ca++ m a y  be  r e l a t ed  to  i t s  specific ac t ion  
in n o r e p i n e p h r i n e  re lease  ta, s ince  n o r e p i n e p h r i n e  in jec ted  
in to  t h e  med ia l  h y p o t h a l a m u s  of sheep  Mso elici ts  a dose 
d e p e n d e n t  feeding response  x4. The  s igni f icance  of these  
f ind ings  in t he  con t ro l  of feed i n t a k e  is ques t ionab le ,  
s ince t h e r e  is p r o b a b l y  l i t t l e  v a r i a t i o n  in t h e  ionic con- 
c e n t r a t i o n s  of ce reb rosp ina l  f luid ~.  However ,  in jec t ions  

of as l i t t l e  as 1.5 ~moles of e i the r  ca t ion  el ici ted a feeding 
response  w i t h i n  2 ra in  a f t e r  t he  i n i t i a t i o n  of t he  in jec t ion  
and  las ted  for a b o u t  15 m i n  (41 and  67 g for Mg ++ and  Ca ++ 
respec t ive ly  versus  18 g for control ,  P < 0.10 a n d  
P < 0.01). A l t h o u g h  t h e  Ca ++ r equ i r ed  to  el ici t  feeding 
in s h e e p  re la t ive  to b r a i n  size is p r o b a b l y  s imi la r  to  
t h a t  requ i red  for r a t s  4, t he  Mg++ requ i red  was m u c h  less 
t h a n  t h a t  shown  to be  ef fec t ive  in cats,  i.e. 5 vs  200 
ixmoles 16. 

F r o m  our  resu l t s  i t  is a p p a r e n t  t h a t  t he  m e c h a n i s m s  b y  
wh ich  t h e  h y p o t h a l a m u s  con t ro l s  feed i n t a k e  are sens i t ive  
to  smal l  changes  in ionic cencen t ra t ions .  Sheep, un l ike  
m o n k e y s  17 are no t  h y p o t h e r m i c  b u t  r e m a i n  n o r m o t h e r m i c  
fol lowing Ca++ in jec t ions  in to  t h e  CSF. Mg ++, however ,  
caused  a sma l l  decrease  in  b o d y  t e m p e r a t u r e  fol lowed b y  
a n  increase  i n d e p e n d e n t  of t h e  feeding response.  

Risumd. Une  a u g m e n t a t i o n  de la pr ise  de n o u r r i t u r e  
s ' obse rve  apr6s in j ec t ion  c6r6bro-ven t r icu la i re  du Ca ++ et  
du  Mg ++ en  doses de 1.5 & 10 vmoles,  chez les brebis .  L a  
t e m p g r a t u r e  de la  cav i l6  a b d o m i n a l e  n ' e n  est  pas  affect6e 
saul  une  16g6re a u g m e n t a t i o n  due  p r o b a b l e m e n t  de la  
pr ise  de nour r i tu re .  
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