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u n t e r s c h e i d e n  sich s ign i f ikan t  (p < 0,05; U-Tes t  von  
MANN u n d  "VVHITNEu u n d  n a c h  dem  FIShIER-PITMAN- 
Tes t  fiir unabh&ngige  S t ichproben) .  

Aus den  U n t e r s u c h u n g e n  geht  hervor ,  dass  sich die 
gegensei t ige Bee in f lussung  der  F i sche  i n n e r h a l b  der  
G r u p p e  synchron i s i e rend  auswirk t .  Die Ergebn i s se  aus  
den W i n t e r m o n a t e n  d e u t e n  d a r a u f  hill, dass  n e b e n  d e m  
L i c h t - D u n k e l - W e c h s e l  auch  andere  Synchron i sa t ions -  
f ak to ren  v o n  en t s che idende r  B e d e u t u n g  sein k 6 n n t e n .  I n  
den M o n a t e n  N o v e m b e r / D e z e m b e r  werden  die Fische,  
w/ ihrend  sie sich im S c h w a r m  auf  die W i n t e r r u h e  vorbe -  
rei ten,  d u r c h  den  na t i i r l i chen  L D - W e c h s e l  synchronis ie r t .  
F/i l l t  u n t e r  L a b o r b e d i n g u n g e n  dieser  S t eue r f ak t o r  aus, 
is t  bei  den  E inze l t i e r en  das  r h y t h m i s c h e  V e r h a l t e n  n i ch t  
m e h r  in der  a r t t y p i s c h e n  F o r m  ausgepr~igt. 

I l l  Ve r suchen  wurde  die B e d e u t u n g  des op t i s chen  und 
chemischen  I n f o r m a t i o n s k a n a l s  fiir die S y n c h r o n i s a t i o n  
yon  E inze l t i e r en  u n t e r e i n a n d e r  analys ier t ,  l~be r ra schend  
war  der  deu t l i che  c i rcadiane  R h y t h m u s ,  den  sowohl  
l insen-  als auch  augenenuk le i e r t e  G r u p p e n  u n t e r  L ich t -  
Dunke l -  u n d  D a u e r d u n k e l - B e d i n g u n g e n  aufwiesen12. 
Somi t  k o n n t e  die op t i sche  K o m m u n i k a t i o n  n i c h t  der  
alleinige S y n c h r o n i s a t i o n s f a k t o r  fiir die ausgepr~igte cir- 
cad iane  Pe r iod ik  i n n e r h a l b  der  G r u p p e  sein. Desha lb  
wurde  in we i t e ren  E x p e r i m e n t e n  die chemische  I~ommu-  
n i k a t i o n  ebenfal ls  i iberpri i f t .  Die S t r e u u n g  der  S p o n t a n -  
f r equenzen  bei  den  in C h e m o k o m m u n i k a t i o n  s t e h e n d e n  
F i schen  war  k le iner  als bei  den  Tieren,  die ke ine  M6glich- 
ke i t  zum I n f o r m a t i o n s a u s t a u s c h  h a t t e n ,  da  die opt i sche  
I Z o m m u n i k a t i o n  im D a u e r d u n k e l  ausfiel. 

Die U n t e r s c h i e d e  in den  Pe r ioden l~ngen  yon  4, 66 und 
140 Lux  s ind bei  den  G r u p p e n  s ign i f ikan t  (p < 0,05; 
R a n g v a r i a n z a n a l y s e  n a c h  FI~I~OMA~CN). Be i  den  Einzel-  
t i e ren  lassen sich die U n t e r s c h i e d e  tier S p o n t a n p e r i o d e n  
yon  4 u n d  140 Lux  m i t  p < 0,01 s ichern  (t-Test). N a c h  
diesen E rgebn i s s en  gil t  die Ci rcad ian-Rege l  a u c h  fiir 
Fische.  Der  zus/ i tzl iche Einf luss  sozio-6kologischer Fak-  
t o r en  fiir die S y n c h r o n i s a t i o n  wurde  d u t c h  die Gruppen -  
u n t e r s u c h u n g e n  deut l ich .  

Summary .  I n  c o n s t a n t  i l l u m i n a t i o n  f ish groups  and 
i sola ted f ish exh ib i t  a free r u n n i n g  r h y t h m .  The  per iod  
l e n g t h  of t he  d a y  ac t ive  an ima l s  decreases  w i t h  increas ing  
l igh t  i n t e n s i t y  and  vice versa .  The  resu l t s  cor respond  to 
the  c i rcad ian  rule, t h e  v a l i d i t y  of wh ich  has  p roved  
cor rec t  now for  fish, too. The  s y n c h r o n i z a t i o n  w i t h i n  f ish 
groups  is also inf luenced b y  sonic-ecological factors.  
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R o l e  of  M u s c u l a r  D i s u s e  in  the  G e n e s i s  of F i b r i l l a t i o n  in  D e n e r v a t e d  M u s c l e  

Fib r i l l a t i on  fol lowing d e n e r v a t i o n  of ske le ta l  muscle  is 
genera l ly  1-3 held  to  be  due  to cessa t ion of a t r oph i c  effect  
of t he  n e r v e  on  t he  muscle,  r a t h e r  t h a n  to t h e  muscu l a r  
changes  caused  b y  disuse, s ince i t  is no t  obse rved  in 
m u s c u l a r  disuse of d i f fe ren t  or igin 4-7, even  t h o u g h  muscle  
a t r o p h y  can  deve lop  to  a b o u t  t h e  same degree as a f te r  
dene rva t ion .  

In  t he  p r e sen t  p a p e r  i t  will be  seen t h a t  f ibr i l la t ion  sets  
in  m u c h  ear l ier  t h a n  usua l ly  if sp ina l  cord  t r a n s e c t i o n ,  or 
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Fig. 1. Onset time of fibrillation in denervated muscles, as a function 
of the interval between spinal cord section, or the beginning of limb 
immobilization, and denervation. Individual values are presented 
from 42 animals. 

p l a s t e r  cas t  i m m o b i l i z a t i o n  of t he  l imb,  or t e n o t o m y  are 
car r ied  ou t  some days  before  dene rva t ion .  These  obser-  
v a t i o n s  sugges t  t h a t  in t he  genesis of th i s  t y p e  of muscu-  
lar  ac t iv i ty ,  muscu l a r  changes  caused  s imp ly  b y  disuse 
are l ikely to  p l ay  a def in i te  ro l e .  

Methods. A d u l t  a lb ino  rats ,  we igh ing  250-300 g, were 
used t h r o u g h o u t .  All  surgical  p rocedures  were pe r fo rmed  
u n d e r  e the r  anaes thes ia .  I n  one group  of animals ,  t he  
sp ina l  cord  was sect ioned a t  t he  mid - tho rac i c  level, and 
one sciat ic  n e r v e  was cu t  1-15 days  later, near  t h e  t ro-  
chan te r .  I n  a n o t h e r  group,  b o t h  h i n d  l i m b s  were i m m o -  
bi l ized b y  a p ia s t e r  cast ,  one l i m b  in f lexion a n d  t he  o the r  
in extens ion,  and  a f t e r  1-15 days  t he  cas t  was r e m o v e d  
and t h e  sciat ic  ne rve  was cu t  on b o t h  sides. I n  a t h i r d  
group,  t he  t e n d o  ca lcaneus  was cu t  on  one side, and 
1-19 days  l a t e r  t h e  sciat ic  n e r v e  was cu t  on b o t h  sides. 
E l e c t r o m y o g r a p h i c  records  were t a k e n  u n d e r  e the r  
anaes thes ia ,  us ing  a pa i r  of needle  e lectrodes  which  were 
in t roduced ,  t h r o u g h  t h e  skin, in  severa l  p a r t s  of t he  
so leus -gas t rocnemius  m u s c u l a r  group.  Records  were f i rs t  
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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 ,  


