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~- a n d  fl-receptors,  el ici ts  a v e r y  smal l  s ec re to ry  response  
f rom t h e  sub l ingua l  g land  b u t  a m a r k e d  response  f rom the  
s u b m a x i l l a r y  g l and  4,7. T h e  sec re to ry  response  of t he  sub-  
m a x i l l a r y  g l a n d  of r a t s  to  i soprena l ine  is supposed  to be  
due  to  a c t i v a t i o n  of f l-receptors.  I t  seems l ikely t h a t  t he  
s a l i va ry  g l and  e n l a r g e m e n t  a f t e r  r e p e a t e d  in jec t ions  of 
i soprena l ine  to  r a t s  1 is l i nked  to a c t i v a t i o n  of f l-receptors.  
The  p r e se n t  f ind ing  t h a t  t he  sub l ingua l  g l and  is v e r y  in-  
sens i t ive  to  i soprena l ine  m a y  exp la in  t h e  smal l  ~ or a b s e n t  a 
e n l a r g e m e n t  of t h i s  g l and  a f t e r  t r e a t m e n t  w i t h  i soprena-  
line. The  sec re to ry  responses  of t he  sub l ingua l  g l a n d  to 
m e t h a c h o l i n e  are s imi la r  to  those  of the  s u b m a x i l l a r y  
g l and  a w h e n  di f ferences  in t he  size of the  g lands  are  t a k e n  
in to  accoun t .  A s u p e r s e n s i t i v i t y  deve lops  a f t e r  pa ra -  
s y m p a t h e t i c  d e n e r v a t i o n  of t he  sub l ingua l  g l and  accord-  
ing to C a n n o n ' s  law of d e n e r v a t i o n .  

Zusammen[assung. Die Subl ingua l i sdr t i se  de r  R a t t e  
zeigt  e ine s p o n t a n e  Sekre t ion ,  die n a c h  in t ravenOser  

I n j e k t i o n  v o n  A d r e n a l i n  u n d  l s o p r e n a l i n  wenig ver -  
m e h r t  wird. l n t r a v e n 6 s e  M e t h a c h o l i n g a b e  r u f t  eine auf-  
fa l lende Sekre t ion  he rvo r .  Die ger inge  E m p f i n d l i c h k e i t  
gegen/ iber  a d r e n e r g i s c h e n  S u b s t a n z e n  k a n n  z .B.  die 
ger inge l ) r i i s enve rg r6sse rung  n a c h  B e h a n d l u n g  m i t  Iso- 
p r ena l i n  erkl~iren. 

P. OHLIN a n d  C. PEREC 

Institute o/ Physiology, University o~ Lurid (Sweden), 
March 10, 7965. 

7 N. EMMELIN, J. ItOLMBERG, and 1'. OHLtN, Brit. J. Pharmacol., 
in press {1965). 

8 p. OIILIN, to be published (1965). 

Evidence  for the  E x i s t e n c e  of an O u t f l o w  of 
N o r a d r e n a l i n e  N e r v e  F ibres  in the  Ventra l  R o o t s  

of the  Rat  Spina l  Cord 

N u m e r o u s  a x o n s  o r i g ina t i ng  f rom specific n o r a d r e n a l i n e  
n e r v e  cells in  the  medu l l a  o b l o n g a t a  descend  in t he  l a te ra l  
a n d  a n t e r i o r  funicul i  a n d  t e r m i n a t e  in  the  grey m a t t e r  1. 
D u r i n g  i n v e s t i g a t i o n  of these  descend ing  sys tems ,  ob-  
s e r v a t i o n s  were m a d e  w h i c h  sugges ted  t h a t  some of these  
descend ing  f ibres  leave t h e  sp ina l  cord  t h r o u g h  t he  an-  
t e r io r  roots .  S t r o n g  ev idence  ha s  now been  o b t a i n e d  for 
t h i s  view. 

Af te r  a x o t o m y  such  large a m o u n t s  of c a t e c h o l a m i n e s  
a c c u m u l a t e  in t he  p r o x i m a l  p a r t  of p e r i p h e r a l  a n d  c e n t r a l  
ad rene rg ic  f ibres  t h a t  t he i r  presence,  d i s t r i b u t i o n ,  a n d  
d i rec t ion  can  r ead i l y  be v i sua l ized  b y  t he  h i s t ochemica l  
f luorescence m e t h o d  of FALCK a n d  HILLARP ~'a. Th i s  tech-  
n ique  was used in the  p r e s e n t  work.  

The  v e n t r a l  roo t s  of severa l  t ho rac i c  s egmen t s  in  t he  
r a t  sp ina l  cord  were compressed  b i la te ra l ly .  The  o p e r a t e d  
r a t s  (Sprague-Dawley ,  150 to  250 g) were d iv ided  in to  
g roups  of 3 or 4 a n d  kil led 1, 2, 4, 6, or 10 days  a f t e r  
opera t ion .  The  t ho rac i c  s e g m e n t s  w i t h  t h e i r  compressed  
v e n t r a l  roo ts  a n d  t h e  sp ina l  gangl ia  were dissected,  freeze- 
dr ied,  t r e a t e d  w i t h  f o r m a l d e h y d e  gas, e m b e d d e d ,  ser ial ly  
sec t ioned  (ma in ly  l ong i t ud ina l  sect ions) ,  a n d  e x a m i n e d  as 
p rev ious ly  descr ibed  4. 

I n  all  t h e  spec imens ,  swol len a n d  de fo rmed  ne rve  f ibres  
w i t h  a s t r o n g  specific green  f luorescence were obse rved  in 
the  p a r t  of t he  v e n t r a l  roo t  i m m e d i a t e l y  above  t h e  lesion. 
Since t h e  h i s t ochemica l  c r i t e r i a  for t he  f luorescence reac- 
t ion  were sa t is f ied 4, a n d  no  or  on ly  weak ly  green- 
f luorescen t  f ibres were o b s e r v e d  a f t e r  r ese rp ine  in jec t ion  
(10 mg/kg ,  i.p., 24 h before  kill ing),  t h e r e  is l i t t le  d o u b t  
t h a t  t he se  f ibres  c o n t a i n  p r i m a r y  c a t e c h o l a m i n e s  (CA). 

Af te r  1 to  2 days ,  a n  a c c u m u l a t i o n  of CA was obse rved  
only  i m m e d i a t e l y  p r o x i m a l  to  t h e  lesion. Af te r  4 to  6 days,  
however ,  t he  de fo rmed  CA n e r v e  f ibres  cou ld  be  t r a c e d  
f rom t h e  lesion in to  t he  sp ina l  cord  (Figure) .  S o m e t i m e s  
t h e y  could even  be  t r aced  up  in the  mos t  v e n t r a l  p a r t  of 
the  l a t e ra l  funiculus .  Af te r  10 days ,  t h e  CA fibres h a d  t he  
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Longitudinal section from the ventral part of the spinal cord of rat 
6 days after compression of the ventral roots. A number of strongly 
green fluorescent nerve fibres {-->), due to an accumulation of CA, 
are seen near the exit of the ventral root (A) from the spinal cord (B). 
The lesion, not seen in the picture, is situated peripherally (to the 
right). The large arrow indicates the cranial direction. × 170. 
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s ame  a p p e a r a n c e  as a f t e r  6 days.  W h e n  the  compress ion  
h a d  been  m a d e  d is ta l  to  the  sp ina l  gangl ion,  f ibres  w i t h  
a c c u m u l a t e d  CA were found  to r u n  a m o n g  n e r v e  bund l e s  
t h a t  by -passed  the  gangl ion  cell bodies.  T he  n u m b e r  of 
CA ne rve  f ibres pe r  roo t  va r i ed  m a i n l y  b e t w e e n  25-50.  

The  p resen t  resul t s  s t rong ly  s u p p o r t  t he  v iew t h a t  con-  
s iderable  n u m b e r s  of CA nerve  f ibres  leave  t h e  sp ina l  cord  
v ia  the  v e n t r a l  roots .  These  f ibres  der ive  in all p r o b a b i l i t y  
f rom sup ra sp ina l  centres ,  s ince no  CA n e r v e  cell bod ies  
ex i s t  in  the  sp ina l  cord 4. Fo r  t h e  f i rs t  t ime,  s t r o n g  exper i -  
m e n t a l  ev idence  has  b e e n  o b t a i n e d  t h a t  f ibres  a r i s ing  in 
the  b ra in  descend in and  leave  t h e  sp ina l  cord  w i t h o u t  a n y  
relays on m o t o n e u r o n s  or  i n t e r n e u r o n s .  

I t  has  r ecen t ly  been  p o s t u l a t e d  t h a t  i n h i b i t o r y  f ibres  to  
t he  pe r iphe ra l  s y m p a t h e t i c  s y s t e m  pass  d o w n  t he  sp ina l  
cord f rom the  medu l l a  o b l o n g a t a  a n d  emerge  v ia  t he  sym-  
p a t h e t i c  r a m i  5,~. 

Zusammen[assung. Mit  h i s t o c h e m i s c h e r  F luoreszenz-  
m e t h o d e  u n d  A x o t o m i e  wi rd  die A n s i c h t  ges t t i tz t ,  dass  

eine b e s t i m m t e  Zah l  v o n  Nerven fa se rn ,  die v o n  CA- 
Nervenze l l en  de r  s u p r a s p i n a l e n  Z e n t r e n  s t a m m e n  u n d  
e n t w e d e r  im F u n i c u l u s  la te ra l i s  ode r  im F u n i c u l u s  
a n t e r i o r  des R t i c k e n m a r k e s  abs te igen ,  das  R f i c k e n m a r k  
fiber v e n t r a l e  W u r z e l n  ve r lassen  u n d  die Sp ina lgang l i en  
o h n e  U n t e r b r e c h u n g  pass ieren.  
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W i r k u n g  d e s  C h i n i d i n s  a u f  d i e  o x y d a t i v e  

P h o s p h o r y l i e r u n g  u n d  a u f  d e n  K - G e h a l t  i n  d e n  

M i t o c h o n d r i e n  d e s  H e r z m u s k e l s  

Die B e d e u t u n g  de r  V a r i a t i o n e n  de r  i n t r a -  u n d  e x t r a -  
zellul~iren K o n z e n t r a t i o n  der  K a l i u m i o n e n  fiir die ex-  
pe r imen te l l e  I n d u k t i o n  des F l i m m e r n s  in i so l ier ten  u n d  
i i be r l ebenden  H e r z v o r k a m m e r n  yon  S~tugetieren is t  be-  
k a n n t  1. M a n  k a n n  fes ts te l len,  dass  jeweils d a n n  F l i m m e r n  
au f t r i t t ,  w e n n  die K a l i u m k o n z e n t r a t i o n  im Aussen-  
m e d i u m  u n t e r  e inen  gewissen k r i t i s c h e n  \ ¥ e r t  fXllt 
(1,4 m M / l ) .  

U n t e r s u c h u n g e n  fiber die .Wirkung des  Chin id ins  bei  
der  ~Viederhers te l lung des n o r m a l e n  S i n u s r h y t h m u s  b e i m  
A t r i u m f l i m m e r n  lassen a n n e h m e n ,  dass  diese S u b s t a n z  
die DurchlAss igke i t  de r  Z e l l m e m b r a n  fli t  K a l i u m  u n d  
wahr sehe in l i ch  s u c h  fiir N a t r i u m  ver l inder t ,  was  e ine 
S t r 6 m u n g s a b n a h m e  de r  I o n e n  gegen das  )kussere u n d  
I n n e r e  de r  Herzmuske lze l l e  zur  Folge h a t  2,8. Ch in id in  in 
10 -6 g / m l - I Z o n z e n t r a t i o n  v e r m i n d e r t  die F r e q u e n z  u n d  
A m p l i t u d e  de r  n o r m a l e n  K o n t r a k t i o n e n  de r  i so l ie r ten  
V o r k a m m e r n  in p rogress ive r  Weise  bis  z u m  St i l l s t and .  
ARMITAGE et  al.4,5 h a b e n  b e o b a c h t e t ,  dass  die K o n t r a k -  
t i onen  a l !m~hl ich  wieder  a u f t r a t e n ,  w e n n  die I ( a l i um-  
k o n z e n t r a t i o n  im P e r f u s i o n s m e d i u m  der  V o r k a m m e r n  
(5,6 mM/1) au f  die HAlfte oder  e inen  Vie r te l  ve r r inge r t ,  
und  d a d u r c h  de r  Abf luss  des in t raze l lu l / i ren  K a l i u m s  be-  
g t ins t ig t  wurde .  KKRKI e t  al. 6 h a b e n  diese B e o b a c h t u n g e n  
fiber die Wi rkungswe i se  des  Chin id ins  s u c h  bei  a n d e r e n  
biologischen S y s t e m e n  bes t / t t ig t ,  so bei i so l ie r ten  u n d  in 
R inge r l6sung  s u s p e n d i e r t e n  E r y t h r o c y t e n ,  i n  we lchen  
Chin id in  die Durchl / i ss igkei t  de r  Z e l l m e m b r a n  gegen K a -  
l ium v e r m i n d e r t  ha t .  N a c h  GOODFORD u n d  VAUGHAN 
\¥ILLIAMS 7 v e r u r s a c h t  Ch in id in  a l le rd ings  ke ine  Ver-  
i tnderung  des in t raze l lu l l t ren  Ka l iums ,  s o n d e r n  es t r i ig t  
n u r  dazu  bei, die u rspr i ing l iche  g o n z e n t r a t i o n  a u f r e c h t  
zu e rha l t en .  Die  A u t o r e n  b e h a u p t e n ,  dass  die W i r k u n g  
des Chin id ins  gegen das  F l i m m e r n  n i c h t  de r  d i r e k t e n  
I n d u k t i o n  der  intrazellul~iren Na-  u n d  K - K o n z e n t r a t i o n  
zugeschr ieben  werden  k a n n ,  a u c h  w e n n  diese S u b s t a n z  

die P e r m e a b i l i t ~ t  de r  Z e l l m e m b r a n  gegenf iber  d i e s e n l o n e n  
ve r i i nde r t  oder  i rgendwie  au f  die M e c h a n i s m e n  wi rk t ,  
welche die in t raze l lu lg re  I o n e n k o n z e n t r a t i o n  au f  phys io-  
logischen "Werten ha l t en .  Auf  G r u n d  de r  A r b e i t e n  v o n  
~{UDGE s, M A C F A R L A N E  u n d  S P E N C E R  9, ]~ARTLEY u n d  
DAVIS x°, :BARTLEY et  al. xx u n d  PRICE e t  a1.12 i s t  anzu -  
n e h m e n ,  dass  die M i t o c h o n d r i e n  n e b e n  ih r e r  B e d e u t u n g  
ffir Z e l l a t m u n g  u n d  o x y d a t i v e  P h 0 s p h o r y l i e r u n g  a u e h  
eine wich t ige  Rol le  bei  s ek re to r i s chen  F u n k t i o n e n  u n d  
b e i m  I o n e n a u s t a u s c h  der  Zelle spielen.  HOLLAND u n d  
DUNN 13 u n d  ULRICH 14 huber t  zah l re iche  S u b s t a n z e n  m i t  
p h a r m a k o d y n a m i s c h e r  A k t i v i t ~ t  u n t e r s u c h t ,  sowie ge- 
wisse me t abo l i s che  I n h i b i t o r e n ,  die ihre  W i r k u n g  ausser  
au f  die Ze l l rnembran ,  a u c h  au f  die M i t o c h o n d r i e n  ausf iben  
u n d  v ie l le ich t  de ren  K o n t r o l l m e c h a n i s m e n  ffir die Obe r -  
t r a g u n g  der  Ka l i um-  u n d  N a t r i u m i o n e n  a u s s e r h a l b  u n d  
i n n e r h a l b  de r  Zelle ver / indern .  SCHREIBER et  al.~5 be- 
h a u p t e n  ihrersei ts ,  dass  m a n  den  M i t o c h o n d r i e n  n i c h t  m i t  
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