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Interspike Interval Patterning in Recurrent Nerve 

Previous  repor t s  have  ind ica ted  t h a t  resp i ra to ry  
exc i ta t ion  of spinal  mo toneurons  to  t he  in tercos ta l  and  
d i aph ragm muscles is the  caudal  segment  of the  rostro-  
caudal  axis of r e sp i ra to ry  contro l  which  includes synap t i c  
exc i ta t ion  of some cranial  n lotor  nuclei ~-". E lec t romyo-  
graphic  and  neurographic  analysis  of muscles and nerves 
to  the  tongue  and laryngeal  muscu la tu re  ind ica te  the  
genioglossus (tongue pro t ruder )  z~ and laryngeal  ab- 
duc tor  muscle ~,~, ~ are ac t iva ted  dur ing  inspira t ion.  The 
proper t ies  of cranial  mo to r  nuclei  do differ f rom t h a t  of 
t he  spinal  cord by  the  re la t ive  lack of recur ren t  col laterals  
wi th in  the  cranial  mo toneu ron  poolX~, and, in most ,  the  
absence of a g a m m a  motoneuron-musc le  spindle  propr io-  
cept ive  control  ~. The resp i ra tory  control  provides  a 
na tu ra l  synapt ic  drive of specific b ra in  s t em motoneurons  
to fu r ther  u n d e r s t a n d  proper t ies  of the  r ec ru i tmen t  and  
synap t ic  dr iv ing of indiv idual  mo toneurons  wi th in  a 
given cranial  nucleus. 

Studies  of ac t iv i ty  p a t t e r n i n g  of single m o t o r  uni ts  of 
the  genioglossus muscle  i nne rva t ed  by  the  X I I  cranial  
nerve,  indica te  t he  smal les t  mo to r  uni ts  are tonica l ly  
act ive  in in te r - insp i ra to ry  phases  and are recrui ted  before 
the  larger uni ts  are recrui ted  in the  m a x i m u m  ac t iv i ty  ~0, ~. 
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Interspike interval activity of ree~irrent nerve fibres during respira- 
tion. A) Example of respiratory activity recorded from the recurrent 
nerve of several fibres with various amplitudes. B) First order histo- 
gram indicating mean (b~) and standard deviation (o') of distribution 
of interspike intervals of largest unit in (A). Frequency (F) is the 
reciprocal of the mean. C) Time plots of 4 successive inspiratory 
phases in which the interspike intervals of the largest unit in (A) 
are plotted against successive time. Notice the consistent pattern 
of unit discharge during normal respiration. D) Time plots of 7 
successive respiratory phases for the same recurrent nerve unit as in 
(C) but during stimulation of the glossopharyngeal nerve to evoke 
swallowing. 

Fibre Activity During Respiration 

In te rsp ike  in terval  analysis  indicates  t h a t  in successive 
insp i ra tory  phases,  a given genioglossus m o t o r  uni t  does 
no t  respond  wi th  a co n s t an t  f requency  bu t  cont inua l ly  
p resen t s  a non- repea ted  p a t t e r n  ~, ~s 

However ,  analysis  ex t ended  to mo toneurons  of ano the r  
cranial  mo to r  nucleus ac t ive  in respira t ion,  t he  nucleus 
ambiguus ,  indicates  t h a t  these  mo to r  f ibres can re spond  
in b o t h  non-cons i s t en t  and  repea ted  p a t t e r n e d  responses.  
In s t ead  of recording single m o t o r  uni ts  to  the  laryngeal  
adduc to r  and abduc to r  muscles,  the  recur ren t  nerve  
inne rva t ing  the  muscu la tu re  was cu t  a t  i ts  mos t  per iphera l  
ex t en t  and  dissected in to  smaller  f i l aments  in which 
only a few" moto r  fibres were recorded by  bipolar  electrodes 
(Figure A). The recur ren t  nerve  conta ins  a un imoda l  
d i s t r ibu t ion  wi th  a sharp  peak  at  10-12 ~**7. Resp i r a to ry  
p a t t e r n  of nerve  fibres was  s tud ied  in 32 adul t  ca ts  
anes thes ized  wi th  u re thane  or n e m b u t a l  anesthesia .  
Resp i ra t ion  was  moni to red  by  EMG electrodes in inter-  
costal  and  genioglossus muscles and  a p n e u m a t i c  cuff 
a round  the  chest .  Da ta  was p e r m a n a n t l y  s tored  on FM 
t a p e  and  analyzed wi th  assis tence of t ime- in te rva l  
h i s tog ram programs  on the  small  l abora to ry  co mp u te r  
(PDP-8L).  

Most  of the  mo to r  f ibres of the  recur ren t  nerve  are 
per iodical ly  ac t ive  dur ing insp i ra to ry  phases  (animal 
b rea th ing  amb i en t  air) w i th  average frequencies  ranging 
f rom 13-25/sec and  the  mean  in terspike  in tervals  for the  
d i f ferent  uni ts  ranging  f rom 45-72 msec. F i r s t  order  
in terspike  in te rva l  d i s t r ibu t ions  indica ted  normal  curves 
for t h e  ind iv idua l  uni ts  (Figure B). In  all of t he  uni ts  
s tud ied  dur ing  inspi ra t ion  (N = 69), a cons is ten t  r epea ted  
in terspike  in te rva l  p a t t e r n  is evident .  One of several  
p a t t e r n s  is shown in Figure C in which  the  uni t  s teadi ly  
increases its f requency  of f ir ing reaching a peak  level, and 
t h e n  slows i ts  f r equency  to a tevel less t h a n  its ini t ia l  
f ir ing rate.  

The resp i ra to ry  control  of single cranial  mo toneurons  
(as based on single mo to r  uni t  studies) can v a r y  in t e rms  
of dura t ion  and  ra te  when  resp i ra t ion  in te rac t s  w i th  o ther  
reflexes x~ W h e n  repea ted  swallows occur, resp i ra t ion  
slows or apnea  results .  Af te r  several  swallows, resp i ra t ion  
re tu rns  wi th  mo toneu rons  more  act ive  and  individual  
mo to r  uni ts  doubl ing  the i r  ac t iv i ty .  The repea ted  p a t t e r n  
of t h e  recur ren t  ne rve  f ibre ac t iv i ty  appear s  in b o t h  pre-  
and pos t - swal low per iods  of resp i ra t ion  bu t  dur ing  the  
a l t e rna t ion  of swal lowing and  inspirat ion,  when  sensory  
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s t imul i  of t he  l a r y n g o - p h a r y n g e a l  region is p resen ted ,  the  
f ibre ac t i v i t y  d e m o n s t r a t e s  a n o n - r e p e a t e d  p a t t e r n  in 
successive r e sp i r a to ry  phases.  F igure  D ind ica tes  t he  
p a t t e r n  of t he  same u n i t  as in  C b u t  du r ing  s t i m u l a t i o n  
of t he  cen t ra l  end  of t he  cu t  g lossopharyngea l  ne rve  to 
evoke  swallowing.  This  n o n - r e p e a t e d  p a t t e r n  resembles  
t he  ac t i v i t y  of mos t  i n f r a m a n d i b u l a r  single m o t o r  
un i t s  ac t ive  du r ing  swal lowing or t h a t  of t he  genioglossus 
m o t o r  un i t s  ac t ive  in b o t h  in sp i r a t !on  a n d  swal lowing ~1. 

These  resul t s  sugges t  t h a t  t he  m o t o n e u r o n s  of t he  
nuc leus  ambiguus ,  a c t i v a t e d  b y  t he  b r a i n  s t em re sp i r a to ry  
in te rneurons ,  can  be  s y n a p t i c a l l y  exci ted  in a semi-  
s t e r eo typed  sequence.  Such  s y n a p t i c  e x c i t a t i o n  is no t  
ev iden t  in c ran ia l  m o t o n e u r o n  a c t i v i t y  in  swalIowing, 
and  is lost  w i t h  t h e  i n t e r a c t i o n  of sensory  s t imu l i  f rom 
t h e  p r i m a r y  ne rve  (in t he  cat) evok ing  swal lowing w i t h  

the  synap t i c  d r ive  of t he  r e sp i r a to ry  p a t h w a y  on moto-  
neu rons  i n n e r v a t i n g  t he  l a ryngea l  muscu la tu re .  

Rdsumd. L ' i n t e r a c t i o n  des donn6es  sensorielles p h a r y n -  
g iennes  p r o v e n a n t  du  ner f  g lo s sopha ryng i en  et  des inf lu-  
ences s y n a p t i q u e s  resp i ra to i res  du  t ronc  c6r6bral  sur  les 
m o t o n e u r o n e s  cr&niens du  n o y a u  ambigu ,  ind ique  que la 
ca rac t6 r i s t ique  de d@charge r6p6t@e des f ibres  mot r i ces  
du  nerf  r@current d u r a n t  Ia r e sp i r a t ion  dev i en t  non-  
s t6r6otyp6e d u r a n t  l ' a l t e r n a n c e  de la d6g lu t i t ion  et  de 
l ' insp i ra t ion .  
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Effect of Epinephr ine  on the Durat ion  of Act ion  Potent ia l  of Papi l lary  Musc les  

The  d u r a t i o n  of cardiac  ac t ion  p o t e n t i a l s  (AP), n a m e l y  
ven t r i cu la r ,  is va r i ab l e  w i t h i n  a r e l a t ive ly  b r o a d  r ange  of 
values.  I t  genera l ly  a b b r e v i a t e s  u n d e r  those  influences,  
wh ich  a t  c o n s t a n t  muscle  l eng th  increase  the  r a t e  of 
t ens ion  d e v e l o p m e n t ;  a t  increased  Ca c o n c e n t r a t i o n  in 
t he  med ium,  a t  increased  f r equency  of s t imula t ion ,  du r ing  
a d a p t a t i o n  to r ap id ly  decreased  t e m p e r a t u r e  and  a f te r  
a r t i f ic ia l ly  p ro longed  depo la r i za t ion  in sucrose gap 
expe r imen t s  L I t  has  been  p o s t u l a t e d  t h a t  t h e  a b b r e v i a t i o n  
of A P  m i g h t  ref lect  a f eed-back  effect  of increased  in t r a -  
cel lular  Ca concen t r a t ion ,  wh ich  is t he  c o m m o n  denomi-  
n a t o r  of t he  above  ino t rop ic  i n t e rven t ions .  T he  effect  of 
ep inephr ine ,  however ,  does no t  m a t c h  th i s  scheme.  I t  
increases  t h e  Ca in f lux  2,a and  r a t e  of Ca m o v e m e n t s  
across t h e  s a r c o t u b u l a r  m e m b r a n e s  4; accord ing ly  i t  exer t s  
a s t rong  pos i t ive  ino t rop ic  effect  b u t  is w i t h o u t  an  
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Transmembrane action potentials (upper traces) and corresponding 
isometric contractions (lower traces) redrawn from a representative 
experiment on cat papillary muscle. Stimulation frequency 30 min, 
temperature 31~ 1; Control in normal Tyrode solution; 2. after 
20 rain in Ca-free Tyrode; 3. 1 rain after addition of 10 -6 M epi- 
nephrine to Ca-free Tyrode; 4. 1 rain after subsequent addition of 
1.8 mM Ca. 

apprec iab le  inf luence  on  t he  A P  d u r a t i o n  5. The  p r e sen t  
e x p e r i m e n t s  were u n d e r t a k e n  to  exp la in  th i s  d i screpancy .  

Material and'method .The e x p e r i m e n t s  were pe r fo rmed  
on 8 pap i l l a ry  muscles  of ca ts  and  conf i rmed  on  22 pa-  
p i l la ry  muscles  of guinea-pigs ,  a n d  on  5 dog t r a b e c u l a e  
f rom the  r i g h t  vent r ic le .  The  an ima l s  were sacrif iced 
u n d e r  t he  u r e t h a n e  anes thes ia ,  h e a r t s  were r ap id ly  re- 
m o v e d  and  the  p r e p a r a t i o n  was p laced  in to  o x y g e n a t e d  
Tyrode  so lu t ion  (Na 149 m M ;  K 5.4 r a M ;  Ca 1.8 m M ;  
C1 145 mM) .  The  t e m p e r a t u r e  was held  c o n s t a n t  a t  31 ~ 
P r e p a r a t i o n s  were s t i m u l a t e d  a t  4 sec in t e rva l s  unless  
o therwise  s ta ted .  I somet r i c  con t r ac t i ons  (e lec t romechan-  
ical t r a n s d u c e r  RCA 5734) and  t r a n s m e m b r a n e  po ten-  
t ia ls  (glass microe lec t rodes  of 5-15 MD) were recorded  
f rom oscilloscope t rac ings .  E p i n e p h r i n e  was admin i s -  
t e red  in  c o n c e n t r a t i o n  6 x 10 -~ M.  P r e p a r a t i o n s  in  w h i c h  
ep inephr ine  el ici ted s p o n t a n e o u s  a c t i v i t y  were discarded.  

Results and discussion. U n d e r  con t ro l  condi t ions ,  
ep inephr ine  caused  a m a r k e d  pos i t ive  ino t rop ic  effect  
a n d  on ly  ins ign i f i can t  changes  of A P  dura t ion ,  m e a s u r e d  
a t  a n y  level  of repo la r iza t ion .  However ,  if t h e  r a t e  of 
s t i m u l a t i o n  was decreased  to 7.5 or 4/rain,  ep ineph r ine  
a lways  t e n d e d  s l igh t ly  to  p ro long  t h e  AP.  On ti le o the r  
h a n d ,  a t  s t i m u l a t i o n  f r equency  of 60 or 90/min,  a smal l  
s h o r t e n i n g  of A P  usua l ly  followed. S h o r t e n i n g  of A P  
due  to  ep inephr ine  was also obse rved  in  h igh-Ca  T y r o d e  
(5.4 raM)  and  p ro longa t i on  in low-Ca T y r o d e  (0.6 m M ) .  

The  bu lk  of e x p e r i m e n t s  were pe r fo rmed  u n d e r  electro-  
m e c h a n i c a l  u n c o u p l i n g  in Ca-free T y r o d e  (Figure).  
E p i n e p h r i n e  u n a m b i g u o u s l y  a n d  m a r k e d l y  p ro longs  A P  
d u r a t i o n  unde r  these  condi t ions .  The  effect  is well  m a r k e d  
a f te r  1 m i n  of exposure  and  usua l ly  reaches  p e a k  va lue  
a f te r  2 min.  The  e x t e n t  of t h i s  change  i nd iv idua l l y  var ies  
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