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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  
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compar i son  , to win te r  (Februa ry  and March).  Hy p e r -  
polar iza t ion was d e m o n s t r a t e d  in unanes the t i zed  p i t h ed  
frogs. Al though  pargyline (100 mg/kg) 24 or 48 h p re t r ea t -  
m e n t  failed to affect  res t ing  potent ia l ,  i t  p r e v e n t e d  the  
hyperpola r iz ing  effect  of ep inephr ine  (e.g. 0.1 mg epine- 
phr ine  increased m e m b r a n e  po ten t i a l  21% in u n t r e a t e d  
frogs, and  1% in pargyl ine  frogs;  fall) w i thou t  b locking 
high dose depolar izat ion.  Indeed,  the  hyperpo la r iz ing  
effect  of 0.5 and  1 mg ep inephr ine  was reversed  to  de- 
polar iza t ion by  pargyl ine.  Since low dose ep inephr ine  
(0.05 mg) was ineffect ive wi th  and  w i t h o u t  pargyl ine,  
these  resul ts  canno t  be accounted  for by  a pargyl ine-  
induced  shif t  t o  t he  left of the  ep inephr ine  dose response  
curve. The  ca techolamine  releaser  nicot ine (0.5-0.9 mg) 
and  DL-norepinephrine (0.1-2 mg) (Figure 2) induced  small  
depolar iza t ion;  DL-norepinephrine 0.05 mg did no t  a l ter  
res t ing potent ia l .  Isoproterenol (1 and 2 mg) s l ight ly  
a u g m e n t e d  res t ing  potent ia l .  Phenylacetaldehyde (an 
analog of the  MAO-cata lyzed  p roduc t  of catecholamines)  
(0.5-4 mg/kg),  i.m. or in the  dorsal  l ympha t i c  sac, and 
tryptaldehyde (3- indoleaceta ldehyde bisulfi te  80-90% 
pure;  ba lance  mos t ly  Na  bisulfate) (5 rag) failed to affect  
t r a n s m e m b r a n a l  potent ia l .  
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Fig. 1. Percentage change in liver cell membrane potential 10-30 
rain after the i.m. administration of t-epinephrine. Top: fall frogs. 
Bottom: winter frogs. Solid line: untreated animals. Broken line: 
frogs pretreated with pargyline 100 mg/kg. 
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Fig. 2. Percentage change in liver cell membrane potential 10-30 
inin after the i.m. administration of DL-norepinephrine (NEpi) 0.1, 
0.2 and 1 mg, isoproterenol (ISO) 1 and 2 mg, and phenylaeetalde- 
hyde (PAA) 0.1 and 0.025 ml. 

Discussion. The depolar iz ing effect  of norep inephr ine  
and  ep inephr ine  (high dose) m a y  be a t t r i bu t ed  to  the i r  
vasocons t r i c to r  effect  because isehemia  depolar izes  l iver 
cells 1. The hyperpo la r iz ing  effect  of tower doses of 
ep inephr ine  on l iver cells ex t ends  the  list  of t issues whose  
res t ing  po ten t i a l  is enhanced  by  th is  amine :  s m o o t h  
muscle  2, cent ra l  neurons  a, sa l ivary  glands  4, etc. In  con- 
t r a s t  to norep inephr ine  and  isoproterenol ,  ep inephr ine  has  
s t ronger  metabol ic  effects,  as well as hyperpo la r i za t ion  
ac t ion  on the  l iver;  the  two  p h e n o m e n a  m a y  be related.  
Since fairly large doses of the  amines  were necessary  to 
affect  l iver res t ing  po ten t i a l  s ignif icant ly,  t he  physiological  
significance of the  effects  descr ibed  here  is unclear.  
Ep ineph r ine  releases po ta s s ium f rom the  liver 5 in ex- 
change  for sodium6;  Ca is also released 7. K-release can be 
dissocia ted for the  hyperg lycemic  responseS, 9. Fas t ing  
p reven t s  the  hyperg lycemic  ac t ion  s, bu t  i t  did not  p r e v e n t  
the  m e m b r a n e  effect  in our frogs. 

The abi l i ty  of pargyl ine  to block the  act ion of epine- 
phr ine  m a y  be due to inh ib i t ion  of l iver enzymes  o the r  
t h a n  m o n o a m i n e  oxidase,  or ep inephr ine  hyperpolar iza-  
l ion  m a y  be med i a t ed  by  a d e a m i n a t e d  der iva t ive  of t he  
amine.  However ,  no rep ineph ine  failed to  p roduce  hyper -  
polar iza t ion a l though  some b u t  no t  all of its d e a m i n a t e d  
metabol i tes  would be the  same as for epinephr ine .  More- 
over, p h en y l ace t a l d eh y d e  and t r y p t a l d e h y d e  were in- 
active.  P a r t  of the  metabol ic  effects  of monoamines  m a y  
be med ia t ed  by  the i r  a ldehyde  der iva t ives  40. Some CNS 
effects of serotonin  and  t r y p t a m i n e  m a y  be p a r t l y  
med ia t ed  by  t r y p t a l d e h y d e s  or o the r  d e a m i n a t e d  
p roduc t s  n-18,14. 

Resumen. La adrena l ina  (0.1 a 0.5 mg/rana)  h iper-  
polariz6 los hepa toc i tos  de R. pipiens y depolariz6 a dosis 
mas  alias.  E1 inhib idor  de la inonoamino  oxidasa  pargi-  
l ina (100 mg/kg,  24 48 h antes) impidi6  este  efecto. 
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