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PHARMAC. BIOCHEM. BEHAV. 1(1) 125-127, 1973.-In two series of experiments the effects were investigated of 
chlordiazepoxide (CDP) upon acquisition of avoidance behavior in mice using footshock to establish an avoidance response 
and posttrial electroconvulsive shock (ECS) to retroactively disrupt the retention of that response. The relationship of 
either footshock and/or ECS during passive avoidance conditioning acquisition following prior drug treatment provided for 
reduced active avoidance response acquisition where such training was given following assessment of the retention of the 
passive avoidance behavior. The present experiments suggest that chlordiazepoxide interacts with acquired avoidance 
behavior such as to modify the amnesic properties of ECS. This may be due to a partial antagonism of the ECS induced 
retrograde amnesia, or to modification of active avoidance acquisition by drug treatment. 

Chlordiazepoxide Avoidance behavior Retrograde amnesia 

THE varied effects  of  chlordiazepoxide  (CDP) upon 
appetet ive and aversive behaviors in animals have been 
reviewed [6] ,  and it was indicated that  the differences 
observed, particularly in the mode of  avoidance behavior,  
may be at t r ibutable  to CDP action. Moreover,  there has 
been the suggestion [5] that CDP provides for a state 
specificity upon which such behaviors may be dependent  
and for which they  become state related. It would appear 
that  both  the observations and assumptions above are 
consistent with the view that  the effects of CDP upon 
avoidance behavior,  where performance  factors may be 
excluded,  relate to acquisi t ion,  f ixation,  or retrieval effects 
as probably dependent  upon drug related changes in central  
synaptic activity. In the exper iment  reported here, it was 
our purpose to consider the effect  of  CDP upon passive 
a v o i d a n c e  c o n d i t i o n i n g  in mice, the effect of  
pos tcondi t ioning amnesic t rea tment  upon such behavior, 
and measurements  of the drug passive avoidance interact ion 
as altered by an amnesic t rea tment  upon active avoidance 
behavior.  

The amnesic t rea tment  uti l ized in this study was 
electroconvulsive shock (ECS), which has been shown to 
modi fy  the status of several central putative t ransmit ter  
systems [2 ] ,  as well as producing a t ime dependent  
retrograde amnesia in exper imenta l  animals [ 1 ]. In previous 
experiments ,  we have indicated that the effects of  drugs, 

amnesic agents, or environmental  condi t ions  upon passive 
avoidance behavior may not necessarily be reflected in 
differences in passive avoidance acquisit ion,  as measured by 
one or more re tent ion trials; it may, however,  be more 
clearly indicated in the acquisit ion of active avoidance 
behavior in the same situation,  where the animal actively 
avoids those stimuli which it has previously been trained to 
avoid passively [4] ; the same basic technique was utilized 
in the present study, with CDP effects considered in 
interact ion with the amnesic effects of postcondi t ioning 
ECS. 

METHOD 

Eight groups of  male CF-1S strain mice, matched for 
li t ter of  origin, age (32 days), and weight (~28  g), were 
const i tuted with 20 animals each. Four  groups were given 
IP injections of  4.0 mg/kg of  CDP in 0.9% saline, while the 
remaining four  groups were injected, IP, with an equivalent 
volume of the saline vehicle (Exper iment  1). At 60 min 
following injection,  all groups were given a single trial 
experience in an apparatus designed to provide for acquisi- 
t ion of  a passive avoidance response [3] .  The condit ions 
used, each for one CDP treated group and one saline treated 
group were: (1) training footshock (FS), fol lowed within 
10 sec by electroconvulsive shock (ECS -- 10 mA, 200 
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msec, 400  V, appl ied t r anscornea l ly ) ;  (2)  no t ra in ing 
f o o t s h o c k  (F"S), fo l lowed wi th in  10 sec by ECS; (3) FS 
wi th  sham ECS (ECS-appl ica t ion  of  the__corneal e lec t rodes  40 
w i t h o u t  passage of  cu r ren t ) ;  (4)  no  FS (FS),  wi th  sham ECS 
(E'~-'g). A test ing trial was given 24 hr  fol lowing t ra in ing  to 
assess b o t h  the  inc idence  of  passive avoidance  acquis i t ion  
and drug effect  u p o n  u n c o n d i t i o n e d  behavior ,  It may  be ~ 30 I 
no ted  tha t  the  drug t r e a t m e n t  did no t  a l ter  the  suscepti-  
bil i ty of  the  mice to a full c lon ic- ton ic  convu l s ion  induced  g 
by ECS which  occur red  in all mice given ECS, and it did ~ 20 
not  affect  f o o t s h o c k  th resho ld ,  as infer red  f rom the  onse t  
of  a m o t o r  response  to shock onset  in drug t rea ted  mice. 

In a separate  e x p e r i m e n t a l  series I E x p e r i m e n t  2) groups  .= ~o 

of mice (N = 20) were injected with CDP (4.0 mg/kg)  or 
saline (0.9':~) and provided  wi th  the  passive avoidance  
t ra in ing cond i t ions ,  as previously  descr ibed.  These animals  
were t rea ted  with e i ther  CDP or saline, in a c ross -matched  
design, 60 rain pr ior  to passive avo idance  tes t ing  and active 
avoidance  t ra in ing;  i.e., saline t rea ted  mice, on  passive 
avoidance  t ra ining,  were given e i ther  saline or CDP prior  to 
tes t ing and active avoidance  t ra ining,  and CDP t rea ted  mice 
were t hen  again given e i the r  CDP or saline. 

R E S U L T S  A N D  D I S C U S S I O N  

As may  be expec t ed  among  the  saline t rea ted  mice,  
those  t ra ined  wi th  FS, and no t  given pos t t r a in ing  ECS, 
showed  a high inc idence  (90%) of  passive avo idance  
response  re ten t ion .  The  percen t  inc idence  of  active avoid- 
ance responses  measured  over  the  t ra in ing  series has been  
summar i zed  in Fig. 1 for  each of the  pr ior  cond i t i ons  of 
drug t r e a t m e n t  or passive avoidance  training.  It is a p p a r e n t  
tha t  decreased active avo idance  acquis i t ion  was associated 
wi th  those  t r e a t m e n t s  in which  e i ther  FS or ECS were given 
on passive avoidance  t ra ining,  or  ne i the r  was used. 

A high incidence  of  passive avo idance  acquis i t ion ,  as 
provided by FS wi th  ECS was also cons i s t en t  wi th  a 
reasonable  level of  active avoidance  responding ;  i.e., passive 
avoidance  acquis i t ion  faci l i ta ted active avoidance.  Unde r  
the  con t ro l  cond i t i ons  of  the e x p e r i m e n t ,  the  active 
avoidance  data  also served as an index  of rel iabi l i ty  for  the  
s tabi l i ty  of  the  amnesic  effect  of  pos t t r a in ing  ECS, in t h a t  
if the re  were residual  r e t e n t i o n  of an avoidance  response ,  
this  would  likely be ref lected in an improved  rate of  active 
avoidance  acquis i t ion ;  this  was not  observed for the  FS-ECS 
group  unde r  saline t r e a t m e n t  cond i t ions .  

The  groups  t rea ted  wi th  CDP pr ior  to passive avoidance  
t ra in ing  showed,  for  some of these cond i t ions ,  active 
avoidance  acquis i t ion  cons i s t en t  wi th  t ha t  observed for  the  
FS-ECS group (a level of act ive avoidance  responding ,  
ident ical  to t ha t  of  saline con t ro l s ,  as would  be expec t ed  
f rom the  cond i t i ons  of  the  e x p e r i m e n t ) ;  it would  appear  
tha t  e i ther  dual  s t imu la t ion  (FS-ECS) or no shock s t imula-  
t ion  (FS-ECS) ,  p resen ted  dur ing  the  t ra in ing  exper ience  
af te r  CDP t r e a t m e n t ,  p rovided  for  e i ther  suff ic ient  preser-  
va t ion  of  the  aversive proper t i es  of the  s i tua t ion  or absence  
of  any genera l izable  conf l ic t  cues so as to a u g m e n t  the  
active avoidance  behav ior  shown u n d e r  such cond i t ions .  

The  results  of  drug crossover  p rocedure  ( E x p e r i m e n t  2) 
were not  essent ial ly  d i f fe ren t  f rom those  previously  ob-  
served, in tha t  CDP t r e a t m e n t  pr ior  to passive avoidance  
test ing and active avoidance  t ra in ing  provided for  an 
i n c r e a s e d  incidence  of  active avoidance  responses  
(x2=6 .66 ;  p < 0 . 0 1 )  comparab l e  to tha t  wh ich  occur red  
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HG. 1. Percent incidence of active avoidance responding :is a 
function of" prior conditions of drug treatmenl and conditions ol" 
passive avoidance training. 
I:S-ECS - Training trial footshock, with posttrial ECS. 
FS -ECSI - No training trial footshock, with posttrial ECS. 
t:S-ECS - Training trial footshock, with no posttrial ECS. 
FS-ECS - No training trial tootshock, with no posttrial ECS. 

w h e n  no prior  f o o t s h o c k  or ECS were given. These  f indings 
indica te  t ha t  the  effects  of CDP in the  p resen t  expe r imen t a l  
paradigm in te rac t  wi th  the  amnes ic  effects  of ECS or 
modi fy  s i tua t iona l  aversive cues when  the  effects  of  the  
drug are manifes t  dur ing passive avoidance  training.  

The  same effect  was no t  obsmwed for  active avoidance  
acquis i t ion,  nor  was it app rop r i a t e  to suggest drug s tate  
d e p e n d e n c y  or specif ici ty.  The  c o n t r i b u t i o n  of  the  single 
passive avoidance  t ra in ing  trial,  wi th  e i ther  its preceding  
drug t r e a t m e n t  or its c o n s e q u e n t  ECS effect ,  to the  
acquis i t ion  of  an active avoidance  response  seems fu r the r  
es tabl ished f rom these  results.  

It would  seem appropr i a t e  to  no te  t ha t  the present  
results  do not  f ind a ready exp l ana t i on  in a s ta te  depend-  
ency  hypo thes i s  or in any simple response-specif ic  effect  of  
CDP. It appears  l ikely t ha t  the  effects  of  CDP, as ref lec ted  
in the  data  f rom the  present  expe r imen t s ,  are two-fo ld :  one  
ac t ion  may be in the  par t ia l  an t agon i sm of  tile ECS induced  
re t rograde  amnes ia  of  avoidance  t ra ining,  such tha t  the  
active avoidance  t ra in ing  serves as a r e m i n d e r  exper i ence  for  
a more  rapid r e i n s t a t e m e n t  of the  aversive p roper t i e s  of  the  
shock e n v i r o n m e n t .  The  absence  of  FS or ECS, in the  
passive avo idance  paradigm,  obvious ly  did no t  provide  for  
any  passive avoidance  acquis i t ion  unde r  saline or drug 
t r e a t m e n t  cond i t ions .  The  h igher  ra te  of  active avo idance  
acquis i t ion  by mice previously  given CDP wi th  no FS or 
ECS may  reflect  a drug confe r red  general ized avers ion to a 
da rkened  c h a m b e r  in which  no discrete  posi t ive or negative 
cues prevail. No actual  suppor t  for  this  poss ibi l i ty  can  be 
derived f rom the  present  data.  It does  seem a p p a r e n t  tha t  
CDP active dur ing  passive avoidance  cond i t i on ing  in te rac t s  
with  the  effects  of ECS and relates to s i tua t iona l  cues 
relevant  for  the  express ion  of related active avoidance  
behavior .  
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