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Activity of Cholinergic System Enzymes in' the Cochlea of Audiogenic Seizure Susceptible Mice 

�9 Some inb red  s t r a ins  of mice  wh ich  convulse  in  response  
to  a loud donor s t imulus ,  a lways  show t he  same convu l s ive  
p a t t e r n  and  so p rov i de  a tool  for t h e  biological  a p p r o a c h  
to  epi lept ic  behav iou r .  Insp i re  of a cons iderab le  n u m b e r  
of inves t iga t ions ,  b iochemica l  m e c h a n i s m s  u n d e r l y i n g  
audiogenic  seizures are st i l l  no t  well  def ined  ~-a. A 
decrease  of A T P a s e  a c t i v i t y  4 a n d  of ox ida t i ve  phos-  
phorylatioI15, and  a fall  ill t h e  c o n c e n t r a t i o n  of y -amino-  
b u t y r i c  acid (GABA)6, h a v e  been  repor ted .  P r o t e c t i o n  
aga ins t  t he  seizure ha s  b e e n  d e m o n s t r a t e d  w i t h  Krebs  
cycle s u b s t r a t e s  4 or w i t h  d i p r o p y l a c e t a t e  ~, s, a c o m p e t i t i v e  
i n h i b i t o r  of G A B A  t r a n s a m i n a s e ,  wh ich  produces  an  
increase  of G A B A  in t h e  cen t r a l  ne r vous  s y s t e m  (CNS). 
However ,  t h e  bas ic  m e c h a n i s m  is u n k n o w n ,  even  if we 
t ake  in to  accoun t  some a l t e r a t i ons  of n o r e p i n e p h r i n e  
(NE), 5 - h y d r o x y t r y p t a m i n e  (5HT) or G A B A  m e t a b o l i s m  
repor t ed  a, ~. 

I n v e s t i g a t i o n  of i n b o r n  neu rochemica l  differences 
b e t w e e n  s t r a ins  sens i t ive  or r e s i s t a n t  to  all in tense  
a u d i t o r y  s t imulus ,  m a y  be  a useful  a p p r o a c h  to  c lar i fy  
t he  m e c h a n i s m s  of aud iogenic  seizures.  The  s ens i t i v i t y  
can  be  r e l a t ed  to  a n  overa l l  increase  of exc i t ab i l i t y .  I t  
was  the re fo re  of i n t e r e s t  to  i n v e s t i g a t e  t h e  p a t h w a y s  
d i r ec t ly  r e l a t ed  to  acoust ic  epilepsy.  Differences a t  t he  
level  of t h e  p o s t u l a t e d  pe r iphe ra l  recep tor  for  t he  a u d i t o r y  
s t imulus ,  i.e. t h e  cochlea, shou ld  be considered.  Al tera-  
t ions  m a y  occur  in  f i l t r a t i on  or ampl i f i ca t ion  of t he  
sonor  s t imu la t ion .  Since ace thy lcho l ines t e rase  ( A C h e ;  
EC 3.1 .1 .7)  a c t i v i t y  has  been  de tec ted  in synap t i c  
end ings  of t h e  cochlear  nuc leus  ", a n d  chol ine  acetyl -  
t r ans fe ra se  (ChAc; EC 2.3 .1 .6)  in  t h e  cochlea  a n d  t he  
ol ivo cochlear  b u n d l e  ~0, we h a v e  s tud ied  these  two 
chol inergie  s y s t e m  enzymes  in t h e  cochlea  of seizure-  
suscept ib le  and  se izure - res i s t an t  mice  of t he  Swiss 
Alb ino  rb  s t ra in .  

Choline acetyltransferase and acetylehoiinesterase activities in the 
cochlea of audiogenic seizure susceptible and resistant mice. 

Sensitive mice Resistant mice 

Choline acetyltransferase �9 2.84 ~ ~ 0.32 a 1.89 • 0.40 

Aeetyleholinesterase b 555 ~ 129 551 • 103 

Values are expressed as ~zmole acetylcholine synthetized/g pro- 
teins/h. 

b Values are expressed as mmole acetyleholine hydrolyzed/g pro- 
teias/h. 
Each value is the mean of 16 experiments ~c S.D. 

a p < 0.001. 

M a t e r i a l s  and  methods .  Suscep t ib i l i t y  to  aud iogenic  
seizures,  was  t e s t ed  b y  expos ing  mice,  in a t e s t  c h a m b e r ,  
to  a n  acous t ic  s t imu lus  of 100 d b  B, 10,000 Hz  for 10 sec 
to 30 sec. W i t h i n  1 m i d  mice  e x h i b i t e d  m o t o r  p a t t e r n s  
a n d  convulsed  as p rev ious ly  descr ibed  3, ~. 

Dissect ion.  The  cochlea  of se izure-sens i t ive  and  r e s i s t an t  
Swiss Alb ino  rb  mice  was p r o m p t l y  excised a f t e r  decap i ta -  
t i on  and  f rozen in d ry  ice. The  osseus spi ra l  l a m i n a  w i t h  
t h e  o rgan  of Cort i  a n d  spi ra l  gang l ion  was t h e n  homo-  
genized a t  0 -2~  in 0.5% t r i ton ,  X100  (200 V1 for 1 
cochlea) us ing  P o t t e r  glass homogenizers .  Assays  were 
pe r fo rmed  on the  s u p e r n a t a n t .  

E n z y m e  assay.  Before  a s say  t he  s amples  were d i lu ted  
w i t h  0 .05% b o v i n e  s e rum albumii~e. ChAc was m e a s u r e d  
accord ing  to t he  m i c r o t e c h n i q u e  of McCAMAN and  HUNT n 
as modi f ied  b y  GOLDBB~G, KAITA and  ~V~CCAMAN 1~, b y  
fol lowing t h e  i n c o r p o r a t i o n  of 1 -~C-ace ta te  f rom ace ty l -  
CoA in to  ace ty lchol ine .  The  1-14C-acetylcholine fo rmed  
was p r e c i p i t a t e d  w i t h  p o t a s s i u m  per iod ide  and  t he  
p r ec ip i t a t e  coun t ed  in a P a c k a r d  Sc in t i l l a t ion  counter .  
The  e n z y m e  a c t i v i t y  was ca lcu la ted  f rom the  k n o w n  
specific a c t i v i t y  of t he  1-~4C-acetyl-CoA (NEN Chemicals ,  
59.2 m C i / m M ) .  

A C h e  was d e t e r m i n e d  b y  t h e  m e t o d  of McCAIvlAN, 
THOMEY a n d  McCA~rAN is based  on  t he  hydro lys i s  of 
1-1~C-acetylcholine ( N E N  Chemicals ,  2.43 m C i / m M ) .  
U n h y d r o l y z e d  s u b s t r a t e  was p r e c i p i t a t e d  as Re inecke  
salt.  Non-specif ic  chol ines te rases  were i n h i b i t e d  b y  ad-  
d i t ion  of i s o - o c t a - m e t h y l p y r o p h o s p h o r a m i d e  (1 X 10 -~ 
M).  P ro t e in s  were m e a s u r e d  b y  t h e  m e t h o d  of LOWRY 
et  al. 1~. 

Resu l t s  a n d  d i scuss ion .  ChAc a c t i v i t y  of t he  cochlea  
was s ign i f i can t ly  h ighe r  in mice  t h a t  convulse  a f t e r  
an  in tense  a u d i t o r y  s t imulus .  The  increase  is a b o u t  50% 
(p < 0.001). I n  cont ras t ,  A C h e  a c t i v i t y  was s imi la r  in  
t i le cochlea  of b o t h  s t r a in s  (Table).  

Specific s ens i t i v i t y  of t he  pe r iphe ra l  a u d i t o r y  p a t h w a y  
ha s  to  be  cons idered  in t he  pa thogenes i s  of aud iogenic  
seizures. Thus ,  ~ULLER and  COLLINS 15-17 d e m o n s t r a t e d  
t he  un i l a t e ra l  n a t u r e  of t h e  s i te  of sens i t i za t ion  b y  
expos ing  se izure - res i s t an t  S J L / J  mice  to  an  in t ense  
sound  s t imu lus  w i t h  one ear  open. Convuls ions ,  in  th i s  
case, a p p e a r  on ly  a f te r  a new s t imu lus  of t he  single ear  
s t i m u l a t e d  before.  Thus ,  t h e  s i te  of sens i t i za t ion  appea r s  
to  be  e i the r  in  t he  ear  or ill t h e  p a r t  of the  a u d i t o r y  
p a t h w a y  rece iv ing  impulses  onl  7 f rom one side. 

There fore  t he  respons ib le  area  for t h e  seizure suscept i -  
b i l i ty  could be  i nves t i ga t ed  in  t he  region of t he  f i rs t  
re lay  of t he  pe r iphe r i c  a u d i t o r y  p a t h w a y ,  n a m e l y  t h e  
spi ra l  gangl ion.  

H i g h e r  levels of ACh in t he  f i rs t  acous t ic  re lay in  
se izure-sens i t ive  mice  m a y  p roduce  s t ronger  e x c i t a t o r y  
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impulses  wh ich  sp read  t o w a r d s  t he  CNS lead ing  to 
' ep i lep t ic '  convuls ions .  Th i s  p o s t u l a t e  is in  a g r e e m e n t  
w i t h  KRUSmNSKV'S 2 h y p o t h e s i s  w h i c h  suggests  t h a t  t he  
d e v e l o p m e n t  of t he  convu l s ive  crisis is p r i m a r i l y  depen-  
d e n t  on  low b r a i n  s t e m  s t ruc tu res .  T he  d i s t r i b u t i o n  of 
ChAc a n d  A C h E  seems gene t i ca l ly  i n d e p e n d e n t .  

Rdsumd. Le sys t~me cho l ine rg ique  est  6 tudi6  au  ni- 
veau  de la cochl6e chez des souris  se d i s t i n g u a n t  p a r  
leur  sens ib i l i t6  5. l '6pi lepsie  acous t ique .  U ne  ac t iv i t~  
accrue  de l ' e n z y m e  de syn th~se  de l ' ac6 ty lcho l ine  a pu  

~tre mise  en  6vidence dans  la souche  g 6 n 6 t i q u e m e n t  
sensible  k la crise audiog~ne.  
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E x t i n c t i o n  o f  t h e  V a s o d i l a t o r  C o m p o n e n t  o f  t h e  D e f e n c e  R e a c t i o n  i n  t h e  C a t  

The  s o m a t o - a u t o n o m i c  r e l a t ionsh ip  is p e r h a p s  expressed  
in  t he  m o s t  d r a m a t i c  m a n n e r  in  e m e r g e n c y  s i t ua t i ons  
such  as aggress ion  or f l ight .  In  these  s i t ua t i ons  t he  soma to -  
a u t o n o m i c  l ink  is obv ious ly  v i t a l  for surv iva l ,  s ince 
a u t o n o m i c  a d j u s t m e n t s  p l ay  an  i m p o r t a n t  role in enab l ing  
t he  p e r f o r m a n c e  of t h e  b e h a v i o u r a l  task .  The  cardio-  
va scu l a r  s y s t e m  has  a n  essent ia l  role to  p l ay  in these  
a d j u s t m e n t s  a n d  i ts  ab i l i t y  to  r e spond  select ively  a n d  
a d e q u a t e l y  to  s ignals  f rom t h e  e n v i r o n m e n t  is p a r t i c u l a r l y  
i m p o r t a n t  in  f l igh t  or aggression.  

I t  h a s  been  e s t ab l i shed  t h a t  a t yp i ca l  feline, t h r e a t e n i n g  
pos tu re  w i t h  voca l i za t ion  can  be  el ic i ted b y  e lectr ical  
s t i m u l a t i o n  in wel l -def ined areas  of t h e  b r a i n s t e m  and  
a m y g d a l a  of cats ,  and  t h a t  th i s  b e h a v i o u r a l  r eac t ion  is 
a c c o m p a n i e d  b y  a p a t t e r n  of ca rd iovascu la r  a d j u s t m e n t  
w h e r e b y  t h e  card iac  o u t p u t  is increased,  t h e  b lood f low 
f rom t h e  Skin a n d  mesen te r i c  va scu l a r  beds  be ing  redirec-  
t ed  to those  of ske le ta l  musc le  ~,~. I n  th i s  ca rd iovascu la r  
response  ac t ive  v a s o d i l a t a t i o n  in t he  ske le ta l  muscles  
p lays  a n  i m p o r t a n t  role a n d  i t  has  been  s h o w n  t h a t  in  
ca ts  i t  is b r o u g h t  a b o u t  la rge ly  b y  a c t i v a t i o n  of t he  
chol inergic  s y m p a t h e t i c  n e r v e  fibres,  s ince in jec t ions  of 
a t rop ine  g rea t ly  reduce  it1, 3. Moreover ,  a v e r y  s imi la r  
ca rd iovascu la r  r eac t ion  inc lud ing  chol inergic  musc le  
v a s o d i l a t a t i o n  occurs  in  an i m a l s  w h e n  t h e y  are s t a r t l ed  
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Fig. 1. Cardiovascular concomitants of the threatening response of a 
eat when confronted with a dog. The vasodilator component is 
blocked by an intra-arterial injection of atropine sulphate (0.2 mg/kg). 

b y  a s u d d e n  a n d  new s t imu lus  3. W i t h  r epe t i t i on  of t he  
s t imu lus  t he  response  subsides.  The  chol inergic  muscle  
v a s o d i l a t a t i o n  appea r s  also as a response  to  nox ious  
s t imu la t ion ,  a n d  th i s  va scu l a r  r eac t ion  ha s  been  easi ly 
cond i t i oned  w h e n  a n  a u d i t o r y  s t imu lus  p receded  t he  
nox ious  s t i m u l a t i o n  3-5. The  s t a r t l e  r eac t ion  to  n o v e l t y  
( ' u n k n o w n  s t imulus ' )  a n d  t he  r eac t ion  to nox ious  s t imu l i  
a p p e a r  to  be  closely r e l a t ed  to  f l ight  or aggressionS, 6, L 
Var ious  species r e spond  w i t h  ' a l a rm ' ,  f l ight  or d i sp lay  
of a t h r e a t e n i n g  pos tu re  to  def in i te  v isual  or a u d i t o r y  
s t imul i .  Some ca t s  w h e n  c o n f r o n t e d  b y  a dog of ten  
d i sp lay  a t h r e a t e n i n g  pos tu re  s imi la r  to  t h a t  el ici ted b y  
s t i m u l a t i o n  in specific areas  in  t he  b r a i n s t e m  or amygda la .  
W e  h a v e  chosen  t h e  ' n a t u r a l l y '  e l ic i ted t h r e a t e n i n g  
r eac t ion  in  ca ts  c o n f r o n t e d  b y  a dog to i n v e s t i g a t e  t he  
e x t e n t  a n d  evo lu t ion  of ca rd iovascu la r  i n v o l v e m e n t .  

ADAMS et  al. s h a v e  shown  t h a t  ca t s  r e s p o n d i n g  to 
t h r e a t e n e d  aggress ion b y  a n o t h e r  ca t  m a y  do so w i t h o u t  
t h e  ca rd iovascu la r  changes  so cha rac t e r i s t i c  of t he  defence 
r eac t ion  el ici ted b y  b r a i n s t e m  s t imu la t ion .  I n  pa r t i cu la r ,  
t h e y  found  t h a t  t he  chol inergic  muscle  v a s o d i l a t a t i o n  
m a y  be  absen t .  I t  is poss ible  t h a t  in  these  e x p e r i m e n t s  
t he  vasod i l a to r  response  h a d  a l r eady  been  ex t ingu i shed  
before  t he  m e a s u r e m e n t s  were m a d e ;  t h i s  ques t ion  has,  
therefore ,  been  specif ical ly examined .  

I n  our  e x p e r i m e n t s  on  cats ,  obse rva t ions  of b e h a v i o u r  
were cor re la ted  w i t h  m e a s u r e m e n t s  of a r t e r i a l  b lood  
pressure ,  e x t e r n a l  iliac b lood  flow, h e a r t  ra te ,  e lectro-  
m y o g r a p h i c  a c t i v i t y  in  t he  h ind l imb ,  and  r e sp i r a to ry  
ra te .  The  e x t e r n a l  iliac b lood  flow was m o n i t o r e d  us ing  a n  
M B I  flow m e t e r  w i t h  a n  e l ec t romagne t i c  p robe  (Micron) 
i m p l a n t e d  a b o v e  t h e  deep femora l  b r a n c h  wh ich  was 
l igated.  The  b lood pressure  was m o n i t o r e d  v ia  t r a n s p a r e n t  
v iny l  c a n n u l a  inse r t ed  in to  t he  a o r t a  t h r o u g h  t he  c o m m o n  
ca ro t id  a r te ry .  The  c o n d u c t a n c e  (f low/pressure)  in t h e  
ex t e rna l  i l iac a r t e r y  was r ecorded  con t inuous ly ,  w i t h  t he  
use of a n  e lect ronic  d iv ide r  (Analog 4 Q u a d r a n t  Mul t ip l ie r  
AD 426 in t he  f eedback  of an  A D  401 ope ra t i ona l  amplif ier) .  
The  ca t  was  in a box  fac ing  a ch icken  wire  or glass 
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