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(p < 0.05). In t e re s t ing ly ,  an ima l s  m a i n t a i n e d  on a 
2 L : 2 2 D  p h o t o p e r i o d  also show th i s  seasonal  di f ference 
(p < 0.01), sugges t ing  t h a t  i t  is no t  d e p e n d e n t  on  l eng th  
of da i ly  pho tope r iod .  T he  work  of Wirz -Jus t i ce~ ,  also 
us ing  an  in v i t ro  u p t a k e  model ,  impl ies  s u p p o r t  for our  
resul t s  b y  showing  m a x i m u m  m o n o a m i n e  u p t a k e  in b r a i n  
slices du r ing  Oc tober  and  m i n i m u m  u p t a k e  d u r i n g  June .  
The  fac t  t h a t  these  seasonal  differences pers i s t  in the  
l a b o r a t o r y  e n v i r o n m e n t  as well as in field cond i t ions  sug- 
gests  e i the r  an  endogenous  gene ra to r  m e c h a n i s m  or per-  
h a p s  a sub t le  geophys ica l  mechan i sm.  One c u r r e n t  mole- 
cu la r  t h e o r y  a t t r i b u t e s  r h y t h m s  to m e m b r a n e  changes  
which,  v ia  a n  ion t r a n s p o r t  sys tem,  could inf luence  t he  
c o n f o r m a t i o n a l  s t a t e  of the  membrane11.  This  m a y  h a v e  
i m p o r t a n t  impl i ca t ions  for changes  in m o n o a m i n e  re- 
u p t a k e  sites, synap t i c  vesicles, and  con t ro l  fac tors  in 
n e u r o n a l  ac t iv i ty .  
Yet ,  e n v i r o n m e n t a l  l i gh t ing  is t he  m a j o r  and  m o s t  con-  
s i s t en t  e x t e r n a l  va r i ab l e  and  Ze i tgeber  to af fec t  b o t h  the  
s u p r a c h i a s m a t i c  nucleus  12 and  the  p inea l  la v ia  d i rec t  
n e u r o n a l  l inks  w i t h  the  re t ina .  F u r t h e r m o r e  p inea l ec tomy ,  
which  r emoves  the  h o r m o n a l  o u t p u t  of th i s  g land,  has  
been  shown to induce  cy tochemica l  changes  in ce r t a in  
ceils w i th in  t he  s u p r a c h i a s m a t i c  nuc leus  sugges t ing  mod-  
u l a t i on  of s u p r a c h i a s m a t i c  n e u r o n a l  or sec re to ry  ac- 

t i v i t y  1,. Re i t e r  has  d e m o n s t r a t e d  t h a t  the  p inea l  is cr i t i -  
cal for the  a n n u a l  r e p r o d u c t i v e  capab i l i t y  of the  golden  
h a m s t e r  1~, a n d  o the r s  h a v e  sugges ted  t h a t  the  p inea l  m a y  
func t i on  as an  i n t e g r a t i n g  device b e t w e e n  t he  p r i m a r y  
synchron ize r  of e n v i r o n m e n t a l  pho tope r iod  and  va r ious  
regional  b r a i n  indole r h y t h m s .  The  roles of t h e  va r ious  
serotonergic ,  c a t echo lamine rg i c  and  o the r  chemica l  me-  
d ia to r s  in t he  phys io logy  of the  s u p r a c h i a s m a t i c  nuc leus  
are no t  comple t e ly  unde r s tood ,  b u t  i t  does a p p e a r  v e r y  
l ikely now t h a t  the  i m p o r t a n c e  of th i s  nuc leus  in medi-  
a t ing  l ight  i n f o r m a t i o n  for cen t r a l  ne rvous  s y s t e m  perio-  
d ic i ty  is widespread  a m o n g  m a m m a l s  12. The  i m p o r t a n c e  
of m o n o a m i n e  pe r iod ic i ty  in t he  s u p r a c h i a s m a t i c  nucleus,  
and  of re la ted  c i r cannua l  endocr ine  r h y t h m s ,  m a y  s tem,  
a t  leas t  in  par t ,  f rom a d a p t a t i o n s  to a p p r o p r i a t e l y  t i m e d  
r e p r o d u c t i v e  t r oph i c  and  s te ro id  h o r m o n e s  for o p t i m a l  
r ep roduc t i ve  success and  thus ,  species surv iva l .  
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Summary.  Audiogenic  seizures can  be induced  in gene t ica l ly  non-suscep t ib le  17-day-old mice (Rb/3  s t ra in)  w i th  var ious  
results .  P r i m i n g  only  induces  9~ of seizures, a u d i t o r y  insu la t ion  3,8~ while e x p e r i m e n t a l  ot i t is  leads to  79%. The  
hypo thes i s  conce rn ing  disuse supe r sens i t i v i t y  s u b s e q u e n t  to  acoust ic  d e p r i v a t i o n  was no t  conf i rmed  b y  t he  expe r ime n t .  
However ,  modi f i ca t ion  of acoust ic  t r an s m i s s i on  a t  middIe  ear  level induced  b y  ot i t i s  or ear  phys ica l  d a m a g e  d u r i n g  t he  
m a t u r a t i o n  period,  exposes the  uppe r  ne rvous  cen te r s  to in tense  s t i m u l a t i o n  to wh ich  the  reac t ion  is a r ec ru i t ing  
response.  

R e c e n t  s tudies  h a v e  d e m o n s t r a t e d  t h a t  audiogenic  sei- 
zures (A.S.) could be  induced  in gene t ica l ly  non-suscep-  
t ib le  mice fol lowing acoust ic  pr iming1,  2, t y m p a n i c  mem-  
b r a n e  pe r fo r a t i on  3, or p lugging  of the  ex t e rna l  m e a t u s  ~, 
du r ing  a cr i t ica l  per iod  of p o s t n a t a l  d e v e l o p m e n t  (17-25 
days).  I t  was hypo t he s i zed  t h a t  t he  acoust ic  d e p r i v a t i o n  
resu l t ing  f rom such  modi f ica t ions  p roduces  a s u b s e q u e n t  
h y p e r r e a c t i v i t y  (disuse supersens i t iv i ty )  of the  CNS 
a u d i t o r y  centers .  However ,  on  one h a n d ,  t he  effects  of 
acoust ic  p r i m i n g  on A.S. suscep t ib i l i ty  are d i f fe ren t  in 2 
gene t ica l ly  r e s i s t a n t  s t r a ins  of mice (17% A.S. in t he  C57 
B L  Char les  R i v e r  and  on ly  9% A.S. in  the  Rb/3)  whi le  
the  a u d i t o r y  i m p a i r m e n t  m e a s u r e d  b y  cochlear  p o t e n t i a l  
sh i f t s  are iden t i ca l  a. (Rb :  Swiss a lb inos  ha s  2 s ubs t r a in s :  
Rb /1  gene t ica l ly  suscept ib le  to  A.S. Rb /3  gene t i ca l ly  re- 
s i s t an t  [Mouse News Le t t .  1959, C o m p a n i o n  issue No. 21, 
p. 42].) Therefore ,  m e c h a n i s m s  o the r  t h a n  t h a t  of disuse 
supe r sens i t i v i t y  m u s t  be invo lved  in the  i n d u c t i o n  of 
seizure suscept ib i l i ty .  
On t he  o the r  h a n d ,  s p o n t a n e o u s  midd le  ear  infec t ions  
enhance  A.S. sens i t i za t ion  fol lowing acoust ic  p r i m i n g  b y  
an  electric bell  in gene t ica l ly  non-suscep t ib le  mice 8. An-  
o t h e r  p r i m i n g  (10 kHz,  120 dB) gave a 62~ seizure r a t e  
in t he  Rb /3  r e s i s t an t  s t ra in ,  b u t  23% of these  an ima l s  
h a d  s p o n t a n e o u s  midd le  ear  infect ion.  1 yea r  later ,  how- 
ever,  ident ica l  expe r i m en t s  p roduced  s ign i f i can t ly  dif- 
f e ren t  resul t s :  23~ A.S. and  5% ot i t i s  (Niaussat ,  un-  

pub l i shed  da ta) .  Cons ider ing  these  f indings,  a s t u d y  was 
u n d e r t a k e n  to  define t he  exac t  inf luence of o t i t i s  on A.S. 
sens i t iza t ion ,  in gene t i ca l ly  non-suscep t ib le  mice. I r r i -  
t a t i v e  ot i t is  was  chemica l ly  induced  in such  mice and  a n  
inves t iga t ion  was c o n d u c t e d  to d e t e r m i n e  the  possible  
r e l a t ionsh ip  b e t w e e n  v a r y i n g  degrees of ear  d a m a g e  and  
t he  n a t u r e  of the  r e su l t ing  seizures. 
Materials and methods. The  ot i t i s  induced  was to  be  irri-  
t a t i v e  b u t  non- in fec t ious  to  avo id  i n t r o d u c t i o n  of a 
pa tho log ica l  r eac t ion  of t he  o rgan i sm to infect ion.  Af te r  
p r e l i m i n a r y  t r ia ls  w i t h  va r ious  chemica l s :  e.g.,  s i lver  
n i t r a t e ,  t r i ch lo race t i c  acid, formol,  B - m e t h y l - m e t a c r y l a t e ,  
t he  l a t t e r  was  found  to be  m o s t  i r r i t a t ive  to  the  e x t e r n a l  
and  midd le  ear  skin and  mucosa .  B - m e t h y l - m e t a c r y l a t e  
is a den ta l  c e m e n t  ca t a lyze r  wh ich  was d i scovered  to be  
i r r i t a t i ve  to  mouse  skin  w h e n  used in excess d u r i n g  
i m p l a n t a t i o n  of chronic  e lec t rodes  (personal  obse rva t ion ) .  
17-day-old mice  f rom the  non-suscep t ib le  R b  s t r a in  were 
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used. The 216 animals  selected were divided into 5 groups 
to d i f ferent ia te  the  inf luence of the  chemical  f rom those  
of the  var ious  man ipu la t ions  involved in the  procedure .  
Group 1 : 6 2  mice received several  drops  of B-methy l -  
me tac ry la t e  in each ear. To insure a close con tac t  be tween  
the  chemical  and the  skin of the  ear canal,  a co t ton  bolus 
was in t roduced  into the  mea tus  and was held in place by  
folding the  p inna  over  i tself and c lamping it shu t  w i th  a 
7.5 m m  surgical wound  clip. Ttlis t r e a t m e n t  no t  only irri- 
t a t e d  the  ex te rna l  ear w i th  the  corrosive chemical  b u t  also 
par t i a l ly  insula ted the  mouse  f rom a m b i a n t  noise. Group 2 : 
51 mice received only  sterile co t ton  in the  ear canal  held in 
place as descr ibed above.  Group 3 : 3 3  mice had  only  a 
sl ight  acoustic  insula t ion by  occlusion of the  p inna  as in 
groups 1 and 2. Group 4 : 2 2  mice were acoust ical ly  
depr ived  by  being k e p t  in an individual  anechoic chamb e r  
(background noise = 31 dB, l inear measure).  Cot ton  wool 
replaced the  normal  l i t ter  to absorb  the  noise of the  
an imal ' s  own movemen t s .  Group 5 : 4 4  control  mice were 
given equal  hand l ing  b u t  u n d e r w e n t  no exper imen ta l  
manipula t ions .  
Af ter  a 5-day- interval ,  the  p inna  and the  mea tus  (groups 
1-3) were cleared and  all animals  were t e s t ed  wi th  an 
electric bell (b roadband  10-40 kHz,  110 dB SPL) for 1 
min,  or unt i l  convuls ive  seizure occurred:  e i ther  wild 
runn ing  (R), clonic (C1), or tonic seizure (T). Af ter  t e s t ing  
the  mice were killed and  dissect ions of the  per iphera l  
aud i to ry  sys tem were pe r fo rmed  to s t u d y  and classify 
the  incidence and  na tu re  of ear damage.  
Resul t s .  Resul t s  for the  5 exper imenta l  groups are given 
in the  table .  No ot i t is  and no audiogenic seizures were 
observed in the  control  group. However ,  acoustic  depr iva-  
t ion in the  anechoic c h a m b e r  induced a sl ight  occurence 

Percentage of A.S. and ear damage in control and experimental 
groups and their statistical values (t-test) 

Treatment Numbers Per cent of A.S. Per cent ear 
at 17 days of mice at 22 days damage 

Control 44 0 0 
Liquid, cotton wool 
and clamp 62 79 ~ 86 d 
Cotton and clamp 51 52 b 45 e 
Clamp only 33 24 ~ 27 f 
Acoustic deprivation 22 3.8 0 

~,b !o < 0.0001 (HS); b,o p < 0.05 (NS); a,e p < 0.00001 (HS); 
e,~p < 0.13 (NS). 

75 
% 

[ ]  No otitis 
[ ]  Mild irritation 
[ ]  Otitis externa 

50 !i!i [-] Otitis media 

0 R C[ 

Relation between each type of convulsive reaction and various 
degrees of ear damage. 0 No seizure; R running only; Cl clonic 
seizure; T tonic seizure. 

of A.S. (3,8%) w i t h o u t  otit is.  A l though  the  i r r i ta t ive  
chemical  induced a high p ropor t ion  of A. S. and  ear damage  
(79% and  86%) in the  o ther  3 groups,  the  sterile co t ton  
and even  the  c lamp alone b ro u g h t  abou t  a re la t ive ly  high,  
b u t  non  significant,  incidence of A.S. and  otit is.  On the  
o ther  hand ,  these  are global resul ts  which  do no t  dif- 
fe ren t ia te  be tween  the  3 t ypes  of convuls ive  seizures 
(wild running,  clonic and  tonic  seizures) and  the  various 
degrees of ear damage.  
To de te rmine  the  re la t ionship  be tween  these  var ious  reac- 
t ions, t he  142 cases of ear damage  observed  ou t  of the  216 
ear autopsies  pe r fo rmed  were re -examined  and  classed into 
3 categories:  1. Mild i r r i ta t ion  of the  ear canal  and of the  
p inna  due to  the  wound  caused by  the  c lamp or to a skin 
react ion to the  co t ton  bolus. 2. Otit is  ex te rna  wi th  
congest ion of the  ear canal,  hypersec re t ion  of the  ceru- 
minous  glands and  occasional  vasodi la t ion  of the  ear d rum.  
3. Oti t is  media  w i th  or w i t h o u t  per fora t ion  of the  t y m -  
panic  membrane .  The i r r i t an t  chemical  induced e i ther  
otit is ex te rna  or media.  
- Of the  104 mice exhib i t ing  non  convuls ive  seizures, a 
40% oti t is  ra te  was never the less  observed.  
- Of the  111 mice exhib i t ing  A.S., an average ra te  of 
90% ear damage,  pr incipal ly  ot i t is  media  and externa ,  
was observed.  
The difference be tween  these  2 percentages  is h ighly  
s ignif icant  (S tuden t ' s  t - tes t ,  t :  7.5 p < 0.001). 
The percentages  of various degrees of ear damage  for each 
type  of convulsive react ion to  acoustic s t imula t ion  are 
shown in the  figure. 75% of the  mice exhibi t ing  tonic  
seizure, 28~ of those  exhib i t ing  clonic seizures, and 31% 
of those  exhib i t ing  wild runn ing  were affl icted wi th  oti t is  
media.  The results  indicate  t h a t  there  is a d i rect  relat ion- 
ship be tween  the  p ropor t ion  of ot i t is  media  observed and 
the  sever i ty  of the  convuls ive  reaction.  Oti t is  ex te rna  is 
observed mos t  of ten  in mice exhibi t ing  clonic seizures 
(52%). 
Discus s ion .  A posi t ive correla t ion exists  be tween  the  
presence  of ot i t is  and the  onse t  of A.S. af ter  in tense  
acoustic  s t imulat ion.  This re la t ionship  has  been es tab-  
lished in the  ra t  7. Specific pa thogenic- f ree  animals  have  
a lower seizure suscept ib i l i ty  t h a n  convent iona l  animals  s. 
We propose  the  following hypo thes i s :  the  presence of a 
congest ive  s ta te  or a middle  ear effusion modifies acoustic  
t ransmiss ion  along the  ossicular chain by  impair ing con- 
t rac t ions  of the  middle  ear muscles,  and as a result, the  
aud i to ry  sys tem is no longer p ro tec ted  f rom acoustic 
overloading.  This can be re la ted  to the  recrui t ing phe-  
nomenon  a l ready  observed in genet ical ly  susceptible 
mice% The hypo thes i s  concerning aud i to ry  hypersen-  
s i t iv i ty  due to sensory  depr ivat ion1-4 was no t  conf i rmed 
in th is  expe r imen t  as only  3,8% of the  acoust ical ly de- 
pr ived  mice reac ted  wi th  A.S. The acoustic  depr iva t ion  
ob ta ined  by  plugging the  ear  canal  was effective only  
when accompanied  by  congest ion of the  ex te rna l  or middle  
ear. 
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