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t ion  (0.04 mg/ml) of SQ~0881 used in vi t ro  app rox ima te s  
the  concen t r a t ion  p r e sen t  in the  blood following the  i.v. 
in jec t ion  of 0.4 mg of th is  inhibi tor .  Kin inase  ac t iv i ty  
was also inh ib i ted  in p lasma  and lung when  lead ace ta te  
was added  dur ing  the  incuba t ion  (table 1). 
Kin inase  I I  ac t iv i ty  was also measured  in p lasma  and  
lung f rom ra t s  which  had  previous ly  been in jec ted  wi th  
SQ20s81 or lead acetate .  R a t s  were killed a t  5 min and 
60 min  pos t - in jec t ion  and  the  resul ts  are shown in table  2. 
In  th is  case, in jec ted  lead ace ta te  does no t  inh ib i t  kini- 
nase ac t iv i ty  in p l a sma  and lung. The nonapep t ide ,  
SQ20sSl , m a rked ly  reduces  kininase ac t iv i ty  in the  p lasma  
dur ing  the  f i rs t  5 min  af ter  in jec t ion  and  even  60 min 
pos t - in jec t ion  only  30% of the  contro l  ac t iv i ty  was 
de t ec t ed  in the  plasma.  In  lung, however ,  SQl0ssl ad- 
min is te red  in vivo did no t  al ter  kininase ac t iv i ty  a t  e i ther  
t ime  period.  
Addi t iona l  expe r imen t s  were pe r fo rmed  to de te rmine  the  
effect  of SQ~ossl on the  endo tox in  le thal i ty .  Ra t s  were 
given var ious  doses of S. marcescens endotoxin ,  and  
SQ~0sSl or p h o s p h a t e  buffered  saline. The 0.4 mg dose of 
SQ~088~ used in vivo has  been shown to be effective in 
p o t e n t i a t i n g  the  act ion of b r adyk in in  in the  ra t  9. Mor ta l i ty  
was o b s e r v e d  af ter  72 h and the  resul ts  in table  3 show 
t h a t  the  k ininase  inhib i tor  had  no appreciable  effect  on 
endo tox in  sensi t iv i ty .  In  subsequen t  exper iments ,  SQ~0ssl 
was given 1.5 h before, and s imul taneous ly  wi th  endotoxin .  
Again there  was no a l te ra t ion  in l e tha l i ty  due to the  
SQ20ssv In  an addi t iona l  group of animals,  b radyk in in  
was in jec ted  along wi th  the  kininase inhib i tor  and endo-  

tox in  (table 4). E v e n  under  these  condi t ions  w i th  ve ry  
high circulat ing b radyk in in  these  was no increase in 
endo tox in  morbid i ty .  
This work  conf i rms the  results  of previous  inves t iga tors  10,11 
t h a t  t he  nonapep t ide ,  SQ20ss~ when  added  in vi tro is a 
ve ry  effective inhibi tor  of kininase I I  ac t iv i ty  in r a t  
p l a sma  and lung. Fu r the rmore ,  the  in x?itro add i t ion  of 
lead ace ta te  was shown to inh ib i t  kininase ac t iv i ty  in 
p lasma and lung. The concen t r a t i on  of lead ace ta te  used 
in vi t ro  app rox ima te s  the  a m o u n t  p resen t  in the  blood 
immed ia t e ly  following the  in jec t ion  of 10 mg of lead 
ace ta te  in a 200 g rat.  This dose of lead ace ta te  marked ly  
sensit izes ra t s  to  smal l  quan t i t i e s  of endo tox in  ~. I t  was  
clear, however ,  f rom the  le tha l i ty  da t a  p resen ted  in th is  
s t u d y  t h a t  SQ20ssl did no t  sensit ize ra t s  to endotoxin .  
E v e n  the  combina t ion  of k ininase  inh ib i to r  and b rady-  
kinin did no t  effect  endo tox in  morb id i ty .  These results  
lead to the  conclusion t h a t  ma rk ed  a l te ra t ions  in level 
of c irculat ing kininase ac t iv i ty  do no t  p lay  a crit ical role 
in the  le thal  effects of endo tox in  and  t h a t  the  mechan i sm 
of lead sens i t iza t ion  is no t  due to its kininase inhibi t ing 
proper t ies .  
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Summary. A rela t ively  s t e r eo typed  seizure reac t ion  can be t r iggered b y  the  'offset '  of an in tense  bell sound in C57BL/6J 
mice. Suscept ib i l i ty  to  th is  of fse t - induced audiogenic  seizure was found  to  depend  upon  the  age of the  animals  t es ted  
(higher in older  mice) and the  dura t ion  of the  noise exposure  (more effect ive wi th  longer exposure) .  

W h e n  cer ta in  s t ra ins  of mice are exposed  to in tense  noise, 
t h e y  m a y  show a charac ter i s t ic  s t e reo typed  sequent ia l  
r eac t ion  consis t ing of wild running,  clonic seizure and 
in some cases tonic  seizure and  dea th .  This  p h e n o m e n o n  
is widely  k n o w n  as audiogenic  seizure. Suscept ib i l i ty  to 
audiogenic  seizure m a y  be due to  t he  genetic background  
of the  animals :  h igh ly  seizure-prone mice are l ikely to 
seize on the  f irs t  exposure  to  an in tense  noise whereas  
no rma l ly - r e s i s t an t  mice are no t  s . However ,  seizure sus- 
cep t ib i l i ty  can be induced in se izure-res is tant  s t ra ins  of 
mice  by  d rug -wi thd rawa l  p rocedures  (e.g. ethanolS, 5 or 
b a r b i t u r a t e  6 wi thdrawal)  or by  a p r iming  procedure  
which  consis ts  of expos ing  animals  to an in tense  noise 
a few days  prior  to t es t ing  for audiogenic  seizure~, s. 
In  th is  r epor t  we descr ibe a d i f fe rent  t y p e  of audiogenic 
seizure reac t ion  which,  to the  bes t  of our knowledge,  
has  no t  been  d o c u m e n t e d  in the  l i terature.  The classic 
audiogenic  seizure p h e n o m e n o n  descr ibed presviously  
refers  to a seizure dr iven  by  cont inuous  acoust ic  s t imula-  
t ion.  The seizure to be descr ibed here is, instead,  t r ig-  
gered by  the  offset  of in tense  aud i to ry  s t imulat ion.  
Animals  used in th is  e x p e r i m e n t  were C57BL/6J  mice 
which  are normal ly  regarded  as being se izure-res is tant  s. 
However ,  t h e y  can be m a d e  seizure suscept ible  by  
p r iming  a t  cer ta in  ages 7. The of fse t - induced audiogenic 

seizure was discovered when  we were t es t ing  for the  ra te  
of spon taneous  audiogenic  seizure (i.e. animals  who seize 
on the  ve ry  f irs t  exposure  to  noise) in ma t u r e  C57BL/6J 
mice. Animals  of various ages were exposed  to  a 125-127 
dB (re 0.0002 d y n / c m  2) bell sound  for 60 sec or unt i l  
seizure occurred.  In  t he  process  of t es t ing  we noted  t h a t  
some animals  showed a re la t ive ly  s t e r eo typed  moto r  
d isplay  af ter  the  bell was tu rned  off. Typical ly,  an animal  
would sudden ly  jerk  backwards  in to  an exaggera ted  
s t and ing  pos ture  wi th  all 4 l imbs r igidly ex tended .  The 
whole b o d y  shook vigorously and the  taft  wr i thed  in a 
lateral ,  repti le-l ike swimming  mot ion.  Before collapsing 
into a re la t ively  re laxed and f l a t t ened  posture ,  mos t  of 
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t h e  an ima l s  would  swing t h e i r  bodies  s ideways  a n d  ' b o b '  
t h e i r  heads  up  a n d  down  a feiv t imes .  Th i s  'o f fse t '  
seizure usua l ly  occur red  i m m e d i a t e l y  a f te r  t he  o f f se t  of 
t he  bel l  sound  a n d  las ted  f rom 3 to 10 sec. De layed  
r eac t ions  were n o t e d  in on ly  3 ins t ances  and  la tenc ies  
for these  were e s t i m a t e d  a t  0.5-1 sec. Those  a n i m a l s  
w h i c h  e x h i b i t e d  these  offset  seizures also showed  a 
cha rac t e r i s t i c  b e h a v i o r a l  p a t t e r n  du r ing  bet l  s t imu la t ion .  
Th i s  cons is ted  of an  in i t ia l  s t a r t l e  response  to t he  loud 
sound  followed b y  m o v e m e n t  a b o u t  t he  t e s t  c h a m b e r  for  
a s h o r t  t i m e  (usal ly a b o u t  10 sec). The  an ima l s  would  

t h e n  freeze in to  a tense,  mot ion less  pos t u r e  for t h e  
r e m a i n d e r  of t he  exposure  excep t  for occas ional  h e a d  
m o v e m e n t s .  
The  incidence  of o f f se t - induced  seizure appea r s  to  be  a 
func t i on  of t he  age of t he  an i m a l s  tes ted .  The  figure,  
a, .shows t he  p e r c e n t a g e  of mice  showing  offset  seizure 
w h e n  t h e y  were  t e s t e d  a t e i t h e r  40, 100, 160 • 5, 200 =~ 5, 
300 • 5 or 400 + 5 days  of age, T he  resu l t s  i nd i ca t e  
t h a t  young  an ima l s  r a re ly  show th i s  t y p e  of se izure;  
t he  p e r c e n t a g e  of seizure was  h i ghes t  for t he  2 midd le  
age g roups  a n d  decl ined w h e n  t he  an i m a l s  grew older.  
I n  a d d i t i o n  to t h e  age factor ,  t he  inc idence  of seizure 
response  is also d e p e n d e n t  on  t he  d u r a t i o n  of t he  noise 
exposure .  1 week  a f te r  f i rs t  t e s t i ng  for offset  seizure,  
mice of t he  200-day-old  g roup  were r e p e a t e d l y  t e s t ed  
eve ry  second d a y  u n d e r  4 d i f fe ren t  exposure  d u r a t i o n s  
(5, 15, 30 and  60 sec). T he  order  of t e s t i ng  for each  
cond i t i on  was r a n d o m i z e d  for each  mouse.  T he  resu l t s  as 
s h o w n  in t he  figure,  b, i nd i ca t e  t h a t  t i le offset  seizure 
does depend  on  t he  d u r a t i o n  of t he  noise exposure  
(Cochran ' s  Q- tes t :  Q[3J = 16.03, p < 0.01). A 5-sec- 
exposure  was n o t  v e r y  ef fec t ive  in i nduc ing  offset  sei- 
zure  as c o m p a r e d  w i t h  longer  exposure  du ra t ions .  The re  
is also an  i nd i ca t i on  t h a t  longer  noise exposure  m a y  resu l t  
in  longer  offset  seizure. M e a n  d u r a t i o n  of t he  seizure 
response  for t he  5-, 15-, 30- a n d  60-sec-groups were 3.4, 
4.9, 5.2 and  5.7 sec, respect ive ly .  Overa l l  compar i son  
of t he  4 g roups  (based on  resu l t s  of 3 mice  t h a t  showed  
offset  seizure on  e v e r y  test)  ind ica te  t h a t  t he  dif ference 
was s ign i f ican t  a t  t he  0.075 level  ( F r i e d m a n ' s  2-way-  
ana ly i s i s  of v a r i a n c e  Z~r = 6.6); t h e  dif ference a m o n g  
t h e  l a t e n c y  scores of t he  15-, t he  30- a n d  t he  60-sec- 
g roup  (based on  resu l t s  of t hose  7 mice  t h a t  seized on 
each  test)  was  s ign i f i can t  a t  t he  0.052 level  (Z2r = 6.33). 
The  dif ference b e t w e e n  t he  30-sec- a n d  t he  60-sec-group 
was  n o t  s ign i f ican t  (Wi lcoxon ' s  m a t c h e d  pa i r s  test ,  
T = 22). 
Suscep t ib i l i t y  to  offset  seizure appea r s  to  r e m a i n  s t ab le  
ove r  a long pe r iod  of t ime.  3 m o n t h s  a f t e r  t e s t i ng  for t he  
effect  of exposure  d u r a t i o n ,  all  14 mice (one died) were 
aga in  t e s t e d  in a r a n d o m  order  u n d e r  each  of 3 exposure  
d u r a t i o n s :  60, 90 a n d  120 sec. In  order  to  reduce  t he  
s equen t i a l  effect  of r e p e a t e d  noise exposure ,  t he  second 
t e s t  was c o n d u c t e d  4 days  a f t e r  t he  f i rs t  a n d  t h e  3rd 
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t e s t  6 days  a f t e r  t he  2nd tes t .  The  resul ts ,  as s h o w n  in 
t h e  figure,  b, i nd i ca t e  l i t t le  change  in inc idence  of seizure 
ove r  t i le 3 -mon th -pe r iod  (under  t he  60-sec-condi t ion  on ly  
2 mice fai led to  seize on  t h e  2nd tes t ) .  I t  is of i n t e r e s t  to  
no t e  t h a t  t he  inc idence  of offset  seizure was h i g h e r  in 
t h i s  e x p e r i m e n t  t h a n  t h a t  s h o w n  b y  an ima l s  of c o m p a r a b l e  
age (300 days  old) in  t he  p rev ious  e x p e r i m e n t  (figure, a). 
Th i s  could be  due  to  t he  f ac t  t h a t  these  an ima l s  were n o t  
na ive  to  offset  seizure. T h e y  h a d  been  m a d e  to seize a t  a 
suscep t ib le  age. I t  suggests t h a t  exper i enc ing  seizure a t  a 
sens i t ive  per iod  m a y  m a k e  t he  seizure r i sk  ' p e r m a n e n t ' .  
No s ign i f i can t  change  in seizure r a t e  a n d  d u r a t i o n  of 
seizure was n o t e d  for t he  3 exposure  du ra t ions .  
I n t e n s e  sensory  s t i m u l a t i o n  m a y  induce  florid seizures 
in b o t h  an ima l s  a n d  m a n  9,1~ However ,  t he  resu l t s  of 
t h i s  e x p e r i m e n t  d e m o n s t r a t e ,  in a r a t h e r  s t r ik ing  fashion,  
t h a t  offset  of sensory  s t i m u l a t i o n  (in t h i s  case a u d i t o r y  
s t imula t ion}  m a y  also ac t  as a n  p o t e n t  t r igger  for seizure 
p rec ip i t a t i on .  
I t  is n o t  c lear  how these  offset  seizures  are induced .  
However ,  t he re  are a few in t e r e s t i ng  fea tu res  w h i c h  m a y  
p rov ide  clues as to  t he  mechan i sm(s )  involved .  
1. The  fac t  t h a t  offset  seizure r i sk  is a g e - d e p e n d e n t  sug- 
gests  t h a t  the  p h e n o m e n o n  m a y  be r e l a t ed  to t he  m a t u -  
r a t i o n a l  stake of ne rvous  s y s t e m :  The  younge r  an imals ,  
w h i c h  r a r e ly  showed  offset  seizure genera l ly  d id  n o t  
m a i n t a i n  t h e  mot ionless ,  f rozen pos tu re  shown  b y  t he  
older,  offset  se izure-prone  mice d u r i n g  t he  noise exposure .  
Th i s  f ind ing  impl ies  t h a t  t he i r  n e r v o u s  sys t ems  were 
r eac t i ng  to  t he  noise in a d i f fe ren t  fashion .  

2. The  offset  seizure r eac t i on  is ' aud iogen ic '  in n a t u r e  
because  i t  on ly  occurred  a t  t he  offset  of the  bel l  sound  
a n d  a f te r  a ce r t a in  m i n i m u m  d u r a t i o n  of acoust ic  s t imu-  
l a t i on  (see t h e  figure,  b). 
3. The  fac t  t h a t  inc idence  of seizure s e e m s . t o  increase  
w i t h  d u r a t i o n  of exposure  implies  t h a t  offset  seizure 
depends  u p o n  a bu i ld -up  of s t i m u l a t i o n - i n d u c e d  n e u r a l  
a c t i v i t y  wh ich  is re leased b y  s t imu lus  offset. T h a t  offset  
of s t i m u l a t i o n  m a y  ac t  as a n  effect ive  s t imu lus  for t r ig-  
ger ing seizure m a y  n o t  seem so su rp r i s ing  in v iew of 
phys io log ica l  d a t a  w h i c h  show t h a t  t he re  are cells in  
t h e  a u d i t o r y  p a t h w a y  w h i c h  r e spond  to  offset  of s t imu-  
l a t i on  n,l~.  In  f ac t  t he  p r e s e n t  r e su l t  raises  t h e  ques t ion  
of w h e t h e r  s t imulus  d u r a t i o n  m a y  af fec t  t he  size of such  
offset  responses.  
4. The  fac t  t h a t  offset  seizures h a v e  no t  been  obse rved  
in  m a t u r e  B A L B / c  mice la  suggests  t h a t  the re  m a y  be  a 
genet ic  bas is  for offset  seizure risk. F ina l ly ,  i t  is of in-  
t e r e s t  to  no t e  t h a t  ch lo rp romaz ine  (1 mg/kg) suff ic ient  
to  suppress  p r i m i n g  i nduced  ' onse t '  audiogenic  seizure 
in  th, is s t r a i n  of mice ha s  no effect  on  offset  seizures 
inc idence  (unpub l i shed  da ta ) .  T h u s  d i f fe rent  n e u r a l  
m e c h a n i s m s  m a y  be  i n v o l v e d  in m o d u l a t i o n  of ' onse t ' -  
i nduced  a n d  ' o f f se t ' - induced  audiogenic  seizures. Th i s  
m a y  p rov ide  a useful  mode l  for exp lor ing  t he  n a t u r e  of 
i n h i b i t o r y  func t ion  in t he  cen t r a l  n e r v o u s  sys tem.  
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