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Tier  1 im 8/8-Std-Tag,  be im  Tier  11 im 10 /10-S td-Tag  u n d  
bei  den  Tie ren  2 u n d  10 im 16 /16-S td-Tag  auf  (Tabel len  
I, I I ,  I I I ) .  Diese Pe r ioden  wichen  teilweise den t l i ch  e twas  
von  24 S td  ab, in e inigen F/i l len (im 8/8- u n d  16/16-Std-  
Tag) waren  sie gleich 24 Std. I m  e rs ten  Fal l  k a n n  ihr  
endogener  U r s p r u n g  als erwiesen ge l ten ;  im zwei ten  Fal l  
k 6 n n t e  m a n  an  den  Einf luss  eines n i ch t  ausgescha l te ten ,  
u n b e k a n n t e n  24-Std-Zei tgebers  denken .  M6glicherweise  
l iessen sich diese K/ifer aber  du rch  die 8/8-beziehungs-  
weise 16/16-Std-Tage zu einer  24-S td -Per iod ik  synchron i -  
sieren. Dies ist  insofern  denkba r ,  als be ide  Per iod iz i t / i t en  
m i t  der  24-S td -Per iod iz i t~ t  in re la t iv  kurzen  Abs t / i nden  
koinzidieren.  D a n n  abe r  w/ire die Synch r on i s a t i on  zur  
24-S td-Per iod ik  ein wei terer  Hinweis  auf  eine zugrunde  
l iegende endogene  Circadian-Per iodiz i t / i t .  

Die Ergebn isse  zeigen, dass  C. cancellah,s einersei ts  
e inen ungew6hn l i ch  grossen, i n n e r h a l b  ande re r  Tier- 
o r d n u n g e n  noch  n i c h t  b e o b a c h t e t e n  M i t n a h m e b e r e i c h  
ha tS :  sowohl im 8/8-Std-  als s u c h  im 16/16-Std-Tag  is t  
noch  Synch ron i s a t i on  m6glich.  Andererse i t s  16sten sich 
einige K/ifer im 8/8-, 10/10- und  16/16-Std-Tag  m e h r  oder  

weniger  vol ls t / indig  v o m  L i c h t - D u n k e l - W e c h s e l  u n d  
zeigten eine c i rcad iane  Eigenperiodizi t~i t .  D a m i t  is t  die 
E x i s t e n z  e iner  se lbs t -e r reg ten  C i r c a d i a n - S c h w i n g u n g  
s u c h  bei  C a r a b i d e n  erwiesen. 

Summary. Most  of t he  ac t ive  i nd iv idua l s  of Carabus 
cancellatus (Coleoptera) i n v e s t i g a t e d  were s y n c h r o n i z e d  
b y  ' ze i tgebe r ' - l eng ths  of 8/8 10/10 or 16/16 h. On t h e  
o the r  hand ,  a smal ler  n u m b e r  of beet les  lost  t he  per iodi-  
cit ies of these  ' ze i tgebers '  and  showed  a c i r cad ian  a c t i v i t y  
r h y t h m .  Accord ing  to these  expe r imen t s ,  t he  ex is tence  
of a se l f -sus ta ined  c i rcad ian  osci l la t ion in c a r ab id  bee t les  
is d e m o n s t r a t e d .  As we believe,  a special  n u m e r i c a l  
m e t h o d  of c o m p u t i n g  t he  l e n g t h  of a c t i v i t y  per iodic i t ies  
was used for t he  f i rs t  t ime.  
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T h e  I n f l u e n c e  of C a t i o n s  on  C o n t r a c t u r e  in the  S u p e r f u s e d  V e n t r i c l e  of  Helix aspersa 

211ethods. Ventr ic les  were r e m o v e d  from h y d r a t e d  
snai ls  ~ and  superfused  in the  a p p a r a t u s  of LAMS and  
McGuIGAN 2 b v  m e a n s  of d o w n w a r d  je ts  of sal ine which  
en te red  each ven t r i c l e  t h r o u g h  a hole in i ts  uppe r  aspect .  
Con t rac tu re s  were induced  by  s t i m u l a t i o n  w i th  a l t e r n a t i n g  
cu r r en t  of 6 V, 50 Hz. A b o u t  ha l f  the  ven t r ic les  b e a t  
spon taneous ly .  The  basic  (control)  sal ine con t a ined  
40 m M  NaC1, 4 m M  KC1, 4 m M  MgCI~, 5 m M  CaC12, 
15 mffl N a H C O  a. i t  was equ i l ib ra ted  w i th  1.5~ CO 2 in 
oxygen  to give a p H  of 7.6-7.8. I n  solut ions  con ta in ing  
di f ferent  concen t r a t i ons  of calc ium or magnes ium,  the  
osmot ic  pressure  was k e p t  c o n s t a n t  e i the r  b y  a d j u s t m e n t s  
in the  a m o u n t  of sod ium presen t  or by  add i t i on  of sucrose, 
s imi lar  results  be ing  o b t a i n e d  e i the r  way. To inves t iga t e  
the  possible inf luence of sodium,  the  b i c a r b o n a t e  buffer  
was replaced b y  one of tris(hydroxymethyl)aminomethane 
(16 m2~[, ad jus t ed  to p H  7.7 w i t h  HC1). 

The  p rocedure  used to com pa r e  c o n t r a c t u r e s  in  the  
presence  of d i f fe rent  c o n c e n t r a t i o n s  of ca lc ium was as 
follows : The  h e a r t  was super fused  w i th  calc ium-free  sal ine 
for a b o u t  1 min,  w i t h i n  which  t i m e  the  response  to 
s t i m u l a t i o n  would d isappear .  The  tes t  so lu t ion  was t h e n  
appl ied  and,  a f te r  equi l ib ra t ion ,  3 or 4 c o n t r a c t u r e s  were 
induced.  Then  t he  ven t r i c l e  was equ i l ib ra ted  w i th  the  
con t ro l  solut ion a n d  3 or 4 more  con t r ac t u r e s  were in- 
duced.  The  cycle was r epea t ed  for o t h e r  t e s t  solut ions .  
The  effects of v a r i a t i o n s  in m a g n e s i u m  and  sod ium were 
s tud ied  in a s imi la r  way,  excep t  t h a t  t he  ven t r ic les  were 
no t  equ i l ib ra ted  w i th  ca lc ium-free  saline. The  isometr ic  
con t r ac tu r e s  were of 3 cha rac te r i s t i c  forms, as shown  in 
F igure  1. C o n t r a c t u r e  t ens ions  were measured ,  as indi-  
cated,  as the  differences  be t w een  res t ing  or dias tol ic  t en-  
sions and  t he  s t e a d y  va lues  a t t a i n e d  du r ing  s t i m u l a t i o n  
and  were expressed as pe rcen tages  of con t ro l  va lues  
o b t a i n e d  i m m e d i a t e l y  a f te rwards .  

Results and disc~ssion. The re la t ions  be tween  con t rac -  
tu re  t ens ion  and  c o n c e n t r a t i o n  of ca lc ium and  m a g n e s i u m  
are shown in F igures  2 and  3. (A re la t ion  s imi la r  to  t h a t  
of curve  A was found  w h e n  c o n t r a c t u r e s  were induced  b y  
rep lac ing  50 m2b/of  t he  sod ium w i t h  potass ium.)  V a ry ing  
t he  c o n c e n t r a t i o n  of sod ium (as chloride) over  the  r ange  
0-230 raM,  whi le  keep ing  t he  osmot ic  pressure  c o n s t a n t  

w i th  sucrose, had  no s ign i f ican t  effect  on c o n t r a c t u r e  
t ens ion  in 6 ventr icles .  

Be tween  per iods  of e lectr ical  s t imu la t i on ,  n o n - b e a t i n g  
vent r ic les  seemed to be in a s t a t e  of t o n u s  and,  on a few 
occasions,  s t i m u l a t i o n  a t  lower t h a n  usua l  i n t e n s i t y  
caused a s l ight  fall in tens ion,  p e r h a p s  t h r o u g h  an  effect  
on i n h i b i t o r y  ne rve  endings.  Moreover,  in t he  qu iescen t  
hear t ,  t he re  was a s l ight  fall  in t ens ion  w h e n  the  level  of 
ca lc ium was lowered. In  con t ras t ,  as r epo r t ed  for H.  
pomalia 3, a n d  associa ted  w i th  pa r t i a l  depo la r i za t ion  ~, a 
bea t i ng  ven t r i c le  dep r ived  of ex t race l lu la r  ca lc ium would  
i m m e d i a t e l y  increase  i ts  r a t e  and  a m p l i t u d e  of b e a t i n g  
a n d  t h e n  g r adua l l y  s top  in systole.  I f  ca lc ium were t h e n  
replaced,  the  t ens ion  would  a t  once fall, t h o u g h  no t  al- 
ways  w i t h  r e s u m p t i o n  of bea t ing ,  bu t ,  if super fus ion  w i t h  
calc ium-free  so lu t ion  con t inued ,  t ens ion  would  fall  
g radua l ly  over  a per iod  of severa l  minu tes .  
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Fig. 1. Character is t ic  changes in tension in  i sola ted ventr ic les  on 
s t imula t ion  wi th  a l t e rna t ing  current .  The manne r  of measur ing  
s t eady  cont rac ture  tension is shown for each. 
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Fig. 2. The influence of the concentration of calcium in the super- 
fusion medium on contracture tensions, the latter being expressed as 
percentages of a control value. Curve A : Magnesium, 4 raM. Results 
(from 12 ventricles) expressed as means ~ standard errors of means; 
number of data averaged to give each point given in brackets. 
Curve B: Magnesium, 20 raM. Individual data from one ventricle. 

Responses  to  changes  in concen t ra t ion  of calcium or 
magnes ium were immed ia t e  when  these  occurred ac tua l ly  
dur ing  a cont rac ture ,  and comple te  in about  5 sec. This 
r ap id i ty  is more  suggest ive of changes  near  the  cell surface 
t h a n  of gross a l tera t ions  in the  amo u n t s  of calcium or 
magnes ium inside and  the  results  can be in te rpre ted  in 
t e rms  of a compe t i t ion  of the  two cat ions for superficial  
b ind ing  sites, wi th  the  tens ion  depending  on the  propor-  
t ion of si tes occupied by  calcium: On this  view, t he  
failure of tens ion  to rise indef in i te ly  wi th  extracel lular  
calcium concen t ra t ion  would be due to sa tura t ion  of t he  
sites. A comparab le  compet i t ion  be tween  calcium and 
magnes ium is seen in u ter ine  muscle of the  ra t  5, but ,  in 
frog ventr icle ,  the  ac t ion  of calcium is an tagonized  by  
sodium 6, ~. 

The concen t ra t ion  of calc ium in the  blood of H.  
aspersa is usual ly 4-16 m M  and, in h y d r a t e d  snails, 
magnes ium averages abou t  3.6 -4- S.D. 1.2 m M  1. Though  
some of the  calcium is no t  ionizedS, there  is enough pre- 
sent  t h a t  even large var ia t ions  can have  only negligible 
influence on exc i t a t ion-con t rac t ion  coupling. Normal  
f luc tua t ions  in magnes ium should have  a greater  effect,  
but ,  here too, the  da t a  suggest  i t  would be un impor t an t .  
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Fig. 3. The influence of the concentration of magnesium ill the 
superfusion medium on eontraeture tension. Curve C : Calcium, lmM. 
Results (from 6 ventricles) expressed as means -4- S.E. of means; 
numbers of data for each point given in brackets. Curve D : Calcium, 
5 raM. Individual data from one ventricle. 

Zusammenfassung. Die isometr ische  Kon t r ak t ionsspan -  
hung  in der  i so l i e r t enHerzkammer  - mi t  Wechse l s t rom 
gereizt  - n i m m t  mi t  der  Ka lz iumkonzen t ra t ion  im Medium 
bis zu e inem (~ Pla teau  }> zu. Dem Kalz iumeffekt  wird  d u t c h  
Magnes ium entgegengewirk t  w~ihrend Vergnderungen  der  
N a t r i u m k o n z e n t r a t i o n  keinen en t sche idenden  Einf luss  
haben.  
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O n  t h e  M e c h a n i s m  o f  C o m p e n s a t o r y  H y p e r t r o p h y  

I t  has  recent ly  been  shown t h a t  in the  rat ,  following 
t e n o t o m y  of t he  gas t rocnemius  muscle, a rapid  and s t r iking 
h y p e r t r o p h y  of t he  synergis t ic  soleus and  p lan ta r i s  
muscles  occurs x,2. In  a p re l iminary  a t t e m p t  to  iden t i fy  
the  physiological  mechan i sms  opera t ing  dur ing  com- 
pensa to ry  h y p e r t r o p h y ,  it  seemed i m p o r t a n t  to  t e s t  the  
role of the  neural  inf luence or a t  least  the  necess i ty  for 
i n t ac t  neura l  circuits  in inducing c o m p e n s a t o r y  hyper -  
t rophy .  Two a l te rna t ive  working  hypo theses  m a y  in fact  
be  considered to expla in  how the  over load imposed  on 
skeletal  muscles  following t e n o t o m y  of synergis ts  m i g h t  
de te rmine  c o m p e n s a t o r y  hype r t rophy .  On the  one hand ,  
t he  increased strain,  s ignalized by  the  s t re tch  receptors ,  
m a y  induce th rough  reflex p a t h w a y s  an increased func- 
t iona l  ac t iv i ty .  In  th is  case the  c o m p e n s a t o r y  hyper -  
t r o p h y  t h a t  follows would be essent ia l ly  similar  to t h a t  

i n  S k e l e t a l  M u s c l e s  

due to phys ica l  exercise, in bo th  cases the  causal  agent  
inducing h y p e r t r o p h y  being increased 'ac t ive '  muscle  
work  d e p e n d e n t  on increased neural  s t imulat ion.  Al te rna-  
t ive ly  one can envisage a d i rect  effect  of mechanica l  
tens ion  on skeletal  muscle,  no t  dependen t  on nerves :  t he  
h y p e r t r o p h y ,  in this  case, would be produced  by  the  in- 
creased 'pass ive '  s t r e t ch ing  of the  loaded muscles.  A 
similar  m e c h a n i s m  has  been suggested to expla in  t he  
t r ans i to ry  h y p e r t r o p h y  of the  dene rva t ed  h e m i d i a p h r a g m  
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