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Conditioned Seizures Susceptibility i n  t h e  Hamster 

T h e  occur rence  of s o u n d - i n d u c e d  seizures  as a r e su l t  of 
c o n d i t i o n i n g  impl ies  a r e l a t i ons h i p  to  bas ic  phys io logic  
processes  r a t h e r  t h a n  to  specif ic  species or  s t r a i n  abe r r a -  
t ions .  T h e  s ign i f icance  of s o u n d - i n d u c e d  seizures  will  be  
g r ea t l y  en l a rged  if such  se izures  c an  be  d e m o n s t r a t e d  in a 
b r o a d  s p e c t r u m  of species (pe rhaps  inc lud ing  man . )  I n  our  
l a b o r a t o r y  we h a v e  r ecen t l y  e l ic i ted a u d i o c o n d i t i o n e d  
seizures  in  t h e  go lden  h a m s t e r  (Mesocriceh~s auratus).  

S o u n d - i n d u c e d  seizures  in  gene t i ca l ly  suscep t ib le  s t r a in s  
of mice  h a v e  been  k n o w n  for  m a n y  years ,  a n d  h a v e  been  
d e s i g n a t e d  as aud iogen ic  seizures.  A n i m a l s  of suscep t ib le  
s t r a in s  convu l se  u p o n  b o t h  in i t i a l  a n d  r e p e a t e d  exposures  
to  a su i t ab l e  s o u n d  s t imu lus  (e.g. a 95 d b  doorbe l l  for  60 
sec) d u r i n g  t he  f i r s t  few m o n t h s  of l ife 1. 

More  r ecen t ly ,  s imi l a r  se izures  h a v e  been  el ic i ted in  se- 
ve ra l  a u d i o r e s i s t a n t  s t r a i n s  of mice  t h r o u g h  a process  of 
a u d i t o r y  c o n d i t i o n i n g  2-~, a n d  are  r e fe r red  t o  as  aud io -  
c o n d i t i o n e d  ~ or  aud iosens i t i zed  seizures  *. Seizure  suscep-  
t i b i l i t y  is i n d u c e d  d u r i n g  a ' c r i t i ca l  pe r iod '  of d e v e l o p m e n t  
b y  a s ingle  b r i e f  a u d i t o r y  exposure  d u r i n g  w h i c h  no  sei- 
zure  occurs.  Seizures  occur  on ly  w h e n  t h e  sound  s t imu lus  
is r e p e a t e d  a f t e r  a su i t ab l e  in t e rva l .  U n l i k e  t h e  s h o r t  in te r -  
va l s  usua l ly  assoc ia ted  w i t h  classical  cond i t i on i ng  me-  
thods ,  t i le  c r i t i ca l  c o n d i t i o n - t e s t  i n t e r v a l  in  t h i s  case is 
m e a s u r e d  in days.  

Aud iogen ic  seizures  h a v e  been  d e m o n s t r a t e d  in a n u m -  
be r  of species 1, b u t  i m p l i c i t l y  a lways  in t he  mi l ieu  of ge- 
ne t i c  suscep t ib i l i t y .  Aud iosens i t i zed  seizures  h a v e  b e e n  
s t ud i ed  ch ief ly  in  mice,  a n d  h a v e  b e e n  r e p o r t e d  in r a t s  ~. 

Our  i n t e r e s t  in  i n v e s t i g a t i n g  t h e  h a m s t e r  for  aud iosen -  
s i t i zed  se izure  su scep t i b i l i t y  was  b a s e d  on  severa l  factors .  
H a m s t e r s  are  easy  to  b r e e d  for  d a t e d  p r egnanc i e s ;  t h e i r  
g e s t a t i o n  pe r iod  is shor t ,  a n d  p o s t n a t a l  d e v e l o p m e n t  is 
rap id .  T h e  species h a s  been  wide ly  used  for  embryo log ic  
research ,  a n d  i ts  d e v e l o p m e n t a l  processes  h a v e  been  s tu-  
d ied  in de ta i l .  F u r t h e r m o r e ,  h a m s t e r s  in  t h e  n o r m a l  s t a t e  
are  no t  k n o w n  to  be  suscep t ib le  to  aud iogen ic  seizures, 
a l t h o u g h  such  seizures  h a v e  been  obse rved  in m a g n e s i u m  
def i c i en t  a n i m a l s  ~. 

H a m s t e r s  (LVG:  L A K )  for  ou r  s t u d y  were  o b t a i n e d  
f rom L a k e v i e w  H a m s t e r  Colony, Newfield,  New Jersey .  
Our  sound  s t i m u l u s  cons i s ted  of a 95 d b  (above  0.002 
d y n e / e r a  2) electr ic  doorbe l l  (10 cm d i a m e t e r )  su spended  in 
a glass c h a m b e r  (28 c m  d i a m e t e r  b y  25 c m  deep).  F o r  
aud iosens i t i za t ion ,  t h e  bel l  was  r u n g  for  60 sec. I n  t e s t i n g  
for se izure  response ,  i t  was  r u n g  for 60 sec, or  u n t i l  c lonus  
occur red  if t h i s  was  in  less t h a n  60 sec. T r e a t m e n t s  were  
ass igned  b y  t h e  sp l i t  l i t t e r  t echn ique .  

T h e  cha l l enges  in  d e m o n s t r a t i n g  aud iosens i t i zed  sei- 
zures a re  in  d i scover ing  a) t h e  age of su scep t ib i l i t y  to  
sens i t i za t ion  a n d  b) t h e  d u r a t i o n  of t h e  c o n d i t i o n - t e s t  in- 
te rva l .  H a m s t e r s  f rom 2 weeks to  5 m o n t h s  of age were  
exposed  to  a n  in i t i a l  sound  s t imulus .  No seizures  r e su l t ed  
f rom a n y  of t he se  in i t i a l  exposures .  T he  a n i m a l s  were t h e n  
exposed  to  a second  (test)  s t imu lus  1 to  25 days  later .  

Aud iosens i t i z ed  seizures  d id  i ndeed  occur  in  h a m s t e r s ,  
w i t h  t h e  g r e a t e s t  se izure  inc idence  (56%) occur r ing  w h e n  
t h e  a n i m a l s  were  sens i t i zed  a t  28 d a y s  of age a n d  t e s t ed  
14 d a y s  la te r .  Typ i ca l  se izure  d a t a  a re  s h o w n  in  t h e  Table .  
The  se izure  in  h a m s t e r s  a p p r o x i m a t e s  t h a t  in mice  w i t h  
r ega rd  to  se izure  p a t t e r n  a n d  l a tenc ies  4. A m a x i m a l  sei- 
zure  beg ins  w i t h  wi ld  runn ing ,  p roceeds  to  clonus,  a n d  t h e n  
to tonus .  As in mice,  m i l d e r  se izures  m a y  t e r m i n a t e  a f t e r  
r u n n i n g  or  clonus.  

A n u m b e r  of d i s t i nc t i ve  f ea tu re s  were  n o t e d  in h a m s t e r s .  
The  wi ld  r u n n i n g  was of ten  p ro longed  a n d  m i g h t  con t inue  
for seve ra l  m i n u t e s  a f t e r  t e r m i n a t i o n  of t h e  t e s t  s t imulus .  
D u r i n g  clonus,  t h e  a n i m a l s  a p p e a r e d  to  be  voca l iz ing  al-  

Induced by Prior Auditory Exposure 

t h o u g h  no  aud ib l e  s o u n d  was heard .  A p ro longed  c a t a t o n i c  
s t a t e  l a s t i ng  up  to  1 h usua l ly  fol lowed seizure  in  h a m s t e r s ,  
e v e n  a f t e r  mi ld  se izures  t e r m i n a t i n g  w i t h  r u n n i n g  or  clo- 
nus.  P r o l o n g a t i o n  of t h e  sens i t i z ing  s t i m u l u s  (to 300 sec) 
g rea t ly  inc reased  seizure  s eve r i t y  upon  t e s t ing .  N o n e  of 
these  f ea tu re s  a re  assoc ia ted  w i t h  aud iosens i t i zed  seizures  
in mice.  

On r e p e a t e d  t e s t i n g  a t  2-week in te rva l s ,  cycl ic  sus- 
c ep t i b i l i t y  to  seizures a p p e a r s  to  occur  in  hams te r s .  Of t he  
g roup  t h a t  h a d  convu l sed  a t  t he  f i rs t  t e s t  s t imulus ,  a p p r o -  
x i m a t e l y  1/~ r e s p o n d e d  a t  each  of t he  r epea t ed  tests .  The  
a n i m a l s  i n v o l v e d  on  each  occas ion  were  di f ferent ,  how- 
ever,  b u t  m o s t  of t he  g r o u p  e v e n t u a l l y  re-seizured.  I n  se- 
vera l  cases of r e tes t ing ,  t he  h a m s t e r s  se izured  u p o n  being- 
p laced  in  t h e  t e s t  e n v i r o n m e n t  w i t h o u t  t h e  bell  be ing  rung .  
( S p o n t a n e o u s  seizures  were  n o t  n o t e d  in  a n y  o t h e r  cir-  
cums tance . )  

A m o n g  n o n r e s p o n d e r s  a t  in i t i a l  t e s t ing ,  a p p r o x i m a t e l y  
15% e v e n t u a l l y  se izured  u p o n  r e p e a t e d  tes t ing .  Se izure  
inc idence  in h a m s t e r s  d rops  off s h a r p l y  a f t e r  5 m o n t h s  of 
age. As in mice,  e t h e r  a n e s t h e s i a  d id  no t  p r e v e n t  aud io -  
sens i t i za t ion ,  no r  d id  a n y  o t h e r  d r u g  tes ted .  

The  d e m o n s t r a t i o n  of aud iosens i t i zed  s o u n d - i n d u c e d  
seizures in h a m s t e r s  s u p p o r t s  t he  h y p o t h e s i s  t h a t  aud io -  
sens i t i za t ion  is a response  c o m m o n  to  m a n y  species. Fur -  
t he rmore ,  aud io sens i t i z a t i on  m a y  be b u t  one  face t  of a ge- 
nera l  p h e n o m e n o n  of s enso ry -cond i t i oned  h y p e r s e n s i t i v i t y .  
F l a sh ing  l i gh t  i nduces  ep i lep t ic  a c t i v i t y  in  ado le scen t  ba -  
boons  s, a n d  Sov ie t  a u t h o r s  descr ibe  cond i t i oned  seizures  
in  t he  dog (see referenceg).  I n c r e a s e d  r e spons ivenes s  of 

Profile of seizure susceptibility in hamsters on the second exposure 
to sound 

Age at N Sensitization-test interval (days) 
audiosen- 0-6 7-9 10-12 13-15 16-18 over 
tization 18 
(days) 

21 (52) 0 0 0 0 0 0 

28 (155) 0 30 20 43 32 3 

31 (120) 0 9 17 35 9 0 

35 (1041 0 12 0 11 0 0 

42 (50) 0 0 0 0 0 0 

" Average daily seizure incidence (%). 
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w i t h d r a w a l  ref lexes  u p o n  r e p e a t e d  s t i m u l a t i o n  ha s  b e e n  
o b s e r v e d  in  k i t t e n s  ~° a n d  frogs ~*. Cond i t i oned  a u d i t o r y  
t r igge r ing  of ep i lep t ic  seizures  h a s  been  r e p o r t e d  in hu-  
m a n s  x~. U n f o r t u n a t e l y  t h e  precise  role of c o n d i t i o n i n g  is 
n o t  c lear  in  al l  of these  s i t ua t ions .  

The  cyclic se izure  su scep t ib i l i t y  in  h a m s t e r s  u p o n  re-  
p e a t e d  t e s t i n g  h a s  a s t r i k ing  pa ra l l e l  in  t h e  l i g h t - i n d u c e d  
ep i lepsy  of baboons .  KILLAM, KILLAM a n d  NAQUET 8 re- 
p o r t e d  t h a t  a l t h o u g h  some  b a b o o n s  were  h i g h l y  sens i t i ve  
a n d  a lways  r e s p o n d e d  to  f l a sh ing  l ight ,  m a n y  h a d  a cycl ic  
v a r i a b i l i t y  in  r e spons iveness  w h e n  t e s t e d  a t  week ly  or  b i -  
week ly  in te rva l s .  Such  v a r i a t i o n  was t h o u g h t  to  b e  a func-  
t ion  e i t h e r  of t h e  d u r a t i o n  of t h e  i n t e r t e s t  i n t e r v a l  or  of 
some genera l  phys io logic  cycle. 

T h e  s igni f icance  of aud iosens i t i zed  seizure su scep t ib i l i t y  
as a genera l ized  phys io logic  p h e n o m e n o n  is grea t .  I t s  ge- 
ne ra l  p a r a m e t e r s  - a br ie f  suscep t ib i l i t y  per iod  a t  a c r i t ica l  
age, fol lowed b y  a long c o n d i t i o n - t e s t  i n t e r v a l  m e a s u r e d  
in weeks  - sugges t  t h a t  sensory  c o n d i t i o n i n g  m a y  be  
o p e r a t i v e  b u t  over looked  in m a n y  e x p e r i m e n t a l  s i tua t ions .  
I n  c l inical  s i t u a t i o n s  a c o n d i t i o n i n g  fac to r  m a y  be  signifi-  

c a n t  in  some a p p a r e n t l y  s p o n t a n e o u s  seizures.  The  s t u d y  
of aud iosens i t i zed  seizure suscep t ib i l i t y  as a mode l  sys tem 
m a y  p r o v i d e  i n s t r u c t i v e  i n s igh t  n o t  on ly  i n to  bas ic  neuro -  
logic processes,  b u t  i n to  t h e i r  d e r a n g e m e n t s  as wel l  ~. 

Zusammen[assung. Nachwe i s  aud iosens ib i l i s i e r t e r  An-  
fglle b e i m  H a m s t e r  Mesocricetus auratus n a c h  IKonditio- 
n i e r u n g  au f  a k u s t i s c h e n  1Reiz. 
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P o t e n t i a l t s a t i o n  de l ' i soprf inal ine  par  l ' a s s o c i a t i o n  

L ' i n h i b i t i o n  de  l ' a c c u m u l a t i o n  i n t r a n e u r o n a l e  p r6synap-  
t i que  des  ca t~cho lamines  (up take - I )  se t r a d u i t  hab i tue l l e -  
m e n t  p a r  u n e  sens ib i l i sa t ion  des effets  des ca t6cho lamines  
su je t t es  ~ ce t t e  accumula t ion .  P a r  contre ,  pou r  ce qui  e s t  
de  l ' i sopr6nal ine ,  d o n t  l ' i n a c t i v a t i o n  s 'e f fectue  s u r t o u t  p a r  
a c c u m u l a t i o n  e x t r a n e u r o n a l e  1-~ e t  O - m 6 t h y l a t i o n L  ses 
effets  f l -adr6nergiques ne  son t  pa s  modif i6s  p a r  l ' i n h i b i t i o n  
de  l ' up take-1 .  Cependan t ,  d a n s  Ie p r6sen t  t r ava i l ,  nous  
a v o n s  observ6  une  p o t e n t i a t i s a t i o n  des effets  de  l ' i sopr6n-  
a l ine  sur  l 'o re i l le t te  e t  le d u o d e n u m  isol6s de Ra t ,  p r6 t ra i t6s  
p a r  deux  subs tances  g6n6ra l emen t  consid6r6es c o m m e  agis- 
s a n t  ~ u n  n iveau  p r6synap t ique ,  la 6 - h y d r o x y d o p a m i n e  
(6-OH-D) s-x0 e t  la r6serpine n - ~ .  

Mdthodes. Les coeurs et  d u o d e n u m s  de r a t s  a lb inos  Wis-  
t a r  (200 £ 300 g) on t  6t6 pr61ev6s aus s i t6 t  apr~s que  les ani-  
m a u x  a i e n t  6t6 assomm6s.  Les  orc i l le t tes  son t  mont6es  dans  
une  c h a m b r e  A organe,  c o n t e n a n t  30 m l  de so lu t ion  de MO- 
RAN XS ~ 31 °C oh b a r b o t e  u n  c o u r a n t  de carbog~ne.  Les  duo-  
denums ,  d o n t  on  ut i l i se  des f r a g m e n t s  de poids  i den t i que  
quel  que  soft  le p r ~ t r a i t e m e n t  auque]  les a n i m a u x  son t  sou- 
mis,  son t  pr6par6s  selon la  t e c h n i q u e  de HORTONXL On 
app l ique  des t ens ions  de 1 g aux  orei l le t tes  et  de 0,5 g a u x  
d u o d e n u m s .  Les  con t r ac t i ons  e t  r e l axa t ions  des p r6para -  
t i ons  son t  mesur~es  dans  des cond i t ions  i so ton iques  e t  
amplif i6es  au  m o y e n  d ' u n  m i c r o d y n a m o m ~ t r e  Ugo  Basi le  
e t  enregistr6es.  Les  effets  de 3 A 5 c o n c e n t r a t i o n s  d ' i sopr6n-  
a l ine  puis  de no rad r~na l ine  ( t emps  d ' expos i t i on :  2 ra in  p o u r  
les ore i l le t tes  e t  30 sec p o u r  les duodenums)  son t  6tudi6s 
su r  c h a q u e  p r6pa ra t ion .  Les  va leurs  m o y e n n e s  des  con t rac -  
t ions  ou des r e l axa t ions  observ6es,  mesnr6es  en  ram,  son t  
calcul6es e t  comparSes  e n t r e  elles p a r  le t e s t  t de S tuden t .  

Q u a t r e  groupes  de 6 an imaf ix  c h a c u n  o n t  6t6 6tudi6s :  
Groupe  1 ( t6moin) :  r a t s  isol6s en  cages indiv iduel les  
20°C, 14 jours  a v a n t  l 'exp6rience.  G r o u p e  2 (r6serpine):  
r a t s  isol6s c o m m e  ci-dessus e t  r e c e v a n t  10 m g / k g  de  r6ser- 
pine,  i.p., 19 h a v a n t  l 'exp6rience.  Groupe  3 (6-OH-D) : r a t s  
isol6s c o m m e  ci-dessus e t  r e c e v a n t  14 jours  a v a n t  l ' exp6-  
r ience  2 × 50 m g / k g  de 6-OH-D, i.v, e t  7 jours  a v a n t  Vex- 
p6r ience  2 × 100 m g / k g  de 6-OH-D,  i .wL Groupe  4 (6-OH- 
D + r6serpine) :  r a t s  t r a i t6s  c o m m e  ceux du  groupe  3 e t  
r e c e v a n t  en  ou t re  19 h a v a n t  l ' exp6r ience  10 m g / k g  de r6- 
serpine,  i.p. 

6 - h y d r o x y d o p a m i n e  et  r6serp ine  

Rdsultats. Ces r6su l ta t s  son t  i l lus t r6s  p a r  les T a b l e a u x  I 
e t  I I .  L a  6 -OH-D seule ou la r6serp ine  seule ne  m o d i f i e n t  
pas  s i g n i f i c a t i v e m e n t  les effets  de  l ' i sopr6na l ine  m a i s  po- 
t e n t i a l i s e n t  ceux de  la  no rad r6na l i ne  sur  les d e u x  p r6para -  
t ions .  

P a r  contre ,  le p r 6 t r a i t e m e n t  a s soc ian t  6 -OH-D e t  r~ser- 
p ine  po ten t i a l i se  cons id6 rab l emen t  les effets  de l ' i sopr6n-  
al ine,  les va leurs  observ6es  dans  le Groupe  4 6 t a u t  signifi- 
c a t i v e m e n t  sup6r ieures  A celles de  tous  les au t r e s  groupes.  
I1 po ten t i a l i se  anss i  les effets  de la  noradr6na l ine ,  s ignifica- 
t i v e m e n t  plus  que  la r6serpine seule, ma i s  pas  s ignif icat ive-  
m e n t  p lus  que  la  6-OH-D. 

Discussion. L ' i n h i b i t i o n  de l 'up take-1 ,  que  r6al isent  la 
6 -OH-D s,9 et  la  r6serpine a2,1~ po ten t i a l i se  c l a s s iquemen t  
les effets  de la no rad r6na l ine  a0, :L Nous  avons  r e t rouv6  ce 
p h 6 n o m ~ n e  dans  nos  exp6riences,  ma i s  observ6 auss i  que  
l ' a ssoc ia t ion  6 -OH-D et  r~serpine ne  po ten t i a l i s a i t  pa  s les 
effets  de la no rad r6na l ine  d a v a n t a g e  que la 6-OH-D seule, 
b i en  que  des r6ponses  m a x i m a l e s  n ' a i e n t  pas  6t6 a t t e in tes .  
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