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MOSS, D. E. AND J. B. ROGERS. Effect o f  cobra neurotoxin on retention o f  a brightness discrimination in rats. 
PHARMAC. BIOCHEM. BEHAV. 3(6) 1147-1148,  1975. - In view of some recent evidence that blockade of nicotinic 
acetylcholine receptors might interfere with memory recall, the possibility that intracranial injections of purified cobra 
neurotoxin, an irreversible nicotinic receptor blocker, would produce long-lasting amnesia was explored with a brightness 
discrimination habit in rats. The results indicate that even the highest tolerable dose of neurotoxin had no detectable effect 
on memory recall. 
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A large b o d y  of  evidence has  been  a c c u m u l a t i n g  which  
suggests t h a t  chol inergic  n e u r o t r a n s m i s s i o n  is necessary  for  
the  recall  o f  m e m o r y .  In par t icular ,  an t i cho l ines te rases  and  
drugs tha t  b lock  muscar in ic  ace ty l cho l ine  r ecep to r s  have 
been  s h o w n  to in f luence  r e t e n t i o n  of  a b r igh tness  discrimi- 
n a t i o n  hab i t  in rats by faci l i ta t ing and  d i s rup t ing  recall  [ 2 ] .  
Recen t  evidence d e m o n s t r a t i n g  t ha t  p u r o m y c i n ,  a power fu l  
amnes t i c  agen t  wi th  long-last ing ef fec t  [ 5 ] ,  b locks  the  
response  to ace ty lcho l ine  in n e u r o m u s c u l a r  t ransmiss ion  in 
a m a n n e r  t ha t  is on ly  par t ly  reversible [ 9 ] ,  suggests t h a t  
long- te rm b lock ing  of  n ico t in ic  recep tors  migh t  be a cause 
of  long-last ing amnesia .  However ,  choice  of  a n ico t in ic  
r ecep to r  b locke r  to  tes t  th is  h y p o t h e s i s  requires  special 
a t t e n t i o n  to c o n f o u n d i n g  side effects  of  the  drug. The use 
o f  gal lamine (Flaxedi l ) ,  d - tubocura r ine ,  h e x a m e t h o n i u m ,  
and  o t h e r  s imilar  well k n o w n  n ico t in ic  b lock ing  agents  
would  be whol ly  unsu i t ab le  for  this  purpose  because  t hey  
are v i r tua l ly  all p o t e n t  i nh ib i to r s  of  ace ty lcho l ines te rase  
[ 3 , 6 ] .  The ef fec t  of  these  c o m m o n l y  k n o w n  n ico t in i c  
b lockers  would  be c o n f o u n d e d  wi th  ace ty lcho l ines te rase  
i nh ib i t i on  and,  the re fo re ,  muscar in ic  s t i m u l a t i on  or  b lock-  
ing effects .  Al te rna t ive ly ,  snake v e n o m  n e u r o t o x i n  has  no  
ef fec t  on  ace ty lcho l ines te rase  act iv i ty  [4 ] .  While i t  shou ld  
be n o t e d  t h a t  Dr. Paul B o q u e t  cou ld  n o t  d e m o n s t r a t e  the  
label l ing of  chol inergic  recep tors  in mouse  bra in  wi th  
t r i t i a t ed  n e u r o t o x i n  (personal  c o m m u n i c a t i o n ) ,  i t  is a 
specific i rreversible n i co t in i c  r ecep to r  b locker  [7]  r epo r t ed  

to b i n d  n ico t in ic  recep tors  f rom m a m m a l i a n  cent ra l  ner-  
vous sys tem tissue [ 1 ] .  Therefore ,  the  purpose  of  the  
p resen t  inves t iga t ion  was to de t e rmine  if in t rac ran ia l  
in jec t ions  of  pur i f ied  cobra  n e u r o t o x i n  would  p roduce  
amnes ia  for  a b r igh tnes  d i sc r imina t ion  hab i t  in rats  s imilar  
to  t h a t  f o u n d  in earlier e x p e r i m e n t s  [2 ] .  

METHOD 

Animals and Surgery 

One week pr ior  to  the  beginning  of  t ra ining,  51 male 
Sprague Dawley rats weighing a p p r o x i m a t e l y  350 g were 
i m p l a n t e d  with chron ic  guide cannulae  so s u b s e q u e n t  
in t rac ran ia l  in jec t ions  could  be made  w i t h o u t  anes the t ic .  
The bi la tera l  cannulae  were placed at b regma - 3 . 6  m m  and 
5.0 m m  lateral  to  the  midsagi t ta l  su ture  wi th  the  u p p e r  
inc isor  bar  5.0 m m  above the  in te raura l  l ine so in jec t ions  
8.0 m m  be low dura were in the  area of  the  vent ra l  
h i p p o c a m p u s  and  e n t o r h i n a l  co r t ex ;  an in jec t ion  site which  
p roduces  reliable and  comple t e  p u r o m y c i n - i n d u c e d  amnes ia  
in rats  ( u n p u b l i s h e d  data).  The cannulae  were 5.0 m m  
lengths  of  22 ga steel  t ub ing  which  were placed so they  
e x t e n d e d  1.0 m m  below dura.  The in t rac ran ia l  in jec t ions  
were made  wi th  an in jec t ion  cannu la  which  was curved so 
the  t ip was 1.5 m m  off  cen te r  when  it was p laced  t h r o u g h  a 
guide cannula .  In jec t ions  were made  wi th  the  t ip d i rec ted  
rost ra l ly ,  la teral ly ,  and  caudal ly  t h r o u g h  each guide cannu la  
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to insure wide d i s t r ibu t ion  of the n e u r o t o x i n .  Each 
in jec t ion  c o n t a i n e d  f rom 1 to 5 ul vo lume depend ing  upon  
the  dose of  neu r o t ox i n .  

P r o c e d u r e  

The animals were t ra ined and r e t en t i on  tes ted  by 
re learning in a Y maze ident ical  to  tha t  e m p l o y e d  by 
Wiener and  Deutsch  [8 ] .  The grid f loor  was c o n n e c t e d  to  a 
shock source which  delivered 1.75 m A  foot  shock.  Some 
animals  were t aught  to en t e r  the  l ighted alley, o thers  were 
t aught  to  en t e r  the da rkened  alley. Tra in ing  was c o n t i n u e d  
wi th  a 20 sec in ter t r ia l  in terval  unt i l  the  animal  made  11 
correct  responses  ou t  of  12 trials. Rats  taking fewer than  15 
or more  than  70 trials were e l imina ted  f rom the  experi-  
ment .  R e t e n t i o n  tes t ing  was c o n d u c t e d  in exact ly  the  same 
m a n n e r  as the  t ra in ing  dur ing  the  per iod 3 to 6 days af te r  
t ra in ing  when  muscar in ic  r ecep to r  blockers  in te r fere  wi th  
m e m o r y  recall [ 2 ] .  

Group  1 (n = 8) was used to de te rmine  if  in jec t ion  of  
tox in  would  produce  a last ing dec remen t  in recall,  there-  
fore, 30 ug of  tox in  were in jected immed ia t e ly  af te r  
t ra in ing  and  r e t en t i on  tes t ing  was c o n d u c t e d  6 days later.  
Group  2 (n = 6) was in jec ted  wi th  45 ug of  tox in  3 days 
af te r  t ra in ing  and r e t e n t i o n  tes ted  24 hr  la ter  to  parallel  
earlier expe r imen t s  [2 ] .  Group  3 (n = t2 )  was used to 
de t e rmine  if tox in  admin i s te red  over  several days would  
have a greater  ef fec t  than  one single dose, there fore ,  20 ug 
of tox in  were admin i s te red  immedia t e ly  af te r  t ra in ing  and 
1 0 ug were admin i s t e red  24 and 48 hr  thereaf te r .  R e t e n t i o n  
tes t ing  for  Group  3 fol lowed the  last in jec t ion  by  48 hr  to  
allow the  animals  to  recover  f rom the inject ions.  

The  cobra  n e u r o t o x i n  used in these expe r imen t s  was 
pur i f ied ~ t o x i n  f rom Na/a nigricol / is  v e n o m  and was the  
generous  gift of  Doc teur  Paul Boque t  of  the  Ins t i tu t  o f  
Pasteur,  Paris. The crystal l ine tox in  was dissolved in 0.1 M 
phospha t e  (Na) buffer ,  pH 7.0, and s tored at 4 ° p ro t ec t ed  
f rom light. The  c o n c e n t r a t i o n  of  tox in  was 5 ug/ul  and dose 
was varied by  changing the volume of the  in ject ion.  

An es t imate  of toxin  d i s t r ibu t ion  achieved by the 

mul t ip le  in t racran ia l  in ject ions  used in these expe r imen t s  
was d e t e r m i n e d  by in jec t ing 0.1 percen t  malachi te  green in 
i so ton ic  saline using the  same t echn iques  and p rocedures  
used wi th  the  tox in  inject ions.  T w e n t y  four  hr  af ter  the 
stain was in jected,  the  brains  were removed ,  f rozen,  and  
sec t ioned  and  the  d i s t r ibu t ion  of the stain was recorded.  

RESULTS AND DISCUSSION 

The mult iple  in t racrania l  in jec t ion  p rocedure  used result- 
ed in the  d i s t r ibu t ion  of  malachi te  green t h r o u g h o u t  the  
h i p p o c a m p u s  and  en to rh ina l  cor tex  f rom a p p r o x i m a t e l y  
b regma - 1 . 0  to  - 5.4 m m  with  the heaviest  s ta in ing  f rom 
bregma 2.8 to - 4 . 4  mm. Stain was also observed to 
spread to the  lateral  ventr ic les  and o the r  su r round ing  tissue 
suggest ing tha t  the  tox in  was widely d is t r ibuted  t h r o u g h o u t  
the brain.  The LDs0 for this  cobra  n e u r o t o x i n  in jec ted  
in t racrania l ly  in rats under  these expe r imen ta l  cond i t ions  
was d e t e r m i n e d  to be app rox ima te ly  55 izg in 18 rats given 
30, 60, or  80 ug. There  was 100 percent  survival at 30 ug, 
34 percen t  survival at 60 ug, and 100 percent  dea th  at  80 
ug. All animals  no t  surviving died be tween  4 and 24 hr  a f te r  
in jec t ion ,  appa ren t ly  f rom respi ra tory  failure. 

The rats requi red  an average of 48 trials in t ra ining (36 
trials before  the  cr i ter ion trials) and  all animals,  regardless 
of toxin  in jec t ions  admin is te red  in Groups  1, 2, and 3, 
showed  exce l len t  r e t en t ion  equivalent  to  u n o p e r a t e d  con- 
trols  in spite of  the  fact tha t  rats r e t en t ion  tes ted  in Group  
3 all showed  ex t r eme  muscular  weakness  af ter  the first few 
trials in the  r e t en t ion  test.  They had to l i terally drag 
themselves  t h r o u g h  the  maze,  suggesting tha t  there  was a 
subs tan t ia l  a m o u n t  of toxin  outs ide the brain which  
in te r fe red  with vo lun ta ry  m o t o r  func t ion ,  p re sumab ly  by 
b lock ing  n e u r o m u s c u l a r  t ransmiss ion .  These results  suggest 
s t rongly tha t  m e m o r y  recall does no t  depend  on n ico t in ic  
receptors  af fected by cobra  neu ro tox in .  It is no t  possible,  
however ,  to comple te ly  rule ou t  n ico t in ic  chol inergic  
func t ions  in m e m o r y  insofar  as there  may be n ico t in ic  
receptors  in the  cent ra l  ne rvous  sys tem tha t  are no t  b locked  
by cobra  neu ro tox in .  
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