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s t i gmin  s.c., 25 ~g/20 g Mes t inon  i.v., 10 gg/20 g P a r a o x o n  
(Mintacol)  s.c., 5 -20  ~zg/20 g P h y s o s t i g m i n s a l i c y l a t  s.c. 
oder  300 400 gg/20 g P a r a t h i o n  (E 605) s.c. oder  200 ag /  
20 g P a r a t h i o n  i.v. \V~ihrend in den  V e r s u c h e n  m i t  Pro-  
s t igmin ,  P a r a t h i o n  u n d  Mes t inon  n u r  ein beschr~inkter  
Tel l  de r  Tiere  pos i t iv  reagier te ,  t r a t  n a c h  10 >g/20 g 
P h y s o s t i g m i n s a l i c y l a t  ode r  t0  txg/20 g P a r a o x o n  das  R Z  
bei den  me i s t en  T ie ren  in g rosse t  Zahl  auf.  P a r a t h i o n  er- 
zeugte  das  RZ meis t  n u r  in t 6d l i chen  l)osen,  die i ibr igen  
Stoffe in s u b l e t a t e n  1)osen~ l)ie R u m p f b e w e g u n g  vol lz ieh t  
sich u n t e r  de r  W i r k u n g  de r  P a r a s y m p a t h i e o m i m e t i c a  
racis t  e twas  schne l l e r  und  weniger  ausg ieb ig  als n a c h  An-  
w e n d u n g  de r  re f iexogenen  Reizstoffe,  doch  is t  sic m a n c h -  
real ,  be sonde r s  n a c h  P h y s o s t i g m i n ,  genau  so s t a r k  aus-  
gepr/igt .  Dies zeigt  F i g u r  1 a m  Beispiel  de r  P h y s o s t i g m i n -  
wi rkung ,  welche  bei  de r  n i c h t  n a r k o t i s i e r t e n  Maus  m i t  de r  
f r i iher  b e s c h r i e b e n e n  Appara tur ' - '  r eg i s t r i e r t  ist.  Z u m  Ver-  

Fig. '2. Atemqt6rung (RZ) nach :~0 ~/.¢[~o ~z Veratrin s.c. Zwischen 
normalen Atombewegungen Stillstand tier Atemluft bei ver~tarktcr 

Thoraxbewegung wie bei Phys¢)stigmin in Figur 1. 
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Fig. 3. Variallte des Kurvenbildes nach ~0 [xg/'20 g Veratrin s.c. im 
Verlauf desselben Versuchs wie in Figur '2. 

gleich is t  in  F igu r  2 u n d  3 die \V i rkung  des ref lexogenen 
Reizgi f tes  V e r a t r i n  in g le icher  Weise a u f g e n o m m e n .  

Die F igu ren  1-3 zeigen:  O b e n  - -  Zeit  in sec. Mi t re  -- 
A t e m b e w e g u n g  des T h o r a x ;  I n s p i r a t i o n  aufw~irts. U n t e n  
- -  B e w e g u n g  de r  A t e m l u f t  ; I n s p i r a t i o n  aufw/ir ts .  Aus den 
F i g u r e n  e rg ib t  s ich die G le i cha r t i gke i t  de r  d u r c h  Physo-  
s t i gmin  u n d  de r  d u r c h  V e r a t r i n  e r z e u g t e n  A t e m s t 6 r u n g  
sowie de r  frf iher  yon  uns  d e m o n s t r i e r t e n  Andromedo-  
t o x i n w i r k u n g  2. A t r o p i n  h e m m t e  das  Ph~inomen,  wenn  es 
durch  P a r a s y m p a t h i c o m i m e t i c a  he rvorge ru fen  war,  st~irker 
als n a c h  Aus l6sung  d u r c h  re f texogene  Reizgif te .  

Man  k a n n  in d iesen Ve r suchen  eine Bes t / i t i gung  unserer  
I ) e u t u n g  2 f iber das  Z u s t a n d e k o m m e n  des  R Z  erbl icken.  
I )as  Ausb le iben  des  Ph~inomens  n a c h  A n w e n d u n g  von  
P i toca rp in  oder  H i s t a m i n  b r a u c h t  n i c h t  dagegen  zu 
sprechen ,  d a  n i c h t  j ede r  b r o n c h o k o n s t r i k t o r i s c h  wi rksame  
Stoff  i m s t a n d e  sein muss ,  bei  b e s t i m m t e r  Dos ie rung  einen 
n u r  kurz  d a u e r n d e n  Bronch i a lve r s ch lu s s  herbeizuff ihren .  

Gegen  unsere  E r w a r t u n g  f a n d e n  wir, dass  in t iefer  Nar-  
kose n i c h t  n u r  die R u m p f b e w e g u n g  ausb l ieb ,  sonde rn  
a u c h  der  auf  e inen  k u r z e n  Bronch i a lve r s ch lu s s  d e u t e n d e  
S t i l l s t and  der  A t e m l u f t  d u r c h  P h y s o s t i g m i n  ebenso  wie 
d u r c h  ref lexogene  Reizgif te  n i c h t  m e h r  he rw~rgebrach t  
werden  konn te .  Dies sp r i ch t  daffir,  dass  n i c h t  n u r  nach  
A n w e n d u n g  der  Reizgif te ,  sonde rn  a u c h  der  P a r a s y m p a -  
t h i c o m i m e t i c a  ne rv6se  M e c h a n i s m e n  a m  Z u s t a n d e -  
k o m m e n  des k u r z e n  Bronch ia lve r sch lus ses  be te i l ig t  sind. 
Demgemttss  k o n n t e n  wir  auch  a m  n a r k o t i s i e r t e n  u n d  mi t  
M u s k e l r e l a x a n t i e n  (Succinylchol in)  b e h a n d e l t e n  Meer- 
s chwe inchen  bei  k i ins t l i cher  D r u e k a t m u n g  m i t  de r  Me- 
rhode  y o n  KONZETT u n d  R6SSLER 4 ke inen  schnet t  ab-  
l au fenden  Bronch i a lve r s ch lu s s  n a c h  V e r a t r i n  ode r  Physo-  
s t i g m i n  b e o b a c h t e n .  

\Vei tere  Versuche  s ind im Gange .  

Summary.  In  e x p e r i m e n t s  on  mice,  i t  was  f lmnd,  t h a t  
the  pecu l i a r  d i s t u r b a n c e  of r e s p i r a t o r y  m o v e m e n t s  which  
was  d e m o n s t r a t e d  fo rmer ly  as t h e  effect  of in j ec ted  reflexo- 
genic i r r i t a n t s  (Vera t r in ,  Ve ra t rum-a l ca lo id s ,  A n d r o m e d o -  
t o x i n  etc.), as well as of a i rbo rne  i r r i t a n t  gases, can  also be  
p roduced  b y  su i t ab le  doses of p a r a s y m p a t h i c o m i m e t i c  
b r o n c h o c o n s t r i c t o r s  (Pros t igmin ,  Mes t inon ,  Pa raoxon ,  
P a r a t h i o n ,  Physos t i gmin ) .  Th i s  conf i rms  t he  e x p l a n a t i o n  
of t h e  p h e n o m e n o n  fo rmer ly  g iven  b y  t he  a u t h o r s  as a 
ref lex r eac t ion  in i t i a t ed  b y  a br ief  b r o n c h o c o n s t r i c t i o n .  
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R h y t h m i c  C o n t r o l  o f  

I n t e r c o s t a l  M u s c l e  S p i n d l e s  

I n t e r c o s t a l  muscles  a p p e a r  to  be  well  supp l i ed  w i t h  
muscle  sp indles  (BARKER ~). P r ac t i c a l l y  no th ing ,  howeve r ,  
is k n o w n  a b o u t  t he  role of these  r ecep to r s  a n d  t h e i r  
e f fe ren t  con t ro l  in t he  r egu la t i on  of r e s p i r a t o r y  move-  
men t s .  In  o rder  to  stud?, t he  func t iona l  s ignif icance of 
these  muscle  sp indles  and  the i r  7 m o t o r  i n n e r v a t i o n ,  the  
a c t i v i t y  f rom single dorsa l  roo t  f ibres  of t ho rac i c  s e g m e n t s  
5-7  was recorded  w i th  microcapi l la r ies  in 30 ca t s  u n d e r  

l ight  n e m b u t a l  anaes thes i a .  S t i m u l a t i n g  e lec t rodes  were 
p laced  on  t h e  e x t r a d u r a t  p o r t i o n  of t h e  v e n t r a l  roots  
of t h e  s e g m e n t s  u n d e r  s tudy .  Fo r  se lec t ive  b lockade  of 
y m o t o r  f ibres  (MATTttEWS a n d  RUSHWORTH 2"3 t he  
p r o x i m a l  p a r t s  of t he  emerg ing  i n t e r cos t a l  ne rves  were 
exposed  to p e r m i t  s u b s e q u e n t  app l i c a t i on  of 0 .25% lido- 

i D. BARKER, in Symposium on Muscle Receptors (Hong Kong Uni- 
versity Press, 196'2), p. 207. 
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caine (Xyloca ine ,  Ast ra) .  S i m u l t a n e o u s  m o n i t o r i n g  of t he  
w id th  of the  i n t e r cos t a l  space,  a n d  e i the r  t ida l  w) lume 
or i n t r a t r a c h e a l  p ressure  were used to re la te  the  r ecep to r  
a c t i v i t y  to  m o v e m e n t s  assoc ia ted  w i th  s p o n t a n e o u s  or  
ar t i f ic ia l  r e sp i r a to ry  cycles. 

The  d i scharge  p a t t e r n s  in dorsa l  roo t  a f fe ren t s  f rom 
in te rcos ta l  muscles  usua l ly  showed  m a r k e d  r e sp i r a to ry  
r h y t h m s .  A t o t a l  of 110 a f f e ren t  f ibres were s tud ied  a n d  
ident i f ied  as be long ing  to e i t h e r  muscle  spindles  or t e n d o n  
o rgans  on  t he  basis  of t he i r  response  p a t t e r n s  to  v e n t r a l  
root  s t i m u l a t i o n  (GRANIT a n d  KAAI)Aa). N i n e t y - n i n e  
un i t s  were  recognized  as muscle  sp ind les  since t hey  
d e m o n s t r a t e d  a pause  in t h e i r  d i scharge  d u r i n g  con-  
t r a c t i o n  evoked  b y  v e n t r a l  roo t  s t i m u l a t i o n  a t  s t r e n g t h s  
suff ic ient  to  exc i te  on ly  t he  coarse  ~ m o t o r  fibres. In  
con t r a s t ,  11 f ibres showed  a u g m e n t a t i o n  of t he i r  f i r ing 
ra t e  d u r i n g  t he  c o n t r a c t i o n  a n d  were t h u s  des igna t ed  
as a f f e ren t s  f rom tens ion  receptors ,  p r o b a b l y  Golgi  
t e n d o n  organs .  

A l t h o u g h  muscle  sp indles  genera l ly  showed  a conspi-  
cuous  r e s p i r a t o r y  r h y t h m  in t h e i r  a f fe ren t  d ischarge,  
m o s t  of t h e m  d e m o n s t r a t e d  a c t i v i t y  t h r o u g h o u t  the  en t i r e  
r e s p i r a t o r y  cycle. The  d i scha rge  p a t t e r n s  in response  
to ac t ive  r e sp i r a t i on  a n d  pass ive  in f la t ions  or  def la t ions  
were of ten  c o m p l e x  and  no t  c o m p a t i b l e  wi th  t h a t  of a 
pass ive  l eng th  r eco rd ing  r e c e p t o r  a n d  i t  was  found 
imposs ib le  on  t he  basis  of these  responses  to classify 
the  muscle  sp indles  as to  t h e i r  loca t ion  in i n s p i r a t o r y  or 
e x p i r a t o r y  po r t i ons  of the  in t e rcos t a l  m u s c u l a t u r e .  The  
p a t t e r n s  t h a t  were recorded  sugges ted  a r h y t h m i c  
a c t i v i t y  of t he  y m o t o r  f ibres  i n n e r v a t i n g  the  in t r a fusa l  
muscle  spindles .  The  ' y - b i a s '  (ELI)REI), (~RANIT and  
MERTON 5) was a n a l y z e d  w i t h  t he  m e t h o d  of se lec t ive  
b lockade  of y m o t o r  f ibres b y  l idocaine.  

D u r i n g  t he  process  of se lect ive  i n a c t i v a t i o n  of t he  y 
m o t o r  f ibres  t he  d i scharge  p a t t e r n  was af fec ted  in two  
ways.  One effect  was  cha rac t e r i zed  b y  a u n i f o r m  decrease  
in f i r ing r a t e  d u r i n g  b o t h  i n sp i r a t i on  and  exp i r a t i on ,  
i n t e r p r e t e d  as a loss of s t a t i c  ' y - b i a s ' .  The  o t h e r  effect  
cons i s t ed  of a p rogress ive  a n d  m a r k e d  decrease  in the  
d i scharge  d u r i n g  e i t h e r  i n sp i r a t i on  or exp i r a t ion ,  due  to  
a n  a p p a r e n t  loss of r h y t h m i c  ' y - b i a s ' .  B o t h  of these  
effects  cou ld  be r ecorded  f rom the  same  spindle ,  usua l ly  
a t  s o m e w h a t  d i f fe ren t  s tages  of t he  b lockade .  The  
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Cat. Nembutal. Spontaneous breathing. Afferent discharge from a 
muscle spindle in the inspiratory muscle of the 5th intercostal inter- 
space. A, control. B, 3.g min after application of 0.25% lidocaine 
solution to the intercostal nerve. Since =-conduction still appeared 
unimpaired at 422 rain after the lidoeaine application the difference in 
discharge pattern between A and B is presumably due to the blockade 
of y motor fibres. The amplitude modulated A. C. record represents 
changes in intercostal width and the single trace represents tidal 

vohln le .  

' r e s i d u a l '  a c t i v i t y  t h a t  r e m a i n e d  was i n t e r p r e t e d  as a 
pass ive  response  to ch an g es  in l eng th  of the  e x t r a f u s a l  
muscle  fibres. Spint l les  which  showed  a pass ive  response  
d u r i n g  i n sp i r a t i on  were cons idered  as ' e x p i r a t o r y '  in 
loca t ion  all(l, converse ly ,  sp iudles  wi th  pass ive  responses  
d u r i n g  e x p i r a t i o n  were chtssified as ' i n s p i r a t o r y  '. ( )n  th i s  
basis,  22 spiudles  were cons ide red  ' inspiratory'  an d  9 as 
' e x p i r a t o r y ' .  I t  is of p a r t i c u l a r  i n t e r e s t  t h a t  all b u t  two 
of t h e  i n s p i r a t o ry  sp indles  showed  h ighes t  d i scharge  r a t e s  
in the  u n b h m k e d  cond i t ion  d u r i n g  insp i ra t ion ,  p r e s u m a b l y  
because  of m a r k e d  y e f fe ren t  a c t i v i t y  d u r i n g  the  pttase 
of = c o n t r a c t i o n  ( tqgure) .  In con t r a s t ,  on ly  3 of the  9 
e x p i r a t o r y  sp indles  e x h i b i t e d  ev idence  of s i m u l t a n e o u s  
in t r a -  an d  e x t r a f u s a l  COlttraction, 

T h e  m a x i m a l  d i scharge  r a t e  of muscle  sp indle  a f fe ren t s  
d u r i n g  ct c o n t r a c t i o n  was no t  de l )cnden t  on  i n t a c t  vaga l  
nerves .  I n sp i te  of the  absence  of an y  r e s p i r a t o ry  con t r ac -  
t ions  d u r i n g  ar t i f ic ia l  h y p e r v e n t i l a t i o n ,  l idocaine blocleade 
of t h e  y f ibres ill w lgo tomized  p r e p a r a t i o n s  revea led  in 
5 o u t  of 10 sp ind les  t h a t  y m o t o r  a c t i v a t i o n  occur red  
d u r i n g  the  phase  c o r r e s p o n d i n g  to pass ive  s h o r t e u i n g  
of the  e x t r a f u s a l  muscles.  Af ter  comple t e  t r a n s e c t i o n  of 
the  sp ina l  cord  a t  Cs- ' I 'hl ,  m a x i m a l  r a t e  of f i r ing was  
found  in 4 o u t  of 4 sp indles  d u r i n g  the  phase  of s h o r t e n i n g  
of the  e x t r a f u s a l  muscle  fibres. These  resu l t s  d e m ( m s t r a t e  
the  presence  of spimtl  m e c h a n i s m s  for ref lex a c t i w t t i o n  
of the  in t e rcos t a l  7 m o t o n e u r o n e s .  Thus ,  the  y mo to -  
neu rones  a p p e a r  to  be d r iven  ref lexly  by  recep tors  t h a t  
arc  sens i t ive  to t h e  l l lovenlet l ts  ()f the ches t  walls. These  
recep tors  have ,  however ,  n o t  been ident i f ied  as yet .  

Since muscle  sp ind les  are k n o w n  to fac i l i t a te  the  
m o t o n e u r t m e s  i n n e r w t t i n g  tlte muscle  in which  t l tey are 
s i t ua t ed ,  the  ref lex a c t i v a t i ( m  of the  ?, m o t o n e u r o n e s  t h a t  
occurs c o n c o m i t a n t  w i th  a c o n t r a c t i o n  m a y  p rov ide  
a sp ina l  m e c h a n i s m  for ampl i f i ca t ion  of the  force of the  
r e s p i r a t o r y  m o v e m e n t s ,  especia l ly  insp i ra t ion .  

Zusammen/assung. Afferente  l m p u l s e n t l a d u n g e n  wur-  
den  an  de r  K a t z e  in l ' e n t o b a r b i t a l n a r k o s e  w m  e inze lnen  
t t i n t e r w u r z e l f a s e r n  ( T h o r a k a l s e g m e n t  V - V I  I) abge-  
lei tet .  Muske l sp inde ln  und  S e h n e n o r g a n e  w u r d e n  ident i -  
f iziert .  

l) ie Muske l sp inde ln  zeigten racis t  e inen  ausgepr{tgten 
r e sp i r a to r i s chen  A k t i v i t M s r l a y t h m u s .  Motor i sche  y-Va- 
sern,  der  i n t r a fusa l en  M u s k e l s p i n d e l - l n n e r w t t i o n  w u r d e n  
se lek t iv  m i t  1Adocain b lockier t ,  l ) a d u r c h  wurde  gezeigt ,  
dass  (tie a f fe ren te  F n t l a d u n g  t ier  Muske l sp inde ln  wesen t -  
Itch an f  ih re r  7-1 nnerw~t ion  b e r u h t .  A t m u n g s r h y t h m i s c h e  
als auch  s t a t i s che  y - A k t i v i e r u n g  wurde  ge funden .  Bet 
' i n s p i r a t o r i s c h e n  ' Sp inde ln  e r sch ien  r h y t h m i s c h  e r h 6 h t e  
y-AktivitS_t meis t  g le ichzei t ig  m i t  i n sp i r a to r i s chen  Mus- 
k e l k o n t r a k t i o n e n .  \V/ ihrend k i ins t l i cher  A t m u n g  wie a u c h  
n a c h  vOlliger H a l s m a r k d u r c h t r e n n u n g ,  k o n n t e  die gleiche 
r h y t h m i s c h e  y - : \ k t i v i e r u n g  d e m o n s t r i e r t  werden.  Die 
Sp inde ln  werden  a n s c h e i n e n d  d u r c h  e inen  sp ina len  
R e f l e x m e c h a n i s m u s  ges teuer t ,  de r  o f f enba r  den  motor i -  
schen  A t n m n g s a n t r i e b  v e r s t a r k t .  
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