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DANTZER, R. Effects of diazepam on behaviour suppressed by extinction in pigs. PHARMAC. BIOCHEM. BEHAV. 6(2) 
157 161, 1977. - -  Diazepam injected to pigs previously trained to perform an operant response for food according to 
a continuous reinforcement schedule significantly increased resistance to extinction compared to control pigs. In pigs 
submitted to a time-out procedure diazepam increased the number of nonreinforced responses at the beginning of the 
acquisition but was unable to disinhibit suppressed behaviour in the later stages of acquisition when the extinguished 
behaviour was well acquired. The results are discussed with respect to antiaversive or disinhibitory effects of 
benzodiazepines and an alternative interpretation, the strengthening of the prevailing behavioural tendency in the animal's 
repertoire at the time of test, is put forward. 
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S E V E R A L  i n t e r p r e t a t i o n s  have been  p u t  forward  to 
a ccoun t  for  the  s t rong d i s inh ib i to ry  ef fec ts  of benzo-  
d iazepines  on  pun i shed  r e spond ing  ranging f rom mo- 
t iva t ional  i n t e r f e rence  ( anx io ly t i c  ac t iv i ty  [28]  or  increase 
in food  m o t i v a t i o n  [ 2 6 ] )  to  a t e n d e n c y  to increase low 
levels of r e spond ing  ( ra te  d e p e n d e n c y  pr inc ip le  [ 2 3 , 2 7 ] )  or 
a general  d i s inh ib i to ry  ac t ion  [19]  ). To decide b e t w e e n  all 
these theor ies  the  effects  of  b e n z o d i a z e p i n e s  on  b e h a v i o u r  
suppressed by  o t h e r  means  t h a n  p u n i s h m e n t  are of  in teres t .  
This is especial ly the  case wi th  n o n r e i n f o r c e m e n t  sup- 
pressed behav iou r  as it can be regarded e i the r  as a 
consequence  of  f rus t r a t ion  [1] or as an example  of  n o n  
pun i shed  low rate  behaviour .  However  a survey of  the  
l i t e ra tu re  on  the  effects  of  benzod iazep ines  on  non -  
re in forced  behav iou r  reveals some incons is tenc ies :  whi le  
oxazepam p r o d u c e d  a large increase  in the  rate of  n o n  
re in forced  r e spond ing  of  rats  t r a ined  to press a lever for  
sweetened  milk [ 19] and ch lo rd i azepox ide  res tored  be- 
hav iour  a t t e n u a t e d  by n o n r e i n f o r c e m e n t  in a w i thd rawa l  
p rocedure  [16]  or in a more  c o n v e n t i o n a l  t ime-ou t  
p rocedu re  [ 2 5 ] ,  in a n o t h e r  series of  e x p e r i m e n t s  chlor-  
d iazepoxide  was unab le  to  af fec t  suppressed bar  pressing in 
a t ime-ou t  p r o c e d u r e  [20]  or ex t ingu i shed  wa te r  in take  
[211.  

The  presen t  e x p e r i m e n t s  were designed to invest igate  
fu r the r  the  ef fec t  of  a n o t h e r  benzod i azep i ne ,  d iazepam,  on  
ope ran t  b e h a v i o u r  of  pigs s u b m i t t e d  to an e x t i n c t i o n  or a 
t ime-ou t  p rocedure .  

E X P E R I M E N T  1 

E x t i n c t i o n  can be measured  e i the r  acute ly  by  no  more  
rewarding  a previously  learned response,  or repea ted ly  by  
the  use of  a t ime-ou t  p rocedu re  in wh ich  ope ran t  b e h a v i o u r  
is no t  rewarded  dur ing  a f ixed per iod  of t ime  eventua l ly  
signalled by  an app rop r i a t e  ex te rocep t ive  s t imulus .  In the  
first e x p e r i m e n t  we examined  the  effects  of  a dose of  
d iazepam k n o w n  to  release behav iou r  suppressed by  punish-  
m e n t  [7,9] on res is tance to e x t i n c t i o n  of pigs previously  
t ra ined to get a food reward by  pressing a panel  wi th  the i r  
snout .  

METHOD 

Th i r t een  cross-bred pigs, cas t ra ted  male  or female,  were 
used. They  were 8 weeks  old at  the  beg inn ing  of the  
e x p e r i m e n t  and weighed 1 6 - 2 0  kg. 

The appa ra tus  and the  general  e x p e r i m e n t a l  cond i t i ons  
have a l ready been  fully descr ibed [7 ,9 ] .  Pigs were t ra ined 
to press a panel  wi th  the i r  snou t  to  get a food  reward  (5 g 
of  a commerc ia l  granular  food)  accord ing  to a c o n t i n u o u s  
r e i n f o r c e m e n t  schedule ,  i.e. one  r e i n f o r c e m e n t  for  each 
response.  Respond ing  was cons idered  to be  s tabi l ized w h e n  
80 r e in fo r cemen t s  were ob ta ined  wi th in  less t han  30 min  in 
at least  th ree  successive daily sessions. On the  s u b s e q u e n t  
day, a single session of  e x t i n c t i o n  was given: the  pigs were 
a l lowed to press the  pane l  bu t  no  food  was available;  the  
session ended  af te r  5 min  w i t h o u t  responding.  

Many thanks are due to the skillful technical assistance of Mrs. R. M. Bluth6 and Mr. M. Caussette. 
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T A B L E  1 

EFFECTS OF DIAZEPAM ON MEAN RESPONDING (M + SM) 
DURING THE EXTINCTION SESSION 
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One mg/kg  d iazepam in commerc ia l ly  available vials 
(Val ium,  Roche ,  5 mg /ml )  or an equiva lent  vo lume  of  
i so tonic  saline was in jected in t r amuscu la r ly  30 min  before  
the  beg inn ing  of the  e x t i n c t i o n  session;  a l loca t ion  of  the  
t r e a t m e n t  c o n d i t i o n  was r andom .  

RESULTS 

Diazepam increased the  m e a n  n u m b e r  of  responses  
emi t t ed  dur ing the  e x t i n c t i o n  session as well as the d u r a t i o n  
of the session (Table  1). Moreover  the  p a t t e r n  of  re 
spond ing  di f fered accord ing  to the t r e a t m e n t :  responses  
t e n d e d  to be emi t t ed  by burs ts  with  in t e r r e sponse  t ime  ( IRT)  
less t han  1 sec; in d i azepam- t r ea t ed  pigs each burs t  
con t a ined  a b o u t  3 responses  versus only  2 for  the con t ro l  
pigs. A stat is t ical  analysis  of  the  pe rcen t  r epa r t i t i on  of  
IRT's ,  a f te r  an arcs inus  square  roo t  t r a n s f o r m a t i o n  revealed 
tha t  there  were also more  smaller  IRT ' s  (less or equal  to 10 
sec) in d i azepam- t r ea t ed  an imals  and  more  larger IRT 's  
( super ior  or equal  to 100 sec) in sa l ine- t rea ted  pigs. 

Figure 1 shows the e x t i n c t i o n  curve for  the  two 
expe r imen t a l  groups:  while the  con t ro l  g roup  displayed 

rapid d e c r e m e n t  in r e spond ing  as e x t i n c t i o n  progressed,  the 
d iazepam group was more  res is tant  to e x t i n c t i o n  and 
exh ib i t ed  a t r iphasic  curve wi th  an increase in responding  
be tween  1 and 7 min,  an in t e rmed ia ry  rate wi th  some 
ou tbu r s t s  of r e spond ing  f rom 8 24 min  and a slow rate 
thereaf te r .  

DISCUSSION 

Several d i f fe ren t  theor ies  have been p roposed  to a ccoun t  
for the decl ine in r e spond ing  u n d e r  ex t inc t i on  [ I 8 ]  
Accord ing  to the genera l iza t ion  d e c r e m e n t  theory ,  the sole 
effect  of the  omiss ion  of r e i n f o r c e m e n t  is to change the 
s t imulus  s i tua t ion  af fec t ing the animal :  in this  c o n t e x t  
d iazepam should  increase responding  by in ter fer ing some- 
what  wi th  the  genera l iza t ion  d e c r e m e n t  for ins tance  by 
af fec t ing d i sc r imina t ion  abilit ies.  However  the available 
evidence does no t  suppor t  such an i n t e rp r e t a t i on  since it 
has been  shown for ins tance  tha t  d iazepam does no t  impair  
the p e r f o r m a n c e  of  pigs presen ted  with classically con- 
d i t ioned  d iscr imina t ive  fear and  safety signals bu t  ra ther  
tha t  the  drug sharpens  the d i sc r imina t ion  [8 ] .  

In the f rus t ra t ion  theo ry  of  n o n r e w a r d  [1 ] the omiss ion 
of the  an t i c ipa t ed  reward is regarded as a p u n i s h m e n t  event  
[6 ,24]  which  elicits a var ie ty  of e m o t i o n a l  reac t ions  
d is rupt ing  the e x e c u t i o n  of the previously learned response.  
F rom the evidence based main ly  on the s tudy  of  runn ing  
speed of  rats in a runway ,  f rus t ra t ive  non reward  has not  
only aversive bu t  also invigorat ing effects:  the s t rength  of a 
n o n r e w a r d e d  response like for ins tance  runn ing  d o w n  the 
alley in a runway  s i tua t ion  [21 or pressing a lever in an 
operan t  s i tua t ion  [121,  is increased when  the subject  has 
not  been  rewarded.  If drug admin i s t e red  to the  animal  
dur ing e x t i n c t i o n  has an t i f r u s t r a t i on  effects  one would 
expec t  an increase in resis tance to ex t inc t i on ,  by reducing 
the aversive effects  of  non reward :  this is fully suppor t ed  by 
the results  of  the present  e x p e r i m e n t  and is in ag reement  
wi th  results  of o the r  s tudies  using benzod iazep ines  [ 12] or 
ba rb i tu ra t e s  [ 1 4 ] ;  howeve r  the inf luence  of drugs on  the 
invigorat ing effects  of non- reward  is far less convincing:  in 
the p resen t  s tudy  d iazepam great ly  increased the rate of 
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FIG. l. Mean rate of response (responses per rain) as a function of consecutive 1 min intervals in 
extinction. The numbers in brackets indicate the number of animals upon which each mean is based. 
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responding in the first minutes  of the ex t inc t ion  session at a 
level above the initial level while the rate should be 
expected to be max imum at the very beginning of  the 
session and decrease uni formly  with  t ime if the drug had 
only frustrat ion reducing activity. In a s tudy on the effects  
of ch lord iazepoxide  on response force in ex t inc t ion  [12] 
the drug t rea tment  was shown to increase the force of 
responding instead of a t tenuat ing the force rise during 
ex t inc t ion;  similarly barbi turates  were unable to reduce the 
increase of running speed after nonreward in the Amsel  
double runway [13, 14, 17]. 

E X P E R I M E N T  2 

As frustrat ion is only a t empora ry  p h e n o m e n o n  pro- 
duced by the initially unexpec ted  omission of  reinforce- 
m e n t ,  one would expect  that  repeated omission of  
re inforcement  would eventual ly result in the disappearance 
of frustrat ion reactions as the animal is learning that 
responding is no more rewarded.  If diazepam releases 
ext inguished suppressed behaviour  by virtue of  its anti- 
frustrat ion propert ies ,  the resistance to ex t inc t ion  induced 
by the drug should decrease as the learning is progressing. 
Repeated omission of re inforcement  can be scheduled by 
presenting the animal performing on an operant  task with a 
st imulus signalling the cessation of  re inforcement .  Such a 
signal is called a negative discriminative stimulus, S a ,  or 
t ime-out  stimulus. The repet i t ion of the signal will pro- 
gressively elicit a suppression of  behaviour.  This t ime-out  
procedure  was selected to examine  the effects of  diazepam 
on ex t inc t ion  at different  stages of  acquisi t ion of  the 
suppressed response in pigs. 

METHOD 

Eight cross-bred pigs, castrated male or female,  were 
used. They were 8 weeks old at the beginning of the 
exper iment  and weighed 1 6 - 2 0  kg. 

Af ter  having learnt to respond for food on a fixed ratio 
schedule in which they had to respond 10 times to get a 
reward (FR 10), they were submit ted to a t ime-out  
procedure:  I0  min after the beginning of  the session, the 
sound of  a buzzer  signalled the transi t ion from the FR 10 
schedule to a nonre in forcement  period which lasted 2 rain 
and 30 sec. The cessation of  the tone signalled the 
re ins ta tement  of the FR 10 during the 10 following 
minutes.  Each session lasted 22 rain 30 sec and was run 
daily at the same t ime of  the day for each pig, five days a 
week. 

One mg/kg diazepam was injected intramuscularly 30 
rain before the 3rd, the 6th, the 9th, the 23rd, the 30th and 
the 35th session. 

To evaluate the effect  of  the presenta t ion of  S,~ within 
each session, a suppression ratio was computed  by the 
following formula:  

(A B)/A 

where A is the number  of  responses during the 2 min 30 sec 
just preceding the signal and B the number  of responses 
during the $6 .  This ratio equals 1 when the suppression is 
total,  0 when A = B and decreases when B>A. 

RESULTS 

Figure 2 shows the suppression ratio in the session just 
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FIG. 2. Evolution of  the suppression ratio during the course of  extintion.  The symbols  above the 
columns indicate the significance level of  the comparison between the predrug session and the drug 

session by a two-way analysis of  variance (2 conditions × 8 replications)* = p<~O.05, ** = p~<0.01. 
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FIG. 3. Evolution of the mean number of responses after the presentation of the S~, during the course 
of extinction. Same symbols as in Fig. 2. 

preceding the drug session and the drug session, at different  
intervals during acquisi t ion.  It can be seen that  ex t inc t ion  
progressed slowly since a marked suppression was obtained 
only from the 20th session. The diazepam t rea tment  
produced a strong increment  of  responding during the first 
drug sessions and was unable to produce  any significant 
change in the suppressed responding in the subsequent  
sessions. 

Figure 3 shows the effects  of  the diazepam t rea tment  on 
the FR 10 rate of  responding which fol lowed the t ime-out  
period:  the drug increased significantly the response rate in 
the 6th and the 9th session, while the increase noted in the 
3rd session failed to reach the significance level due to the 
high inter individual  variability. 

DISCUSSION 

Diazepam appears to affect  S~ per formance  differen- 
tially according to the stage of  condi t ioning:  when the drug 
is given early in condi t ioning it is able to increase 
substantially bo th  the nonre inforced  responding rate and 
the general response rate after the presenta t ion  of the St, ,  
while when the t r ea tment  is administered in the later stages 
of  ex t inc t ion  it does not  release any more  the ext inguished 
behaviour.  It is of interest  to note  that  oxazepam was 
observed to increase non reinforced responding while the 
rate of  response during the t ime-out  period was still 
dropping [19] and that  chlordiazepoxide  was unable to 
increase ext inguished licking in rats stabilized in the 
condi t ioning procedure  for several weeks [21] .  Differences 
in t ime of  testing could therefore  well account  for some of 
the cont rad ic tory  results about  the effects  of  minor  
tranquilizers on ext inct ion-suppressed behaviour  found in 
the l i terature.  

It is tempt ing  to explain the biphasic effect  of  diazepam 

on the ex t inc t ion  curve by the ant ifrustrat ion propert ies  of  
the drug: due to the high expec ta t ion  of re inforcement  
during the initial stage of acquisi t ion,  f rustrat ion would be 
very intense, but  as learning that responding is no more 
reinforced progresses frustrat ion would decrease and finally 
disappear; if diazepam reduces frustrat ion its effects  would 
then be conf ined to the early por t ion  of the ext inc t ion  
curve. Some supplementary  evidence for this hypothesis  
comes from the striking parallel be tween the effects of 
diazepam on the suppression ratio and the effects of the 
drug on the response rate after the St` presentat ion:  pigs 
submit ted for the first t ime to the nonreward procedure do 
not always resume responding after the presentat ion of the 
SA and can be seen to a t t empt  to escape the exper imental  
situation. 

G E N E R A L  DISCUSSION 

The present  exper iments  show clearly that a rate 
dependent  phenomenon  or a general disinhibitory effect  
cannot  account  for the observed effects: a disinhibi tory 
effect  [19] should have released suppressed behaviour  
whatever the stage of ex t inc t ion  in the second exper iment ;  
according to the rate dependency principle [23,27] the 
increase of  extinguished behaviour  should have been greater 
when the suppression was max imum,  which is just the 
opposite  of the present  results. The antiaversive propert ies  
of benzodiazepines  appear to account  well for the results of  
the second exper iment  but only partially for the results 
of the first exper iment  since the invigorating effects of  
frustrat ion do not  seem to be amenable to the activity of  
minor  tranquilizers.  

An alternative hypothesis  would be that  benzodiazepines  
strengthen the prevailing behavioural  output :  because of 
the animal 's  history and the environmenta l  cues, the 
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ope ran t  response  has  a very high p r obab i l i t y  in the  early 
stages of  e x t i n c t i o n ;  bu t  as e x t i n c t i o n  progresses the  subjec t  
learns t ha t  he is no  more  r ewarded  so t h a t  the  prevai l ing 
behav iour  dur ing  the  S~ b e c o m e s  the  suppressed  re- 
spond ing  or the  c o m p e t i n g  responses  if any. F u r t h e r  
suppo r t  for  this  h y p o t h e s i s  comes  f rom the  effects  of  
benzod iazep ines  on  ad junc t ive  behav iour ,  i.e. b e h a v i o u r  
m a i n t a i n e d  at high p r obab i l i t y  by  s t imul i  whose  re in forc ing  
p roper t i e s  in the s i tua t ion  are der ived pr imar i ly  as the  resul t  
of schedule  p a r a m e t e r s  govern ing  the  avai labi l i ty  of  a n o t h e r  
class of  r e in force r  [ 11 ].  Typica l ly  ad junc t ive  b e h a v i o u r  like 
excess wate r  d r ink ing  ( schedu le - induced  po lydyps ia )  occurs  
when  wate r  is freely available while rats are lever pressing 
for food on an interval  schedule :  a d m i n i s t r a t i o n  of chlor-  
d iazepoxide  does no t  p reven t  the  d e v e l o p m e n t  of  adjunc-  
tive d r ink ing  bu t  ac tual ly  p roduces  a s ignif icant  fac i l i t a t ion  
of this  behav iour  [ 2 2 ] ;  similar effects  have also been  ob- 
ta ined in d i f fe ren t  e x p e r i m e n t a l  cond i t ions ,  for  ins tance  
schedu le - induced  dr ink ing  of  rats  m a i n t a i n e d  u n d e r  a mul-  
t iple f ixed ra t io  80, f ixed interval  2 min schedule  of food  
p r e s e n t a t i o n  [ 4 ] ,  or in m o n k e y s  [3 ] .  The  main  advantage  
of  this  h y p o t h e s i s  is t h a t  it gets rid of the  d i s inh ib i t i on  

theo ry  which is s o m e t i m e s  very t r icky to refer  to:  each 
t ime there  is an increase in responding ,  an i nh ib i t o ry  condi-  
t ion  imped ing  the  r e spond ing  has  to  be ident i f ied  . . . .  By 
refer r ing to the  p robab i l i t y  of r e spond ing  r a the r  t han  the 
s t r eng th  of  s t imulus  or drive level, this  h y p o t h e s i s  is par t ic-  
ularly sui ted to the  cond i t i on ing  expe r imen t s  where  the  
e x p e r i m e n t e r  is famil iar  wi th  the  an imal ' s  previous  h i s to ry  
and has  con t ro l  over  the  set of  fac tors  which  under l ies  the 
t e n d e n c y  to show one  given type  of  behav iour  [ 15].  

However  a t t r ac t ing  this  hypo thes i s  may  be, it mus t  be 
r eminded  t ha t  all the  k n o w n  effects  of  benzod iazep ines  
canno t  be expla ined  on  the  basis of  a one - fac to r  mode l  of  
drug ac t ion ,  since they  are also m o d u l a t e d  by t r e a t m e n t ,  
organismic  and test  fac tors  [ 5 ] ;  moreove r  some state-  
d e p e n d e n t  changes  are also to be t aken  in to  account .  Fo r  
ins tance  it has been  shown  recent ly  tha t  the  effects  of  
d iazepam on acquis i t ion  and p e r f o r m a n c e  of  cond i t i oned  
fear needed  at least  a 3 - fac tor  mode l  in which  fac i l i ta t ion  of  
p e r f o r m a n c e  bu t  also s t a t e - d e p e n d e n c y  and acquis i t ion  
defici t  were of  i m p o r t a n c e  [ 1 0 ] .  F u r t h e r  work  is clearly 
needed in o rder  to b e t t e r  u n d e r s t a n d  the  in t e rac t ions  
be tween  all these factors.  
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