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SCHREIBER, R. A. AND N. N. SANTOS. Audiogenic se&ures and brain extracts: enhancement by extracts from 
C57BL/6J mice subjected to audiogenic priming. PHARMAC. BIOCHEM. BEHAV. 6(5) 603-605,  1 9 7 7 . -  Donor 
C57BL/6J mice were given audiogenic priming (AP) by exposure to noise at 16 days of age (To) and sacrificed at intervals 
from 1 hr to 18 days thereafter. Brains from AP and littermate non-AP mice were extracted in 1 M acetic acid, and passed 
through a filter with a nominal mol. wt. cutoff of 10,000 daltons. The filtrates were lyophilized and resuspended in H: O 
(0.1 ml/brain). Recipient C57BL/6J mice were also exposed to 30 sec of 127 -+ 2 dBA at 16 days of age, and injected IP 
with one brain-equivalent of extracts from either AP or non-AP donors immediately thereafter. All recipients were tested 
for convulsability at 18 days of age. There were no differences in audiogenic convulsion rates between groups given AP or 
non-AP extracts from donors sacrificed 1 to 4 hr after T o. Recipient convulsion rates were higher in AP relative to non-AP 
extract-injected mice when AP donors were sacrificed 1 to 18 days after T o. The extract taken from donors 1 day after T o 
appears more potent than extract taken either before or later. 

Audiogenic priming C57BL/6J mice Brain extracts Audiogenic seizures 

T H E R E  H A V E  been  four  previous ly  pub l i shed  a t t e m p t s  to  
isolate and  pur i fy  b ra in  c o m p o u n d s  wh ich  confe r  a l tered 
sensi t iv i ty  to in tense  noise.  Two majo r  ca tegor ies  of  
c o m p o u n d s  have been  inves t iga ted:  subs tances  wh ich  
should  resul t  in lowered  rec ip ien t  reac t iv i ty  ( d o n o r  hab i tu -  
a ted) ,  and  subs tances  which  should  resul t  in he igh t ened  
rec ip ien t  reac t iv i ty  ( d o n o r  acous t ica l ly  sensi t ized) .  

E x p e r i m e n t s  in the  first ca tegory  inc lude  those  of  Ungar 
and Ocequera -Navar ro  [12]  and  Daliers and  Riguax- 
M o t q u i n  [3 ] .  B o t h  g roups  h a b i t u a t e d  the i r  rats  to an 
acous t ic  s t imulus .  The  f o r m e r  group p repa red  an ace tone-  
ex t r ac t ed  d ia lysa te  bra in  f rac t ion ,  and  the  la t ter  group a 
pheno l - ex t r ac t ed  f rac t ion.  In b o t h  studies,  h a b i t u a t i o n  to 
the  same acous t ic  s t imulus  was s ignif icant ly  e n h a n c e d  in 
rec ip ien ts  of  h a b i t u a t e d  ex t r ac t  as c o m p a r e d  to rec ip ien ts  
of n o n h a b i t u a t e d  ex t rac t .  

There  are also two pub l i shed  e f for t s  to  confe r  height-  
ened  rec ip ien t  react iv i ty .  Bo th  Fjerd ings tad  [ 5] and Corwin  

and S tanfo rd  [2] subjec ted  C 5 7 B L / 6 J  mice to audiogenic  
pr iming  (AP),  de f ined  as an ini t ia l  exposure  to noise of 
suff ic ient  qua l i ty  to induce  suscept ib i l i ty  to audiogenic  
seizures on  a subsequen t  exposure  to a suff ic ient  acoust ic  
s t imulus.  D o n o r  mice in b o t h  e x p e r i m e n t s  were sacrificed 
at varying intervals  a f te r  AP; F je rd ings tad  ex t r ac t ed  the  
bra in  wi th  Ringer ' s  so lu t ion ,  and Corwin  and S tan fo rd  
dialyzed against  Ha O. Recip ient  mice were tes ted  wi th  a 
n u m b e r  of  var ious  in jec t ion- tes t  t ime  c o m b i n a t i o n s ;  ne i t he r  
of the  two  e x p e r i m e n t s  genera ted  s ignif icant  da ta  on an 
ini t ial  rec ip ien t  tes t  for e n h a n c e d  convulsabi l i ty .  Corwin  
and S tan fo rd  re tes ted  some of  the i r  rec ip ien ts  yet  again, 
and  in some ins tances  a few more  mice convulsed af ter  
in jec t ion  wi th  d o n o r  p r imed  ex t rac t s  as compared  wi th  no t  
p r imed  ext rac t .  

C 5 7 B L / 6 J  mice appear  an ideal test  sys tem,  since first, 
the  la ter  behaviora l  response  to aud iogenic  p r iming  (in- 
duced  convulsab i l i ty )  is no t  u n d u l y  compl ica ted  by  the  

1 A portion of these data were presented at the 67th meeting of the American Society for Biological Chemists, San Francisco, June 
6-10 ,  1976. 

2 Request reprints from Dr. Robert A. Schreiber, Brain Research Insitute, Department of Biochemistry, University of Tennessee Center 
for the Health Sciences, Memphis, TN 38163. 
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need for  repea ted  trails by  e i the r  the  d o n o r  or the  rec ip ient ,  
secondly ,  use of  inbred  subjects  resul ts  in v i r tua l  elim- 
ina t ion  of  genet ica l ly  based sources  of  behaviora l  vari- 
abi l i ty ,  th i rdly ,  the  response  has  a n u m b e r  of  easily 
de l inea ted  levels, and data  are no t  necessari ly  compl i ca t ed  
by di f f icul t ies  in a t t e m p t i n g  to score the  behav io r  of  each  
subject ,  or  the  necess i ty  to assign some a rb i t r a ry  cr i ter ion 
of  p e r f o r m a n c e ,  and fou r th ly ,  the  t ime  courses  of  the la te r  
effects  of  given s t imul i  of  par t i cu la r  du ra t i on  and in t ens i ty  
dur ing AP on C 5 7 B L / 6 J  mice of  a par t i cu la r  age are now 
k n o w n  [9 ,10 ] .  We repor t  be low our  first e f for t s  to a l ter  
convulsab i l i ty  in rec ip ien ts  by d o n o r  subs tance(s )  ex t r ac t ed  
f rom selected donors .  

On the basis of  the  e x p e r i m e n t s  m e n t i o n e d  above,  there  
is no  reason  to expec t  tha t  the  subs tance  of  in te res t  may  
no t  be a pept ide .  Maxson,  Towle  and  Sze [8] have supplied 
add i t iona l  ev idence  for  a pep t ide  h y p o t h e s i s  by  showing  
tha t  cyc lohex imide  and  p u r o m y c i n  b locked  the  i n d u c t i o n  
of  convulsab i l i ty  in C 5 7 B L / 6 J  mice when  in jec ted  pr ior  to 
AP, bu t  no t  when  in jected af te rward .  There fore ,  prel imi-  
na ry  e f for t s  to isolate an active f rac t ion  of  bra in  have been  
d i rec ted  toward  t echn iques  of e x t r a c t i o n  of  bra in  pept ides .  

M E T H O D  

Animals 

A to ta l  of  144 C 5 7 B L / 6 J  mice (Mus musculusJ were 
used in these e x p e r i m e n t s  ( the  origins and inb reed ing  of 
these mice have been  descr ibed [7] ). Breeding s tocks  were 
ob ta ined  f rom the  Jackson  L abo r a t o r y ,  Bar Harbor ,  ME. 
Mice were m a i n t a i n e d  on  ad lib Wayne Mouse Breeder  chow 
and tap water.  An a u t o m a t i c  swi tch  tu rned  f luorescen t  
l ights in the  co lony  room on at 0700  hr  and  of f  at  1900 hr. 
The t e m p e r a t u r e  was m a i n t a i n e d  at a p p r o x i m a t e l y  23 ° C. 

Apparatus and Procedures 

Mice were placed in a ba t t e r y  jar ,  3 0 c m  (outs ide  
d iamete r )  x 46 cm high,  enc losed  in a s o u n d - a t t e n u a t i n g  
box wi th  an obse rva t ion  window [ 1 1 ] .  Each  mouse  was 
al lowed 15 sec to explore  dur ing  which  t ime the lids to the  
jar  and the  box were put  in place. An Edwards  No. 340  bell 
was a t t a ched  to the  ja r  lid, which  genera ted  a b road  band  
o u t p u t  of  127 ~+ 2 dBA [9 ] .  The bell was t hen  tu rned  on  
for 30 sec for  all mice subjec ted  to AP. 

E X P E R I M E N T A L  

One-ha l f  of  each d o n o r  l i t ter  were subjec ted  to AP at 1 6 
days of age (day of  b i r th  = Day 0), ta i l -marked,  and placed 
back wi th  the i r  m o t h e r  unt i l  sacrifice. If any  mice 
r e sponded  wi th  a wild run  or a more  severe seizure dur ing  
the p r iming  per iod,  the  ent i re  l i t t e r  was discarded.  

D o n o r  mice (AP or non-AP)  were sacrif iced by  decapi-  
t a t ion  at vary ing  intervals  a f te r  pr iming.  Brains be tween  
l i t ters  wi th in  cond i t ions  were pooled ,  placed on dry ice, 
assigned a code by R.A.S.,  and lyophi l ized .  The freeze-dried 
bra ins  were powdered  in a m o r t a r  wi th  dry ice, placed in a 
f reezer  unt i l  the dry ice had  subl imed,  and ex t r ac t ed  wi th  
cold 1.0 M acetic acid for  2 hr. 

The s u p e r n a t a n t  was cent r i fuged for 1 hr at 5 ° at  6 ,000  
rpm and  lyophi l ized.  The p o w d e r  was t aken  up in 0.05 ml  
H 2 0  per  mg of  bra in  powder ,  cen t r i fuged  as above,  and 
passed t h r o u g h  a UM10 Amicon  filter,  wi th  a tool. wt. 
cu to f f  of  10,000 dal tons .  The f i l t ra te  was lyophi l ized ,  and 

resuspended  in 0 .10  ml H : O  per  brain.  The two samples  
(AP or n o n - A P  donors )  were then  coded again (by  N.N.S.) 

Li t ters  of  rec ip ien t  mice were subjected  to the bell noise 
for 3 0 s e c  at 16 days of  age, in jected lP wi th  one 
bra in-equiva len t  of one  of  the d o n o r  ex t rac t s  in 0. I0 ml 
H 2 0  immed ia t e ly  the rea f te r ,  and tail marked .  Recip ients  
were tes ted  for  suscept ib i l i ty  to  audiogenic  convuls ions  at 
18 days  of  age, a t ime  of an average group convuls ion  rate 
and also a t ime  of  rapid change f rom zero to max imal  
responsiveness  [ 9 , 10 ] .  All AP and all rec ip ien t  tes t ing took  
place be tween  1100 and 1 4 0 0 h r  to con t ro l  for circadian 
r h y t h m s  [ 1 1 ]. 

The codes were b r o k e n  af te r  all of  a par t icular  pair of 
ex t rac t s  (AP or non-AP)  had been used and the recipient  
mice tes ted.  

R E S U L T S  

A mouse  mus t  wild run pr ior  to  en te r ing  in to  a clonic 
seizure,  and  clonic  before  tonic ,  etc.  Table 1 is cons t ruc t ed  
to ref lect  this: If an animal  had a ton ic  seizure, t ha t  fact 
was ref lec ted  in the percen tage  of  mice having a wild run 
and also in the  percen tage  of  clonic seizures. This table 
shows the data  poo led  across l i t ters  for  each of the 
donor-sacr i f ice  intervals  examined .  There  were no signifi- 
cant  effects  of  ex t rac t s  t aken  f rom mice sacrificed 1 to 4 hr 
a f te r  AP. The greates t  e f fec t  was observed using ex t rac t  
f rom AP donor s  sacrificed I day later.  Slight e n h a n c e m e n t s  
in convulsab i l i ty  were seen in the mice in jec ted  wi th  AP 
subs tance  t aken  2 to 18 days later,  t h o u g h  given the  small 
N and purposefu l ly  buil t- in var iabi l i ty  in rec ip ient  con- 
vulsabi l i ty  at 18 days, these d i f fe rences  were not  statisti-  
cally s ignif icant .  

Each l i t ter  of  rec ip ien t  mice cons t i t u t e s  a separate  
expe r imen t ,  the  compar i son  being w h e t h e r  the mice in- 
j ec ted  wi th  subs tance  f rom AP mice showed more  severe 
convuls ions  than  those  l i t t e rma tes  in jected wi th  subs tance  
f rom n o n - A P  mice. Mice f rom nine separate  l i t ters were 
inc luded  in the  1-day data.  Mice receiving AP ex t rac t  had a 
h igher  mean  seizure level in 7 of  the  9 compar i sons  (x 2 = 
5.07, p <  0.05).  

DISCUSSION 

It shou ld  be r eemphas ized  tha t  th is  first e x p e r i m e n t  was 
designed to invest igate  the poss ibi l i ty  tha t  d i f fer ing donor -  
p r ime  donor-sacr i f ice  t imes might  af fec t  the  qual i ty  of  the 
ext ract .  The d o n o r  ex t rac t  used in this  e x p e r i m e n t  was 
in jected in to  s tandard  rec ip ien ts  which  were given AP at 1 6 
days of  age and which  were then  tes ted 2 days later.  
E igh teen  days of  age is one of the i n t e rmed ia t e  group 
suscept ib i l i ty  and also high group variabi l i ty ,  so tha t  ef fects  
in e i the r  d i rec t ion  could be de tec ted  [ 10].  O the r  variables,  
inc luding the  rec ip ien t  p r ime- in jec t ion  interval ,  the recip- 
ient  pr ime- tes t  interval ,  o the r  routes  of  in jec t ion ,  and 
dose-responses  remain  to be tes ted.  Once the mos t  effect ive  
paradigm resul t ing in the greates t  behaviora l  d i f ferences  
be tween  groups  is known ,  then one could fu r the r  frac- 
t iona te  the  d o n o r  brain  ex t rac t ,  and con t inue  the search for 
the  active f rac t ion(s )  which  al ter(s)  a convulsab i l i ty  behav- 
ioral bioassay. 

Suscept ib i l i ty  to sound- induced  convuls ions  has been 
cons idered  an expe r imen ta l  model  for  the l abora to ry  
inves t iga t ion  of  sensory  epi lepsy [ 1, 4, 6 ] .  The expe r imen t  
repor ted  here shows tha t  as a result  of  AP, a subs tance  can 
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T A B L E  1 

THE PERCENTAGE OF AUDIOGENIC CONVULSIONS 1N RECIPIENT C57BL/6J MICE 
(DATA POOLED ACROSS LITTERS FOR EACH OF THE DONOR-SACRIFICE INTERVALS EXAMINED) 

Prime to Donor 
Sacrifice Time Extract From Primed Mice Extract From Nonprimed Mice 

N =  WR C C+ T D N =  WR C C+ T D 
1 hour 10 70 50 50 20 0 10 60 30 20 20 0 
2 hours 5 40 40 0 0 0 5 40 20 20 20 20 
4 hours 6 66 33 33 17 0 5 80 40 20 20 0 

X l - 4 h o u r s  21 62 43 33 14 0 20 60 30 20 20 5 

1 d a y  14 86 71 50 29 7 16 75 31 13 6 0 

2 days 17 71 52 35 29 12 17 71 47 24 24 12 
5 days 11 81 81 63 54 27 11 81 54 54 45 9 
l0 days 13 62 54 46 31 15 13 77 39 15 15 8 
18 days 17 94 53 53 41 12 15 80 60 40 20 7 

Xl-18 days 72 79 61 49 36 14 7-2 76 46 28 21 

WR = wild run; C = clonic flexion convulsion; C+ = clonic extension convulsion; T = tonic 
convulsion; D = lethal convulsion. 

*Donors: One half of each C57BL/6J litter was subjected to 30 sec of 127 dBA noise Day 16. Mice 
were then sacrificed at intervals thereafter indicated. Brains within conditions were then pooled, 
extracted as described, and injected IP. 

*Recipients: All recipients were subjected to 30 sec of 127 dBA noise at 16 days of age, and were 
then injected IP with extract (one brain-equivalent per mouse in 0.1 ml H20) immediately thereafter. 
All recipients were then tested for convulsability at 18 days of age. 

Statistically significant X 2 values (df = 1, p<0.05) are underlined in the table. 

be f o u n d  for a br ief  t ime  wh ich  e n h a n c e s  seizure levels in 
recipients .  This  e x p e r i m e n t  is the  first in a series des igned 
to e luc ida te  the  molecu le ( s )  involved in al tered react ivi ty  
levels in these  mice.  If th is  e f fo r t  proves  f ru i t fu l ,  t h e n  a step 
in d e t e r m i n i n g  one of m a n y  possible  m e c h a n i s m s  of  
i ndu ced  convu l sab i l i t y  will have  been taken.  
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