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f ibres  is n o t  possible  since each  b u n d l e  t y p e  is i n t i m a t e l y  
r e l a t ed  to s m o o t h  muscle  cells of t h e  t u n i c a  muscular i s .  
Th ree  t ypes  of n e r v e  processes  are  recognized as to  t h e i r  
ves icu la r  c o n t e n t  an d  t r a n s i t i o n  fo rms  were n o t  obse rved  ; 
t h i s  would  seem to i nd ica t e  t h a t  t he re  are  3 t ypes  of 
ne rve  f ibres ;  a t  present ,  i den t i f i ca t ion  e x t e n d s  on ly  to t h e  
ne rve  f ibres  w i t h  smal l  dense-core  vesicles (ca techolamine-  
s torage  vesicles), wh ich  are  to  be  cons idered  pos tgan -  
glionic o r t h o s y m p a t h e t i c  f ibres  of ex t r ins ic  origin.  
Var icos i t ies  seem to bea r  no  c o n s t a n t  r e l a t ionsh ip  to  a n y  
def in i te  s t ruc tu re ,  n o r  to  s t r u c t u r e s  s i t u a t e d  w i t h i n  a 
def in i te  d is tance .  T r a n s m i t t e r s  re leased b y  these  f ibres  
are expec ted  to  ac t  on  p l a s m a  m e m b r a n e s  s i t ua t ed  on ly  
200 2t a w a y  or on  m e m b r a n e s  ly ing  a t  m u c h  g rea te r  dis- 
tances .  Ne rve  processes  w i t h  t h e  same  k ind  of vesicles 
are obse rved  ins ide  t h e  gang l i a  of A u e r b a c h ' s  p lexus  :a. 

Fig. 2. Intramuscular nerve bundle in the inner muscle layer of the 
rat small intestine, showing a nerve process (a) with smM1 granular 
vesicles (catecholamine-storage vesicles); (m) smooth muscle cell. 
• 83,000. 

m e m b r a n e  (microp inocytos i s  vesicles) can  be  obse rved  in 
th i s  s egmen t  of a s m o o t h  muscle  cell, as well  as on  a n y  
o t h e r  p a r t  of i t s  surface.  

S u m m i n g  up,  t h e  i nne r  muscle  l ayer  of r a t  smal l  in- 
t e s t i ne  d isp lays  n u m e r o u s  ne rve  bund le s ;  a d i s t i nc t i on  
b e t w e e n  t rue  i n t r a m u s c u l a r  a n d  pe r ivascu l a r  ne rve  

Riassunto. Nel la  t o n a c a  musco la re  i n t e r n a  de l l ' in -  
t e s t i no  t e n u e  di  r a t t o  si o s se rvano  n u m e r o s i  Iasci di  f ibre  
nervose ;  u n a  d i s t inz ione  t r a  f ibre  i n t r a m u s c o l a r i  vere  e 
p ropr ie  e f ibre  pe r ivasco la r i  n o n  ~ possibi le  in q u a n t o  
ogni  ord ine  di fasci  h a  r a p p o r t i  i n t i m i  con cellule musco-  
lar i  lisce p ropr i e  della t o n a c a  muscolare .  L 'osse rvaz ione  
di  t r e  t i p i  di  e spans ion i  a vescicole d is t in te ,  senza forme 
di  passaggio,  fa  r i t ene re  veros imi le  l ' e s i s t enza  di t r e  t i p i  
d i f fe ren t i  di  f ibre  nervose.  

G. GABELLA 
Department O/ A natomy, 
University o/ Turin, corso 2Pl. D'Azeglio 52, 
Torino (Italy), 6 August 7969. 

13 This work was supported by a grant from the Italian National 
Research Council (C.N.R.). 

S o m e  C h a r a c t e r i s t i c s  of the  'Audi tory  N e u r o p h o n i c  '1 

The  cochlear  mic rophon ic  (CM) is a we l l -known  
e lec t rophys io logica l  p h e n o m e n o n  which  is a close rep l i ca te  
of t h e  or ig ina l  a u d i t o r y  s t imulus .  However ,  t he  CM is n o t  
a n e u r a l  p h e n o m e n o n ;  i t  h a s  no  l a t e n c y  a n d  is p r e s e n t  
a f t e r  dea th ,  s o m e t i m e s  for hours .  A second p h e n o m e n o n ,  
w h i c h  h a s  been  s tud ied  less ex tens ive ly  a l t h o u g h  or ig ina l ly  
r e p o r t e d  m a n y  years  ago 2, also r e sembles  t h e  s t imulus .  
Un l ike  t he  CM, i t  is of neu ra l  or igin a n d  is no t  r e s t r i c t ed  
to  t h e  cochlea.  W e  h a v e  t e r m e d  th i s  p h e n o m e n o n  t h e  
' a u d i t o r y  n e u r o p h o n i c '  (AN), a p h r a s e  we will  a t t e m p t  to  
jus t i fy  below. 

The  A N  has  b e e n  i n v e s t i g a t e d  in some de ta i l  r ecen t ly  
b y  BOUDREAU a n d  TSUCHITANI 3 5, a f te  r h a v i n g  been  vir-  
t u a l l y  ignored  for  severa l  years .  These  i nves t i ga to r s  ex- 
t e n d e d  obse rva t i ons  of t h e  AN, or ig ina l ly  recorded  in the  
V I I I t h  n e r v e  2, to  t he  t r apezo id  b o d y  a n d  super ior  o l i v a ry  
complex�9 I t  is mi ld ly  su rpr i s ing  t h a t  t h e y  did  n o t  em-  
phas ize  t h e  n e u r a l  s u b s t r a t e  of t he  p h e n o m e n o n .  W e  
c h a n c e d  u p o n  t h e  A N  and  a t  t he  t ime,  u n a w a r e  of 
B o u d r e a u ' s  work,  we a s sumed  t h a t  i t  was  e i the r  s t imu lus  
a r t i f a c t  or t h e  CM recorded  b y  v o l u m e  conduc t ion .  
Cont ro l  e x p e r i m e n t s  to  ver i fy  these  a s s u m p t i o n s  revea led  
i n s t e a d  t h a t  t h e  w a v e f o r m s  r e sembl ing  t h e  s t imu lus  were 
indeed  of n e u r a l  origin.  W e  r epo r t  b r ie f ly  these  observa-  
t ions .  

Materials and methods. T h e  sub jec t s  were  6 adult" cats ,  
an e s t h e t i z ed  w i t h  sod ium p e n t o b a r b i t M  a n d  f ixed  in a 
c o n v e n t i o n a l  s t e reo tax ic  i n s t r u m e n t .  T h e y  were m a i n -  
r a ined  a t  n o r m a l  b o d y  t e m p e r a t u r e  in  an  acous t ic  c h a m -  
ber.  A u d i t o r y  s t imul i ,  cons i s t ing  of tone  burs ts ,  were  
p r e sen t ed  f rom PDIR 10 e a r p h o n e s  t h r o u g h  hol low ear  
bars .  S t imu lus  i n t e n s i t y  was a lways  b e t w een  80 a n d  90 db  
re :  0.0002 d y n e / c m  2. B ipo la r  e lec t rodes  cons i s t ing  of 
0.010 inch  s ta in less  steel  wire, i n su l a t ed  excep t  fo r  0.5 m m  
a t  t he i r  t ips  a n d  aff ixed side b y  side w i t h  t h e i r  t ips  offset  
ve r t i ca l ly  b y  i m m ,  were used to  explore  t h e  a u d i t o r y  
s y s t e m  f rom t h e  level  of t h e  t r apezo id  b o d y  to  t h e  m e d i a l  
gen icu la te  nucleus.  His to logica l  cont ro l s  ver i f ied  i n t e n d e d  
p l acemen t s .  Bioelec t r ic  a c t i v i t y  was  ampl i f i ed  b y  con-  
v e n t i o n a l  d i f fe ren t ia l  ampl i f ie rs  a n d  d i sp layed  on a mu l t i -  
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Fig. 1. (*) The AN recorded from the la te ra l  superior  olive in response to a tone burs t  ol  1000 Hz. Note t h a t  AN ampl i tude  is grea ter  
for con t ra la te ra l  t h a n  ips i la tera l  s t imula t ion ,  and  the close correspondence be tween the s t imulus  and the AN, pa r t i cu l a r l y  on the 
eont ra la te ra l  side which reflects the damped  s t imulus  at  tone burs t  offset. (B) S imul taneous  recordings from the t rapezoid  body,  inferior 
colliculus and media l  geniculate  body  to 1 kHz  (upper) and  1.8 kHz  (lower) s t imula t ion .  The AN is less c lear ly  seen as the aud i to ry  
sys t em is ascended,  and  i ts  Onset l a t ency  is longer  a t  the eoll ieulus t h a n  t rapezoid  body.  (c) Recordings from 3 levels  of the aud i to ry  
sys t em prior  to (Control) and  a t  5 min  in te rva l s  following (Nembutal)  l e tha l  in jec t ion  (i.p.) of sodium pentobarb i ta l .  Note  the gradua l  
d iminu t ion  of the AN, para l le led  by  t h a t  of the evoked potent ia l ,  and  i ts  a t t enua t i on  f irst  a t  the media l  geniculate ,  t han  the infer ior  
eolliculus and f inal ly  a t  the t rapezoid body.  Cal ibrat ions : 2 msec and 100 btV. 
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b e a m  oscilloscope. A b a n d p a s s  of 0.8 Hz  to 10 kH z  was 
emp loyed  in order  to  v isua l ize  b o t h  gross slow w a v e  
evoked  p o t e n t i a l s  a n d  t he  a u d i t o r y  neu rophon ic .  

Results. The  A N  is seen as a w a v e f o r m  whose  basic  fre- 
q u e n c y  is iden t i ca l  to  t h a t  of t h e  s t imulus .  I t  m a y  a p p e a r  
to  be  as pu re  a s inuso id  as t he  or ig ina l  s t imu lus  a n d  is 
easi ly  obse rved  a t  f requencies  be t w een  500 Hz  a n d  
2500 Hz.  Th i s  p a r t i c u l a r  cha rac t e r i s t i c  does no t  d i f feren-  
t i a t e  t he  A N  f rom t h e  CM. E v i d e n c e  t h a t  t he  AN is of 
neu ra l  or ig in  comes  f rom 3 o t h e r  obse rva t ions .  

Firs t ,  i t  h a s  a l a t ency  (Figure,  A). T he  l a t ency  is 
a p p r o p r i a t e  for t he  level  of t h e  a u d i t o r y  s y s t e m  f rom 
w h i c h  i t  is recorded.  T he  AN appea r s  i m m e d i a t e l y  fol- 
lowing t h e  gross evoked  p o t e n t i a l  a t t h e  s i te  in  ques t ion  
(Figure,  B). Fo r  example ,  in  s i m u l t a n e o u s  recordings,  t h e  
A N  can  be  obse rved  to  occur  w i t h  a l a t ency  of approx i -  
m a t e l y  2 msec a t  t h e  t r apezo id  b o d y  a n d  3.5 msec a t  t h e  
infer ior  colliculus. Second,  t h e  a m p l i t u d e  of t he  AN is 
genera l ly  g rea te r  to  c o n t r a l a t e r a l  t h a n  ips i la te ra l  s t imu-  
l a t i on  above  t he  level  of t he  decussa t ion  of t he  t r apezo id  
b o d y  (Figure,  A a n d  B). This  f inding,  wh ich  is well k n o w n  
for evoked  p o t e n t i a l s  also, c a n n o t  be  exp l a ined  on  the  
bas is  of p r e s u m e d  v o l u m e  c o n d u c t i o n  f rom t he  cochlea,  
for such  v o l u m e  c o n d u c t i o n  would  p roduce  g rea te r  ampl i -  
tudes  on  t he  ips i l a te ra l  side. Th i rd ly ,  t h e  A N  decreases  in  
a m p l i t u d e  g radua l ly  as b a r b i t u r a t e  anes thes i a  is deepened,  
un t i l  dea th ,  w h e n  i t  d i sappears .  This  a m p l i t u d e  r educ t i on  
is para l le led  b y  t h a t  of the  evoked  po ten t i a l .  A d d i t i o n a l  
ev idence  to s u p p o r t  t he  c o n t e n t i o n  t h a t  t h e  AN is synap t i -  
cal ly t r a n s m i t t e d  is p r o v i d e d  b y  t h e  f ind ing  t h a t  i t s  
suscep t ib i l i t y  to  t he  ac t ion  of b a r b i t u r a t e s  is g rea te r  a t  
success ively  h ighe r  levels of t he  a u d i t o r y  s y s t e m  (Figure.  
c). 

Sites f rom wh ich  we h a v e  successful ly recorded  t he  A N  
include  t h e  t r apezo id  body,  super ior  o l ivary  complex  
( inc luding bo th  t h e  media l  a n d  la tera l  super ior  o l iva ry  
nuclei) ,  and  the  l a t e ra l  lemiscus.  T he  AN m a y  be  seen in 
t he  infer ior  colliculus, b u t  c a n n o t  be  de f in i t ive ly  dif-  
f e r en t i a t ed  f rom p re - synap t i c  l emnisca l  ac t iv i ty .  W e  h a v e  
obse rved  the  AN in t he  med ia l  gen icu la te  body,  b u t  i t  is 
of smal l  a m p l i t u d e .  Fu r the r ,  i t  is seen on ly  in the  v e n t r a l  
po r t i ons  of th i s  nucleus,  in t he  region of the  e n t r a n c e  of 
t he  f ibers  f rom the  b r a c h i u m  of the  infer ior  colliculus. We  
are inc l ined  to be l ieve  t h a t  t he  AN a t  th i s  h igh  level  of t he  
a u d i t o r y  s y s t e m  is gene ra t ed  by  la te ra l  lemniscal  f ibers  
w h i c h  are  k n o w n  to b y p a s s  t h e  inferior  colliculns. 

Discussion. Some cha rac te r i s t i c s  of t he  AN h a v e  been  
noted  in order  to  emphas i ze  i ts  neu ra l  origin.  P rev ious  

s tud ies  h a v e  carefu l ly  i n v e s t i g a t e d  t h e  p h e n o m e n o n ,  
p a r t i c u l a r l y  w i t h  r ega rd  to  i t s  uppe r  l imi t s  and  re la t ion-  
sh ips  to  s t imu lus  i n t e n s i t y  a n d  f r equency  3-5. None  of ou r  
obse rva t i ons  are a t  va r i ance  w i t h  these  repor ts . .  Some 
o the r  obse rva t i ons  c o n s o n a n t  w i t h  t he  f ind ings  of 
BOUDREAU also h a v e  been  r e p o r t e d  6-s. 

The  AN has  been  refer red  to as ' w a v e  ac t iv i ty '3 ,  t he  
' fo l lowing response  ' s  , a n d  even  t he  ' f r e q u e n c y  fol lowing 
response '  7, s W e  consider  none  of these  t e r m s  to be  saris- 
f ac to ry  because  t h e y  fail  to  i nd i ca t e  t h a t  t he  p h e n o m e n o n  
is of neu ra l  origin.  Addi t iona l ly ,  ' f r equency  fol lowing 
response '  is r e s t r i c t ive  and  m a y  be mis l ead ing  because  t he  
p h e n o m e n o n  'follows'  a m p l i t u d e  as well  as f r equency  5. 
We  h a v e  chosen  t he  t e r m  ' a u d i t o r y  neu rophon i c '  because  
i t  ind ica tes  t h a t  t he  p h e n o m e n o n  is s imi la r  to  t he  CM in 
closely r ep roduc ing  t he  a c t u a l  phys ica l  s t imulus  b u t  is of 
neu rM origin a n d  is n o t  r e s t r i c t ed  to  one  locus in  t he  
a u d i t o r y  sys tem.  Fina l ly ,  t he  t e rmino logy  ' a u d i t o r y  
n e u r o p h o n i c '  (AN) paral le ls  t h e  p h r a s e  ' cochlear  micro-  
phon ic '  (CM), as does t he  p h e n o m e n o n  itself  9. 

Rdsumd. Nous  avons  r e m a r q u 6  dans  le sys tgme aud i t i f  
c en t r a l  des ondes  qui  r e s s e m b l e n t  aux  ondes  micro-  
phon iques  cochl6aires  (MC) en  i m i t a n t  6 t r o i t e m e n t  le 
s t imulus .  N o t r e  6 tude  m o n t r e  qu 'e l les  son t  d 'o r ig ine  
neura le  pa rce  que :  1 ~ l ' a m p l i t u d e  est  s o u v e n t  plus 
g rande  en r6ponse  ~ la  s t i m u l a t i o n  con t r a l a t6 ra l e  au  
n i v e a u  du corps  trap6zoXde; 2 ~ i l y  a u n e  l a t ence  en  
r a p p o r t  avec  le sys t~me aud i t i f  examin6 ;  3 ~ une  anes-  
th6s ie  progress ive  cause  la d6press ion  de l ' onde  et  f inale-  
m e n t  sa d i spa r i t i on  avec  la mor t .  Nous  p roposons  le t e r m e  
de p h 6 n o m 6 n e  , n e u r o p h o n i q u e  auditif~> (NA). 
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T h e  E f f e c t  of  C a t e c h o l a m i n e s  a n d  N i c o t i n e  on  the  T r a n s m e m b r a n a l  P o t e n t i a l  of  F r o g  L i v e r  C e l l s  

The  pha rmaco log i ca l  effects  of n e u r o a m i n e s  a n d  o t h e r  
d rugs  on  exc i t ab le  t issues (neurons.  muscles,  glands)  are  
assoc ia ted  w i t h  changes  in t h e i r  m e m b r a n e  po ten t i a l .  W e  
h a v e  obse rved  t h a t  t he  r e s t i ng  p o t e n t i a l  of t he  l iver  cell is 
sens i t ive  to  t he  ac t ion  of exogenous ly  a d m i n i s t e r e d  drugs  
such  as ep inephr ine  for wh ich  t he  l iver  is one of the  t a r g e t  
organs.  

Materials and methods. T he  l iver  of unfed,  25-35 g frogs 
(R. pipiensL a n e s t h e t i z e d  w i t h  u r e t h a n e  (4 g/kg) was  
exposed a n d  k e p t  m o i s t  w i t h  R inge r ' s  solut ion.  I n t r a -  
cel lular  record ings  were m a d e  using KC1 mic rop ipe t t e s .  

10-100 cells were s ampled  before  and  a t  var ious  i n t e rva l s  
a f te r  d rug  a d m i n i s t r a t i o n .  4 -8  frogs were used a t  each  
dose level. The  m o n o a m i n e  oxidase  i nh ib i t o r  (MAOI),  
pargyl ine  a n d  u r e t h a n e  were a d m i n i s t e r e d  v ia  the  v e n t r a l  
l y m p h a t i c  sac:  o the r  d rugs  were  in jec ted  i.m. Resu l t s  
were ana lyzed  us ing  t he  ' t ' - t e s t .  

Results. Typ ica l  p o t e n t i a l s  for i m p a l e m e n t s  of 5 m i n  
or longer  va r i ed  b e t w e e n  30 a n d  60 mV.  L-Epinephrine 
increased t h e  res t ing  p o t e n t i a l  a t  0 .1-0 .5  mg  and  r educed  
it a t  even  la rger  doses (Figure 1). The  dose response  cu rve  
was sh i f ted  to the  lef t  in  fall  (October  a n d  November )  in  


