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W h o l e  h y d r a s  were p r e t r e a t e d  in 10 g.g/ml AD s e p a r -  
a t e l y  for 24 and  48 h a n d  s u b s e q u e n t l y  were a m p u t a t e d .  
I n  t he  fo rmer  case, a de f in i t e  r a t e  of r egene ra t i on  up  to 
-48 h was observed,  followed b y  g radua l  d i s in tegra t ion .  
I n  t he  l a t t e r  case, t he re  was no d i f f e r en t i a t i on  a t  all and  
b y  96 h all h a d  d i s in tegra ted .  H y d r a s  t r e a t e d  in 5 ~zg/ml 
AD did n o t  d i s in t eg ra t e  t i l l  10 days.  

W h e n  24 h p r e t r e a t e d  an ima l s  in  10 ~xg/ml AD b r o u g h t  
b a c k  to n o r m a l  so lu t ion  a f te r  a m p u t a t i o n ,  d i f f e ren t i a t ion  
s t a r t e d  a f t e r  48 h. T he  48 h p r e t r e a t e d  an i m a l s  di f feren-  
t i a t ed  a f t e r  72 h (Figure 2, a). The  72 h p r e t r e a t e d  
.animals did  no t  d i f fe ren t i a te  b u t  c o n t i n u e d  t o  l ive for 
10 days  or more  (Figure 2, b) a n d  no r egene ra t i on  occur red  
i n  96 h p r e t r e a t e d  an i m a l s  a n d  all  d i s i n t eg ra t ed  b e y o n d  
4 days.  

D e c a p i t a t e d  h y d r a s  t r e a t e d  w i t h  AD a t  10 ~g/ml  up  to 
-48 h could no t  to t a l ly  suppress  t he  in i t ia l  r e cons t i t u t i on  
process,  b u t  an ima l s  p r e t r e a t e d  more  t h a n  48 h before  
a m p u t a t i o n  failed to regenera te .  This  ind ica tes  t h a t  
a l t h o u g h  the re  is a b u r s t  of R N A  syn thes i s  a t  t he  ea r ly  
h o u r s  of h y p o s t o m e  d e t e r m i n a t i o n  6, i t  is n o t  r ea l ly  
,essential for t he  in i t ia l  r e cons t i t u t i on  process. The  in i t ia l  
.d i f ferent ia t ion  of the  p r o x i m a l  end  of h y d r a  cu t  a t  t he  
s u b h y p o s t o m a l  level  is p e r h a p s  accompl i shed  b y  s t ruc-  
t u r a l  prote ins ,  syn thes ized  w i t h  t he  help  of a s t ab le  
v a r i e t y  of messange r  RNA.  The  exis tence  of a s t ab le  
m R N A  or a m a s k e d  t e m p l e t  m a t e r i a l  for in i t ia l  h y p o s t o m e  
. de t e rmina t i on  in h y d r a  has  been  respec t ive ly  suggested  
b y  CLARKSON 7 a n d  DATTA 5. A m a s k e d  R N A  has  also 
,been r epo r t ed  to be  respons ib le  for t he  AD re s i s t an t  

p ro t e in  syn thes i s  in  drbacia eggK F r o m  the  above  resu l t s  
i t  was revea led  t h a t  t he  d i f f e r en t i a t i on  could on ly  be  
suppressed  if t r e a t m e n t  w i t h  AD was done  more  t h a n  
48 h before  a m p u t a t i o n .  Th i s  could pe rhaps  be t he  t i m e  
requi red  for t o t a l  t u r n o v e r  of the  p reex i s t ing  s t ab le  
m R N A  associa ted  w i t h  t he  in i t ia l  d e t e r m i n a t i o n  process.  
T r e a t m e n t  for more  t h a n  48 h in 10 btg/ml AD poss ib ly  
inf l ic ts  p e r m a n e n t  d a m a g e  on  t h e  me tabo l i c  ac t iv i t ies  of 
the  cell, as a resu l t  of wh ich  no r egene ra t ion  t ook  place 10 

Zusammen/assung. A c t i n o m y c i n  D - W i r k u n g  auf  die 
lViund-Ten take l -Regenera t ion  bet  Hydra vulgaris. A u c h  
spXter a b s t e r b e n d e  Tiere b e g i n n e n  die Regenera t ion ,  was  
als Folge e iner  s t ab i l en  R N S  angesehen  wird. 
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T h e  Effects  of P a s s i v e  m u s c l e  S tre tch in~  on the D i s c h a r g e  of Indiv idual  Phren ic  M o t o n e u r o n e s  

Two m e c h a n i s m s  are discussed for t h e  r ap id  change  of 
v e n t i l a t i o n  a t  t he  s t a r t  of muscu l a r  excercise:  1. d i rec t  
s t i m u l a t i o n  of t he  r e sp i r a to ry  cen te r s  b y  impulses  f rom 
t h e  b r a i n  du r ing  ac t ive  excercise, 2. ind i rec t  ref lex-  
i n d u c e d  s t i m u l a t i o n  of t he  r e sp i r a to ry  centers  a t t r i b u t e d  
• t he  ac t ion  of recep tors  of the  l imbs  1. The  purpose  of 
t h i s  work  was to eva lua t e  t he  effect  of s t i m u l a t i n g  muscle  
sp ind les  a n d  t e n d o n  o rgans  on  r e s p i r a t o r y  ac t iv i ty ,  whi le  
:avoiding s e c u n d a r y  effects i nduced  b y  r e sp i r a to ry  changes .  
W e  the re fo re  i nves t i ga t ed  t he  response  of ph ren ic  moto-  
neu rones  on pass ive  muscle  s t r e t c h i n g  in a n a e s t h e t i z e d  
a n d  pa ra lyzed  dogs u n d e r  c o n s t a n t  ar t i f ic ia l  resp i ra t ion .  

Methods. 5 dogs were a n a e s t h e t i z e d  w i t h  p e n t o b a r -  
b i tone  sod ium ( N e m b u t a l  A b b o t t )  30 m g / k g  i.v. Af te r  
5nser t ion of a n  e n d o t r a c h e a l  tube ,  s p o n t a n e o u s  v e n t i l a t i o n  
was  abol i shed  b y  con t inuous  infus ion of Ga l l amine  tr i-  
e t h iod ide  (Flaxedi l  Abbo t t ) .  Art i f ic ia l  v e n t i l a t i o n  w i t h  
p u r e  oxygen  was m a i n t a i n e d  b y  a resp i ra tor .  B o t h  vag i  
h a d  been  cut .  The  roots  of t he  ph ren ic  ne rves  on  t h e  two 
sides were dissected free in t he  neck  and  cut .  T h i n  fila- 
m e n t s  w e r e  s epa ra t ed  f rom t he  cu t  cen t r a l  end  of t he  
ph ren i c  n e r v e  on  one  side, subd iv i s ion  usua l ly  bee ing  
car r ied  ou t  un t i l  on ly  a single r e s p o n d i n g  m o t o r  un i t  was  
presen t .  For  s t r e t c h i n g  the  muscles  gas t rocnemius  and  
f lexor  d i g i t o r u m  superfieial is ,  t he i r  t e n d o n s  were cu t  f rom 
t h e  ca lcanea l  t u b e r  a n d  connec ted  to  t he  p i s ton - rod  of a n  
a i r m o t o r  (Bellows Va lva i r  Corp.) w i t h  steel  wire. The  
s t r e t c h - l e n g h t  was  35 m m  in all exper imen t s .  

Results. Figure  1 shows some cha rac t e r i s t i c  fea tu res  of 
t h e  response  of ph ren ic  m o t o n e u r o n e s  before,  d u r i n g  and  
a f t e r  s t r e t c h i n g  t he  calf muscles.  D u r i n g  t h e  whole  pro- 
cedure  t he  a r t e r i a l  PCO2 was k e p t  a t  37.8 To r r  cons t an t ly .  
Befo re  t he  onse t  of s t imu lus  (upper  row of t he  figure) 

one can  see r e c u r r e n t  t r a i n s  of 2 un i t s  s epa ra t ed  b y  s i lent  
periods,  w i t h  t he  smal le r  u n i t  f i r ing a t  the  end  of t h e  
i n s p i r a t o r y  phase.  A t  t he  onse t  of s t i m u l a t i o n - i n d i c a t e d  
b y  t he  incl ine of t he  lower t r ace  of the  record  t he  recrui t -  
meri t  of an  a d d i t i o n a l  u n i t  in  t he  f i rs t  p o s t s t i m u l u s  
d ischarge  is ev iden t  a long w i t h  an  increase  of t he  dis- 
charge  of t he  smal ler  uni t .  

W i t h  p ro longa t i on  of t he  s t imu lus  (second row), t h e  
f r equency  of cycles increases  and  the  d u r a t i o n  of dis- 
charges  are  shor tened .  Soon a f t e rwards  t he  f r equency  of 
t he  cycles decreases  a n d  t he  d u r a t i o n  of d ischarges  is 
aga in  longer.  B y  t he  end  of s t imulus  ( th i rd  row), t he  
n u m b e r  of impulses  in  b o t h  the  a d d i t i o n a l  u n i t  a n d  t he  
smal ler  un i t  is d iminished .  W i t h  t he  offset  of t he  s t imulus-  
i nd ica t ed  b y  t h e  decl ine of t t le lower t race,  the re  is aga in  
br ief  increase  in t he  ac t i v i t y  of ph ren ic  motoneurones .  
I m m e d i a t e l y  a f t e rwards  t he  a c t i v i t y  subsides  and  on ly  
one un i t  r e m a i n s  firing. I n  F igure  2 t h e  f r equency  of all 
impulses  per  cycle a n d  t he  d u r a t i o n  of each  d i scharge  
phase  of t he  above  e x p e r i m e n t  are p lo t t ed  aga ins t  t ime.  
I n  t h e  r e l a x a t i o n  phase  a t  t he  b e g i n n i n g  t he  ave rage  
va lue  of impulse  f r e q u e n c y  is a b o u t  15 • sec *, mean -  
while  t he  d ischarge  phase  l as ted  a b o u t  2 sec. The  respi-  
r a t o r y  r a t e  a t  th i s  t i m e  was 12 X min  -1. Af te r  s t r e t c h i n g  
t he  muscles  one can  d i f f e ren t i a t e  2 phases  of a response  
of t he  ph ren ic  m o t o n e u r o n e s  to  t he  pe r iphe ra l  s t imulus .  
In  the  f i rs t  phase  w i t h  t he  onse t  of s t imulus  - po in t ed  

1 p. DEJOUR, ill Handbook o/ Physiology, 2nd edn (Ed. W. O. FEXN 
and H. RAHN; Am. Physiol. Soc., Washington 1964), Section III, 
vol. 1 ,p. 631. 
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Fig. 1. Response of individual phrenic moto- 
neurones on stretching the ealf muscles to an 
extensioll of 35 ram. The onset of stimulus 
is indicated by the incline, the offset by the 
decline of the lower trace. Original recordings 
from the experiment shown in Figure 2. 
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Fig. 2. Average discharge frequency (impulses x sec -z) and duration of discharge phase {see) in single phrenic motoneurones before, 
during and after muscle stretch. Arrows indicate onset and offset of stimulus. 

out  by  the  first  a r row - the  impulse  f requency  ab rup t ly  
increases f rom 14.5 X see -1 to a m a x i m u m  value of 
47.7 • see -1 wi th in  a per iod  of 46 sec. This  increase is 
accompanied  by  a decrease of the  dura t ion  of discharge 
phase  f rom 2.1 sec to 0.6 sec a t  the  m a x i m u m  of impulse  
f requency.  In  th is  initial  phase  of s t imula t ion  of the  
muscle  and  t e n d o n  receptors ,  t he  ra te  of cycles also 
increases f rom 12 • rain -x to 21 • rain -1. As the  s t imulus  
cont inues  t he  impulse  f requency  decreases in a second 
phase and reaches an almost steady s ta te  with values 
higher than during relaxation. In this second phase the 
duration of discharge increases to values about 1.4 sec. 
These values are clearly different from those before 
stretch. The frequency of the cycles in the second phase 
was 18 X ra in- l -scarce ly  di f ferent  of the  f i rs t  phase.  W i t h  
the  offset  of s t imulus  (second arrow) the  impulse  fre- 
quency  t empora r i l y  increases again in t h e  f i rs t  10 see 
and declines finally to  values  abou t  11.1 • sec -1. Dura t ion  
of d ischarge phase  increases and reaches  values  a lmos t  
t he  same as in t he  beginning.  The f r equency  of cycles in 
th is  per iod  of re laxa t ion  was  abou t  13 • min  -1. 

Conclusion. F r o m  the  resul ts  of the  p resen t  expe r imen t s  
the  following conclusion m a y  be d rama:  since phren ic  
motoneurones  are ac t iva ted  by  muscle  s t re tching,  i t  is 
possible t h a t  t he  involved muscle  receptor  af ferents  m a y  
influence the  ven t i l a to ry  control  in muscular  excercise 2. 

Zusammen[assung. An naxkotis ier ten,  gel&hmten und  
mi t  Sauers toff  b e a t m e t e n  H u n d e n  konn te  gezeigt  werden,  
dass  pass ive  Muske ldehnung  ref lektor isch die Impuls -  
f requenz  einzelner  Motoneurone  des N. p]~renicus e rh6h t  
und  zur Rekru t i e rung  neuer  E inhe i t en  ftihrt .  
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