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Fig. 2. Onset time of fibrillation in tenotomized 
denervated muscles, as a function of the interval 
between tentomy and denervation. Individual values 
are presented from 55 animals. Control data obtained 
from the eontralateraI, simpIy denervated muscIes, 
are also reported. 

t a k e n  12-18 h after dene r va t i on ,  a n d  a f t e r w a r d s  eve ry  
6-12  h, un t i l  f ib r i l l a t ion  h a d  ful ly  developed.  

Results. In  nea r ly  al l  t h e  muscles  d e n e r v a t e d  w i t h o u t  
a n y  o t h e r  e x p e r i m e n t a l  procedure ,  t he  f i r s t  f ib r i l l a t ion  
p o t e n t i a l s  could be  de t ec t ed  on ly  60-66 h a f t e r  dene rva -  
t i on  (see con t ro l  d a t a  of F igure  2). 

I n  t he  muscles  d e n e r v a t e d  a f te r  cord  section,  l imb  im- 
mob i l i za t i on  or t e n o t o m y ,  f ib r i l l a t ion  a p p e a r e d  consis- 
t e n t l y  earlier.  

As s h o w n  in F igure  1, t he  ave rage  lag in t he  onse t  of 
f ib r i l l a t ion  g r adua l l y  s h o r t e n e d  as t h e  i n t e rva l  be t ween  
cord section,  or l i m b  immobi l i za t ion ,  a n d  d e n e r v a t i o n  
was pro longed,  r each ing  a m i n i m u m  of 24 h w h e n  t he  
i n t e r v a l  was  5 days  long ; t he rea f t e r ,  t h e  lag leveled off on 
th i s  m i n i m a l  value,  even  for i n t e rva l s  as long as 15 days.  
The re  was no  dif ference b e t w e e n  t h e  effects of immobi l i -  
za t ion  in f lexion a n d  ill ex tens ion .  

The  m i n i m a l  lag of 24 h was r eached  also in all t h e  
musc les  d e n e r v a t e d  6-7 days  a f t e r  t e n o t o m y  (Figure 2). 
W h e n  t h e  i n t e rva l s  b e t w e e n  t e n o t o m y  a n d  d e n e r v a t i o n  
were longer  t h a n  6-7 days,  f ib r i l l a t ion  set  in, on an  
average,  less p recoc ious ly :  for i n t e rva l s  13-19 days  long, 
t he  lag r a n g e d  b e t w e e n  42 a n d  48 h. T h e  l a t t e r  r e su l t  was  
o b t a i n e d  also w h e n  t h e  scar  t i s sue  b e t w e e n  t h e  p r o x i m a l  
a n d  t h e  d i s ta l  s t u m p s  of t h e  t e n d o n  h a d  been  cu t  3-7 days  
before  dene rva t i on .  So i t  a p p e a r e d  to  be  i n d e p e n d e n t  of 
t h e  r e - e s t a b l i s h m e n t  of t he  t endon ,  a l t h o u g h  some re- 
s u m p t i o n  of f u n c t i o n a l  a c t i v i t y  could no t  be  excluded,  
because  new adhes ions  r ap i d l y  deve loped  be t w een  t he  
t e n o t o m i z e d  muscles  and  t h e  s u r r o u n d i n g  t issues.  

Discussion. The  p r e s en t  resu l t s  c lear ly  i nd i ca t e  t h a t  
some m u s c u l a r  change ,  n o t  due  to t h e  lack of a t r o p h i c  
ne rvous  inf luence,  ha s  an  i m p o r t a n t  role in  t he  genesis of 
f ibr i l la t ion .  

The  a g r e e m e n t  b e t w e e n  t he  d a t a  ob t a ined  in an ima l s  
t r e a t e d  w i t h  d i f fe ren t  procedures ,  m a k e s  i t  l ikely t h a t  t h e  
change,  or  t h e  changes ,  f a v o u r i n g  the  onse t  of f ib r i l l a t ion  
were m a i n l y  re la ted  to  disuse, wh ich  in t he  3 g roups  of 
e x p e r i m e n t s  was  t he  c o m m o n  fea tu re  p reced ing  dener  
va t ion .  

I t  seems reasonab le  to  a s sume  t h a t  t he  a l t e r a t ions  f rom 
disuse occur  in  d e n e r v a t e d  muscle  as well, poss ib ly  a t  a 
fas te r  r a t e  and  to a h ighe r  degree t h a n  in muscle  p u t  in to  
disuse w i t h o u t  a comple te  suppress ion  of m o t o r  ne rve  
ac t iv i ty .  I f  t h i s  is t he  case, t h e  longer  i n t e r v a l  be tween  
d e n e r v a t i o n  and  t h e  onse t  of f ibr i l la t ion  in non  p r e - t r e a t e d  
muscles  as c o m p a r e d  to  t he  p r e - t r e a t e d  ones, could 
ref lect  t he  t i m e  requ i red  for these  a l t e r a t ions  to  deve lop  s. 

Riassunto. Net  muscol i  so leo-gas t rocnemio  di r a t t o  la 
dene rvaz ione  h a  d e t e r m i n a t o  inso rgenza  del la  f ibri l la-  
z ione d o p o  60-66 h. Se esegui ta  dopo  qua lche  giorno di 
disuso musco la re  (conseguente  a t eno tomia ,  sezione del 
midol lo  spinale ,  imm0bi l i zzaz ione  del l 'af ro)  la dener-  
vaz ione  h a  d e t e r m i n a t o  insorgenza  del la  f ibr i l laz ione 
mol to  pifl p recocemente ,  con  uI1 in te rva l lo  m i n i m o  di 24 h. 
Viene sugger i t0  che ne l la  genesi  del la  f ibr i l laz ione dopo 
denervaz ione ,  il d isuso musco la re  a b b i a  u n  ruolo  impor -  
t a n t e .  
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N e u r o n - N e u r o n a l  A t t a c h m e n t s  i n  t h e  P a r i e t a l  C o r t e x  o f  t h e  R a t  

The  pa r i e t a l  cor tex  of t he  r a t  f ixed b y  per fus ion  of 100% 
fo rma l ine  (12M" fo rma ldehyde)  shows a b u n d a n t  closely 
apposed  s y n a p t i c  b o u t o n s  1. Because  t h e  m e t h o d  of 
pe r fus ion  f i x a t i o n  emp loyed  h a d  been  specia l ly  des igned 
to  min imize  h y p o x i a  ~ no  s ign i f i can t  hypox i c  r e d u c t i o n  of 
t h e  ex t r ace l lu l a r  space  (ECS) 3 was feared.  As for  t he  
f ixa t ive ,  i t  Was found  to be  so h y p e r t o n i c  t h a t  if pe r fused  
for more  t h a n  3 ra in  t i le  b r a i n  looked ' l ike a w a l n u t  in  i ts  
shell ' ,  a n d  t he  ECS  was  coarsely  en la rged  1. However ,  
a l m o s t  s imul t aneous ly ,  BRIGHTMAN and  R ~ s E  r r epo r t ed  

fa i l ing in de t ec t ing  i n t e r n e u r o n a l  close appos i t ions  in 
mice, o the r  t h a n  those  r e l a t ed  to h y p o t o n i c i t y  a n d  or poor  
p r e s e r v a t i o n  of d i f fe ren t  origins.  These  spur ious  en t i t i es  
t h e y  called ' labi le  appos t ions '  a n d  were descr ibed  as "five 
l ayered  s t r u c t u r e s  r e s e m b l i n g  t i g h t  junc t ions ' . . .  ' showing  
a m i d d l e  i a m i n a e  as dense  as b u t  wide r  t h a n  a n  i n d i v i d u a l  
ou te r  leaf le t  of a d j a c e n t  cell m e m b r a n e s ' . . .  ' t he i r  overa l l  
w i d t h  was a p p r o x i m a t e l y  twice  t h a t  of a n  i n d i v i d u a l  celI 
m e m b r a n e ' .  These  appos i t i ons  l acked  ' a n y  assoc ia ted  
cy top l a smic  fuzz ' .  La te ly ,  we h a v e  conf i rmed  tha t ,  
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Despite the hypertonicity of both the washing solution and the fixative (note the enlarged ECS at asterisks), frequent interneuronal tigh- 
junctions appear. None of them shows the thicker middle line which is characteristic of labile appositions. Moreover, the middle line is 
often thinner (arrows). Two closely apposed synaptic boutons (one of which contains flatened type synaptic vesicles6,L suggest intercellular 
communication; however, this could be the result of oblique sectioning. 
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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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